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Executive Summary 

The Department of Energy (DOE) oversees some of the nation’s most critical infrastructure 
environments, including energy distribution systems, industrial control systems (ICS), operational 
technology (OT) environments, smart grid platforms, and national energy management operations 
supporting national security and operational continuity. As energy ecosystems continue evolving 
toward interconnected digital infrastructures, cybersecurity threats targeting operational 
environments have increased in complexity, scale, and operational impact. 

This DOE Critical Infrastructure Cybersecurity Framework establishes a strategic cybersecurity 
architecture designed to support secure, resilient, and interoperable operational environments 
across federal and contractor-managed energy systems. The framework integrates Zero Trust 
Architecture (ZTA), OT and ICS security, cloud and edge security models, AI-assisted threat 
detection, telemetry monitoring, DevSecOps methodologies, incident response coordination, and 
compliance-aligned governance to strengthen operational resilience while supporting secure 
modernization initiatives. 

The framework is designed to support mission continuity, operational safety, infrastructure 
resilience, and cybersecurity modernization across distributed and high-risk energy environments 
operating within hybrid cloud and mission-critical operational ecosystems. 

 

Critical Infrastructure Threat Landscape 

DOE operational environments continue to face increasingly advanced cybersecurity threats 
including nation-state cyber operations, ransomware campaigns, ICS and SCADA exploitation, 
supply chain compromise, insider threats, distributed denial-of-service (DDoS) attacks, telemetry 
interception, and cloud infrastructure vulnerabilities. The convergence of IT and OT environments 
has significantly expanded operational attack surfaces, increasing risks to infrastructure continuity, 
operational safety, and national energy resilience. 

Unlike traditional enterprise systems, critical infrastructure environments prioritize operational 
availability, safety, and continuity, creating unique cybersecurity challenges requiring specialized 
security architectures capable of balancing operational performance with evolving cybersecurity 
requirements. 
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Framework Objectives 

The DOE Critical Infrastructure Cybersecurity Framework was designed to strengthen operational 
resilience, protect OT and ICS environments, improve threat detection and response capabilities, 
support Zero Trust security modernization, and enable secure cloud and edge integration across 
distributed operational infrastructures. 

The framework establishes a strategic operating model supporting continuous operational visibility, 
telemetry-driven monitoring, AI-assisted threat analysis, secure modernization, and resilient 
operational continuity while minimizing disruption to mission-critical energy operations. 

 

DOE Cybersecurity Operating Environment 

DOE operational ecosystems frequently include Industrial Control Systems (ICS), SCADA 
environments, smart grid infrastructure, cloud-hosted analytics platforms, distributed telemetry 
systems, edge computing nodes, contractor-managed operational systems, and mission-critical 
research environments operating within geographically distributed infrastructures. 

These environments require cybersecurity architectures capable of supporting hybrid cloud 
operations, distributed telemetry synchronization, real-time operational analytics, secure 
interoperability, and resilient communications management across highly sensitive operational 
ecosystems. 

 

Zero Trust Architecture for DOE Operations 

Traditional perimeter-based security models are insufficient for protecting modern energy 
infrastructure environments operating within distributed and interconnected operational 
ecosystems. The framework adopts Zero Trust Architecture (ZTA) principles emphasizing 
continuous authentication, least privilege access, segmented operational networks, telemetry-
driven validation, and identity-centric security controls. 

The Zero Trust model integrates multi-factor authentication (MFA), Role-Based Access Control 
(RBAC), Privileged Access Management (PAM), adaptive authentication mechanisms, continuous 
identity verification, and segmented operational environments to reduce lateral movement risks 
and strengthen operational security posture across mission-critical infrastructure systems. 
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Operational Technology (OT) Security Architecture 

The framework establishes specialized cybersecurity controls for Operational Technology (OT) and 
Industrial Control System (ICS) environments supporting energy generation, industrial automation, 
infrastructure monitoring, and energy distribution operations. 

The architecture prioritizes secure ICS and SCADA protection, segmented operational networks, 
encrypted telemetry synchronization, secure industrial communications, and operational 
continuity planning while ensuring cybersecurity controls do not disrupt safety systems, industrial 
automation workflows, or energy delivery operations. 

The framework additionally supports secure integration of programmable logic controllers (PLCs), 
remote terminal units (RTUs), industrial telemetry systems, and operational monitoring platforms 
operating within distributed critical infrastructure environments. 

 

Cloud & Edge Security Integration 

DOE modernization initiatives increasingly depend on cloud-native infrastructure, distributed 
analytics environments, and edge computing architectures supporting real-time operational 
intelligence and telemetry processing. The framework establishes cloud and edge security models 
aligned with FedRAMP, NIST cybersecurity standards, DOE operational directives, and federal data 
governance requirements. 

Cloud security controls include secure API integration, encrypted synchronization services, cloud-
native workload protection, telemetry validation, and resilient operational continuity capabilities 
supporting distributed operational environments. Edge security models additionally support 
localized processing, secure telemetry buffering, AI inferencing protection, and low-latency 
operational analytics within communication-constrained operational ecosystems. 

 

AI-Assisted Threat Detection Framework 

The framework integrates AI-enabled cybersecurity capabilities supporting anomaly detection, 
predictive threat analysis, telemetry prioritization, behavioral analytics, and operational 
intelligence modeling across DOE operational environments. 

AI-assisted security operations leverage machine learning models, operational telemetry streams, 
and historical incident analysis to identify abnormal network behavior, suspicious operational 
activity, insider threat indicators, infrastructure anomalies, and emerging cybersecurity risks. 
Automated response capabilities additionally support threat containment, adaptive access 
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restrictions, telemetry prioritization, and incident escalation workflows to improve operational 
response timelines and threat visibility. 

 

Security Operations Center (SOC) Modernization 

The framework modernizes Security Operations Center (SOC) capabilities through centralized 
telemetry aggregation, SIEM/SOAR integration, distributed operational monitoring, and coordinated 
incident response management. 

The SOC modernization model supports real-time monitoring of cloud infrastructure, OT systems, 
distributed operational facilities, contractor-managed environments, and telemetry 
synchronization services while enabling cross-functional coordination, operational recovery 
planning, and infrastructure resilience management across mission-critical energy ecosystems. 

 

DevSecOps Security Integration 

The framework integrates DevSecOps methodologies to improve deployment security, operational 
agility, continuous compliance, and secure infrastructure modernization across DOE operational 
environments. 

DevSecOps capabilities include automated testing, CI/CD security validation, vulnerability 
scanning, Infrastructure-as-Code (IaC) security controls, policy-as-code enforcement, automated 
configuration management, and runtime compliance monitoring supporting secure cloud-native 
modernization initiatives and continuous operational governance. 

 

Incident Response & Operational Continuity 

DOE operational environments require highly resilient incident response architectures capable of 
minimizing operational disruption while maintaining energy continuity and infrastructure stability 
during cybersecurity events. 

The framework establishes rapid threat containment procedures, operational continuity planning, 
failover infrastructure models, backup recovery capabilities, telemetry preservation workflows, and 
coordinated incident escalation processes supporting resilient energy operations and mission 
continuity during infrastructure disruptions and cybersecurity incidents. 
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Governance & Compliance Framework 

The framework aligns with federal cybersecurity and operational governance standards including 
NIST SP 800-53, NIST SP 800-82, FedRAMP, DOE cybersecurity directives, CISA Zero Trust 
guidance, and Executive Order 14028. 

Governance structures include executive cybersecurity oversight boards, operational security 
teams, OT governance functions, compliance validation workflows, modernization prioritization 
processes, and operational risk management activities supporting long-term cybersecurity 
modernization and infrastructure resilience planning. 

 

Performance Metrics & Operational KPIs 

The framework establishes operational performance metrics supporting continuous cybersecurity 
assessment, operational visibility, and modernization effectiveness tracking across DOE 
environments. 

Key performance indicators include security incident rates, Mean Time to Recovery (MTTR), OT 
system availability, vulnerability remediation timelines, compliance validation rates, AI-assisted 
threat detection accuracy, telemetry coverage, and network segmentation maturity levels 
supporting operational governance and resilience measurement activities. 

 

Future-State Cybersecurity Vision 

The future DOE operational ecosystem will increasingly depend on AI-enabled cybersecurity, 
distributed edge operations, cloud-native infrastructure, autonomous telemetry analysis, 
predictive threat intelligence, and resilient mission-aligned operational environments. 

Future-state cybersecurity architectures will support intelligent operational defense, adaptive 
infrastructure protection, AI-assisted incident response coordination, advanced telemetry 
analytics, and secure interoperability across distributed federal and contractor-managed 
operational ecosystems. 

The long-term objective of the framework is not simply infrastructure protection, but the 
establishment of secure, intelligent, interoperable, and resilient cybersecurity ecosystems capable 
of supporting the future of national energy operations and critical infrastructure modernization. 
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Conclusion 

The DOE Critical Infrastructure Cybersecurity Framework establishes a comprehensive 
cybersecurity modernization strategy supporting operational continuity, infrastructure resilience, 
cloud modernization, AI integration, and evolving cyber threat protection across mission-critical 
energy environments. 

By integrating Zero Trust Architecture, OT and ICS cybersecurity, cloud-native security controls, AI-
assisted monitoring, DevSecOps methodologies, operational resilience planning, and compliance-
aligned governance, the framework provides a strategic roadmap for securing distributed energy 
ecosystems while supporting modernization initiatives and long-term national energy resilience. 

 


