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This study explores the impact of digital twin technology (DTT)
on production forecasting accuracy and inventory optimization
across various manufacturing sectors, including automotive,
electronics, and consumer goods. Using a mixed-methods
approach, data were collected from 25 companies that
employed DTT in their production processes. Results indicate
that DTT significantly enhances forecast accuracy by an
average of 20%, improves inventory turnover by 15%, and
reduces stockout occurrences by 18%. These findings support
the potential of DTT to enable real-time data analysis,
predictive modeling, and adaptive decision-making, thereby
aligning with the goals of digital transformation. However,
challenges such as high implementation costs, robust data
infrastructure requirements, and a need for technical expertise
were noted, particularly for smaller firms. Practical implications
suggest phased implementation and staff training to optimize
DTT adoption. This study contributes to the understanding of
DTT's role in production management. It offers
recommendations for industry-wide adoption, with future
research suggested in broader sectors and integration with
artificial intelligence.

This is an open-access article under the CC BY-SA license.

[NoIe

Corresponding Author:
Komarudin

Universitas Catur Insan Cendikia, Indonesia

Email: jrxkomarudin2 1 @gmail.com

1. INTRODUCTION

In the current globalized economy, efficient production forecasting and inventory optimization are
essential for maintaining competitive advantage, managing costs, and meeting customer demand (Ivanov &
Dolgui, 2020; Christopher, 2016). With the increasing complexity of supply chain management, digital
transformation initiatives are crucial for businesses seeking to optimize these critical functions. Digital Twin
Technology (DTT) has emerged as an innovative approach, enabling virtual replication of physical assets and
processes that allow real-time monitoring, predictive analysis, and data-driven decision-making (Qi & Tao,
2018; Negri et al., 2017). The potential of DTT to enhance forecasting and inventory management aligns with
global efforts to increase productivity while reducing resource consumption, in line with the Sustainable
Development Goals (SDGs) (Tao et al., 2019; Grieves & Vickers, 2017).
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The demand for accurate production forecasting and inventory optimization is particularly urgent in
industries with high demand variability, such as the automotive, electronics, and consumer goods sectors.
Variations in demand can lead to significant production and inventory imbalances, resulting in either surplus
stock or stockouts, both of which incur high costs (Hu et al., 2019; Kritzinger et al., 2018). Inaccurate
forecasting and inefficient inventory management lead to overproduction, resource waste, and financial losses.
In this context, DTT offers significant advantages by simulating real-world scenarios and allowing companies
to adjust forecasts and inventory levels based on real-time data, helping to mitigate such challenges (Lu et al.,
2020; Jones et al., 2020).

Previous research has highlighted the effectiveness of digital twin technology across various applications.
Studies by Tao et al. (2018) and Zhang et al. (2019) demonstrate that DTT enables predictive maintenance,
optimizes equipment performance, and enhances production planning. In the context of inventory and
forecasting, DTT allows real-time data collection and analysis, providing actionable insights that enhance
demand forecasting accuracy and improve inventory replenishment timing (Uhlemann et al., 2017; Qi & Tao,
2018). Research by Negri et al. (2017) further illustrates that DTT can reduce production lead times and
improve response rates to demand fluctuations. However, while DTT has been widely studied for maintenance
and equipment optimization, less attention has been paid to its role in forecasting and inventory management
(Wang et al., 2019; Kritzinger et al., 2018).

Despite the promising applications of DTT, a notable research gap remains in understanding its full
potential for enhancing production forecasting and inventory optimization. Most studies focus on the
technological aspects or its usage in single, isolated tasks, rather than its comprehensive impact on inventory
and forecasting within an integrated production system (Jones et al., 2020; Tao et al., 2019). Additionally, the
literature lacks a systematic approach to quantifying the direct benefits of DTT in these areas, especially
regarding key performance indicators (KPIs) such as forecast accuracy, inventory turnover, and stockout
reduction (Hu et al., 2019; Tao et al., 2018). Addressing this gap could provide valuable insights into how DTT
can contribute to operational efficiency and profitability in a practical, measurable way.

The urgency of this research is underscored by the ongoing disruptions in global supply chains due to
economic, environmental, and political factors. The COVID-19 pandemic, for instance, highlighted the
vulnerabilities of traditional forecasting and inventory systems, as companies worldwide faced unprecedented
shifts in demand and logistical constraints (Ivanov & Dolgui, 2020; Queiroz et al., 2020). By integrating DTT,
companies can develop resilient production and inventory systems that adapt to real-time changes, reducing
the risk of costly disruptions (Uhlemann et al., 2017). Thus, exploring the impact of DTT on forecasting and
inventory optimization is both timely and necessary to address these global supply chain challenges.

This study introduces a novel approach by focusing specifically on the role of DTT in enhancing
production forecasting and inventory optimization, extending beyond its traditional applications in
maintenance and equipment monitoring. By examining DTT’s effectiveness in these two critical areas, this
research contributes a new perspective on how virtual modeling and real-time data can enhance operational
decision-making (Grieves & Vickers, 2017; Kritzinger et al., 2018). Unlike previous studies, which primarily
emphasize the implementation of technology, this study aims to link DTT applications with measurable
improvements in forecasting and inventory outcomes.

The primary purpose of this research is to evaluate the impact of digital twin technology on production
forecasting and inventory optimization within various industries. Specifically, the study seeks to determine
which aspects of DTT contribute most significantly to forecast accuracy, inventory turnover, and stock level
optimization. By comparing DTT-enhanced forecasting and inventory management with traditional
approaches, the study will identify key benefits and potential challenges associated with DTT implementation
in these areas (Tao et al., 2018; Zhang et al., 2019).

This research contributes to the fields of digital transformation and production management by providing
empirical evidence on the effectiveness of DTT for production forecasting and inventory optimization. The
findings will provide industry leaders with practical insights on how DTT can be strategically applied to
achieve operational goals, enhance decision-making, and improve responsiveness to market fluctuations.
Additionally, the study may serve as a foundation for future research on integrating DTT with other advanced
technologies, such as artificial intelligence (AI) and machine learning, to further enhance production
forecasting and inventory systems (Wang et al., 2019; Tao et al., 2019).

The implications of this research extend to corporate strategy, operational resilience, and technological
innovation. By understanding how digital twin technology can enhance forecasting and inventory management,
companies can make data-driven decisions that support efficiency and adaptability. This research also guides
policymakers and industry stakeholders, offering a framework for encouraging digital innovation in supply
chain systems. Ultimately, this study aims to contribute to the development of resilient and efficient production
management practices that align with the demands of an increasingly complex global market.
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2. METHOD

This study employs a quantitative research approach to evaluate the impact of digital twin technology
(DTT) on production forecasting and inventory optimization across various manufacturing industries. The data
population comprises companies from sectors such as automotive, electronics, and consumer goods
manufacturing, where inventory management and production forecasting are critical for maintaining
operational efficiency. From this population, a purposive sample of 25 companies is selected, each with
experience implementing digital twin technology in their production processes. This sample represents a mix
of small, medium, and large enterprises, enabling a comparative analysis of DTT’s impact across different
organizational scales.

To gather relevant data, the study employs a structured survey as the primary research instrument,
designed to measure key performance indicators (KPIs) such as forecast accuracy, inventory turnover, and
stockout occurrences. Additionally, semi-structured interviews are conducted with production managers to gain
qualitative insights into the challenges, benefits, and strategies associated with DTT implementation. These
interviews complement the quantitative survey data, providing a deeper understanding of how DTT is
perceived and applied in different production contexts. This combination of structured surveys and interviews
offers a comprehensive dataset that captures both measurable outcomes and experiential insights.

A rigorous data analysis process follows the collection of data. Quantitative survey responses are analyzed
using statistical methods, such as analysis of variance (ANOVA), to examine the relationship between DTT
use and improvements in KPIs related to forecasting and inventory optimization. Qualitative interview data are
subjected to thematic analysis, identifying common themes and patterns related to the implementation and
impact of DTT. This mixed-methods approach allows for a holistic analysis, combining empirical evidence
with practical insights, to evaluate the effectiveness of digital twin technology in enhancing production
forecasting and inventory management across various manufacturing settings.

3. RESULTS AND DISCUSSION
1. Overview of Research Data
Data from 25 companies across the automotive, electronics, and consumer goods sectors were

analyzed to evaluate the impact of digital twin technology (DTT) on production forecasting and inventory
optimization. This dataset included both quantitative performance metrics, such as forecast accuracy, inventory
turnover, and stockout rates, as well as qualitative feedback from production managers on DTT’s challenges
and benefits. The combination of these data types provided a comprehensive perspective on DTT’s practical
applications.

2. Impact of Digital Twin Technology on Forecast Accuracy
Survey data showed that companies using DTT achieved an average 20% improvement in forecast
accuracy compared to companies without DTT. This improvement supports the findings by Qi and Tao (2018),
who argue that DTT enhances real-time data analysis, allowing companies to make more accurate production
and demand forecasts.

3. Improvement in Inventory Turnover
The implementation of DTT also resulted in a 15% increase in average inventory turnover rates. This
suggests that DTT enables companies to optimize inventory levels by providing accurate and timely insights
into demand patterns, resulting in a more efficient allocation of resources. This aligns with previous research
by Grieves and Vickers (2017), which highlighted DTT’s role in improving inventory management by
synchronizing real-world data with virtual models.

4. Reduction in Stockout Incidences
Companies reported an average reduction of 18% in stockout occurrences after implementing DTT.
Real-time data monitoring and predictive analysis capabilities enabled firms to anticipate demand fluctuations
and adjust their inventory accordingly, thereby reducing the likelihood of stockouts. This finding is consistent
with the research by Jones et al. (2020), which emphasized the potential of DTT to mitigate stockouts and
minimize supply chain disruptions.
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5. Enhanced Responsiveness to Demand Fluctuations
Interviews with production managers revealed that DTT significantly enhanced responsiveness to
demand changes. Managers noted that DTT enabled quicker adjustments to production schedules based on
real-time demand data. This supports the findings of Tao et al. (2018), who argued that DTT provides a
dynamic decision-making framework that allows companies to adapt efficiently to changing market conditions.

6. Challenges in Implementing Digital Twin Technology
Qualitative data highlighted several challenges in adopting DTT, including high implementation costs,
the need for robust data infrastructure, and specialized technical expertise. Managers reported that these barriers
made DTT implementation particularly challenging for smaller firms. This echoes the findings of Negri et al.
(2017), who noted that cost and technical requirements are significant barriers to the adoption of DTT in
production environments.

7. Comparison to Traditional Forecasting and Inventory Management Methods
Companies using traditional forecasting methods reported lower accuracy levels and higher stockout
rates than those using DTT. This finding confirms previous research by Kritzinger et al. (2018), which suggests
that DTT offers a significant improvement over conventional methods by providing real-time, data-driven
insights that enhance operational agility.

8. Interpretation of Cost and Efficiency Data
Despite high initial costs, companies reported that DTT ultimately reduced operational expenses by
streamlining production and inventory processes. This supports the resource-based view theory, which posits
that investing in unique resources (like DTT) can lead to sustainable competitive advantages. The efficiency
gains achieved by DTT align with this theoretical perspective.

9. Impact on Supply Chain Resilience
Interviews revealed that DTT increased supply chain resilience by allowing companies to simulate
disruptions and adjust production plans proactively. This finding aligns with Ivanov and Dolgui’s (2020) work
on digital resilience, suggesting that DTT enables companies to manage risks by creating adaptable, responsive
supply chains.

10. Solutions for Overcoming DTT Implementation Challenges
Companies that successfully implement DTT overcome challenges by adopting a phased integration
approach and providing ongoing training to their employees. These solutions align with the recommendations
of Wang et al. (2019), who advocate for the gradual adoption of DTT to minimize disruption and ensure that
employees are adequately trained.

11. Relation to Digital Transformation Theory
The findings support digital transformation theory, which posits that advanced technologies can
fundamentally alter business processes. DTT enabled the surveyed companies to shift from reactive to
proactive production management, thereby aligning operational practices with digital transformation principles
outlined by Qi and Tao (2018).

12. Implications for Industry-Wide Adoption of DTT
The success of DTT in enhancing forecasting and inventory optimization suggests that industry-wide
adoption could lead to significant improvements in production efficiency. This finding has practical
implications for industries seeking to remain competitive in a globalized, rapidly changing market, supporting
the recommendations by Grieves and Vickers (2017).
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13. Comparative Analysis with Previous Research
While previous studies (e.g., Tao et al., 2019; Zhang et al., 2019) have focused on DTT for equipment
maintenance, this research extends their findings by demonstrating the impact of DTT on production
forecasting and inventory management. The improved KPIs observed in this study provide empirical support
for expanding DTT applications beyond equipment monitoring to core production functions.

14. Practical Recommendations for Implementation
Based on these findings, companies aiming to implement DTT should consider starting with a pilot
project to minimize initial costs and identify best practices. Additionally, firms should invest in data
infrastructure and provide employee training to address the technical challenges associated with DTT. This
aligns with the recommendations of Queiroz et al. (2020), who emphasized the strategic implementation of
technology to maximize its benefits.

15. Future Research Directions
The study’s findings suggest several avenues for further research, including exploring the impact of
DTT in other sectors, such as healthcare and logistics. Additionally, future research could investigate the
potential of integrating artificial intelligence with DTT to enhance production forecasting and inventory
optimization further.

4. CONCLUSION

In conclusion, this research demonstrates that digital twin technology significantly enhances
production forecasting accuracy and inventory optimization, with companies reporting notable
improvements in forecast accuracy, inventory turnover, and reduction of stockouts. Although
implementation challenges, such as high costs and technical demands, present barriers, phased
integration and employee training can mitigate these issues. The findings underscore the value of
DTT as a strategic investment for improving operational efficiency and supply chain resilience.
Future research should explore DTT applications across a broader range of industries and consider
integrating advanced technologies, such as Al, to maximize the potential of digital twin systems in
production environments.
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