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Abstract: Saudi Arabia aims to build a sustainable and diversified economy by 2030. The automotive
industry presents a key opportunity to achieve these goals through localization and the adoption of
Industry 4.0 technologies. This research analyzes the impact of a developed localized production
model for the automotive industry. The model promotes economic sustainability through domestic
manufacturing, job creation and reduced oil dependence; environmental sustainability via the
Industry 4.0 approach, which enhances customization, and social sustainability by developing human
capital, transferring advanced technologies and stimulating job creation, thereby balancing the three
spheres of sustainability. To attain the aim of the research, data were collected from 106 Saudi
automobile companies. For the data collection, a questionnaire was designed, and authentication
was performed according to the average level of use of Industry 4.0 and analysis of the level of
implementation of the developed localized production model for the automotive industry of the
Kingdom of Saudi Arabia. The results shows that large automobile companies in the Kingdom of
Saudi Arabia are employing the developed localized production model more than medium and
smaller automobile companies, and as a result of this model employment, automobile companies’
customer satisfaction through customization and revenue has improved in an agile and lean manner.

Keywords: automobiles; customizations; localization; sustainable manufacturing

1. Introduction

The Kingdom of Saudi Arabia aims to establish a sustainable, diversified and glob-
ally competitive localized automotive production industry aligned with its Vision 2030
goals [1]. This requires embracing advanced Industry 4.0 technologies to enhance efficiency,
productivity, quality and sustainability across automobile design, manufacturing, service
and end-of-life management [2]. As Figure 1 illustrates, a localized production model
(LPM) integrating elements like automation, customization and micro factories has been
proposed specifically for the Saudi automotive industry [3]. This research analyzes the sus-
tainability implications of implementing this model to transform the domestic automotive
manufacturing sector.

Industry 4.0 solutions like the internet of things, big data analytics, 3D printing,
additive manufacturing, artificial intelligence and advanced robotics are rapidly trans-
forming production systems by increasing connectivity, intelligence and flexibility [4,5].
The automotive industry is expected to be at the forefront of this transformation given its
technological leadership and heavy investments in smart manufacturing [6]. For Saudi
Arabia, this represents an opportunity to deploy cutting-edge Industry 4.0 innovations to
build a sustainable domestic auto production capability.

Saudi Vision 2030 mainly focuses on raising its global ranking in the Logistics Perfor-
mance Index from 49 to 25. This will ensure the Kingdom is a regional leader in logistics
manufacturing. Integrating Industry 4.0 with manufacturing brings significant advantages
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for enhancing manufacturing efficiency and sustainability, i.e., enhanced efficiency and
productivity, automation, real-time monitoring, enhanced quality control, precision manu-
facturing, flexibility in customization, cost reduction, improved safety, resource efficiency,
waste reduction and cleaner production, as well as advanced technologies to facilitate the
efficient disposal and recycling of products.
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While the Industry 4.0 technique was developed in Germany, Industry 4.0 has the
potential to deliver significant benefits to Saudi Arabia due to a variety of factors that align
well with the country’s economic goals, infrastructure capabilities and strategic vision.
Saudi Arabia’s Vision 2030 is a strategic framework aimed at reducing the country’s depen-
dence on oil, diversifying its economy and developing public service sectors. Industry 4.0
aligns perfectly with these goals by promoting industrial diversification and technological
innovation. The Saudi government has shown strong commitment to industrial and tech-
nological advancement through initiatives such as the National Industrial Development
and Logistics Program (NIDLP). Significant investments in infrastructure, technology and
education pave the way for Industry 4.0 adoption. With substantial financial resources
from its oil revenue, Saudi Arabia can afford the investments required for advanced man-
ufacturing technologies, which is critical for implementing Industry 4.0. By developing
advanced manufacturing sectors, Saudi Arabia can create high-skill jobs for its young
population, addressing unemployment and fostering economic stability. Saudi Arabia’s
strategic location at the crossroads of major international trade routes positions it as a key
logistical hub. Industry 4.0 can enhance the efficiency and competitiveness of its logistics
and supply chain management. Saudi Arabia has a significant domestic market that can
absorb advanced manufactured goods, providing a solid foundation for Industry 4.0-driven
production. With Industry 4.0, Saudi manufacturers can produce high-quality, competitive
products for export, creating a skilled workforce capable of supporting Industry 4.0 tech-
nologies. Saudi Arabia’s commitment to environmental sustainability and reducing carbon
emissions aligns with the principles of Industry 4.0, which promotes resource-efficient and
sustainable manufacturing processes.

Localization refers to the process of the manufacturing/production of parts to fulfill
the specific needs/demands of local markets. In the context of Industry 4.0, localization
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involves adopting advanced technologies like 3D printing and additive manufacturing to
enhance the efficiency, customization, flexibility and responsiveness of localized manufac-
turing/production.

Currently, Saudi Arabia lacks a robust local automotive production base, importing
over 98% of vehicles sold domestically. However, plans to manufacture half a million
cars annually by 2030 highlight the government’s commitment to localization [7]. This
aligns with the overarching Vision 2030 goals for economic diversification, job creation
and sustainable development [8]. Establishing an advanced automotive manufacturing
ecosystem can also catalyze innovation across related sectors, supporting the growth of a
vibrant knowledge economy [9].

The localized production model developed [3] proposes an implementation roadmap
to help Saudi automotive firms of all sizes transition to smart, sustainable manufactur-
ing [3]. It incorporates elements like training, circularity, micro factories and customization
solutions enabled by Industry 4.0 technologies [10]. Effective adoption of this model can sig-
nificantly enhance sustainability across the automotive value chain. Firstly, real-time data
collection and analytics allow for continuous monitoring and the optimization of materials,
customization and energy flows on the factory floor, thereby improving resource effi-
ciency [11]. Secondly, leveraging predictive maintenance and smart automation minimizes
production downtime and waste generation, facilitating circular economy approaches [12].
Thirdly, flexible solutions like industrial 3D printing enable mass customization and on-
demand production of spare parts, aligned with sustainability principles [13]. Localized
automotive production aided by Industry 4.0 advancements also presents notable sustain-
ability benefits for Saudi Arabia, such as the following:

■ Shortened, resilient local supply chains reducing transportation emissions, enhanced
customization and reduced energy usage [14].

■ Skilling, upskilling and job creation for the domestic workforce through advanced
technology transfer [15].

■ Potential to implement eco-friendly manufacturing techniques like renewables, recy-
cling, etc. [16].

■ Innovation in designing products tailored to domestic customer needs and expecta-
tions [17].

The transition to smart, sustainable production is an evolutionary process needing a
phased approach [18]. Large Saudi automotive firms are early adopters of the localized
production model [3], reporting increased revenue and customer satisfaction. Small firms
also demonstrate interest in embracing such technologies. Cross-sector collaboration and
policy directives can drive holistic ecosystem development [19].

In summary, effectively integrating Industry 4.0 innovations under a localized manu-
facturing model can significantly advance Saudi Arabia’s economic prosperity, environmen-
tal sustainability and social development objectives. It could also accelerate the country’s
strategic vision to be a global leader in future automotive technologies [7]. This research
provides insights into how regional production models can leverage smart solutions to
enable sustainability across the automotive value chain.

2. Literature Review

It is universally believed that the Fourth Industrial Revolution has certainly trans-
formed the manufacturing industries in particular and engineering enterprises in gen-
eral [20]. For an industry to be successful, it is necessary to adopt advanced technologies,
i.e., Industry 4.0 [21]. In fact, Industry 4.0 has the capability to transform manufacturing
and automobile companies to meet the unique needs/demand of customers [22–24]. Using
Industry 4.0 technologies, the number of errors and accidents in the workplace are naturally
reduced [25]. It is recommended by experts to digitize all processes and invest in the latest
technologies. Automobile industries need to focus on Industry 4.0 to meet future customer
needs/demands [26].
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Industry 4.0 technologies enhance production efficiency, flexibility and sustainability
by enabling real-time data analysis and decision-making [27]). Research indicates that
Industry 4.0 significantly impacts operational performance. According to Liao et al. [28], the
adoption of Industry 4.0 technologies results in improved productivity, quality and agility
in manufacturing. Moreover, the implementation of these technologies can lead to the
development of new business models and revenue streams [29]. However, the transition
to Industry 4.0 is not without challenges. Companies must overcome significant barriers,
including high investment costs and the need for a skilled workforce [30]. Additionally, the
integration of these advanced technologies requires substantial changes in organizational
culture and processes [31].

Localized manufacturing, also known as distributed or on-demand manufacturing,
refers to the practice of producing goods closer to the point of consumption. This approach
contrasts with traditional centralized manufacturing, where production facilities are often
located far from the end consumers. The localized manufacturing model offers several
advantages, including reduced transportation costs, shorter lead times and enhanced
customization capabilities [32]. The rise of additive manufacturing (AM), commonly
known as 3D printing, has been a significant driver of localized manufacturing. AM
technologies enable the production of complex parts with minimal waste, facilitating small-
batch production and rapid prototyping [33]. By decentralizing production, companies can
respond more quickly to market demands and reduce their environmental footprint [34].

Sustainability in manufacturing encompasses practices that minimize negative envi-
ronmental impacts, conserve energy and natural resources and improve the health and
safety of employees and communities. Sustainable manufacturing practices are essential
for addressing the pressing global challenges of climate change, resource depletion and
environmental degradation [35]. The integration of Industry 4.0 technologies can play a
pivotal role in enhancing the sustainability of manufacturing processes. Additionally, smart
factories can optimize resource usage and enhance the efficiency of production processes
through advanced data analytics and automation [36]. Localized manufacturing also con-
tributes to sustainability by reducing the need for long-distance transportation, thereby
lowering the carbon emissions associated with logistics [37]. Furthermore, the ability to
produce goods on demand reduces inventory levels and associated waste, promoting a
more circular economy [38].

The convergence of Industry 4.0, localized manufacturing and sustainability repre-
sents a transformative shift in the manufacturing landscape. Industry 4.0 technologies
enable smarter, more efficient production processes, while localized manufacturing brings
production closer to consumers, enhancing responsiveness and reducing environmen-
tal impacts. Together, these trends contribute to the development of a more sustainable
manufacturing ecosystem.

The Kingdom of Saudi Arabia has around 160 automobile manufacturing factories,
and they produce a range of cars, engine parts and accessories, including some dedicated
to electric vehicles. The Saudi Ministry of Industry and Mineral Resources has publicized
that out of these factories, 33 factories are for auto parts and accessory manufacturing, 21
factories are for engine and structure manufacturing, including processing works, and 106
automobile factories are for trailer and semi-trailer vehicles or trucks. The Kingdom of
Saudi Arabia aims to manufacture about 300,000 cars by 2030 and will account for 50 percent
of car sales in the Gulf Cooperation Council countries by 2025 from around 1.15 million
cars [39]. The Kingdom of Saudi Arabia plans to target extraordinary and sustainable
human capital localization as per its Vision 2030. It has recently launched a Lucid Future
Talent program—in collaboration with the Human Resources Development Fund—and
plans to inculcate the technical training to develop and train local human resources to fill
the gap in upcoming job opportunities in the Kingdom of Saudi Arabia [40]. The Kingdom
of Saudi Arabia’s ambitions are to be the main hub for the automotive industry in the
region due to its strategic location and adopt modern technologies to become a leader in the
automobile industry. The Kingdom of Saudi Arabia plans to localize half of the production
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of currently imported vehicles and create 1.6 million manufacturing jobs by 2030 [41]. It
is the general practice of affluent families in the Kingdom of Saudi Arabia to procure
higher-end automobiles, with frequent changes in adoption of the latest trends. Further,
the Kingdom of Saudi Arabia’s automobile users are in the top twenty car users in terms of
car demand without a local or regional production hub. Automobile requirements have
constantly increased by three percent annually over the past four years [42]. This is expected
even to enhance by nine percent by 2025 since more women are driving automobiles as
a result of the lift of the ban in June 2018 on women driving, and their demands and
requirements are totally unique and personal [43]. The female population is expected to
reach more than fifteen million, out of whom more than three million will begin driving
based on both “age and income qualifications”, in addition to the 500,000 men reaching
driving age.

3. Methodology
3.1. Research Goal

The automobile industry of the Kingdom of Saudi Arabia is ever-flourishing, with
huge and unique demands for the latest models and designs. It is expected that the auto-
mobile industry of the Kingdom of Saudi Arabia will be one of the main contributors to
its GDP by 2030. Fourth Industrial Revolution technologies, i.e., 3D printing and additive
manufacturing, are playing a major role in meeting customers’ unique demands and needs.
The aim of this research is to evaluate the automobile companies of the Kingdom of Saudi
Arabia in light of Industry 4.0 technologies and analyze the impact of the developed lo-
calized manufacturing model for the Kingdom of Saudi Arabia’s automotive industry in
relation to Industry 4.0. This type of research has not yet been conducted to assess the level
of implementation of Industry 4.0 and the unique model developed for the automobile in-
dustry of the Kingdom of Saudi Arabia. The aim of this research was to analyze the impact
of Industry 4.0 and the developed model for the automobile industry of the Kingdom of
Saudi Arabia; to fulfill this aim, a questionnaire was designed, and responses were sought
from automobile companies’ representatives. Closed-ended questions were asked from the
respondents on a Likert scale from 1 to 5, i.e., 1—Strongly Disagree, 2—Disagree, 3—No
Comment/Not Yet, 4—Agree/Partially Agree, 5—Strongly Agree. An expert validation
technique was used to validate the questionnaire. To validate the developed questionnaire,
the expert validation technique was employed, i.e., experts from industry, as well as from
academia, were consulted who had related experience of more than five years in a similar
field to confirm the validity of the developed questionnaire. Based on the recommenda-
tions/suggestions of the experts, the questionnaire was redesigned again and again, and
this finally concluded after incorporating all the suggestions/recommendations.

For a deeper analysis of the results, automobile companies of the Kingdom of Saudi
Arabia were divided according to the size of the automobile companies on the basis of
number of employees, i.e., small companies (up to 50 employees), medium companies
(between 51 and 100 employees) and large companies (more than 100 employees).

3.2. Research Sample Size and Data Collection

For the data collection, a questionnaire was designed to gain insight into the companies
in terms of their readiness for Industry 4.0 and adaptation of the developed localized
manufacturing model for the Kingdom of Saudi Arabia in the automobile industry and
its impact on industry financial gains. The questions were designed keeping in view the
theoretical review of the literature. This research was conducted for only Saudi automobile
companies, with a focus on the analysis of the developed localized production model for the
automotive industry, built into the concept of Industry 4.0 in the Kingdom of Saudi Arabia.
The automobile companies were categorized into three categories, i.e., small-, medium- and
large-sized automobile companies. The automobile companies selected were automobile
manufacturers and manufacturers of auto parts and components for automobiles. The
questionnaire was sent to about 126 automobile companies in the Kingdom of Saudi
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Arabia (11 small-sized, 56 medium-sized and 59 large-sized companies). The questionnaire
was sent to operations managers/technical managers of automobile companies. The
questionnaire was received back from 103 companies, resulting in a response rate of
around 81%.

4. Results

For analysis of the level of implementation of the developed localized production
model for the automotive industry, built into the concept of Industry 4.0 in the Kingdom
of Saudi Arabia in the automotive industry, a questionnaire was designed, and data were
collected from 126 automobile companies in the Kingdom of Saudi Arabia. These companies
were categorized as large, medium or small depending upon the size of the companies, i.e.,
small (up to 50 employees), medium (between 51 and 100 employees) and large (more than
100 employees).

The results of the data collection from these automobile companies are shown in
Figures 2–4, along with the questions asked shown in Table 1. Respondents were asked to
rate the level of implantation/adoption of the developed model of localized manufacturing
for the Kingdom of Saudi Arabia in the automobile industry on a Likert scale of 1–5, where
1 indicates strongly disagree with the statement, 2 indicates disagree with the statement,
3 indicates as no comment/not yet, 4 indicates strongly agree with the statement and
5 indicates as strongly agree with the statement. The results of the responses from large
automobile companies in the Kingdom of Saudi Arabia, as shown in Figure 2, indicate
that around 57% of companies know about the developed localized production model for
the automotive industry, built into the concept of Industry 4.0 in the Kingdom of Saudi
Arabia, but only 11 percent have adopted it, and as a result of its implementation, customer
satisfaction, company revenue and product specifications have improved, and costs have
become competitive. Data analysis also shows that only 18% of the automobile companies
have the expertise to adopt it. However, 42% of large automobile companies intend to
adopt it in the near future.
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Table 1. Comparison of responses from automobile companies.

Questions Large Medium Small

1 Do you know about the developed localized manufacturing model for the Kingdom of
Saudi Arabia? 57.63% 50.00% 0.00%

2 Has your company adopted the localized manufacturing model for the Kingdom of
Saudi Arabia? 11.86% 5.00% 0.00%

3 Does your company intend to adopt the localized manufacturing model for the
Kingdom of Saudi Arabia? 42.37% 78.33% 81.82%
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Table 1. Cont.

Questions Large Medium Small

4 Does your company ask its customers to describe their needs/demands? 44.07% 36.67% 27.27%

5 Does your company have the ability to fulfill customers’ needs/demands? 49.15% 26.67% 9.09%

6 Does your company have the experts to develop software for 3D printing as per
customers’ needs? 18.64% 18.33% 0.00%

7 As a result of the implementation of the localized manufacturing model for the
Kingdom of Saudi Arabia, has customer satisfaction improved? 11.86% 11.67% 0.00%

8 As a result of the implementation of the localized manufacturing model for the
Kingdom of Saudi Arabia, has your revenue improved? 11.86% 6.67% 0.00%

9 Do you think as a result of adopting the localized manufacturing model for the
Kingdom of Saudi Arabia, your company’s product specifications have improved, as has
your product competitiveness?

11.86% 6.67% 0.00%

10 Do you think as a result of adopting the Localized Manufacturing Model for the
Kingdom of Saudi Arabia your company’s product has become cost-effective, and have
you introduced the JIT technique as well?

11.86% 6.67% 0.00%

After analyzing the responses from medium-size automobile companies of the King-
dom of Saudi Arabia, as shown in Figure 3, they indicate that around 50% of companies
know about the developed localized production model for the automotive industry, built
into the concept of Industry 4.0 in the Kingdom of Saudi Arabia, but only 5% have adopted
it as of yet, and as a result of its implementation, customer satisfaction, company revenue
and product specifications have considerably improved, and costs have become compet-
itive. The data also show that only 17% of the companies have the expertise to adopt it.
However, 82% of medium-size automobile companies intend to adopt it in the near future.

The results of the responses from small-size automobile companies of the Kingdom of
Saudi Arabia, as shown in Figure 4, indicate that only 18% of companies know about the
developed localized production model for the automotive industry, built into the concept
of Industry 4.0 in the Kingdom of Saudi Arabia, but no company has adopted it, as they
also do not have the expertise to adopt it. However, 81% of companies intend to adopt it in
the near future.

After looking in depth at the analysis of the responses received, it is observed that
as per the industry categorization of this research, the highest level of implementation
of the developed localized production model for the automotive industry, built into the
concept of Industry 4.0 in the Kingdom of Saudi Arabia, was in large-size automobile
companies of the Kingdom of Saudi Arabia, and these large automobile companies also
have the expertise to shift to Industry 4.0 technologies through this developed model.
However, small automobile companies have neither the capability nor know-how about
the developed model of localized manufacturing for the Kingdom of Saudi Arabia of the
automobile industry and do not have the expertise to shift to Industry 4.0 technologies
through the developed localized manufacturing model; however, they intend to explore
these technologies in the near future. In contrast, medium automobile companies have
some know-how about the developed localized production model for the automotive
industry, built into the concept of Industry 4.0 in the Kingdom of Saudi Arabia, a limited
capability to adopt the Industry 4.0 concept and willingness to adopt the developed model
of localized manufacturing for the Kingdom of Saudi Arabia automobile industry in the
near future.

Further analysis of the results reveals that about 43% of the respondents from large
automobile companies of the Kingdom of Saudi Arabia indicated that they do not yet
know about the developed localized production model for the automotive industry, built
into the concept of Industry 4.0 in the Kingdom of Saudi Arabia, and that it needs to be
adopted in the near future. The automobile companies that have adopted it have much
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better customer satisfaction, increased revenue and a reduced production time. It is evident
as a result of this research that by adopting the developed localized production model for
the automotive industry, built into the concept of Industry 4.0 in the Kingdom of Saudi
Arabia, localization and customization can be attained in the automobile companies of
the Kingdom of Saudi Arabia as per Saudi Vision 2030, i.e., a vibrant society, a thriving
economy and an ambitious nation.

By comparing the responses among different types of automobile companies, as shown
in Table 1, large and medium-sized companies are more aware of the latest technologies
and are adopting them at a faster pace than smaller companies; however, smaller compa-
nies, after learning about the latest technologies, have shown interest in adopting these
technologies in the near future as well, as these companies have experts to implement
these technologies. Large and medium-sized companies have also taken on more customer
opinions/their needs to customize their products, and as a result, customer satisfaction and
company revenue have increased as compared to those of smaller automobile companies
in the Kingdom of Saudi Arabia.

5. Discussion

As a result of implementation of the LPM, the following benefits can be achieved:

5.1. Advantages of the Developed Localized Production Model for the Automotive Industry, Built
into the Concept of Industry 4.0 in the Kingdom of Saudi Arabia

The benefits that can be achieved by automobile companies in the Kingdom of Saudi
Arabia by implementing the developed localized production model for the automotive in-
dustry, built into the concept of Industry 4.0 in the Kingdom of Saudi Arabia, are as follows:

• Enhanced customization of automobile parts as per customers’ demands/needs,
• Increased efficiency,
• Reduced production cost,
• Digitization of paper documents,
• Elimination of errors and faults,
• Increased product quality,
• Simplification of production processes,
• Increased safety and protection at work.

5.2. Opportunities for Small and Medium-Sized Enterprises (SMEs) and Large Enterprises in
Implementing the Localized Production Model

The implementation of the LPM in Saudi Arabia may have the following opportunities
for small and medium-sized enterprises (SMEs) and large enterprises. The performances
of these two types of enterprises in adopting the LPM may differ according to resource
availability, organizational flexibility, market reach and technological capability.

5.2.1. Performance of SMEs in Implementing the Localized Production Model Are
as Follows:

(a) Flexibility and Adaptability: SMEs tend to be more agile and can quickly adapt to
changes in local market demands and production requirements. This agility allows
them to efficiently implement localized production models.

(b) Niche Market Focus: SMEs often target niche markets with specialized products,
which can benefit from localization by closely aligning production with specific local
needs and preferences.

(c) Community Integration: SMEs can integrate more easily into local communities,
building strong relationships and trust with local suppliers and customers. This
integration can facilitate smoother implementation of localized production.

(d) Challenges: Resource Constraints: SMEs typically have limited financial and hu-
man resources, which can hinder their ability to invest in new technologies and the
infrastructure necessary for the LPM.
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(e) Economies of Scale: SMEs often lack the economies of scale that large enterprises
benefit from, making it more difficult to reduce production costs and compete in terms
of price.

(f) Access to Technology: Limited access to advanced manufacturing technologies and
innovation can slow down the adoption of efficient localized production practices.

5.2.2. The Performance of Large Enterprises in Implementing the Localized Production
Model Are as Follows:

(a) Resource Availability: Large enterprises have substantial financial and human re-
sources, enabling significant investment in technology, infrastructure and R&D for
localized production.

(b) Economies of Scale: They benefit from economies of scale, reducing production costs
and allowing for competitive pricing, even when producing locally.

(c) Advanced Technology and Innovation: Large enterprises often have access to cutting-
edge technology and innovation, enhancing efficiency and productivity in localized
production models.

5.3. Underlying Reasons for Performance Differences

Resource Availability and Financial Capability: Large enterprises generally have
more capital to invest in local production facilities and technologies, whereas SMEs often
struggle with funding and access to credit. This disparity affects the speed and scale of
LPM implementation.

Technological Capabilities: Advanced technologies required for efficient localized
production, such as automation and the IoT, are more accessible to large enterprises due to
their investment capabilities. SMEs might lack the necessary technological infrastructure.

Market Reach and Supply Chain Complexity: Large enterprises operate with complex
global supply chains that can complicate the shift to localized production. SMEs, with sim-
pler and more localized supply chains, can more easily adapt to local production models.

Regulatory and Policy Environment: Government policies and incentives in Saudi Ara-
bia aimed at promoting localized production might be more beneficial to large enterprises
that have the capacity to meet regulatory requirements and take advantage of subsidies
and tax incentives. SMEs may find navigating regulatory landscapes more challenging.

Organizational Structure and Culture: SMEs typically have flatter organizational
structures, allowing for quicker decision-making and adaptation. Large enterprises, with
their hierarchical structures, might face slower decision-making processes and resistance
to change.

5.4. Policy Recommendations for Developing a Localized Manufacturing Model in Saudi Arabia

Based on the performance differences between SMEs and large enterprises in imple-
menting the localized production model (LPM), the following specific and actionable policy
recommendations are recommended to the Saudi Arabian government:

(a) Financial Support and Incentives: To provide targeted subsidies and grants to SMEs
to invest in localized production technologies.

(b) Tax Incentives: To offer tax reductions for both SMEs and large enterprises that
establish local production facilities and source local materials.

(c) Low-Interest Loans: To provide low-interest loans specifically for SMEs to reduce the
financial burden of transitioning to localized production.

Technology and Innovation Support:

(a) Technology Transfer Programs: To develop schemes to facilitate the transfer of ad-
vanced manufacturing technologies to SMEs, possibly through partnerships with
large enterprises or international technology providers.

(b) Innovation Hubs: To establish innovation hubs and incubators that can provide
SMEs with access to cutting-edge technologies, technical expertise and collaborative
opportunities.
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(c) R&D Grants: To offer grants for research and development focused on localized
production processes, materials and technologies.

(d) Training and Skill Development: To introduce vocational training and certification
programs to develop a skilled workforce capable of supporting localized manufacturing.

(e) Management Training: To provide training for SME managers on the best practices in
local production, production optimization and Industry 4.0 technology adoption.

(f) Collaboration with Educational Institutions: To encourage partnering with univer-
sities and technical institutions to align their curricula with the needs of localized
manufacturing industries.

Infrastructure Development: To develop specialized industrial zones with the nec-
essary infrastructure to support localized manufacturing, including access to utilities,
transportation and communication networks.

(a) Digital Infrastructure: To invest in robust digital infrastructure to support the integra-
tion of the IoT, AI and other digital technologies into manufacturing processes.

(b) Regulatory and Policy Framework: To regulate processes to make it easier for SMEs
to set up and operate localized production facilities.

(c) Quality Standards: To develop and enforce quality standards for locally produced goods
to ensure they meet international benchmarks, fostering trust and competitiveness.

5.5. Sustainability Implications of the Localized Production Model Integrating Industry 4.0

The localized production model developed for the Saudi Arabian automotive indus-
try integrates advanced Industry 4.0 technologies like automation, digitization, artificial
intelligence, additive manufacturing and the internet of things [3]. Effective adoption of
this model carries profound sustainability implications across the economic, environmental
and social dimensions [1,2,4,5].

5.6. Economic Sustainability

Localizing automotive production within Saudi Arabia can significantly contribute
to economic diversification, a key pillar of Vision 2030 [44]. Currently, over 98% of vehi-
cles sold domestically are imported, resulting in lost opportunities [1]. Establishing an
indigenous automotive manufacturing ecosystem will create jobs in production, R&D,
sales and ancillary services [45]. This model encourages joint ventures between local and
international firms, enabling technology transfer and boosting local capabilities. Robust
supply chains linking manufacturers, parts suppliers, raw material providers and ancillary
industries promote further economic activities [46].

Industry 4.0 solutions enhance productivity, efficiency and agility, characteristics vital
for global competitiveness [47]. Real-time data analytics allows for on-demand production
with minimal inventory, following just-in-time principles [48]. By linking intelligent ma-
chines, localized flexible manufacturing enables mass customization attuned to domestic
market needs [21,22]. Significant evidence confirms that large domestic automakers have
achieved higher revenue and customer satisfaction by adopting this model. Hence, the
localized production model creates a digitally transformed automotive manufacturing
ecosystem meeting the Society 5.0 goals of value creation and economic advancement [49].

5.7. Environmental Sustainability

Localized automotive production integrated with Industry 4.0 technologies allows
for significant improvements in energy and resource efficiency [50]. Sensors and the in-
ternet of things facilitate real-time monitoring of electricity, water and material usage on
production floors [51]. Big data analytics enables continuous process optimization to mini-
mize wastage [52]. Machine learning algorithms further allow for predictive maintenance
scheduling, reducing equipment downtime [53].

Deploying robots enhances manufacturing precision, lowering the amount of scrap
and number of defects [54]. Industrial 3D printing adopted under the model reduces
material waste during production [55]. The circular economy approach is also bolstered,
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with interconnected systems enabling product refurbishment, remanufacturing and recy-
cling [56]. Moreover, shortened local supply chains lower the carbon footprint compared to
imported vehicles and components [57].

Saudi Arabia is endowed with abundant solar energy resources. The model provides
the opportunity to power manufacturing facilities through solar farms, aligning with the
Saudi Green Initiative [58]. Waste heat can also be captured for reuse in heating or cooling
processes [59]. Furthermore, designing products specifically for domestic requirements
prevents the production of unpopular models. Overall, the localized model aids Saudi
Arabia’s climate action commitments through energy efficiency, renewable integration and
circularity [60].

5.8. Social Sustainability

The localized production model contributes to human capital development in Saudi
Arabia [61]. Training programs upskill workers in operating advanced Industry 4.0 ma-
chines. This exposure provides avenues for career progression, boosting job satisfaction [62].
Young graduates are attracted to an industry deploying cutting-edge technologies like
robotics and 3D printing [63]. Consequently, the brightest talents are retained within
the country.

Implementing collaborative robots enhances occupational safety, preventing work-
place injuries [64]. The automation of strenuous and repetitive tasks provides ergonomic
benefits [65]. Barriers restricting women from automotive jobs are also overcome by de-
ploying robots. Overall, the model promotes diversity and inclusivity in the manufacturing
workforce [66].

Creating stable middle-class jobs stimulates community development and raises living
standards, important social sustainability factors [67]. Tier 2 and 3 suppliers clustered
around automotive hubs provide neighboring opportunities. Corporate Social Responsi-
bility (CSR) initiatives further improve public infrastructure and facilities [68]. Thereby,
the localized production model delivers positive societal outcomes aligning with Saudi
Vision 2030.

In summary, integrating advanced technologies within a localized manufacturing
model will allow the Saudi automotive industry to achieve the triple bottom line of sus-
tainable development [69]. Far-reaching economic benefits arise from job creation, supply
chain development, technology absorption and global competitiveness. Environmental
sustainability is attained through renewable energy usage, closed-loop material cycles
and lower carbon footprints. Progress in terms of human capital, occupational safety and
community upliftment constitutes the social sustainability aspects. Therefore, the localized
production model provides a pathway for Saudi Arabia to fulfill its strategic vision through
holistic and sustainable industrial advancement.

5.9. Directions for Future Research

The following are directions for future research:

(a) Impact Assessment: Undertake longitudinal studies to assess the long-term economic,
social and environmental impacts of localized manufacturing on different sectors in
Saudi Arabia.

(b) Technology Adoption: Investigate the adoption rates and impacts of specific technolo-
gies (e.g., the IoT, AI, 3D printing) on localized manufacturing efficiency
and sustainability.

(c) Consumer Preferences: Study consumer preferences and perceptions of locally pro-
duced goods to better tailor production and marketing strategies.

5.10. Limitations of the Study and Potential

(a) Improvement Data Availability: The study may be limited by the availability and
broadness of the data on localized manufacturing practices and performance in
Saudi Arabia.
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(b) Generalizability: Findings specific to Saudi Arabia may not be directly applicable to
other regions with different economic, cultural and regulatory contexts.

(c) Scope: The focus on SMEs and large enterprises may overlook the role of micro-
enterprises and informal sector participants in localized manufacturing.

5.11. Potential Improvements

(a) Improve the data collection methods to gather broader and more comprehensive data
on localized manufacturing activities.

(b) Broader Stakeholder Engagement: Engage a wider range of stakeholders, including
micro-enterprises, industry associations and consumer groups, to gain a more holistic
understanding of the localized manufacturing landscape.

By implementing these policy recommendations and addressing the limitations through
further research, Saudi Arabia can effectively develop and enhance its localized manufacturing
model, fostering economic growth, sustainability and resilience in its manufacturing sector.

6. Conclusions

This research conducted an in-depth analysis and evaluation of the localized produc-
tion model for the automotive industry in Saudi Arabia integrating advanced Industry
4.0 technologies. The model aims to establish a sustainable, diversified and globally com-
petitive localized automotive manufacturing ecosystem aligned with Saudi’s Vision 2030
goals. The study reveals that effectively adopting this model can have profound economic,
environmental and social sustainability implications for the Kingdom.

Locally producing vehicles leveraging smart solutions results in positive outcomes
across multiple dimensions. By stimulating domestic manufacturing, this model creates
direct and indirect jobs across production, supply chains and ancillary services. It promotes
technology absorption and transfer through joint ventures between local and international
firms. Robust local supply chains are developed, linking parts manufacturers, raw mate-
rial providers, distribution channels, etc., thereby promoting further economic activities.
Industry 4.0 technologies like automation, data analytics and AI boost productivity, effi-
ciency and agility to enhance global competitiveness. Mass customization and on-demand
production attuned to local market aesthetics and requirements are also enabled. The evi-
dence confirms model adoption has increased revenue and customer satisfaction for large
Saudi automakers.

Notable environmental sustainability benefits also arise. Real-time monitoring and
predictive optimization driven by AI enhance customization and reduce material and
energy consumption on production floors. Deploying advanced robotics augments man-
ufacturing precision, minimizing scrap and defects. Circular economy approaches like
product refurbishment, remanufacturing and recycling are promoted by connecting intelli-
gent machines. Localized supply chains shrink the carbon footprint compared to imported
vehicles. Opportunities to integrate renewable energy, recover waste heat, etc., in alignment
with sustainability goals, are provided.

Significant social sustainability aspects are also covered. The model facilitates ex-
tensive skilling, upskilling and the development of human capital for Industry 4.0. Au-
tomating strenuous tasks improves occupational safety and ergonomics. Gender barriers
are reduced, and diversity/inclusivity in manufacturing is promoted. Job creation and
ancillary economic activities stimulate community development and upliftment. Thus, the
model encapsulates strategies to advance sustainable development across the economic,
environmental and social dimensions in a synergistic fashion.

However, this study indicates a lag in the adoption of the model, especially among
small and medium-sized automotive enterprises. Barriers like inadequacies in awareness,
human capital, infrastructure and cultural resistance impede a rapid transition. A system-
atic framework assessing readiness across the strategy, technology, operations, workforce,
management and culture dimensions should be developed. Focused interventions can then
overcome critical capability gaps through collaborative networks, incentives, education pro-
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grams, infrastructure integration and change management techniques. A phased roadmap
would provide a structured pathway aligning investments with the expected outcomes.

A holistic policy approach is imperative for nationwide implementation across the
Saudi automotive industry. The Ministry of Industry and Mineral Resources can coordinate
this initiative, integrated into the National Industrial Strategy. Pragmatic supportive
policies addressing all the readiness aspects will be key to unlocking widespread adoption.
A bold vision backed by a well-planned transition framework is essential to systematically
harness the transformative potential of bringing cutting-edge technologies and domestic
production together.

This research makes valuable contributions both theoretically and practically. It
enriches our scholarly understanding of how regionalized automotive production mod-
els can effectively leverage Industry 4.0 solutions to achieve economic, environmental
and social sustainability objectives simultaneously. For Saudi policymakers, it provides
evidence-based insights into the sustainability benefits of localizing automotive manufac-
turing using smart technologies. Recommendations for accelerating adoption across small,
medium-sized and large firms through a systematic readiness assessment and development
framework are also outlined.

There are certain limitations providing avenues for future work. Incorporating multi-
ple case studies could generate more nuanced insights into the implementation challenges.
Quantifying sustainability metrics would further reinforce the benefits. Investigating
mechanisms to enhance adoption like incentives, partnerships and infrastructure warrants
dedicated focus. Therefore, extensive future research across disciplines can enrich the
understanding and effective translation of the localized production model to realize Saudi
Arabia’s sustainability goals.

In conclusion, this study strongly validates how establishing localized smart manufac-
turing powered by Industry 4.0 can holistically advance the sustainability of Saudi Arabia’s
automotive sector, fulfilling the strategic Vision 2030. It outlines an implementation frame-
work to systematically harness the transformative potential of integrating cutting-edge
technologies into domestic production. Thereby, the research provides valuable perspec-
tives both theoretically and practically into how localizing automotive manufacturing using
Industry 4.0 solutions can foster economic prosperity, environmental responsibility and
social development.
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