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Abstract: The Kingdom of Saudi Arabia is working to establish cities based on the economy and
attract investments such as Neom and The Line. Moreover, at the beginning of 2021, the Saudi
government announced that it will stop dealing with foreign companies that establish regional offices
outside the country, starting from the beginning of the year 2024. These acts will contribute to
strengthening the presence of office buildings significantly. However, the biggest challenge is the
inefficient energy design and operation of the existing office buildings in an overheated environment.
Therefore, improving the thermal performance of existing office buildings has become a priority for
sustainable development. This study aims to evaluate the current scenario of energy performance
in Saudi governmental office buildings. One of the most important strategies of the Kingdom’s
vision 2030 regards energy conservation. In support of the aim of this research, the annual electric
energy bill of the Agricultural Development Fund building in Najran has been collected and analyzed.
Accordingly, the analyses were carried out to evaluate the improvement in energy consumption
through retrofitting the building envelope. DesignBuilder simulation program was used to investigate
the effects of different retrofitting strategies of the building envelope in terms of changing the type
of window’s glass, adding thermal insulation layers, and applying egg-crate shading devices. The
results reported that applying a combination of those strategies reduced total energy consumption by
26.81% compared with the current base case.

Keywords: energy efficiency; passive design; building envelope; office building; hot-arid climate

1. Introduction

Demand for better indoor environmental quality of buildings is increasing with in-
creasing concerns about the health condition of their users and their level of productivity.
Office buildings are one of the most important buildings that support economic growth,
stimulate investments and facilitate services in any country. According to the Saudi En-
ergy Efficiency Center [1], the building sector consumes 29% of the primary energy in
the Kingdom of Saudi Arabia (KSA). It also accounts for more than 75% of the electricity
generated. The huge energy consumption was due to the hot and dry climate of the country,
which requires a huge amount of energy to reduce the temperatures inside the buildings
to achieve the desired thermal comfort [2]. According to its vision (2030), the Kingdom
of Saudi Arabia is moving at an accelerating pace toward implementing the concepts of
sustainable development. During the last decade, many policies and initiatives have been
implemented to organize the construction and design phase. This effort was a natural
response to the rapid growth in the building construction sector, which has accompanied
the increase in the population and the high rate of energy consumption. However, the
real challenge lies in the current stock of buildings that make up the majority of the built
environment in the Kingdom, especially since 70% of the existing residential buildings have
no regard for thermal insulation properties [1]. Despite this, the modification of the current
construction sector showed a pace towards raising tension on energy efficiency in existing
government buildings which was represented in 2017 by the launch of the National Energy
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Services Company, branded as “Tarshid” within the vision of 2030 and the Green Saudi
strategy. Tarsheed was launched after a broad collaborative effort among the Ministry of
Energy, the Ministry of Finance and the Saudi Energy Efficiency Center. Tarsheed aims to
manage and improve energy efficiency in large governmental and commercial projects (as
a first stage) to achieve significant savings in the energy sector [3]. According to UNEP,
energy savings potential in existing buildings can be reduced by 30% to 50% through behav-
ioral change and the application of readily available and low-cost technologies during the
building’s lifespan [4]. This is confirmed by several studies [2,5–10] which recommended
that engineers and building designers adopt international design approaches and features
and take into account climate-responsive designs and passive cooling strategies when
designing new buildings in Saudi Arabia to raise their energy efficiency level.

The high economic growth in Saudi Arabia over the past few decades has seen a
dramatic increase in total energy consumption. According to the International Energy
Agency (AIE), total electricity generation in the KSA increased by 1583% from 20,452 GWh
to 344,209 GWh, during the period between 1980 and 2020 [11]. With increasing energy
consumption in sustaining the country’s growth over the years, CO2 emissions have an
upward trend if fossil fuel use is a critical part of the energy mix. Figure 1 illustrates the
increase in energy generated and its direct relationship to the increase in carbon dioxide
emissions during the past forty years [2,11].
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Figure 1. The growth of Saudi electricity generation and CO2 emissions through four decades.

The design and operation of buildings in the KSA in ways that do not take into
account energy efficiency led to a weakness in the thermal performance of these building
envelopes [1]. Studies show that 70% of existing residential buildings are not thermally
insulated. As a result, and due to the harsh climate in most Saudi regions, 70% of the total
electrical energy is consumed by air conditioning systems to achieve indoor thermal comfort.
It turns out that government buildings are accounting for about 13% of the total electricity
generated in the kingdom [12]. Due to the weak climatic design considerations for buildings
and the focus on a unified design for government buildings in many somewhat different
climatic regions in the Kingdom, most of this energy goes to cooling the interior spaces to
provide a suitable thermal environment for employees and visitors. It is commonly known
that heat gain and heat loss through building envelopes components such as roofs, windows,
doors and walls, accounts for up to 60% of the total heat gain and loss [13]. The objective of
this research is to determine the quantitative influence of the building envelope retrofitting
strategies on the annual energy demand in office buildings demonstrated in a reference office
building located in the hot-arid climate of the KSA. In addition, the investigation intended to
find ideal and applicable solutions for energy-efficient office buildings.
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2. Previous Studies

Local studies regarding energy-efficient buildings are mainly focused on the effects
produced by each passive design strategy around the base case, especially in the residential
sector. This study focuses on the impact of the implementation of selected passive measures
in reducing electricity consumption in an existing office building located in Najran city, KSA.
Literature studies reported that applying passive design strategies for a building envelope
leads to a substantial effect on energy use for heating and cooling spaces [6,10,14,15].
Thermal insulation, shading devices, and improve glazing proprieties, of the building
envelope, are considered among the most effective and viable passive measures.

A Study [16] aims to assess the impact of applying certain passive design strategies
to enhance the thermal performance of residential buildings in the hot climate of Dubai,
UAE using the IES-VE energy simulation tool. The results reported that applying these
passive measures to the building envelopes including (shading devices, thermal insulation,
green roofing, and natural ventilation) is capable of reducing the cooling load by 23.6%. On
the other hand, reducing solar heat gain through solar shading devices in warm summer
climates is considered a priority, and could save energy around 20% to 31% based on
the window-to-wall ratio (WWR) [17–19]. Another study [20] was conducted in Abu
Dhabi, UAE in a highly glazed office building (WWR 60%). The objective of the study
was to investigate the impact of external dynamic louvers on energy consumption. The
results show that with the addition of dynamic external louvers in combination with
interior lighting control, reduced annual energy consumption by 28%–34%. Furthermore,
researchers [21] replaced an existing double-glazed window (U-value of 3.5 W/m2◦C) in
an office building in Dammam, KSA with a low-emittance double-glazed window (U-value
of 3.5 W/m2◦C). The simulation results using the Visual DOE energy simulation tool have
reported that an approximately 8% reduction in energy consumption can be achieved.
William, et al. [22] studied energy efficiency by integrating office building retrofit strategies
in three hot climate zones in Egypt (Aswan, Cairo, and Alexandria) using the DesignBuilder
simulation tool. The validity of the base model was assessed as compared to the actual
energy consumption of the building located in the city of Cairo. Then the weather files
of the other two cities were uploaded for more investigation. The effect of some passive
design strategies such as thermal insulation and coating the building envelope with a
reflective material has been examined. The results showed that the implementation of
reflective paint solutions achieved the highest percentage of energy savings for the whole
building at 21%, 19%, and 17% for Aswan, Cairo, and Alexandria, respectively, which leads
to improved levels of indoor thermal comfort.

In three different Saudi climatic conditions, Al-Tamimi [23] performed an optimization
analysis relying on DesignBuilder models, taking the annual energy savings as the objective
functions, and the design parameters are the thermal insulation type and its optimal
thickness in a sample prototype villa. Results showed that the extruded polystyrene XPS
tends to be the most cost-efficient insulation among the conventional insulation materials.
The optimum insulation layers lead to the highest total cost savings of 29.8% and 37.7% in
hot-dry and hot-humid climates, respectively. The payback period value varied between
8.8 and 4.7 years in Khamis Mushait (Moderate climate), and in Gazan (Hot-humid climate),
respectively. Another study [24] investigated, through the DesignBuilder modeling tool, the
effect of applying XPS insulation on the roof only, walls only, and roof and walls on energy
usage and CO2 reduction in Saudi residential villas. Results show that almost 30% of the
reduction in the energy used is obtained once thermal insulation is installed on external
walls and roofs. Compared with the other two strategies, insulating only the roof exhibited
the greatest life cycle savings. CO2 emission reductions of approximately 18.4%, 9.3%, and
30.4% were also achieved by applying the three optimum insulation thicknesses to three
different positions, respectively. Another study [25] evaluated opportunities for applying
a retrofitting strategy for an existing office building in the UAE to become a zero-energy
building using the Building Energy Simulation (IES-VE) tool. The impact of applying passive
building envelope design strategies and integrating photovoltaic (PV) systems on reducing
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electricity consumption was investigated. The results indicated reductions in energy demand
by 14.7% and 63.2% when applying passive strategies and active measures, respectively.

An analytical study [14] evaluated energy efficiency investment options in Saudi
buildings which indicated that it is easier to implement energy efficiency measures in
government buildings. This is what started with the establishment of the National Energy
Services Company “Tarshid” in 2017. Tarshid develops and implements energy mod-
ernization projects for mainly existing public buildings such as ministry headquarters,
government offices, schools, etc. To improve the energy efficiency of existing public build-
ings, Tarshid relies on technical strategies such as modernizing lighting and air conditioning
systems and developing smart building management systems (BMS) [3]. However, raising
the efficiency of buildings by adopting the principles of natural design and retrofit systems
is easier and more effective for both existing and new buildings. With Saudi’s vision 2030,
the author aims to address the gap in unstudied governmental offices and try to enhance
the energy efficiency of this sector.

3. Research Methodology

Reducing heat gain in harsh climates is one of the most important passive strategies
to reduce energy consumption in buildings. This strategy is particularly useful in fully
air-conditioned buildings such as offices. The energy performance of a government of-
fice building in Najran, KSA has been investigated using the dynamic simulation tool
DesignBuilder. In this study, three aspects used as a basis for the strategies are glazing
type, thermal insulation, and external shading devices. These strategies were chosen exclu-
sively for their great effect in reducing direct solar heat gain through windows or lowering
the heat conduction through building envelope elements. The requirements of the Saudi
Building Code regarding the insulation of building envelope elements were taken into
consideration in the development process. The schematic methodology applied in this
research is illustrated in Figure 2.
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3.1. Site’s Climate

The building is located in Najran city, southwest of the KSA. According to the Saudi
meteorological authority [26], Najran has a semi-desert climate and receives a minimum
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of 0 mm and an average of 7 mm rainfall in June and April, respectively. The maximum
air temperature of 43 ◦C was recorded in July. The location information and climate
characteristics of Najran are given in Table 1.

Table 1. Climate characteristics of selected location [26].

Location
Geographic Coordinates Average Air Temperature Average Relative

Humidity
Average Global Horizontal

Irradiance (GHI)/Day

Latitude
(◦N)

Longitude
(◦E)

Elevation
(m)

Min
(◦C)

Max
(◦C)

Mean
(◦C)

Min
(%)

Max
(%)

Mean
(%)

Min
(kW/m2)

Max
(kW/m2)

Mean
(kW/m2)

Najran 17.3 44.1 1213 10.7 36.4 26.6 10.5 96.8 24.6 0.99 8.60 6.77

3.2. Building Characteristics

The Agricultural Development Fund building (ADF) in Al Fahad district at Najran
city has been chosen as a case study based on the following criteria:

• Easy access to the site, as it is located almost in the heart of the city.
• The ability to obtain all necessary plans and information about the building.
• The distinctive and modern design of the building, as our project serves as a modern

building.
• Full support from top management of the building and their willingness to provide

any assistance.
• This building is built in eight cities with the same design, although the climate is

different in each city.

Figure 3 illustrates the actual architectural plans, east elevation, and perspective. while
the obtained data of the base case including information related to building construction
and HVAC system are summarized in Table 2. Moreover, occupation schedules, lighting
and HVAC systems, and their operation schedules are also collected through site visits and
observation.

Table 2. Building construction, HVAC, and lighting systems characteristics of the ADF building.

Characteristics Description

Number of stories Four (Only three floors are occupied). The fourth floor is
unoccupied/unconditioned.

Total height 21.25 m

Land area 4695 m2

Gross floor areas 2842 m2

Gross wall area 2672 m2

Overall WWR 21.5%

Roof construction
(From outside to inside)

Terrazzo Tiles, 30 mm
Cement Mortar, 20 mm
Sand, 50 mm
Thermal insulation Layer of Polystyrene 50 mm
2 Layers Bituminous Insulation 4 mm
Light Weight Concrete Laid to Slope
R.C. Slab, 300 mm

External wall construction
(From outside to inside)

20 mm Granite Cladding
350 mm Insulation Wall
50 mm Polystyrene Insulation
200 mm-thick concrete blocks
20 mm-thick plaster (light)

Type of glass 6 mm single clear glass

Cooling set point 23 ◦C

HVAC system water chiller system
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3.3. Building Modelling and Calibration

The computer-based simulation method is the best technology by which design and
usage changes can be accurately modeled [27,28]. DesignBuilder software is based on
the state-of-the-art building performance simulation software called “EnergyPlus” which
provides dynamic and comprehensive energy simulation for buildings [29]. The simulation
process is based on hour-by-hour weather data and takes into account the heat gain and heat
loss throughout building envelope components. Moreover, heat conduction and convection
between indoor spaces are also considered [29,30]. The accuracy of the DesignBuilder
software has been validated using the Building Energy Simulation Test (BESTest) procedure,
which was developed by the IEA, Solar Heating and Cooling Program [31]. Moreover, this
test was evaluated and approved as being a reputed basis for evaluating the capability of
building energy simulation tools [32]. Therefore, DesignBuilder software is considered one
of the most popular simulation tools used by many researchers.

Figure 4 shows the DesignBuilder modeling and the annual sun path. The building is
simulated under the weather file of Najran city. This weather file includes relevant climatic
data such as temperature, humidity, wind speed and direction, solar irradiance, and rainfall.
Moreover, DesignBuilder calculates hour-by-hour energy consumption over the chosen
year (8760 h) based on the state-of-the-art building performance simulation software called
EnergyPlus [29]. However, accurate validation of the simulation model is critical to ensure
reliable results are provided, thus model validation was performed at the beginning of
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this research. Therefore, the building has been simulated to function exactly as it is. The
energy model was calibrated based on the comparison between monthly and annual energy
consumption data and actual consumption data. In the beginning, the author compares the
simulation consumption with the real consumption for the year 2020.
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It was recognized that there is a variation in the energy consumption between real and
simulated results. It was also realized that the pandemic of COVID-19, social distancing,
and home quarantine led to a change in the pattern of energy consumption, especially in
office buildings. The author decided to compare the results with the year 2019, which were
found to be very relevant and stable.

3.4. Energy Efficiency Measures

Various retrofitting measures have been developed for the building envelope to eval-
uate the impact of selected passive design strategies on reducing energy demand. These
measures are grouped into two categories: The first is the base case scenario, which repre-
sents the building’s actual performance status. This case will act as a benchmark against
which all other scenarios will be compared to. While the second category is the passive
measures that include four sets of simulations as follows: (1) improve the performance of
glazed windows by reducing the thermal conductivity coefficient according to the require-
ments of the Saudi energy code, (2) enhance the thermal insulation of the roof and external
walls, (3) reduce the heat gain from solar radiation by using egg-crate shading devices, (4)
combination strategy.

4. Results and Discussion
4.1. Analysis of the Current Energy Performance

The actual electricity consumption for 2019 was 663,895.2 kWh. This translates to an
Energy Use Intensity (EUI) of 232.4 kWh/m2/yr. This is a relatively high value compared to
a EUI of residential buildings mentioned in the Saudi green building rating toll (Mostadam)
120 kWh/m2/yr for the best practice buildings in the KSA. On the other hand, it was
somewhat lower than the results of some studies conducted on office buildings in the
region. In two separate studies [21,25], actual EUI results were 315 and 252.5 kWh/m2/yr
in office buildings in Saudi Arabia and Emirates, respectively.

In validation tests, the approach is to compare the simulated model EUI to the field site
measurements extracted from the monthly bills of the year 2019. The obtained validation
results were graphed in Figure 5. The annual electricity consumption of the modeled build-
ing was 672,468.9 kWh. According to the ASHRAE guideline 14 [33], it is recommended to
calculate the coefficient of variation of the root-mean-square error CV-(RMSE) by displaying
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a representation of the variability between the simulation model and the measured data.
According to this guideline, the values of this indicator should be less than 30%. For the
calibrated model, the CV-(RMSE) value is about 13.8%, which is considered an acceptable
deviation.
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Figure 5. Comparison of monthly electricity consumption between the actual and simulated case in 2019.

Table 3 shows the monthly energy end-use distribution based on the consumers for
the simulated model. The maximum electricity demand reaches its peak during the months
between June and September. Government buildings have a different operational profile
than the other building types. They operate for 8 h/5 days per week (7 a.m.–3 p.m.)
excluding public holidays. Due to the harsh climatic condition of Najran city, around 76%
of the annual electricity consumption is dedicated to cooling purposes. Internal loads such
as office equipment and lighting consume about 12.8% and 10.4%, respectively. Since the
largest consumer of energy in ADF buildings is the cooling system, improving the thermal
performance of the building envelope will lead to energy efficiency. The impact of passive
design strategies such as type of glazing, thermal insulation, and solar shading devices is
investigated in this study to reduce the building’s electricity consumption.

Table 3. Monthly energy end-use distribution for a simulated model for ADF building.

Month Office Equipment
Electricity (kWh)

Lighting Electricity
Load (kWh)

Heating
Electricity (kWh)

Cooling
Electricity (kWh)

Total
(kWh)

Jan 7355 5763 1146 13,447 27,711

Feb 6910 5805 958 17,701 31,374

Mar 7221 5981 11 39,651 52,864

Apr 7058 5803 0 50,266 63,127

May 7066 5794 0 59,927 72,787

Jun 7366 6069 0 63,291 76,726

Jul 7218 5992 0 70,098 83,308

Aug 7367 5922 0 67,425 80,714

Sep 6911 5526 0 53,470 65,907

Oct 7358 6009 0 42,709 56,076

Nov 7210 5514 869 18,691 32,284

Dec 7068 5686 1729 15,108 29,591

Total 86,108 69,864 4713 511,784 672,469

Percentage 12.81% 10.39% 0.70% 76.10% 100%
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4.2. Suggested Scenarios for Energy-Efficient Design

It was previously indicated that the Saudi Building Code (SBC) in the energy require-
ments chapter of nonresidential buildings (SBC602-CR) should be considered. Therefore,
the question is to what extent may the application of the requirements of the SBC602-
CR contribute to reducing the consumption of electrical energy in existing governmental
buildings. The suggested passive design solutions are limited to enhancing the thermal
insulation efficiency in the building envelope elements (roof, walls, and windows).

• First option: is to improve the thermal properties of glazed windows.
• Second option: is to enhance the thermal performance of the roof layers.
• Third option: is to enhance the thermal performance of external wall layers.
• Fourth option: is to apply solar shading devices.
• Fifth option: is to apply the optimum solution of each option as a combination strategy.

4.2.1. Improving the Glazing Properties

The effect of the glass type has been tested because the building contains a lot of glass
surfaces that allow solar heat to penetrate. The glazing windows in the northeast and
southeast facades are the largest, representing a WWR of about 45%. These facades in
particular are considered to receive direct sunlight, especially during official working hours.
Which leads to increased heat loads to their peak. On the other hand, the characteristics
of the current window glass of the BC have a high thermal conductivity coefficient (U-
value 5.894 w/m2-k) and a high Solar Heat Gain Coefficient (SHGC) of 0.819. It creates an
overheating problem which needs more energy to improve indoor thermal comfort. The
SBC stipulated that the quality of the glass had a U-value not exceeding 2.89 w/m2-k [34].
Accordingly, in this study, four different glazings were investigated, all of which fulfill the
requirements of the code, with a variation in the level of SHGC and light transmission.

The results in Table 4 showed, that a significant reduction in energy consumption
could be achieved by selecting the proper type of glazing material. The simulated results
of G#4 presented the highest saving for the annual energy consumption with a EUI of
182.9 kWh/m2/y, which is 22.7% lower than the annual demand of the base case BC.
Moreover, the rest of the options are acceptable to some extent. Comparing G#2 and
G#4 options, it could be indicated that high SHGC plays a major role in reducing energy
consumption regardless of the value of the conductivity, especially in windows exposed to
direct sunlight. Therefore, double reflective glass in G#4 case showed significant efficiency
in reducing energy consumption by 22.7% compared to 14.2% in G#2 double clear glass.

Table 4. Alternative window compositions.

Code Type of Glass U-Value
w/m2-k SHGC Light

Transmission

Annual Energy
Consumption

(kWh)

EUI
(kWh/m2/y)

Reduction in
Total Energy

(%)

BC Single Clear 6 mm 5.894 0.819 0.881 672,468.9 236.6 0%

G#1 Double Clear
6 mm/13 mm Air 2.708 0.697 0.781 615,153.4 216.5 8.5%

G#2 Double Low-E Clear
6 mm/6 mm Air 2.400 0.562 0.745 576,700.9 202.9 16.0%

G#3 Double Bronze
6 mm/13 mm Air 2.708 0.482 0.473 565,066.4 198.8 14.2%

G#4 Double Reflectance
clear 6 mm/13 mm Air 2.481 0.287 0.271 519,823.8 182.9 22.7%

4.2.2. Impact of Roof Insulation

According to [25] XPS Extruded Polystyrene is commonly used in the Saudi Arabia
construction industry especially for roofing systems, due to its reasonable costs and ease of
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manufacturing and installation. Table 5 illustrates the characteristics of thermal insulation
and its influence on energy consumption according to the SBC requirements. The decrease
in annual energy consumption and the percentage of saved energy is also described. The
roof of the ADF building contains thermal insulation of 55 mm of XPS. The overall U-
value of the roof is 0.428 W/m2-k, while the Saudi Code requires that the U-value of the
roofs in the investigated location be of a maximum of 0.202 W/m2-k [34]. To fulfill the
SBC requirements, an increase in the XPS layer to 150 mm is introduced to improve the
U-Value to 0.195 W/m2-k. The simulation results show that an insignificant reduction in
energy consumption by 0.61% is achieved. Contrary to many studies, the effect of adding a
thermal insulation layer to the roof of ADF buildings is very modest in reducing the total
energy consumption. The reason for this is that the last floor of the building is completely
unoccupied, which serves as an extra insulating layer. Therefore, any additions of thermal
insulation to it are considered useless work.

Table 5. The difference in roof lyres between the actual materials and the suggested materials.

Actual Characteristics Saudi BC Requirements Suggested Characteristics

Figure
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4.2.3. Impact of Walls Insulation

As shown in Table 6, the external walls of the ADF building contain thermal insula-
tion of 50 mm of EPS Expanded Polystyrene with a U-value of 0.510 W/m2-k, while the
SBC602-CR requires that this value must not exceed 0.342 W/m2-k [34]. Consequently, the
wall’s EPS layer has been increased from 50 mm to 100 mm, where the U-Value became
0.328 W/m2-k, which complies with the requirements of the code. Compared with roof
insulation, this strategy also leads to a negligible reduction in energy consumption by
1.7%. The insignificant reduction was due to the following criteria: building envelope
has high WWR, especially in north-east and south-east facades which receive direct solar
radiation during daily working hours. The second reason is that the external walls of the
BC are already insulated with low EPS. Last, the BC roof is also thermally insulated by an
unoccupied complete floor, i.e., the fourth floor.
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Table 6. Difference in wall lyres between the actual materials and the suggested materials.

Actual Characteristics Saudi BC Requirements Suggested Characteristics

Figure
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4.2.4. Impact of Shading Devices

The high percentage of daily solar radiation reaching the desert climate of Saudi Arabia
is one of the highest in the world, especially in the southern part of the Kingdom where
the study is carried out [32]. Shading devices play a major role in reducing heat gain in
buildings, especially those that are occupied during the daytimes, such as government office
buildings. The design of external shading devices requires more thought and innovation to
suit the dimensions of the shading elements, orientation, sunbath, and climate conditions,
as well as other architectural considerations. In this study, and according to the results
of the previous literature, egg-crate shading was applied to evaluate the efficiency of
external shading devices in reducing the annual energy consumption of the BC. Therefore,
aluminum material with equal dimensions of 400*400 mm (louvers and fins) was chosen.
The simulation results shown in Table 7 indicate that the EUI of the ADF building decreased
by 19.2%, from 236.6 to 191.2 kWh/m2/y. The justification for this significant decrease
in annual energy consumption was due to the shading of the large glazing windows
preventing the entry of direct solar radiation through the glazing (6 mm single clear) that
covers a large proportion of the northeast and southeast facades.

Table 7. Difference in the shape of the exterior building without and with shading devices.

Base Case Model BC with Egg-Crate Shading Devices

Figure (North-east and south-east
facades)
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4.2.5. Impact of Combination Case

After trying the previous strategies and knowing the effect of each strategy alone, a
simulation was made for all strategies combined in one model to obtain the best result for
saving energy consumption in the building. Changes made to the main building are:

• Double Low-E glass 6/13/6 Argon in place of single clear 6 mm
• 15 cm of XPS insulation in roof construction in place of 5.5 cm
• 10 cm of EPS insulation in walls construction in place of 5 cm
• Adding Egg-crat shading devices with 40cm gaps.

The results show that the total energy consumption is reduced from 663895.2 kWh/yr
(232.4 kWh/m2/yr) to 485896.3 kWh/yr (170.1 kWh/m2/yr). With a total annual reduction
of about 26.81%.

Finally, it is clear from the previous results that the amount of energy consumed de-
creases according to the different passive design strategies, or “the five options” mentioned
in paragraph 4, by different levels. As can be seen from Table 3, the focus on reducing
cooling loads is a priority in raising the energy efficiency of office buildings in the Kingdom
of Saudi Arabia. The air conditioning system consumes approximately 76% of the annual
energy consumption. The results also show that improving the thermal performance of
the building envelope, whether by thermal insulation of roofs walls, or windows in harsh
climates such as in Najran which has a high solar radiation rate, has a significant effect in
reducing energy consumption. For example, improving the thermal insulation properties
of window glass reduced energy consumption by up to 22%.

5. Conclusions

The influence of retrofitting building envelopes on energy consumption in office
buildings was examined under the hot-dry climate of Najran, Saudi Arabia. The study
used site observations as well as collecting the monthly energy consumption through the
utility bills to investigate the real energy performance of the BC. In addition, simulations
are undertaken for the original models, and for the models modified with each potential
strategy individually to analyze various passive design strategies such as thermal insulation,
type of glazing and shading device, and finally for combinations of varied retrofitting
strategies. In a relatively newly constructed Agricultural Development Fund building with
a highly glazed envelope, shading windows proved to be more effective in reducing energy
consumption than other passive strategies. Appling egg-crate shading devices reduced
the electricity by 19.2%, whilst increasing thermal insulation layers to the external walls
and roof has no significant change due to the building already being insulated with a
small thermal insulation layer. For economic considerations, if we are looking to use a
single thermal solution, then replacing the glazing windows with Double Low-E Clear
6 mm/6 mm Air represents the most significant result to reduce the annual energy demand
by 16%. The findings further indicate that it is possible to reduce the energy consumption of
the simulated building to around 26.8% of the original demand. This reduction illustrated
that the ideal solution to raise energy efficiency in buildings is achieved through the
application of a combination of measures.

In the context of the operational cost of Saudi government offices, it can be confirmed
that the magnitude of financial savings can be achieved by adopting passive design solu-
tions that suit the country’s climate condition. On the other hand, from the perspective of
environmental impact, these savings are significant and will certainly help Saudi Arabia
transition toward a low-carbon economy. The general conclusion is that investing in minor
building envelope improvements during design or renovation will provide considerable
energy-saving benefits to Saudi office buildings, and thus aid in the definitive goal of
providing a healthy indoor environment and enhancing productivity for employees in
government offices.

Perhaps evaluating the economic feasibility of the proposed strategies is ideal to
complete the whole picture. However, the cost-benefit needs to be detailed and requires
total cost data including the costs of the materials, installation, loss of revenue during the
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improvement process, changes in maintenance costs, and others. Therefore cost-benefit
calculations were not included as part of the current research. However, separate future
research could be prepared on the economic feasibility of applying different passive design
strategies during the building lifespan.
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