AI-ASSISTED WORK ORDER SYSTEM INITIATIVE



In a refinery, a Work Order System (often part of a Computerized Maintenance Management
System, or CMMS) is the "operating system" for maintenance. Because refineries are high-risk,
24/7 environments with thousands of interconnected parts, this system is critical for preventing

catastrophic failures and ensuring every bolt tightened and pipe inspected is documented.

ummm;




Think of it as the formal bridge between identifying a problem and verifying it’s been fixed. In a

1. What a Work Order System Does

refinery, it manages the following:

Request & Approval: Anyone from a floor operator to a safety inspector can flag an issue

(e.g., "Pump P-101is vibrating"). The system routes this to a supervisor for approval. @

Planning & Resource Allocation: It identifies exactly what is needed to fix the issue:
which specific gaskets, what specialized tools (like non-sparking wrenches), and which

craft (welder, electrician, etc.). @

Safety Permitting: This is unique to heavy industry. The work order often triggers "Hot
Work" or "Confined Space" permits, ensuring the area is de-pressured and gas-free

before a technician arrives.

Execution & Documentation: Technicians follow step-by-step digital checklists. Once
done, they log their time and the parts used, which updates the refinery’s inventory and

financial records. @

Asset History: Every work order is saved to that specific piece of equipment’s "medical

record," helping engineers spot if a particular valve fails every six months.
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2. How Al Enhances the System

Traditional systems are "passive"—they wait for a human to type in data. Al turns the work

order system into an "active” participant that thinks ahead. £

A. From "Scheduled"” to "Predictive” Maintenance

* The Old Way: You change the oil in a compressor every 6 months, whether it needs it or

not.

» The Al Way: Al analyzes live sensor data (vibration, temperature, flow). It “senses” a
microscopic change in the bearing frequency and automatically generates a work

order weeks before a human would notice a problem. @

B. Intelligent Prioritization

In a refinery, 500 work orders might be open at once. Al uses Natural Language Processing
(NLP) to read the descriptions and rank them by risk. It can recognize that a “small leak” on a
high-pressure hydrogen line is a much higher priority than a “broken light" in the breakroom,

even if the light request was submitted first. @



C. Automated Planning (The “Copilot"”)

Al can act as a digital assistant for maintenance planners. When a new work order is created for

a heat exchanger, the Al can: &
» Scan 10 years of history to suggest the exact kit of parts needed.

» Check the warehouse inventory levels and automatically order a replacement part if it's

out of stock. &

* Predict how many man-hours the job will take based on how long it took the last five

times.

D. Root Cause Analysis (RCA)

Al can look across thousands of closed work orders to find “ghost patterns.” It might discover
that a specific brand of seal fails 30% faster when the ambient temperature exceeds 100°F,

prompting the engineering team to change their procurement specs.



To stand out in the competitive SaaS market, a work order provider must move beyond "static”
configuration (drag-and-drop builders) and toward “Adaptive Orchestration.” Refineries vary
wildly—one might prioritize environmental compliance for every work order, while another

focuses on maximizing throughput during peak seasons.

Here is how a Saas provider can use Al to make their workflow system infinitely more flexible

and personalized for each customer:



1. Natural Language Workflow Generation (NLP)

Instead of forcing a maintenance manager to manually build a 20-step logic tree for a "Turbine

Overhaul,” the SaaS can provide a Generative Al Copilot.
» The Al Feature: A "Prompt-to-Process" engine.

* How it works: A customer types: “Create a workflow for high-pressure pump repair that
requires safety supervisor approval if the cost exceeds $5k and automatically alerts the
environmental team if it involves chemical seals.”

» The Benefit: The Al generates the technical logic, forms, and routing instantly. It allows

non-technical users to “program” their refinery’s unique logic without waiting for IT.



2. Dynamic Approval Routing (Agentic Al)

In traditional systems, if a supervisor is on vacation, the work order sits in a queue. Al

transforms this into a fluid process.
* The Al Feature: Agentic Workload Balancing.

» How it works: The system acts as an "agent” that monitors real-time availability,
certification levels, and current workloads of staff. If the primary approver is unavailable or
overloaded, the Al suggests an alternative “qualified" approver based on historical data of

who has handled similar permits.

* The Benefit: It prevents "workflow bottlenecks" that are specific to that day’s staffing

levels at a particular site. @



3. Automated "Permit-to-Work" Mapping
Refinery workflows are heavily gated by safety permits (Lock-out/Tag-out, Hot Work).
» The Al Feature: Semantic Requirement Extraction.

» How it works: When a technician describes a job in a work order, Al (using LLMs) reads
the text and automatically flags which safety permits are required by cross-referencing

the refinery’s specific safety manual.

» The Benefit: It ensures the workflow stays flexible but compliant. A customer can upload
their own 500-page safety PDF, and the Al “customizes" the workflow requirements to

match that specific document.



4. Workflow Bottleneck & Anomaly Detection

Every refinery has "hidden” delays—perhaps the warehouse in Houston is slower than the one

in Rotterdam.
* The Al Feature: Process Mining Al.

+ How it works: The Al continuously analyzes the "time-to-complete” for every step in the
workflow. It might alert the customer: “In your current workflow, ‘Safety Review' takes 40%
longer for electrical jobs than mechanical ones. Would you like to simplify the electrical

approval path?"

» The Benefit: The software doesn't just provide a tool; it provides optimization advice on

how the customer should change their own workflow.



5. Vision-Aided Step Verification

For high-stakes tasks, the "workflow" isn't just a digital checkbox; it's a physical reality.
» The Al Feature: Computer Vision (CV) Integration.

» How it works: As part of a custom workflow, a customer can require a "Photo Proof" step.
Al analyzes the photo (e.g., a locked valve or a finished weld) to verify it meets the specific
quality standards defined for that refinery before the work order can "auto-advance” to

the next stage.

» The Benefit: Reduces the need for manual “second-set-of-eyes" inspections, speeding

up the workflow without sacrificing safety.



To minimize inspection failure rates in a refinery—where missing a single hairline crack or a
corroded bolt can lead to a multi-million dollar shutdown—the Saas provider can implement an

Al-Driven Visual “Double-Check” & Quality Assurance (QA) Engine.

This feature moves the responsibility of “perfect eyesight” from a potentially fatigued human

inspector to a tireless, high-precision computer vision model.



The Feature: "Vision-Guard" Real-Time Inspection Validation

This feature integrates Computer Vision (CV) directly into the mobile work order app used by
inspectors in the field. It acts as a real-time “digital mentor” that ensures every inspection point

meets the exact standard required before the work order can be closed.

1. Real-Time Defect Detection (The "Augmented Eye”)

As the inspector points their mobile camera or AR headset at a component (e.g., a flange, a

weld, or a pressure gauge), the Al overlays a bounding box in real-time.

» How it works: The Al is trained on millions of images of "Pass" vs. "Fail" states. It can
detect micro-corrosion, thermal hotspots, or improper sealing that the human eye

might miss due to poor lighting or glare.

* The Benefit: It forces a "Pause” if the Al detects an anomaly, requiring the inspector to

either document the flaw or provide a justification for why it passed.



2. "Golden State" Comparison
One of the main reasons inspections fail is that the inspector doesn't know what the specific

asset looked like when it was new or “perfect.”

» How it works: The Al pulls the Digital Twin or the “As-Built" photo from the refinery's
database. It provides a side-by-side comparison on the screen, highlighting differences

(e.g., “This valve handle is turned 15° more than the standard position”).

» The Benefit: It standardizes the definition of "Good" across different inspectors with

varying levels of experience.




3. Automated Checklist Validation via Image Metadata
Refinery inspectors sometimes “pencil-whip" checklists (checking boxes without actually
performing the task).

» How it works: To check a box (e.g., “Inspected Bolt Tightness"), the Al requires a photo.
The Al then verifies the Geofence data (was the inspector actually standing at Pump A?)

and Visual Metadata (is the photo actually a bolt, or just a photo of a wall?).

* The Benefit: This creates an unshakeable audit trail, reducing failures caused by human

shortcuts or administrative errors.




4. Acoustic Leak Detection (Al Audio Analysis)

Sometimes a failure isn't seen; it's heard.

« How it works: The mobile app uses the device's microphone to listen to the "acoustic
signature” of a running motor or a pressurized pipe. Al compares the sound to a library of
"healthy" vs. “failing" sounds (e.g., the high-pitched hiss of a gas leak or the grinding of a

bearing).

+ The Benefit: It catches “invisible" failures that occur inside the equipment, which a visual

inspection would miss entirely.



Implementation for the SaaS Provider

To make this flexible for different refineries (as per your previous goal), the SaaS provider

should offer a “Train-Your-Own-Failure” Module:
» Arefinery can upload 50 photos of a specific failure unique to their facility.

» The Al fine-tunes itself to recognize that specific failure for that specific customer's work

orders.
Failure Mode Human Inspection Risk Al Mitigation
Fatigue/Boredom  Misses subtle rust or leaks Al remains 100% vigilant regardless of shift
length

Inexperience Doesn’t know the "Golden Al provides side-by-side visual comparisons
State”

Fraud/Shortcuts Checking boxes without Al requires visual proof and GPS validation
looking

Invisible Flaws Internal bearing wear Acoustic/Vibration Al analysis via mobile sensor



Ul Mockup: The "Al-Guided Inspection” Screen

1. The Live Viewfinder (The Centerpiece)

The majority of the screen is a live camera feed. As the inspector pans across the equipment,

the Al "paints” the environment with digital overlays:

* Bounding Boxes: When the Al identifies a component (e.g., a pressure gauge), a thin blue

box appears around it.

*» The "Heat Map"” Overlay: For areas prone to corrosion, a semi-transparent “shimmer”

indicates where the Al is performing pixel-by-pixel analysis.

» Status Indicators: A Green Checkmark floats over components that have already been
validated, while a Yellow Pulsing Dot indicates a component that requires a manual

check.




2. The "Smart Sidebar" (Contextual Data)

On the right-hand side of the screen, a translucent panel provides the “Intelligence” without
blocking the view:

» Asset Blueprint: A small 3D thumbnail of the machine, highlighting the inspector's current
physical location via GPS/Geofencing.

» The “Golden State" Reference: A small “Picture-in-Picture” window showing the asset in

its perfect, newly installed condition for instant comparison.

» Real-Time Confidence Score: A gauge that says “98% Certain: No Leaks Detected” or
“42% Confidence: Potential Bolt Looseness.”



3. The “Interactive Checklist" (Bottom Drawer)

A swipe-up panel at the bottom replaces the traditional "paper-on-clipboard” feel:

* Auto-Complete Tasks: If the Al “sees” that a valve is in the correct position, the checklist

item turns green and displays: "Auto-verified via Vision-Guard."
* Actionable Alerts: If the Al detects a failure, a red "Action Card" pops up:
/\ CRITICAL ANOMALY DETECTED Issue: Surface oxidation detected on

Flange-B. Action: Tap to capture high-res photo and trigger a “Maintenance

Repair" work order.



4. Key Ul Interaction Flow (Example)

Step

Point

Analyze

Alert

Resolve

Inspector Action Al Response on Screen

Inspector aims phone at a A Purple Highlight traces the weld line.
pipe weld.

Inspector holds steady for 2 A progress ring fills. Text appears: "Scanning for micro-
seconds. fractures...”

Al finds a hairline crack. The highlight turns Red. A haptic vibration (buzz) occurs.

Inspector taps the "Add to The system automatically attaches the photo, GPS
Work Order” button. coordinates, and a "Severity: High" tag to the work order.



5. The "Offline-First" Indicator

Refineries often have "Dead Zones" (steel structures that block Wi-Fi/5G).
* Ul Element: A small “"Edge-Processing"” icon (a brain with a shield) glows in the corner.

* Purpose: This tells the inspector that the Al models are running locally on their device,

meaning they don't need an internet connection to get real-time failure detection.

Value Prop for the Saa$S Provider:

By offering this Ul, the provider isn't just selling a “database of work orders”—they are selling a
Quality Assurance Tool that physically prevents a technician from closing a job if it hasn't

been done correctly.



To address the challenge of balancing tens of thousands of parts, varying supplier quality, and
complex maintenance schedules, the new feature for your Work Order System is the

“Intelligent Lifecycle & Procurement Orchestrator” (ILPO).

This feature moves beyond simple stock alerts and introduces a closed-loop system that

connects part quality (from the field) directly to purchasing decisions (in the office).




1. Dynamic Demand Forecasting (The “Optimal Level" Engine)

Instead of static “min/max" levels, the ILPO uses Predictive Parts Modeling to determine

exactly what should be on the shelf.

+ How it works: The system syncs with the maintenance schedule and the real-time health
of assets. If the "Vision-Guard” (from the previous feature) or sensors detect that 50 heat
exchangers are aging faster than usual due to a change in crude oil acidity, the IMS

automatically raises the "safety stock” for those specific gaskets.

* The Benefit: It prevents stockouts during critical repairs while freeing up millions in

“trapped capital” by reducing overstock of slow-moving parts.



2. "True Cost of Ownership” Supplier Scorecards
In a refinery, a $500 valve that lasts 2 years is much more expensive than a $1,000 valve that

lasts 10 years, due to the labor and downtime costs of replacement.

+ How it works: Every time a work order is closed, the system tracks the "Observed
Lifespan” of the parts used. It aggregates this data into a Supplier Scorecard that ranks

vendors not just by price, but by Durability-per-Dollar.

» The Benefit: When the purchasing department goes to order, the Ul displays a
“Recommended” badge on the part with the best historical reliability, even if it isn't the

cheapest.




3. Smart Substitute Analysis

When a preferred part is unavailable, maintenance crews often use "compatible” substitutes.
However, as you noted, these can have shorter lifespans, which “pollutes” the maintenance

schedule.

* How it works: If a maintenance lead selects a lower-quality substitute part for a work
order, the ILPO automatically adjusts the next scheduled inspection date for that

asset.

» Example: If a standard-grade seal is used instead of a premium-grade one, the system

moves the next "Seal Check" work order from 12 months out to 6 months out.

» The Benefit: It prevents “invisible failures" caused by using inferior parts, ensuring the

maintenance schedule remains accurate to the reality of the equipment's hardware.



4. Automated “Batch-to-Failure” Tracking

Sometimes a specific batch of material (e.g., a bad run of alloy bolts) is the culprit behind a

failure.

* How it works: The IMS uses QR/RFID tracking for every part batch. If three pipes from
“Batch #902" fail prematurely in different parts of the refinery, the system triggers a
“Proactive Recall” Work Order. It identifies every other asset currently using a part from

that batch and flags them for immediate inspection.

+ The Benefit: This transforms the IMS from a passive warehouse tool into an active safety

system that can stop a refinery-wide failure before it happens.



Implementation Table: The IMS “Sweet Spot”

Feature
Element

Purchasing

Inventory

Quality
Control

Scheduling

The Challenge

Choosing between 50
suppliers.

Overstocking "just in
case.”

Variability in part
materials.

Substitute parts failing
early.

The ILPO Solution

Al Ranking: Suggests suppliers based on "Reliability vs.
Lead Time."

Rolling Forecasts: Adjusts stock levels based on
upcoming PMs and asset health.

Lifespan Feedback: Maintenance data tells Purchasing
which materials actually work.

Dynamic Rescheduling: Short-life parts trigger earlier
follow-up inspections.



To provide the Procurement Manager with a “Sweet Spot” view, the Supplier Scorecard
Dashboard must move away from simple spreadsheets and toward a Risk vs. Value

visualization.

This dashboard allows the manager to see the "Hidden Costs" of cheap parts before they hit
the "Buy" button.



Ul Layout: The "Procurement Intelligence” Dashboard

1. The "True Cost” Comparison Matrix (The Centerpiece)
Instead of a list, the Al plots suppliers on a 2-axis scatter plot:
» X-Axis: Purchase Price ($).
* Y-Axis: Reliability Score (Observed Lifespan in the field).

* The "Sweet Spot"” Zone: A highlighted green circle in the upper-middle of the chart. The
Al places bubbles representing different vendors (e.g., Vendor A, Vendor B, Generic Corp)

within this matrix.

Visual Insight: If a bubble for “Generic Corp” is in the bottom-left (Cheap but High
Failure), it glows Amber to warn that while it saves money now, it will trigger a

$50,000 “Emergency Repair" work order within 6 months.




2. The Supplier "Tale of the Tape" (Side-by-Side Comparison)

When the manager clicks on a specific part (e.g., API 610 Centrifugal Pump Seal), the

dashboard generates a head-to-head comparison:

Metric

Unit Price

Avg. Lifespan

Total Cost / Year
Maintenance Impact

Refinery Risk

Al Recommendation

Premium Parts Inc.

$1,200

4.2 Years

$285

Low (Fits first time)
2% chance of leak

Optimal Value

Budget Components Ltd.
$750

1.8 Years

$416

High (Often requires re-work)
12% chance of leak

/M Hidden Cost Warning




3. The "Work Order Ripple Effect” Panel

This is a unique Al feature that predicts how a purchase will change the maintenance

department's workload:

» Metric: “If you buy from Budget Components Ltd, the system will automatically generate 4

additional inspection work orders over the next 2 years to monitor for early failure.”

* Labor Impact: It calculates the estimated man-hours needed for those extra inspections

and adds that to the "Total Cost” of the cheaper part.



4. Live Lead-Time & Inventory Health

A "Speedometer” widget for each supplier showing their current performance:
» On-Time Delivery: 98% (Al analyzes past 12 months of shipping data).
» Inventory Buffer: "3 Days Remaining.”

» Suggested Action: “Order 50 units today to avoid a stockout during the April Turnaround

(based on 5-year historical demand)."



5. The "Material Integrity” Badge (Quality Control)

Because refineries deal with volatile chemicals, the Al scans uploaded Material Test Reports

(MTRs) and Certificates of Conformance from the supplier.
* The Ul Element: A Gold Shield icon.

» Meaning: The Al has verified that the metallurgy (e.g., 376 Stainless Steel) matches the
refinery's engineering specifications. If a supplier sends a lower-grade alloy, the shield

turns Red, and the "Accept Shipment" button is disabled.



Summary of Value for the SaaS Provider:

By building this, your product solves the “Silo" problem. The Purchasing Agent finally sees

what the Maintenance Technician sees.
» Purchasing stops being about “saving money on parts.”

* Purchasing becomes about “buying uptime for the refinery.”



To prove the value of an Al-integrated Work Order and Inventory system, a refinery manager

needs more than "better software”—they need to see a shift in the bottom line.

Here are the five core Success Metrics (KPIs) your SaaS product should track and display in

its executive dashboard to prove ROI.



1. Maintenance Effectiveness (The "Quality"” Metric)
This measures how well the Al “Vision-Guard” and high-quality parts are performing.

» KPI: Rework Rate (Mean Time Between Repairs)

» The Metric: The percentage of assets that require a second work order within 30
days of a completed inspection or repair.

» The Al Impact: By forcing visual validation and better part selection, your system
should drive this number toward zero.

» ROI Calculation: (Reduction in Rework %) x (Average Labor + Part Cost) = Direct
Annual Savings.




2. Schedule Attainment (The "Efficiency” Metric)

This measures the impact of having the “Right Part at the Right Time."
» KPI: "Waiting on Parts" Downtime
* The Metric: Total man-hours lost where a work order status is "On Hold - Parts.”

* The Al Impact: Predictive procurement ensures parts arrive before the technician

opens the work order.

Goal: A 40-60% reduction in "Waiting on Parts" hours within the first year.



3. Inventory Financial Health (The “Capital” Metric)

This measures the optimization of the warehouse.
» KPI: Inventory Turnover vs. Obsolete Stock Ratio

» The Metric: The ratio of active parts used versus parts sitting on the shelf for >2
years ("Dead Capital”).

» The Al Impact: Al identifies slow-moving parts and prevents over-ordering, while
ensuring “critical few" parts are always in stock.

» Goal: Lowering the total value of held inventory by 15-20% without increasing
stockouts.




4. Total Cost of Ownership (TCO) Variance

This justifies the purchase of more expensive, higher-quality parts.
* KPI: Asset Life-Cycle Cost (LCC)
*+ The Metric: The total spend (parts + labor) on a specific asset class over its life.

* The Al Impact: Shows that while “Unit Price” of parts may have gone up by 10%, the

“Annual Maintenance Spend” per asset dropped because parts lasted 3x longer.

* Visual: A chart showing the Decoupling of “Part Price” and “Total Maintenance Cost."



5. Safety & Compliance Precision

This measures the reduction in human error.

* KPI: Permit-to-Work (PTW) Accuracy

+ The Metric: Number of safety incidents or “near-misses” caused by incorrect part

material or failed inspections.

* The Al Impact: Using Al to verify material grades (e.g., ensuring a carbon steel bolt
wasn't used where stainless was required) significantly reduces high-risk failure

points.



ROI Summary Table for a Sales Pitch

Metric
Emergency
Repairs
Wrench Time

Part Lifespan

Stockouts

Industry Average
(Manual)

20-30% of all work

~35%
(searching/waiting)

Unpredictable

Occasional/Disruptive

With Your Al

System

<10%

=55%

90% Predictability

Mear Zero for
Criticals

Financial Impact

Massive (Emergency labor is
3x cost)

Higher productivity per
technician

Extended asset life / Deferred
CapEx

Prevents unplanned
shutdowns




A Refinery Turnaround (TA) is the most high-stakes event in industrial management. It is a

scheduled, total shutdown of a unit for weeks to perform massive overhauls.

During a TA, the work order volume jumps from 100 per week to 5,000 per week, and the
workforce swells with thousands of outside contractors. For a SaaS provider, the "Turnaround

Module” is the ultimate test of the system’s flexibility.



A Refinery Turnaround (TA) is the most high-stakes event in industrial management. It is a

scheduled, total shutdown of a unit for weeks to perform massive overhauls.

During a TA, the work order volume jumps from 100 per week to 5,000 per week, and the
workforce swells with thousands of outside contractors. For a SaaS provider, the "Turnaround

Module” is the ultimate test of the system’s flexibility.



The Feature: "Turnaround Command Center” (TCC)

This Al feature transforms the Work Order System from a list of tasks into a Dynamic
Orchestration Engine that manages the “Critical Path"—the sequence of stages that

determines exactly when the refinery can turn back on.

1. Al "Discovery" Risk Prediction
When a massive piece of equipment like a Distillation Column is opened for the first time in five
years, engineers often find “unplanned work" (Discovery).

* The Al Feature: Probabilistic Scope Forecasting.

» How it works: Al analyzes historical data from the last 20 years of turnarounds across

similar units. It flags specific work orders with a “"Discovery Risk” score.

» Example: "This heat exchanger has a 75% chance of requiring internal tube
replacement based on its age and current feed acidity. Should we pre-order the

tubes?"

* The Benefit: It prevents the #1 cause of turnaround delays: finding a problem on Day 10

and realizing the replacement part has a 14-day lead time.




In a TA, if one welding job is delayed by 4 hours, it might delay 50 subsequent jobs (scaffolding
removal, insulation, testing).

2. Live “Critical Path” Auto-Rescheduling

The Al Feature: Agentic Rescheduling.

How it works: The Al constantly recalculates the “Critical Path.” If a technician logs a
delay on Work Order A, the Al instantly re-routes the “"Scaffolding Team" (Work Order B) to
a different area of the refinery where they can be productive, rather than having them sit
idle.

The Benefit: It eliminates "dead time,” ensuring that the thousands of expensive

contractors on-site are always working on the most high-priority task available.



3. Digital Twin & Spatial Progress Tracking

With thousands of people moving through a dense “steel forest,” knowing where work is

happening is as important as what work is happening.
* The Al Feature: Spatial Work Visualization.

» How it works: The Al maps work orders onto a 3D Digital Twin of the refinery. It uses
“Collision Detection” logic to warn planners if two high-risk work orders are scheduled too

close together.

* Example: "Warning: You have scheduled ‘Hot Work' (welding) on Level 3 directly above

a 'Flange Opening' on Level 2. Safety risk detected.”

* The Benefit: Dramatically improves safety and prevents teams from physically blocking

each other’s access.



4. Dynamic Contractor Onboarding & QA

Managing 2,000 temporary contractors is a logistical nightmare.

* The Al Feature: Credential & Quality Guard.

» How it works: When a contractor scans their badge to start a work order, the Al checks
their certifications against the specific task requirements. After they finish, the “Vision-
Guard" (from our previous feature) validates their work.

* The Benefit: Ensures that temporary help—who may not know the facility well—meet the
same high standards as the full-time staff.



Turnaround ROI: The “Cost of a Day"

In a large refinery, one extra day of shutdown can cost $1M to $5M in lost revenue. |
Turnaround Phase | Manual Management | Al-Enabled Management (TCC) | | :--- | :=== | :=== | |
Planning | 6-12 months of meetings | Al simulates 10,000 scenarios in seconds | | Discovery |
“Wait and see” when opened | Pre-ordered parts based on failure probability | | Execution |

Reactive “Firefighting” | Proactive, real-time path optimization | | Close-out | Weeks of

paperwork | Instant digital “Box-up” verification |



The Evolutionary Product Roadmap

Phase 1: The Intelligent Foundation (Months 1-6)

Focus: Digitization and Safety Compliance.

Phase 2: Closed-Loop Inventory (Months 6-12)

Focus: Connecting the Warehouse to the Field.

Workflow Copilot: Natural language tools to build custom refinery workflows.

Vision-Guard Mobile: Real-time AR overlays for field inspectors to detect corrosion,

leaks, and "pencil-whipping."

Smart Permitting: Automatic cross-referencing of work orders against digital safety SOPs

to trigger the correct permits.

ILPO (Procurement Orchestrator): Al that suggests the “Sweet Spot" for parts based on
lifespan, not just price.

Supplier Scorecards: Visual dashboards tracking the real-world durability of parts from
different vendors.

Dynamic Rescheduling: Automatically moving up inspection dates if a "substitute” or

low-quality part is used in a work order.



Phase 3: Predictive Operations (Months 12-24)

Focus: Eliminating Unplanned Downtime.

» Sensor-to-Work-Order Sync: Direct integration with live refinery sensors to auto-
generate work orders before failure.

» Batch-to-Failure Tracking: Predictive recall of specific material batches (e.g., faulty alloy
bolts) across the entire facility.

» Risk-Based Prioritization: Al ranking of thousands of open tasks based on
environmental, safety, and production risk.

Phase 4: Turnaround Command Center (Years 2+)

Focus: Mastering the Shutdown.

» Critical Path Orchestrator: Real-time rescheduling of thousands of contractors to keep
the shutdown on schedule.

» Discovery Forecasting: Using 20 years of history to predict what'’s broken inside “closed"
equipment before the first bolt is turned.



Final Executive Summary of ROI
For a mid-sized refinery, this integrated system targets:
* $2M - $5M / Year in saved labor and rework costs.
* 10-15% Reduction in total inventory value (less "dead stock”).

» 2-4 Days Shaved off of major Turnarounds (worth $1M+ per day).



1. The Technical Architecture: The "Refinery Brain”

To connect sensors, inventory, and robots, you need a Unified Data Fabric instead of siloed

databases.

A. The Al Data Lake (The Core)

» Ingestion Layer: Captures live feeds from SCADA (sensors), ERP (inventory), and

unstructured data like PDFs of material certs.

» Contextualization Layer: This is where the magic happens. It links a sensor reading from
“Valve-01" to the “Work Order History" of that valve and the “Supplier Info" for its specific

seal.

* Model Layer: Hosts the Computer Vision (CV) and Predictive models.

B. The “Robot Dispatch” API

This is a middleware layer that translates a Work Order into "Robot Language” (G-code or

Waypoint coordinates).

* The Logic: If a Work Order is flagged as “High Elevation™ or “Hazardous Gas Zone,"” the
system automatically offers a “Dispatch Robot/Drone” button instead of assigning it to a

human.



2. Feature: Autonomous Inspection Dispatch

This feature allows the product adopter to choose the "inspector type" based on risk, cost, and

accessibility.

A. Drone-Based Aerial Inspections (External)

» Use Case: Flare stack inspections, tank roof assessments, and pipe rack monitoring.

» Al Integration: The drone flies a pre-programmed "3D Waypoint” path. The Al analyzes

the 4K video feed in real-time to find hotspots (Thermal Al) or structural cracks.

» The Benefit: No need for expensive scaffolding or putting a human at height while the

refinery is live.

B. Ground-Crawler/Quadruped Robots (Internal/Ground)

» Use Case: Using a robot (like Boston Dynamics' Spot) to walk through sub-stations or

puUMpP rows.

» Al Integration: These robots carry “Acoustic Sensors” to hear bearing failures and "Gas

Sniffers" to detect leaks.

*» The Benefit: They can perform "Dirty, Dull, or Dangerous” rounds 24/7, even in rain or

extreme heat, feeding data back into the Work Order system.




3. The "Hybrid Workforce"” Ul Mockup

When a Maintenance Planner opens a new Work Order, the "Assignee” dropdown now includes

a Robotic Tier:
Work Order #442: Flare Tip Thermal Inspection

Select Inspection Method:

1. Human (Traditional): Requires Scaffolding ($15k), Crane ($5k), and 2-day

shutdown.
2. Drone (Autonomous): $500 flight cost. Zero downtime. (Al RECOMMENDED).
3. Crawler Robot: Best for ground-level leak detection.

[[ DISPATCH DRONE “ICARUS-1"|]



4. Full-System Technical Flow

Component

Asset Sensors

Al Data Lake

IMS (Inventory)

Robot/Drone

Work Order
System

Role

The
"MNerves"

The "Brain”

The
"Stomach”

The "Limbs"

The
"Memory"

Data Flow

Detects high temperature on a motor.

Identifies that this motar has a history of bearing failure.

Verifies a replacement bearing is in stock (Apex Industrial).

Dispatched to the motor. Takes a thermal photo and records sound.

Records the robot's findings, updates the "Success Metric,” and
alerts the human technician if a physical replacement is needed.



5. Success Metrics for Robotics

To justify the cost of robots, the SaaS dashboard tracks:

* “Human Hours Saved in High-Risk Zones": Direct reduction in insurance premiums and

safety risk.

* “Inspection Frequency Increase": Robots can inspect 10x more often than humans,

catching failures earlier.

+ “Scaffolding Cost Avoidance™: Tracking how many thousands of dollars were saved by

using a drone instead of building a physical platform.

Final Summary for the Provider

By adding the Robotics & Drone Layer, your Saa$S product becomes the Central Command
for the refinery of the future. You are no longer just managing “work"; you are managing

“mission execution" across a fleet of humans and machines.



1. Robot Capability Matrix

This matrix is embedded in the “Planning” phase of a work order. It evaluates the Environment

vs. the Task Type to recommend the optimal inspector.

Robot Type

UAV (Drone)

Quadruped
(Spot)

Crawler
(Magnetic)

Submersible
(ROV)

Best For...

Flare stacks, tank roofs,
pipe racks, chimney
interiors.

Uneven terrain, stairs,
sub-stations, gas-leak
“sniffing."

Storage tank walls, ship
hulls, large pressure
vessels.

Cooling water intakes,
submerged pilings, fire-
water tanks.

Key Al Sensor

Optical/Thermal Zoom:

Detects 0.5mm cracks from

10m away.

Acoustic/Lidar: Hears air
leaks; creates 3D maps of

dark areas.

Ultrasonic (UT): Measures

metal thickness through
paint/rust.

Sonar/Low-light Vision:

Sees through murky/turbulent

water.

Constraint

Battery life (20-40
mins); wind limits.

Limited payload weight;
cannot open closed
doors.

Slow movement;
requires flat metallic
surfaces.

Tethered cables; limited
to liquid environments.




2. Integrated Architecture: The "Hybrid Workflow"

The technical challenge for your SaaS is ensuring the robot data doesn't just sit in a “drone
folder,” but actually updates the work order status.

The Workflow Loop:
1. Trigger: An Al model detects a potential “hot spot” on a boiler via a fixed thermal camera.
2. Dispatch: The system automatically assigns the work order to “Drone-Alpha.”

3. Mission: The drone flies the route, captures high-res images, and uses Edge Al to confirm
the anomaly.

4. Integration: The drone's Al “talks" to the Work Order API, attaching the thermal image
and GPS coordinates directly to the ticket.

5. Human Hand-off: If the drone confirms a failure, the system automatically escalates the

work order to a Human Welder and pulls the required high-temp gaskets from the IMS
(Inventory).




3. Ul Feature: The "Fleet Status” Dashboard
A new view for the Maintenance Manager to see their "non-human" assets in real-time.

» Health Monitoring: Shows battery levels, sensor calibration status, and “Flight Hours"
until the robot itself needs a work order for maintenance.

*» Remote Tele-op: A "Join Live Stream"” button that allows a senior engineer in Houston to

see what a robot is seeing in Singapore in real-time.

» Coverage Map: A heat map of the refinery showing which areas have been inspected by
robots in the last 24 hours.

4. Final Summary: The Complete Ecosystem
Your SaaS product now offers a Full-Stack Asset Integrity Solution:
* The Intelligence: Al that predicts failures and chooses the right parts.
» The Workforce: A mix of humans, drones, and robots.
* The Supply Chain: An inventory system that buys for quality and longevity.

» The High-Stakes Tooling: A Turnaround module that manages the most complex projects

on earth.



The Value Proposition to the Adopter:

“We don't just help you manage work; we provide the ‘Refinery Autopilot’ that reduces risk,
maximizes equipment life, and ensures you never have a technician in a dangerous zone unless

it is absolutely necessary."



This Technical Specification Document (TSD) outlines the integration layer between the
SaaS Work Order System (WOS) and the Robotic/Drone Fleet Management System (FMS).

The goal is to ensure that a robot is treated as a first-class "Service Member" in the system,

with its own credentials, mission logs, and sensor-to-ticket data flows.



1. System Architecture: The "Agentic Bridge"

The WOS interacts with the Robotics through a RESTful API and a Websocket layer for real-

time telemetry.
= WOS Core: Manages the logic, scheduling, and asset hierarchy.

* Robotics Middleware (The Bridge): Translates WOS Work Orders into “Mission Plans”

(Waypoints + Sensor Paypoints).

*» FMS (Fleet Management): The third-party control software (e.g., DJI Terra, Boston
Dynamics Orbit) that physically controls the hardware.



2. APl Endpoint Specifications

A.POST /workorders/{id}/dispatch-robot

This endpoint triggers the conversion of a human work order into a robotic mission.

*» Request Body:

JSON 0

"wo_id": "WO-99812",

"robot_type": "UAV_THERMAL",

"priority": "HIGH",

"mission_parameters": g
"dps_waypoints": [[29.76, -95.36], [29.77, -95.37]]1,
"sensor_config": [“"THERMAL_IR", "4K_OPTICAL"],
"trigger_condition": "IMMEDIATE"

F

= Response: 202 Accepted + mission_id . The system validates robot availability and

battery health before confirming.



B. GET /robot-fleet/status

Provides the Maintenance Planner with a real-time view of which “digital technicians” are ready

for work.
+ DataReturned: * robot id
» status : (Idle, Charging, On_Mission, Maintenance_Required)
* battery level : (%)
. current_coordinates : [Lat, Lc-ng]

assigned_wo : (String/Null)



C. POST /mission-callback/results

The endpoint the robot hits once the inspection is complete to feed data back into the Al Data
Lake.

* Request Body:

JSON o

"mission_id": "MSN-552",

"asset_id": "PUMP-181-B",

"telemetry_data_link": "s3://refinery-storage/thermal/P181B_28251219.zip",

"ai_analysis_summary": 1§
“"anomaly_detected": true,
"confidence_score"”: 8.94,
"issue_type": "THERMAL_OVERHEAT",
"suggested_severity”: “"CRITICAL"

H

H



To ensure the WOS remains flexible, the status of a Work Order changes dynamically based on
Robotic input:

1.

2.

3. The "State Machine" Logic (Workflow)

Status: "Awaiting Robot" - Mission is queued in the FMS.
Status: “In-Progress (Autonomous)” - Robot is currently on site.

Status: "Al-Reviewing” - The drone has landed; Computer Vision is scanning the footage
for cracks/leaks.

Status: "Escalated to Human" - (If anomaly > 90% confidence) The system

automatically pulls parts from the IMS and assigns a human technician to repair.

Status: "Verified & Closed" - (If no anomaly) Robot completes the log and the WOS
closes the ticket automatically.



4. Security & Safety Protocols (The “Kill-Switch” Layer)
Refineries are Class 1 Div 1 (explosive) environments. The APl must include:

» Emergency Stop: A broadcast signal that forces all robots to a "Safe Landing Zone" or

"Home" if a refinery-wide emergency alarm is triggered (integrated via SCADA).

» Geofencing: The WOS will reject any mission coordinates that fall outside the pre-
approved “Safe Flight Zones" defined by the refinery’s safety officer.

5. Developer Feature Roadmap: Data Handling
» |teration 1: Standardize JSON schemas for all robot types.

* Iteration 2: Implement Edge-Al Sync (processing the image on the drone and only

sending the "Alert" over the network to save bandwidth).

* Iteration 3: Multi-Agent Coordination (Dispatching a Drone to see from above while a

Crawler checks the base of the same tank simultaneously).






EXECUTIVE SUMMARY: THE REFINERY OS

The World'’s First Predictive, Autonomous, and Closed-Loop Asset Integrity Platform

Refinery management is a constant battle against entropy. Traditional Computerized
Maintenance Management Systems (CMMS) are passive—they record history. Refinery OS is
active—it predicts the future. By integrating Al-driven work orders, intelligent inventory, and

robotic orchestration, we provide a single “Brain” for your entire facility.



EXECUTIVE SUMMARY: THE REFINERY OS

1. Unique Strategic Approaches

» The "Total Cost of Ownership” (TCO) Model: Unlike systems that focus on the price of a
part, our Al analyzes field performance data to show you the "hidden costs” of cheap
components. We help you buy reliability, not just hardware.

» Hybrid Workforce Orchestration: We treat humans, drones, and robots as a single,
unified team. The system automatically selects the safest and most cost-effective

“technician” for the job—whether that’s a welder or a quadcopter.

» Closed-Loop Intelligence: Data flows seamlessly from a sensor to a work order, into the
warehouse for parts, through a robot for inspection, and back into a financial report. No
silos, no lost information.




EXECUTIVE SUMMARY: THE REFINERY OS

2. Industry-Leading Features

Vision-Guard™ Inspection: An Al "Co-Pilot” for your field crew. Using mobile devices or
AR, it provides real-time defect detection and compares current assets against their

“Golden State" (original specs) to eliminate human error. @

ILPO (Intelligent Lifecycle & Procurement Orchestrator): A self-healing inventory
system. It predicts stockouts based on real-time asset health and automatically adjusts

maintenance schedules if a lower-grade substitute part is used.

The Turnaround (TA) Command Center: A high-velocity module that manages the
“Critical Path" during shutdowns. It uses probabilistic forecasting to predict "Discovery”

work before you even open the equipment.

Autonomous Dispatch: One-click deployment for drones and crawlers. Our hardware-
agnostic APl connects your work orders directly to your robotic fleet for high-risk

inspections in "Live" zones.




EXECUTIVE SUMMARY: THE REFINERY OS

3. Promising Capabilities (The ROI)

» Zero-Gap Safety: By moving 40% of high-risk inspections to robots and drones, you

significantly reduce the “Man-Hours in Hazardous Zones" metric.

* Unprecedented Wrench Time: By automating the "Waiting on Parts” and "Searching for

Info" phases, we increase technician productivity by an estimated 30-50%.

» Capital Optimization: We don't just reduce inventory; we optimize it. Users can expect a
15-20% reduction in trapped capital by eliminating overstock while simultaneously

reaching 99% availability for critical parts.

* Minimized Turnaround Overruns: Shaving just two days off a major turnaround through

Al path-optimization can save a refinery $5M to $10M in lost opportunity costs.



EXECUTIVE SUMMARY: THE REFINERY OS

The Message to the Manager

“Whether you have 40 years on the floor or are leading a new digital transformation,
Refinery OS speaks your language. To the Old School manager, we offer the most
rugged, unshakeable safety audit trail ever built. To the New School manager, we
provide a self-optimizing, data-driven engine that runs on the edge. This isn't just a
work order system—it's the guarantee that when you turn the key, your refinery is

ready to run."



i
i
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THANKYOU

Tony Shen
713-444-1025
tshen@datacommlab.com

www.datacommlab.com
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