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Abstract: 

The main objective of this paper is to study the effect of thermal insulation of the flooring 

of residential buildings  on the summer peak load and annual consumption of electricity. 

This study has relied on three different cases of insulation; (case A): the non-insulated 

building (case B): Insulated walls, roofs, and (case C): insulated walls, ceilings and 

floors. (DesignBuilder™)  is utilized in the simulation. The location,  Dhahran, Saudi 

Arabia, is characterized by hot-humid climate.  The cooling season extend to 9 months 

per year.  The description of the building and variables along with methodology are 

detailed. Results of the study are reported in this paper with specific recommendations. 
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1. Introduction 

In 2010, Saudi Arabia has consumed about 

212,263 gigawatt-hours (GWH) of electricity. 

Figure 1 shows that residential sector 

consumes 108,627 GWH or 67% of the total 

consumption. Therefore, Saudi Arabia is 

experiencing a rapid growth in the electric 

energy demand, which estimated at the rate of 

2015.7 GWH per annum.  

           Figure 1: Energy consumption by different  

        sectors in the Kingdom of Saudi Arabia in 2010. 

 

 

 

http://nceub.org.uk/
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The reason of the dramatic increase in electricity consumption in Saudi Arabia in the last 

ten years is due to many factors such as: (i) Increased infrastructure, housing projects and 

projects of the industrial cities. (ii) The high rate of population growth in the Kingdom of 

Saudi Arabia by 3.2% [Ministry of Planning, 2010]; (iii) Lack of awareness and lack of 

culture of the building owners of saving energy in buildings; and (iv), the Impact of 

dynamic cultural changes on the design and energy performance [Numan, Al-Naim, Al-

Shaibani, Al-Maziad, 2000]. 

The sold energy to subscribers has amounted 114,161 GWH, while the end of 2010 is 

212,236 GW/hour, has increase by 86%. [SCECO, 2010]. Table.1 shows the increase in 

electricity consumption. 

 

Table.1: Increase of consumption of electric power from 2000 to 2010 in Saudi Arabia. 

 2000 (GWH) 2010 (GWH) Increased (%) 

Residential 56,063 108.627 93.7 

Commercial  9,969 29,310 194.0 

Governmental  13,896 24,514 76.4 

 

There is an evolution in the culture and way of living in the Saudi society because of the 

changes that have occurred in the last few decades due to the oil boom. These changes 

have affected the features of the design, construction and use of machinery inside the 

buildings, which led to a larger demand for electricity [Numan, Al-Naim, Al-Shaibani, 

Al-Maziad, 2000]. By comparing the annual consumption of electricity of a residential 

building of one floor in the city of Dhahran that fell before and after the modelling 

process and the electricity bill of the building for seven years, we found the savings that 

can be predicted by simulation models and analysis of electricity consumption, especially 

for air conditioning [Al-Mofeez, 2010]. There are many common mistakes in the design 

of Saudi house, which can be reduced through modelling and simulation software that 

provide various measures to manage energy and reduce electricity consumption. These 

defects lead to inefficient of energy [Taleb and Sharples, 2010]. We can save 40% of the 

power consumption of one storey residential building in the city of Dhahran, and 34% in 

peak months, through the rehabilitation and renovation of the building envelope [Al-

Mofeez, 2007]. 

 

2. Hypotheses. 

The hypothesis of the study states that, the use of the thermal insulation in the flooring 

reduces the annual consumption of electricity. Figure 2 shows that the relationship 

between the soil temperature at a depth of (0.5) meters and the internal temperature of the 

building (25.5°C) changes from month to another. As shown in Figure 3 This means there 

is a presence of leakage and transmission of heat to and from the building by conduction.; 

see Table.2 
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Table.2: Monthly average ground temperature in Dhahran. 

Monthly 

Average C° 
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Depth 0.5 m 21.51 18.77 18.02 18.67 22.38 26.35 30.44 33.27 34.10 32.77 29.56 25.53 

 

 

As per American society of heating, 

Refrigerating and air-conditioning 

Engineer (ASHRAE ) there is a list 

suggested set-point temperatures for 

different types of buildings and different 

environmental circumstances. The 

suggested temperature (in Summer) is 

between 23°C and 26°C (74°F and 78°F) 

[Bradshaw  , 2006]. We have selected the 

maximum set-point temperature, 

residential. 

                                          Figure 2: The relationship between soil 

                                                           and building temperature.    

3. Methodology 

The Methodology of this paper is based on the analysis of data, by three-dimension 

simulations to study the effect of the floor insulation on an amount of electrical energy 

consumption in residential buildings in Saudi Arabia. 

DesignBuilder™ software has been used in the analysis and 

simulation to test the hypotheses proposed in the beginning of 

the study to reach the best results and solutions to this theory. 

By the DesignBuilder™, we made a comparison between cases 

of the proposed study by calculating the amount of annual 

consumption of electric power for the building. This software 

output information such as: U-value of selected assemblies, 

Design capacity, Annual consumption, peak load and CO2 

emissions.  

Figure 3: Conduction heat transfer. 
 

The study has been applied on one of the residential buildings (the King Abdullah bin 

Abdul-Aziz Al Saud project for housing), which is expected to be constructed and 

distributed to all Saudi citizens in the cities. The building is consist of two floors, ground 

floor (100 square meters) with a reception room for men, another for women, a family 

lounge, a dining room, kitchen and bathrooms. The upper floor (70 square meters) 

contains the bedrooms, bathrooms and corner of the family. 

 

 

http://eu.wiley.com/WileyCDA/Section/id-302479.html?query=Vaughn+Bradshaw
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4. Building Characteristics  

Table.3: Building characteristics. 

Characteristics Description of the Base Case 

Location Dhahran (26.27 N latitude, 50.15 E longitude, and 17m above sea level), 

Plan Shape Rectangular (irregular) 

Number of floor Two  

Floor Height 3.5 m (7.0 m for the two floors) 

Floor Area 170 m² 

Floor Dimension 10 x 12 m 

Gross Floor Area 100 m² 

Window Area Preferred height 1.5m, 20% glazed 

Type of Glass Dbl LoE (e2=.1) Clr 6mm/13mm Arg 

Exterior Walls 

Case A: 100 mm Brickwork + 50 mm Air gap +100 Concrete Block + 13 

mm Gypsum Plastering. 

Case B&C: 100 mm Brickwork + 40 mm EPS Expanded Polystyrene + 

100 Concrete Block  + 13 mm Gypsum plastering.  

Roof 

Case A: 10 mm Asphalt + 100 mm Cast Concrete + 13 mm Plastering. 

Case B&C: 40 mm Plaster Ceiling Tiles + 20 mm Bitumen + 50 mm Cast 

Concrete + 75 mm EPS Expanded Polystyrene + 150 mm Cast Concrete. 

Floor 

Case A&B: 30 mm Timber Flooring + 50 mm Floor Screed + 80 mm Cast 

Concrete. 

Case C: 15 mm Ceramic / Clay Tiles + 50 mm Floor Screed + 80 mm 

Cast Concrete + 30 mm EPS Expanded Polystyrene. 

Occupancy Density 7 people  

Simulation Period  1 JAN to 31 DES (365 Days) / hourly 

Infiltration ac/h 0.70 

HVAC Type 
Rooms: Split + separate mechanical ventilation 

Toilets: Natural ventilation - no heating/cooling 

Plans:         3D: 

 

 

 

 

Figure 4: Ground Floor Plan Figure 5: First Floor Plan   Figure 6: Isometric 

 

Table.3: U-Value of Building Cases (Building materials). 

U - Value 
Case A Case B Case C 

Wall Roof Floor Wall Roof Floor Wall Roof Floor 

W/m² - K 1.498 2.130 1.463 0.656 0.405 1.463 0.656 0.405 0.783 
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5. Results 

 

 

 

 

 

 

Case A    Case B    Case C 

 

Figure 7: Annual Consumption (KWh) 

 

 

 

 

 

         Design Capacity  Cooling            Peak Month        Co2  

                   KW      Ton   KWh          Kg 

 

Figure 8: Different Alternatives Results 

 

Table.4: Result summary. 

Criteria Unit Case A Case B Case C 

Annual consumption  KWh 29,323  24,564  24,962  

Peak month (August)  KWh 4,851  3,929  3,924  

Design Capacity  KW 37.80  26.76  26.72  

Cooling  Ton 10.75  7.61  7.59  

Co2 emission Kg 20,086  16,826  17,009  

 

 In Figure 7 we note that, the annual consumption in (case A) is more than (case B) and 

(case C). This gives us an indication that the thermal 

insulation for floors is useless to the users, but 

preferred for the providers of electricity. In Figure 8, 

we find that, the design capacity in (case A) is 

higher than (case B) and (case C). In addition to that 

the result shows that (case C) is less in cooling than 

(case A) and (case B) (case c).  In Figure 9, we find 

that, the air-conditioning in all cases (case A), (case 

B) and (case C) takes the largest portion of 

consumption up to 75% (Chillers, Auxiliary Energy and DHW). Finally, we find that the 

amount of Co2 emission in (case c) is higher than (case b). 

Figure 9: Different Alternatives Results 
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6. Decision:  

Simulation and modelling confirmed that, the hypothesis of the study is negative; as we 

found in the study result that the flooring insulation increases the amount of annual 

consumption of electricity and reduces the consumption of electricity in the peak month 

(August). Result of this study gives a positive impetus to government agencies and the 

authorities (Ministry of housing) to adopt a plan to force homeowners to use insulation in 

the walls, roofs and floors. In the future, we recommend another study for putting 

insulation around the floor of the building or extending wall insulation of the building at 

2 m depth. 

 

7. Conclusion:  

 In (case C): the suppliers of electricity  benefited  in the peak month (August) and 

peak demand as indicated by the reduction of tons of the air conditioning. The 

disadvantage of this case, it consumes more energy per annum than the (case 

B)due to the heat storage within the building. 

 We observed that, the floor insulation in Saudi Arabia is useful in the last four 

months (moderate) of the year, as in these months the building will start to loose 

the temperature stored inside gradually in the summer seasons. 

 The benefit of insolating the floors in the winter season is to keep the temperature 

inside the building. 
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