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Abstract: Electricity is used in educational buildings, and there are now numerous attempts to reduce
consumption, achieve sustainability, and protect the environment. This paper aims to study energy
consumption, identify opportunities to rationalize energy consumption, and propose solutions at
Sulaiman Al-Rajhi University in the Kingdom of Saudi Arabia in order for the university campus to
become sustainable. The results showed that total annual electrical consumption totaled 13,859 MWh
in 2021. The air conditioning system, other devices, and lighting have the percentage of consumption
79, 14, and 7% of the total, respectively. Electricity consumption intensity was approximately
145-155 kWh/m?, and the per capita intensity was approximately 12,987-16,351 kWh, in the period
2017-2021. The price of the electrical energy generated on the university campus ranged between
0.3 and 0.53 SR/kWh in 2021, while the electricity tariff from the grid for educational buildings was
0.18 SR/kWh. This means that the public grid was 50% cheaper than campus-generated electricity. At
the price of energy generated by generators, the total simple payback time (SPBT) for the suggested
energy conservation measures (ECMs) is 4.13 years, whereas the SPBT is 8.96 in the case of the
consumption of the electricity supplied by the national grid. The environmental benefits of the
proposed ECMs were also identified.

Keywords: Benchmarking of Energy Consumption; higher education buildings; energy conservation
measures; air conditioning system; Kingdom of Saudi Arabia

1. Introduction

Energy consumption is one of the main factors affecting the environment. The world
is witnessing great changes in the field of energy, which controls the joints of our daily
lives. Global energy demand increased in 2019 by 0.9%, which is equivalent to 120 million
tonnes of oil equivalent (Mtoe). The increasing use and reliability of renewable energy (RE)
worldwide are becoming manifest, especially in hot and dry climates. In the Kingdom of
Saudi Arabia (KSA), electricity relies completely on conventional fuel. Table 1 shows the
amounts and levels of energy consumption in terms of application and sources in Saudi
Arabia in 2018. As the figures show, consumption totaled 147.9 Mtoe, with the primary
source being oil products, a rate of 66%. On the other hand, as data shows, oil and gas were
consumed in industry, in transportation, for non-energy purposes, and for other purposes.
Furthermore, Table 1 also shows that in terms of use electricity comes first in the ‘other’
field; the figure amounted to 93%, and that is because electric power is used in different
sectors—domestic, commercial, agricultural, educational, as well as other service-related
fields [1].
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Table 1. KSA’s Domestic Energy Consumption in 2018 in Terms of Application [1].

Total Oil Products Natural Gas  Electricity  Oil

Energy Sources

(Mtoe) (%) (%) (%) (%) (%)
Industry 48.1 33 48 42 8 2
Transport 455 31 100 - - -
Other 244 16 7 - 93 -
Non-Energy Use 29.9 20 82 18 - -
Total Consumption

1479 100

by Use

In 2019, Saudi Arabia’s electricity consumption was around 288.6 TWh, the peak load
was in summer (63.3 GW), and the available generation capacity was 65.6 GW [2]. Buildings
in the KSA are now a major sector concerning growth in electrical energy requirements,
and that is essentially due to high air-conditioning (AC) demands during summer, when
the temperature outdoors is so high. The demand for more electrical power is increasing
at universities, too, and it is increasing at an accelerating pace: the increasing student
intake, the introduction of new courses, the increasing number of research centers and
laboratories—all this is leading to a rapid expansion of campus facilities and infrastructures.
Accordingly, it is a priority that, in the construction and usage of universities, the use of
energy be efficient and sustainable. In KSA, this has been taken into account in the country’s
Vision for 2030, where protecting the environment and sustaining vital resources constitute
a priority in the plan [3]. In 2019, the government sector consumed approximately 14.1%
of the total electrical energy consumption (as shown in Figure 1), and universities had
a large share of that consumption [1]. A field study conducted by the Department of
Electrical Engineering at King Saud University regarding the rationalization of electricity
consumption showed that the cost of electricity waste at the university is more than
four million riyals a year, and that air conditioning, lighting, and computer devices are,
respectively, at the top of the list concerning energy consumption [4].
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Figure 1. Electrical Energy Consumption Percentage in the KSA in 2016-2019 in Terms of Sector [2].

It should be noted here that about 28% of the total amount of CO, emissions in
the KSA are from electricity generation, which is produced using 65% and 35% of total
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fuel, from natural gas and oil, respectively [5]. The continuous supply of electricity is of
great importance for universities in the Kingdom, especially during peak hours, between
7 a.m. and 4 p.m. The efficiency of energy at universities depends mainly on occupants’
behavior, building architectural design, and building nature [6]. Technology can reduce
CO; emissions from buildings and, at the same time, improve services and raise the level
of comfort. In the faster transition scenario, near-zero energy construction and extensive
energy renovations will reduce the sector’s energy needs by nearly 30% by 2050. The KSA
is the world’s third-largest country—after the USA and China—in terms of using electricity
for cooling purposes. Hence, it is time to improve energy efficiency (EE) and take full
advantage of RE.

There are studies on energy consumption and efficient use in university buildings in
many countries. However, only a small number of studies examine the energy situation in
university buildings in hot regions, such as Saudi Arabia. This study, hence, is aimed at
creating a new vision of how to increase EE in university building systems in such regions
as Qassim so as to eventually conserve energy, boost performance, and, if possible, reduce
energy use in these buildings to a minimum, near-zero levels. This work is intended to fill
a gap in the sustainability of university buildings.

The work was arranged after the introduction in the first section, and the extended
literature review on the topic came in the second section. The method that was followed in
the research and the influencing factors are allocated to the third section, while the fourth
section is for the results in terms of determining consumption. In this section, energy
consumption indicators and the impact of the fuel price on the cost of a unit of electricity
were specified for the case of self-generation of electricity. The fifth section is devoted
to energy conservation measures while defining economic indicators and environmental
benefits. Finally, the sixth section is devoted to the results.

2. Literature Review

There are studies on energy consumption and efficient use in university buildings in
many countries. Only a small number of studies, however, examine the energy situation
in university buildings. The literature review was presented by country, starting with
American countries, Australia, then Asia, Europe, and Arab countries.

Li and Chen [7] investigated the relationship between the energy-use intensity (EUI)
and the floor-area percentages for the main campus of a university in Calgary, Canada.
The researchers reported that the total average EUI ranged between 211 and 725 kWh/m?
(for all types of energy used). Ligade et al. [8] studied the EE in cases where heating,
ventilation, and AC systems at educational buildings were subjected to retrofits; the study
was conducted at Purdue University, in Indianapolis, USA. The study demonstrated that
the proposed energy-conservation measures (ECMs) can reduce energy consumption at
these buildings by 28%. In addition, in this context, Hu [9] proposed a model for identifying
the most energy-efficient and cost-effective strategies at the University of Maryland’s School
of Architecture Building, in the USA. The researcher analyzed eight different renovation
packages that have an EUI of 148 kWh/m?2. The results showed that energy savings per
package ranged from 35 to 62%, a reduction in carbon emissions fell by 61 to 86%, and
long-term cost savings ranged between 22 and 53%. Batlle et al. [10] used ISO50001 and
ISO50006 standards to reduce electrical energy consumption at the Federal University
of Itajuba, in Brazil. The authors reported that this can reduce the university’s total
electricity consumption by 7.19-9.59%. Almeida et al. [11] examined the patterns of energy
consumption in the buildings of the Paricarana Campus of the Federal University of
Roraima, in Brazil. The results of the study showed that classrooms and administrative
offices consumed 48% of the total energy used; AC, 63.3% (the largest portion); lighting,
18.1%; personal use, 4.7%; and other uses, 3.9%. Khoshbakht et al. [12] analyzed the energy
use in terms of building type and took on the task of establishing an energy benchmark
system for Griffith University in Australia. They reported that the building-EUI values of
the building for academic departments were between 136 and 164 kWh/m?.
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Liu and Ren [13] analyzed the energy consumption of libraries, and university accom-
modations also were looked at. They considered the relationship between system design
and EE, which was also examined to see if an energy-saving target of 65% could be attained.
Chung and Rhee [14] determined current energy consumption by surveying existing build-
ings at Soongsil University, in South Korea. The results demonstrated that this was feasible,
with consumption reduced by 6-29%. Samira and Nurmammad [15] measured optimal
energy savings at Azerbaijan University, in Azerbaijan. A multi-disciplinary approach was
implemented for checking data. The study concluded that energy savings ranged between
20 and 56% and that this had significant environmental benefits.

Jradi et al. [16] examined the situation of a highly energy-efficient teaching building,
the OU44 Building, at the University of Southern Denmark, in Odense, Denmark. Ac-
cording to the study, the average energy consumption difference between Danish BE10
software and actual data is a significant 55%, which can be reduced to around 11% by
using EnergyPlus software. Chihib et al. [17] benchmarked energy use at different types of
buildings at the University of Almeria, in Spain. They reported that the average annual
EUI for the research-center building, library, sports facilities, and restaurant was 119.5, 82.7,
47.3, and 41.1 kWh/m?Z, respectively, whereas in classrooms and administration offices
it was less than 30.0 kWh/m?2. Gaspar et al. [18] evaluated the effect of the COVID-19
lockdown on energy consumption at Universitat Politecnica de Catalunya—Barcelona
Tech—buildings in Spain. They found that energy consumption decreased by 57.15-74.2%
in comparison with the period before the lockdown and that it decreased by 19.3-53.1%
after the pandemic, depending on the use of the buildings. Bourdeau et al. [19] studied
total energy (gas and electricity) consumption in three campus buildings in the Parisian
region, in France. They found out that the annual EUI was in the range of 52-517 kWh/m?.
Bonnet et al. [20] assessed the annual amount of electricity consumption for every activity
of the University of Bordeaux campus in France. They reported that electricity consump-
tion ratios per building-surface area ranged between 1 and 10. This parameter did not
yield matching values, however, especially concerning the quality of buildings and energy
systems, the use, and the size of the building. Mytafides et al. [21] evaluated energy-saving
mechanisms at a university building in northeastern Greece. The study concluded that the
annual EUI was less than 167 kWh/m?2 at the base-case building. However, when new
measures were introduced, it was noticed that the annual EUI decreased to 41 kWh/m?2
and that the level of air pollution dropped to 9-109%, compared to the base case for each
measure. These measures, according to the study, could yield a 2-8-year payback time.
Stavropoulos et al. [22] designed an integrated platform for monitoring, managing, and
supplying energy at the buildings of the International Hellenic University in Greece. Sev-
eral smart grids were distributed in each building. The system helped reduce the total daily
consumption of a typical university office by about 16%. Droutsa et al. [23] studied energy
consumption by non-residential buildings in Greece. They reported that the primary EUI
at the university was 321.6 kWh/m?2. Emil and Diab [24] documented the effects of using
ECMs at the building of the Mechanical Engineering Department at Ain Shams University
in Egypt. The researchers used EnergyPlus and reported a reduction of the building’s
energy consumption by more than 36%. Improving the EE of heating, ventilation, and air
conditioning (HVAC) systems results in energy savings of more than 50%. Results also
showed that the building’s annual EUI could be changed from 230 to 106 kWh/m?.

Hamida et al. [25] conducted an energy consumption theoretical techno-economic
evaluation of educational buildings in Dammam, in the KSA. They suggested some ECMs,
which led to a reduction of the EUI from 217.1 kWh/m? for the base case to 167.5 kWh/m?
after implementing all ECMs. Sait [26] reported that the efficiency of the HVAC system
could be increased by 31%. The researcher also reported that the average annual energy
consumption of the building is 80 kWh/ m?3. Saeed [27] studied the extent to which thermal
comfort conditions met requirements for students of the College of Architecture and
Planning and the College of Engineering at King Saud University in Riyadh, KSA.
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The cooling- and heating-degree days, with a base temperature of 18 °C, based on
the last 5-year average (2017-2021 inclusive), were determined by using [28]. Table 2
presents cooling-degree days (CDD), heating-degree days (HDD), and the average EUI
at educational buildings in different locations worldwide. As Table 2shows, there is no
agreement between the final EUI values displayed in general. This may be due to:

Climate conditions in the location, CDD or HDD;

The type and price of the energy used, used—electric only or as a whole;
Type of university, and nature and use of buildings;

Structure and age of the buildings;

Users’ behavior.

de de B B @

As figures show, in some countries (such as China, Spain, and Greece), the EUI is low.
The indicator, however, is only for the consumption of electric energy in mild-climate areas.
The analysis of the indicators of energy consumption at universities shows that there is a
substantial difference between values in this regard. Electrical EUI values, for example,
ranged between 25 kWh/m? and 427 kWh/m?. The total energy consumption per unit area
was observed at 250-800 kWh/m?. In general, indicators show that Japanese universities
consume less energy and Americans consume more energy than other universities in other
parts of the world [29].

Table 2. Cooling-Degree Days (CDD), Heating-Degree Days (HDD), and Average Energy Use
Intensity (EUI) in Educational Buildings.

Location and Country

Reference and Date of

CDD (°C) HDD (°C) Building Type EUI (kWh/m? Year)

Publishing
Memorial University, Canada 199 4222 General 250 in 2016 Abdo-Allah et al., 2019 [30]
University of Maryland’s
Architecture Building, USA 816 2432 General 148 Hu, 2018 [9]
. Library 297
Eﬂj:ﬁgﬂa gfaﬁgzis n?; Fg iezrl?l 3316 - Offices 162 Almeida et al., 2017 [11]
y ’ Administrative 132
Research lab 379
. . . . Library 148
Griffith University, Australia 615 1104 Teaching Rooms 145 Khoshbakht et al., 2018 [12]
Offices 121
. . -, . _ _ Teaching Rooms 131 .
Australian Universities, Australia Research Centre 407 Gui et al., 2021 [31]
U.r’1 1vers1ty teaching building in Teaching Rooms 30 Sun et al., 2021 [32]
Xi’an, China
Southwest University of Science .
and Technology, China 908 1765 Dormitory 84 Deng et al., 2021 [33]
Soongsil University, Korea 871 2692 General 223 Chung and Rhee, 2014 [14]
Universiti Malaya, Malaysia 233 394 Research Lab 54 to 64 Ali et al., 2020 [34]
London South Bank University, Offices 119
United Kingdom 222 2436 Offices and Amber etal,, 2017 [35]
. 115
Teaching Rooms
Research Lab 119.5
Library 82.7
. . . . Teaching Rooms 29.0 i
University of Almeria, Spain 1112 690 Offices 288 Chihib et al., 2020 [17]
Restaurant 41.1
Sports Centre 47.3
Library 25
Administration 45
. . Classrooms 41
University of Bordeaux, France 534 1850 Student Housing 39 Bonnet et al., 2002 [20]
Sports Centre 37
Research Centre 117
University building in 761 2127 General 41 to 167 Mytafides et al., 2017 [21]
northeastern Greece
The University of Sharjah, United . . N Ghenai and Bettayeb,
Arab Emirates. 3972 76 Administration ~165 2019 [36]
Educational buildings, Dammam 544 ~80 General 167-217 Hamida et al., 2021 [25]

City, KSA
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Based on the introduction and the literature review, it was found that there is a
need to study energy consumption and identify opportunities for rationalization in Saudi
universities. To determine whether Saudi universities are sustainable, they must also be
evaluated from an environmental standpoint.

3. Methodology
3.1. Meteorological Condition

The Kingdom of Saudi Arabia has a hot and arid climate. According to Saudi Building
Energy Conservation Code 602, the Qassim region is in climate zone 1 [37]. Climatic
conditions play a vital role in electricity consumption. The data was collected from the
climate stations that were installed in collaboration with King Abdullah City for Atomic and
Renewable Energy. Figure 2 shows the average monthly temperature increasing to 38 °C in
summer. It is also noted that the mean relative humidity in summer is low compared to the
winter value. It is recognized that the wind speed is almost constant throughout the year.
This data contributes to a better understanding of why electricity consumption is higher in
the summer compared to other seasons.
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Figure 2. The average monthly temperature, wind speed, and relative humidity during 2016-2018
for Qassim region [38].

3.2. Data Sources

Sulaiman Al-Rajhi University is a private university comprising three colleges. The
campus covers an area of 981,661 m? and accommodates 5 buildings (Figure 3) and a sports
stadium (SD). Table 3 gives general information about university buildings concerning area,
usage, and building structure. The structures of the buildings consist of prefabricated con-
crete molds and double-glazed windows, and they incorporate proper thermal insulation.
The facility is usually in use from 7:00 a.m. to 5:00 p.m., Sunday through Thursday.
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Sulaimani's
Al Rajhise
UniveTsityaes

Figure 3. Campus of Sulaiman Al-Rajhi University (SRU) [39].

Table 3. Building Profile Data.

Parameter Value
Function Educational Building
Al Qassim, Al Bukhariyah, KSA
Location 26°08/26.2"N
43°43'54 8"E
Occupants” Number 1060, in 2021
Gross Area 89,970 m?
Floor Height 4m

Classrooms, Offices, Labs, Services Rooms, Auditorium, and
Sports Facilities

Tariff Category Private

Roof = 250 mm of precast slap, 200 mm of screed double layer

4 mm, 80 mm of heat insulation, and 90 mm of gravel

Wall = 150 mm thick precast concrete 12 mm of an air gap, 80 mm
of polystyrene density 35 kg/m?3, and 18 mm of gypsum board
Glazing Type Double/k-lite 6 mm ss08 on green with 12 mm air spacer

Air Infiltration 12 air change/h

Space Use

Envelope Specifications

Table 4 shows the distribution of areas and buildings at the university in terms of
activity. Service rooms have the biggest percentage (31%) of the total area. Classrooms
follow, 24%,; then come offices, 20%; laboratories and sports facilities, 11% each; and, finally,
the auditorium, which takes up 3% of the total area.

Table 4. Area Distribution of Buildings in Terms of Activity.

Services Sports

Activity Offices Classrooms  Laboratories itare Auditorium
Area Facilities

Area (m?) 18,100 21,212 9968 27,600 10,400 2690

Area Percentage (%) 20 24 11 31 11 3

The campus was connected to the public electric grid in November 2022, so the
required electric power was produced mainly by generators that run on conventional fuel
(diesel). Moreover, electric power is used on campus for all purposes. The study, therefore,
aims to determine the amount of energy consumed both per month and per year based on
the fuel consumption bills to operate the generators. Moreover, electricity consumption
was measured at 10 campus locations. In addition, energy consumption calculations were
made on the basis of the number of devices, capacity (weighted capacity), and operating



Energies 2023, 16, 1204

8 of 28

time. The unit price of energy was also determined based on the monthly cost of fuel
consumption and the cost of renting electric power generators.

3.3. Energy Analysis and Indicators

Electricity consumption at SRU was determined in two ways: one dependent on the
metering devices; the other, on the following equation:

E=RP x OT x OL 1)

where:

RP (W), the rated power of each device;

OT (h), the total operation time per day, month, and year;

OL, the ownership level (item/activity).

The study proposes two methods for energy benchmarking at the university: Energy
Use Intensity per floor area EUI as:

EUI=E/A )

where:
E is the total energy or electricity consumption;
A is the building-floor area.
As for the number of people EUI,, the following equation is used:

EUI, =E/N )

where:

N is the total number of people on campus.

The total weighted EUI, of the buildings was also calculated on the basis of the
amount of consumption for each activity and the ratio of the area allocated to the purpose.
The following equation was used:

EUI, =X COAi X ARi (4)

where:
COA stands for the consumption of each activity;
AR, the ratio of the area allocated to the activity;
i, the activities.

3.4. Energy Conservation Measures

Studies conducted in the Gulf region have shown that the set point was used to
determine the annual amount of energy that could be saved, such as Alardhi et al. [40],
Esmaeil et al. [41], Kharseh et al. [42], and Al-Mumin et al. [43]. These studies report saving
10-14% of the cooling load by increasing the temperature set point by 2 °C. Equation (5) is
used to calculate the amount of energy saved:

Annual saving = Eh x OT x RS 5)

where:

Eh (kWh), total amount of energy consumption for HVAC per hour;

OT (h), the number of hours of official work a year or the number of no-work hours in
a year;

RS (%), the ratio of the saving of energy, which is 0.12 for official work hours, and
0.20% for non-work hours.
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3.5. Environmental Analysis
Saving any amount of energy means contributing to the protection of the environment.

The use of EE measures reduces CO, emissions. The annual rate of gas emissions or savings
can be calculated as follows:

Saving Emissions = EF x EC (6)

where:

EF is Emissions Factor (kgCO,/kWh or any gas);

EC, consumption or saving of electricity (kWh).

The EF for Saudi Arabia was estimated by Almasri et al. [44] at 761 g CO,/kWh for
2017 and 703 g/kWh for 2020 [5]. Tazay [45] assumed that electricity generation will produce
harmful emissions: 1.79 g CO/kWh, 1.60 g/kWh of Nitrogen Oxides, 1.47 g/kWh of Sulfur
Dioxide, 0.2 SO, g/kWh of unburned hydrocarbons, and 0.14 g/kWh of particular matter.

3.6. Economic Analysis

Cost savings and the simple payback time (SPBT) are considered based on the cost
of replacement in local markets, the prices of electricity from the national grid, and the
average cost of electricity from generators. Cost savings (CS) can be calculated as follows:

CS=ES x PU @)

where:

ES, Energy-saving;
PU, Price per unit of electricity (0.18 from the national grid or 0.39 SR/kWh from
SRU generators).

The SPBT of ECMs is obtained as follows:

Replacement Cost (SR)
(Savings Cost (SR/year))

SPBT (years) = ®)

4. Results and Analysis
4.1. Energy Consumption

The campus was not connected to the public electric grid until November 2022, so
electric power was produced mainly by generators that ran on conventional fuel—diesel.
Electricity is used on the campus for all purposes. Readings of meters for the end-use
of electricity were taken every hour, every day, throughout the year. Consumption and
loss were calculated, and it was found that the efficiency of power generators was 31.6%.
The amount of diesel consumed by generators during the year 2021 was 4,224,564 L. As
for the total primary energy consumed this year—45,203 MWh—it was assumed that the
calorific value of diesel is 10.7 kWh/L [46]. Figure 4 Shows the balance of campus energy
during 2021. It will be noticed that the annual total of the generated electrical energy was
14,274 MWh and that the energy consumed was 13,859 MWh, which means that there
was a 3% loss in transmission and distribution. This study depends on determining the
actual monthly and annual amounts of energy consumption. It was noticed that there
was a direct relationship between electricity consumption and average temperatures, as
Figure 5 shows. As average temperatures rise, the demand for electricity increases due
to the use of air conditioners to cool buildings. The lowest electricity consumption was
recorded in February, when it went down to approximately 684 MWh, and the highest in
July—approximately 1681 MWh. The total monthly consumption was obtained based on
the measurements taken by using the meters and Equation (1).
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Energy Losses 3% (415 MWh)

Electricity
(14,274 MWh)
University Campus of SRU
- - Buildings Area 89,970 m2
- 1060 People

4544 Rooms
Losses 68.4% Used Electricity
(30,929 MWh) (13.859 MWh)

Diesel
4224 564 Liter
(45,203 MWh)

Figure 4. Flow of Energy, University Campus, 2021.
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Figure 5. Monthly Average Temperature and Monthly Electrical Energy Consumption in 2021.

4.2. End-Use of Electricity

Electrical energy consumption on campus was divided into three categories: that of
the AC, that of the lighting system, and that of other uses.

1. Electricity Consumption by Air-Conditioning

Temperature and relative humidity were measured in all buildings at various times of
the year at a height of about one meter above the ground. Table 5 shows the measurements
and the values recommended for achieving thermal comfort conditions, according to
standard [47], where in summer the lowest temperature was 16 °C and the highest was
23 °C, whereas in winter the lowest temperature was 18 °C and the highest was 23 °C,
with humidity dropping to a low of 27% and rising to a high of 35%. The temperature in
summer was lower than that recommended for thermal comfort conditions, and that was
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the case in most places, which means that it is possible to rationalize energy in these places.
As for winter, the recorded temperatures were suitable for the conditions sought, and the
required level of relative humidity was the minimum value.

Table 5. Measured and Recommended Temperatures and Humidity Levels in the Buildings [47].

Temperatures (°C)

Relative Humidity (%)
Area Summer Winter

Measured Recommended Measured Recommended Measured Recommended

Offices 18-22 23-26 20-22 20-23 28-33 30-60
Classrooms ~ 19-22 2326 20-22 20-23 29-34 30-60
Service 16-22 23-26 18-22 20-23 30-34 30-60
rooms

Corridors 19-22 23-26 21-22 20-23 28-33 30-60
Auditorium  19-22 2326 20-22 20-23 27-34 30-60
Toilets 20-23 23-26 21-22 20-23 30-33 30-60
Lobbies 19-22 2326 20-22 20-23 29-35 30-60

The cooling requirements of the university buildings were met through the use of
two chilling systems. Each system consisted of five air-cooled screw chillers of 384 TR
capacity and eight pumps (six primary and two secondary). The HVAC system consisted of
46 AHUs, 67 FCUs, and 40 ducted, floor-mounted, or wall-mounted split units. The result
of measurement and calculation based on Equation (1) shows that the HVAC system has
the biggest consumption of electricity at 10,946 MWh.

2. Electricity Consumption by Lighting

Table 6 shows data on the interior lighting system and the measured light level, stan-
dard level, and electricity consumption. The daily electricity consumption was calculated
based on Equation (1). There are five main types of lighting in the facility: 4 x 18 W
Fluorescent Tube Lamps (FTL) in offices and classrooms, 2 x 26 W Compact Fluorescent
Lamps (CFL), 1 x 36 W Light Emitting Diodes (LEDs) in corridors, 1 x 36 W FTL in the
basement parking lot, and 1 x 400 W High-Pressure Sodium (HPS) lights in the studio,
while FTLs are predominant. Some lights use a motion sensor, while others use a switch.
Lux levels for all spaces of classrooms and offices were measured at an altitude of 75 cm,
while the inner corridors and the main lobby measured light at ground level according to
the measuring rules specified in EN 12464 (Lighting of Workplaces) and EN 12193 (Lighting
of Sports Facilities) standards [48,49]. Light levels in offices, classrooms, some corridors,
and basement parking matched recommendations, but not in toilets, the auditorium, stu-
dios, or most corridors, as shown in Table 6. In toilets and the auditorium, they were lower
than recommended levels. In corridors, in general, and in the studios, they were higher,
which means that consumption here can and needs to be rationalized.

3. Electricity Consumption in the Case of ‘Others’

Referenced here are various devices on campus, such as computers, printers, low
currents, data centers, projectors, laboratory equipment, elevators, fans, cooking equipment,
etc. The number of devices used, operation time per day, weighted power, and, eventually,
the average daily consumption have all been determined. Table 7 shows the total daily and
annual consumption based on the measurements and using Equation (1) for most of the
equipment used.

The HVAC system, “others,” and lighting system consumed 79% (10,946 MWh), 14%
(1941 MWh), and 7% (974 MWh) of the total electricity consumption, respectively, as shown
in Figure 6.
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Table 6. Interior Lighting System at the University.
Overatin Overatin Measured Standard Yearly
Type of Power Number of P 8 P 8 Control Light Light Consumption
Area . Hours per Days per L .
Lamps (W) Fixtures Day (h) Month Type Level Level of Electricity
y (Lux) (Lux) (kWh)
Offices and FTL 2FT 72 1604 9 22 Sensor 250-350 300 274,399
Classrooms FTL 2FT 72 390 24 30 Switch 250-350 300 242,611
Basement FTL 72 117 24 30 Switch 50-60 50-100 72,783
Parking Lot
LED 18 160 9 22 Sensor 150-250 100 6843
LED 18 270 24 30 Switch 150-250 100 41,990
Corrid CFL 52 125 24 30 Switch 50-100 100 56,160
orndors CFL 52 180 9 22 Sensor 50-100 100 22,239
CFL 52 87 9 22 Sensor 250-350 100 10,749
CFL 52 73 24 30 Switch 250-350 100 32,797
Toilets FTL 52 360 24 30 Switch 30-60 100-300 161,741
Studios HPS 400 50 5 30 Switch 150-200 75 36,000
Auditorium CFL 52 124 9 22 Sensor 200-300 500 15,320
Total 973,634
Table 7. Data of Equipment Used at the SRU.
Appliances Number of Weighted Operation Time per Daily Electricity Yeé;g;fllicgl::y
PP Devices Power (W) Day (h) Consumption (kWh) p
(MWh)
Service Devices (Elevators,
Cleaning Machines, etc.) 52 1100 8 4576 120.8
Offlces Devices (Computers, 300 3 8 512 135
Printers, etc.)
Communication Devices
(Datacenter, Routers, Servers, etc.) 535 8 24 102.7 37
Electro-mechanical Devices 7 1000 24 1728 622
(Pumps, Transformers, etc.)
Safety Devices (Alarm Systems,
CCTV Cameras, etc.) 250 5 24 30 108
Water Heater System 97 2000 11 2134 512.2
Central Water Heater 39 6000 11 2574 617.8
Lab Devices (Fume Hood,
Electron Microscope, etc.) 30 300 3 27 7.1
Total 7104 1941
Others Lighting
7%

14% \

HVAC
79%

Figure 6. End-Use of Electricity.
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4.3. Electricity Consumption by Activities

Figure 7 shows electricity consumption at the SRU by activity. Service rooms, as
the figure shows, have the biggest percentage of the total amount of consumption—35%
(4850 MWh). Others follow, in the following order: classrooms, with 26% (3603 MWh);
offices, with 20% (2770 MWh); laboratories, with 11% (1520 MWh); sports facilities, with 5%
(692 MWh); and, finally, the auditorium, with 3% (0.41 MWh). Service rooms, classrooms,
and offices, as will be noticed, consumed about three-quarters of the electrical energy
on campus.

S faciliti Auditorium
ports facilities 3%

5%

offices

services room
35%

class room
26%

lab room
11%

Figure 7. Electricity Consumption Percentage by Activity.

The percentage of AC electricity consumption in this study is consistent with the results
of the studies carried out by Almeida et al. [11] in Brazil, and Ghenai and Bettayeb [36]
in the United Arab Emirates, as shown in Table 8, where it will be noted that there is no
agreement between the percentages of consumption presented in general and that the AC
load is at its highest level in most cases (except for the case of Greece), and that is probably
because of the climate, the design of the building, or the difficulty of determining the
percentage of consumption according to use (since there is often one source for many uses).

Table 8. Comparison of the End-Use Energy Consumption at Different Universities in (%).

AC Lighting

Data Reference and Date of

Equipment Other Center PC/Laptops  pypication

University of Arizona, USA
Smart International Hellenic
University, Greece
Universiti Malaya, Malaysia
University classroom
building in Xi’an, China
Paricarana Campus of the
Federal University of
Roraima, Brazil
Administration Building,
University of Sharjah, UAE
Current Study, SRU, Center
of KSA.

79

374 33.5 24.7 44 - Chalfoun, 2014 [50]

9.2 - 6.1 12.1 53.6 Stavropoulos et al. [22]

34 18 23 15 - 10 Ali et al., 2020 [34]

53 41 6 - - - Sun et al., 2021 [32]

63 18 15 4 - - Almeida et al., 2017 [11]

72 10 - 18 - - Ghenai and Bettayeb, 2019 [36]
7 - 14 - - 2021-2022
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4.4. Electricity Consumption Indicators

One of the key metrics used to measure energy consumption is EUI, which refers to
energy per square meter area per year and is calculated by dividing the total amount of
energy consumed by a building in one year by the total gross floor area of the building
(using Equation (2)). Generally, a low EUI signifies good energy performance. Figure 8
shows EUI based on campus activity in 2021, where it will be noticed that the annual
value of this intensity ranged between 63.5 and 173.9 kWh/m?. The total weighted EUIs
of the buildings was calculated based on the amount of consumption for each activity
and the ratio of the area allocated to the purpose using Equation (4). The annual total
weighted EUI of all buildings (155 kWh/m?) was obtained in 2021. As for the results of
this study in this respect, they are consistent with the results of the studies carried out by
Almeida et al. [11] in Brazil, Ghenai and Bettayeb [36] in the United Arab Emirates, and
Hamida et al. [25] in Saudi Arabia, as shown in Table 2, and that may be because the values
of CDD are close due to convergent climate conditions. When comparing the results of this
study with those of other studies concerning classrooms, for example, we notice that in this
study, annual consumption in this respect totals 172 kWh/m?, whereas in other studies,
figures range between 29 and 145 kWh/m?. Figures concerning offices differ too: in this
study, the figure is 154 kWh/m?, whereas in other studies, the same figure ranges between
29 and 162 kWh/m?. In addition, here it should be noted that this value is in agreement
with the values found in the studies conducted by Hu [9] and Mytafides et al. [21] and
differs from those reported by Abdo-Allah et al. [30] and Chung and Rhee [14], as shown
in Table 2. Furthermore, the energy consumption figures concerning laboratories were not
compatible, and this is normal as the installed equipment, the operating time, and the EE
of the equipment used all differ.

171.8 1739 174.3

154.4 149.5

offices classroom lab rooms services area Sports facilities Auditorium

Figure 8. Electricity Use Intensity for Different Activities.

Table 9 shows the annual consumption of electricity on campus in the period
2017-2021, where it will be noticed that there was a gradual increase in electricity consump-
tion and that this increase ranged between 1 and 2%, which was due to the expansion of
academic programs and the increase in the number of students. It will also be noticed that
the percentage of electricity consumption decreased by 7% in 2020 compared to previous
years, which was a result of COVID-19 conditions. Table 9 shows electricity consump-
tion per square meter (approximately 145-155 kWh/m?) and per capita (approximately
12,987-16,351 kWh). Here it was noticed, as the figures show, that when the number of
employees increased, consumption per capita went down. In addition to the energy con-
sumption per capita, Ma et al. [29] conducted a survey of energy indicators at universities
in America, Europe, and Asia and reported that annual electrical energy consumption
per capita fluctuates between 2000 and 14,000 kWh and that the maximum value was
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recorded at Carnegie Mellon University. This study also showed that the annual energy
consumption per capita at Yale and Cornell universities was approximately 40,000 and
37,000 kWh/ capita, respectively, whereas at Kyoto and Osaka universities it was about
20,000 kWh. In contrast, this indicator was 7000 kWh for Keio and Oxford universities.
Sait [26] reported that the average annual energy consumption at an educational building
per capita is 2400 kWh in the KSA. Here it should be noted that according to the indicators
used, the annual average consumption of electrical energy was 14,669 kWh/capita and that
the figure of total (primary) energy in this case study was higher than that recorded at Yale
and Cornell universities. External climate conditions, a variety of uses, the small size of the
building, and the low number of people at the SRU could all be factors.

Table 9. Annual Electricity Consumption and Electricity Consumption Indicator per Square Meter
(EUI) and Capita.

Diesel Consumption

Annual Electricity Electricity Consumption

EUI (kWh/m?) Number of People

(Liter) Consumption (kWh) per Capita (kWh/capita)
2017 3,951,973 13,081,031 145.4 800 16,351
2018 4,034,996 13,355,535 148.4 850 15,712
2019 4,157,260 13,762,553 153.0 910 14,959
2020 3,915,000 12,961,108 144.1 998 12,987
2021 4,224,564 13,859,029 155.0 1060 13,075

4.5. Costs of Public-Grid and Privately Generated Electricity

Noor Energy supplies SRU with the electricity it needs by employing custom-built
diesel generators. The annual or monthly cost of renting generators was divided by
the amount of annual or monthly electricity consumption to calculate the cost of rent-
ing generators in terms of electricity units. This cost was a variable value due to in-
creased electricity consumption in summer and decreased consumption in winter. There-
fore, it will be noticed that in the November—February period, the cost of electricity
from rent generators only increased to a maximum of 0.37 SR/kWh, whereas in the
April-October period it decreased to a minimum of 0.15 SR/kWh. This means that if
electricity consumption increases, the cost of renting generators per kWh will decrease. As
for the cost of electricity from diesel-only, it ranged between 0.14 and 0.17 SR/kWh. Under
the terms of the contract, the annual cost of the generator rental is fixed at 255,300 SR per
month, which means that the annual average cost of the electrical energy produced by the
rented generator is about 0.27 SR per kWh. The Specific Energy Generation Ratio (SEGR)
for the diesel generator sets is 3.3 kWh/liter. Annual electricity consumption and the cost
of the facility were calculated based on diesel consumption and SEGR. The annual total
average cost of generated electricity (generator source) was estimated at approximately
0.39 SR/kWh. Hence, the unit price of the electrical energy generated on campus ranged
between 0.3 and 0.53 SR/kWh, whereas the Saudi Electricity Company’s (SEC’s) price of
electricity for educational buildings was 0.18 SR/kWh. This shows a significant difference
in costs. Table 10 gives detailed information on the technical and economic aspects of en-
ergy consumption in 2021, including diesel costs and SEC’s prices for university buildings.
The total cost of electricity units from the generator was calculated as being the sum of the
cost of diesel and the cost of the rented generator.

Figure 9 shows the relationship between the total consumption and cost of electricity
from SRU generators and SEC sources, where it will be noticed that the costs of generated
electricity went up in summer due to the growing demand for diesel and fell in winter due
to the declining demand for this diesel. It will also be noticed that the cost of generated
electricity was much higher than that of the public grid (from SEC), where in 2021 this
cost was 5,405,021 SR in comparison with an overall cost of 2,494,625 SR for public grid
electricity in the same year. This means that the public grid (from the SEC) is more than
50% cheaper than campus-generated electricity.
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Table 10. Costs of Diesel-Source Electrical Energy and SEC’s Prices for University Building in 2021.

Ener Quantit Total Cost Total Cost Cost of Cost of Total Cost ~ Amount of
Consu%r}\’ . of Diese}; Diesel of Diesel of Fuel & kWh from  kWh from of kWh Energy
Month . P . Consumed Generator Diesel- Rented from Produced
tion Supplied L Consumed Rental Onl G G i
(KWh) L (L) (SR) enta nly enerator enerator per liter
(SR) (SR/kWh) (SR/kWh) (SR/kWh) (KWh/L)
Jan 686,525 224,000 221,800 110,900 366,200 0.16 0.37 0.53 3.10
Feb 684,532 192,000 208,017 104,009 359,309 0.15 0.37 0.52 3.29
Mar 956,737 288,000 291,868 145,934 401,234 0.15 0.27 0.42 3.28
Apr 1,146,000 352,000 341,009 170,505 425,805 0.15 0.22 0.37 3.36
May 1,426,364 384,000 432,616 216,308 471,608 0.15 0.18 0.33 3.30
Jun 1,539,369 640,000 463,291 231,646 486,946 0.15 0.17 0.32 3.32
Jul 1,681,900 544,000 506,210 253,105 508,405 0.15 0.15 0.30 3.32
Aug 1,490,673 544,000 485,785 242,893 498,193 0.16 0.17 0.33 3.07
Sep 1,301,418 416,000 434,260 217,130 472,430 0.17 0.20 0.36 3.00
Oct 1,286,700 320,000 382,965 191,483 446,783 0.15 0.20 0.35 3.36
Nov 896,530 288,000 250,065 125,033 380,333 0.14 0.28 0.42 3.59
Dec 762,281 256,000 206,678 103,339 358,639 0.14 0.33 0.47 3.69
kWh SR
1,800,000 -~ - 1,200,000
1,600,000 +
- 1,000,000
1,400,000 +
1,200,000 4 - 800,000
1,000,000 4
- 600,000
800,000 -
600,000 - - 400,000
400,000 4
- 200,000
200,000 -
O L] L] L] L] L] L] L] L] L] L] L] O
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
= Energy consumption = Total cost of energy from generator source

== TOtal cost of energy from SEC

Figure 9. Total Electricity Consumption and Costs of Campus-Generated and Public Grid Electricity
in 2021.

4.6. Effect of Diesel Price on Electrical Energy

The campus under study was not connected to the public electric grid till November
2022, so the electric power needed is produced mainly by generators that run on conven-
tional fuel (diesel). Figure 10 Shows the prices of the SEC, the cost of diesel, and the cost
of diesel combined with the cost of renting a generator. The cost of diesel is assumed
to increase gradually and reach 3 SR/liter (1 dollar = 3.77 SR). Moreover, the monthly
rent for the generators is fixed. Thus, the total cost of a unit of electric power from the
generating source (diesel-run rented generators) will rise to 1.21 SR, and the total cost of
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Cost of energy consumption

SR/kWh

1.2 4

0.8 A1

0.4 -

producing electricity by diesel, regardless of other things, will rise to 0.97 SR, while the cost
of electricity from the public grid (SEC) is fixed at 0.18 SR per kWh. Figure 10 Also shows
that the costs of privately generated electricity are higher than those of the electricity on the
national grid. Thus, as Figure 10 Shows, if the price of a liter is 0.55 SR, the price of a unit of
electric power from SEC will be equal to the price of a unit produced by diesel power only,
without taking the cost of renting generators into account, as the generators may be owned
by the university. These conditions apply not only to educational buildings but can also be
applied to any project that needs electricity and is far from the national electrical grid.

121
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Cost of diesel SR/liter

Electricity consumption tariff for private education application from SEC 0.18 SR/kWh

Cost of consumption from diesel only SR/kWh

Electricity consumption tariff for Government SR/kWh

Cost of consumption from diesel with renting generator SR/kWh

Figure 10. Total Cost Tariff of Electricity Consumption of SEC, Electricity Produced by Diesel-Run
Generators, and Electricity Produced by Diesel-Run Rented Generators.

5. Energy Conservation Measures

After determining the amount of energy consumption on campus during the last five
years and determining the source of energy and how this energy has been consumed, it has
been found that most of the energy has been consumed in cooling buildings—79% of the
total amount of energy consumed on campus, which reflects the need to focus on this use.
This section will examine some possible rationalization options for university buildings.
Therefore, the following ECMs are suggested (Figure 11). These measures will be discussed
in detail in the following sections.

5.1. Building Envelope

A building envelope is a structure of many elements that separates the external and
internal environments of a building. Thermal insulation is important from technical,
economic, and environmental perspectives. It also has several benefits. The envelope of the
building at SRU was examined to ensure that it was entirely isolated. Table 11 Shows the
layer specifications for the exterior walls and roofs.
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Figure 11. Suggested Energy Conservation Measures.
Table 11. The Layer Specifications of the Exterior Walls and Roofs of the Building at SRU.
Thermal
Material Thickness, L (mm) Conductivity, k Density, ¢ (kg/m?)
(W/m K)
Exterior Walls
Precast Concrete 150 1.6 2300
Air Gap 12 - -
Insulation/Polystyrene 80 0.034 35
Gypsum Board 18 0.27 800
Roofs
Precast Slap 250 14 2800
Foam Concrete 45 0.07 700
Insulation/Polystyrene 80 0.03 35
Gravel 90 1.01 800

Based on these specifications, the overall heat transfer coefficient came to be 0.35,

with 0.26 W/m? K for the outer walls and roofs, respectively. The windows used in the
buildings were double-glazed (k-lite, 6 mm ss08, with a 12 mm air spacer, with a U-value of
2.42 W/m? K). Table 12 Shows the overall heat transfer coefficient required for walls and
roofs as of August 2021 in all zones in the KSA. SBC 601 is for high-rise residential buildings
and non-residential buildings in general, whereas SBC 602 is for residential buildings that
do not exceed three floors. Table 13 Displays the maximum compulsory value of the overall
heat transfer coefficient for windows in all climatic zones in the KSA.

Table 12. Overall Heat Transfer Coefficient Required for Walls and Roofs from August 2021 in the

KSA (W/m? K) [51].

Zone 1 Zone 2 Zone 3
Walls Roofs Walls Roofs Walls Roofs
Non-Residential SBC 601 0.511 0.591 0.698
Residential SBC 601 0.454 0.272 0.511 0.340 0.591 0.397
Residential SBC 602 0.403 0.454 0.511
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Table 13. Overall Heat Transfer Coefficient Required for Windows in All Climatic Zones in the KSA
Beginning in August 2021 (W/ m? K) [51].

Windows-Wall 2 Solar Heat Gain
Ratio (%) U (W/m? K) Coefficient (%)
L han 4 2.
Non-Residential SBC 601, esig_gg 0 5 gzg
and Residential SBC 601 More than 50 1.870 0.25
Residential SBC 602 All Cases 2.668

Comparing the values required for zone 1 in the SBC 601 for non-residential buildings
in Tables 12 and 13, we find that both walls and roofs meet the required conditions and that
there is no need for any energy-saving measures. As for windows, their windows-wall
ratio is less than 40%, and the heat transfer coefficient is 2.42 W/m? K, which is less than
the values required in the SBC 601 (2.89 W/ m? K). This means that there is no need to
improve the quality of windows in terms of thermal insulation.

The color of the exterior of buildings also plays an important role in the energy
consumption of AC. Khan and Asif [52] studied the effect of green-roof adoption on the
energy consumption of buildings in Dhahran and Riyadh, KSA. The ECOTECT program
was used. They reported that the green roofs in Dhahran and Riyadh could decrease
electrical energy intake by 6.7% and 6.8%, respectively. Since the color of the SRU buildings
is not dark, the percentage of energy savings as a result of the color will be limited.

5.2. Improving HVAC System

Reducing energy demand and increasing EE is considered an important contribution
to countering global climate change. However, the amount of energy consumed depends
not only on the criteria set for the indoor environment and the technology used but also on
the occupants’ behavior. The energy consumption of the AC has proved to be the highest,
reaching 79% of the university’s total energy consumption. Therefore, we propose that the
following measures—or all of them—be taken.

5.2.1. Set Point Temperature

The HVAC systems at the SRU operate non-stop (24 h a day, seven days a week), with
an annual average electricity consumption of about 10,948 MWh for the AC system. The
need for AC is essential during official working hours, five days a week. Apart from that,
it is not necessary to turn on the AC except in those places that need it, such as the data
center, server room, and others that need AC continuously.

The temperature set point plays a vital role in determining the energy consumption
of the AC. Table 5 Shows the measurements and the values recommended for achieving
thermal comfort conditions, according to standard [47]. In summer, temperatures were
lower than what is recommended for thermal comfort conditions, and that was the case
in most places. As for winter, the recorded temperatures were suitable for the conditions
sought. Adjusting the temperature set point to be in the range of 23-25 °C instead of
19-22 °C during official working hours (from 7 a.m. to 5 p.m., five days a week) could lead
to an average energy savings of around 12% of the total, or the average energy consumption
of AC systems with zero SPBT. This is what studies conducted in the Gulf region have
shown, studies such as Alardhi et al. [40], Esmaeil et al. [41], Kharseh et al. [42], and Al-
Mumin et al. [43]. These studies report saving 10-14% of the cooling load in the Gulf region
by increasing the temperature set point by 2 °C. To determine the annual amount of energy
that could be saved with the set point in the range of 23-25 °C during official working
hours, the results of the research mentioned earlier were relied upon in this field. A 10 h
period per work day, which is 52 x 5 x 10 = 2600 h per year, was assumed. To determine
the amount of energy consumed per day, annual average energy consumption was divided
by the number of days in the year, and it was found that the daily consumption of HVAC
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was about 29,811 kWh and that energy intake per hour was 1242 kWh. The amount of
energy that can be saved using Equation (5) is as follows:

Annual saving = 1242 x 2600 x 0.12 = 387,504 kWh

It should also be noted that the buildings are not used at night, but they are air-
conditioned. Therefore, a strategy can be worked out to ease the conditions and change
the temperature to 27-29 °C from 5 p.m. to 7 a.m. five days a week and weekends, which
means 8760 — 2600 = 6160 h per year. We assume that this measure can reduce energy
consumption by approximately 20%, by using Equation (5):

Annual saving = 1242 x 6160 x 0.20 = 1,530,144 kWh )

Then, the energy that can be saved by adjusting the temperature setting point is the
sum resulting from saving during the year: 387,504 + 1,530,144 = 1,917,648 kWh.

5.2.2. Replacing with a More Efficient System

The current, traditional HVAC systems, which contain screw compressors without a
variable frequency drive (VFD), were installed thirteen years ago. That means the motor
will run continuously, regardless of the system’s requirements, which leads to energy waste.
Table 14 Shows the technical specifications of the chillers used at SRU. We can replace these
chillers with more efficient ones and achieve a higher level of energy savings. Utilizing
a VFD will increase the overall efficiency of the chiller system. Moreover, operating the
compressor at a lower speed reduces maintenance by reducing wear and tear on both the
motor and the compressor. Once a VFD is fitted, the energy cost of an average compressor
will go down by 20-30%. This calculation is based on the assumption that if it is to be run
24 h a day, the compressor has a running life of 15 years [53]. Furthermore, the use of a
variable-speed pump in the system can save up to 80% of pump power [54]. The VFD unit
is connected to the motor’s electrical supply unit, and then it manages the load fluctuation.
The Council of Australian Governments (COAG) suggested replacing and/or upgrading
chillers when they pass the age of 15 years [55].

Table 14. Design Specifications of the Chillers (Carrier) that Used at SRU.

Model 30XAB4002-0-75

Type Air-Cooled Screw
Cooling-Capacity, kW 1350
Nominal Capacity, ton 384
Total Power, kW 449
Full Load EER 10.2
Full Load COP 3.0
VFD No

If the screw compressor used is replaced with a VFD one, this results in significant
energy savings over time—presumably, 20% of the energy supplied to compressors can
be saved. Therefore, as long as electricity consumption by chillers is 7226 MWh, energy
savings will be estimated after replacing the old chillers with new, high-efficiency ones, as
follows: 7,226,000 x 0.2 = 1,445,200 kWh.

Measurements of two chillers were made to evaluate the case and determine the actual
COP, with the design COP at full load of the chillers being 3.0. It was found that the COP
of chiller 1 is acceptable, as shown in Table 15, and that it was close to the design value but
needed improvement concerning the benchmark for chillers from ASHRAE (see Figure 12).
As for the second chiller, the COP was low, so it was better to replace it with one that has a
higher COP to reduce energy consumption—such (water-cooled) chillers are available with
a COP of up to 7. These (water-cooled) chillers have a high EE and save more energy than
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air coolers. COP depends on the technology used. For example, variable-speed chillers and
those that use electromagnetic bearings help boost chillers’ efficiency to a great extent [55].

Table 15. Data for Chillers.

Technical Data Chiller 1 Chiller 2

Capacity (TR) 384 384

Input Power (kW) 212 549.1

COP (-) 29 2.0
Optimized all ; ; Chiller plants with
val;iabh;Z speed Héﬁg:;ﬁ?;::{y Codebased  Older chiller corri:c:b[;eagessi‘;rll or
chiller plants chiller plants chiller plants plants operational problems

e
ﬁ?mlrlrmnl

KW/TR 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2
CcoP 7.0 5.9 5.0 4.4 3.9 35 3.2 29

Figure 12. Benchmark of Chillers from ASHRAE [56].

5.2.3. Reducing Temperature Difference

The temperature difference between indoor and outdoor environments affects the
level of energy consumption by the AC system. Since the internal temperature is required
to achieve thermal comfort, there remains only the control of the outdoor temperature
(reducing the temperature of the environment surrounding the outside part of the refrig-
eration machine in summer and raising it in winter). Alshehri et al. [57] compared the
performance of ground-source heat pumps (GSHP) with systems employing air-source
heat pumps (ASHP). TRNSYS software (Madison, WI, USA) was used for a single-story
office building. The climatic conditions of the city of Riyadh, in the KSA, were simulated.
The researchers reported that the GSHP was feasible, with an 11-year payback period, an
18% savings on total costs, and a 36% lower annual energy consumption. Almasri et al. [58]
report that energy consumption decreased by an average of about 28% when a refrigerator
condenser was placed in a groundwater tank, compared with another case of a condenser
located in the outside air in the Qassim region in KSA. These results were also confirmed
by Woolley et al. [59], Harrington and Modera [60], and Kuo and Liao [61].

Here, it might be argued that the hotness of water or the soil could be a cause for
worry. In that case, this solution can be used as an alternative to the traditional AC in
appropriate cases, and if the water or soil temperature is higher than the average ambient
temperature during the summer period, then we could return to the traditional system of
heat release through the air condenser.

5.3. Improving Light System

Improving the lighting system is one of the quickest, easiest, and cheapest ways to
save energy and money in buildings. We recommend implementing some of the following
energy-saving measures.

5.3.1. Replacing with Efficient Lamps

LED lights are much more efficient than other lighting systems. SmarterHouse is a
project developed by the American Council for an Energy-Efficient Economy. They reported
that LED bulbs are 30% more efficient than CFLs and 75% more efficient than the best
halogen incandescent lamps [62]. The amounts of electricity consumed by lights per day,
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month, and year were determined by using Equation (1). Table 16 shows a comparison of
energy consumption by lights in the base case and energy consumption by a LED system.
Analysis of the data about lights showed that there was a savings of around 68% of the
total energy conventional lights normally consume. Hence, if the lighting system used
(3457 pieces) is replaced by LED lights, then an annual saving of electricity of 666,650 kWh
can be achieved, which ensures annual savings of about 259,993 SR using Equation (7),
with the electricity price being 0.39 SR/kWh. The total cost of the LEDs on the local market
is estimated at 103,710 SR. These savings could be achieved with an estimated SPBT of
0.3 years using Equation (8).

Table 16. Comparison of the Energy Consumption of Base Case and LED Lights.

o o i Base Case LED
perating perating
Area Days per Hours per Nu‘mber of Yearly Yearly
Month Day (h) Fixtures Power (W) Consumption of Power (W) Consumption of
Electricity (kWh) Electricity (kWh)
Offices and 22 9 1604 72 274,399 18 68,600
Classrooms 30 24 390 72 242,611 18 60,653
]'f‘giement Parking 30 2% 117 72 72,783 18 18,196
22 9 160 18 6843 18 6843
Corrid 30 24 270 18 41,990 18 41,990
Orridors 2 9 267 52 32,988 18 11,419
30 24 198 52 88,957 18 30,793
Toilets 30 24 360 52 161,741 18 55,987
Studios 15 9 50 400 36,000 80 7200
Auditorium 22 9 124 52 15,320 18 5303
Total 973,634 306,984
Energy Saving (kWh) 666,650
Energy Saving (%) 68
5.3.2. Motion Sensor Installation
The energy consumption in the base case will be compared to that of motion-sensor
systems. Table 17 shows the base-case energy consumption by lights in a case in which
motion-sensor systems are installed. If the lighting system is installed with 300 motion
sensors, then an annual electricity savings of 457,660 kWh can be achieved, which ensures
annual savings of about 178,487 SR at the current electricity price of 0.39 SR/kWh. The
total cost of the motion sensor in the local market is estimated at 150,450 SR. Analysis of
the data about lights showed that there was a savings of around 47% of the total energy
conventional lights normally consume, which can achieve an estimated SPBT of 0.7 years.
Table 17. Energy Consumption by Lights Used in the Base Case and by Motion Sensor.
Base Case Sensor
Type of Number of . . Yearly . . Yearly
me Dl roveron N Qe Opeing Coampion PSS OPS consumpion
D (11:) My nfh of Electricity D (11:) My nlt)h of Electricity
ay ° (KWh) ay ° (KWh)
Offices and FTL 2FT 72 1604 9 2 274,399 9 2 274,399
Classrooms FTL 2FT 72 390 24 30 242,611 9 2 66,718
Basement FTL 72 117 24 30 72,783 9 2 20,015
Parking Lot
LED 18 160 9 2 6843 9 2 6843
) LED 18 270 24 30 41,990 9 2 11,547
Corridors CFL 52 267 9 22 32,988 9 22 32,988
CFL 52 198 24 30 88,957 9 2 24,463
Toilets FTL 52 360 24 30 161,741 9 2 44,479
Studios HPS 400 50 5 30 36,000 5 16 19,200
Auditorium CFL 52 124 9 2 15,320 9 2 15,320
Total 973,634 515,974
Saving (%) 0 47
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5.3.3. Installing a Motion Sensor and Using Efficient Lights

Table 18 shows the combined effect of using LEDs and a motion sensor in buildings.
An annual saving of 820,534 kWh of electricity can be achieved, which means that an
annual SR of 320,008 could be saved on costs. A potential savings of 84% of the total energy
usually consumed by lights could be achieved by installing a motion-sensor system and
replacing conventional lights with LEDs. The estimated cost of the motion sensor and the
LED lights was 254,160 SR, with a simple payback period of 0.8 years.

Table 18. Electricity Consumption by Base-Case Lights and by LEDs and the Motion Sensor.

Yearly Consumption of

Operating Hours Operating Days per Number of . s
Area per Day (h) P anth P Power (W) Fixtures Electricity (keWh)
Base Case LED & Sensor
Offices and 9 22 18 1604 274,399 60,600
Classrooms 9 22 18 390 242,611 16,680
Basement
Parking Lot 9 22 18 117 72,783 5004
9 22 18 160 6843 6843
. 9 22 18 270 41,990 11,547
Corridors 9 22 18 267 32,988 11,419
9 22 18 198 88,957 8468
Toilets 9 22 18 360 161,741 15,396
Studios 5 16 80 50 36,000 3840
Auditorium 9 22 18 124 15,320 5303
Total 973,634 151,100
Saving (%) 0 84

5.4. Improving Water-Heating System (Operational Strategies)

The amount of annual energy consumed by water heaters was estimated at 1130 MWh
(Table 7), which accounts for 8.3% of the total annual energy consumed by the SRU.
Moreover, this amount exceeds the total amount of energy consumed by lighting. That is
why we have suggested adopting operational strategies that would help reduce energy
consumption. As this study shows, the operation period of water heaters was 8 months a
year, from October to May, 24 h a day. Furthermore, as data about the average temperatures
in the region during these months suggests (see Figure 2), the months in which the operation
of water heaters can be limited are December, January, and February. If the heaters are
turned on from December to February only, 62.5% (or 706,250 kWh) of the total annual
amount of energy consumed by heaters can be saved.

5.5. Economic Analysis

Cost-saving and SPBT are considered based on the cost of replacement in local markets,
the prices of electricity from the national grid (0.18 SR/kWh), and the average cost of
electricity from generators (0.39 SR/kWh). Table 19 shows the total annual savings on
costs in the case of feeding from a generator source and the prices of electricity from
the national grid. The table also clearly shows the effect of electric energy prices on
SPBT, as total SPBT = 4.13 years at the price of a unit of energy generated by generators,
whereas SPBT = 8.96 in the case of electricity consumption on the national grid, to which
the SRU network was connected in November 2022. The cost savings (CS) are obtained
using Equation (7) and the SPBT using Equation (8). Hamida et al. [25] carried out a
theoretical techno-economic evaluation in Dammam, in the KSA. They suggested that
energy conservation required making some changes to the lighting and HVAC systems,
enhancing the glazing type, and preventing air leakages with a SPBT of 2.7 years. Sait [26]
looked at electrical energy consumption at an educational building in a hot, humid climate
area in Rabigh, in the KSA. He proposed some ECMs for reducing electricity consumption
by 35.3%, which would yield an SPBT of about 2.7 years.
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Table 19. Summarizes the Total Annual Energy Savings, Costs, and Payback for ECMs at 0.39 and

0.18 SR/kWh.
Price per Unit of Electricity, Price per Unit of Electricity,
Energy-Saving  Replacement  0.39 (SR/KWh) 0.18 (SR/KWh)
ECMs KWh
aving Cost ayback Time ost Savin ayback Time
(kWh) Cost (SR) Saving C Payback Ti Cost Saving Payback Ti
(SR) (year) (SR) (year)
Set Point 1,917,648 0 747,383 0 344,177 0
Temperature
Using Efficient 1 445 500 3,800,000 563,745 6.74 260,136 14.61
Chillers
Improving 822,534 254,160 320,788 0.79 148,056 1.72
Light Systems
Improving
Water-Heating 706,250 0 275,340 0 127,013 0
Systems
Total 4,891,632 7,854,160 1,899,487 4.13 879,436 8.96
5.6. Environmental Benefits
Saving any amount of energy means contributing to the protection of the environment.
Therefore, the reduction of gas emissions was calculated based on the energy saved as a
result of taking particular energy-saving measures. The calculation is based on Equation (6)
and takes into account the indicators of a decrease in the emission of CO, as shown by the
published data for 2020 [5], while other pollutants are based on data reported by Tazay [45].
Table 20 shows the annual reduction in GHG emissions yielded by energy-saving measures.
Table 20. Annual Reduction in GHG Emissions Yielded by Energy-Saving Measures.
ECMs Energy-Saving Reduction in CO,  Reduction in CO Reduction in N,O  Reduction in SO,
(kWh) Emissions (kg) Emissions (kg) Emissions (kg) Emissions (kg)
Set Point 1,917,648 1,348,107 3433 3068 2819
Temperature
Using Efficient 1,445,200 1,015,976 2587 2312 2124
Chillers
Improving Light g5 534 578,241 1472 1316 1209
Systems
Improving
Water-Heating 706,250 496,494 1264 1130 1038
Systems
Total 4,891,632 3,438,817 8756 7827 7191

6. Conclusions

Saving any amount of energy means contributing to the protection of the environment.
Reducing energy demand and increasing EE is considered an important contribution to
countering global climate change. However, the amount of energy consumed depends not
only on the criteria set for the indoor environment and the technology used but also on the
occupants’ behavior.

The study goal is to measure and evaluate energy consumption in all buildings at SRU
and examine energy-efficiency measures. The study, therefore, aims at determining the
amount of energy consumed both per month and per year based on the fuel consumption
bills to operate the generators. The campus was connected to the public electric grid in
November 2022, so the required electric power is produced mainly by generators that
run on conventional fuel (diesel). Moreover, electric power is used on the campus for all
purposes. As a result of the study, the following was concluded:
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The lowest electricity consumption was recorded in February, when it went down to
approximately 684 MWh, and the highest in July—approximately 1681 MWh of the
total consumed in 2021, 13,859 MWh.

The HVAC system accounts for the biggest percentage—79%—of the total consump-
tion of electricity, followed by “others,” with 14%, and lighting, with 7%, of the
total consumption.

In the period 2017-2021, the electricity consumption intensity is approximately
145-155 kWh/m? and the per capita consumption is approximately 12,987-16,351 kWh.
The percentage of electricity consumption decreased by 7% in 2020 compared to
previous years, which was a result of COVID-19 conditions.

The average price of energy generated at the university, 0.39 SR/kWh during 2021,
was higher than the energy price drawn from the electrical network of educational
institutions, 0.18 SR/kWh, and governmental institutions, 0.32 SR/kWh. This means
that the public grid was 50% cheaper than campus-generated electricity.

The energy-saving measures in the air conditioning system are the most important for
obtaining a sustainable system, even though the building envelope is insulated.

The walls, roofs, and windows meet the required conditions in terms of thermal
insulation in zone 1 in KSA, and there is no need for energy-saving measures.

The total SPBT of the suggested energy-saving measures is 4.13 years at the price of a
unit of energy generated by generators, whereas the total SPBT of the national grid is
8.96 years.

Annual reductions in CO,, CO, N,O, and SO, emissions yielded by suggested energy-
saving measures at SRU were 3,438,817, 8756, 7827, and 7191 respectively.
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Abbreviations

A Building-floor Area

AC Air-Conditioning

AHU Air Handling Units
ASHP Air-Source Heat Pumps

ASHRAE  American Society of Heating, Refrigerating, and Air-Conditioning Engineers

CDD Cooling-Degree Days

CFL Compact Fluorescent lamps

cor Coefficient of Performance

E Total Electricity Consumption

EC Consumption or Saving of Electricity
ECMs Energy-Conservation Measures

EE Energy Efficiency

EER Energy Efficiency Ratio

EF Emissions Factor
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Eh Energy Consumption per Hour.
ES Energy-Saving

EUIL Energy Use Intensity

FCU Fan Coil Unit

FTL Fluorescent Tube Lamps

GSHP Ground-Source Heat Pumps
HDD Heating-Degree Days

HPS High-Pressure Sodium

HVAC Heating, ventilation, and air conditioning
KSA Kingdom of Saudi Arabia
LEDs Light-Emitting Diodes

N Number of People

OL Ownership Level

oT Operation Time

PU Price per Unit of Electricity

RE Renewable Energy

RP Rated Power

RS Ratio of the Saving of Energy
SBC Saudi Building Code

SD Sports Stadium

SEC Saudi Electricity Company
SPBT Simple Payback Time

SR Saudi Riyal

SRU Sulaiman Al-Rajhi University
8] Overall Heat Transfer Coefficient
VFD Variable Frequency Drive
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