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In this paper, relationship between energy consumption and the size of the building has been 

presented. Electricity and fuel gases as two essential energies in the world have also been 

investigated by considering that the relationship is linear. The energy waste of different 

buildings with different sizes has been surveyed. This can broaden people’s horizon in order 

to find the ways of reducing the amount of energy consuming which have significant effects 

on reducing energy crises. It is possible to conserve energy for future generations and 

increase total life cycle energy use and associated environmental effects. 

1. Introduction 

     During last few decades, the world is dealing with varies problem. Energy consumption is one of the most significant crises. 

Therefore, the deep studies in the field of energy consumption have been conducted to reduce energy consumption [1]. Meysam 

[2-4] has been conducted a research about reduce energy consumption in a supply chain system by optimizing of a delivery 

system. In addition, his studies have a significant impact to reduce air pollution and global warming.  

Over the recent decades, house sizes have significantly increased [5]. People prefer to stay in larger houses since it provides 

them more comfort. As people’s income increase, residents’ energy consumption will increase, it is brilliant that larger houses 

require higher life cycle energy installing and using more materials and devices which require incredibly energy consumption. 

The size of a building is symmetric to the amount of material used for the construction as well as the area required heating and 

cooling.  

     U.S. households require energy to power various home equipment and devices, however on average, more than half (51% in 

2015) of an annual energy consumption of the households is just related to two energy end uses: air conditioning and space 

heating [6]. The usage of these has seasonal pattern and also it varies considerably by geographic location, home size and 
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structure. Water heating, lighting, and refrigeration are the other forms of home energy uses. In 2015, these three accounted for 

27% of total annual home energy use in 2015 [6]. 

     Developed countries are investing in reducing the carbon dioxide emissions in response to climate change. It goes without 

saying that industrial demands play a significant role in the energy consumption. However, according to the research done by 

International Energy Agency (IEA) in 2019 [6], more than 20% of the total energy consumption of various OECD countries was 

consumed by households, of which developed countries such as Britain reached more than 30%. Also, based on the China 

Household Energy Report in 2016, total energy consumption of the living energy consumption of residents in United States 

increased from 17.5% in 1949 to 21.7% in 2013, while industrial energy consumption increased from 46% in 1949 and fell to 

32.3% in 2013 [13-20]. 

     There are a few existing researches that have focused on operational energy [7-9]. However, there are many significant 

analyses about the effect of house size on the life cycle energy demand [10] [21-27]. This research is also trying to focus on the 

energy consuming by construction and figure out the correlation between house size and energy consumption by analyzing the 

data of several buildings in Arlington County in Virginia State in the US. The method we used in this study is simple linear 

regression. 

2. Problem 

     To clarify the concept of Heat wasting on building surfaces, this article will survey Basics of heat transfer from surfaces. In 

general, if there is a temperature difference on both sides of a surface, energy is transferred from the higher temperature 

environment to the lower temperature environment. This energy transfer is created by directing energy from higher-energy 

molecules to lower-energy side molecules. 

 

Figure 1. Heat transfer through a surface or wall 

     Figure 1 shows that if the temperature on one side of the surface (t1) is higher than the other side of the surface (t2), heat is 

transferred from one side of the surface to the other. Also, it is brilliant that different surfaces of a building such as walls, 

windows, and roof would follow this fact. Therefore, transferred heat in summer would be transferred from outside the building 

to the inside due to the warmer environment outside the building than inside the building. The amount of heat transferred from 

different levels of a building will be calculated by Eq. (1). 
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Q = (k / s) A dt                                                                                                                                                                              (1) 

    where Q = heat transfer (Btu/hr), k = Thermal Conductivity of material (Btu / (hr .°F .ft)), s = material thickness (ft), A = heat 

transfer area (ft2), dt = t1–t2  = temperature gradient - difference - over the material (°F). 

3. Implementation and Uniform Distribution: 

To further investigate the correlation between building area and energy consumption, it is necessary to calculate a practical 

example. The proposed example is the consumption of electricity and natural gas in 40 different buildings that are available 

between 2015 and 2018 [11]. These 40 buildings are all located in Arlington County, Virginia and are considered to be the 

same in terms of weather conditions. 

 

Figure 2. Histogram of Data 

     3.1 Test of uniform distribution for Natural Gas consumption with 95% level of confidence 

     Ho: Distribution is uniform, HA: Distribution is not uniform, ∑
(𝑶𝒊−𝑬𝒊)

𝟐

𝑬𝒊
 = 6.02283514341213, Degree of freedom: 40-2-1=37 

Rejection area is more than 44.97 and Conclusion: Do not Reject.  

     3.2 Test of uniform distribution for Electricity consumption with 95% level of confidence 

     Ho: Distribution is uniform, HA: Distribution is not uniform, ∑
(𝑶𝒊−𝑬𝒊)

𝟐

𝑬𝒊
 = 143.454431145427, Degree of freedom: 40-2-1=37 

Rejection area is more than 44.97 and Conclusion: Reject. 

4. Regression Model and Results: 

    Two regression calculation have been done for this problem as below. 

    The correlation between gas consumption and building area is considered linear. It means by increasing building area, the 

amount of natural gas consumption will increase by same ratio. 

b1 = x/y                                                                                                                                                                                           (2) 

yCalc1 = b1*x                                                                                                                                                                                  (3) 

https://www.engineeringtoolbox.com/thermal-conductivity-d_429.html
https://en.wikipedia.org/wiki/Fahrenheit
https://en.wikipedia.org/wiki/Fahrenheit
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R2 = 1 – sum ((y - yCalc1)2) / sum ((y - mean(y))2)                                                                                                                      (4) 

and R2=0.389636                                                                                                                                                                           (5) 

 

 

Figure 3. Linear Regression Relation Floor Area & Natural Gas Consumption [12] 

 

Figure 4. Linear Regression Relation Floor Area & Electricity Consumption [12] 

     The correlation between electricity consumption and building area is considered linear as well. It means by increasing building 

area, the amount of electricity consumption will increase by same ratio. 

B2 = x/y                                                                                                                                                                                          (6) 

yCalc2 = b2*x                                                                                                                                                                                   (7) 
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R2 = 1 – sum ((y – yCalc2)2) / sum ((y – mean(y))2)                                                                                                                      (8) 

R2=0.633149                                                                                                                                                                                  (9) 

 

     If the energy consumption in a building with a very small area (close to zero square feet) is considered zero, then in the above 

calculations the start of the regression line will be from the origin of coordinates and intercept in both relations above are 

considered zero. 

5. Conclusion 

     This article has invested on the relationship between energy consumption and the size of the building. To survey the study, 

we invested on electricity and fuel gases as two essential energies in the world. However, in order to make the concept clearer, 

we have considered that the relationship is linear. Everyone knows that during recent decades, world is dealing with varies 

problem. Energy consumption as one of the significant crises has been argued in this article. In fact, deep studies in the field of 

energy consumption and ways of reducing the amount of energy consuming will have important effects on reducing energy 

crises. As a matter of fact, by studying in this field, we can conserve energy for future generations and increase total life cycle 

energy use and associated environmental effects. 
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