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EHS Technology Roadmap
- Maturity Phases

1. Research & Development
Early innovation with experimental prototypes and limited pilots; commercial viability not yet 
established.
2. Launch
Market entry phase where solutions demonstrate initial business value and competitive 
positioning emerges.
3. Growth
Accelerated adoption driven by validated use cases and expanding ecosystem participation.
4. Maturity
Mainstream adoption with stable demand, standardized solutions, and consolidated vendor 
landscape.
5. Decline
Market contraction as superior technologies drive substitution and legacy usage diminishes.
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Autonomy / Agency 
Spectrum 
in AI System

•

Quick mental model

‒ AI Assistant = Helpful friend who answers questions

‒ AI Agent = Reliable employee who completes 
assigned tasks

‒ Agentic AI = Competent manager who owns the entire 
goal and delivers the result

This progression is exactly why companies in 2026 are 
moving from ChatGPT-style assistants → single agents → 
full agentic workflows for real business impact.



AI Assistants 
for EHS 
Definition: Cognitive engines leveraging NLP to 
provide context-aware actions or prescriptive 
plans

Maturity Phase — Launch Phase

77% of organizations have deployed chatbots 
(Verdantix 2024)

Business Value (Promising)

Reduces human errors caused by fatigue (~13% 
of US workplace injuries)

Supports worker resilience and remote 
assistance without extra staffing

Enhances safety, compliance, and operational 
efficiency in EHS environments

Innovation Pace (2–5 Years)

Rapid improvements in LLMs, retrieval-
augmented generation, and GenAI platforms



AI Agents in EHS — 
Key Highlights

Definition

•AI agents are autonomous software 
systems that perceive their environment, 
collect data, and execute goal-oriented 
actions within human-defined boundaries.

•Unlike AI assistants, agents self-
determine actions while escalating 
sensitive or high-risk decisions to humans.

•Represent a shift from decision support → 
decision execution.

Maturity Phase — Research & 
Development

Executive Implication
controlled experimentation in 2025

Business Value — Promising but Emerging
•Near-term value : administrative automation and operational 
efficiency:
•Significant future applicability to EHS workflows

Strategic Impact on EHS Functions
•Potential to automate routine, rule-based practitioner activities.
•Enables scalable interaction with employees while maintaining 
human oversight.
•May reshape workforce roles from execution → supervision and 
governance.

Pace of Innovation (2–5 Years)
•one of the most disruptive digital technologies in EHS.
•Adoption dependent on:

• Cost reduction of underlying AI models
• Organizational trust and accountability frameworks
• Maturity of AI governance and regulation

•Trust expansion will be reflected by gradually reduced 
operational constraints placed on agents.



From GenAI to Agentic AI (1 of 2)
- multiple sources (based material from Verdantix with collaboration with ChatGPT and Grok)



From GenAI to Agentic AI (1 of 2)



AI Readiness 
Assessment

•



The Importance of AI Readiness in EHS

Key Challenges & Statistics

▪ Up to 95% of AI projects fail due to poor data readiness, misaligned metrics, and 
integration issues. Poor data quality is the #1 reason for 80% of AI projects failing before 
production. 

▪ Gartner predicts 60% of AI initiatives without AI-ready data will be abandoned by 2026. 

▪ In EHS, unprepared AI can lead to safety risks, compliance violations, or ineffective 
hazard predictions—costing lives, fines, and billions. 

Benefits of Readiness

▪ Reduces failure rates by up to 47% with proper assessments. 

▪ Enables trustworthy AI: Safe, ethical, and scalable for EHS applications like predictive 
maintenance or risk monitoring.



AI for EHS 
Readiness Assessment

The 6 Pillars (Wheel Diagram): 

• Data Readiness: Quality, governance, privacy.

• Business Use Cases: Strategy, impact assessments.

• Technical Readiness: Talent, tooling, TEVV.

• Organizational Readiness: Literacy, accountability, 
reporting concerns.

• Governance & Compliance: Ethics, risks, policies.

• Risk Control Mechanism: Prioritization, monitoring, 
inventory, suppliers.

(enhanced with NIST AI RMF and ISO 42001)

A diagram of a circular diagram

AI-generated content may be incorrect.

file:///C:/Users/a147539/Downloads/AI Readiness Assessment Framework_vN_20260301.pdf


TEVV – Test, 
Evaluation, 
Verification, 
and 
Validation
(NIST)

•What is TEVV? Iterative 
processes to rigorously assess AI 
systems for trustworthiness and risk 
mitigation. 

•Key Goals (NIST Alignment):

•Ensure validity, reliability, safety, 
security, explainability, fairness, and 
privacy. 

•Provide evidence-based insights 
for risk management across the full 
AI lifecycle. 

•Why Critical for EHS AI?

•Prevents failures in high-stakes 
safety predictions (e.g., hazard 
detection, compliance monitoring). 

•Enables mid-course corrections 
and post-deployment monitoring.

•Test → Experiments, 
simulations, red teaming, 
adversarial testing. 

•Evaluation → Metrics for 
performance, trustworthiness 
(fairness, robustness, safety, 
etc.), qualitative/quantitative 
assessment. 

•Verification → Confirm 
system built correctly (meets 
specs, code/data integrity). 

•Validation → Confirm system 
solves the right problem in 
real-world context (generalizes 
safely). 



How to Apply the Tool: 
From Assessment to 
Action

• Assessment Process: Use 
discovery questions (e.g., 
"How do you manage third-
party AI risks?") to score sub-
criteria 0-5.

• Calculate averages: 0-29 Low 
(build foundations), 30-59 
Moderate (develop roadmap), 
60-75 High (scale AI safely).

• An assessment tool you can 
use



Global AI 
Governance Human-
Centered
Ethics Checklist

• Policy alignment

• Data privacy & security

• Bias monitoring

• Human-in-the-loop 
validation

• Audit & accountability

Source: OECD AI Principles
https://oecd.ai/en/ai-principles

https://oecd.ai/en/ai-principles
https://oecd.ai/en/ai-principles
https://oecd.ai/en/ai-principles


AI Enabled Technologies

•



Digital Twin

Definition: Virtual replicas of physical assets 
or systems powered by IoT real-time data 
feeds
Enable live visualization, monitoring, and 
simulation of operational environments

Maturity Phase — Launch Phase

Innovation Pace (2–5 Years)
Accelerated by advances in:

Sensors
AI & analytics
Computing power

Increasing enterprise investment 
New solutions emerging (e.g., digital twins for 
product safety & traceability)

Bottom Line
 Digital twins are becoming a critical 

platform for safer, smarter, and more 
resilient industrial operations, with rapid 
innovation expected in the near term.



Autonomous Mobile 
Robots (AMRs) 

Definition: Application of AI (Machine 
Learning & Natural Language 
Processing) to improve EHS data lifecycle:

Data extraction & aggregation
Data cleansing & quality improvement
Insight generation & trend analysis
Forecasting and decision support

Maturity Phase — Launch Phase

Bottom Line: 
AMRs are a high-value, rapidly evolving 
technology that improves safety, 
efficiency, and compliance while enabling 
humans to focus on higher-value tasks.

Business Value (High)
Enhances safety, compliance, productivity, and quality
Performs hazardous or repetitive tasks → reduces injuries, 
labor costs, and errors
Cobots ensure safe human-robot collaboration 
RPA automates routine tasks; intelligent automation expands 
potential for end-to-end systems

Pace of Innovation (2–5 Years)
Improvements in robotic intelligence, environment 
interaction, and human collaboration
Adoption challenges: expertise gaps, risk management, and 
operational uncertainty
Early successes show cost savings, efficiency, and safe 
human-robot collaboration

Future: AMRs expected to handle more complex tasks, 
becoming integral in industrial environments



Edge Computing: 

Enabling Real-Time 
Autonomy in the Device–
AI–Edge Triad

• Core Concept — On-device / onboard processing 
delivers sub-100 ms decisions, independent of cloud 
latency. 

• Key Value in Industrial Safety:
• Real-time hazard response & autonomy (e.g., 

anomaly detection → immediate action on drone). 
• Reliable operation in harsh/remote environments 

(GPS-denied, signal dropout). 
• Reduced cloud dependency → 85–95% data 

reduction, lower costs, enhanced security/privacy. 

• Triad Synergy — Robotics provides access → AI 
interprets data → Edge executes instantly. 

• Source: Adapted from industry architectures (e.g., 
XenonStack, NVIDIA Edge AI) 



Edge Computing for EHS
– The Real-Time Decision Engine for 
EHS Enabling Instantaneous 
Autonomy in Hazardous 
Environments

• Detects hazards and responds 
instantly without human delay.

• Reliability in Remote/Harsh 
Zones: Operates offline during 
signal dropout where connectivity 
fails.

• Reduced Human Exposure: 
Enables closed-loop autonomy

• Bandwidth & Cost Efficiency: 
Minimizes cloud uploads → faster 
decisions, lower data costs, 
enhanced privacy/security.

• Overall Impact: Transforms 
reactive monitoring into predictive, 
zero-incident operations. edge computing makes everything happen instantly, right where the action is.



AI Industrial Applications

•



AI use cases in EHS 

• Legacy Systems & Poor 
Integration Fragmented 

• Data Privacy & Security Risks 

• Skills & Talent Shortages and 
Low AI Literacy

• Cultural & Psychological 
Resistance 

• Unclear ROI & Proven Value 

• Governance, Trust & Maturity 
Gaps 



Industrial 
Applications –
UAS



Robotics, AI, and Edge Technology Triad

Component Role in EHS Synergistic Impact Reference

Robotics (UAS) Physical platform: agile flight, 

multi-sensor integration, 

payload deployment

Grants access to inaccessible or 

hazardous areas (e.g., heights >50m 

or toxic zones)

FAA UAS Integration 

Report, 2025
[1]

AI Cognitive layer: real-time 

perception, anomaly detection, 

adaptive learning

Transforms raw data (e.g., 

thermal/LiDAR) into predictive 

insights

IEEE AI for Robotics 

Survey, 2024
[2]

Edge Computing Autonomy engine: on-board 

processing, low-latency 

execution

Facilitates <100 ms responses 

independent of cloud latency

NVIDIA Edge AI 

Whitepaper, 2025
[3]

Source:  Risk Hackers (2025)



Robotics, AI, and Edge 
Technology Triad

• The whole is greater than the sum: 

• Robotics ensures physical reach
• AI deciphers complex patterns (e.g., 

gas dispersion models)
• Edge enables split-second actions like 

evasive maneuvers. 

• This yields closed-loop autonomy, evolving 
drones into proactive EHS guardians. 

A 2025 MIT study confirms triad integration 
reduces human error by 87% in industrial 
inspections.[4]

Source: ARC Advisory Group



Oil & Gas + Chemical 
– Confined Space Zero-Entry & Emission Hunting

Source:  Elios2, Flyability 

•Oil & Gas: Flare-stack thermal imaging, 

tank/vessel inspections — 93% ↓ entry 

permits, $2.1M+ annual savings per site.

 

•Chemical: Fugitive VOC/emission 

detection with gas analyzers — 34% ↓ 

VOCs, rapid leak mapping. 

•Triad in Action: AI spots >180°C 

anomaly or corrosion via hyperspectral 

imaging → Edge enforces safety buffer & 

replans → Robotics executes targeted 

scan (98% accuracy in pilots). 



Mining & Rail 
– Autonomous Slope Monitoring & Predictive Track Maintenance

Source:  Progressive Railroading

•Mining: LiDAR-based slope stability & stockpile 

monitoring — 95% ↓ worker exposure, 40% ↓ 

failures (Codelco-style operations). 

•Rail: Swarm or single-drone track/bridge scans 

— 300% ↑ defect detection, 65% ↓ risk. 

•Triad in Action: Robotics navigates dynamic 

terrain → AI generates 3D corrosion/erosion 

models → Edge plans optimal paths (cm-level 

precision). 

•EHS Impact: Zero-entry reactor-style 

inspections + predictive maintenance prevent 

incidents before they occur. 



Wildfire Response & Maritime 
– Perimeter Mapping & Offshore Platform Integrity

• Wildfire: Swarm fixed-wing/VTOL drones for 
perimeter mapping, hotspot detection & autonomous 
retardant deployment — 70% faster containment, 
50% ↓ firefighter exposure (CAL FIRE pilots). 

• Maritime/Offshore: Wave-tolerant UAS with 
sonar/thermal payloads — 82% ↓ diver interventions, 
$1.5M+ savings (Equinor North Sea). 

• Triad in Action: AI predicts fire spread from plume 
analysis; Edge adjusts for 40+ knot winds; Robotics 
deploys payloads safely. 



UAS 
Industry ROI, Future Vision & Activation Roadmap

ROI Summary (Triad-Enabled Outcomes):

• Mining/Oil & Gas: $2–3M+ annual savings; 93–95% exposure 
reduction. 

• Rail/Chemical: $1.9–4.8M; 34–300% detection/risk gains. 

• Wildfire/Maritime: 70% faster response; $1.5M+ + lives/property 
saved. 

3-Phase Roadmap: 
(0–3 mo) Pilot (Robotics + Edge) – 1–2 live use cases.
(4–12 mo) AI integration – 90% autonomy.
(12+ mo) Fleet scaling + BVLOS – ROI >300%.



Industrial 
Applications –
Sensor & Computer 
Vision



Real-Time Visual 
Intelligence for 
Proactive Risk 
Mitigation

The Computer Vision Triad

Sensors & Cameras: Fixed/PTZ + OGI/thermal for invisible threats. 

AI/CV Models: 96%+ PPE/anomaly detection. 

Edge Computing: Sub-100 ms inference, 85–95% data reduction. 

Synergistic Impact: Transforms passive cameras into proactive 
guardians — up to 96% accuracy in PPE detection and 20–40% 
injury reduction. 

ROI Summary (Triad-Enabled Outcomes):

•Mining/Oil & Gas: $2–3M+ annual savings; 93–95% exposure reduction. 

•Rail/Chemical: $1.9–4.8M; 34–300% detection/risk gains. 

•Wildfire/Maritime: 70% faster response; $1.5M+ + lives/property saved. 

3-Phase Roadmap: 
(0–3 mo) Pilot (Robotics + Edge) – 1–2 live use cases.

(4–12 mo) AI integration – 90% autonomy.

(12+ mo) Fleet scaling + BVLOS – ROI >300%.

Computer Vision (CV) and Sensors acts as the 

perceptive brain in EHS — processing RGB, 

thermal, Optical Gas Imaging (OGI), and 

multimodal feeds with deep learning to detect 

hazards, defects, and unsafe behaviors instantly, 

integrated with edge AI for autonomous alerts 

and robotics/drones for action. 



Oil & Gas + Chemical 
– Automated Leak Detection & Asset Integrity

•Oil & Gas: AI-enhanced OGI for methane/VOC visualization 

+ corrosion mapping on pipelines, tanks, and flare stacks. 

•Chemical: Real-time fugitive emission hunting and micro-

defect detection. 

•CV in Action: spot gas plumes or corrosion (≥0.05 mm) → 

Edge confirms and quantifies instantly → Triggers PTZ zoom 

or alerts (high accuracy in FLIR-style deployments). 

•EHS Impact: Eliminates manual inspections in hazardous 

zones, cuts regulatory fines, and prevents incidents before 

they escalate. 



Construction & Manufacturing 
– PPE Compliance, Hazard Monitoring & Defect Detection

• Construction: Real-time PPE detection (helmets, vests, 
harnesses), fall-hazard & proximity alerts, unsafe behavior monitoring 
on dynamic sites.
•  
• Manufacturing: Assembly-line defect detection, machine-guarding 
violations, ergonomic posture monitoring. 

• CV in Action: Edge AI analyzes live feeds at 96%+ accuracy → 
Instant alerts + automated shutdowns or PTZ zoom (Visionify-style 
deployments). 

• EHS Impact: PPE compliance reaches 96%, 30–50% accident 
reduction, plus quality improvements from early defect catching. 

Source: Scanflow



Mining & Rail 
– PPE Compliance & Hazard Monitoring

Source:  Ripik Vision AI

•Mining: Real-time PPE detection, restricted-zone 

intrusion alerts, and visual slope stability 

monitoring. 

•Rail: Track/bridge defect detection and obstacle 

identification via fixed or mobile cameras.

•CV in Action: Cameras feed video to edge 

models that analyze PPE compliance and unsafe 

behaviors at 96%+ accuracy → Immediate 

audible/visual alerts + 3D mapping support. 

•EHS Impact: PPE compliance jumps to 96%, with 

30–50% accident reduction in dynamic 

environments. 



Case Study:

AI for 
Serious Injury and Fatality
Prevention

•

A diagram of a circular diagram

AI-generated content may be incorrect.

file:///C:/Users/a147539/Downloads/AI Readiness Assessment Framework_vN_20260301.pdf


✓ New Prevention
Paradigm

39

Value Quality 
Reliability

Future 
Readiness

• Increase system risk 
sensitivity – currently 
hidden or weak 
signals

• From predictive to 
prescriptive insights

• Internal and external 
benchmarking

• Improve efficiency and 
consistency >> 99.9%. 

• Instant response

• Scalable 

• Resource optimization

• Reduced SIF events

• Lower operational 
downtime

• Insurance & compliance 
savings

• Workforce confidence & 
productivity

• Application of multiple 
experts/models

• Consistently applied 
evolving criteria

• Reliable reproducible 
outputs

• Intelligence 
orientation

• Quality data asset 
sharpens decision 
making

• SIF 
recognition learning

Business Value 
Why use an Intel l igent SIF Prevention Application?



40 Footer

• AI SIF Prevention Application

AI models specifically 
trained on Organization 

data specific event 
descriptions. 

With prevention AI tool ready, 
organization can access, 

interact, download data with 
the SIF intelligent tool to 

classify SIF potentials and 
exposure categories to benefit 

from industry benchmarks

The Intelligent SIF 
prevention tool can be 

plugged in to an 
organization’s management 

system via API to interact 
directly with the tool and 

access model outputs



• DEKRA SIF Prevention Expertise 
• Powered by Palantir Platform

• Rapid Data Injection

• Multiple AI Predictive Models

  + SIF prevention decision logic 

• Continuous Learning from and for 
human and machine

• Intelligence at the incident entry point 

    and throughout SIF prevention life cycle

• Progress together with evolving risk 

profiles



SIF Prevention • Data Upload UI

42



• Option for Randomized Review

43

AI Prediction 
Augmented Expert 
Review Exercise



AI Prediction 
Augmented Expert 
Review Exercise

• Human in the Loop

• Review & Re-Training

44



45 Footer

• Identify SIF Potential in Textual Data
Narrative Today, Video and Telemetry Tomorrow

Enrich today’s data with 

SIF potential 

classification using AI 

models trained by 

industry specific data 

New data added to your 
narratives includes an 
expert SIF label, an AI 

prediction of SIF potential, 
and a confidence statistic



AI for
SIF Prevention
Decision Highlight

• Confidence Scores

• User Experience 

46



AI for
SIF Prevention • AI for SIF Sensitivity Training 

47



AI for
SIF Prevention • AI for Exposure Identification

48



49 Footer

• Automation in Exposure Category identification
Exposure category - what issues need attention for SIF prevention

Exposure categories fit 
for purpose and risk 
profile.

Increased confidence 
in exposure category 
assignment

New data added to your 
narratives includes an AI 

predicted Exposure 
Categories



AI for
SIF Prevention • LLM for Reasoning

50



51 Footer

• Applying SIF Decision Logic 
Fit for purposes and risk profiles

Experts support 

• Classifications against decision 
workflows

• Classifying undecided (lower 
confidence items) and corrections

• Improving the questions asked for 
automation

• Further developing the model 
settings

The learning improves

Exposure classification 
questions identified with 

narrative answer

The referenced similar 
incidents are shown so that 
an expert user can see why 

the classification was 
selected

A correction can 
be made to the 
classification 

and/or the 
narrative

Insights into an event 
description (or other 

narrative).



AI for
SIF Prevention • Focused Executable Actions

52



53 Footer

• Early Detection of Potential for Harm
Coupled with dashboards CN has developed, insights can point users to look deeper

This slide contains the following visuals: decompositionTreeVisual ,slicer ,slicer. Please refer to the notes on this slide for details

This slide contains the following visuals: Narratives ,actionButton ,columnChart ,Injury Narrative Weighted by SIFp ,slicer ,slicer ,slicer ,columnChart ,slicer. Please refer to the notes on this slide for details

The narrative commentary 
coupled with SIFp enables 
one to expand views about 

how the SIF potential is 
created and how to 

address it

https://app.powerbi.com/groups/me/reports/543f8097-9166-4401-82e1-c5f153f1e25c/?pbi_source=PowerPoint
https://app.powerbi.com/groups/me/reports/543f8097-9166-4401-82e1-c5f153f1e25c/?pbi_source=PowerPoint
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