How does the adoption of military-grade cyber defense
architectures in power plants reshape the governance
of national energy infrastructure, specifically regarding
the centralization of operational authority and the
cascading systemic risks of shared digital
vulnerabilities?
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Executive Summary

The adoption of military-grade cyber defense architectures in power plants reshapes the
governance of national energy infrastructure into a multi-layered model that balances
centralized strategic coordination with decentralized operational autonomy. Evidence
suggests this framework centralizes strategic oversight to manage interdependencies and
align defense efforts against sophisticated nation-state threats [1, 8, 10]. Concurrently, it
mandates decentralized operational authority at the utility level, requiring autonomous
functioning during crises to ensure rapid, localized resilience [10, 14]. While standardized
protocols and uniform vendor architectures introduce shared digital vulnerabilities that
can amplify cascading systemic risks across the grid [8, 14], the military-grade approach
also mitigates these risks by requiring proactive isolation strategies and manual fallback

procedures to contain cyber intrusions [14].

Key Findings

Multi-Layered Governance: Centralized Strategy, Decentralized
Execution

The adoption of military-grade cyber defense architectures fundamentally reshapes
national energy infrastructure governance into a multi-layered model, rather than a simple
shift to hierarchical command. "Military-grade cyber defense architecture" is defined as an
integrated framework combining Zero Trust principles, cyber-physical systems (CPS)
integration, and proactive isolation strategies designed to counter sophisticated
nation-state threats [1, 4]. "Centralization of operational authority" involves establishing
dedicated federal coordination points, such as a centralized Department of Energy point
of contact for utilities, and creating an integrated civilian-military cyber ecosystem with



permanent coordination mechanisms [1, 8].

This framework necessitates centralized national coordination to manage
interdependencies and align civilian and military defense efforts against advanced
persistent threats [1, 8, 10]. However, it simultaneously promotes "decentralized
decision-making authority” and "empowered execution” at the utility level for rapid,
localized responses during crises [10, 14]. For example, the Cybersecurity and
Infrastructure Security Agency's (CISA) CI Fortify initiative, released on May 5, 2026,
mandates that utilities maintain autonomous operational capabilities to function in
isolation for weeks or months, emphasizing localized resilience over top-down command
[14]. This dual structure ensures centralized strategic planning is paired with
decentralized, autonomous utility execution [1, 10, 14].

Cascading Systemic Risks from Shared Digital Vulnerabilities

Standardized military-grade defense protocols and uniform vendor architectures introduce
shared digital vulnerabilities that can trigger cascading grid failures. The deployment of
identical systems across numerous facilities can transform decentralized grids into a
"single 'virtual critical infrastructure™ [8]. A targeted attack in 2024 on identical solar panel
controllers, for instance, disrupted energy generation on a relevant scale across
numerous facilities [8].

The specific transmission mechanisms for these vulnerabilities operate through the
convergence of Operational Technology (OT) and Information Technology (IT) networks
[3, 5, 13]. Threats propagate via cloud-connected Supervisory Control and Data
Acquisition (SCADA) systems, vendor-managed protection relays, and historian platforms
that maintain real-time data feeds to third parties [14]. Artificial intelligence further
accelerates this transmission by enabling systematic scanning for exposed OT interfaces
and the rapid operationalization of newly disclosed vulnerabilities across these shared
environments [14]. Once a key node or line fails due to an attack, the complex
interdependencies of the power grid can initiate a cascade effect, causing other units to

fail and potentially collapsing the entire power system [2, 11].

Mitigation of Risks Through Isolation and Resilience

Conversely, centralized military-grade defense architectures also effectively isolate
vulnerabilities before they propagate by mandating rigorous isolation and recovery
protocols. The CISA CI Fortify initiative directs utilities to plan for safe operations during



geopolitical crises, operating on the core assumption that threat actors will likely already
have access to OT networks [14]. To prevent cascading failures, this framework requires
utilities to map OT connectivity and dependencies, build and exercise isolation
procedures, prioritize patching on externally accessible systems, and develop out-of-band
communications capabilities [14]. Maintaining manual operation capabilities is also vital
for defense-critical electric infrastructure, ensuring operators can retain basic switching
expertise and sustain essential services even when digital systems are compromised [1].
This approach aims to contain cyber intrusions to isolated segments of the infrastructure,
thereby mitigating cascading systemic risks [14].

Historical Track Record and Shifts in Operational Authority

The historical track record of cyber incidents in North American and European power
grids reveals a continuous balancing act between centralized oversight and operational
resilience. Incidents like the 2024 targeted attack on solar panel controllers [8] and
Russia's Sandworm attack on European grid infrastructure in December 2025 [9, 14]
highlight the need for centralized strategic planning and an integrated civilian-military
cyber ecosystem to counter advanced persistent threats [8, 10]. The Department of
Energy has identified a dedicated, centralized point of contact to coordinate with
responsible utilities on defense-critical electric infrastructure [1].

However, these incidents also underscore that operational resilience during a crisis
requires decentralized decision-making and autonomous execution [10]. The NERC Level
3 Alert on Computational Loads, issued on May 4, 2026, mandated seven essential
operational actions for grid entities, including developing modeling data lists and
establishing commissioning processes for computational loads [7, 12]. This federal
directive, prompted by incidents like the July 2024 Northern Virginia data center
disconnections [6, 9], demonstrated a direct assertion of federal authority over utility
planning and operational responsibilities [7, 9, 12]. Concurrently, a late 2025 Department
of Energy proposal directed FERC to extend jurisdiction over large load interconnections,
shifting authority from state oversight to federal control [15]. Despite these centralizing
directives, the CISA CI Fortify guidance, also released on May 5, 2026, directs utilities to
plan for weeks or months of safe, isolated operations, emphasizing decentralized
operational autonomy and manual fallback procedures [14]. This demonstrates that while
strategic authority is centralizing, operational resilience remains dependent on localized,
autonomous capabilities.



Deployed Architectures and Cost Considerations

Major North American and European power plants are deploying advanced cyber defense
architectures, including the Department of Defense's Zero Trust model [4] and the NIST
Special Publication 1500-202 framework for Cyber-Physical Systems (CPS) [3]. The
CISA CI Fortify initiative further mandates isolation and recovery planning for operational
technology networks [14]. While specific per-megawatt implementation costs are not
guantified in the research, funding for Defense Ciritical Electric Infrastructure (DCEI)
resilience improvements is a contentious issue, with ongoing debates over whether
federal agencies or ratepayers should bear the financial burden [1].

Implications

The adoption of military-grade cyber defense architectures in national energy
infrastructure implies a fundamental, ongoing transformation of governance. This shift
moves beyond merely layering security protocols, establishing a dynamic interplay
between centralized strategic command and decentralized operational autonomy. For
stakeholders, this means increased federal oversight in strategic planning, intelligence
sharing, and the setting of defense standards, as evidenced by directives like the NERC
Level 3 Alert and the DOE's proposed expansion of FERC's authority [7, 12, 15].
However, it also necessitates significant investment and capability development at the
utility level to ensure autonomous operation and localized resilience during cyber-physical
attacks, as mandated by CISA's CI Fortify initiative [14].

The inherent tension between centralizing strategic command to counter sophisticated
threats and maintaining decentralized operational agility for crisis response will continue
to shape policy and investment. While standardization and OT/IT convergence introduce
shared digital vulnerabilities that could amplify cascading risks, the emphasis on isolation
and manual fallback procedures within military-grade frameworks aims to mitigate these
systemic failures [14]. Future governance models will likely continue to evolve towards
integrated civilian-military cyber ecosystems that prioritize both national strategic
alignment and robust, localized resilience.

Limitations and Caveats

The available research provides a strong conceptual framework for the reshaping of
governance but has limitations regarding specific quantitative data. There is no specific



estimated cost per megawatt for the implementation of military-grade cyber defense
architectures, nor a direct numerical comparison to traditional commercial standards.
Detailed timelines for the transition to centralized cyber command in the top five largest
national grids or specific target dates for full interoperability with military intelligence feeds
like USCYBERCOM or NATO CCDCOE are also not provided. Furthermore, the research
lacks specific comparative data on mean time to repair (MTTR) or the percentage of
shared digital vulnerabilities identified in post-incident audits between different
centralization models. The evidence base is primarily focused on policy, strategic
frameworks, and recent incidents, rather than granular operational metrics or
comprehensive cost-benefit analyses.
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