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Abstract: The government of Saudi has implemented the Saudi Building Code (SBC) for residential
buildings to set standards for their design, construction, and maintenance. However, this may result
in unexpected costs that are passed on to the citizens and thus have a certain economic impact.
Therefore, this study examined the additional costs imposed on citizens and the economic impact of
implementing the SBC on residential buildings. This study surveyed building developers, architects,
and citizens to gather data on the costs associated with adhering to the code such as material and
labor costs. This study found that the additional costs imposed on citizens and the economic impact
of implementing the SBC in residential buildings were relatively small. The potential long-term
benefits of the SBC such as energy efficiency savings and reduced environmental impact outweigh
the short-term costs. The case that applied the SBC had operating costs that were almost 44% lower.
Energy efficiency was increased by the SBC’s contribution to reducing heat transfer through building
components and external elements. In order to minimize heat absorption and electricity usage,
thermal insulation, double and heat-reflecting glass, and light exterior colors are all recommended.
The findings of this research provide valuable insights for policymakers and stakeholders in the
construction industry because they consider the implementation and enforcement of building codes
in the Kingdom of Saudi Arabia.
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1. Introduction

The construction industry plays a vital role in the development of any country and
the Kingdom of Saudi Arabia is no exception. The country has been undergoing a period
of rapid urbanization, with a growing population and an increasing demand for housing.
Therefore, the government has implemented the Saudi Building Code (SBC) for residential
buildings, which set standards for the design, construction, maintenance, and occupancy of
buildings in Saudi Arabia. The SBC was first implemented in 1986 and has been updated
several times since then. The SBC has been shown to have a significant impact on residential
construction costs. Ref. [1] identified a lack of integration between the Saudi Building Code
and current construction methods, suggesting a need for the incorporation of factors
and elements into the code. Ref. [2] found that leading international environmental and
sustainability assessment schemes were not fully applicable to the Saudi built environment,
leading to the development of a new assessment scheme. Ref. [3] evaluated the impact
of energy efficiency building codes in the GCC including Saudi Arabia and suggested
a comprehensive evaluation of the relationship between sustainable building codes and
their economic feasibility. Ref. [4] examined the current status of sustainability in the
Saudi building sector and identified barriers to achieving sustainable residential buildings,
providing design and non-design strategies for improvement. A study by [5] found that
the SBC made it more difficult for low-income Saudi citizens to afford housing. The study
found that the cost of constructing a villa in compliance with the SBC was 20% higher
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than the cost of constructing a villa that did not comply with the code. These papers
collectively highlight the knowledge gap regarding the impact of the Saudi Building Code
on residential construction costs.

The SBC aims to ensure the safety, health, and welfare of the inhabitants and the public
while promoting the conservation of energy and resources.

However, the implementation of the SBC may also impact the costs of construction,
which can be passed on to citizens in the form of higher housing prices. In addition, there
may be an economic impact on the construction industry and overall economy. Therefore,
it is important to study the additional costs imposed on citizens and the economic impact
of the SBC.

This study examined the additional costs imposed on citizens and the economic
impact of implementing the SBC in residential buildings. This was carried out by surveying
building developers, architects, and citizens to gather data on the costs associated with
adhering to the code such as the material and labor costs. Furthermore, the potential impact
on the economy in terms of job creation and gross domestic product (GDP) were analyzed.

The data collected through the survey were analyzed to determine the average cost
increase for building developers, architects, and citizens. Moreover, the potential impact
on the economy was estimated by considering factors such as job creation, GDP growth,
and the overall construction industry.

This study employed both quantitative and qualitative methods. The quantitative
method involved a survey of building developers, architects, and citizens to gather data on
the costs associated with adhering to the SBC. The qualitative method involved interviews
with experts in the construction industry such as architects and engineers to gather their
perspectives on the impact of the SBC.

The findings of this study are expected to provide valuable insights for policymakers
and stakeholders in the construction industry because they consider the implementation
and enforcement of building codes in the Kingdom of Saudi Arabia. By understanding the
potential costs and benefits of the SBC, policymakers and stakeholders can make informed
decisions that balance the safety and welfare of citizens with the country’s economic
well-being.

2. Literature Review

The implementation of building codes is important for ensuring the safety, health, and
welfare of the public while ensuring the conservation of energy and resources. The SBC is
a set of standards for the design, construction, and maintenance of residential buildings
in the Kingdom of Saudi Arabia. However, the implementation of building codes may
affect the costs of construction, which can be passed on to the citizens in the form of higher
housing prices. Additionally, there may be an economic impact on the construction industry
and overall economy. Therefore, it is important to study the additional costs imposed on
citizens and the economic impact of the SBC.

Several studies have been conducted on the implementation of building codes and
their impacts on the construction industry and economy. Ref. [6] examined the costs
and benefits of implementing the SBC in the city of Jeddah. The study found that the
implementation of the SBC increased the construction costs, with the average cost increase
for building developers being 5.8%. The study also found that the SBC had a positive
impact on the economy, with an estimated increase of 1.1% in GDP.

Another study by [7] examined the impact of building codes on the construction
industry in the Gulf Cooperation Council (GCC) countries. They found that the implemen-
tation of building codes positively impacted the construction industry, with an increase
in the number of construction projects and the value of construction contracts. They also
found that building codes positively influenced the economy, with an increase in GDP and
employment in the construction industry.

Ref. [8] examined the impact of building codes on the energy efficiency of residential
buildings in the GCC countries. They found that the implementation of building codes



Buildings 2024, 14, 233 3 of 25

improved the energy efficiency of residential buildings, with an average reduction of 15%
in energy consumption. Furthermore, the building codes were found to have a positive
impact on the environment, with a reduction in greenhouse gas emissions.

In addition to these studies, ref. [9] examined the impact of building codes on housing
affordability in the Kingdom of Saudi Arabia. They found that the implementation of
building codes positively affected the housing affordability, with a reduction in average
housing prices. They also found that building codes had a positive impact on the economy,
with an increase in GDP and employment in the construction industry.

Refs. [10,11] emphasized the role of thermal insulation in reducing energy consump-
tion and carbon footprint, with potential savings of up to 30–40% in air conditioning and
heating devices. Ref. [12] also emphasized the importance of building insulation and
airtightness in achieving energy savings.

The studies reviewed in this literature review demonstrate that the implementation of
building codes can have both positive and negative impacts on the construction industry
and economy. The implementation of building codes can result in an increase in construc-
tion costs but can also have a positive impact on the economy, with an increase in GDP and
employment in the construction industry. In addition, building codes can positively affect
energy efficiency and housing affordability.

The literature review suggests that the implementation of building codes in the King-
dom of Saudi Arabia such as the SBC has both positive and negative impacts on the
construction industry and economy. The implementation of building codes can increase the
cost of construction while having a positive impact on the economy, energy efficiency, and
housing affordability. Furthermore, the studies included in this literature review provide
valuable insights for policymakers and stakeholders in the construction industry because
they consider the implementation and enforcement of building codes in the Kingdom of
Saudi Arabia.

3. Operation and Maintenance in the Kingdom of Saudi Arabia

The government’s interest is evident in the large amount of spending compared to
their regional and global counterparts, as seen from the five-year development plans, the
resulting development, and a comprehensive urban renaissance for the Kingdom. However,
maintenance projects in the Kingdom of Saudi Arabia are still plagued by low efficiency
despite 15% of the 2019 budget being allocated to facility management [13]. A study
prepared by the National Committee for Standardization of Operation and Maintenance
(O&M) Work in the Kingdom of Saudi Arabia (2018) showed that the cost of operation
and maintenance work exceeded, on average, international standards by 20% compared to
similar facilities globally. However, the quality was lower by approximately 60%. The study
indicated that light maintenance represented 46% and heavy maintenance represented 54%
of the total government expenditure on various facility management works. Moreover, the
same study noted that if O&M work was conducted in accordance with the international
standards of best practices, the accumulated costs due at the present value would be
less than SAR 500 billion over the next 15 years. This can decrease the average life of
residential buildings, which ranges between 40 and 50 years, whereas the average service
life of buildings in European countries is 100 years because of the increased and intensified
building maintenance [14]. The lack of interest in the O&M of housing in the Kingdom of
Saudi Arabia increases spending, as Saudi families spend an average of 22.3% per month on
the internal elements of the O&M of their homes, according to the Household Expenditure
and Income Survey for the year 1428 AH. This percentage increased to 27.1% during the
Survey of Expenditure and Income of Saudi Households in 1434 AH (increase of nearly
22%), confirming the importance of the O&M of housing.

4. Importance of Maintenance

The importance of the O&M process lies in the fact that it constitutes the longest phase
of the project during its life cycle; therefore, the largest part of the expenditure occurs
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during the O&M phase, constituting approximately 60% of the total cost. In contrast, less
than 15% of the total costs occur during design and implementation. The studies also note
that the periodic maintenance of residential units results in a longer service life and is more
economically feasible than replacement while contributing to maintaining a high market
value for the building, raising the financial efficiency of managing residential units, and
ensuring efficient house operation. Consequently, housing cost calculations must consider
the building and construction costs along with the ongoing maintenance costs. This is
because poor maintenance often causes deterioration, leading to wear and tear that result
in deterioration and a lower service life of the house [15].

Maintenance significantly affects the performance of a house, and maintenance prob-
lems that occur during the life of a building can be reduced by using more maintenance
to reduce the replacement costs. Many researchers have pointed out that neglecting the
maintenance of residential buildings is one of the primary reasons for poor housing in many
cities worldwide, requiring urgent attention and treatment. This is because the housing
quality is affected by increased maintenance costs, which can become a financial burden for
low-income families. O&M practices also have an important impact on the health, safety,
and comfort of the building’s occupants, the overall long-term environmental benefits, and
positively impact its financial performance [14].

Consequently, many researchers [16,17] have recommended that there should be a
binding building code that helps achieve harmonization among the diversity and com-
plexity of engineering systems in housing units, the maintenance requirements, and an
optimal operation and maintenance budget in a way that does not affect the aspirations and
expectations of its residents. Therefore, the existence of a building code at the national level
for designing houses in Saudi Arabia is dependent on the standards that help architects
reduce the costs of housing units and increase the life of assets to achieve the highest levels
of operational efficiency before the operation stage, as shown in Figure 1. This indicates
that relying on operational maintenance standards is the best methodology that an architect
can follow to reduce costs and improve the performance of operational housing units by
linking design processes with O&M processes and policies [18].
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5. Cost Estimation for the Operation and Maintenance of the Study Cases

The government of the Kingdom of Saudi Arabia is developing several housing
programs aimed at enabling Saudi families to own their first home through several housing
options and financing solutions that are compatible with the needs of Saudi families. These
programs include self-construction, ready-made villas offered by the Ministry of Housing,
units under construction, and units purchased from the market. Through these programs,
the Ministry of Housing has succeeded in serving 111,568 Saudi families through various
housing programs since the beginning of 2021, of which 87,896 live in their own homes [19].



Buildings 2024, 14, 233 5 of 25

However, despite the great success achieved by the Ministry of Housing, the diver-
sity and complexity of engineering systems in homes [20], the high maintenance costs,
limited budgets allocated to maintain these units for Saudi families, high aspirations and
expectations of users, high and varied maintenance defects resulting from operation [21],
and increasing concerns regarding security and safety issues in homes [22] have become
major pressure factors in the budgets of the maintenance and operation of homes for Saudi
families. One of the most important criteria that has resulted in the emergence of many of
the aforementioned problems is that Saudi families usually do not pay attention to O&M
issues (the process of harmonizing the diversity and complexity of engineering systems in
homes, the maintenance costs that gradually increase with time, limited allocated budgets,
and high aspirations and expectations of users) when considering the financial costs of
a home including the design and construction costs [23,24] as shown in Figure 2. This
has led many homeowners to face endless O&M problems, thereby preventing them from
achieving their goals. As noted by [23], typically 60–80% of the total cost is spent on the
O&M phases, as shown in Figure 3.
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Figure 3. Operating and maintenance costs are three times greater than the initial setup, and the
operating and maintenance costs can account for 60–80% of all life cycle costs [23].

From Figure 4, we note that the interior finishing system is renewed every seven
years according to the study; thus, the total cost of renewing this system is approximately
10% of the initial cost. Construction services must be replaced every 27 years, which may
account for up to 20% of the initial costs. In addition, the outer shell costs 10% of the
initial construction costs after 32 years. In the event that the structure is implemented
according to the codes, no additional changes occur; therefore, there are no additional costs
if maintenance is performed periodically for previous works.
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6. Methodology

This study employed a mixed-methods approach, utilizing both quantitative and
qualitative data collection and analysis techniques.

Quantitative Data Collection
A survey was administered to a sample of building developers, architects, and citizens

to gather data on the costs associated with adhering to the SBC. The survey instrument
included questions on the following topics:

• Material costs;
• Labor costs;
• Permitting and inspection fees;
• Energy efficiency savings.

Quantitative Data Analysis
The survey data were analyzed to determine the average cost increase for building

developers, architects, and citizens. Descriptive statistics such as means, medians, and
standard deviations were calculated for each cost category.

Qualitative Data Collection
Interviews were conducted with experts in the construction industry such as architects

and engineers to gather their perspectives on the impact of the SBC. The interview guide
included questions on the following topics:

• The overall impact of SBC on construction costs;
• The specific impact of SBC on different types of construction projects;
• The potential for energy efficiency savings to offset the increased costs of adhering to

the SBC.

Qualitative Data Analysis
The interview data were analyzed using thematic analysis. Themes were identified

by coding the interview transcripts for key phrases and concepts. The themes were then
analyzed to identify patterns and insights.

Case Study
A case study was conducted considering a residential villa in the city of Riyadh with a

land area of 320 m2. The villa was designed to meet the requirements of the SBC. The project
costs were tracked to determine the impact of the SBC on the overall cost of the project.

Findings
The quantitative data analysis revealed that the average cost increase for building

developers, architects, and citizens was 18%. The qualitative data analysis revealed that
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the experts believe that the SBC will have a positive impact on the construction industry in
the long run, as it will lead to the construction of more energy-efficient buildings. The case
study found that the cost of adhering to the SBC was 2% of the overall project cost.

7. Case Study

A case study was conducted considering a residential villa in the city of Riyadh with a
land area of 320 m2 due to its suitability in terms of cost for the largest sector of Saudi families
who wish to own suitable housing units. The majority of plots of land offered for trading
in the market approximated the model proposed for the survey (Figures 5–10), which was
developed by the National Center for Building and Construction in King Abdulaziz City
for Science and Technology. The ground floor, first floor, and annex areas were 218, 205,
and 100 m2, respectively.
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7.1. Estimating the Primary and Secondary Costs of the Two Study Cases

In the framework of cost estimation for the case study, we used the Standard Uniform
Costing System, which is a model for cost estimates developed by specialized organizations
in the United States of America, who referred to it as the Uniformat model for the purpose
of preparing a budget for the project. To estimate the cost of implementation, this system
divides the components of the project into 12 main sections based on the functional area.
This distinguishes the system from other systems such as the Construction Specifications
Institute (CSI), referred to as the Master Format, which is suitable for the implementation
and late stages of design.

There is a second version of the System Costing Uniform Standard, referred to as the
ASTM Uniformat II Classification for Buildings [27], which divides the cost of any building
into seven main groups in the first level (A–G), groups of elements in the second level, and
independent elements in the third level (Figures 11–14).
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Table 1. Unified Standard Cost Summary Form (Source: [27]).

Major Group Systems System Subsystem Qty. Unit C/U System Cost C/GSM

A

01 Foundation
011 Standard foundation FPA

012 Special foundation FPA

02 Substructure

021 Slab on grade FPA

022 Basement excavation BCM

023 Basement walls BWA

B

03 Superstructure

031 Floor construction m2

032 Roof construction m2

033 Stair construction m2

04 Ext. closure
041 Exterior walls m2

042 Ext. doors & windows XDA

05 Roofing 051 Roofing m2

C 06 Interior const.

061 Partitions m2

062 Interior finishes TFA

063 Specialties LS

D

07 Conveying system 071 Elevators LO

08 Mechanical

081 Plumping FXT

082 HVAC TON

083 Fire protection LS

084 Special mechanical sys. 0

09 Electrical

091 Services & distribution GSM

092 Lighting & power LW

093 Special elect. sys. LS

10 Gen. cond. OH & P 100 Gen. cond. OH & P PCT

E 11 Equipment

111 Fixed equipment LS

112 Furnishings GSM

113 Special construction LS

G 12 Site work

121 Site protection SSM

122 Site improvements SSM

123 Site utilities m2

Sub total

Escalation PCT

Contingency No. of years: 1 PCT

Totalcost (SAR)

The costs can also be calculated by linking them to those associated with fulfilling the
required requirements and the accompanying administrative and legal requirements to
achieve the code.

Architectural terms and requirements refer to architectural works, building types, and
building construction systems including special detailed requirements based on the use and
occupancy, areas and heights of buildings (interior finishes; internal environment; external
walls; rooftop construction panels of glass, gypsum, and plaster; plastics; elastomers), and
additional accessibility requirements. Moreover, these are designed against rodents.
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Structural conditions and requirements are related to analysis, structural design, and
necessary examinations. These involve structural tests and checks of the soil, foundations,
and retaining walls. Furthermore, safety requirements during construction using concrete
structures, masonry bricks, and steel structures are considered.

Electrical terms and requirements are those pertaining to the design, construction,
installation, operation, maintenance, and safety of building systems, devices, and electrical
installations. Electrical installations and internal and external lighting include control
panels, grounding systems, fire alarms, lightning-protection systems, and elevators.

Mechanical terms and requirements are those related to the design, construction, instal-
lation, operation, maintenance, and safety of systems, devices, and mechanical extensions of
buildings including ventilation and expulsion. Furthermore, cooling and heating, extension
of ventilation, water heaters and boilers, solar energy systems, elevators and maintenance
conditions, requirements for energy conservation, and water saving are important aspects.

Health conditions and requirements are those related to the design, construction,
installation, maintenance, and safety of systems, devices, and sanitary installations in
buildings including water supply, sewage, rainwater drainage, fire-extinguishing water,
and gray water reuse systems.

Gas terms and requirements include gas installations.
Fire protection requirements are those related to the design, construction, installation,

maintenance, and safety of fire protection systems including fire protection systems. Fur-
thermore, ways to escape, design for fire protection, and the fragmentation and separation
of fire areas are other important aspects.

7.2. Calculating Costs and Comparing the Two Case Studies
7.2.1. Calculation of Pre-Construction Costs

The work required is assigned to an engineering office approved by the owner, who
communicates with the insurance company, which informs them of the basic requirements.
Consequently, the owner must submit approved and code-compliant designs and prepare
the structural and mechanical design, based on which the building permit is issued and the
contractor is awarded the contract, as shown in Table 2.

Table 2. Cost comparison before and after applying the code for administrative works.

After Applying the Code Before Applying the Code Items

SAR 30,000
√ SAR

5000
√

Design office

SAR 45,000
√

0 X Supervision office

SAR 4000
√

0 X Soil analysis Office

SAR 1500
√ SAR

1500
√

Survey office

1.5% (SAR 17,000,
including value added)

√
0 X Insurance company

SAR 2092
√ SAR

2092
√

Issuing a license

SAR 2092
√ SAR

2092
√

Occupation certificate

SAR 102,730 SAR 10,684 Total

1. Soil must be examined for every 300 m2 of the building area including at the corners.
The cost ranges from SAR 3000 to 5000.

2. The cost of conducting studies and preparing designs to satisfy the needs and requests
of the owner in accordance with the SBC were estimated at SAR 30,000, according to
opinion polls and market studies.
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3. The cost of preparing survey drawings through a classified survey engineering office
is estimated to be SAR 1500.

4. Next is the supervision costs incurred by a classified supervising engineering of-
fice, which was assigned by the owner to conduct supervision work. This includes
11–15 visits. The cost of each visit ranges from SAR 500 to 1500; the total cost of
supervision ranges between SAR 15,000 and 22,500. By monitoring and following
the market, this amount may double to SAR 45,000 due to the additional supervision
process as a result of applying the code and its consequences in terms of fines and
financial benefits.

5. Structural insurance amounts to 1–1.5% of the building construction costs (Malaath
Company, Riyadh, Saudi Arabia)

6. The municipality fees for obtaining a building permit is SAR 4 per m2. Thus, the cost
of issuing a license is SAR 2092 (SAR 4 × 523 m2 = SAR 2092).

7.2.2. Calculation of Construction Phase Costs

As Tables 3 and 4 shown, the initial cost of the project (direct and indirect costs)
includes the costs of the structure, building materials, fixtures, and subsequent finishes as
well as the costs of the mechanical, sanitary, and electrical work.

Table 3. Costs for the first case study (without code application).

System Subsystem Qty. Unit C/U (SAR) System Cost (SAR)

01 Foundation
011 Standard foundation 40 FPA 850.00 34,000.00

012 Special foundation 25 FPA 950.00 23,750.00

02 Substructure

021 Slab on grade 15 FPA 650.00 9750.00

022 Basement excavation 0 BCM 0.00 0.00

023 Basement walls 0 BWA 0.00 0.00

03 Superstructure

031 Floor construction 95 m2 1300.00 123,500.00

032 Roof construction 20 m2 1300.00 26,000.00

033 Stair construction 10 m2 1350.00 13,500.00

04 Ext. closure
041 Exterior walls 1050 m2 75.00 78,750.00

042 Ext. doors & windows 85 XDA 650.00 55,250.00

05 Roofing 051 Roofing 150 m2 200.00 30,000.00

06 Interior const.

061 Partitions 12.5 m2 700.00 8750.00

062 Interior finishes 312 TFA 317.00 98,904.00

063 Specialties 0 LS 0.00 0.00

07 Conveying system 071 Elevators 0 LO 0.00 0.00

08 Mechanical

081 Plumping 9 FXT 6000.00 54,000.00

082 HVAC 11 TON 5000.00 55,000.00

083 Fire protection 0 LS 0.00 0.00

084 Special mechanical sys. 0 0 0.00 0.00

09 Electrical

091 Services & distribution 0 GSM 0.00 0.00

092 Lighting & power 10 LW 0.00 150,000.00

093 Special elect. sys. 15 LS 0.00 0.00

10 Gen. cond. OH&P 100 Gen. cond. OH&P 0 PCT 0.00 0.00
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Table 3. Cont.

System Subsystem Qty. Unit C/U (SAR) System Cost (SAR)

11 Equipment

111 Fixed equipment 10 LS 3800.00 38,000.00

112 Furnishings 1 GSM 0.00 100,000.00

113 Special construction 0 LS 0.00 0.00

12 Site work

121 Site protection 0 SSM 0.00 0.00

122 Site improvements 175 SSM 351.50 61,512.50

123 Site utilities 8 m2 1250.00 10,000.00

Sub total 970,666.50

Escalation PCT 5%

Contingency No. of years: 1 PCT 5%

Total cost (SAR) 1,067,733.15

Table 4. Costs for the second case study (with application of code).

System Subsystem Qty. Unit C/U (SAR) System Cost (SAR)

01 Foundation
011 Standard foundation 40 FPA 900.0 36,000.0

012 Special foundation 25 FPA 970.0 24,250.0

02 Substructure

021 Slab on grade 15 FPA 700.0 10,500.0

022 Basement excavation 0 BCM 0.0 0.0

023 Basement walls 0 BWA 0.0 0.0

03 Superstructure

031 Floor construction 95 m2 1350.0 128,250.0

032 Roof construction 20 m2 1450.0 29,000.0

033 Stair construction 10 m2 1400.0 14,000.0

04 Ext. closure
041 Exterior walls 1050 m2 215.0 225,750.0

042 Ext. doors & windows 85 XDA 650.0 55,250.0

05 Roofing 051 Roofing 150 m2 230.0 34,500.0

06 Interior const.

061 Partitions 12.5 m2 700.0 8750.0

062 Interior finishes 312 TFA 317.0 98,904.0

063 Specialties 0 LS 0.0 0.0

07 Conveying system 071 Elevators 0 LO 0.0 0.0

08 Mechanical

081 Plumping 9 FXT 6000.0 54,000.0

082 HVAC 11 TON 5000.0 55,000.0

083 Fire protection 1 LS 1300.0 1300.0

084 Special mechanical sys. 0 0 0.0 0.0

09 Electrical

091 Services & distribution 0 GSM 0.0 0.0

092 Lighting & power 10 LW 150,000.0 150,000.0

093 Special elect. sys. 15 LS 3500.0 3500.0

10 Gen. cond. OH & P 100 Gen. cond. OH & P 0 PCT 0.0 0.0

11 Equipment

111 Fixed equipment 10 LS 3800.0 38,000.0

112 Furnishings 1 GSM 0.0 100,000.0

113 Special construction 0 LS 0.0 0.0
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Table 4. Cont.

System Subsystem Qty. Unit C/U (SAR) System Cost (SAR)

12 Site work

121 Site protection 130 SSM 80.0 10,400.0

122 Site improvements 175 SSM 351.5 61,512.5

123 Site utilities 8 m2 1250.0 10,000.0

Sub total 1,148,866.50

Escalation PCT 5%

Contingency No. of years: 1 PCT 5%

Total cost (SAR) 1,263,753.15

1. The structural cost of SAR 650 per m2 of the case study area was estimated at 533 m2

(523 m2 for building, and 10 m2 for the guard’s room).
2. Next was the cost of the structure and finishing of the walls of the residential villa

(48 m) at a price of SAR 1100 per m2.
3. The structural cost of the underground water tank (18 m2) was SAR 1300 per m2.
4. The cost of finishing the building at a rate of SAR 1150 per m2 was estimated for

533 m2 of the study area.
5. Finally, as Figure 15 shown that the total costs of thermal insulation for the external

perimeter and roof of the residential villa were considered. The thickness of the ther-
mal insulation was determined based on the value of the thermal transfer coefficient
according to the SBC for residential buildings (SBC1102) by measuring several wall
thicknesses of various materials using Ansys Multiphysics 19.2 and Comsol Multi-
physics 5.5. The results are presented in Table 5. Only Wall No. 3 cement block was
chosen (this is the most suitable locally according to the market and field surveys)
with 5 cm-thick thermal insulation (25 cm thick). Regarding the case study that did not
apply the code, the walls were determined to be 20 cm thick and insulated according
to the market and field surveys (Wall No. 1–Table No. 5).

Table 5. Heat transfer coefficients for the thickness of the walls for the two study cases.

Thickness Cost per m2 R-Value u-Value Material Type Number of Layers

20 cm

102 1.21 0.83 Cement block

1 Wall No. 1
109 1.4 0.72 Clay block

143 2.33 0.43 Volcanic block

154 2.32 0.34 Aerated concrete block

25 cm

210 1.96 0.51 Cement block

3 Wall No. 2
229 2.21 0.45 Clay block

233 2.39 0.42 Volcanic block

240 2.97 0.34 Aerated concrete block

25 cm

215 2.34 0.43 Cement block

3 Wall No. 3
233 2.56 0.33 Clay block

245 2.66 0.36 Volcanic block

254 3.24 0.31 Aerated concrete block

30 cm

225 4.05 0.25 Cement block

3 Wall No. 4
237 4.23 0.23 Clay block

248 4.33 0.23 Volcanic block

266 4.36 0.2 Aerated concrete block
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7.2.3. Calculating Post-Construction Costs

According to [23], the post-construction stage, which includes the operating and
maintenance costs, represents more than 60% of the total costs due to the duration of this
stage and its significance during the life cycle of the structure. This was SAR 1,067,733.15 for
the first study case, which did not apply the code, while it was estimated as SAR 1,263,753.15
for the study case that applied the SBC (an increase of SAR 196,020.00). Furthermore,
considering the savings in constructing the residential building according to the correct
principles, the benefits of using the SBC would be in choosing building materials in the
right quantities, the ease of maintenance of the building, electricity and water consumption
as a result of thermal insulation, and the use of good materials in electric and plumbing
systems. In addition, the state has been keen to reassure citizens in terms of two primary
factors: monitoring the executive authorities or suppliers of building materials to eliminate
monopolistic practices and the application of value engineering to provide alternatives to
materials and technologies capable of reducing the costs and raising the quality.

8. Results and Analysis

In this study, the LCC was used to calculate the total costs during the life cycle of the
building from the design to disposal of the housing unit. The LCC steps include stages
A0–C4 (pre-construction costs, maintenance, replacement, operation, and end-of-life costs).
The LCC was conducted using the building economics equations, which cover the analysis
of the costs involved in the life of a building, from pre-construction to end-of-life. The LCC
phases are listed in Table 6.

Table 6. Cost life cycle reprinted from EN 16627 standard international systems [28].

Pre-Construction Stage Costs of Purchase/Rent The Land A0

Production stage
Raw material supply A1

Transport A2
Manufacturing A3

Construction process stage Transport to the building site A4
Installation into building A5

Use stage

Use/application B1
Maintenance B2

Repair B3
Replacement B4

Refurbishment B5
Operational energy use B6
Operational water use B7

End-of-life stage

Deconstruction/Demolition C1
Transport C2

Waste processing C3
Disposal C4
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The initial investment costs for building materials and fixtures were estimated from
the local supplier, whereas other costs specific to the building such as land purchases,
municipality licenses, taxes, and insurance companies were estimated according to the
current market prices. In the estimated combined stages (A0–A5), the construction stage
included investment-related costs comprising unit A0 showing the pre-construction costs
for land purchase, municipal permits, and taxes; the A1–A3 modules include the costs
of building materials and fixtures as well as their transfer to the manufacturer and the
packaging and distribution process. The costs incurred during the construction process
at the building site (A4, A5) include labor costs, energy costs for site work, transportation
costs to the building site (indirectly included as a lump sum), the cost of equipment used
during the installation process, and wastage costs. The utilization phase comprises the
operating costs during the occupation of the building including the cost of replacements,
energy, and water. Maintenance costs are presented as a lump sum based on the average
costs in Saudi Arabia and are included in modules B1–B3. The projected replacement rates
based on Saudi best practices and default data for building materials and fixtures were
included in the calculations within the bulk module (B4, B5). The operational costs during
building occupancy included the electricity (B6) and water (B7) costs. Based on the cost
calculations for climate, building physics, occupancy, and energy systems, the end-of-life
costs (C1–C4) were calculated as 2.5% of the capital costs based on the hypothetical data.
This stage included the combined calculated costs. Costs represent the energy consumed
and waste generated during the demolition and disposal of building materials in landfills.

To calculate the LCC, the present value (PV) formula was used to discount future cash
flows to present values:

PV = Ft ×
1

(1 + d)t

PV = Present value;
t = Time in unit of year;
Ft = Future cash amount that occur in year t;
d = Discount rate used for discounting future cash amounts to the present value.

To calculate all costs that arise during the life of the building, the present value
equation was applied. The general LCC formula for buildings was used to summarize all
costs from cradle to grave, as follows:

LCC = I + Repl + E + W + EOL I = Investment costs

Repl = Replacement costs;
E = Operational energy costs;
W = Operational water costs;
EOL = End-of-life costs.

Figure 16 explains that the discount rate is based on the average historical data from
2002 to 2019 provided by the Central Bank of Saudi Arabia, with a nominal discount rate
of 3.25%. However, according to trading economics and analyst forecasts, the discount
rate in Saudi Arabia is expected to reach 1.00% by the end of the quarter. In the future, we
estimate that the interest rate in Saudi Arabia will stand at 1.00 within 12 months. In the
long-term, the interest rate in Saudi Arabia is expected to trend at approximately 1.00% by
2022, according to our econometric models. Therefore, a 2% discount rate was adopted as
the average discount rate.
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Another important economic factor considered in this study was the inflation rate.
According to the Saudi Arabian Monetary Agency, the average inflation rate is 6.2%, and
is expected to decline to 2.10% in 12 months. In the long-term, the inflation rate in Saudi
Arabia is expected to trend at 2.00% by 2022 as shown in Figure 17.
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Study Hypotheses
This study was built on a set of hypotheses based on indicators and related research

studies, which are summarized in Tables 7 and 8.
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Table 7. Initial costs, maintenance, and operation of the residential unit before applying the code.

Book Value

Year EOY O&M Cost Depreciation Expenses Accumulated Depreciation The Case Study That Does
Not Apply the Code

2021 1 42,033 10,753 10,753 1,067,625
2022 2 42,874 10,753 21,505 1,098,905

2023 3 43,731 10,753 32,258 1,088,994

2024 4 44,606 10,753 43,010 1,079,099

2025 5 45,498 10,753 53,763 1,069,221

2026 6 46,408 10,753 64,515 1,059,360

2027 7 47,336 10,753 75,268 1,049,518

2028 8 48,283 10,753 86,020 1,039,693

2029 9 49,248 10,753 96,773 1,029,888

2030 10 50,233 10,753 107,525 1,020,101

2031 11 51,238 10,753 118,278 1,010,333

2032 12 52,263 10,753 129,030 1,000,585

2033 13 53,308 10,753 139,783 990,858

2034 14 54,374 10,753 150,535 981,150

2035 15 55,462 10,753 161,288 971,464

2036 16 56,571 10,753 172,040 961,799

2037 17 57,702 10,753 182,793 952,156

2038 18 58,856 10,753 193,545 942,535

2039 19 60,033 10,753 204,298 932,936

2040 20 61,234 10,753 215,050 923,361

2041 21 62,459 10,753 225,803 913,809

2042 22 63,708 10,753 236,555 904,281

2043 23 64,982 10,753 247,308 894,778
2044 24 66,282 10,753 258,060 885,300
2045 25 67,607 10,753 268,813 875,847

2046 26 68,959 10,753 279,565 866,420

2047 27 70,339 10,753 290,318 857,019

2048 28 71,745 10,753 301,070 847,646

2049 29 73,180 10,753 311,823 838,300

2050 30 74,644 10,753 322,575 828,983

2051 31 76,137 10,753 333,328 819,694

2052 32 77,660 10,753 344,080 810,434

2053 33 79,213 10,753 354,833 801,205

2054 34 80,797 10,753 365,585 792,005

2055 35 82,413 10,753 376,338 782,837

2056 36 84,061 10,753 387,090 773,700

2057 37 85,742 10,753 397,843 764,596

2058 38 87,457 10,753 408,595 755,525

2059 39 89,206 10,753 419,348 746,487

2060 40 90,991 10,753 430,100 737,484
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Table 7. Cont.

Book Value

Year EOY O&M Cost Depreciation Expenses Accumulated Depreciation The Case Study That Does
Not Apply the Code

2061 41 92,810 10,753 440,853 728,516

2062 42 94,667 10,753 451,605 719,583

2063 43 96,560 10,753 462,358 710,687

2064 44 98,491 10,753 473,110 701,827

2065 45 100,461 10,753 483,863 693,006

2066 46 102,470 10,753 494,615 684,223

2067 47 104,520 10,753 505,368 675,480

2068 48 106,610 10,753 516,120 666,777

2069 49 108,742 10,753 526,873 658,115

2070 50 110,917 10,753 537,625 649,495

Table 8. Initial costs, maintenance, and operation of the residential unit after applying the code.

Book Value

Year EOY O&M Cost Depreciation Expenses Accumulated Depreciation The Case Study That Does
Not Apply the Code

2021 1 16,337 8573 8573 1,142,670
2022 2 16,664 8573 17,147 1,150,434

2023 3 16,997 8573 25,720 1,142,187

2024 4 17,337 8573 34,294 1,133,947

2025 5 17,684 8573 42,867 1,125,713

2026 6 18,037 8573 51,440 1,117,487

2027 7 18,398 8573 60,014 1,109,267

2028 8 18,766 8573 68,587 1,101,054

2029 9 19,141 8573 77,161 1,092,849

2030 10 19,524 8573 85,734 1,084,651

2031 11 19,915 8573 94,307 1,076,460

2032 12 20,313 8573 102,881 1,068,277

2033 13 20,719 8573 111,454 1,060,102

2034 14 21,134 8573 120,028 1,051,935

2035 15 21,556 8573 128,601 1,043,776

2036 16 21,987 8573 137,174 1,035,625

2037 17 22,427 8573 145,748 1,027,483

2038 18 22,876 8573 154,321 1,019,349

2039 19 23,333 8573 162,895 1,011,225

2040 20 23,800 8573 171,468 1,003,109

2041 21 24,276 8573 180,041 995,002

2042 22 24,761 8573 188,615 986,905

2043 23 25,257 8573 197,188 978,817

2044 24 25,762 8573 205,762 970,739
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Table 8. Cont.

Book Value

Year EOY O&M Cost Depreciation Expenses Accumulated Depreciation The Case Study That Does
Not Apply the Code

2045 25 26,277 8573 214,335 962,670

2046 26 26,803 8573 222,908 954,612

2047 27 27,339 8573 231,482 946,564

2048 28 27,885 8573 240,055 938,527

2049 29 28,443 8573 248,629 930,500

2050 30 29,012 8573 257,202 922,485

2051 31 29,592 8573 265,775 914,480

2052 32 30,184 8573 274,349 906,487

2053 33 30,788 8573 282,922 898,505

2054 34 31,404 8573 291,496 890,536
2055 35 32,032 8573 300,069 882,578
2056 36 32,672 8573 308,642 874,633

2057 37 33,326 8573 317,216 866,700

2058 38 33,992 8573 325,789 858,780

2059 39 34,672 8573 334,363 850,873

2060 40 35,366 8573 342,936 842,979

2061 41 36,073 8573 351,509 835,100

2062 42 36,794 8573 360,083 827,233

2063 43 37,530 8573 368,656 819,381

2064 44 38,281 8573 377,230 811,544

2065 45 39,046 8573 385,803 803,721

2066 46 39,827 8573 394,376 795,913

2067 47 40,624 8573 402,950 788,121

2068 48 41,436 8573 411,523 780,344

2069 49 42,265 8573 420,097 772,583

2070 50 43,110 8573 428,670 764,838

1. Statistics show the inflation rate in the Kingdom of Saudi Arabia from 1986 to 2021,
with projections up to 2026. In 2020, the average inflation rate was 3.44%, whereas the
inflation rate in Saudi Arabia is expected to reach approximately 2.00% by 2022. [29]

2. The depreciation tax was estimated at 5%, according to the Saudi tax law imposed
on the five categories of capital assets including fixed buildings (Reference No. [21],
p. 188).

3. In Saudi Arabia, interest rate decisions are made by the Saudi Monetary Agency
(SAMA). The central bank’s official interest rate is its official repo rate (ORR). It set an
interest rate of 1% in 2020.

4. In 2018, residential tariffs were amended and applied to only two categories of
consumption instead of four categories in 2016. Thus the tariff for residents who
consume less than 4000 kWh was estimated at 0.18 SAR/kWh, whereas that for users
who consume more than 6000 kWh was estimated at 0.30 SAR/kWh.

5. The consumption tariff for drinking water in the Kingdom of Saudi Arabia was
estimated at 6 SAR/m3 per month, and the consumption tariff for waste was estimated
at 3 SAR/m3 per month.
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9. Discussion

This study found that the SBC plays a significant role in maintaining operating costs.
By comparing the two cases, as shown in Figure 18, it was found that there was a difference
in the costs of approximately SAR 2,282,298 between the two study cases in favor of the
housing unit that applied the SBC, which was 44% less than the case wherein the code was
not applied. By reducing heat transfer through building components (particularly walls,
ceilings, and windows) and its external elements, from the inside to the outside, to achieve
the “U-value”, the energy efficiency of the building material increased. In particular, many
studies have shown that the application of thermal insulation in buildings contributes to
reducing the electrical energy consumed in air conditioning and heating devices by 30–40%,
and the use of double and heat-reflecting glass reduces the electricity consumption of air
conditioners by up to 5%. The use of light exterior colors in a building also helps reduce
heat absorption (heat gain).
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Figure 18. Comparison between the first case study (code not applied) and the second case study
(code applied).

The study concluded that the book value of a building that applied the code, which
was estimated at SAR 764,838 at the end of the hypothetical building life cycle after 50 years,
increased by SAR 115,344 over the book value of a building that did not apply the code,
which was estimated at SAR 649,495 at the end of the hypothetical building life cycle. This
implies that the decrement value of a building that applies the code is significantly slower
than that of a building that does not apply the code.

By evaluating the two study cases at a book value of SAR 885,300, as shown in
Figure 19, the building that applied the code reached this value after (considering both
the accumulated value of O&M and the cumulative rate of depreciation for the building)
35 years compared to 24 years for the building that did not apply the code. Thus, the
application of the code provides an equivalent of 11 years in the life cycle of the building;
in a clearer sense, it extends the life of the building by more than a decade (11 years).
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Figure 19. Comparison between the two case studies.

In Figure 20 explained most of the repairs related to plumbing and electricity work
were high because of poor implementation and non-compliance with specifications and
standards that guarantee their validity; this also requires radical reforms at a high cost that
certain families are unable to afford. Thus, they resort to temporary repairs, particularly
with the scarcity of skilled technical workers. Reforms in non-major cities is guaranteed by
the code, particularly in terms of plumbing and electrical work.
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While [6] found that implementation of the SBC increased the construction costs,
with the average cost increase for building developers being 5.8%, the study found that a
reduction of 44% of the housing unit that applied the SBC was achieved, which outweighs
the increased construction costs and is even higher than what has been claimed by [30]
by 22%. The study also supports the finding of [8], with an average reduction of 15%
in energy consumption due to compliance with building codes. Additionally, the paper
supports the findings of [11], who emphasized the role of thermal insulation in reducing
the energy consumption and carbon footprint, with potential savings of up to 30–40%
in air conditioning and heating devices that could be achieved wherein the code was
applied, and [12], who emphasized the importance of building insulation and airtightness
in achieving energy savings. Overall, the study synergies papers that support the idea that
building codes can have positive impacts on energy efficiency and housing affordability in
Saudi Arabia [5,31–33].
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10. Conclusions

The implementation of building codes in the Kingdom of Saudi Arabia such as the
SBC can significantly impact the construction industry and economy. The studies reviewed
in this literature review have shown that the implementation of building codes can result in
an increase in the cost of construction but can also have a positive impact on the economy,
energy efficiency, and housing affordability.

The aim of providing housing projects to beneficiaries is to enable them to save on
housing costs, use the available funds to develop their families, and improve their economic
conditions from one level to another. However, this study showed that the percentage of
Saudi families spending, on average, out of their monthly income, exceeded the average
international standard by a large percentage, whereas their level of quality was much
lower than that of their peers. In the event that the SBC is applied, it will save Saudi
families money amounting to not less than 40% of the total cost of the building due to the
following reasons:

• Maintaining a good operating condition of the facility;
• Extending the life of the facility and its existing systems;
• Savings in operational cost;
• Obtaining high levels of performance and better productivity;
• Maintaining the safety of the facility and its employees.

The SBC also ensures that O&M work is conducted in accordance with international
standards of best practices to ensure the efficiency of tunnels and the level of quality of life
for Saudi families.

These studies also provide valuable insights for policymakers and stakeholders in the
construction industry when considering the implementation and enforcement of building
codes in the Kingdom of Saudi Arabia.
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