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Abstract: A large number of factors affect the energy consumption of a building. These factors
can be categorized into building-related and space-related factors. The purpose of this study was
to use the geospatial information system (GIS) to estimate and analyze the relative importance of
factors within either group to model the gas and electricity consumption of several randomly selected
residential buildings in the city of Kerman, Iran. The considered building-related factors were age,
area, and price of the building, and the space-related factors were elevation, vegetation cover, and
land surface temperature. The results showed that the area, elevation, and vegetation cover were
the most important factors for gas consumption, while the age of the building and the land surface
temperature affected the electricity consumption more than others.

Keywords: building energy; GIS; spatial parameters; artificial neural network; relative importance

1. Introduction

The energy consumption of buildings accounts for a significant share of global energy
demand. Monthly electricity data released in January 2018 by the United States Department
of Energy (DOE) showed that electricity consumed by commercial and residential buildings
accounted for 77.5% of the total energy consumption in the United States [1]. As a result of
the continuous development of urbanization, the energy consumption in the residential
sectors has grown exponentially, which has raised many environmental and economic
concerns. Accordingly, understanding these energy consumption patterns is of the utmost
importance to the decision-makers and the city planners.

Existing literature has found several factors that affect the energy consumption pattern
of a building. These factors can be categorized into three categories. The first category,
named building-related factors, includes factors such as age and area (e.g., [2]). The second
category includes occupant-related factors. The last category, which is the least-studied one
and is called space-related factors, consists of factors that model the spatial relationships
between buildings and the characteristics of the urban environment [3]. Studies have
shown that urban morphology plays a decisive role in the energy consumption of buildings
by changing the pattern of airflow and wind speed around the building [4]. In another
study, the height changes and urban morphology in 150 m buffers around each building
were considered as spatial factors [5]. The amount of vegetation around each building [6],
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the presence of shadows [7], and the density of the urban environment [8] are among the
most important spatial factors that affect the energy consumption of a building.

The purpose of this study was to investigate the primary affecting factors on the
energy consumption of buildings using Geospatial Information System (GIS) techniques.
The novelty of this paper was in separately modeling, analyzing, and comparing the same
set of building-related and space-related factors on the gas and electricity consumptions in
a residential area of Kerman.

2. Materials and Methods
2.1. Data

The study area was the city of Kerman, located in the southeast of Iran, with an area of
around 240 km2. According to the 2016 census, the population of this city is 738,724 people.
For this study, gas and electricity consumption records from 620 and 410, respectively, from
randomly selected residential buildings for the solar year of 1397 (March 2018 to March
2019) were used as the data set. Figure 1 shows the location of the sample buildings.

Seven different factors were selected to model both gas and electricity consumption of
the selected buildings. The building age, building area (conditioned area), and the property
prices were considered as the building-related factors. The space-related factors included
the horizontal density of buildings, land elevation, normalized difference vegetation index
(NDVI) and land surface temperature (LST). Energy consumption was measured and
recorded every other month; thus, for every 60 days an NDVI and an LST map were
prepared using Landsat8-OLI satellite imagery. Since access to the household income and
economic conditions of the samples was not possible, property prices were used as the
representative of the socio-economic characteristics of the buildings. The property price
map was extracted from the real estate transaction information in different areas of the city.
The normalized area of buildings that fell into a 200 m buffer around each selected building
was considered as the horizontal density.
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Figure 1. Locations of selected residential buildings: (a) gas consumption samples; (b) electricity
consumption samples.

2.2. Method

In this study, a single-layer perceptron neural network was used to model the relation
between affecting factors and energy consumption. In total, 70% of the data were consid-
ered as the training data, the remaining 30% of the data were used for validation. The
relative importance of each factor (or input variables) was the share of each independent
variable in predicting the dependent variable (i.e., energy consumption). In this study, the
connection weights method was used to determine the relative importance of independent
variables in predicting the output variable. This method uses interlayer weights, so that
the relative importance is obtained from the sum of the absolute values of the weights of
each parameter [9].
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3. Results and Discussion

Due to the different weather conditions during the year, the model was run separately
for each period. The results are presented in Tables 1 and 2. Natural gas is often used in
domestic applications for cooking, preparing hot water, and space heating. In autumn and
winter (the second three periods), due to the drop in temperature, natural gas consumption
was higher than in the first three periods.

The results showed that the building area has the highest relative importance among
the considered factors to the model of gas consumption. As the building area increased,
more energy was required for heating. The importance of the building area was higher in
the second half of the year (September to March) than in the first half. The elevation (DEM)
was the second important factor affecting gas consumption (18% in the first six months and
14% in the second six months). The vegetation cover (NDVI) increased gas consumption
to heat the space, by reducing the thermal load in the second half of the year. Thus, the
importance of vegetation cover on gas consumption in the second half of the year was twice
what it was in the first half of the year. According to the results, the effects of the horizontal
density of buildings, property prices, building age, and land surface temperature (LST)
was low.

Table 1. The relative importance of the effect of variables on gas energy consumption.

Parameters/Period 1 2 3 4 5 6
Age 5.3 6.97 10.31 6.43 6.70 12.16
Area 22.59 46.02 24.64 14.51 39.83 64.03

Property Prices 10.76 1.67 17.14 15.98 11.86 3.15
Density 16.5 17.79 9.95 15.9 6.86 4.69

DEM 17.17 14.88 23.29 21.86 13.6 6.21
NDVI 8.36 3.21 9.89 16.98 17.89 7.78
LST 19.28 9.43 4.75 8.31 3.22 1.95

Table 2. The relative importance of the effect of variables on electricity consumption.

Parameters/Period 1 2 3 4 5 6
Age 24.53 35.43 26.21 60.94 44.86 12.01

Property Prices 6.54 16.45 0.57 0.61 4.26 6.39
Density 21.1 3.21 27.67 3.61 9.52 32.63

DEM 13.14 14.27 14.29 2.66 6.82 21.34
NDVI 8.18 7.37 2.6 10.32 25.73 26.46
LST 26.48 23.25 28.63 21.83 8.8 1.15

Regarding electricity consumption, the age of the building was the most important
factor in all periods, probably as a result of using heat insulation materials in new buildings.
The second important factor was LST for the first four periods of the year, due to the
extensive use of air conditioners during these periods. The third factor affecting electricity
consumption was the horizontal density of buildings throughout the year. These findings
were broadly in line with previous researches, which indicated that floor area [5,10], year
of construction [10–12], vegetation [6], and density of buildings [12] influenced the energy
usage of a building. The low percentage of LST on gas consumption could be due to the
fact that in the second half of the year in Kerman there was no significant temperature
difference between different periods.

4. Conclusions

Studies have shown that in addition to building-related factors, such as age and
area, space-related and occupant-related factors significantly affect the overall energy
consumption of the building. This indicates the need for further analysis to determine to
what extent each factor affects the energy consumption of the building. In this study, by
collecting and combining a large set of data using GIS, the relative importance of several
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factors was investigated, among which building area, height, and vegetation had a great
effect on gas consumption, while building age, LST, and horizontal density had a great
effect on electricity consumption. Given the complexity of the energy consumption pattern,
we plan to exploit more factors as the input to the model in future studies. Moreover,
different models and data from different cities should be further studied to obtain a clearer
understanding of the energy consumption patterns in the residential sector of Iran, and the
rule of different energy efficiency factors on the energy consumption should be studied
further, as well.
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