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TEIA’s modern 
trust architecture
Breaking the zero-trust paradox 
in energy infrastructure



Executive summary

The energy sector faces an unprecedented security 
crisis. According to a 2024 Sophos report surveying 275 
cybersecurity leaders across 14 countries, 67% of energy 
organizations suffered ransomware attacks in the last year. 
Meanwhile, the US saw a 70% increase in cyberattacks on 
utilities during 2024 compared to the previous year.

This escalating threat landscape coincides with rapid digital 
transformation. Smart meters alone are projected to reach 
75% of U.S. households by the end of 2024.

"TEIA sets a modern path forward where 
interoperability and assurance coexist." 

Traditional zero-trust security models create an impossible 
choice: cut essential connectivity or accept security 
compromises. When smart devices communicate directly 
with vendors for predictive maintenance—bypassing network 
controls entirely—organizations face the "zero-trust paradox."

TEIA changes the equation. Through layered, protocol-
independent verification backed by distributed device 
registries and dynamic authentication frameworks, TEIA 
enables full operational connectivity with embedded zero-
trust guarantees. 
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Why zero-trust falls short in energy

"When critical devices communicate 
outside your network, zero-trust isn't 
just difficult—it's broken."

Zero-trust security operates on the principle of "never trust, 
always verify"—assuming breach and verifying each request 
as though it originates from an untrusted network. This 
approach makes perfect sense for traditional IT environments, 
but energy infrastructure presents unique challenges.

Consider the typical industrial network scenario: 
organizations carefully segment each network layer and 
implement comprehensive security controls, but then 
there's that one critical device communicating directly 
with a vendor via the internet. That connection provides 
invaluable predictive maintenance, monitoring, and 
diagnostics. Yet maintaining it creates exactly the trust 
relationship that zero-trust principles seek to eliminate.

As the energy sector becomes more interconnected 
globally, the attack surface for cyber threats expands, 
with integrating various systems and networks across 
borders providing more entry points for cybercriminals. 
Traditional network-based security models cannot 
adequately address these scenarios where critical devices 
bypass conventional controls entirely, creating security 
blind spots that undermine zero-trust architectures.

Instead of relying on static boundaries, it verifies identity, 
behavior, and compliance dynamically through distributed 
registry queries and real-time attestation, aligning with 
real-world conditions in dynamic energy environments like 
virtual power plants and demand response systems.
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TEIA's layered trust model

TEIA introduces trust models 
independent of network 
communications. Rather than relying 
on perimeter defenses that smart 
devices routinely bypass, TEIA 
embeds trust verification directly 
into the data layer, ensuring security 
travels with information regardless of 
communication path.

Application and service trust 
•	 Verifiable API interactions                           
•	 Multi-party orchestration                             
•	 Attestable AI/ML decision-making  

Data integrity and provenance
•	 Immutable audit trails

•	 Cryptographic proof of data origin and transformation 

•	 Tampering detection 

Communication trust and verification
•	 Protocol-agnostic trust mechanisms

•	 Trust across network types (WiFi, cellular, wired)

•	 End-to-end data trust continuity 
organizational boundaries

Device identity and attestation 
•	  Hardware-based trust anchors

•	 Secure boot processes

•	 Continuous integrity measurement     
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Real-world applications

"Attestable automation is the future 
of energy orchestration."

Charging point operators: end-to-
end multi-vendor security
Charging infrastructure presents complex security challenges 
with multiple protocols (OCPP, OpenADR), diverse vendor 
ecosystems, and regulatory compliance requirements. TEIA 
enables end-to-end security across these multi-vendor, 
multi-protocol environments while maintaining essential 
vendor connections for firmware updates and diagnostics.

Organizations gain cryptographic audit trails for regulatory 
compliance and dispute resolution, with trust attestation 
that survives protocol translation between charging stations, 
energy management systems, and grid connections. As 
cybersecurity regulations continue tightening—particularly 
with increasing attack frequency—TEIA provides essential 
future-proofing against evolving compliance requirements.

Energy service providers: attestable 
cross-border transactions
Virtual power plant (VPP) operators and demand 
response providers face complex multi-party trust 
scenarios where aggregators coordinate through 
building controllers to individual assets.

Cross-border energy trading becomes possible with verifiable 
proof of energy origin and regulatory compliance, while AI-
enabled optimization benefits from auditable decision trails. 
Registry-based audit trails maintain authoritative records of 
device ownership, certification status, and operational history. 

When algorithms automatically dispatch battery storage or 
curtail renewable generation, TEIA provides cryptographic 
evidence of decision logic and execution—essential 
for regulatory reporting and market settlement.
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Integration and use cases

Smart integration players: protocol-agnostic 
brownfield security
Most energy organizations have significant investments 
in existing protocols—IEEE 2030.5, OCPP, OpenADR, and 
proprietary systems. TEIA provides protocol-agnostic 
security that works across these investments without 
requiring wholesale replacement.

The constructive trust model proves better suited to 
distributed energy ecosystems than PKI alone, while 
brownfield integration through TEIA libraries preserves 
and extends existing applications. Organizations can 
implement TEIA incrementally, adding trust verification 
to current systems without disrupting operations.

"Protocol-agnostic trust bridges 
legacy to modern infrastructure."

Building-level energy management 
coordination
Consider a commercial building with EV chargers, rooftop 
solar, battery storage, and grid connections from different 
vendors. TEIA enables trusted coordination between all 
components regardless of their communication methods. 
When the building's energy management system 
optimizes charging schedules based on solar generation 
and grid pricing, every decision and transaction carries 
cryptographic proof of authorization and execution.
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"TEIA creates immutable audit trails that 
regulators can verify independently." 

Verified dispatch across multiple locations
Multi-site organizations can coordinate across buildings with 
verifiable dispatch decisions. When corporate headquarters 
sends demand response signals to facilities across different 
states, TEIA provides cryptographic proof that instructions 
originated from authorized sources and were executed 
correctly—essential for utility settlements and regulatory 
compliance.

Regulatory reporting with immutable audit trails
Energy transactions and grid services require transparent 
accountability. TEIA creates immutable audit trails that 
regulators can verify independently, while cross-border energy 
trading benefits from verifiable provenance and transformation 
history that supports international compliance frameworks.
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Implementation and impact

"Distributed energy systems make 
traditional network perimeters obsolete."

How TEIA works: data-layer trust verification
Traditional zero-trust architectures validate users and 
devices at network boundaries, but TEIA embeds trust 
validation directly into the communication fabric itself. 
Rather than relying on network-level controls that smart 
devices routinely bypass, trust verification travels with 
the data as an intrinsic property of every interaction.

By moving trust validation from the network layer to the data 
layer, TEIA enables true zero-trust security without sacrificing 
connectivity that makes smart energy systems valuable.

Implementation approach: preserving 
existing investments
TEIA libraries and SDKs integrate with existing applications, 
extending current protocols with trust verification 
capabilities. This brownfield-friendly approach means 
organizations don't abandon investments in OCPP 
chargers, OpenADR systems, or IEEE 2030.5 devices—
they enhance them with universal trust capabilities.

Migration strategies focus on high-value use cases 
first: vendor maintenance connections, regulatory 
reporting requirements, and multi-party coordination 
scenarios where trust verification delivers immediate 
operational benefits while reducing security risks.
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Benefits and future outlook

"54-55% of organizations experience over 
$500,000 in losses from cyber incidents."

Immediate operational benefits
TEIA allows organizations to maintain critical vendor 
connections for predictive maintenance while achieving 
comprehensive security assurance. With predictive 
maintenance powered by IoT sensors potentially 
reducing maintenance costs significantly.

Regulatory compliance becomes verifiable through 
cryptographic audit trails, while multi-vendor environments 
benefit from unified trust frameworks that work across protocol 
boundaries. With power and energy sectors reporting 54-
55% of organizations experiencing over $500,000 in losses 
from cyber incidents, TEIA's proactive approach prevents 
costly breaches rather than merely responding to them.

Industry transformation and standards alignment
The growing Internet of Things deployment in energy—
projected to reach $111.41 billion by 2034—requires security 
architectures that scale with connectivity rather than limiting 
it. TEIA's universal trust model provides this foundation, 
enabling secure integration of emerging technologies 
without compromising operational capabilities.

Standards alignment with IEC, IEEE, and industry bodies 
ensures TEIA complements rather than competes with 
existing frameworks, creating the foundation for tomorrow's 
distributed, secure, and interoperable energy ecosystem.

$$
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Next steps

Implementation roadmap
Begin with a comprehensive assessment of current vendor 
relationships, critical communication paths, and regulatory 
requirements. Identify high-value scenarios where maintaining 
connectivity while proving security compliance delivers 
immediate benefits—typically predictive maintenance 
connections and multi-party coordination requirements.

Deploy TEIA through pilot programs that demonstrate 
value without disrupting operations. Focus on brownfield 
integration opportunities where TEIA libraries can enhance 
existing applications with trust verification capabilities. 
Establish success metrics around security assurance, 
operational continuity, and compliance verification.

Scale implementation based on pilot results, prioritizing 
use cases with clear ROI from maintained functionality plus 
enhanced security. Develop organizational capabilities through 
training programs while building long-term architecture 
roadmaps that leverage TEIA's universal trust model.

Key success factors
Successful TEIA implementation requires stakeholder 
alignment around the value of trust-without-compromise 
approaches. Technical teams must understand how data-layer 
trust verification differs from network-based controls, while 
business stakeholders must recognize the strategic value of 
maintaining vendor relationships without security trade-offs.

Related resources
• TEIA Mission and Specifications: Learn more 

at: trusted-energy.org/mission 

• Technical White Paper: "A Standardized Trust Model 
for Enabling Data Security and Interoperability 
within Smart Distributed Systems" 

• Blog Resources: "What is TEIA and why the energy 
industry needs it now" at trusted-energy.org/blog 

• Community Engagement: Join TEIA working 
groups and implementation forums

Contact TEIA to schedule consultation sessions, 
access pilot program opportunities, and connect with 
implementation partners who can accelerate your 
organization's transition to universal trust architecture.
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Sources

Cybersecurity attack statistics
67% of energy organizations suffered 
ransomware attacks: https://news.
sophos.com/en-us/2024/04/30/
the-state-of-ransomware-in-energy-
utilities-and-oil-gas-2024/

70% increase in cyberattacks 
on US utilities in 2024: https://
www.securitymagazine.com/
articles/100621-cyberattacks-
on-us-utilities-up-70-in-2024

42% of critical infrastructure 
companies experienced 
data breaches: https://www.
securitymagazine.com/
articles/100621-cyberattacks-
on-us-utilities-up-70-in-2024

IoT and smart grid 
market statistics
75% of U.S. households to have 
smart meters by end of 2024: 
https://www.eia.gov/todayinenergy/
detail.php?id=61424

IoT in energy market growth from 
$30.21B to $111.41B by 2034: 
https://www.precedenceresearch.
com/iot-in-energy-market

54-55% of power/energy organizations 
reporting $500K+ cyber losses: 
https://www.sans.org/white-papers/
critical-infrastructure-security-survey/

Additional context sources
Attack surface expansion in 
interconnected energy systems: 
https://www.energy.gov/ceser/energy-
sector-cybersecurity-framework-
implementation-guidance

Predictive maintenance cost 
reduction potential: https://www.
mckinsey.com/industries/advanced-
electronics/our-insights/predictive-
maintenance-reduce-costs-by-
knowing-when-and-how-to-repair

Transform your energy infrastructure security 
approach—maintain essential connectivity 
while achieving zero-trust assurance 
through TEIA's layered trust architecture.
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