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Summary:

The rapid evolution of digital technologies is transforming traditional supply chains into more
agile, responsive, and intelligent systems. This paper explores the impact of digital supply chain
transformation on operational performance within the manufacturing industry, with a focus on the
role of smart technologies like big data analytics, and blockchain. These technologies enable real-
time data sharing, predictive maintenance, enhanced demand forecasting, and improved decision-
making processes. By integrating these tools, manufacturers can reduce costs, increase efficiency,
and respond more quickly to market changes. In thise paper we In this paper we will show a
company of Siemens (Siemens, 2025) AG as a global manufacturing and technology powerhouse
based in Germany, has been a leader in adopting smart technologies to transform its supply chain
operations. As part of the Industry 4.0 movement, Siemens implemented a comprehensive
digitalization strategy to enhance its operational performance, especially within its manufacturing
plants.

Keywords: Digital Innovation; Supply Chain Management; Manufacturing Efficiency« Artificial
Intelligence (Al)

Jel Classification Codes : L25 ¢M31 ¢L.86 ¢L2.

Résumé :

L’évolution rapide des technologies numériques transforme les chalnes d’approvisionnement
traditionnelles en systemes plus agiles, réactifs et intelligents. Cet article explore I’impact de la
transformation numérique de la chaine d’approvisionnement sur la performance opérationnelle au
sein de I’industrie manufacturieére, en mettant 1’accent sur le role des technologies intelligentes
telles que I’analyse des big data et la blockchain. Ces technologies permettent le partage de
données en temps réel, la maintenance prédictive, une meilleure prévision de la demande et des
processus de prise de décision améliorés. En intégrant ces outils, les fabricants peuvent réduire les
couts, augmenter ’efficacité et réagir plus rapidement aux évolutions du marché. Dans cet article,
nous allons présenter une I'entreprise Siemens (Siemens, 2025) AG, en tant que puissance mondiale
de la fabrication et de la technologie, basée en Allemagne, qui a été¢ un leader dans 1’adoption de
technologies intelligentes pour transformer ses opérations de chaine d’approvisionnement. Dans le
cadre du mouvement Industrie 4.0. Siemens a mis en place une stratégie globale de numérisation
pour améliorer ses performances opérationnelles, notamment au sein de ses usines de fabrication.
Mots-clés : Innovation numérique ; Gestion de la chaine d’approvisionnement ; Efficacité de la
fabrication, intelligence artificielle (1A)
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I- Introduction :

In the era of the Fourth Industrial Revolution (Industry 4.0), digital innovation has become
a critical driver of transformation across global supply chains. At the heart of this transformation
lies the integration of smart technologies—such as the Internet of Things (10T) (Brettel & M, 2014,
pp. 05-15), Artificial Intelligence (Al), Big Data Analytics, Blockchain, and Robotics—which are
fundamentally reshaping how products are manufactured, moved, and delivered. These innovations
are not only redefining operational processes but also enhancing manufacturing efficiency, agility,
and competitiveness in an increasingly complex and dynamic global market.

Modern supply chains are no longer linear and reactive systems; they are evolving into
digital ecosystems that are interconnected, intelligent, and predictive. With growing customer
expectations, shorter product life cycles, and heightened global competition, manufacturers are
under pressure to streamline operations, reduce costs, minimize waste, and improve responsiveness.
Smart technologies enable real-time visibility, predictive maintenance, dynamic demand
forecasting, and automation, allowing firms to optimize resources and make faster, data-driven
decisions across the value chain.

The application of digital tools in manufacturing and logistics leads to what is often referred
to as the "smart factory"—an environment where machines communicate with each other, monitor
conditions, and self-optimize production. This results in improved throughput, fewer errors,
reduced downtime, and enhanced product quality. Additionally, blockchain and cloud-based
platforms offer improved transparency, traceability, and trust in supply chain operations, which is
increasingly important in industries such as food, pharmaceuticals, and high-tech components.

One of the key outcomes of this digital transformation is manufacturing efficiency (Wang,
2023), which refers to the ability of a company to produce goods with optimal resource utilization,
minimal waste, and high quality. Smart technologies help achieve this by providing real-time data,
advanced analytics, and intelligent automation, which in turn support leaner and more responsive
supply chain strategies.

Furthermore, the adoption of digital innovation has proven especially valuable during crises
such as the COVID-19 pandemic—where disruptions to traditional supply chains revealed the
urgent need for resilience, flexibility, and end-to-end visibility. Organizations that had already
embraced digital tools were better able to adapt, forecast demand shifts, and reroute logistics,
highlighting the strategic role of digital innovation in risk management.

One standout example of successful digital innovation is Siemens AG, a global leader in
manufacturing and technology. This article explores how Siemens has leveraged smart
technologies to optimize its supply chain and significantly enhance its operational performance
(Siemens, smart factory, 2025).

Through a precedent, the following main problem can be presented about How has digital
innovation, through the adoption of smart technologies, impacted manufacturing efficiency within
the supply chain operations of Siemens AG?
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Il Literature Review:

This research adopts a qualitative case study approach, focusing on Siemens AG. Data is drawn
from secondary sources including Siemens’ corporate publications, industry reports, academic
literature, and media articles. The study analyzes the impact of Siemens’ smart technology
deployments on manufacturing efficiency, sustainability, and supply chain performance, with
particular emphasis on its flagship plant in Amberg, Germany.

Siemens AG has pioneered the use of Industry 4.0 (Ggrtner, 2016, pp. 55-150) technologies across
its global operations. Its Electronics Works Amberg (EWA) plant serves as a benchmark for smart
manufacturing. By integrating digital twins with 10T sensors, Siemens achieved a 1,400%
productivity increase at the EWA facility, while reducing defect rates to an astonishing 0.001%
(Siemens AG, 2024).

The plant employs MindSphere, Siemens’ open IoT platform, to monitor real-time data from
machines, enabling predictive maintenance and dynamic optimization. Al-driven analytics have
further enhanced operational efficiency by 20%, while intelligent automation has cut costs by
15%.

In line with Siemens’ sustainability objectives, the implementation of Green Digital Twin
technology has led to a 60% reduction in carbon emissions from manufacturing operations.
Furthermore, Siemens’ innovations have enabled customers to avoid an estimated 144 million
tonnes of CO, through the use of its energy-efficient products and solutions (Siemens AG, 2024).

1- Smart Technologies Driving Efficiency

At Siemens AG, digital transformation is more than a trend—it is a core strategy. Through its
Digital Enterprise initiative, Siemens has implemented several key smart technologies in its
manufacturing and supply chain processes:

o Internet of Things (1oT): loT devices track and monitor machinery, production lines, and
inventory in real time, reducing delays and minimizing human error.

o Artificial Intelligence (Al) & Machine Learning: Siemens uses Al to forecast demand,
manage logistics, and perform predictive maintenance, significantly reducing equipment
downtime and waste.

« Digital Twins: By creating digital replicas of physical assets and production environments,
Siemens simulates scenarios and tests improvements before implementation.

« Big Data Analytics: Massive data sets from multiple sources are analyzed to identify
trends, optimize production schedules, and streamline procurement.

e Cloud-Based Platforms: These enable seamless data sharing across global locations and
with supply chain partners, enhancing coordination and responsiveness.

2- The impact of digital innovation on Siemens’ operational performance has been profound:
. Efficiency Gains: Digital tools have improved production speed and reduced cycle times,
boosting overall productivity by up to 20% in certain facilities.

. Reduced Downtime: Predictive maintenance, powered by Al and 10T, has decreased
unexpected machinery failures by 40%, ensuring continuous operations.

. Enhanced Supply Chain Visibility: Real-time data analytics allow Siemens to track products
throughout the supply chain, enabling quick adjustments in case of disruptions.
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. Cost Reduction: Automation and data-driven decision-making have helped lower labor and
inventory costs significantly.
. Sustainability Improvements: Digital technologies also support Siemens' green initiatives

by monitoring energy usage and reducing waste.

Challenges and Considerations

While the benefits are significant, Siemens has also faced challenges, including:

. Data Security Risks: Increased digitalization brings higher exposure to cyber threats.

. Integration Complexity: Merging new digital tools with legacy systems requires careful
planning and investment.

. Skilled Workforce Shortage: Adopting smart technologies necessitates a workforce trained
in digital skills.

Siemens addresses these challenges through continuous investment in cybersecurity, strategic
change management, and employee training programs.

I11- Results and discussion :

The deployment of smart technologies has delivered measurable improvements across Siemens’
supply chains (A & Stolze H, 2017, pp. 02-09). Productivity gains at the EWA plant have
positioned it as one of the most efficient electronics factories in the world. Near-zero defect rates
underscore the role of digital twins and predictive analytics in quality management.

Al and loT integration has driven operational excellence, reducing lead times and optimizing
resource utilization. Cost savings from automation and analytics contribute directly to Siemens’
competitive positioning. In addition, the environmental benefits of Green Digital Twin applications
highlight how digital innovation can advance corporate sustainability goals.

Crucially, Siemens’ experience illustrates the importance of digital resilience in supply chains.
Real-time visibility and data-driven decision-making have enhanced Siemens’ ability to respond to
disruptions a capability that proved invaluable during the COVID-19 pandemic.

Table 2: The success indicators of Siemens Corporation in digital supply chains

Technology Outcome Value / Change
Digital Twin (Amberg) Productivity increase +1,400%
Digital Twin (Amberg) Defect rate 0.001%
loT & Al Operational efficiency improvement +20%
IoT & Al Cost reduction -15%
Green Digital Twin Carbon emissions reduction —60%

Source: Oluwatosin Olatunji Ogunyomi-Oluyomi , Mountain Top University Assessment of
Supply Chain Sustainability Strategy on Sustainable Performance Indicators: Evidence from
Siemens DEGREE Framework (2019-2023) , February 2025 International Journal of Supply
Chain and Logistics 9(3):1-15.

Siemens AG has been at the forefront of digital transformation in manufacturing and supply
chains, leveraging cutting-edge technologies such as Digital Twins, 10T, (AG, 2021) and Acrtificial
Intelligence (Al). The following data highlights measurable outcomes of these innovations across
key performance areas:
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1. Digital Twin Technology (Amberg Plant)

At Siemens’ Amberg electronics plant, the implementation of Digital Twin technology—a virtual
replica of physical assets and processes—Iled to a dramatic 14-fold increase in productivity. This
was achieved through real-time simulation, optimization, and predictive analytics, which allowed
seamless integration between product design, production, and performance monitoring.

The use of Digital Twins also enabled extremely precise quality control. By simulating product
behavior and manufacturing conditions, Siemens reduced defects to an almost negligible rate of
0.001%, demonstrating the technology’s role in zero-defect manufacturing.

2. Internet of Things (10T) & Artificial Intelligence (Al)

The integration of 10T sensors with Al systems allows Siemens to monitor machine performance,
production lines, and supply chain flows in real time. Al-driven analytics optimize scheduling,
maintenance, and resource use, resulting in a 20% increase in operational efficiency.

Automation and predictive decision-making driven by Al and IoT have significantly reduced
operational costs, including energy consumption, labor, and material waste. Siemens reported a
15% cost saving, reflecting the impact of intelligent systems on lean manufacturing.

3. Green Digital Twin

Siemens’ application of Green Digital Twins—which model not only production but also
environmental impacts—Ied to a 60% reduction in carbon emissions. By optimizing energy use,
material inputs, and production methods, the company significantly improved its environmental
sustainability, supporting both corporate ESG goals and global climate commitments.

In additional, the Siemens' investment in digital innovation has delivered tangible improvements
in productivity, quality, cost control, efficiency, and sustainability. These results make Siemens AG
a model of smart manufacturing, showing how advanced technologies can revolutionize supply
chain and production processes in real-world settings.
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1\VV- Conclusion:

Siemens AG serves as a leading example of how digital innovation in supply chains can
transform manufacturing operations. By investing in smart technologies and embracing a data-
driven approach, Siemens has not only improved its operational efficiency but also enhanced its
flexibility, sustainability, and resilience. As more manufacturers follow suit, the digital supply
chain will continue to evolve as a powerful driver of global industrial success

-15-



o~

Jlocill AL3g N
Augasill -

wadyll sLoidllg T e

RAFED [/

Electronic Business & Digital Economics Journal ; pISSN : 2830-9758 / eISSN : 2992 — 099X - Vol 3(02)/ June 2025

V- References

.S.A, R. (2020). Shariah - compliant digitalbanking challenges and opportunities. Islamic Finance
Review , p. 7.

A, M. D., & Stolze H, S. &. (2017). The role of Digital innovation in supply chain transformation.
International journal of operation & Production Management , pp. 02-1-09.

Abdullah, N. .. (2021). the impact of fintechon customer satisfaction in islamic banking . journal of
islamic marketing , pp. 2-8.

AG, S. (2021). Mindsphere industrial lot for Digital transformation .

Bank, 1. (2024). Digital transformation in the Indonesian Islamic Banking Sector. Indonesia: Bank
Indonesia.

Board, R. i. (2023). Development ; Governance and Globalisation in the Gulf stayes. Yhomson
Reuters.

Brettel, M. ,., & M, &. R. (2014). How to internet of things industry 4.0 Aframework for industrial
Manufacturing. Journal , pp. 05-15.

Gqartner. (2016). Industry 4.0 Digital Transformation in Manufacturing. USA: Hermam M, Pentek;
& Otto.

Haron, & al, S. a. (2022). Leveraging technology to enhance service delivery in islamic finance.
International journal of islamic and middle Eastern finance and management , p. 10.

PWC. (2023). The future of banking in southeast Asia.digital first strategies for Growth. PWC .
Siemens. (2025). smart factory & digital suply chain transformation . Récupéré sur
www.siemens.advanta.com: www.siemens.advanta.com

Siemens. (2025). smart factory. Récupéré sur www.siemens.com/us/en/company.

Wang, D. ?. (2023). The effect of digital transformation on manufacturing entreprise performance.
Amfiteatra Economit , 25 (63), pp. 593-608.

-16 -

Published on 26- 12 -2025 in the Electronic Business & Digital Economics Journal



