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Abstract 

As the need for sustainable practices grows, carbon capture and storage (CCS) systems have become 

critical in mitigating environmental impact by reducing carbon emissions. This study explores the role 

of artificial intelligence (AI) in enhancing the CCS supply chain, with a specific focus on supplier 

quality management and predictive analytics. By integrating AI technologies, companies can optimize 

their supply chains, minimize operational costs, and improve supplier quality performance. Supply 

chain managers can better forecast disruptions, identify potential risks, and enhance decision-making 

using predictive analytics. This paper synthesizes recent research on AI applications in CCS, assessing 

its impact on supplier quality management and operational efficiency. Key findings indicate that AI-

driven supplier management systems significantly enhance carbon capture efficiency, reducing overall 

emissions and facilitating more streamlined CCS operations. 
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Introduction 

  1. Background and importance of carbon capture 

The increasing concentration of greenhouse gases (GHGs) has intensified the global focus on 

sustainable technologies to address climate change. Carbon capture and storage (CCS) is a promising 

approach to reduce CO₂ emissions from major sources, such as industrial facilities and power plants, 

capturing up to 90% of CO₂ produced during industrial processes (1). By capturing carbon before it 

enters the atmosphere, CCS contributes significantly to global efforts in maintaining a sustainable 

environment. However, CCS systems face complex challenges related to cost, efficiency, and 

scalability, emphasizing the need for optimized supply chains and quality supplier management. 

2. Role of AI in optimizing carbon capture supply chains 

AI has the potential to revolutionize CCS supply chains by automating quality control, predicting supply 

chain disruptions, and enhancing overall operational efficiencies. AI technologies like machine learning 

(ML), predictive analytics, and data mining can analyze large datasets to improve decision-making, 

forecast demand fluctuations, and monitor supplier performance in real-time (2). The AI-driven predictive 

analytics models further assist in anticipating equipment failures, minimizing downtime, and ensuring 
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smooth operation. 

The present study investigates AI's role in optimizing CCS supply chains, focusing on two critical 

components: supplier quality management and predictive analytics. Supplier quality management 

involves evaluating and ensuring suppliers meet quality standards essential for maintaining operational 

efficiency and reducing costs. Predictive analytics enables proactive risk management, preparing 

organizations for potential disruptions and optimizing logistics. By integrating AI-driven solutions, 

supply chain managers can create a robust CCS supply chain that is both cost-effective and efficient. 

3. Objectives of the study 

The objectives of this study are to: 

1. Analyze existing literature on AI applications in CCS supply chain optimization. 

2. Assess the role of AI in enhancing supplier quality management. 

3. Investigate how predictive analytics can mitigate risks and forecast supply chain 

disruptions. 

4. Provide recommendations for implementing AI-driven solutions in CCS supply chains. 

 

Literature Review 

Recent studies emphasize AI's transformative role in managing supply chain complexities. Predictive 

analytics enhances decision-making by providing insights into demand forecasting, quality assessment, 

and supplier risk management (2). Similarly, applying ML algorithms in supplier quality management 

enables efficient supplier selection and assessment by analyzing historical data, compliance records, and 

performance metrics (3). Furthermore, advances in AI-enabled supply chain solutions have led to better 

resource allocation and cost reductions across various industries (4). 

The literature highlights the relevance of AI technologies in addressing CCS supply chain challenges. 

Predictive analytics can anticipate equipment failures and optimize maintenance schedules, reducing 

operational disruptions (5). AI-driven predictive maintenance models have also been shown to extend 

equipment lifespan, which is critical for cost-effectiveness and efficiency in CCS operations (6).These 

findings indicate that AI-driven solutions provide a strong framework for optimizing CCS supply chains, 

particularly in supplier quality management and predictive maintenance. 

Table 1: Summary of Key Literature on AI-Driven CCS Supply Chain Optimization 

Author(s) Focus Key Findings 

Zhou et al. Predictive analytics 
Enhanced decision-making through demand forecasting and quality 

control 

Liu et al. Supplier quality Improved supplier selection and risk assessment 

Chang et al. Predictive maintenance Reduced operational disruptions and cost savings 

Patel & Singh AI in CCS 
Extended equipment lifespan and improved

 CCS efficiency 
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AI-driven supplier quality management 

  1. Importance of supplier quality management in CCS 

In CCS supply chains, the quality of equipment and services suppliers provide impacts operations' 

efficiency and cost-effectiveness directly. Supplier quality management ensures that suppliers meet the 

required standards, reducing the risk of equipment failure and process inefficiencies. Traditional 

supplier quality management methods are often reactive, addressing issues only after they arise. 

However, AI-driven approaches enable proactive supplier management by continuously monitoring 

supplier performance, compliance, and risk factors (4). 

2. Implementation of AI in supplier quality management 

AI applications such as ML algorithms and natural language processing (NLP) can enhance supplier 

quality management. AI models can rank suppliers based on quality metrics by analyzing supplier data, 

including historical performance, compliance records, and defect rates. An AI-driven supplier quality 

management system can identify high-risk suppliers and recommend preemptive actions to mitigate 

potential issues (2). 

  Predictive analytics in CCS supply chains 

  1. Role of predictive analytics in supply chain management 

Predictive analytics plays a crucial role in supply chain management by analyzing data to forecast 

demand, predict equipment failures, and assess potential risks. In CCS systems, predictive analytics 

enables organizations to anticipate and respond to supply chain disruptions, such as material shortages or 

logistical delays. A predictive analytics model utilizes large datasets from multiple sources to make 

informed decisions, ensuring a smooth and efficient supply chain operation (5). 

Figure 1. Impact of Predictive Analytics on CCS Operations 

  

This figure illustrates the role of predictive analytics in managing and optimizing CCS operations, 

focusing on demand forecasting, equipment failure prediction, and risk assessment. The graph visually 

represents improvements in maintenance costs, reduction in downtime, and enhanced operational 

efficiency, supporting the analysis presented in this section. 
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2. Case study: Predictive analytics in carbon capture operations 

A recent case study highlights the significant benefits of predictive analytics in carbon capture and 

storage (CCS), showcasing its ability to optimize system performance and improve operational efficiency 

(6). By implementing predictive models to monitor equipment performance, the organization reduced 

maintenance costs by 20% and decreased downtime by 15%. Predictive analytics facilitated timely 

maintenance scheduling, which prevented potential equipment failures and ensured uninterrupted CCS 

operations. 

Table 2: Impact of Predictive Analytics on CCS Operations 

Metric Before Predictive Analytics After Predictive Analytics 

Maintenance Costs $100,000 $80,000 

Downtime 15 hours 12 hours 

Operational Efficiency 85% 90% 

 

 

Conclusion 

Integrating AI-driven supplier quality management and predictive analytics significantly enhances the 

efficiency of CCS supply chains. By enabling proactive supplier assessment, AI-driven supplier quality 

management reduces operational risks and ensures the reliability of CCS operations. Predictive analytics 

further complements this approach by forecasting potential supply chain disruptions and optimizing 

maintenance schedules, resulting in cost savings and improved operational efficiency. These AI-driven 

solutions address critical challenges in CCS supply chains, providing a sustainable and scalable framework 

for future CCS advancements. 
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