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Abstract: 

Sustainable Supply Chain Management (SSCM) has gained significant attention due to increasing environmental concerns, 

regulatory pressure, and stakeholder demand for transparency and ethical accountability. Traditional supply chain systems rely 

heavily on centralized data repositories and periodic sustainability audits, which suffer from data manipulation risks, limited 

traceability, and delayed decision-making. While blockchain technology improves transparency through decentralized and 

immutable data storage, it largely functions as a secure data repository. Similarly, artificial intelligence (AI) enhances prediction 

and optimization but often operates on unverifiable or fragmented data sources. 

This paper proposes an integrated Blockchain and Artificial Intelligence framework for sustainable supply chain management, 

introducing Blockchain-Anchored Sustainability Intelligence (BASI) as a sustainability-focused AI layer. BASI continuously 

evaluates, predicts, and explains sustainability performance using blockchain-verified data. Furthermore, smart contracts 

translate AI-driven sustainability insights into automated incentives and penalties, ensuring accountability. The proposed 

framework transforms sustainability from static reporting into continuous, explainable, and enforceable governance, enabling 

proactive and transparent supply chain decision-making. 
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Introduction: 

Sustainable Supply Chain Management (SSCM) has 

emerged as a strategic necessity for modern 

organizations due to growing environmental 

degradation, stricter regulations, and increasing 

stakeholder expectations for ethical and transparent 

business practices [1], [12]. Contemporary supply 

chains are complex, global, and multi-tiered, making 

sustainability monitoring and enforcement challenging. 

Traditional supply chain systems depend on centralized 

databases and manual sustainability reporting, which 

are prone to data tampering, information asymmetry, 

and delayed response to sustainability risks [2], [5]. 

Blockchain technology addresses these challenges by 

enabling decentralized, immutable, and traceable data 

sharing across supply chain participants [1], [3]. In 

parallel, artificial intelligence improves supply chain 

efficiency through demand forecasting, optimization, 

and decision support [6], [8]. 

However, most existing blockchain–AI frameworks 

emphasize operational efficiency, cost reduction, or 

fraud detection, treating sustainability as a secondary 

or post-process reporting activity [2], [6]. To overcome 

this limitation, this research proposes an integrated 

framework that embeds sustainability intelligence 

directly into blockchain-verified operational data and 

enforces sustainability outcomes automatically. 

1.  Contributions of This Study: The key 

contributions of this research are: 

• Introduction of Blockchain-Anchored  
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Sustainability Intelligence (BASI) as a 

sustainability-focused AI layer 

• Continuous and explainable evaluation of 

environmental, social, and economic 

sustainability 

• Integration of smart contracts for automated 

sustainability enforcement 

• Conceptual validation of the framework using an 

agri-food supply chain example 

Background and Literature Review: 

1.  Blockchain for Supply Chain Transparency 

Blockchain technology enhances supply chain 

transparency and traceability by maintaining an 

immutable ledger of transactions accessible to 

authorized stakeholders [1], [5]. It reduces fraud, 

improves auditability, and enhances trust. However, 

most blockchain-based systems serve primarily as 

secure data repositories without intelligent 

sustainability analysis capabilities. 

2.  Artificial Intelligence in Sustainable Supply 

Chains 

Artificial intelligence has been widely adopted for 

demand forecasting, logistics optimization, 

inventory management, and risk prediction [6]. 

Recent studies highlight AI’s role in reducing waste, 

improving energy efficiency, and enhancing 

sustainability outcomes [8]. Nevertheless, AI-

driven systems often rely on centralized or 

unverifiable data sources, raising concerns 

regarding data reliability and accountability. 

3.  Integration of Blockchain and AI 

The integration of blockchain and AI combines 

trusted data management with intelligent analytics 

[11]. Blockchain ensures data authenticity, while AI 

extracts insights for decision-making. Despite this 

synergy, existing frameworks largely focus on 

operational optimization rather than continuous 

sustainability intelligence and automated 

enforcement mechanisms [9]. 

Hybrid intelligence model leverages GDS to 

unravel intricate supplier relationships, while AI 

algorithms provide predictive insights, ensuring 

precise and actionable supplier recommendations. 

hybrid model surpasses standalone GDS or AI 

systems in accuracy, robustness, and scalability. 

This study not only underscores the transformative 

potential of integrating GDS, AI, and block chain 

but also sets a precedent for future endeavours in 

data-driven supply chain optimization [13]. 

4.  Research Gap 

The literature reveals several gaps: 

• Sustainability assessment remains static and 

periodic 

• Limited use of explainable AI for sustainability 

decisions 

• Weak linkage between sustainability evaluation 

and enforcement 

• Insufficient accountability mechanisms 

These gaps motivate the need for a framework that 

treats sustainability as a core, intelligent, and 

enforceable objective. 

Problem Definition and Research Objectives: 

Despite advances in digital supply chains, 

sustainability monitoring remains fragmented and 

reactive. Sustainability assessments are often manual, 

infrequent, and disconnected from real-time 

operational data [6]. Additionally, the absence of 

automated enforcement mechanisms limits 

accountability among supply chain participants [9]. 

Research Objectives: 

The objectives of this study are to: 

1. Propose an integrated Blockchain and AI 

framework for SSCM 

2. Introduce BASI for continuous sustainability 

evaluation 

3. Enable explainable AI-based sustainability insights 

4. Incorporate smart contract-triggered incentives and 

penalties 
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5. Support transparent and accountable supply chain 

governance 

Proposed Framework: Blockchain-Anchored 

Sustainability Intelligence (BASI) 

1.  Overview of BASI 

Blockchain-Anchored Sustainability Intelligence 

(BASI) is a sustainability-specific AI layer that 

operates exclusively on blockchain-verified supply 

chain data. BASI continuously analyzes operational 

and sustainability metrics to generate trustworthy, 

explainable, and actionable sustainability insights. 

2.  Novelty and Originality of BASI 

Unlike existing blockchain–AI supply chain 

frameworks that focus on efficiency, traceability, or 

fraud prevention, BASI explicitly positions 

sustainability as a first-class, continuously 

evaluated objective. By tightly coupling 

blockchain-verified data, explainable AI, and smart 

contract enforcement, BASI moves beyond 

sustainability reporting toward sustainability 

governance. 

The BASI system introduces innovative features 

through its distinctive approach which breaks away 

from established AI systems that function solely as 

reporting tools. BASI establishes sustainability as 

an essential ongoing goal which organizations must 

assess throughout their operational duties while 

existing systems focus on either operational 

productivity or fraud detection. The system uses 

blockchain-verified information together with 

explainable AI technology to create sustainability 

scores which maintain both accurate results and 

understandable information for regulatory 

assessments. The framework introduces a new 

approach to sustainability governance by using 

smart contract enforcement to implement insights 

which move organizations from manual auditing to 

automated monitoring of sustainability practices. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. Workflow of the Integrated Blockchain–AI Framework for Sustainable Supply Chain Management 

This figure illustrates the operational workflow of the integrated Blockchain–AI framework, showing data flow from 

supply chain operations to blockchain recording, BASI analysis, and smart contract enforcement. 
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BASI-Driven Sustainability Intelligence: 

1. Sustainability Data Inputs 

Supply chain activities generate sustainability-

related data such as emissions, energy consumption, 

cost, time, and compliance metrics. Once recorded 

on the blockchain, this data becomes immutable and 

time-stamped, ensuring reliable inputs for AI 

analysis. 

2.  Sustainability Evaluation Dimensions 

BASI evaluates sustainability across three 

dimensions: 

• Environmental sustainability: emissions, 

energy usage, waste 

• Social sustainability: ethical sourcing, labor 

compliance 

• Economic sustainability: resource efficiency 

and cost viability 

These evaluations produce dynamic 

sustainability scores rather than static reports. 

3.  Explainable Decision Analysis 

Explainable AI techniques identify the key 

contributors to sustainability scores and risk 

predictions. This transparency enhances managerial 

trust, regulatory acceptance, and interpretability of 

AI-driven decisions. 

Sustainability Enforcement and Governance 

The proposed framework integrates sustainability 

assessment with enforcement and governance 

mechanisms to ensure accountable and measurable 

sustainability outcomes. The framework creates an 

open system that uses BASI and smart contracts to 

show how sustainability results impact business 

operations. The approach changes sustainability from a 

reporting function into an active governance 

mechanism which organizations need for daily supply 

chain operations. 

1.  Smart Contract-Triggered Actions 

Smart contracts work as automatic enforcement 

systems which use BASI sustainability results to 

implement specific operations. The BASI system 

evaluates sustainability performance through 

blockchain-based data which it compares to the 

smart contract specifications that represent 

established thresholds. The thresholds may include 

environmental standards which organizations must 

meet along with their regulatory obligations and 

sustainability targets. 

The system activates positive incentives when 

sustainability performance reaches or surpasses the 

established standards through smart contracts which 

deliver quicker financial settlements and better 

supplier evaluations and future work opportunities. 

The smart contracts enforce penalties and require 

corrective actions when BASI identifies 

sustainability violations which include excess 

emissions and breaches of ethical sourcing 

requirements and suboptimal resource utilization. 

The penalties for these violations may result in 

financial penalties and payment delays and enforced 

crucial corrective measures. 

Automated enforcement systems eliminate the 

requirement for human operation which leads to 

fewer disagreements while executing sustainability 

regulations for all supply chain members. 

Blockchain records maintain their permanent status 

which enables stakeholders to trust enforcement 

processes because they can verify transparency and 

auditability. 

2.  Continuous Sustainability Feedback Loop 

The framework uses a feedback loop system which 

connects enforcement results with blockchain and 

AI systems to improve environmental performance 

over time. The operational changes which follow 

smart contract implementation result in new 

sustainability data which organizations create 

through better routing and lower emissions and 

compliance changes. 
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The blockchain stores the new data which BASI re-

evaluates to let the AI system review past 

sustainability efforts and create upcoming 

sustainability assessments. The feedback system 

enables the organization to adjust its operations to 

meet new requirements while sustaining existing 

processes and regulatory frameworks and 

sustainability objectives. 

The continuous feedback loop ensures that 

sustainability governance remains proactive rather 

than reactive. The framework enables organizations 

to improve sustainability performance through a 

continuous learning process which develops 

responsible supply chain practices that maintain 

visibility for all stakeholders. 

AI Architecture of the Proposed Framework 

The BASI layer applies its hybrid architecture to 

sustain all decision-making processes which depend on 

both data and legal requirements. 

• Predictive Machine Learning Model: The system 

uses historical blockchain data through its 

Predictive Machine Learning method to discover 

hidden non-linear patterns present in the data. It 

serves as an advance warning mechanism which 

detects upcoming risks such as carbon quota 

violations. 

• Rule-Based Models: The system uses international 

standards (e.g. ISO 14001) to make automated 

decisions which implement "If-Then" logic. The 

system establishes legal boundaries which protect 

automated processes from breaking laws or ethical  

standards. 

• Hybrid Sustainability Scoring Model: The system 

combines predictive results with rule-based 

evaluation to produce an Explainable AI (XAI) 

output. The output allows direct backtracking of all 

smart contract triggers (incentives or penalties) to 

their origin through specific data points and 

regulatory rules. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. Layered Architecture of the Blockchain–AI 

Framework with BASI and Smart Contract 

Enforcement 
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This figure presents a simplified architectural view of 

the framework, highlighting the interaction between 

blockchain layers, AI modules, and sustainability 

governance mechanisms. 

Conceptual Validation: Hypothetical Agri-Food 

Supply Chain Use Case 

Consider an agri-food supply chain involving farmers, 

processors, distributors, and retailers. Sustainability 

data such as crop origin, fertilizer usage, transportation 

emissions, and storage energy consumption are 

recorded on the blockchain. 

BASI analyzes this verified data to compute 

sustainability scores and predict risks such as excessive 

emissions or unethical sourcing. Smart contracts 

automatically reward low-emission suppliers and 

penalize violations. This conceptual example 

demonstrates the feasibility and applicability of the 

proposed framework. 

 

Supply Chain 

Stage 

Data Recorded 

(Blockchain) 

BASI AI Analysis (AI 

Architecture) 

Smart Contract Trigger 

(Governance) 

Sourcing 

(Farmers) 

Fertilizer usage and 

Crop origin 

Hybrid Scoring: 

Evaluation of chemical 

runoff vs. organic 

standards 

Incentive: Preferred supplier 

status for 100% organic 

compliance 

Processing Energy consumption 

and Waste volume 

Predictive ML: 

Forecasting future waste 

trends based on current 

output 

Penalty: Financial deduction 

if waste exceeds established 

regulatory thresholds 

Distribution Transportation 

emissions and Route 

time 

Explainable AI: 

Identifying route 

inefficiencies causing high 

CO2 

Action: Automated 

corrective action trigger for 

low-carbon route 

optimization 

Retail Storage energy and 

Ethical sourcing 

badges 

Rule-based: Verification 

of labor compliance and 

storage temperatures 

Reward: Faster payment 

settlement for maintaining 

ethical transparency 

 

Table 1. Conceptual Validation of BASI in an Agri-Food Supply Chain 

Research and Practical Significance: 

This research creates a groundbreaking academic 

achievement by establishing the first link between 

Industry 4.0 and sustainability through its development 

of prescriptive analytics methods. The BASI 

framework establishes a unified governance 

framework which combines blockchain technology 

with artificial intelligence to create value. The 

theoretical range of Sustainable Supply Chain 

Management (SSCM) research expands because this 

research defines sustainability as an ongoing legally 

confirmed requirement which organizations must 

evaluate throughout their operations instead of using 

occasional environmental assessments. 

The framework establishes a complete "single source 

of truth" system which supply chain members from 

various levels can use to verify information. The 

system provides immediate sustainability risk detection 

which enables managers to take action before problems 

arise. The combination of Explainable AI (XAI) with 

automated systems enables regulators and auditors to 

achieve decision transparency while creating audit 

trails which decrease environmental compliance 

difficulties. The framework creates a system which 

holds organizations responsible for their ethical 

behavior because their sustainability results determine 

their financial gains through smart contract-based 

rewards. 
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Implementation Overview: 

The framework implementation uses a decentralized 

digital architecture which consists of multiple layers to 

achieve both scalability and system interoperability. 

The foundation consists of an IoT-enabled data 

acquisition layer that feeds supply chain metrics 

directly into the blockchain infrastructure. Blockchain 

technology creates an unchangeable data framework 

which protects AI inputs through permanent security 

and time-stamped records. 

The BASI AI module executes its primary functions by 

using its hybrid architecture which combines Predictive 

ML and Rule-based models to process the secured data. 

The Smart Contract layer serves as the central 

execution system which uses AI-generated scores to 

create automated governance processes. The 

framework enables organizations to connect their 

existing Enterprise Resource Planning (ERP) systems 

with its modular design while protecting their 

operational environments through enhanced security 

and transparency. 

Limitations and Future Work: 

1.   Limitations: 

The framework requires operational restrictions 

which limit its use beyond its potential. BASI 

functions only when data enters the system from IoT 

sensors or manual logs at the correct accuracy level 

because all preceding stages of data handling lead to 

either correct or incorrect outcomes. The heavy 

resource requirements of advanced ML model 

operation on blockchain nodes create a challenge 

for Small and Medium-sized Enterprises (SMEs) 

which have limited digital resources. The current 

framework depends on organizations establishing 

trust between themselves to create standardized 

"Rule-Based" logic which works across various 

international legal systems. 

 

 

2.  Future Work 

Future research will focus on enhancing the 

granularity of data through real-time IoT 

integration, enabling micro-adjustments in carbon 

tracking. We will investigate how Federated 

Learning (FL) permits several supply chain 

members to develop shared AI models while 

safeguarding their confidential business 

information. The "Rule-Based" module will gain 

the ability to automatically follow International 

Environmental Law (IEL) standards through its new 

templates which will help the framework adjust to 

international environmental regulation changes. 

Conclusion: 

The paper presents a revolutionary solution for 

Sustainable Supply Chain Management which 

combines Blockchain technology and Artificial 

Intelligence. The establishment of Blockchain-

Anchored Sustainability Intelligence (BASI) lets us 

break through the limitations that traditional reporting 

systems impose. The framework enables organizations 

to execute sustainability assessments through its 

verification process which makes measurements 

accessible via smart contract-based enforcement. The 

combined system creates a path which leads 

organizations to achieve their sustainability objectives 

while they navigate through the complexities of the 

contemporary global marketplace. 
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