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Digital is evolving rapidly and businesses is always looking for 
increasing its operations and stay innovative. Recently, a game changer 
technology has emerged – the digital twin. It has revolutionized how 
companies could process the business and quality management. Using 
digital twins to bridge the gap between the physical and digital worlds 
is leading organizations to optimize performance, making data driven 
decision and open up for innovation in all the industries.Digital twin is a 
technology that creates a virtual model (a digital copy) based on a real 
physical entity (any product, process, or system). This digital 
counterpart is meant to simulate and analyze the behavior of the real 
counterpart in order to understand how good and what to improve 
upon. 
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1. Components of a Digital Twin 
A typical digital twin is made of several key 
components:This refers to the process of getting 
hold on to real time data on sensors, IoT devices, 
and anything else that connects to the physical 
asset.Advanced Algorithms and machine learning 
to build a good virtual model of physical entity, 
known as Modeling and Simulation. Employing 
data analytics tools and visualization techniques to 
interpret and present data in a meaningful way is 
called analytics and Visualization.Feedback Loop: 
Creation of an ongoing relationship between 
physical and digital objects to maintain the virtual 
representation in the modern realm [1]-[4]. 
 
1.1 Types of Digital Twins 
There are different forms of digital twin, each 
having its use:Product Twins: Virtual replicas of 
real products, including the early conceptual 
designs, and the actual full products.Digital 

representations of manufacturing processes, 
supply chains or other operational 
workflows.Model for System Twins: Interactions 
between physical and digital processes in the 
larger ecosystem.Infrastructure Twins: Virtual 
representations of physical infrastructure, such as 
buildings, roads, or entire cities.Using these 
different types of digital twins, organizations can 
acquire an overall knowledge of the organization’s 
assets and processes which will allow them to 
make more educated conclusions and drive 
continued improvement. 
 
1.2 The Impact of Digital Twins on Business 

Processes 
Businesses are using digital twin technology in 
their various operations to get unprecedented 
visibility and control of what they have going and 
not to be passionate about it and just go and use 
other technologies. 
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Fig 1. Enhancing Operational Efficiency 

 
Simulating production lines, supply chains and 
other essential processes, companies can identify 
bottlenecks, balance resources allocations, and 
smooth workflows. It provides the requisite level 
of insight for real time adjusting and proactive 
problem solving, which leads to very high 
improvement in operational efficiency. 
 
Predictive Maintenance and Risk Mitigation 
Digital twins allow organizations to keep track of 
how the physical asset’s performance is in real 
time, allowing them to predict the likelihood of a 
failure or maintenance that is needed before they 
happen. Such proactive approach to maintenance 
can save a lot of downtime, extend equipment life, 
and also reduce operational risks [5]-[9]. 
 
2. Accelerating Product Development 
Digital twins are turning out to be invaluable for 
product design and development in the realm of 
product design and development. Testing and 
iterating designs is more quickly and cost 
effectively than with traditional methods, by 
means of virtual prototypes. The product result is 
accelerated development process, which not only 
reduces time to market but also improves product 
quality and performance. 
 
2.1 Optimizing Supply Chain Management 
Supply chain digital twins provide end to end 
visibility over the movement of goods and enable 
companies to identify inefficiencies, foretell 
disruption and optimise inventory levels. 
Improved visibility and control that come with this 
leads to considerable cost savings and better 
customer service. 
 

 
Digital Twins in Quality Management 
Quality management is a key area in any business 
and digital twin technology is the revolutionary 
way to handle this specific function. 
 
Real-time Quality Monitoring 
Through making the digital twin of production 
processes, companies can monitor quality 
parameters in real-time; then it can detect the 
deviations and anomalies at the point it happens. 
By enabling rapid intervention and adjustment, 
this gives immediate feedback, which results in 
consistent quality product, and waste reduction. 
 
Predictive Quality Assurance 
Digital twins use historical data to predict 
potential quality issues in the physical world 
before they occur. It has the predictive capability 
that allows proactive quality control measures to 
take into place to reduce defects and ultimately 
enhance overall product reliability. 
 
Enhanced Root Cause Analysis 
In the case ‘when’ quality issues arise, digital twins 
offer vast amounts of data and insight to help with 
root cause analysis. Quality teams can quickly spot 
the cause of the problem and devise an outcome 
through simulating different scenarios and 
analyzing historical data about the performance. 
 
2.2 Continuous Improvement and Innovation 
Digital twins enable a culture of continuous 
improvement, by providing an experimental and 
innovative platform. These virtual models can be 
used by quality managers for testing of new 
processes, materials or configuration of process 
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without affecting the physical operations and there 
will be an ongoing improvement in product and 
process quality constantly. 
 
Challenges and Best Practices of Implementing 
Digital Twins 

The benefits of digital twin technology are obvious, 
but organizations will encounter a number of 
challenges when trying to implement these 
systems. 

 

 
Fig 2. Data Quality and Integration 

 
From a digital twin’s efficacy perspective, the 
quality and accuracy of the data that is received is 
very important. To complete the work being 
carried out on them today, digital twins need to be 
fed robust real time data from valid sources within 
an organization — or, if reliant on the Internet, 
data that is considered sufficiently accurate to act 
on. 
 
Scalability and Complexity 
With greater implementation of digital twins 
coming in scale and scale of complexity, 
organizations may be challenged with scaling their 
systems and managing the volume of data. An 
architecture designed from the beginning with a 
scalable approach is essential for designing digital 
twin. 
 
Cybersecurity Concerns 
As digital twin systems become more and more 
connected and data sharing practice, there are 
more opportunities for cybersecurity risk. To 
secure their own digital twins and associated 
sensitive data, organisations must put in place 
robust security measures. 
 
2.3 Best Practices for Successful 

Implementation 
The following best practices should be considered 
to get the most out of digital twin technology for 
organizations. 
 

Define the initial business objective & use case 
first 
Having a strong leadership support and cross 
functional collaboration 
Enough investment should be made in the 
necessary infrastructure and data management 
capabilities.Develop a phased implementation 
approach and begin with pilot projects. 
 
Create a culture of constant learning and 
applying 
Addressing these challenges using best practices 
and applying the principles of digital twin 
technology will allow organizations to utilize the 
resulting digital twin technology type to transform 
their business processes and quality management 
practices [10]-[14]. 
 
3. The Future of Digital Twins in Business 
Digital twin technology has been expanding its 
applications in the business at a terrific pace with 
the evolution. There are several trends that are 
shaping up the future of this transformative 
technology: 

 
3.1 Integration with Artificial Intelligence and 

Machine Learning 
Digital twins combined with AI and machine 
learning are on the verge of delivering even more 
value to the business. With time, these digital twins 
will grow more accurate predictions and insights 
and learn and adapt on their own, powered by AI. 
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Fig 3. Expansion into New Industries 

 
Despite the fact that digital twins are already 
beginning to take root in manufacturing and 
healthcare, and more progress in this area can no 
doubt be expected in the future, we can also 
anticipate the adoption of digital twins to expand 
across a broader ambit of industries, including 
retail, agriculture and finance. 
 
Enhanced Interoperability and Standardization 
Increased complexity of digital twin ecosystems 
will lead to increased need of standardization and 
improvement in interoperability between different 
systems and platforms. This will bring much more 
comprehensive and integrated digital twin 
networks across organizations and across 
industries. 
 
Sustainability and Environmental Impact 
Digital Twins will increasingly become critical to 
enabling organizations to use resources more 
efficiently, waste less and emissions should be 
reduced. This is in line with recent a shift towards 
sustainability in business operations. 

 
3.2 Case Studies: Digital Twins in Action 
A study of the real world application of digital twin 
technology can offer insights in how it can be 
transformative in the various industries. 
 

Manufacturing: Optimizing Production Lines 
One of the largest automotive manufacturers used 
digital twins of their production lines, leading to 
15% increase in overall equipment effectiveness 
and a 25% decrease in unplanned downtime. 
Engineers could try different scenarios, as they 
were able to simulate them without disrupting 
physical operations because of the virtual models. 
 
Healthcare: Personalized Patient Care 
Digital twins created by a large, major hospital 
system from patient physiological data had the aim 
to improve treatment outcomes. Doctors could 
then tailor interventions to optimally treat patients 
before hospital admission, with a 20% reduction of 
hospital readmission rates for certain chronic 
conditions through simulation of various 
treatment options and the potential effects. 
 
Smart Cities: Urban Planning and Management 
Singapore’s comprehensive digital twin of the city 
has completely changed urban planning and 
management. The model combines data from 
different sources into a virtual model that makes a 
city’s planners think, and that is to see what traffic 
patterns, energy consumption and public services 
efficiency simulations will look like. As a result, 
residents have been able to make more informed 
decisions and lead a better quality of their lives. 
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3.3 Aerospace: Enhancing Aircraft 
Performance 

Yet one of the largest aerospace companies takes 
digital twins digital, monitoring and optimizing jet 
engine performance. The company developed 
accurate maintenance evaluation by analyzing real 
time data from in service engines, thereby 
minimizing the occurrence of maintenance events 
with 30% savings and enormous savings in cost. 

 

By using these case studies, we can see how the 
technology of digital twin works in different 
sectors and can really drive innovation and make a 
very good business result [15]-[19]. 
 
Ethical Considerations in Digital Twin 
Implementation 

Table 1: Applications of Digital Twins Across Business Functions 

Business Function Digital Twin Application Outcome Achieved 

Manufacturing Real-time production simulation 
Reduced defects, optimized 
resource utilization 

Supply Chain 
Management End-to-end logistics modeling 

Increased transparency and 
reduced delays 

Facility Management 
Building and energy systems 
monitoring 

Improved sustainability and cost-
efficiency 

Product Development 
Virtual prototyping and stress 
testing Faster innovation cycles 

Quality Assurance Continuous process verification 
Higher compliance and consistent 
product quality 

 
According to the ethics, it is important to consider 
ethical implications of this technology as digital 
twin technology becomes more popular. 
 
Data Privacy and Consent 
However, issues around consent and privacy arise 
with the collection and use of internet of mass 
amounts of data, which will enable digital twins. To 
do all that, organizations must have robust data 
protection measures and accurate permission to 
collect and use data [20]-[28]. 
 

4. Transparency and Accountability 
Given that insights from digital twins are 
increasingly important to how decisions are made, 
there is a requirement for transparency about how 
the system operates and what recommendations it 
chooses. They should be able to explain and justify 
their decisions based on digital twin outputs. 
 
Bias and Fairness 

Table 2: Comparative Analysis: Traditional vs. Digital Twin-Enabled Quality Management [29]-[34] 
Quality Aspect Traditional Systems Digital Twin-Enabled Systems 
Data Collection Periodic and manual Real-time and automated 
Root Cause Analysis Reactive after issue arises Predictive based on simulations 
Decision-Making Speed Slow due to lag in insights Rapid due to real-time analytics 
Process Optimization Frequency Occasional reviews Continuous and dynamic 
Overall Quality Improvement Incremental Transformational 

 
Digital twins are no different to any other data 
driven system, and can be used to perpetuate or 
amplify existing biases. These systems also need to 
be regularly audited for fairness and also their 
biases need to be mitigated. 

 
Job Displacement and Reskilling 
Depending on adoption of the technology, job roles 
may change as well as these roles may be 
displaced. It is, and it is organizations’ 
responsibility to transition them [employees] 
ethically and offer reskilling opportunities to the 
affected employees. 

 

 
5. CONCLUSION 
Digital twin technology is a foundational change in 
the way businesses perform their operations, 
quality management and decision processes. With 
the use of virtual replica of physical assets and 
processes, organizations can gain unprecedented 
insights into their operations as they push the 
boundaries of performance and generate 
innovation for their operations. 
Where the future lies with digital twins is endless. 
This technology will change industries by 
improving product development, reducing supply 



28                    National Journal of Quality, Innovation, and Business Excellence | Oct - Dec 2024 

 

Riikka Mäkinen et al / The Role of Digital Twins in Improving Business Processes and Quality 
Management 

 

 
 

chains, revolutionizing healthcare, and urban 
planning, among other things.Yet, digital twins can 
be realized as only with careful planning, 
investment in infrastructure and skills, and an 
ethical implementation. Successfully navigating 
through these challenges and embracing the digital 
twin revolution puts organizations well on their 
way to thriving in a business environment that is 
growing increasingly complex and 
competitive.Since the digital twin technology will 
mature and evolve, it is going to have a significant 
role in the creation of processes and quality 
management in business. Staying ahead with the 
new and the latest aspects of the digital twin field 
helps organizations to tap into the potential of the 
digital twin through continuous improvement, 
building better decision making, and creating 
sustainable value for its stakeholders. 
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