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Abstract.
Culture influences the way that people act and behave in all societies. In Saudi
Arabia, culture and beliefs directly influence the lifestyle and behaviour of its
citizens. Culture also impacts on energy usage of buildings, but this factor is
often excluded from energy use simulations. A consequence of this is a mismatch
between energy prediction and real energy usage. This paper demonstrates how
a time-use data (TUD) model can be used to create a more realistic estimate of
energy consumption in Saudi Arabia. TUD has been collected through a survey
of 300 people living in Riyadh. The performance of the computational TUD
model is cross-referenced with empirical data and the outcomes are used to
discuss how the TUD model can be applied more effectively in energy use
simulations.
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1

Introduction

Energy use simulations of buildings consider factors such as climate, geometry,
aspect, building materials, load schedules and systems to estimate performance. To
provide reliable outcomes, simulation models require complete and accurate
information [1]. One factor which has been recognised as a limitation of simulations
has been the unpredictability of human behaviour. This component is often not
integrated into the simulation models and can, to some extent, explain the mismatch
between predicted and real energy use: human behaviour contributes significantly to
variations in load schedules [2]. Other researchers have also noted that occupant
behaviours and activities in buildings are often assessed incorrectly [3-6]. When
analysed in more detail, the cause of the mismatch can be explained, in part, by two
main reasons - the pre-bound and the rebound effect. The pre-bound effect occurs
before building renovation: the rebound effect refers to conditions that occur
following an energy-saving retrofit. Typically, in this situation, a proportion of the
energy savings are lost by an increased demand for additional energy [7].
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Saudi Arabian culture is very distinctive and plays a pivotal role in daily life. The
high level of privacy integral to this culture impacts on the design of residential
buildings [8]. Specifically, residential space is divided into several privacy zones.
Examples include a public area (outside), a male guestroom (for male privacy), a
female guestroom (for female privacy), an area for the householder’s family and
relatives (family privacy), and an area for each individual person (individual privacy)
[9]. The reasons for this can be amplified. Male guests, for example, are not allowed
to enter the female or family zones. If this were to happen, Saudis would consider this
to be a violation of house privacy etiquette. An additional refinement of the value
placed on privacy is shown with reference to the times at which different zones are
used. Each zone has a different time use pattern and visitor guestrooms would
normally be ‘off limits’ and not used when there are no visitors. By way of contrast,
most family spaces are used daily.
In response to the discrepancies between predicted and actual energy use, analyses
have been conducted to improve the outcomes of simulations. Studies in France,
Sweden and the UK, for example, collected TUD for residential buildings and found
that by including this data in energy-performance simulations predictions could be
more accurate [10-14]. Widén [15] also proposed a new comprehensive thermal
model to predict time-use patterns. Richardson [16] created a model of occupancy
using a TUD approach but focused his research on when and how occupants used
each space in the house: this is similar to the approach taken by the authors in this
study. In 2009, he extended his research to create a domestic lighting model which
was designed to distribute power systems [17-18]. There have also been other
important research studies that have focused on occupant-behaviour models in terms
of lighting control [19-20].
1.1

Previous study

In a previous study, the authors [21] set out to identify the principal factors which led
to a mismatch between predicted and actual energy use in Saudi Arabia by studying a
typical house in Riyadh. An ‘average-sized’ villa in Riyadh was used for the case
study. The villa was built in 2005 and has a basement, ground floor, first floor, and a
second floor (Figure 1). It is inhabited by six occupants and has a total floor area of
500 sq. metres. The authors recorded information about the attributes of the building
and collected utility bills. In this preliminary study, energy simulations were
conducted using EnergyPlus software operated via OpenStudio.
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Visitor zone

Fig.1. Floor plan of the villa used in the preliminary study

In the preliminary study, the first simulation was carried out using default settings
which did not consider cultural behaviour. The results showed a forty percent
mismatch between predicted energy consumption and actual energy use. A second
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simulation was undertaken using additional default estimates for occupants’
behaviour included within EnergyPlus. When the results of this simulation were
compared with those from the first, the outcomes were very close, with a difference of
less than one percent between them. This can be explained by the fact that the
additional default material used for Riyadh (climate zone, 1B - very hot and dry), was
similar to the actual material used in the first simulation. A third simulation was
conducted, which utilised occupants’ behaviour data obtained from a TUD survey.
This ‘real’ data replaced the default estimates. This experiment went through a series
of fine-tuning adjustments which resulted in much greater accuracy in predicting
energy use. The mismatch reduced from forty percent to fifteen percent. The final part
of the study consisted of interviews with occupants (Figure 2). The results of these
interviews were used to provide additional fine-tuning which reduced the mismatch
between predicted and actual energy use to five percent.

Fig.2. Examination outcome summary
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1.2

Introduction to methodology

The aim of this paper is to present a computational model that can generate realistic
time use estimates for residential buildings in Riyadh, Saudi Arabia. A brief review of
Saudi Arabian culture is presented which focuses on previous attempts to research
factors which affect energy use. This is followed by a description of the design of the
TUD method. This was implemented using online Google questionnaires and the data
processing and analysis was conducted using Python. The research concentrated on
three specific elements: (1) male guest room, (2) female guest room, and (3) the living
hall (family living area).
The approach taken in this research is to adopt a linear regression model. In total, we
have experimented with 12 different regression algorithms from Scikit-learn
(https://scikit-learn.org/stable/). These are shown in figure12. The results identify the
most accurate method for predicting the energy use patterns for the male guest room,
female guest room, and living hall. We employ 70% of the data for model training
and 30% for model validation.

2

TUD Survey

2.1

Survey design

Figure 3 summarises the approach taken to identify appropriate questions for the
TUD. A review was undertaken of previous research studies and their survey methods
to identify both themes for investigation and the appropriate methods for conducting a
survey. Saudi Arabian culture and its influences on households was also studied.
After piloting some of the proposed questions and survey methods, a design was
adopted which contained 18 questions divided into four sections:





Background Information
Family/Owner Attributes
House/Room Characteristics
TUD for Daily/Recreational Usages

Fig. 3. Summary of the survey process
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The Background Information section asked questions about gender, age, occupation
and address.
The Family/Owner Attributes section asked questions about household conditions,
such as, how many males and females live in the house? In Saudi Arabian culture,
sons do not leave their parents’ house until they get married, which means they will
use the guestrooms to host friends. The questions helped to identify levels of
occupation between family members and male and female guests. Other questions in
this section asked about the age of the homeowner, when the house was built, and the
size of the house.
The House/Room Characteristics section asked information about house design.
Previous researches [22-23] which studied the history of Saudi Arabian houses
identified a strong relationship between culture, privacy levels, and design. In the last
thirty years, for example, privacy expectations have changed. Thirty years ago, houses
had to have two guestrooms and two gates – one for male visitors and one for female
visitors, so that the two sexes did not interact. Since then, access to the internet and
globalisation have affected Saudi Arabian lifestyles. There is greater awareness of
energy use and the ways in which buildings are used. Changing income structures and
higher energy costs are also anticipated by 2030. Modifications to layouts are being
made to reflect these factors. Questions in this survey asked about house
characteristics, how the residents use spaces, the number of guest rooms (male and
female) and other information about how rooms are used. To illustrate the value of
this approach, analysis of our data showed that people use the living hall in different
ways - some people used it for daily family gatherings while others only used it
occasionally. This information was used to improve the simulation model by
adjusting the living hall load in cases where it is only used occasionally.
The TUD section asked questions about time use divided into two parts. The first
focused on spaces that are not used daily, such as the visitor zone, which has
guestrooms, a living hall, a dining room, and a gathering room for friends. In Saudi
Arabian houses, the visitor zone usually accounts for around forty percent of the total
area of the house. Knowing how often these rooms are used, therefore, helped with
the design of more accurate energy models. The second part focused on spaces that
are used daily, such as bedrooms, the family gathering room and the kitchen.
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2.2 Survey methods
Google Forms were used to implement the survey and collect the data. The survey
was three-pages long, which included a participant information sheet and a participant
consent form as well as the survey.
The sample used for the study was stratified to target people living in villas in Riyadh.
The survey design was a multiple-choice questionnaire. Any participant who did not
live in Riyadh or did not live in a villa was filtered out and excluded from the study.
The survey was collected by email, which was sent to all the academic members at
King Saud University through the research department in the architecture school.
Social media (Twitter, WhatsApp) was also used and other respondents were
recruited at the Saudi Building Code (SBC) conference in the Architecture School,
King Saudi.

3

Data Analysis

After collecting the data, it was analysed in three steps – processing, writing
algorithms and testing the model. These steps are summarised in Figure 4.

Fig.4. Summary of the data analysis process

3.1

Processing data (Step 1)

Research Objectives
Our main objectives were to analyse the data for each space/zone in the sample
houses and to understand how energy use was influenced by Saudi Arabian culture.
Using this focus helped us to decide which algorithm was most appropriate and which
performance measure should be used to evaluate the model. Figure 12 shows the
different algorithms which were applied to the male and female guest zones, and the
living hall. The data shows that time use varies between each space, depending
behaviour. The guest zone comprises an entrance, one or two guest rooms, bathrooms
and a guest dining room.

CAADFutures19 -542

In the preliminary data analysis, there was little difference between the actual usage
and the default load schedules in the energy prediction software for bedrooms and
family (daily use) areas. The main contributor to the observed mismatch was found to
be the visitor zone. This occupies around 40 percent of the total area of a Saudi
Arabian house. The survey data obtained in this study (Figure 5) showed that 51
percent of people used the visitor zones between one and ten times per year, 18
percent used them between 11 and 20 times per year, and 10 percent between 21 and
30 times a year. In addition, 65 percent of respondents had separate guestrooms for
males and females. Furthermore, 42 percent mentioned that the dining room was only
used when they had visitors.

Fig.5. The use of the male guest room

Fig.6. The number of guest rooms in the Saudi Arabian houses

Further analysis of data showed that there was a link between the age of the
homeowner, the number of people living in the house, and the size of the guest zone
(Figure 7). It was found that older people cared more about the size of the guest zone
than younger people did. Younger people found a single guestroom and a shared
dining room to be acceptable as they did not expect many visitors. Guest rooms could
be used by either male or female visitors as long as their visits did not coincide. In
other words, separation of male and female guest facilities was divided by time of
occupation rather than physical space.
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Fig.7. The relationship between the age of the house holder and the use of the guest rooms

Living hall
The space used for the daily family gatherings varied between houses. For instance,
some people used the living hall for daily family gatherings, while others had a
separate family room and only used the living hall occasionally. The survey data
showed that there was a relationship between the size of the house and how spaces
were used for family gatherings (Figure 8): families living in houses smaller than 500
m2 in size tended to use the living hall for family gatherings, while larger houses
tended to have a separate family room.

Fig. 8. Standard deviation for the total build area and the family gathering space.

Male guest zone
Figure 9 illustrates the number of times that the male guest room is occupied each
year against the number of males per household. Most respondents reported that
occupancy was less than ten times a year, but 20 percent reported usage in excess of
60 times a year. This indicates a major difference in the normal daily usage schedule
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which is included in the energy-simulation software. Failure to recognise this
variation leads to inaccurate energy estimates.

Fig. 9. Occupancy of the male guest room against the number of males per household

Female guest zone
Saudi Arabian culture impacts on building design. Traditional views requires that the
female zone must not be visible from the male zone. The female zone has its own
entrance, reception room, and bathroom. Nowadays, some houses only have one zone
which is used by both males and females. Figure 10 shows that houses smaller than
300 m2 are more likely to have just one zone for both genders while houses over 300
m2 are more likely to have two zones. Figure 11 shows the relationship between the
number of females living in the house and the use of the female guest room. The data
shows that families who have one or two females in the house either have one zone
for both genders or use the female guest room fewer than 20 times a year. Homes that
have three to five female inhabitants use the female guest room, on average, 30 to 50
times a year.

Fig. 10. Occupancy of the female guest room against the total build area.
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Fig. 11. Occupancy of the female guest room against the number of females per household

3.2

Create the model (Step 2)

Select a performance measure
Data for each space in the house were analysed in order to identify the mismatches
between predicted and actual energy use. After testing the 12 algorithms identified in
figure 12, it was found that the best results could be obtained by using linear
regression method. It produced the lowest error among the algorithms tested. The
Roof Mean Square Error (RMSE) was applied as a performance measure when
conducting the analysis. The RMSE identifies how much error the system makes in
predicting Y (Y1 is the male zone, Y2 is the female zone and Y3 is the living hall).

Fig. 12. Summary of outcomes for the 12 experimental algorithms summary
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Obtain the data and create the workspaces
In this study, we used Python and Scikit-learn to develop a TUD model for estimating
the occupancy schedules in Saudi Arabian houses. As mentioned in the previous
section, the linear regression algorithm was used.
Figure 13 shows how the linear regression model delineated the relationship between
the times when the male guest room was occupied (Y1) and the number of males
living in the house(X1). By using the linear regression algorithm, it was possible to
obtain an error estimation for Y1(male guest zone): with a mean squared error was
1659 with a square root of approximately 41. The estimation for the male guest room
error, therefore, was 41 days, i.e. 20.5 days higher or lower than real energy use.

Fig. 13. Occupancy of the male guest room against the number of males living in the house

Occupation of the female guest room also had a strong relationship with the number
of females living in the house (X2), the year the house was built (X3) and the number
of times the female guest room was used (Y2). By using the linear regression
algorithm, it was possible to obtain an error estimation for Y2: with a mean squared
error was 1278.97 with a square root of approximately 35. The estimation for the
female guest room error, therefore, was 35 days, i.e. 17.5 days higher or lower than
real energy use. Figure 14 shows how the model determined the relationship between
the times the female guest room was occupied and the number of females living in the
house.

Fig. 14. Occupancy of the female guest room against the number of females living in the house.
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The living room can be used for both visitors and family gatherings. Running the
model, it could be established there was a strong relationship with the year the house
was built and the size of the house: the year that the house was built as (X4) gave
slightly lower error readings than the number of male living in the house (X5) and the
size of the house (X6). Applying the male occupants as (X5), rather than female
occupants, the rate of error was reduced slightly. By using the linear regression
algorithm, it was possible to obtain an error estimation for Y3 (living room): with a
mean squared error was 2692.79 with a square root of approximately 51. The
estimation for the living room error, therefore, was 51days, i.e. 25.5 days higher or
lower than real energy use.

Fig. 15. Occupancy of the living room against the year that the house was built

Fig.16. Occupancy of the living room against the number of males living in the house.

Fig.17. Occupancy of the living room against the size of the house
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3.3

Testing the model (Step 3)

The adopted research method used 30 percent of the data to verify the linear
regression model. Analysis showed that the model predicted a mismatch of 26 days
between estimated and real energy usage.
The outcomes were applied the model presented by the author [16], which used a case
study based on a villa in Riyadh. The villa analysed was built in 2005 and comprised
a basement, ground floor, first floor and a second floor. It was occupied by six people
(three males and three females). The villa’s total floor area was 500 m2. There was
one guest room which was used for both male and female guests. In this case study,
the guest room was used around 90 times a year. Applying the model predicted use of
the guest room as 29.6 days for males and 31.7 days for females. This estimated a
combined usage, therefore, of 61.3 days. This revealed a 28.7-day gap mismatch
between estimated and real usage (i.e. 90 days – 61.3 days). For the living room, the
model produced a more accurate prediction - 133 days of occupancy against a real
measure of 140 days.

4

Conclusions and Future Work

This paper has shown how consideration of culture and behaviour in the load
schedules for energy simulations can provide a more accurate prediction of energy
use. Absence of this factor in energy simulations was identified as being particularly
important in Saudi Arabia as the cultural use of living space differs from
circumstances in other cultures. For instance, on average, people in Saudi Arabia use
the visitor zone (which covers approximately 40 percent of the total house area) for
maximum 52 days each year.
The study also showed that the number of males and females living in a house, the
size of the house and the year of its construction had a significant impact on the use of
the guest zones. The year the house was built is an important factor to be considered
as Saudi Arabians tend to use the guest zone less frequently now. This is reflected in
the design of more modern buildings.
The principal aim of collecting data was to develop a more sophisticated
computational model that can produce a more accurate prediction of energy usage in
the context of Saudi Arabian culture. The model presented here was successful in
achieving this and the mismatch was reduced significantly. Using data collected from
villas in Riyadh, the error in predicting energy usage was reduced by about 90 percent
from 300 percent to 32 percent. (Table 1).
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Table 1. Outcomes of the model comparing real energy usage using the default settings.

The day’s space
occupied each year
The gap between the
prediction and the
real use (%)

Real energy uses for
the male and female
guest rooms (case
study)

The model prediction

default schedule for
energy plus

90 days

61.3 days

360 days

0%

32%

300%

For future study, it is intended that more focus is given to improving the online survey
method by using open-ended questions. Other research will focus on methods for
integrating load schedule predictions into energy simulation workflow. Together,
these will provide greater insight into the use of space and home energy in Saudi
Arabia and allow the simulation models to be improved further.
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