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Abstract 
In the transition toward a green economy and digital agriculture, blockchain-based smart contracts provide a foundation for transparent, automated, and equitable value distribution across agricultural value chains. This study expands the original framework by placing blockchain smart contracts as the central coordinating mechanism that integrates TerraChar-enabled regenerative agriculture, Smart Open-field Farming technologies, AI-driven Big Data analytics, and full-value-chain traceability in the coffee sector.
TerraChar—produced through the pyrolysis of agricultural residues—improves soil health, stabilizes pH, enhances nutrient efficiency, and sequesters measurable volumes of carbon. These agronomic and environmental improvements generate high-integrity, verifiable big data at the production stage. When recorded on a blockchain, these data become tamper-proof digital assets that drive automated calculations of cost savings, carbon credit issuance, productivity gains, and ESG performance.
By structuring coffee production, processing, distribution, and consumption as a continuous blockchain data flow, the proposed system ensures transparent tracking of inputs, outputs, quality attributes, logistics conditions, and carbon impacts. Smart contracts use these verified data to automatically compute and distribute revenues—including carbon income, quality premiums, and verified sustainability incentives—to farmers, processors, logistics operators, exporters, and consumers. This eliminates information asymmetry, fraud, and manual intervention while enabling fair and algorithm-driven value sharing.
Through this model, the coffee sector evolves into a digitally governed, economically transparent ecosystem where sustainability outcomes—including carbon sequestration and reduced input use—are directly monetized. The approach strengthens sustainable business models, increases farmer income, enhances market access for ESG-conscious consumers, and establishes a scalable template for ASEAN agricultural digital transformation. Ultimately, blockchain-based smart contracts emerge not merely as digital tools but as economic infrastructure enabling a resilient, inclusive, and data-driven agricultural future.
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Application of Blockchain-Based Smart Contracts for Green Economy, Sustainable Business Models, and Digital Economy in Agricultural Development:
A Blockchain-Centric Framework for Transparent Cost and Revenue Distribution Across the Coffee Value Chain**

Abstract
This study develops a blockchain-centered smart contract framework that integrates TerraChar-based regenerative agriculture, Smart Open-field Farming, AI-driven Big Data analytics, and full value-chain traceability to create a transparent and automated economic system for the agricultural sector. Using the coffee value chain as a representative model, the research demonstrates how blockchain smart contracts convert farm-level environmental and production data into verifiable economic assets—including cost savings, productivity gains, ESG value, and carbon credits.
TerraChar (biochar), applied at the production stage, generates high-integrity data on soil improvement, nutrient efficiency, carbon sequestration, and yield enhancement. These datasets form the foundation for transparent value-chain management on blockchain, enabling smart contracts to automatically compute and distribute costs and revenues among farmers, processors, distributors, exporters, and ESG-focused consumers. The proposed system eliminates information asymmetry, builds trust across stakeholders, and enables new green-economy revenue streams while strengthening sustainable business models and transitioning agriculture into the digital economy.

1. Introduction
1.1 Background
Agriculture is transitioning toward green economy, sustainable business models, and digital transformation. However, conventional agricultural value chains face persistent structural issues:
· Limited transparency in production, processing, and logistics
· Lack of reliable environmental performance data
· Inefficient and inequitable income distribution
· No mechanism to monetize carbon reduction
· Fragmented and incompatible data across actors
· Limited participation of farmers in high-value ESG markets
A blockchain-centric digital infrastructure offers the foundation for resolving these challenges by automating verification, ensuring accountability, and enforcing equitable value distribution.
1.2 Purpose of the Study
This research aims to:
1. Apply blockchain-based smart contracts to the complete agricultural value chain
2. Transform TerraChar-generated agricultural and environmental data into blockchain-secured assets
3. Use Smart Open-field Farming and AI to quantify production and sustainability metrics
4. Create a transparent mechanism for economic calculations and revenue distribution
5. Establish a model that supports green economy, sustainable business, and digital agricultural markets
1.3 Scope
The research focuses on the coffee value chain—production, processing, distribution, and consumption—as a demonstrative model with high scalability across ASEAN agriculture.

2. TerraChar as the Foundation of Trusted Agricultural Big Data
TerraChar application in coffee farms yields quantifiable agronomic and environmental improvements. These effects create a high-integrity dataset suitable for blockchain verification.
2.1 Soil Economy and pH Stabilization
Drawing from soil-economy theory:
· H⁺ = currency
· Nutrients = goods
· pH = exchange rate
· Acidic soils behave like hyperinflationary economies
TerraChar functions like a soil central bank, absorbing excess H⁺ (currency stabilization), storing nutrients (reserve asset), and increasing Total Factor Productivity (TFP).
2.2 Measurable Input Reduction
· 20–30% fertilizer savings
· 15–25% water and energy savings
2.3 Yield and Quality Enhancement
· 10–20% yield increase
· Enhanced SCA cupping scores
2.4 Carbon Sequestration
· 2.0–2.5 tCO₂eq/ha annually
· Direct eligibility for carbon credit issuance
➡ These datasets become tamper-proof blockchain entries used by smart contracts.

3. Blockchain-Based Coffee Value Chain Architecture
The value chain is redesigned into four blockchain-verified stages:
3.1 Production Stage
Recorded on-chain:
· TerraChar application
· Soil sensor data (pH, EC, moisture)
· Drone NDVI/NDRE
· Carbon sequestration metrics
· Harvest quantity and quality
3.2 Processing Stage
· Roasting profiles (temperature curves)
· Milling efficiency and defect ratios
· Energy usage and emissions
3.3 Distribution Stage
· Warehouse and transport conditions
· Export/import documents
· Chain-of-custody verification
3.4 Consumption Stage
· Consumer ESG verification
· Product authenticity (farm-to-cup)
· Premium pricing tied to verified data
Each transaction is hashed into the blockchain for immutable traceability.

4. Smart Contract Mechanism for Economic Transparency
Smart contracts execute automatic cost/benefit calculations and revenue sharing based on verified input data.
4.1 Input Variables to Smart Contract Algorithms
	Variable
	Source
	Function

	Carbon sequestration
	IoT/drone/satellite
	Carbon credit payout

	Fertilizer reduction
	Farm logs
	Cost saving allocation

	Water/energy reduction
	Smart irrigation
	Efficiency credit

	Yield increase
	Harvest data
	Productivity bonus

	Quality metrics
	SCA scores
	Premium price distribution

	Supply chain transparency
	Blockchain records
	ESG bonus


4.2 Revenue Distribution Logic
Farmer Share
· Carbon income: 300–375 USD/ha
· Input savings: 140–260 USD/ha
· Premium price participation
Processor Share
· Verified processing contribution
Distributor Share
· Data-backed performance incentives
Consumer Benefit
· Verified origin
· Environmental transparency
➡ All distribution follows algorithmic rules, eliminating human bias.

5. Achieving Economic Transparency through Blockchain
Blockchain establishes a transparent agricultural economy through:
✔ Immutable cost and revenue records
✔ Verified environmental performance
✔ Automated, unbiased revenue sharing
✔ Zero-fraud traceability
✔ Real-time ESG scoring
✔ Fair participation for smallholder farmers
This transparency strengthens sustainable business models and supports green investment flows.

6. Case Study: Viet Nam Coffee Sector
Economic Outcomes
	Category
	Value

	Carbon credit income
	300–375 USD/ha

	Fertilizer reduction
	100–180 USD/ha

	Water/energy reduction
	40–80 USD/ha

	Total farmer income increase
	450–600 USD/ha (7.5–10%)


Blockchain smart contracts allow transparent allocation of these benefits.

7. Contribution to Green Economy, Sustainable Business, and Digital Economy
Green Economy
· Quantified carbon reduction
· Verified regenerative agriculture
· Carbon credit monetization
Sustainable Business Models
· Algorithmic fairness
· Zero information asymmetry
· Circular, data-driven value creation
Digital Agriculture Economy
· On-chain production records
· AI-driven optimization
· Smart contract–based incentive markets
· ESG-integrated digital exports

8. Conclusion
This study presents a blockchain-based smart contract framework that transforms the coffee value chain into a transparent, efficient, and equitable digital economy. By integrating TerraChar-generated big data with smart contracts, the model accomplishes:
1. Full value-chain digitization
2. Verified green-economy impacts
3. Automated cost and revenue transparency
4. Fair income distribution
5. Strengthened sustainability and ESG compliance
6. Scalable application across ASEAN agriculture
The proposed system redefines blockchain as the core economic infrastructure enabling green economy, sustainable business models, and digital economic transformation in agriculture.



