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By 2030, the Kingdom of Saudi Arabia (KSA) is seeking to increase homeownership 
to 70%. This has led to a considerable investment in residential construction, 
with the Housing Ministry establishing a stimulus program to enhance the use 
of Modern Methods of Construction (MMC). These technologies offer several 
benefits, including cost and time reduction, improved quality and productivity, 
and job creation. This study quantitatively analyzes the economic impacts of MMC 
adaptation on the Saudi economy using the Global Trade Analysis Project (GTAP) 
model. It considers incentives to adopt MMC, its technological advancements, 
and the skills currently available in the Saudi labor market. Moreover, the 
embodied carbon emissions of MMC are calculated using the Input–Output Life 
Cycle Assessment Approach (IO-LCA); the detailed environmental emissions 
from the transportation phase, accounting for material reduction, are assessed 
using the COPERT model and compared to conventional construction. The 
results reveal an increase of 1.92% in Saudi GDP, along with improved welfare of 
$28.5 billion and a notable increase in the sectors related to construction. Job 
creation is demonstrated by an increase in the employment of unskilled and 
skilled labor by 2.02 and 1.5%, respectively. The paper concludes that MMC’s total 
embodied carbon emissions were approximately 77 million metric tonnes CO2, 
while its transport-related emissions are less than conventional approaches.

KEYWORDS

CGE model, sustainability, modern methods of construction, COPERT model, 
transportation emissions, GTAP model

1 Introduction

The 2030 Vision of the Kingdom of Saudi Arabia (KSA) envisages a progressive future 
based on the integration of the three interconnected pillars of sustainability, i.e., economy, 
society and environment. Firstly, economic sustainability is being targeted through growing 
and diversifying the economy, including supporting innovation, easing market entry for 
foreign investors, and integrating into the global economy. Secondly, social sustainability is 
being achieved by encouraging the participation of women and young people in the labor 
market, along with supporting the non-profit sector and attracting talent regardless of origin. 
Thirdly, environmental sustainability is being prioritized as the umbrella factor encompassing 
both economic and social systems (Alshuwaikhat and Mohammed, 2017; Almutairi and 
Alahmadi, 2023). The KSA has, along with other countries, committed to the Paris Agreement, 
pledging to curb carbon dioxide emissions by 130 million tons CO2 by 2030 (The intended 
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nationally determined contribution of the Kingdom of Saudi Arabia 
under the UNFCCC | Arab National Development Planning Portal, 
2021), now updated to 278 million tons of CO2 (Ghanem and Alamri, 
2023). Furthermore, the country has announced initiatives and 
programs aligned with the agreement as part of Vision 2030. During 
the G20 summit in 2020, Saudi Arabia introduced the circular carbon 
economy scheme to control greenhouse gas emissions (Vahrenkamp 
et al., 2021; Shehri et al., 2023). In addition, the country launched the 
Middle East Green initiative in 2021, signifying its commitment to 
ensuring global sustainability and combatting climate change 
(Ghanem and Alamri, 2023).

Several high-energy sectors are responsible for greenhouse gas 
emissions, including industry, buildings, and land transportation. In 
particular, the construction industry, which forms the focus of this 
paper, is responsible for over 30% of anthropogenic emissions and is 
considered a primary contributor to unsustainability (Horvath, 2004; 
Flower and Sanjayan, 2007; Bonilla et al., 2010; Chauhan et al., 2010; 
Cabeza et al., 2014; Chuai et al., 2015; Marzouk et al., 2017; Qi et al., 
2020; Pakdel et al., 2021). However, this industry is also vital when it 
comes to meeting basic human needs, as well as being crucial for 
economic development (Ogunmakinde et  al., 2022). The Saudi 
National Housing Strategy Program (SNHSP) therefore aims to 
increase homeownership from 62% in 2020 to 70% by 2030 (Saudi 
Vision2030, 2018) while simultaneously highlighting the vital need for 
sustainability of the construction industry (Lee et al., 2009; Ortiz et al., 
2009; Hamida et al., 2020).

There are many aspects of the construction industry responsible 
for the emission of gasses, including: firstly, concrete and reinforcement 
steel; secondly, construction waste; thirdly, the use of diesel by 
machinery; fourthly, electricity, gasoline and water; and finally, the 
transportation of building materials (Dimoudi and Tompa, 2008; Mao 
et al., 2013; Pacheco-Torgal et al., 2014; Hong et al., 2015; Liu et al., 
2018; Pakdel et al., 2021). Although carbon emissions are generally 
lower during construction than those in the operational phase, 
construction-based emissions cannot be disregarded. For one, they are 
concentrated over a shorter period compared to a building’s operation 
(Wang et al., 2015). Moreover, the amount of carbon released during 
construction is currently increasing despite being considerably 
mitigated during a building’s operation due to energy efficiency 
regulations (Faludi et al., 2012; Tumminia et al., 2018). There is the 
potential to use cost and energy-efficient Modern Methods of 
Construction (MMC) compared to the traditional cast-in-situ method 
(Li et  al., 2014; Tumminia et  al., 2018; Du et  al., 2021). It should 
be noted that the literature reveals disagreement concerning which 
construction method results in lower carbon emissions. This is 
particularly so for the transportation phase, which has the potential to 
result in higher carbon emissions even with MMC’s reduction of 
material waste. In addition, some studies treat the transportation phase 
as the sole difference between MMC and conventional methods. The 
current study, therefore, calculates the embodied carbon emissions of 
residential construction and focusses on the environmental emissions 
of transportation through the use of data from a leading MMC supplier 
in the Saudi construction market (Lim and Kim, 2020; Na et al., 2021; 
Wang and Sinha, 2021; Wang et al., 2023).

MMC can be  considered a potential solution for the current 
shortage of housing (including affordable housing) in KSA, with the 
government planning to provide about 300,000 housing units per 
annum. The Ministry of Housing states that the country is expected to 

witness a demand for approximately 1.5 million new housing units by 
2030 (Muhammad, 2017). Over the previous decade, the Ministry of 
Housing has addressed the rapid growth in the real estate sector by 
establishing a building stimulus program to utilize modern 
construction methods, including the adaptation of MMC. Furthermore, 
MMC has been heralded as introducing various benefits, including 
time and cost reduction, enhanced quality and productivity, and 
creating jobs for the youth. The Ministry of Housing has approved 
several MMCs, such as structural (i.e., concrete forms and light gage 
steel) and modular (i.e., concrete modular and modular light gage 
steel) MMCs. Along with its significant investment in housing, the 
Ministry of Industry (as represented by industrial centers) is now 
revitalizing the building technology sector, generating investment 
while enhancing innovation in MMCs (Ministry of Housing, 2022).

Furthermore, MMC has the potential to enable KSA compliance 
to align with international trends and meet its pledge to curb carbon 
dioxide emissions. Additionally, the successful utilization of MMC 
serves many initiatives and programs aligned with the Paris 
Agreement as part of Vision 2030. Thus, it is important to assess both 
the direct and indirect economic and environmental impacts of 
utilizing this new method of construction in KSA. This research 
investigates the sustainability of the MMC in KSA. To the best of our 
knowledge, this is the first study to examine this area. The organization 
of the paper is as follows. Section 2 introduces MMC technology, 
including its advantages and disadvantages. Section 3 outlines the 
methodology and describes the modeled scenario. Section 4 discusses 
the results and Section 5 presents the conclusion and implications.

2 MMC and its advantages

The literature contains various definitions of MMC in different 
parts of the world, being described as: Off-Site Production (OSP); 
Off-site Fabrication (OSF); pre-assembly; Off-site Manufacturing 
(OSM); and Industrialized Buildings System (IBS). Asia tends to use 
the terms OSF and IBS (Mohamad Kamar et al., 2014), while the UK 
favors MMC, and the USA and Australia tend to use the term OSM 
(Arif and Egbu, 2010; Smith, 2011; Švajlenka and Kozlovská, 2017). 
To avoid confusion, this paper refers to MMC.

MMC can be  perceived as an aggregate term, used to depict 
creative and inventive development techniques, consisting of 
technologies whose structures and components are manufactured at 
plants (Meacham, 2022). According to the National Audit Office (The 
National Audit Office, 2005), MMC is defined as construction 
methods in which production processes are efficiently managed to 
gain more and improved products in less time. Therefore, the 
fundamental reason for the use of MMC can be seen as improving 
performance and building quality while minimizing waste and 
enhancing sustainability (Švajlenka and Kozlovská, 2017).

Gibb (2007) considered the most significant value for MMC to 
be its time-saving properties. Issues surrounding delays are inherently 
addressed due to the use of a skilled workforce to construct project 
components that will be  transported from a factory to a site at a 
scheduled time (Arif et al., 2012). MMC enhances productivity (Tam 
et al., 2007) and shortens delivery times by about 30–50%, as all the 
activities of site development, foundations, and building construction 
can be parallelly performed (Van Mulligen, 2012). Lawson et al. (2012) 
stated that MMC reduces construction time by at least 50% compared 
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to site-intensive building. In a questionnaire developed by Almutairi 
et al. (2017), 63.8% of participants agreed that time reduction was 
their main reason for using offsite techniques. Gibb and Isack (2003) 
argued that the production quality and output consistency 
characteristic of MMC result from the controlled factory environment, 
in contrast to the uncertain conditions of a conventional construction 
site. Thus, the assembling conditions are controlled in a processing 
plant, which offers an exact norm of value (Mullens and Arif, 2006). 
Moreover, MMC enhances sustainability by reducing the 
environmental impact of a building, as well as the associated processes 
(Blismas and Wakefield, 2009), while the recycling of waste is 
considered far easier than that from conventional construction 
methods (Almutairi et al., 2017). In Hong Kong, a study by Jaillon 
et al. (2009) identified MMC as resulting in a 52% reduction in waste. 
Almutairi et al. (2017) found MMC to decrease the wastage of building 
materials. As stated above, sustainable intervention in the construction 
industry is vital for mitigating its environmental impact, as well as 
reducing cost and material waste to enhance sustainability. This can 
all be largely achieved through the use of MMC. On the other hand, 
there are barriers and limitations to the adoption of MMC. Accurate 
planning is required as the process involves complex components that 
should be  designed, produced, transported and assembled. The 
logistics of transportation are very challenging as the amount and size 
of the materials require heavy trucks and unique concern for the roads 
and transported pieces. Furthermore, there is a high initial cost of 
establishing the manufacturing factory and required equipment for 
handling the components of MMC. As a final barrier to MMC 
adoption, a negative public perception of MMC results from a lack of 
awareness surrounding its positive aspects (Kyjaková and Bašková, 
2016; Karthik et al., 2020; Razkenari et al., 2020).

3 Methodology

This study employs the Global Trade Analysis Project (GTAP), a 
common multi-region, multi-sector Computable General Equilibrium 

(CGE) model. The model includes a “regional household” account, 
which collects all regional incomes from taxes, as well as wages and 
rents paid to the elements of production, i.e., labor, capital, land, and 
natural resources. According to a Cobb–Douglas function, the 
regional household distributes income among private households, the 
government, and savings, with the latter being spent on investment. 
For each region, the three agents’ optimizing behaviors are described 
in the following lines. Profit maximization governs the behavior of 
firms, according to the Cobb–Douglas production function, in which 
the intermediate inputs and production factors are combined to 
produce goods. Demand from private households is governed by 
constant differences of elasticity, and government demand is governed 
by a Cobb–Douglas function. While the shares of expenditure across 
goods are constant in the Cobb–Douglas function, changes in 
consumers’ income have an impact on their demand for goods in the 
constant difference of elasticity function. In addition, the decision to 
buy domestic or foreign goods is governed by the Armington 
assumption (Burfisher, 2011). More details on the GTAP model can 
be found in Hertel (Corong et al., 2017).

This study utilized the GTAP 9 database, which represents the 
global economy for the base year 2011. The dataset represents 57 
commodities from 140 globally distributed regions (Aguiar et al., 
2016). The study focused on examining the impact of the growth in 
residential building construction using MMC on different 
sustainable pillars in KSA. It employed multiple steps to disaggregate 
and update the database for the configured scenario, as shown in 
Figure  1. As the GTAP database includes one unique sector for 
construction, this sector represents all construction types, e.g., 
houses, factories, offices, and roads (GTAP Data bases: detailed 
sectoral list, 2019). As such, the first step is disaggregating the 
“Construction” sector in the GTAP database into two new sectors: 
“Residential building construction” and “Other Construction.” This 
disaggregation utilized data from the detailed input–output tables 
published by King Abdullah Petroleum Studies and Research Center 
(KAPSARC) (Soytas and Havrlant, 2020), whose table was 
constructed with an emphasis on the key targets of Saudi Vision 

FIGURE 1

The methodology employed for preparing and updating the database, and the configured scenario.

https://doi.org/10.3389/frsc.2024.1439024
https://www.frontiersin.org/journals/sustainable-cities
https://www.frontiersin.org


Almutairi et al. 10.3389/frsc.2024.1439024

Frontiers in Sustainable Cities 04 frontiersin.org

2030. The disaggregation was performed using SplitCom software 
(Horridge M., 2021), due to its ability to split GTAP flows while 
maintaining the integrity and balance of the database. The second 
step was to aggregate the 57 GTAP sectors, 140 regions, and 6 
production factors into 2 regions, 17 sectors, and 5 factors of 
production. See Appendix 1 for more information on sectoral 
aggregation. The 17 GTAP aggregated sectors were chosen based on 
those most closely linked to the construction sector, being the main 
focus of the present analysis. The aggregation was carried out using 
the GTAPAgg program (Horridge J., 2021). See Table  1 for a 
summary of information on the regions, industries, and production 
factors. The third step concerned the reference year of the database, 
i.e., 2011. Thus, the database was scaled up to the most recent year 
through incorporating the economic growth by employing the 
GTAPAdjust tool (Horridge, 2011), which is a program allowing 
GTAP users to modify the database while maintaining its balances. 
This ensured the database was ready for any future scenarios 
and experiments.

This study performed a GTAP modeling technique to examine the 
likely impacts of adopting MMC. The technique considered the 
incentive behind adoption, the technological features and 
improvement of this type of construction, and the labor types and 
market in KSA, alongside the assumed macroeconomic growth either 
in KSA or the Rest of World (ROW) for the year of the developed 
scenario, 2025. Through its Ministry of Housing, the Saudi 
government launched initiatives aimed at transforming the 
construction sector from a reliance on a traditional construction 
method to utilizing MMC, including financial incentives for investors 
(Saudi government adopts new building technology initiative, 2019). 
This is expected to increase the number of houses built by means of 

this new technology. As a GTAP technique, this was modeled by 
exogenously increasing the output of construction as a result of a 
provoking endogenous subsidy. In addition, the technological 
advancement of MMC was taken into account, as it is one of the 
important factors in the uptake of this method of construction 
(Hannah and Hunter, 2018). The growth in the residential 
construction sector was calculated from the number of residential 
electricity subscribers (Saudi Electricity Company Annual Reports, 
2022) and the expected increase in number of residential units (future 
subscribers) (Algazal, 2019).

The principles of the simulation and how GTAP reacts to the 
modeled scenario are explained in the following. As shown at the top 
of Figure 2, the total output change (qo) in an industry (sector) is a 
combination of two bundles with no substation between them. These 
bundles are the intermediate inputs bundle and the primary factors 
(value added) bundle. The demand of the combination of the two 
bundles is defined in Equation 1 and 2, respectively.

 

( ) ( ) ( ) ( )
( ) ( ) ( ) ( )

qf i,j,r qo j,r af i,j,r ESUBT j
pf i,j,r af i,j,r ps j,r ao j,r

= − −

∗ − − −    (1)

 

( ) ( ) ( ) ( )
( ) ( ) ( ) ( )

qva j,r qo j,r ava j,r ESUBT j
pva j,r ava j,r ps j,r ao j,r

= − −

∗ − − −    (2)

where q represents quantity change; f, and va represent 
intermediate inputs and value added, respectively; a represents the 
augmenting technical change (productivity); p represents price 
change; o represents output change; ps represents changes in the 
supply price; i for the traded commodity, j for the sector, r for the 
source region; and ESUBT represents the substitution elasticity 
between the two bundles. Thus, from Equation 1 as an example, the 
increase in productivity is reflected in the model through different 
ways, e.g., reducing the required inputs, reducing the price of inputs, 
and altering the cost of the production unit. Moreover, the second-
level nests of production in Figure  2 are disaggregated into two 
bundles: the intermediate inputs and the value added. First, the 
intermediate inputs bundle (qf) represents the intermediate demand 
of composite domestic (qfd) or imported (qfm) inputs and is defined 
as in Equations 3 and 4.

 qfd i,j,s qf i,j,s ESUBD i pfd i,j,s pf i,j,s( ) = ( ) − ( ) ∗ ( ) − ( )   (3)

 qfm i,j,s qf i,j,s ESUBD i pfm i,j,s pf i,j,s( ) = ( ) − ( ) ∗ ( ) − ( )   (4)

Where pfd and pfm represent the prices of domestic and imported 
inputs, respectively. ESUBD represents the substitution elasticity 
between domestic and imported inputs; and s is for the destination 
region. On the other hand, the value added bundle (qva) represents 
the demand for the factors of production as in Equation 5.

 

( ) ( ) ( ) ( )
( ) ( ) ( )

qfe i,j,r qva j,r afe i,j,r ESUBVA j
pfe i,j,r afe i,j,r pva j,r

= − −

∗  − −    (5)

TABLE 1 The aggregation of the regions, sectors, and production factors 
used in this study.

Regions Sectors Factors of 
production

Saudi Arabia Rice Land

Rest of World (ROW) AgriFood Unskilled labor

OilGas Skilled labor

OtherMining Capital

otherManfu Natural resources

woodPpr

PetroProd

CheProd

CementGyps

Munf_Metal

eleGasWtr

ResidentCons

OtherCons

Trade

Trancomm

FinancialSer

RealEstate

OthServices
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Where pva represents the price of primary composite of factors, 
and ESUBVA represents the substitution elasticity between the 
production factors (Corong et al., 2017).

For the environmental impacts, the well-known Input–Output 
Life Cycle Assessment Approach (IO-LCA) was used to calculate the 
total embodied carbon emissions of the residential construction 
sector. The IO-LCA is a top-down analysis type that gives a holistic 
estimate of needed resources of a product or service through its life 
cycle. It uses the economic interdependence between sectors to track 
the needed resources (Matthews et al., 2014). This product or service 
has two buyers; the first is the final consumer, which includes a private 
household, government, and importers. The second buyer is the other 
sectors that use that product or service as one of their intermediate 
inputs. The total environmental impacts (direct or indirect) E for each 
sector can be calculated using Equation 6:

 
E RX R I Y= = −( )





−A 1

 
(6)

Where R is a vector of environmental impact multipliers (in CO2 
kg emissions/$ here); X is the total sector output (in $); I is the identity 
matrix; A is the technology matrix; and Y is the demand (in $). The 
number of sources were used to get the carbon emission multipliers 
of each sector (Steen-Olsen et al., 2014).

Transportation is considered one of the main contributors to the 
number of environmental implications of the building construction 
process due to the amount of materials required and the heavy-duty 
trucks used for their transport (Wang and Sinha, 2021). Moreover, and 
particularly with the MMC, transportation distance between the factory 
and the site may play a vital role in determining the sustainability of the 
MMC project. Also, transportation of the prefabricated modules and 
the utilizing of the heavy-duty trucks should be considered for the 
significant impact on the CO2 emissions (Seo, 2020). Ensuring 
environmental sustainability therefore relies on assessing and managing 
both the consumption and polluting emissions associated with these 
vehicles. Various methods are employed, broadly categorized into 
instantaneous and average models. Instantaneous models (i.e., EMIT 
and the VT Micro) are known for their sensitivity to maintenance 
parameters and vehicle-specific variations, necessitating precise 
adjustment of their parameters (Mądziel, 2023). In contrast, well-known 

average models include the American MOVES [United States 
Environmental Protection Agency (US EPA), 2023], HBEFA 
(Hausberger and Matzer, 2017), IVE [The Information Systems Security 
Research Center (ISSRC), 2008] and COPERT (European Environment 
Agency, 2023), with the latter being one of the most frequently used to 
assess vehicle consumption and emissions (Li et  al., 2019). It has 
therefore been officially adopted, and is regularly updated, by European 
Union countries. The COPERT model is now utilized for the estimation 
of polluting vehicular emissions in Iceland, Turkey, Norway, Switzerland, 
and North Macedonia (COPERT Data, 2022). Its application has been 
successfully validated in China (Chen et al., 2023), Mexico (Mendoza-
Sanchez et al., 2023), and KSA (Halawani and Rehimi, 2021).

The COPERT 5.7 model was employed to estimate the emissions 
generated by the transport of one of the most common MMC types 
(the precast building) and compare this to the cast-in-situ method. 
The comparison was achieved using real data from a housing project 
constructed in the western region of KSA by the Al Kifah Precast 
Company (KPC). The total building area of a villa was 335 m2, 
involving a total quantity of precast concrete of 125 m3, estimated at 
300 tons. The assessment of the consumption and emissions relays the 
data relating to the vehicle’s model, year of manufacturing, cylinder 
displacement, fuel type, and distance traveled. The average distance of 
travel was estimated based on the distance between the casting factory 
and the center of the new expansion zone of the city, which was found 
to be 40 km. Figure 3 shows a simplified schematic diagram of the 
vehicle trips included in the study. The COPERT 5.7 model uses the 
Euro classification, with the observed vehicular fleet consisting of 
Euro V, Euro IV, and Euro VI A/B/C vehicles, all using diesel.

4 Results and discussion

The model captured the direct and indirect impact of the 
growth of utilizing MMC. Considering the volume of investment 
required to meet the targeted number of houses, the incurred gain 
to GDP was found to primarily arise from the increase in 
investment, followed by consumption. The predicted GDP gain is 
1.29% (about $13 billion) with welfare improvement of $28.5 
billion. With the latter being evaluated with the Equivalent 
Variation EV, which measures the differences in expenditure for a 

FIGURE 2

The production structure in the GTAP model.
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region between the new level of utility (at post-shock prices) and 
the pre-shock level of utility. A positive EV indicates a welfare gain. 
In addition, the simulation shows an increase in private 
consumption by 1.73%, while the factors of production were found 
to increase as a result of the economic growth and considerable 
investment in MMC. As shown in Figure 4, the employment of 
unskilled and skilled labor increased by 2.02 and 1.5%, respectively. 
It is important to note that the labor market is modeled with an 
assumption of fixed wages, following the common Saudi salary 
structure system. Thus, the model adjustment occurs in the quantity 
of labor employed or laid off. Furthermore, land use increases by 
1.63%, similar to the output increase of the AgriFood sector (i.e., it 
includes the agriculture sector). Moreover, the large increase in 
investment leads, as expected, to an increase in the capital factor 
of production.

Figure  5 demonstrates the impact of MMC on the sectorial 
production outputs. Including that GDP growth, combined with the 
increase in employment and private household expenditure, leads to a 
rise in the production outputs of all sectors. The sectors linked the most 
to construction show a pronounced increase, as revealed in OtherCons, 
CementGyps, woodPpr, and Munf_Metal. Four sectors, consisting of 
the most popular consumer commodities, are shown to have 
experienced the greatest benefits from the rise in private household 
expenditure: (1) AgriFood; (2) eleGasWtr; (3) Trancomm; and (4) 
OthServices. Table 2 reveals the percentage change in prices for Saudi 
commodities, with generally small changes (positive or negative), apart 
from the residential construction sector (ResidentCons), in which prices 
decreased by 12.29%. Accordingly, the demand for this sector by private 
households (consumers) increased by 12.62%, as shown in Figure 6. The 
other sectors encountered a moderate increase in demand by consumers 
as a result of the rise in expenditure and employment.

Once all the above-mentioned advantages have been taken into 
account, along with the promotional initiatives of the Saudi Ministry of 
Housing, MMC is expected to gain popularity and thus attract 
additional proponents. The impact of the change in MMC prices and 
consumer expenditure or income is expected to exert an impact on 
consumer preferences. Modeling consumer responses to these changes 
in prices and income is determined by CGE different utility functions. 
The choice of the utility function representing consumer preferences can 

be achieved through changes in the values of elasticity parameters of 
substitution and income. One of most common utility functions is 
Cobb–Douglas, which implies the fixed budget shares of all commodities 
in the consumer basket in the face of increased prices related to 
consumers’ income (Burfisher, 2011). If the cost of a commodity 
decreases by 10%, or consumer income increases by 10%, then the 
demand for that commodity increases by 10%. Figure 7 shows changes 
in domestic demand after modifying the elasticity parameters to 
represent the new consumer preferences. This reveals that the demand 
for the residential construction sector (ResidentCons) increased by 
16.78% with the new preference modeling from 12.62% with the 
previous utility function. It is important to note that the default utility 
function consisted of the Constant Difference of Elasticity (CDE), which 
is a non-homothetic function, i.e., consumers tend to buy more luxury 
products as their incomes increase or prices decrease (Burfisher, 2011).

5 Environmental emissions in MMC

By using the IO-LCA method, the total direct and indirect carbon 
emissions of the planned residential construction in Saudi Arabia 
were found to be approximately 77 million metric tonnes CO2. This is 
about 12.6% of the total forecasted carbon emissions of Saudi Arabia 
according to King Abdullah Petroleum Studies and Research Center 
(KAPSARC) (Gasim et  al., 2023). Regarding the transportation 
impacts, the resulting kilometric emissions of an average vehicle used 
for transporting precast concrete, as outlined in Table 3, was obtained 
according to the COPERT 5.7 model (European Environment Agency, 
2023). See Table 4 for the total energy consumption, as well as the 
emissions generated by the fleet used to transport precast concrete for 
a complete villa with the specifications outlined above.

For comparison, the transport-related emissions for a villa 
constructed using conventional cast-in-situ concrete method were 
evaluated as shown in Table  5. According to the construction 
specifications, this study considered an estimated 32 metric tons of 
steel reinforcement and 367 cubic meters of concrete, including a 
clause representing industry norms accounting for issues with 
material waste, along with a 10% loss rate for mixed concrete with 
cast-in-situ technology (Wang and Sinha, 2021). Table 5 shows both 

FIGURE 3

A simplified diagram of the associated vehicle journeys.
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total emissions of transport for a traditional cast-in-situ method and 
a comparison of emissions with a MMC technology (i.e., Precasting) 
and the traditional cast-in-situ method. This demonstrates that 

precast technology reduces transport emissions for all pollutants, 
ranging between 29% as in Nitrous Oxide (N2O) to 68% as in 
Lead (Pb).

6 Conclusion

This study has established that Saudi  Arabia is currently 
envisioning a progressive future based on the intertwined pillars of 
sustainability, i.e., economy, environment, and society. KSA’s 
economic initiatives aim to grow and diversify the economy, and they 
aim to support innovation and new ideas. KSA’s social measures focus 
on increasing the participation of women and young people in the 
labor market. When it comes to the environment, the country has 
introduced the circular economy to meet its commitment to curb its 
emissions, particularly as construction and housing causes over 30% 
of anthropogenic emissions. SNHSP’s focus on increasing housing 
ownership to 70% by 2030 demands sustainable intervention to 
ensure the economic benefits while mitigating any environmental 
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Changes to sectorial production output in Saudi Arabia.

TABLE 2 Change to prices of Saudi commodities.

Sector
% Change 
of prices

Sector
% Change 
of prices

AgriFood 0.01 eleGasWtr 0.06

OilGas 0.09 ResidentCons −12.29

OtherMining 0.1 OtherCons −0.88

otherManfu 0.001 Trade −0.01

woodPpr −0.01 Trancomm 0.01

PetroProd 0.07 FinancialSer −0.02

CheProd 0.02 RealEstate −0.01

CementGyps 0.04 OthServices −0.03

Munf_Metal −0.01
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FIGURE 4

The resulting changes to production factors in Saudi Arabia.
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impacts. This study concludes that MMC can play a crucial role in 
achieving the SNHSP’s ambitious target, including through the 
associated building stimulus program established by the Ministry of 

Housing, which aims to promote the adaptation of MMC to the Saudi 
building scheme. This promotion is based on several criteria, 
including firstly, lower levels of cost and time; secondly, improved 

TABLE 3 Emission rates and fuel consumption (g/km) of an average vehicle used to transport precast concrete.

CO NMVOC* NOX N2O NH3 Pb
CO2 
lube

SOX
CO2 petrol 

combustion
PM

Fuel 
consumption

Average 

Emissions (g/km)

0.105 0.01 2.14 0.0254 0.0074 0.0068 0.486 0.0034 665.49 0.1974 210

*Nonmethane volatile organic compounds (NMVOCs).

TABLE 4 Total emissions and fuel consumption (g/km) of vehicles used to transport precast concrete in the case study.

CO NMVOC NOX N2O NH3 Pb
CO2 
lube

SOX
CO2 petrol

combustion
PM

Fuel 
consumption

Total 

emissions (g)

117.6 11.2 2398.4 28.48 8.28 7.636 544.32 3.814 745,349 221.09 235,200
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Changes to the domestic demands of Saudi consumers within the default elasticity parameters.

1.81 1.68
0.85

1.82 1.87 1.76 1.76 1.77 1.9 1.77

16.78

2.79
1.84 1.81 1.86 1.83 1.86

0

2

4

6

8

10

12

14

16

18

%
Ch

an
ge

FIGURE 7

Changes to the domestic demands of Saudi consumers within the modified elasticity parameters.
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quality and productivity; thirdly, the establishment of a more diverse 
economy; and finally, increasing employment opportunities.

This study has established that the potential economic impact of 
utilizing MMC in KSA can be  quantified using the model of 
Computable General Equilibrium (CGE), which can track the 
outcomes of a change in a policy or technological improvement on 
the whole economy while considering the fundamental 
microeconomic behavior of consumers and producers. The analysis 
shows a positive GDP growth for the Saudi economy, mainly as a 
result of the increase in investment, and an increase in employment 
which matches an important government priority, particularly in a 
nation in which 63% of the population are under the age of 30. All 
sectors were found to be positively influenced, in particular those with 
a strong intersectoral to MMC. Moreover, the technological 
enhancement can be seen to reduce the cost of MMC which, as a new 
technology, has been subject to promotion by the Saudi Ministry of 
Housing to improve its popularity. The analysis shows that these 
initiatives have been proved to magnify the positive impacts of 
utilizing MMC. Finally, when it comes to the issue of environmental 
sustainability, the total embodied carbon emissions of the planned 
residential construction in Saudi  Arabia were found to 
be  approximately 77 million metric tonnes CO2. A detailed 
comparison of emissions in the transportation phase, one of the 
largest contributors to environmental impacts in the construction 
process, shows that MMC has less transport-related emissions 
compared to the cast-in-situ method.
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Appendix 1
TABLE A1 Sectoral aggregation.

Aggregated 
sectors

Description Commodities included

AgriFood Agriculture and food Rice, wheat, other grains, veg & fruit, oil seeds, cane & beet, plant fibers, other crops, cattle, other animal 

products, raw milk, wool, forestry, fishing, meat, veg oil,dairy products, sugar, other food, beverages and tobacco

OilGas Oil and gad Oil, gas

OtherMining Other mining Mining of metals and others

otherManfu Other manufacturing Textile, leather, and wearing apparel

woodPpr Wood and paper Lumber, paper & paper products

PetroProd Petroleum products Petroleum & coke

CheProd Chemical products Rubber and plastic products

CementGyps Non-metalic minerals Cement, plaster, lime, gravel, concrete

Munf_Metal Metals manufacturing Iron & steel, non-ferrous metals & its products, vehicles motor and parts, other transport equipment, electronic 

equipment

eleGasWtr electricity, water, and gas distribution Electricity, water, and gas distribution

ResidentCons Residential building construction Building houses

Construction Other Construction Building factories, offices and roads

Trade Trade All retail sales, hotel and restaurants, repairs of motor vehicles, personal and household goods sales

Trancomm Transport and communications Land, water, and air transport, telecommunications

FinancialSer Other Financial intermediation Financial activities, excluded insurance and pension

Dwellings Dwellings Dwellings

OthServices Other services Insurance, busnisses and recereational services, public administration, defense, education, and health

https://doi.org/10.3389/frsc.2024.1439024
https://www.frontiersin.org/journals/sustainable-cities
https://www.frontiersin.org

	A sustainability assessment of the modern method of construction in Saudi Arabia
	1 Introduction
	2 MMC and its advantages
	3 Methodology
	4 Results and discussion
	5 Environmental emissions in MMC
	6 Conclusion

	References

