Al Integration

This is a comprehensive look at how Artificial Intelligence (Al) can accelerate the timeline and
enhance the technical, operational, and financial performance of a large-scale SAF project.
Integrating Al tools - from project design and construction to ongoing plant operations - can
streamline processes, reduce errors, and optimize outcomes.

1. Al in Project Planning & Execution
1. Project Scheduling & Risk Analysis

* Automated Scheduling: Advanced project management platforms with Al-driven schedulers (e.g.,
Oracle Primavera with machine learning modules or specialized construction-focused Al tools) can
rapidly generate and update detailed Gantt charts.

* Risk Forecasting: Al can simulate various “what-if” construction scenarios (supply delays, labor
shortages, weather events), quantify schedule impacts, and recommend proactive mitigation
actions.

2. Cost Estimation & Budget Management

* Parametric Cost Models: Leverage historical data from similar modular projects to predict cost
overruns. Al-driven analytics identify hidden cost factors (e.g., raw material price volatility) early,
providing more accurate budgeting.

* Dynamic Contingency Allocation: Machine learning algorithms analyze real-time procurement and
labor cost data to adjust contingency budgets dynamically, ensuring resources are available when
risks materialize.

3. Design Optimization & Digital Twins

* Parametric Design Tools: Al-driven parametric software (e.g., in combination with BIM - Building
Information Modeling) can automatically generate multiple design iterations for piping layouts,
structural supports, and module configurations based on performance and cost constraints.

* Digital Twins for Rapid Prototyping: Create a virtual replica of the proposed plant, from gasifiers

to FT reactors. Al simulations help detect bottlenecks, evaluate heat integration strategies, and
optimize equipment placement before physical construction starts.

2. Al-Enhanced Supply Chain & Feedstock Management
1. Feedstock Sourcing & Price Optimization
* Predictive Price Modeling: Machine learning models can monitor market conditions for coal waste

disposal fees, biomass feedstock availability, and RNG sourcing costs, predicting near-future price
fluctuations and suggesting optimal purchase timing.



* Supplier Selection: Al-driven vendor scoring systems evaluate suppliers based on reliability, ESG
credentials, logistics capacity, and historical performance to minimize supply disruption risks.

2. Logistics & Inventory Management

* Route Optimization: Al-based route-planning algorithms (similar to those used by logistics giants)
optimize the movement of biomass, coal waste, and RNG to the plant, reducing transportation
costs and time.

* Real-Time Inventory Forecasting: Sensor data on feedstock storage levels (e.g., silos, biomass
piles, RNG tank pressures) feed into Al models that predict consumption rates and automatically
reorder or schedule deliveries to prevent stockouts.

3. Quality Control of Feedstocks

* Image Recognition: Drones or cameras equipped with computer vision can scan biomass piles or
coal waste stockpiles, identifying contamination or out-of-spec material (e.g., excessive moisture,
foreign objects).

¢ Real-Time Composition Analysis: Al-integrated spectroscopy or sensor systems can measure
feedstock composition (ash, moisture, volatiles) inline, adjusting gasifier feed rates or conditioning
parameters accordingly.

3. Al for Process Control & Optimization

1. Advanced Process Control (APC)

* Real-Time Parameter Tuning: Al algorithms (like reinforcement learing) can dynamically adjust
gasifier temperatures, pressures, and feed mix to maintain optimal syngas composition (H/CO
ratio), maximizing throughput and FT yield.

* Adaptive Co-Gasification Strategy: When feedstock quality changes (e.g., higher sulfur in coal
waste or wetter biomass), Al-driven controls automatically modify operating conditions (air/steam
injection rates, temperature setpoints) to maintain steady-state operations without downtime.

2. Fischer-Tropsch Reactor Optimization

* Catalyst Monitoring: ML-based pattern recognition can detect early signs of catalyst deactivation,
prompting in-situ regeneration or partial load adjustments.

* Product Yield Predictions: By analyzing real-time data (pressure, temperature, catalyst bed
performance), Al forecasts syncrude yields and identifies the optimum reaction conditions for
producing on-spec SAF.



3. Digital Twin for Plant Operations

* Real-Time Simulation: The live digital twin mirrors plant operations, constantly updated with
sensor data. Al-driven analytics run continuous simulations to pinpoint best operating strategies,
reduce energy usage, or prevent process upsets.

* Scenario Testing: Operators can simulate “what-if” scenarios (e.g., sudden change in RNG supply

or shift in biomass moisture) within the digital twin to determine the best control responses before
implementing them in the real plant.

4. Predictive Maintenance & Reliability
1. Condition Monitoring

* Vibration Analysis & Acoustic Monitoring: Al models trained on normal operating signatures can
detect subtle deviations indicating bearing wear, misalignment, or impending equipment failure.

* Thermal Imaging: Machine vision systems analyze live thermal camera feeds around gasifier shells,
pipelines, and rotating equipment, identifying hot spots or leaks in early stages.

2. Predictive Failure Analysis
* Machine Learning on Historical Data: Al models learn from years of operational data on rotating
machinery (pumps, blowers, compressors). Identifying patterns that preceded failures helps

schedule targeted maintenance before breakdowns.

* Automated Work Orders: When anomalies exceed a threshold, the Al system automatically
creates maintenance tasks, dispatches staff, and orders necessary parts.

3. Asset Lifecycle Management

* Optimal Replacement Strategies: Al can calculate remaining useful life (RUL) for critical
components, balancing the cost of proactive replacement vs. risk of catastrophic failure.

* Maintenance Scheduling: By coordinating maintenance windows with feedstock supply dips or
off-peak operational periods, Al reduces unplanned downtime and lost production opportunities.

5. Al in Safety & Regulatory Compliance
1. Real-Time Emissions Monitoring

* Al-Based Sensor Fusion: Combine data from stack analyzers (NO, SO, CO, PM) with process
conditions to detect potential exceedances before they occur.



¢ Automated Corrective Actions: Once a deviation is predicted, control systems can adjust
operating parameters or feed mixes to keep emissions within permit limits.

2. Plant Personnel Safety

* Computer Vision: Cameras with Al can detect unauthorized personnel in restricted areas or
identify if a worker is missing critical PPE (personal protective equipment).

e Al-Driven Alarm Management: Intelligent alarm systems can filter out false positives and highlight
the most critical signals, helping operators respond faster to real safety threats.

3. Regulatory Reporting

* Automated Documentation: Al tools compile operational data (throughput, emissions, HSE
incidents) into standardized reports for regulatory bodies, reducing administrative burdens and the
risk of human error.

* Compliance Prediction: ML models can predict if upcoming changes in feedstock or operating
conditions might push emissions or effluent levels out of compliance, prompting proactive
mitigation steps.

6. Al for Business & Market Optimization

1. Carbon Credit Maximization

e Lifecycle Emissions Modeling: Machine learning can continuously recalculate carbon intensity (Cl)
scores, factoring in real-time feedstock blends, trucking distances, and energy usage. This ensures
accurate generation of carbon credits under LCFS or RFS.

* Dynamic Market Engagement: If certain feedstock blends yield higher RIN or LCFS credits, Al can
suggest shifting feedstock ratios to maximize financial returns without compromising production
capacity.

2. Demand Forecasting & Pricing

e SAF Offtake Forecasts: Al-based demand modeling using airline schedules, cargo trends, and
macroeconomic data can help align production volumes with short-term and long-term SAF needs.

* Price Sensitivity: Evaluate real-time SAF pricing and competitor supply to optimally schedule
production, storage, or sales agreements.

3. Financial Risk Management

* Hedging Strategies: Al can recommend hedges for energy inputs (e.g., natural gas for hydrogen
supplementation) or feedstock cost exposures, reducing margin volatility.



e Cost-Benefit Analysis: Automated Al-based evaluations determine the ROl of adding new
modules, performing debottlenecking projects, or adopting advanced catalysts.

7. Implementation Roadmap for Al Integration
1. Establish a Data Infrastructure

¢ Central Data Lake: Aggregate process data, operational logs, maintenance records, supply chain
info in a secure, scalable repository (cloud-based or on-premises).

* Sensor Network Expansion: Identify critical points for additional instrumentation (pressure,
temperature, flow, composition) to feed high-quality data into Al models.

2. Select & Integrate Al Platforms

* Industrial loT & Analytics Platforms: Tools like Siemens MindSphere, GE Predix, or AWS loT can
act as the foundation for real-time analytics, digital twins, and machine learning at scale.

* Implementation Partners: Engage experienced system integrators or in-house data science teams
to develop custom ML algorithms for specific plant processes (gasifier operation, FT yields, etc.).

3. Train & Upskill Workforce

e Cross-Functional Training: Operators, engineers, and maintenance staff should understand basic
Al concepts, data interpretation, and digital workflows.

¢ Data & Al Literacy: Provide ongoing training to help teams trust and act on Al-driven
recommendations, transitioning from conventional manual controls to automated or semi-
automated workflows.

4. Pilot Al Use Cases

* |dentify Key “Quick Win" Projects: For example, predictive maintenance on a critical compressor
train or real-time emissions control. Rapid ROl proof helps gain organizational buy-in.

* Scale Up: After successful pilot programs, systematically expand Al deployments across the full
range of operations (feedstock blending, FT optimization, supply chain).

5. Continuous Improvement & Governance
* Al Model Management: Regularly retrain ML models with new operational data.

e Ethical & Cybersecurity Considerations: Implement robust cybersecurity policies and clarify data
governance to protect proprietary IP and critical infrastructure from breaches or misuse.



8. Anticipated Outcomes & Benefits

* Shortened Project Timeline: Al-driven project planning and design optimization can shave months
off engineering and construction schedules, aiding the 18-month commercial start-up goal.

* Lower Operational Costs: By continuously optimizing feedstock blends, process conditions, and
maintenance schedules, Al reduces energy consumption, minimizes unplanned downtime, and
extends equipment life.

* Higher Throughput & Yield: Intelligent control systems maintain the gasifier and FT units at peak
efficiency, increasing SAF production and profitability.

* Improved Safety & Compliance: Early warning systems and automated alarms reduce the risk of
accidents or regulatory violations, ensuring smooth, uninterrupted operation.

* Enhanced Profit Margins: With real-time carbon intensity tracking, dynamic offtake pricing, and
financial hedging, Al helps capture premium SAF prices and maximize carbon credits.

9. Final Recommendations

1. Invest in Data & Digital Infrastructure Early: A robust sensor network and data analytics pipeline is
the backbone for any Al solution.

2. Engage Strategic Al Partners: Collaborate with established industrial Al and automation
specialists to expedite solution deployment.

3. Adopt a Phased, Use-Case-Driven Approach: Start with high-impact areas (e.g., predictive
maintenance, advanced process control) to demonstrate ROI quickly.

4. Foster a Data-Driven Culture: Encourage collaboration between process engineers, IT/data
teams, and executive leadership to continually refine Al strategies.

By integrating Al throughout the project life cycle - from initial design to full-scale operation -
CarbonCore can compress project schedules, optimize feedstock usage, maintain consistent on-
spec SAF production, and boost profitability. Leveraging these tools positions a large-scale SAF
plant to meet the ambitious 18-month target while ensuring sustainable, efficient operations for the
long term.



