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Abstract 
All over the world, the demands and the needs for energy has 

increased over the years, which increases the cost of energy 

simultaneously. In this situation, it is important to reduce energy 

consumption. Reducing energy has to start at the global level 

through macro and micro environments reaching the level of 

buildings and users. 

Many research have tried to tackle the problem of the effect 

of buildings on the consumed energy inside the buildings, because 

they can affect the consumed energy. For example, In the Kingdom 

of Bahrain, the buildings consume the major part of over-all energy 

consumption, which is around 80% from the total energy produced. 

Specifically, for the residential dwelling sector, it may reach 54.5% 

of the entire energy, at the annual rate of increase at 8%. 

In Bahrain, the largest part of energy consumption has been 

for making internal environments comfortable by using mechanical 

and electrical air-conditioning systems in buildings. Therefore, the 

“building envelope” can be one of the most effective parts, which 

could reduce the use of energy inside the buildings, if constructed of 

proper “walls, openings and roofs”.  

This research examines the issue of the effect of a building 

envelope and how it can be utilized for reducing energy 

consumption in Bahrain. The goal is to assess the effects of the 

inner layers of the walls, which usually act as the main part of the 

building envelope. It employs the simulation program “e-QUEST 3-

64” to calculate the changing effects of the inner layer materials as 

finishing material on the consumed energy. 

This research takes Bahrain as a case study because of the 

availability of information, which can be used for the simulation 

program. A sample case for the building envelope has been 

designed by using 25 cm thick brick walls with the outside layer 

plastered with cement and painted white. The effects of many 

parameters of the inner layer materials such as the material 

thickness, colors and the texture are fixed to investigate the 

influence of using different inner layers to the consumed energy in 

the dwellings.  

The research concludes that the inner layer has a significant 

effect on the consumed energy in dwellings. It turned out that 
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plywood is the best inner layer; it will decrease about 8 % of energy 

consumed and thereby reduce the cooling demand by 11%. The 

findings will help the architects to implement the best inner layers 

on energy conservation. 

 

Keywords: Building envelope, dwellings and energy, simulated energy, 

energy consumption, inner layer and energy. 

 

Introduction  
The increase in energy consumption has become very notable in recent times. The lack of 

energy and earth-wide temperature rise will be very compelling to deal with energy consumption. 

Indeed, as Yilmaz (2007) says, the productive utilization of energy has become the main point of 

contention for energy strategies. 

From 1998, the energy use in the Kingdom of Bahrain has risen. It was 5773 GW and has 

become 10689 GW in 2007 according to the official statistics (BMEW, 2005). This shows that the 

building structures consume (around 80%) most of the electricity-based energy in Bahrain.  

It is reported that the domestic dwellings in Bahrain use around 55% of the total energy 

consumption. According to statistics, there is an annual rate of increase of this sector at around 

8%. Studies point out that buildings use more than half the energy in the buildings to create 

acceptable comfort levels (IEA, 2007, Srivastava-Modi, 2011). 

The enormous amount of energy utilized in buildings is for cooling and ventilation. As is 

known, heat moves by conduction through the building envelope (external walls and roofs) and 

create the problem of energy in structures (Al-Homoud, 2004). In the domestic dwellings in 

Bahrain, 51% of energy is utilized for cooling. In this situation, the well-designed structures can 

produce huge saving in energy and cost related to air conditioning (Al-Nuaimi, 2014). 

Thus, the warm layer of the building envelope is sandwiched between different 

characteristics such as the indoor temperature and the open-air climate. The building materials of 

the building envelope affect the room air temperature and accordingly, the utilization of energy. 

The properties of the building materials determine the sunlight-based heat gain, heat transmission, 

heat capacity and air invasion (Fazio, et al., 1997). 

The study of Givanni has identified these qualities as thermal properties of the building 

envelope which are connected with the warm conductive, the coefficient surface connectivity, heat 

limit and the properties of the surface radiation; reflection properties, emissivity, and absorption 

properties (Givanni Sagravatti,et.al, 2022). These ought to be notable and appropriately viewed as 

during the initial plan stage to accomplish building warm comfort and reduce the energy utilization 

required (Al-Qadhi, 2008; Al-Saadi, 2006).  

This research investigates the effect of various internal finishing materials; the thermal 

investigation effect is focused on the commonly used materials inside the dwellings in Bahrain. 

The common materials are: stones (rocks), porcelains (ceramic), cement plastering, chipboard 

(particle or fiber board), gypsum plastering (stucco), granites (intrusive rocks), marble rocks 

(metamorphic), terrazzo (mosaic tiles), gypsum boards (dry wall), clay bricks, and plywood 

boards.  

 

Research Limitations   
Numerous past investigations have examined how to reduce energy utilization by re-

conceptualizing buildings and structures. They have ranged from the global level to urban 

planning, buildings, and building envelopes to internal building components. However, there is 

inadequate research examining the impact of the building envelopes.  

This study is focused on the effect of the building envelopes on energy utilization in the 

dwellings in Bahrain. It examines the contribution of various materials in reducing the energy 

utilization in buildings. It uses different inner surface materials in building envelopes to determine 

how they contribute to energy use in the dwellings for air-conditioning. 
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A simulation model is imitated to assess the effect of internal surfaces of the envelope on 

energy utilization. In order to eliminate the other factors that affect energy utilizations, following 

have been taken into account. 
 

• The area of the structure. 

• Bahraini environmental characteristics: warm and humid in the summer season and 

cold and humid in the winter season. 

• The normal materials which have been used in the residences in Bahrain. 

 

Following parameters are made constant in order to ensure that the study focuses on the 

impact of changing surfaces on energy utilization. These permanent parameters are: 

 

• The shape and material properties of the main walls, roofs and floors. 

•   The properties of the material-color and texture. 

• The surface cost and development cost. 

• The thicknesses of the inner surface materials. 

 

Review of Literature 
During the war in Ukraine, the crisis of energy became more important than ever before 

(Sagravatti et. al, 2022). Many studies have been done in the field of the energy consumptions to 

ascertain the energy consumption in public buildings. For example, Yang Liu et.al. (2019) has 

simulated the different structural elements in China. They have studied the effects different 

variables such as the walls, windows, roofs, structure, and the ratio of openings to the walls for 

the large scale of public buildings in Wuhan in China. By using the simulation program Design 

Builder software, the study has found the annual energy consumptions in these types of buildings. 

However, it has not ascertained the effects of the inner layer materials in the residential buildings 

which is the most significant aspect in the Arabian Gulf. 

  Mohamed (2020) has also examined energy consumption, comparing between three types 

of residential buildings, single story, duplex and an apartment in Tripoli Lybia. The study has used 

the ‘energy-plus’ simulation program to simulate and find the cost of energy consumptions inside 

these residential buildings. The study has found the apartments to be the most energy efficient and 

then the duplex and the single floor residential building. This study is focused on the residential 

type and neglects all other factors like materials and other building characteristics.   

 Al-Shargabi, (2022) has carried out a systematic literature review for 185 previous 

studies for the effect of building’s characteristics on energy consumption.  It finds that all the 

studies had examined the outer envelope effects such as the buildings elements. They have focused 

on the building type, the characteristics of the building, as predicted variables. They point out that 

the characteristics of the inner envelope, has received less attention. 

  Al-Nuaimi (2022) has investigated the simulated effect of building orientation on energy 

consumption in the Kingdome of Bahrain. He has used the climate information for the Kingdome 

of Bahrain, and has found the best and worst orientations for the buildings in terms of energy 

consumption. The study also does not examine the effects of the inner layer materials and their 

role in energy consumption. 

It is notable that there have been no studies investigating the effect of the inner layer of 

the building envelopes on energy consumption in the domestic buildings.  

 

Research Methodology 
This research has employed quantitative data according to the deduction methodology. It 

employs a the E-Quest simulation program to generate data for the consumption of energy inside 

the buildings in Bahrain. It uses climate data and energy data as related to Bahrain using Bahrain 

as a case study. Bahrain is a typical case of the climate situation in the Arabian Gulf and hence 

could provide indications as to how the use of materials in in the inner surfaces of the envelopes 

could be employed to manage and reduce energy consumption the domestic buildings. 
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The E-QUEST Modeling Program 

There are a number of programs that can be used in this research. There are also many 

variables that can be considered during the choice cycle. For example, speed and cost, precision, 

reproducibility, responsiveness, ease of use, climate information accessibility, input intricacy and 

result quality (Al-Saadii, 2006; ASHRAE, 2021; Hong, Chou and Bong, 2000).  

The research uses one of the most popular and quick modelling programs for energy 

simulation which is the e-quest program. E-QUEST is one of the best energy simulation programs 

which can model the buildings and produce accurate results (Capehart, 2007). 

 

"Energy modelers and engineers all over the world use it. One big contributing 

factor to its popularity is its cost. It is free and it is built on the DOE 2 simulation 

engine. The other benefit of e-QUEST is that it can be used at every stage of a 

building’s development, from the early designs to final stages". 

(DOE and Hirsch, 2021) 

E-QUEST modelling and simulation program  

 

"Can construct a building envelop within the program. From there you can run 

simple simulations or very complex models. There are three input wizards in e-

QUEST modelling that all have differing levels of complexity, or it can use the 

detailed DOE-2 interface. They wizards are as follows: Schematic Design Wizard 

(simple inputs), Design Development Wizard (detailed input) and Energy 

Efficiency Wizard. Each wizard has extensive default inputs that are based off 

California Title 24 building energy code. Long-term average weather data (TMY, 

TMY2, TMY3, etc.) for 1000+ locations in North America are available via 

automatic download from within e-QUEST". 

(Clevenger and Knox, 2013)   
 

The e-QUEST modelling and simulation program could support many graphical figures. 

It could provide accurate simulated results with comparisons and analysis reports. 

 

The Weather Conditions for the E-Quest Modeling Program 
Climate information is typically accessible as crude information designs for a long time, 

ordinarily 20-30 years in non-industrial nations. This crude information is improper for the energy 

reproduction programs. A regular climate year, addressing numerous long periods of climate 

information must be chosen for the energy investigation. This deterrent has obstructed the 

utilization of energy reproduction programs in agricultural nations in the examination of building 

warm plan. 

The consumed simulation program e-QUEST requires the accompanying information 

with fluctuating subtleties: 
 

• Climate and topographical information. 

• Building actual information, interior burdens, and functional attributes. 

• The characteristics of the equipment and HVAC system. 

 

The Building Envelope 
To define the terminology of the building envelope according to the previous definitions, 

the following descriptions can be used as a guideline for the research: 
 

"The terminology of Building envelope refers to those building parts that encase 

molded spaces and through which nuclear power is moved to or from the outside 

environment"  

(Turner and Doty, 2007:10). 

"The nuclear power move rate is the heat gain which can be kept up with in an 

indoor temperature lower than the open air temperature" 

(Turner and Doty, 2007:12). 
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Material Properties for e-QUEST  
The e-QUEST program has all the material properties built in the program; they 

can be changed according to special requirements. This research will use the standard 

materials properties.  

 

"The most important properties are three; which can be used to characterize the 

thermal qualities of a material: conductivity, thickness, specific heat".  

(Doebber, 2004: 27) 

 

The Study Model 
This research uses the smallest functional simulated model for investing the effect of the 

inner layer of the building envelope. The simulated model is used in the e-QUEST simulation 

program as a single space used as a dwelling unit in Bahrain. The model is constituted of three 

cubic meters with only one wooden door with 2.2-meter height and 1-meter width. The opening 

is 1-meter width by 1-meter height and has single glazing. The thermal assessment is focused on 

the inner layer of the base case envelope. It is constructed as a concrete roof with a concrete floor 

while the wall is also of concrete blocks. All the selected building materials and their properties 

are commonly used in Bahrain, as shown in the Figs. 1 and 2.  

 

 
 

Fig. 1: A perspective of the research model 

Source: authors 

 

 

 
Fig. 2: The Research Model - plan and section 

Source: Authors 
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Interior Layer Materials 
The research uses the base case study as a reference to investigate the effect of changing 

only the inner layer while the other parameters are fixed. The commonly used internal building 

envelope layers are as follows: 

• Stones (rocks).  

• Porcelains (ceramic). 

• Cement plastering. 

• Chipboard (particle or fiber board). 

• Gypsum plastering (stucco). 

• Granites (intrusive rocks). 

• Marble rocks (metamorphic). 

• Terrazzo (mosaic tiles). 

• Gypsum boards (dry wall).  

• Clay Bricks.  

• Plywood boards. 

 

The selected materials are used in the e-QUEST program with properties as sown in Fig 3. 

The impact of the inner layer of the designed model envelope is changed each run time to 

investigate the effect of the inner material on the consumed energy in the building, while the other 

parameters are fixed as same as in the base case model.  

Fig. 4 shows the input data for the construction of building envelope properties. Fig. 5 shows 

the material properties which are used for the simulation model available in the e-QUEST 

simulation program. Fig. 6 shows the construction materials for the base case model which is the 

same for all the simulated cases and only the inner layer material properties are modified according 

to the used material. 

 

 
Fig. 3: The required data for the program of base case model 

Source: Authors 
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Fig. 4: The envelope construction required data for the simulated model 

Source: Authors 

 

 
Fig. 5: Material qualifications used in the simulated model 

Source: Authors 
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Fig. 6: Construction properties used in the study model 

Source: Authors 

 

To find the effect of the inner layer material on the consumed energy of the model, many 

different inner layer materials popularly used in the Kingdom of Bahrain have been assessed. 

These are displayed in the Table1. 
 

Table 1: The Properties of the inner layer material  

Source: e-Quest materials library 

 

 
 

The results after running e-quest: 
The program has produced the following results. 

 

1- The first computer run shows the yearly-consumed energy for the reference case 

model “base model” in Bahrain as introduced in the Table 2. The consumed energy 

by space cooling has taken the biggest part of the total consumed energy. It is about 

58% of the total consumed energy as displayed in the Fig. 7. 
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Table 2: Consumed energy by the base model. 

 Source: Authors 

 

consumed energy in base model 

Ele. (kWh) 

Space Cool 2984 

Vent Fans 796 

Pump 0.11 

Mis. Equipment. 1015 

Area Lights 368 

Total 5162 

 

 
 

Fig. 7: Annual consumed energy inside the base case model 

Source: authors 

 

2- The table 3 shows the annual energy consumption for different inner layer materials 

for dwellings in Bahrain. It shows the variety of inner finishing materials and how 

they have impacted the energy utilization inside the review model as follows: 

a- The use of plywood as an inner material reduces energy consumption 7.6% 

related to the reference model.  

b- The use of brick as an inner layer material reduces energy consumption 5% 

related to the reference model. 

c- The use of gypsum board as an inner layer material reduces energy 

consumption 4% related to the reference model. 

d- The range of energy reduction in using all other inner layer materials is 

between 0.6% and 1.2% related to the base model.  

 
Table 3: Consumed energy by (kWh) for different inner layer materials of the envelope. 

 Source: Authors 

 

Used Materials  Annual Consumed 

energy (kWh) 
 Base line without material  5,162 

 Slate stone 5,130 

 Porcelain 5,127 

 Plaster 5,117 

 Particle board 5,114 
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 Stucco 5,113 

 Granite 5,112 

 Marble 5,109 

 Terrazzo tiles 5,104 

 Gypsum boards 4,954 

 Brick 4,902 

 Plywood boards 4,785 

  

3- Fig. 8 shows the best three materials that can be used for the inner layer of the 

building envelope. These materials are: plywood, concrete blocks and gypsum as 

related to the reference model. 
 

 
Fig. 8: Annual energy consumption for the different inner layer materials. 

Source: authors 

 

4- Fig. 9 and the table 4 show the window of e-QUEST simulation program with the 

monthly consumed energy for the internal layer of the building envelope. 
 

 
Fig. 9: Energy consumption for the different inner layer materials. 

Source: Authors 
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Table 4: Monthly numerical consumed energy (kWh) for different inner layer Materials 

Source: Authors 

 

 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Tot. 

 Base case 190 178 306 374 503 626 667 673 579 484 343 239 5,162 

 Slate stone 187 175 305 372 500 623 663 670 576 481 343 237 5,130 

 Porcelain 187 175 305 372 499 622 663 669 575 481 342 237 5,127 

 Plaster 187 175 304 372 498 621 661 668 574 480 342 236 5,117 

 Particle board 186 175 304 371 498 621 661 667 574 479 342 236 5,114 

 Stucco 186 175 308 372 497 618 658 664 572 479 343 239 5,113 

 Granite  185 173 304 371 498 621 661 668 574 479 342 236 5,112 

 Marble  185 173 304 371 497 621 661 668 574 479 342 235 5,109 

 Terrazzo tile  185 174 304 371 497 620 660 667 573 478 341 235 5,104 

 Gypsum 183 171 296 360 482 600 638 645 554 464 332 230 4,954 

 Brick  176 168 292 356 477 596 635 641 551 459 328 226 4,902 

 Plywood 177 166 286 348 466 579 616 622 535 488 321 223 4,785 
 

5- Fig. 10 shows the annual demand for the energy consumed inside the base case 

model. It shows that it will consume around 80% for internal air cooling. 

 

 
Fig. 10: Annual maximum needs for the reference model (Base model) 

Source: authors 

 

6- Related to the base simulated models, the consumed energy has been reduced 

around 8% by using the plywood material, 5% by using blocks and 4% by using 

gypsum boards as the inner layer for the building envelope. 

7- The peak of the monthly demand by the end use for the base model is shown in 

the Table 5, while the Table 6 shows the demand of energy inside the building with 

the inner layer material as gypsum. The demand for energy in the previous case was 

less than the base case model by 4%. The use of clay brick as an inner layer material 
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demands less energy in the model at around 7% related to the base case model, as 

shown in the Table 7. The use of plywood as an inner layer will make the demand for 

the energy less by around 8% related to the base case model as shown in the Table 8.  
 

Table 5: Monthly Maximum demand for reference point (Base model). 

Source: Authors 

 
 

Table 6: Maximum monthly needs for gypsum as an inner layer of the building envelope. 

Source: Authors 

 

 
 

Table 7: Monthly needs for consumed energy by using brick as an inner material 

Source: Authors 

  

 
 

Table 8: Monthly maximum needs for Plywood as a finishing material 

Source: Authors 

 

 
 

8- When the inner layer of the building envelope was modified, the consumed 

energy inside the model related to the base case model was reduced as shown in the 

Fig. 11 as follows 

• In the case of using plywood, the energy reduction was 10%.  

• In the case of using clay brick, the energy reduction was 7%. 

• In the case of using gypsum board, the energy reduction was 5.5%. 

 

Fig. 12 shows the comparison between the selected four uses: the base model, the model 

using gypsum, the model using brick and the model is using the plywood. 
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Fig. 11: Annual energy consumption to cool and ventilate the space.  

Source: authors 

 

 
Fig. 12: Monthly energy consumption for the selected inner layer materials  

 Source: Authors 
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9- The energy consumption inside the model used for air-conditioning and 

ventilation for each different inner layer of the building envelope shows different 

amounts of energy consumptions related to the base model, as shown in the Table 9. 

 
Table 9: Monthly energy consumption for cool and ventilate the spaces  

Source: Authors 

 

  Jan Feb Mar Apr May Jun Jul Au Sep Oct No Dec Total Less 

 Reference model  
base case model 

Cool 7 12 118 196 317 445 484 485 401 300 165 56 2,984  

Fans 68 61 68 65 68 65 68 68 65 68 65 68 796  

Total 75 73 185 261 384 510 551 553 466 367 231 124 3,780  

 Ply wood Cool 4 7 107 178 288 406 442 443 365 273 152 49 2,715 9 % 

Fans 59 53 59 57 59 57 59 59 57 59 57 59 688 13.5% 

Total 62 60 166 235 347 462 501 501 422 331 209 108 3,403 10% 

 Brick Cool 2 5 113 186 299 423 461 462 381 283 159 52 2,823 5.5% 

Fans 59 53 59 57 59 57 59 59 57 59 57 59 696 12.5% 

Total 61 58 172 243 358 480 520 521 438 342 216 111 3,520 7% 

 Gypsum Cool 5 9 113 187 301 423 461 462 381 285 159 53 2,839 5% 

Fans 62 56 62 60 62 60 62 62 60 62 60 62 734 8% 

Total 67 65 175 248 364 484 523 524 442 347 219 115 3,573 5.5% 

 

10- The base reduction of energy consumption was when the inner layer of the 

building envelope was plywood. Monthly energy consumption for the plywood 

related to the base model was shown in the Fig. 13. This means that the wooden 

material is the best material for dwellings in Bahrain as an inner layer to reduce energy 

consumption. 

 
Fig. 13: Monthly energy consumption for the reference model using plywood  

Source: Authors 
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Conclusions 
This research investigated the effect of the commonly used materials focused on three 

different finishing materials for the internal surfaces of the building envelopes which had been 

selected from among eleven different used materials.  The e-QUEST simulation program was used 

to simulate the effect of changing the inner layer material while all other variables for the 

simulated model were fixed. These common materials show different effects for reducing the 

consumed energy inside the simulated model (related to the baseline model as a simulated 

dwelling in Bahrain).  

The conclusions are as follows: 

• The material of the inner layer for the building envelope is a very effective parameter 

for reducing energy consumption in the dwellings in Bahrain. 

• There is a wide range of reducing the consumed energy by changing the material of the 

internal layer of the building envelope. 

• The best internal material to be utilized as an inner layer for building envelope of the 

dwellings in the kingdom of Bahrain is plywood; it consumes less energy which is around 

(0.08); clay brick is (0.05) and the gypsum material is (0.04). Other effect of the simulated 

materials consume at a range between the values of (0.06) to (0.012) less from all 

consumed energy according to the base model. 

• The best inner layer for the common materials in Bahrain could be listed from the best 

to the lowest effect as the following; plywood; clay brick; and the gypsum.  

• According to the simulated model, the total monthly demands of the electricity for the 

material of gypsum board as an inner layer is 10.01 KW, while for the clay brick, it is 9.63 

KW) and for plywood, it is 9.56 KW. 

• The total monthly energy consumption for the space cooling with the required ventilation 

related to the base model has been reduced as follows: 0.1 from the consumed energy 

when using plywood, 0.07 when using the clay brick material and 0.055 when using the 

gypsum material. 

 

Finally this research finds that there is a real effect of the inner layer materials on energy 

consumption in the domestic buildings in Bahrain.  
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