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Abstract: The Goods and Services Tax (GST) reform in India marked a 
significant shift towards a unified and transparent indirect tax regime. 
However, with increasing transactional complexity, the system has been 
plagued by compliance challenges and fraudulent practices such as 
fake invoicing and input tax credit (ITC) misuse. In recent years, 
Artificial Intelligence (AI) has emerged as a transformative tool in 
enhancing GST compliance, automating data reconciliation, and 
identifying anomalies indicative of fraud. This research investigates the 
impact of AI tools on GST fraud detection using real-world data from 
2018 to 2023. A statistical analysis, including a one-way ANOVA test, 
reveals a significant reduction in reported fraud cases following the 
adoption of AI-based monitoring and analytics by tax authorities. The 
study underscores the potential of AI to strengthen tax enforcement 
mechanisms, reduce administrative burden, and foster greater 
transparency within India’s taxation ecosystem. Recommendations are 
provided for policymakers to promote wider AI adoption, ensure ethical 
deployment, and enhance data infrastructure within the GST 
framework. 
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Introduction 

 The Goods and Services Tax (GST), introduced in India in July 2017, represents one of the 
most significant tax reforms in the country’s fiscal history. (Garg, 2024) Designed to unify a complex web 
of indirect taxes, GST aims to simplify tax administration, enhance transparency, and improve 
compliance. (Das-Gupta, 2021) Despite these intentions, the implementation has brought forth 
challenges in enforcement, fraud detection, and real-time compliance, especially given the large volume 
of transactional data generated across sectors (Ministry of Finance, 2023). 

 With the growing digitization of tax processes, Artificial Intelligence (AI) has emerged as a 
promising enabler for tax administration globally. AI tools such as machine learning (ML), natural 
language processing (NLP), and robotic process automation (RPA) are now being deployed to automate 
repetitive tasks, identify patterns in taxpayer behaviour, and predict fraudulent activities before they 
escalate (OECD, 2022). 

 

 The Indian GSTN (Goods and Services Tax Network) is already leveraging basic analytics; 
however, the scale and complexity of data in GST filings demand more advanced AI-driven interventions 
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to improve efficiency, reduce compliance costs, and curtail fraudulent practices like fake invoicing, input 
tax credit (ITC) fraud, and circular trading.  (Bezditnyi, 2024). 

 This paper explores the intersection of AI tools and GST compliance, focusing on how AI can: 

• Improve the accuracy and speed of invoice reconciliation 

• Identify and prevent tax fraud through predictive modelling 

• Offer intelligent assistance to taxpayers and tax administrators 

 The objective is to propose a roadmap for integrating AI into India’s GST ecosystem, drawing 
insights from global case studies and current practices in the Indian tax tech industry. (Pomeranz, 2015) 

Overview of GST Framework in India 

 The GST system is a comprehensive, destination-based indirect tax levied on the supply of 
goods and services. It replaces multiple cascading taxes levied by the central and state governments. 
The three main types of GST are Central GST (CGST), State GST (SGST), and Integrated GST (IGST). 
(Modi, 2024) 

 GST compliance involves various filings, including GSTR-1 (outward supplies), GSTR-2B (ITC 
statement), and GSTR-3B (monthly summary return). Businesses must also undertake annual 
reconciliations and file GSTR-9 (annual return). (Garg R. &., 2024) (Garg R. &., 2024) 

Key features include: 

• Unified tax structure 

• Input Tax Credit (ITC) mechanism to avoid cascading taxes 

• E-way bill and e-invoicing systems 

 Despite the simplicity in theory, GST implementation has posed challenges such as filing errors, 
delays, difficulty in invoice matching, and lack of real-time compliance, especially for MSMEs. (Agarwal, 
2020) 

Challenges in GST Compliance 

Several issues impact GST compliance: 

• Volume and Complexity of Data: Businesses generate millions of invoices monthly, making 
manual processing and reconciliation inefficient and error-prone. 

• Delayed Return Filings: Mismatched invoices often lead to ITC rejections and penalties. 

• Fraudulent Practices: Cases of fake invoicing, shell companies, and circular trading schemes 
to claim ineligible ITC are on the rise (Sharma & Iyer, 2021). 

• Integration Issues: Disparate accounting software and lack of API integration with GSTN 
complicate data flow. 

 These challenges create opportunities for AI to enhance automation and data accuracy in the 
system. (Kumar, 2019) 

Role of AI in Modern Tax Systems 

 Around the world, tax administrations are increasingly embracing Artificial Intelligence (AI) to 
modernize enforcement mechanisms, reduce revenue leakages, and streamline taxpayer services. With 
the explosion of digital data, conventional tax enforcement strategies—reliant on audits and manual 
scrutiny—are no longer sufficient to deal with complex and high-volume transactional ecosystems. (Rao, 
2021) AI offers tax authorities the ability to shift from a reactive to a proactive model of governance by 
identifying risks, anomalies, and fraudulent behaviours before they cause substantial fiscal harm. 
(Thakur, 2019) 

Globally, tax authorities have begun adopting AI to tackle issues of fraud and compliance. For 
example: 

• Her Majesty’s Revenue and Customs (HMRC), United Kingdom: Uses machine learning 
(ML) algorithms to detect anomalies in taxpayer behaviour, automate compliance risk scoring, 
and flag potential underreporting or tax evasion in real time (Allingham, 1972). HMRC’s 
“Connect” system reportedly analyzes over 1 billion items of data from government and public 
sources to profile taxpayers and detect inconsistencies. 

• Australian Taxation Office (ATO): Utilizes Natural Language Processing (NLP) to parse 
written communication such as emails, declarations, and support documents submitted by 
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taxpayers. NLP helps in detecting intent, inconsistency, or even potential fraud in complex 
narratives, improving case triaging and resolution times. 

• Internal Revenue Service (IRS), United States: Applies AI and predictive analytics to optimize 
audit selection processes. By analyzing patterns across vast tax return datasets, the IRS 
identifies high-risk cases more accurately and improves enforcement efficiency. AI has also 
been used in detecting refund fraud and duplicate filings (OECD, 2022). 

Core Applications of AI in Taxation 

 The integration of AI in tax systems supports several operational and strategic functions: 

• Automation of Routine Tasks 

 AI-driven systems can automate data extraction, return filing, document verification, and invoice 
matching—drastically reducing manual errors and operational costs. 

• Fraud Detection & Anomaly Identification 

 AI models, especially supervised learning algorithms, can detect outliers in tax declarations, 
identify abnormal transaction patterns, and spot shell companies or fake invoices with high precision. 

• Risk Profiling and Predictive Compliance 

 Using predictive analytics, authorities can develop risk profiles for taxpayers based on their filing 
history, transaction volume, and business network. This enables targeted audits and early intervention 
strategies. 

• Taxpayer Assistance through AI Chatbots 

 Many jurisdictions have introduced AI-powered virtual assistants to guide users through filing 
procedures, clarify regulations, and provide 24/7 support. These systems also reduce the workload of call 
centers and compliance officers. 

• Sentiment and Behavioral Analysis 

 Advanced AI tools analyze taxpayer sentiment in communication (emails, feedback, appeals) to 
detect dissatisfaction, intent to evade, or potential legal issues. This has helped improve service delivery 
and compliance culture. 

Application of AI in GST Operations 

AI has several direct applications within the GST system: 

• Automated Invoice Matching   

 One of the most error-prone and labor-intensive tasks in GST compliance is the matching of 
purchase and sales invoices between buyers and suppliers. Discrepancies often lead to the denial of 
Input Tax Credit (ITC), penalties, and compliance burdens. 

AI-powered ML models can: 

▪ Automatically compare and validate invoices from GSTR-1 (supplier’s return) and GSTR-
2A/2B (recipient’s auto-populated return). 

▪ Flag mismatches in tax amounts, GSTIN numbers, and item classifications. 

▪ Adaptively learn from past corrections to improve matching accuracy over time. 

▪ This significantly reduces human intervention, processing time, and risks associated with 
ITC claims. 

• Risk Profiling and Predictive Analytics 

AI can enhance the enforcement capabilities of tax authorities by developing risk scores for 
individual taxpayers or entities. These scores are based on: 

▪ Filing history and return accuracy 

▪ Frequency and scale of mismatches or delays 

▪ Network relationships with high-risk entities 

▪ Volume and diversity of transactions 
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 AI models use both structured data (returns, invoices) and unstructured data (communications, 
behavior) to assign compliance risk levels. Authorities can then prioritize audits and interventions, 
optimizing enforcement resources. 

• Fraud Detection  

A major area of GST fraud involves shell companies, circular trading, and fake invoice chains. 
Traditional methods struggle to detect such complex, multi-party arrangements. 

AI-based graph analytics can: 

▪ Map transactions across businesses to identify unusual patterns. 

▪ Detect closed-loop trading, where goods/services are cycled through fake firms to claim 
illegitimate ITC. 

▪ Uncover fraud rings using link prediction and anomaly detection. 

These models are trained on labeled fraud cases and improve continuously with more data, 
enabling authorities to prevent fraud before ITC is credited. 

• Reconciliation Tools  

 Reconciliation between books of accounts and GST returns is critical but often overlooked by 
small and medium enterprises. Errors in this process can lead to ITC loss, penalties, and litigation. 

AI-powered tools: 

▪ Automatically reconcile accounting data with GSTR-2A/2B. 

▪ Detect inconsistencies in HSN codes, invoice numbers, and GST amounts. 

▪ Suggest corrective actions and alert businesses before filing. 

Such tools are now offered by platforms like ClearTax, Zoho, and Tally, making reconciliation 
more accurate and user-friendly. 

• Chatbots and NLP 

 Given the complexity of GST law and filing procedures, many taxpayers struggle with 
interpretation and compliance. AI-driven chatbots offer 24/7 support in natural language to: 

▪ Explain GST return procedures and deadlines 

▪ Help taxpayers identify applicable tax rates, codes, and forms 

▪ Assist in responding to notices or departmental queries 

Using NLP, these bots can also understand user intent, suggest relevant help documents, and 
reduce dependency on tax consultants for basic tasks. 

Risks, Limitations and Ethical Concerns 

 While Artificial Intelligence (AI) offers transformative potential for tax systems, its integration into 
the GST framework must be approached with caution. The use of AI in public financial systems, 
especially in areas involving compliance, surveillance, and fraud detection, raises significant ethical, 
legal, and operational risks. Ensuring a balance between automation and accountability is essential to 
maintain trust, fairness, and transparency in the tax ecosystem. 

• Data Privacy and Security 

 AI systems in GST operate on vast amounts of taxpayer data, including invoice-level details, 
transaction histories, and business relationships. This data is extremely sensitive and, if compromised, 
could lead to: 

▪ Identity theft or financial fraud 

▪ Exposure of proprietary business information 

▪ Loss of public trust in government systems 

Strict data protection protocols, encryption standards, and adherence to India’s Digital Personal 
Data Protection Act, 2023 are essential to secure taxpayer information. (Bhatia, 2021) 
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• Algorithmic Bias and Misclassification 

 AI models learn from historical data, which may itself be biased or unrepresentative. This can 
lead to: 

▪ Misclassification of compliant taxpayers as high-risk 

▪ Unfair scrutiny or audits of small businesses due to limited data 

▪ Reinforcement of existing systemic biases (e.g., industry type, location) 

 If not regularly audited and calibrated, biased AI systems can undermine fairness and erode 

taxpayer confidence in automated compliance systems. 

• Legal and Admissibility Issues 

 AI-generated outputs, such as fraud flags, risk scores, or anomaly alerts, may lack transparency 
or explainability, especially if based on complex neural networks. This raises questions like: 

▪ Can such insights be used as legal evidence? 

▪ Is the taxpayer entitled to an explanation? 

▪ How can one challenge an AI-generated classification? 

 Legal frameworks need to evolve to accommodate explainable AI (XAI) and establish 

standards for auditability and accountability in algorithmic decision-making. 

• Over-Reliance on AI and De-skilling 

 Excessive dependence on AI can: 

▪ Reduce the skillset of human tax professionals 

▪ Create blind spots where AI fails (e.g., interpreting context or intent) 

▪ Lead to automation bias, where human agents accept AI decisions without question 

▪ Sustainable deployment should focus on AI-human collaboration, not substitution. 

• Lack of Regulatory and Ethical Oversight 

As of now, India lacks a comprehensive AI governance framework specifically for public finance. 

Without proper oversight, the following risks increase: 

▪ Use of black-box models with no transparency 

▪ Data being used beyond its original consented purpose 

▪ Lack of redressal mechanisms for taxpayers affected by AI errors 

According to NASSCOM (2022), ethical AI in governance must follow principles of fairness, 
accountability, transparency, and human oversight. 

• Recommendations for Ethical AI Use in GST 

▪ To ensure safe and responsible adoption of AI in GST, the following steps are 

recommended: 

▪ Implement periodic audits of AI models for fairness and accuracy 

▪ Establish explainable decision-making frameworks 

▪ Train tax officers and developers in AI ethics and compliance law 

▪ Set up independent oversight bodies to monitor AI deployments in tax administration 

Review Literature 

 The integration of Artificial Intelligence (AI) into tax systems has become a global trend, driven 
by the need for proactive fraud detection, enhanced compliance, and operational efficiency. The 
foundational work by Allingham and Sandmo (1972) emphasized that taxpayer behavior is influenced by 
the likelihood of detection and penalties, laying the theoretical basis for data-driven enforcement 
strategies. Globally, tax authorities have begun leveraging AI to modernize their systems—such as the 
UK’s HMRC using machine learning for risk profiling, the IRS in the U.S. optimizing audits through 
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predictive analytics, and the Australian Tax Office using NLP for document review (OECD, 2020; OECD, 
2022). In the Indian context, the implementation of the Goods and Services Tax (GST) has led to growing 
concerns around invoice fraud, fake input tax credit claims, and shell firms. Projects like “Insight” by the 
Central Board of Direct Taxes (CBDT, 2018) and AI-powered analytics by the GST Network (GSTN, 
2023) are examples of digital initiatives aimed at enhancing compliance. Empirical studies by Das-Gupta 
et al. (2021) and Tandon and Kapoor (2022) have shown how AI and predictive analytics have improved 
compliance by identifying fraud patterns within GST filings. However, scholars such as Schreiber and 
Ozturan (2022) and institutions like NASSCOM (2022) and MeitY (2023) raise ethical concerns related to 
data privacy, bias, and transparency in algorithmic governance. While global and Indian literature 
highlight the potential of AI in tax administration, few studies combine quantitative validation (e.g., 

statistical testing) with ethical and operational analysis, creating a gap that this research aims to address. 

Research Objectives 

• To identify and document the current applications of AI in GST operations, including invoice 
matching, risk profiling, and fraud detection. 

• To evaluate the effectiveness of AI tools in detecting and reducing GST fraud, using real-world 
data and statistical methods. 

• To examine the ethical, legal, and operational risks associated with AI adoption in tax 

administration. 

• To propose a policy and implementation roadmap for the scalable and responsible deployment 

of AI in the GST system. 

Research Methodology 

 This research employs a mixed-methods approach combining qualitative insights with 
quantitative analysis. The methodology includes: 

• Data Collection 

▪ Secondary data was collected from credible sources such as the Ministry of Finance, PIB 
India, GSTN reports, and reputed financial news publications (e.g., Economic Times, 

Business Standard). 

▪ Data on GST fraud cases (2018–2023), both before and after the adoption of AI tools, was 

compiled to observe trends and patterns. 

• Analytical Tools and Techniques 

▪ A One-Way ANOVA (Analysis of Variance) was performed to test whether the reduction in 
fraud cases after AI implementation is statistically significant. 

▪ A literature review was conducted covering global AI adoption in tax systems, including 
practices from the UK, USA, and Australia. 

▪ Case studies of Indian tax tech startups (Clear Tax, Tally, Zoho) were analysed to 

understand practical applications of AI in GST compliance. 

Table 1: GST Fraud Cases in India (2018–2023) 

Year Fraud Cases Detected 
Approx. Value 
Involved (INR) 

Notes 

2018 10,000+ ₹10,000+ crore Initial surge in fake invoicing 

2019 12,000+ ₹11,500 crore Govt starts matching GSTRs 

2020 13,000+ ₹15,000 crore Increase in shell firm detection 

2021 9,000+ ₹12,000 crore Use of data analytics begins 

2022 8,200 ₹12,300 crore AI-based analysis expanded 

2023 7,800 (till Nov) ₹13,000 crore+ Real-time e-invoicing flagged cases 
Sources: PIB India, Economic Times Reports (2021-2023), Ministry of Finance Statements 

AI Implementation Timeline in GST 

• Pre-AI Phase (2018–2020): Fraud detection primarily manual, via audits. 

• Post-AI Phase (2021–2023): Use of AI, data analytics, and e-invoice matching algorithms. 



Raja Bhoj Sharma & Ruchi Garg: Leveraging AI Tools for Enhanced GST Compliance and..... 49 

 

 

ANOVA Test Result 

 We applied a One-Way ANOVA to determine if there's a statistically significant difference in the 
average number of GST fraud cases before and after AI tools were implemented. 

F-statistic: 12.31 

P-value: 0.0247 

Interpretation 

Since the p-value < 0.05, we reject the null hypothesis, which means: 

• There is a statistically significant reduction in fraud cases after AI tools were introduced in the 
GST system (from 2021 onward). 

• This suggests AI-based detection and monitoring systems had a meaningful impact in reducing 
fraud. 

Conclusion 

 This research highlights the transformative potential of Artificial Intelligence (AI) in enhancing 
the efficiency, transparency, and integrity of India’s Goods and Services Tax (GST) system. As GST 
continues to evolve into a digitally governed tax regime, the integration of AI tools—such as machine 
learning, natural language processing, and graph analytics—has played a critical role in addressing key 
compliance challenges, particularly in areas of invoice matching, fraud detection, and risk profiling. 

 By analyzing real-world data from 2018 to 2023 and applying statistical methods such as 
ANOVA, the study provides empirical evidence that AI implementation has led to a significant reduction in 
fraud cases. This validates the hypothesis that intelligent automation and predictive analytics can bolster 
the enforcement capabilities of tax authorities and reduce the dependency on manual audits and 
retrospective scrutiny. 

 However, the adoption of AI is not without risks. Concerns around data privacy, algorithmic bias, 
legal admissibility, and over-reliance on automated systems must be addressed through robust 
governance, regulatory frameworks, and continuous model validation. Furthermore, ethical deployment 
requires a balance between automation and human oversight to ensure fairness and accountability. 

 In conclusion, AI is not just a technological upgrade—it represents a strategic shift in how tax 
systems can operate in the 21st century. For India’s GST system, AI offers a pathway toward proactive 
enforcement, cost-effective compliance, and intelligent public service delivery. Moving forward, a 
collaborative approach involving the government, private sector, and academia will be essential to scale 
AI adoption responsibly and sustainably across the taxation landscape. 
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