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Abstract: As the renewable energy industry expands, the demand for reliable and sustainable supply chains has become 

critical, especially within energy storage systems. Supplier reliability significantly impacts the efficiency and resilience of these 

supply chains, which are vulnerable to disruptions and fluctuations. This paper examines the application of machine learning-

driven predictive models to enhance supplier reliability in renewable energy storage supply chains. Through a comprehensive 

literature review and analysis of model applications such as random forests, support vector machines (SVM), and neural 

networks, we evaluate their effectiveness in predicting supplier risks and enhancing decision-making accuracy. The findings 

reveal that predictive models not only improve supplier reliability but also provide insights that support preemptive risk 

management. This study highlights the potential of machine learning to reshape supplier reliability assessment, promoting a 

more resilient and sustainable supply chain in the renewable energy sector. 

Keywords: Machine learning, predictive models, supplier reliability, renewable energy storage, supply chain, risk 

management. 

 Introduction 

With the global shift towards renewable energy, the 

role of efficient and reliable supply chains in 

delivering sustainable energy solutions has become 

indispensable. Renewable energy storage systems, 

such as those used in solar and wind applications, 

rely on high-quality materials like lithium-ion 

batteries and other advanced storage technologies. 

However, supplier variability and disruptions often 

threaten the stability and scalability of these supply 

chains. Addressing supplier reliability in this context 

is essential to support the continued growth of 

renewable energy systems (Kumar et al., 2021). 

Machine learning (ML) offers powerful tools for 

enhancing predictive capabilities within supply 

chains, facilitating the identification and mitigation 

of supplier-related risks. By processing historical 

data and recognizing patterns, ML models such as 

random forests, support vector machines, and neural 

networks can provide insights into factors that 

contribute to supplier unreliability. These models 

allow for data-driven decision-making, enabling 

companies to anticipate disruptions and adjust their 

supply chain strategies accordingly (Chen et al., 

2020). 

This study aims to explore how machine learning 

models can improve supplier reliability in renewable 

energy storage supply chains by predicting risks and 

analyzing supplier performance trends. Through 

empirical analysis and a critical review of recent 

literature, we highlight the potential of predictive 

analytics to improve supplier management practices 

and ensure resilience in renewable energy supply 

chains. 

Problem Statement 

The renewable energy sector faces unique supply 

chain challenges, particularly due to the variability 

in supplier performance and the high demand for 

specific materials, such as lithium, cobalt, and nickel. 

Unpredictable supplier performance can lead to 

delays, increased costs, and resource shortages, 

hampering the growth of the renewable energy 

market. Current methods for assessing supplier 

reliability often fail to account for complex, non-

linear interactions among various supply chain 

factors, leading to insufficient predictive accuracy. 

Machine learning-driven predictive models offer a 

solution to these limitations by leveraging data-driven 

insights to predict supplier reliability more 

accurately (Zhao & Sun, 2021). 

Objectives 

This research aims to examine the effectiveness of 

machine learning models in enhancing supplier 

reliability in renewable energy storage supply 
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chains. The specific objectives include: 

• Analyzing the predictive accuracy of various 

machine learning models in forecasting supplier 

reliability. 

• Assessing the impact of predictive analytics on risk 

management practices. 

• Providing insights into the implementation of 

machine learning models for real-time supply chain 

management in renewable energy sectors. 

        Literature Review 

Significance of Supplier Reliability in Renewable 

Energy Storage 

The success of renewable energy storage systems 

relies heavily on consistent supplier reliability. 

Supply chain disruptions in renewable energy 

sectors can lead to substantial financial losses and 

production delays, undermining the effectiveness of 

renewable energy initiatives (Singh & Shah, 2018). 

Research has demonstrated that unreliable suppliers 

affect not only the direct availability of raw 

materials but also downstream processes, which are 

critical for maintaining sustainable energy storage 

systems (Rogers et al., 2020). Given the 

interconnectedness of supply chains, ensuring 

supplier reliability is essential to fostering resilient 

renewable energy systems. 

       Machine Learning in Predictive Analytics for 

Supply Chains 

Machine learning models have gained prominence 

in supply chain management due to their ability to 

process large datasets and identify complex patterns 

that conventional models cannot detect. Recent 

studies have illustrated the benefits of machine 

learning algorithms, such as random forests, SVM, 

and neural networks, in enhancing supply chain 

resilience: 

• Random Forests: Known for handling large and 

unstructured datasets, random forest models are 

highly effective in classifying supplier reliability 

based on historical performance data. 

• Support Vector Machines (SVM): SVM models 

are suited for binary classification tasks, which 

make them ideal for distinguishing between reliable 

and unreliable suppliers. They are also effective in 

managing smaller datasets, which are common in 

niche supply chains like renewable energy storage. 

• Neural Networks: Neural networks excel in 

modeling non-linear relationships, allowing them to 

capture complex interactions within supply chains. 

This capability is beneficial for predicting supplier 

reliability in dynamic and uncertain environments. 

Recent Studies on Predictive Models for Supplier Reliability 

Table 1 summarizes notable research on machine learning applications in supply chain management, focusing on 

supplier reliability within renewable energy contexts. 

Study Model Used Application Key Findings 

Chen et al. 

(2020) 

Random Forest Supplier Risk 

Assessment 

Enhanced prediction accuracy by 12% 

Kumar et al. 

(2021) 

Neural Networks Supplier Reliability Improved forecasting in dynamic settings 

Zhao & Sun 

(2021) 

Support Vector 

Machine 

Risk Prediction Reduced classification errors by 18% 

Li & Chen 

(2018) 

Decision Trees Supplier Risk Analysis Increased risk identification rate by 

10% 

Singh & Shah 

(2018) 

Logistic Regression Supplier Performance 

Forecast 

Improved reliability prediction by 15% 

Zhang & Li 

(2022) 

Neural Networks Supplier Classification Improved predictive quality in non-

linear scenarios 
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Methodology 

Data Collection and Preparation 

Data was sourced from a range of suppliers within 

renewable energy storage supply chains, focusing on 

key metrics such as delivery times, compliance rates, 

and defect ratios. The dataset included over 1,500 

data points covering supplier performance over five 

years (2018-2023). Data preprocessing involved 

cleaning, normalization, and feature extraction to 

ensure optimal model performance. 

 

Machine Learning Model Selection and 

Evaluation Metrics 

Three machine learning models were chosen to 

evaluate supplier reliability: 

• Random Forest: Recognized for its robust accuracy 

in handling complex, unstructured data. 

• Support Vector Machine (SVM): Selected for its 

ability to provide precise classification of supplier 

reliability. 

• Neural Network: Chosen for its capacity to learn 

from non-linear patterns, making it suitable for 

dynamic supplier environments. 

Each model was assessed based on accuracy, recall, 

and F1-score to determine the most effective model 

in predicting supplier reliability. 

Table 1: Model Performance for Supplier Reliability Prediction 

Model Accuracy Recall F1-Score 

Random Forest 89% 88% 88.5% 

Support Vector Machine 83% 81% 82% 

Neural Network 85% 84% 84.5% 

 

Experimental Procedure 

The dataset was divided into training (80%) and 

testing (20%) sets. Models were trained on the 

historical data and validated on the testing set. 

Cross-validation techniques were applied to reduce 

overfitting and improve model generalizability. 

  Results and Analysis 

The results indicate that the Random Forest model 

outperformed other models, achieving an accuracy 

rate of 89%, followed closely by the Neural Network 

model. As shown in Figure 1, the Random Forest 

model consistently identified reliable suppliers, 

underscoring its effectiveness in supplier reliability 

prediction. 

 

Figure 1: Comparative Analysis of Machine Learning Model Accuracy 
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Figure 1: Support Vector Machine, and Neural Network—in predicting supplier reliability within renewable 

energy storage supply chains. The Random Forest model achieved the highest accuracy, followed by the Neural 

Network and Support Vector Machine models. 

Discussion 

The findings highlight the capability of machine 

learning models to significantly enhance supplier 

reliability in renewable energy storage supply 

chains. The Random Forest model’s superior 

performance suggests that it may be particularly 

useful for categorizing supplier reliability in this 

context. Neural Networks, although slightly less 

accurate, provide an advantage in capturing non-

linear trends, making them suitable for complex 

supply chain environments. 

Practical Implications for Renewable Energy 

Supply Chains 

The study’s results suggest that predictive models 

can serve as valuable tools for preemptive risk 

management, allowing companies to identify 

potential supply chain disruptions. This capability is 

crucial for the renewable energy sector, where 

stability and resilience in supply chains are essential 

to support the sector's rapid expansion. 

Limitations and Directions for Future Research 

One limitation of this study is the reliance on 

historical data, which may not fully capture future 

supply chain disruptions. Future research should 

incorporate real-time data to enhance model 

adaptability and explore the integration of hybrid 

machine learning models with reinforcement 

learning to improve predictive accuracy further. 

Conclusion 

Machine learning-driven predictive models are a 

promising solution to enhance supplier reliability in 

renewable energy storage supply chains. By 

leveraging predictive analytics, companies can make 

data-driven decisions that minimize supply chain 

disruptions, supporting the transition toward 

sustainable energy solutions. The findings provide a 

basis for future research into advanced machine 

learning applications in renewable energy supply 

chains, particularly as the sector grows and becomes 

increasingly complex. 
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