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Executive Summary 

Industrial energy users face significant challenges in meeting emissions reduction commitments 
while maintaining operational reliability and cost competitiveness. While nuclear power could 
provide clean, reliable energy for critical operations, conventional nuclear deployment models—with 
their project-specific designs, long development cycles, and high capital costs—make commercial 
implementation impractical. Open architecture offers a transformative solution to this challenge by 
fundamentally changing how nuclear systems are designed, manufactured, and deployed. 

Drawing on successful transformations in other complex industries, open architecture enables 
standardized, modular nuclear systems that can be manufactured at scale while maintaining safety 
and reliability. This approach has demonstrated dramatic cost reductions in industries including 
automotive, aviation, and data centers. For industrial energy users, open architecture nuclear systems 
have the potential to deliver operational compatibility, commercial viability, and strategic value. 

The operational benefits are compelling. Standardized nuclear modules can be designed to match 
specific industry requirements, from 100 to 1000 MWe, enabling direct replacement of existing power 
and heat systems. These modules integrate seamlessly with existing industrial control systems while 
providing deployment flexibility across multiple applications. High reliability is achieved through N+1 
redundancy (a design requiring every component in a system to have a spare, such that if the original 
fails, the spare can continue operation seamlessly), a critical requirement for continuous operations. 

Commercial viability emerges through several reinforcing mechanisms: factory manufacturing 
dramatically reduces costs and timelines compared to traditional nuclear construction; type approval 
processes accelerate regulatory approvals while maintaining safety standards; and the creation of a 
competitive supplier ecosystem drives continuous innovation and cost reduction, while 
standardization enables predictable costs and schedules. This approach allows for progressive 
deployment starting with high-value applications, building confidence while managing risk. 

The strategic value for industrial energy users is equally significant. Open architecture nuclear 
systems provide control over critical power infrastructure and independence from grid constraints 
while offering a reliable pathway to emissions reduction. Supply chain resilience is enhanced through 
multiple qualified suppliers, while standardized upgrade pathways ensure future compatibility as 
technology advances. 

An Open Architecture Consortium can drive these positive outcomes through coordinated action in 
standards development, market development, and implementation strategy. Success requires 
defining critical interfaces and specifications, establishing safety and performance requirements, and 
creating frameworks for type approval and supplier qualification. Market development efforts must 
aggregate demand across multiple users, coordinate initial deployments, and share development 
costs to build supplier confidence. The implementation strategy should focus on high-value initial 
applications like FPSOs (Floating Production Storage and Offloading vessels) and refineries, 
progressing systematically from single to multiple unit installations while developing standardized fleet 
operations and building supply chain capabilities. 

Success requires sustained commitment from industry leaders, but the potential rewards are 
compelling—reliable, cost-competitive clean energy that meets operational needs while achieving 
emissions reduction goals. By acting now through the Open Architecture Consortium, industrial 
energy users can shape this new market to ensure it meets their specific requirements while creating 
a sustainable pathway to clean industrial power. The timing is critical—early engagement will enable 
the industry to influence product development, regulatory frameworks, and supply chain evolution to 
align with their operational needs and timeline requirements. 

 
 
 



 

Open Architecture Nuclear Integration Framework 4 

1 Open Architecture Definition & Strategic Opportunity 

Definition of Open Architecture: Open architecture in nuclear energy systems represents a 
standardized, modular approach to design and integration that enables interoperability, scalability, 
and efficient deployment across diverse applications. The framework establishes common standards 
and interfaces that allow different manufacturers and suppliers to create components and systems 
that can operate in conjunction with each other, while maintaining their competitive advantages 
through proprietary innovations within standardized boundaries. 

Key characteristics include: 

n Standardized interfaces between all major subsystems 

n Published technical standards and specifications 

n Clear separation between proprietary and shared elements 

n Documented integration requirements 

n Standardized safety and control protocols 

1.1 Motivations for Implementing Open Architecture 

Successful industry transformations with open architecture took time to implement. Efforts succeeded 
when they focused on delivering the most meaningful business improvements and created strong 
incentives for the industrial ecosystem, including users, suppliers, and regulators. 

Key incentives for pursuing open architecture include:  

n Cost reduction 

n Shortening project delivery cycles 

n Higher quality components and final 
system 

n More rapid product development cycles 

n Higher performance components and 
final systems 

n Much more competitive supply chains 

n Stronger alignment with customer needs 

n Accelerating and simplifying regulatory 
approvals 

n Enhancement of safety through 
standardization 

1.2 Strategic Opportunity Industrial Energy Users 

Industrial energy users, with unparalleled expertise in delivering complex, large-scale energy 
infrastructure projects globally, are uniquely positioned to transform nuclear power deployment 
through open architecture. The ability of industries to organize sophisticated global supply chains, 
standardize complex equipment, and execute major capital projects in challenging environments 
suggests that an organized effort by industrial users could be an effective catalyst for nuclear 
innovation. Standardization and rigorous supply chain management can dramatically reduce costs 
while enhancing quality and safety, key challenges faced by the nuclear industry. Experience in 
managing complex regulatory frameworks across multiple jurisdictions provides a robust foundation 
for developing new approaches to nuclear deployment. 

Through the Open Architecture Consortium (OAC), industry leaders can create standardized nuclear 
systems that meet well-defined requirements for power and heat, while enabling broader market 
deployment. This approach has already demonstrated dramatic cost reductions in other complex 
industries—from automotive to aviation to data centers. By engaging early through the Consortium, 
industry can shape product development, regulatory frameworks, and supply chain evolution to align 
with their operational needs and schedule requirements. The reward is significant: reliable, cost-
competitive clean energy that meets operational needs while achieving emissions reduction goals. 
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2 Transformative Precedents 

The Power to Transform Industries: Open architecture principles have already transformed several 
multiple complex industries, demonstrating their potential for widespread impact. Each industry 
case presents unique challenges, but together they provide valuable lessons for improving the 
delivery of nuclear energy. By understanding what made these transformations successful and how 
they achieved their benefits, we can apply these insights to implement open architecture in the 
nuclear sector. 

Critical success elements include: 

n Progressive standardization approaches serve as the foundation for successful industry 
transformation, with careful, staged implementation that allows organizations to learn and 
adapt. Successful open architecture implementation depends on finding the optimal balance 
between standardization and innovation. 

n Supply chain development strategies create the industrial capacity needed for 
transformation through early engagement with suppliers, clear quality requirements, and long-
term demand signals. 

n Regulatory framework evolution ensures safety while enabling innovation, typically moving 
from project-based to product-based regulation. 

n Quality management systems ensure consistent, reliable production by integrating quality 
controls throughout the entire design and manufacturing process. The most successful 
examples go beyond traditional inspection-based approaches to include automated 
verification and continuous monitoring at every stage. 

n Continuous improvement mechanisms collect operational data, analyze performance, and 
feed those insights back into design and manufacturing processes.  

 

2.1 Case Study 1: Volkswagen's Open Architecture MQB Platform  

The automotive industry's transformation through open architecture principles—exemplified by 
Volkswagen's Modular Transverse Matrix (MQB) platform—demonstrates how standardization can 
revolutionize manufacturing while enabling rapid scaling and customization.1 Implemented across 
multiple brands including Volkswagen, Audi, SEAT, and Škoda, this approach achieved what many 
considered impossible: dramatic cost reduction alongside increased product variety and innovation. 

Volkswagen’s MQB platform standardized key interfaces and components while still allowing for 
significant product differentiation. This approach reduced both product development costs and time-
to-market, while enabling flexible production across multiple factories. This enabled annual production 
scaling from 1 million to over 5 million vehicles on a single platform.2 The platform fundamentally 
transformed production efficiency and market deployment when it was launched in 2012. 

Open 
Architecture 

Success

Progressive 
standardization

Supply chian 
development

Regulatory 
framework 
evolution

Quality 
management 

systems

Continuous 
improvement
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Core to this transformation was balancing standardization and innovation. The platform defined fixed 
mounting points for major systems, standardized electrical connections, and established common 
control protocols while allowing design flexibility in non-critical areas. This approach increased parts 
commonality across models while preserving brand identity and market positioning. 

The implementation strategy focused on three interconnected dimensions: interface standardization, 
supply chain development, and manufacturing innovation. Volkswagen established a tiered supplier 
qualification program with global manufacturing standards that created a competitive component 
market. Manufacturing facilities were redesigned with flexible production lines and automated quality 
control systems that could produce multiple models simultaneously. 

Learnings for Open Architecture Nuclear from the Volkswagen experience 
Interface Standardization Supply Chain Development Manufacturing Innovation 
Fixed mounting points for major 
systems 

Tiered supplier qualification 
program 

Flexible production lines 

Standardized electrical connections Global manufacturing standards Automated quality control 

Common control protocols Shared quality requirements Standardized assembly 
processes 

Defined performance interfaces Competitive component market Digital manufacturing systems 

Standardized testing procedures Progressive capability building Integrated testing protocols 

 
Open architecture principles revolutionized manufacturing economics by fundamentally rethinking 
how vehicles are designed, manufactured, and validated. The benefits compound throughout the 
product lifecycle, from initial engineering through final assembly and ongoing quality assurance.  

2.2 Case Study 2: Open Architecture in Commercial Aviation Industry 

The aviation industry provides a particularly relevant example of open architecture implementation in 
a safety-critical sector. The transformation began with the introduction of modular engine mounting 
systems that enabled airframe compatibility with engines from different suppliers. This standardization 
progressively expanded to cockpit interfaces, maintenance protocols, and component designs. The 
industry also implemented common maintenance protocols, which significantly reduced operational 
complexity while maintaining rigorous safety standards.3 

The type certification process represented a revolutionary innovation in regulatory approach. Rather 
than approving entire aircraft as single integrated systems, regulators established frameworks to 
certify standardized components and subsystems that could be integrated into multiple aircraft 
designs.4 Type certification transformed aviation from an unregulated industry with catastrophic 
accident rates to one with systematic approvals with exceptional safety standards, though certification 
timelines have remained substantial due to technological complexity and safety requirements. 

The market transformation achieved through these changes dramatically altered the economics of 
commercial aviation. Aircraft costs per seat have driven down with the help of standardized interfaces 
implementation and the use of shared components.5 Standardization through programs like AS9100 
(introduced in 1999) enabled the aviation industry to develop a robust global supplier ecosystem with 
over 24,000 certified sites, creating competitive markets for specialized components—creating robust 
competition and driving innovation. Maintenance costs decreased through the implementation of 
standardized procedures and the widespread availability of interchangeable parts.6  

The impact on aircraft deployment and operations proved equally transformative. Production rates per 
facility increased from dozens to hundreds of aircraft annually, enabling rapid fleet expansion to meet 
growing global demand. The time required to develop new commercial aircraft models has been 
increasing due to rising complexity, regulatory scrutiny, and supply chain issues. However, U.S. 
military aircrafts development timeline reductions through open architecture show signs of aiding 
commercial aviation.7,8 Such improvements have enabled the global commercial fleet to grow from 
hundreds to tens of thousands of aircraft, while achieving a reduction in cost per seat-mile despite 
substantially improving safety and comfort.  
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An industry consortium led the coordinated standards development effort, starting with critical 
components like engines and landing gear before progressively expanding to broader systems. 
Regular updates incorporated technological advances while balanced stakeholder involvement 
(manufacturers, operators, and regulators) ensured standards met diverse needs. The development 
of clear interface standards enabled true engine interchangeability across different airframes, creating 
competition among engine manufacturers while simplifying aircraft design. The implementation of 
standard maintenance protocols significantly reduced operational complexity, enabling airlines to 
operate efficiently across multiple aircraft types. 

Supply chain engagement proved equally crucial to the industry's evolution. The establishment 
of a tiered supplier qualification system created clear pathways for manufacturers to develop 
capabilities and enter the market. Shared quality management standards ensured consistency across 
the supply base, while distributed manufacturing with central integration enabled efficient production 
scaling. This approach allowed for progressive capability building in the supplier base. The creation of 
a competitive supplier market drove continuous innovation and cost reduction, creating a virtuous 
cycle of improvement that continues today. 

Regulatory evolution was another key success factor. The type certification process proved 
crucial, creating a framework that enabled component innovation while maintaining rigorous safety 
standards. The clear separation of safety-critical components enabled focused oversight where it 
mattered most, while standard test and validation procedures created predictable paths to 
certification. International regulatory harmonization proved particularly important, allowing 
manufacturers to efficiently serve global markets while maintaining the highest safety standards. 
Together, these mechanisms created a framework that enabled dramatic industry expansion while 
enhancing safety and reliability. 

2.3 Case Study 3: Data Centers and The Open Compute Project  

The Open Compute Project (OCP), launched by Facebook (now Meta) in 2011, demonstrates how 
open architecture can transform a complex, capital-intensive industry through standardization and 
collaborative innovation.9 Before OCP, data center infrastructure featured extensive customization, 
proprietary interfaces, and fragmented supply chains—challenges remarkably similar to those facing 
nuclear deployment today. Each facility required custom engineering, creating high costs and 
extended timelines. Complex, proprietary interfaces between systems limited innovation and created 
vendor lock-in. The fragmented supplier ecosystem resulted in inefficient supply chains and limited 
economies of scale. This resulted in high capex, extended construction schedules, and stunted 
growth. However, resistance to change was deeply embedded in industry culture, supported by 
arguments about the unique requirements of each project. 

The OCP created a framework balancing standardization with innovation through strong industry 
leadership and a robust technical approach. Major technology companies took the unprecedented 
step of sharing previously proprietary designs through a transparent governance structure with 
collaborative working groups. The technical framework established modular design approaches with 
clear interface specifications and performance-based standards that enabled verification without 
restricting innovation. The standardization of interfaces and components eliminated much of the 
custom engineering previously required for each project. 

OCP’s results transformed the data center industry. Energy efficiency increased by 38%, and 
operational costs fell by 24%, and computing efficiency increased by 45%.10 These cost reductions 
came alongside significant improvements in reliability and performance, demonstrating that 
standardization can enhance rather than compromise quality. Construction and commissioning 
accelerated as integration challenges decreased. These improvements enabled the industry to scale 
rapidly to meet growing demand. Hardware deployment time was reduced from months to weeks 
through streamlined design processes and simplified procurement. Supply chain lead times were cut 
by 50% as standardized interfaces enabled new entrants to compete effectively. Furthermore, 
industry participation grew from 5 to over 290 member companies by 2022, creating a robust 
ecosystem that continues to drive innovation and cost reduction.11 

The project's success rested on three interconnected pillars: strong industry leadership, a robust 
technical framework, and systematic market development. The lessons from this transformation offer 
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valuable insights for developing open architecture nuclear systems, particularly in how to structure 
industry collaboration while maintaining commercial incentives. 

Key Strategies to Successfully Implement the OCP 

Industry 
Leadership 

Major players 
sharing 
proprietary 
designs 

Clear 
governance 
structure 

Collaborative 
working groups 

Transparent 
decision 
making 

Shared 
benefit 
model 

Technical 
Framework 

Modular design 
approach 

Clear interface 
specifications 

Performance-
based standards 

Verification 
protocols 

Innovation 
pathways 

Market 
Development 

Progressive 
supply chain 
development 

Coordinated 
demand signals 

Shared risk 
management  

Clear value 
proposition 

Scale 
benefits 

2.4 Key Learnings and Applications to Nuclear Open Architecture 

The successful transformation of complex industries through open architecture principles provides 
valuable insights for nuclear power development. These case studies reveal that standardization 
delivered dramatic cost reductions (30-70%) while accelerating deployment and improving quality. 
Each transformation occurred through a similar progression: establishing core standards, developing 
supply chains, evolving regulatory approaches, and creating self-reinforcing market dynamics. 

Cross-Industry Learnings for Open Architecture 

Standards 
Development 

Industry consortia 
leadership 

Progressive 
standardization 
approach 

Regular standard 
updates 

Balanced 
stakeholder 
involvement 

Supply Chain 
Development 

Tiered supplier 
qualification 

Quality management 
systems 

Distributed 
manufacturing 
capability 

Progressive 
capability building 

Regulatory 
Engagement 

Early regulator 
involvement 

Clear safety 
frameworks 

Standard validation 
processes 

International 
harmonization 

Market 
Development 

Initial focus on 
high-value 
interfaces 

Progressive 
expansion of scope 

Continuous 
feedback 
incorporation 

Creation of network 
effects 

 

These cross-industry examples demonstrate that open architecture can transform even the most 
complex and safety-critical industries. By applying these lessons to nuclear power, we can create a 
framework for deployment that meets industrial requirements for cost, schedule, and operational 
flexibility while maintaining the highest standards of safety and reliability. 

Key Principles for open architecture in highly regulated, safety-critical industries 
 Category Details 
Standardization Impact § Dramatic cost reduction through economies of scale 

§ Accelerated innovation while maintaining safety 
§ Expanded supplier participation and competition 
§ Reduced development and deployment timelines 

Market Development § Initial focus on interface standardization 
§ Progressive expansion of supplier base 
§ Continuous refinement of standards 
§ Creation of self-reinforcing ecosystem 

Implementation Approach 
 
 

§ Begin with core interfaces and standards 
§ Engage regulators early in process 
§ Enable progressive innovation within framework 
§ Maintain focus on system-level optimization 
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3 Value Proposition of Open Architecture Nuclear  

Open architecture creates a transformative value proposition for nuclear deployment through 
interconnected economic, operational, and strategic benefits that fundamentally change how 
nuclear systems are designed, manufactured, deployed, and operated. This approach replaces the 
traditional project-based model with a product-based ecosystem that drives continuous 
improvement while maintaining safety as the paramount concern. 

3.1 Economic Transformation 

The economic advantages of open architecture stem from three reinforcing mechanisms that work 
together to dramatically reduce costs while accelerating deployment. 

Competitive Supplier Ecosystem drives continuous cost reduction through market forces rather 
than regulatory mandates. Open architecture enables multiple qualified suppliers to compete in 
producing components and subsystems. This competition creates pricing pressure while maintaining 
quality standards—a sharp contrast to traditional nuclear projects where proprietary designs limit 
supplier options and reduce cost efficiency. The ecosystem grows more robust with time as suppliers 
expand capabilities and new entrants bring innovations. 

Factory Manufacturing represents a fundamental shift from site-based construction to product-
based manufacturing, delivering 30-40% cost reductions. Standardized specifications enable 
suppliers to invest confidently in advanced production facilities, given multi-system component 
compatibility. This enables assembly-line production with sophisticated quality control, replacing 
project-based custom manufacturing. Quality assurance becomes more systematic and predictable as 
components can be tested using consistent protocols across suppliers.  

Regulatory Transformation compounds these economic benefits through type approval processes 
that dramatically reduce licensing costs and timelines. Instead of reviewing entire custom designs for 
each project, regulators can focus on verifying compliance with pre-approved standards and 
interfaces. This shift from project-based to product-based regulation creates predictable approval 
pathways and significantly reduces development risk. The standardized approach also enables 
regulatory harmonization across jurisdictions, as regulators can share experience with common 
components rather than reviewing completely unique designs for each installation. 

These mechanisms create a virtuous cycle where standardization enables competition, which drives 
cost reduction, which expands market opportunities, which attracts more suppliers. The result is a 
continuously improving ecosystem that can deliver cost-competitive nuclear systems. 

3.2 Operational Excellence  

Open architecture enhances operational performance through standardized approaches that improve 
reliability, flexibility, and efficiency across multiple dimensions. 

System Integration becomes seamless through standardized interfaces between nuclear and 
balance-of-plant systems. This integration enables nuclear systems to work effectively with existing 
industrial facilities, whether for power generation or process heat applications. Standardized control 
interfaces allow nuclear modules to integrate with facility-wide distributed control systems while 
maintaining necessary separation of safety-critical functions. The result is optimized energy 
management across multiple systems without compromising safety or reliability. 

Reliability and Redundancy improve dramatically through the deployment of multiple small modules 
instead of single large units. This approach enables N+1 redundancy configurations where operations 
can continue even if one module requires maintenance. Factory refueling options reduce outage 
durations, while standardized maintenance procedures create predictable schedules that minimize 
disruptions. These features are particularly valuable for industrial applications with high capacity 
factor requirements, such as offshore platforms and continuous process facilities. 

Knowledge Sharing accelerates across the industry as standardized components and interfaces 
create a common technical language. This enables effective sharing of operational experience that 
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leads to faster learning curves and more rapid resolution of potential issues. Unlike proprietary 
systems where operational knowledge remains siloed, open architecture allows the entire industry to 
benefit from individual experiences, continuously improving safety and performance. 

Workforce Development becomes more efficient as standardized systems enable personnel to 
apply skills across multiple facilities and vendors' systems. This creates career mobility and 
addresses workforce challenges that have historically plagued the nuclear industry. Consistent 
training programs and simulation tools applicable across multiple facilities enhance knowledge 
transfer and skill development, building the specialized workforce needed for widespread deployment. 

These operational benefits compound over time as fleet size grows, creating continuous improvement 
cycles that enhance both efficiency and reliability while maintaining safety as the paramount concern. 

3.3 Strategic Advantage  

Beyond immediate economic and operational benefits, open architecture creates strategic 
advantages that position companies for long-term success in a rapidly evolving energy landscape. 

Innovation Acceleration occurs as the framework enables multiple companies to develop 
improvements within defined boundaries. Rather than relying on single vendors to advance all 
technological aspects, open architecture creates parallel innovation paths for specific components or 
subsystems. When successful innovations emerge, they can be rapidly adopted across multiple 
vendors' systems, accelerating technological progress while maintaining system compatibility. 

Supply Chain Resilience emerges through qualification of multiple suppliers for key components, 
creating inherent redundancy against disruption. If one supplier faces difficulties, others can increase 
production to meet demand. This diversity reduces project risks and supply chain bottlenecks while 
enhancing geographic diversification—a crucial advantage in today's uncertain global environment. 

Futureproofing is built-in as pathways for system upgrades and modernization are built-in with open 
architecture. New components can be integrated provided they meet interface specifications, allowing 
facilities to benefit from technological improvements without complete system replacement. This 
reduces the risk of technological obsolescence and enables continuous performance improvement. 

Emissions Reduction Pathway for industrial facilities becomes practical and reliable through nuclear 
integration. For hard-to-decarbonize sectors, standardized nuclear systems offer a proven, 
dependable solution for both power and heat. Scalable module deployment allows facilities to manage 
transition risks while making meaningful progress toward emissions targets. 

3.4 Industry-Specific Value 

While conventional nuclear power has struggled to align with industrial needs due to long 
development cycles, complex maintenance, and high capital costs, open architecture enables a 
dramatically different approach. Open architecture addresses three critical dimensions of industrial 
compatibility: operational flexibility, deployment speed, and economic efficiency. This transformation 
enables nuclear power to safety meet the demanding requirements of industrial applications. 

Meeting Industrial Requirements 
Category Conventional Nuclear Open Architecture Approach 

Reliability and 
Availability 

18-24 month refueling cycles; Complex 
maintenance procedures; Site-specific 
operations; Limited redundancy options 

Multiple small units enabling continuous 
operation; Standardized maintenance across 
fleet; Factory refueling options; N+1 redundancy 
at lower cost 

Deployment 
Timeline 

10–15-year development cycle; Site-
specific design and licensing; Sequential 
construction; Limited supply chain 

3–5-year deployment from order; pre-approved 
designs; Parallel manufacturing; Competitive 
supply chain 

Cost Structure High upfront capital costs; Site-specific 
engineering; Complex project 
management; Limited economies of scale 

Standardized costs across projects; Minimal 
site-specific engineering; Simplified project 
execution; Strong economies of scale 
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4 Implementation Challenges and Solutions 

To successfully implement open architecture nuclear systems requires addressing complex, 
interconnected challenges across commercial, technical, and transition domains. Rather than 
isolated obstacles, these challenges form an integrated landscape that must be navigated through 
coordinated action. This section examines key implementation barriers and potential solutions, with 
particular focus on the role of the OAC in orchestrating the necessary transformation. 

4.1 Commercial and Strategic Challenges 

The commercial nuclear landscape has evolved over decades into a structure that systematically 
resists the standardization and open competition that characterize successful industries. This 
resistance stems from deeply entrenched business models, market structures, and strategic interests 
that could impede industry transformation without coordinated intervention. 

4.1.1 Incumbent Resistance 

Traditional nuclear vendors have built their business models around proprietary designs and vertical 
integration. These incumbents face difficult strategic choices between investing in new capabilities 
and protecting existing assets, while managing risks of cannibalizing current product lines and 
disrupting established supplier relationships. 

From the incumbent perspective, open architecture represents multiple threats to their market position 
and business model: 

n Reduced customer lock-in: Standardized interfaces enable customers to switch suppliers for 
components and services 

n Increased competition: Lower barriers allow new market participants to challenge incumbents 

n Margin pressure: Commoditization of proprietary components drives down profit margins 

n Intellectual property concerns: Uncertainty about how proprietary innovations will be protected 
within a standardized framework 

The OAC must address these concerns through several key mechanisms that transform resistance 
into constructive engagement. 

OAC strategies to overcoming incumbent resistance 

OAC Strategy Implementation Approach Expected Outcome 

IP Framework 
Development 

Create clear rules protecting innovation 
while enabling standardization 

Balance incumbent protection with 
ecosystem benefits 

Revenue Model 
Innovation 

Develop approaches rewarding early 
adoption and standard-setting 

Incentivize participation without 
sacrificing competition 

Market Expansion 
Demonstration 

Show how standardization expands the 
total addressable market 

Create growth opportunities offsetting 
competitive pressures 

Transition Mechanisms Establish fair pathways for integrating 
existing technologies 

Preserve valuable industry 
capabilities while enabling evolution 

 
Successfully addressing incumbent resistance requires recognizing legitimate business concerns 
while creating compelling incentives for participation in the new ecosystem. 
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4.1.2 Supply Chain Inertia 

The transformation to open architecture requires fundamental changes in supply chain capabilities 
that face significant barriers to implementation. Companies throughout the supply chain are hesitant 
to invest in new manufacturing capabilities given several reinforcing concerns. 

Supply chain transformation faces two major sets of challenges: investment barriers and relationship 
disruption. Investment hesitation stems from uncertainty about market scale and timing, concerns 
about stranded assets, workforce retraining requirements, and high qualification costs. These 
investment challenges are compounded by complex relationship disruptions, including existing long-
term supplier agreements, established quality assurance programs, certification requirements, and 
integrated project delivery models that have evolved over years of partnership. 

The OAC can help address these challenges by coordinating clear market demand signals, 
developing staged supplier qualification programs, creating clear standards for participation, and 
facilitating investment in new capabilities. This comprehensive approach helps reduce risk while 
creating clear pathways for supply chain evolution. 

Supply Chain Inertia 

Category Issues OAC Actions 

Reluctance to invest in new 
manufacturing capabilities 

Existing long-term supplier 
agreements 

Coordinating market demand 
signals 

Uncertainty about market scale 
and timing 

Established quality assurance 
programs 

Developing staged supplier 
qualification programs 

Risk of stranded assets in current 
facilities 

Complex certification requirements Creating clear standards for 
supplier participation 

Need for workforce retraining Integrated project delivery models Facilitating investment in new 
capabilities 

High costs of qualification 
programs 

Historical partnership 
arrangements 

Supporting workforce development 
programs 

4.1.3 Market Structure Challenges 

The current nuclear market structure has evolved around project-based deployment rather than 
product-based manufacturing. This fundamental orientation creates barriers across financial, 
contractual, and regulatory dimensions. 

Financial Models 
The transition to open architecture requires fundamental changes in financial frameworks. Current 
project finance structures are designed for large, single-unit deployments with extensive site work. 
These need to be reimagined for factory-built, modular systems. Risk allocation models must shift 
from project-specific assessments to standardized product evaluations. Insurance and liability 
frameworks require updating to account for fleet deployment rather than one-off projects. 

Contractual Frameworks 
Existing nuclear contract structures are poorly suited to a modular approach. They typically allocate 
risk based on custom engineering and site-specific construction. Performance guarantees are 
designed around entire plants rather than standardized components. Intellectual property rights are 
structured to protect proprietary designs rather than innovations within a standardized framework. 
Liability frameworks assume vertically integrated project delivery rather than component-based 
assembly. 

Policy and Regulatory Environment 
The implementation of open architecture faces significant regulatory and policy challenges. Existing 
frameworks are designed around traditional deployment models with project-specific licensing, 
extensive site-specific reviews, and limited standardization. Quality assurance requirements focus on 
project-specific applications rather than type approval of standardized components. International 
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harmonization remains limited, creating barriers to global deployment. Local content requirements 
and trade agreements may also need revision to enable effective deployment. 

These market structure challenges require systematic intervention across multiple fronts. 

OAC Market Structure Interventions: 

1 Financial Innovation 
– Developing new financing models suited to factory manufacturing 
– Creating standard risk assessment frameworks for modular deployment 
– Engaging insurance providers on fleet-based coverage approaches 

2 Contract Standardization 
– Developing new templates aligned with modular deployment 
– Creating standard risk allocation models reflecting component-based assembly 
– Establishing performance verification frameworks for standardized systems 

3 Policy Engagement 
– Working with policymakers to update frameworks for modular deployment 
– Coordinating international standards development for global compatibility 
– Creating pathways for regulatory evolution toward type approval 

4.2 Technical and Engineering Challenges 

While commercial challenges arise from market structures and business models, technical challenges 
stem from the complexities of integrating standardized nuclear systems across diverse applications 
while maintaining safety and performance. These challenges span system integration, supply chain 
management, licensing frameworks, and operations. 

4.2.1 System Integration 

The successful implementation of open architecture nuclear systems demands comprehensive 
integration across multiple technical domains. Interface standardization is the foundation of the 
system, requiring development of technical standards that enable different manufacturers' 
components to work seamlessly while maintaining safety requirements. 

Balance of plant optimization requires careful coordination between nuclear and conventional 
systems, particularly for process heat applications where thermal efficiency directly impacts economic 
viability. Safety system coordination must establish clear protocols for interaction between nuclear 
and industrial safety frameworks, ensuring that both sets of requirements are met without 
unnecessary duplication. 

Operational integration must incorporate nuclear systems into existing industrial processes without 
disruption, requiring unified control architectures and standardized handoffs between systems. All of 
this must be supported by comprehensive testing and validation procedures that demonstrate system 
capabilities while satisfying regulatory requirements. 

4.2.2 Supply Chain Management 

The development of a robust nuclear supply chain presents unique challenges that must be 
systematically addressed. Supplier qualification requires establishing clear criteria and processes for 
certifying manufacturers to produce nuclear-grade components while maintaining competitive market 
conditions and reasonable costs. This must be supported by comprehensive quality assurance 
programs that ensure consistent manufacturing standards across multiple suppliers and facilities. 
Component standardization demands careful balance between enabling innovation and maintaining 
strict compatibility requirements, while manufacturing capacity must be developed systematically to 
meet projected demand without compromising quality standards. The complexity of this supply chain 
requires sophisticated delivery coordination to align manufacturing and delivery schedules across 
multiple suppliers while ensuring all quality and safety requirements are consistently met. 
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4.2.3 Licensing Evolution 

The regulatory framework for open architecture nuclear systems must address multiple layers of 
complexity across jurisdictions and applications. This begins with coordinating different regulatory 
frameworks across various countries and regions while maintaining consistent safety standards and 
approval processes. Type approval processes must enable efficient certification of standardized 
components and systems while satisfying requirements of multiple regulatory bodies and 
classification societies. Safety case development requires clear methodologies that can be applied 
consistently across different applications, while regulatory harmonization demands creation of 
consistent standards and approval processes across jurisdictions. The framework must be completed 
by operational certification protocols that validate system operation and maintenance procedures, 
satisfying both nuclear regulatory requirements and industrial operational standards. 

4.3 Transition Challenges: Integrating Nuclear and Industrial Systems 

Perhaps the most complex implementation challenge lies in bridging two mature but distinct industrial 
sectors—nuclear and heavy industry. Both have developed sophisticated but separate approaches to 
equipment design, manufacturing, and operations over decades of evolution. 

4.3.1 Legacy Systems and Standards Gaps 

The nuclear and industrial sectors have evolved along different technological trajectories, creating 
significant integration challenges: 

Nuclear Systems Evolution 
The nuclear sector has developed around integrated designs with proprietary interfaces between 
major systems. Safety cases typically encompass entire plants rather than modular components. 
Control architectures are vendor-specific with limited standardization across platforms. Certification 
processes focus on project-specific approvals rather than product-based qualification. Supply chains 
are vertically integrated with limited competition for key components. 

Industrial Systems Characteristics 
In contrast, heavy industry has evolved toward standardized packages for major systems like gas 
turbines. Process heat systems are optimized specifically for fossil fuel sources with temperature 
profiles and integration approaches that may not align with nuclear heat characteristics. Power 
distribution systems are designed around turbine electrical characteristics rather than nuclear 
generation profiles. Control systems follow industry-specific standards that may not align with nuclear 
requirements. 

These divergent approaches create significant integration challenges that must be addressed through 
systematic technical development: 

4.3.2 Integration Pathway 

The successful bridging of nuclear and industrial systems requires coordinated development across 
three key domains: 

Technical Integration 
Bridging the technical divide requires establishing standardized interfaces between nuclear and 
industrial systems. This includes developing common safety approaches that satisfy both nuclear 
regulatory requirements and industrial operational standards. Unified control system architectures 
must enable seamless integration while maintaining necessary separation of safety functions. Shared 
qualification protocols must verify system performance across both nuclear and industrial 
requirements. 

Standards Harmonization 
Beyond technical integration, standards must be harmonized across both industries. This requires 
developing specifications that bridge nuclear and industrial requirements without compromising either. 
Unified quality programs must satisfy nuclear regulatory standards while maintaining industrial 
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production efficiency. Shared certification processes should enable consistent verification across 
multiple applications and jurisdictions. 

Supply Chain Development 
The supply chain must evolve to support integrated systems by building nuclear-grade capabilities in 
industrial suppliers while introducing competition to the nuclear supply chain. Shared qualification 
processes should enable efficient manufacturing while maintaining quality requirements. This 
evolution requires careful attention to both technical standards and quality assurance processes. 

The OAC plays a crucial role in orchestrating this integration by creating bridging specifications, 
developing transition pathways, establishing verification protocols, facilitating cross-industry dialogue, 
and guiding supplier transition. This coordinated approach ensures that integration proceeds 
systematically while maintaining safety as the paramount concern. 

4.4 Implementation Strategy 

The successful implementation of open architecture nuclear systems requires a carefully phased 
approach spanning foundation building through full commercial deployment. An example proposed 
pathway begins with an initial two-year phase focused on building foundational capabilities through 
carefully selected applications that minimize technical and regulatory complexity while establishing 
basic standards and supply chain relationships. This foundation enables a three-year expansion 
phase that tackles increasingly complex integrations while building comprehensive standards and 
demonstrating clear economic benefits. The final phase, beginning after year five, focuses on broad 
commercial deployment with fully developed supply chains, complete standards, and regulatory 
frameworks that enable rapid scaling across multiple applications and regions. 

Each phase builds systematically on previous successes while managing risks and maintaining safety 
as the paramount concern. This progressive approach ensures that technical capabilities, regulatory 
frameworks, and commercial structures develop in parallel, creating a robust ecosystem that can 
support widespread deployment of standardized nuclear systems. The pathway creates clear decision 
points for evaluating progress and adjusting strategy while maintaining momentum toward full 
commercial implementation. 

 

Foundation Building (Years 1-2)
• Select applications with minimal conflicts
• Focus on non-safety-critical systems
• Establish basic interface standards
• Develop preliminary supply chain
• Create initial regulatory frameworks
• Develop a cost model to ensure prioritisation focused on most significant 
cost reduction potential

Expansion and Validation (Years 3-5)
• Address more complex integrations
• Expand supplier capabilities
• Develop comprehensive standards
• Build regulatory experience
• Demonstrate economic benefits

Commercial Deployment (Years 5+)
• Convert core systems
• Establish complete supply chain
• Finalize standards
• Achieve regulatory acceptance
• Scale deployment
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4.5 The OAC's Integrated Solution Strategy 

The OAC plays a critical role in orchestrating solutions across all challenge dimensions. Rather than 
addressing individual barriers in isolation, the OAC must coordinate activities across three interrelated 
workstreams: 

Standards Development 
The OAC leads the creation of technical standards and specifications that enable interoperability 
while maintaining safety and performance. This includes defining critical interfaces between major 
systems, establishing safety and performance requirements for standardized components, creating 
frameworks for type approval, and developing supplier qualification standards. Success requires 
balancing standardization with innovation, engaging both nuclear and industrial expertise, maintaining 
safety as the paramount concern, and creating practical implementation pathways. 

Market Development 
Beyond technical standards, the OAC coordinates market formation activities to create the necessary 
commercial conditions for success. This includes aggregating demand across multiple users to create 
scale, coordinating initial deployments to demonstrate viability, sharing development costs to reduce 
individual risk, and building supplier confidence through clear market signals. Success depends on 
demonstrating a clear value proposition for all participants, managing transition risks for existing 
market participants, creating fair frameworks for participation, and establishing a long-term market 
vision that encourages investment. 

Implementation Strategy 
The OAC guides practical implementation through a structured approach that builds capability and 
confidence progressively. This includes focusing on high-value initial applications with favorable 
conditions, progressing systematically from single to multiple unit installations, developing 
standardized fleet operations approaches, and building supply chain capabilities through phased 
qualification programs. Critical success factors include early regulatory engagement, systematic 
supply chain development, workforce training standardization, and effective sharing of operational 
experience. 

By addressing these integrated challenges through coordinated action, the OAC can create a 
pathway to successful implementation of open architecture nuclear systems. This approach maintains 
safety as the paramount concern while enabling the economic and operational benefits that make 
nuclear power a viable solution for industrial decarbonization. 
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5 Regulatory Transformation: Product-based Licensing 
and Type Approval 

One of the most significant barriers to nuclear deployment is the lengthy, expensive licensing 
process. Each nuclear project today undergoes years of custom regulatory review, driving up costs 
and extending timelines. Open architecture creates an opportunity to transform this approach 
through product-based licensing and type approval—concepts that have revolutionized other 
complex industries such as aviation and maritime but remain largely foreign to nuclear power. 

5.1  Understanding Type Approval for Nuclear Power Modules 

Think of how commercial aircraft are certified: Boeing or Airbus designs an airplane, certifies it once 
through a rigorous process, then builds hundreds of identical planes that don't require individual 
recertification. This "certify once, build many times" approach—type approval—has enabled aviation, 
maritime, and automotive industries to scale rapidly while maintaining safety. 

Nuclear power, however, remains trapped in a "certify every time" model where each installation 
undergoes full regulatory review as if it were entirely unique. The contrast is stark: 

Current Project-Based Approach Type Approval Approach 

Each plant treated as a unique project Standardized designs certified as products 

Site-specific safety analysis for every 
installation 

Comprehensive initial certification with focused site 
verification 

5-10 year regulatory process per project 1-2 year verification process for pre-approved designs 

Custom engineering and construction Factory manufacturing with standardized processes 

Limited learning across projects Continuous improvement across multiple installations 

5.2 How Open Architecture Makes Type Approval Possible 

Open architecture creates the foundation for type approval by establishing clear standardization 
across all aspects of nuclear power module design. The key enabling elements include: 

Clear System Boundaries: Open architecture creates well-defined interfaces between nuclear and 
non-nuclear systems, allowing regulators to focus oversight where it matters most. This separation 
means changes in non-critical systems don't affect the approved nuclear design. 

Standardized Manufacturing: Rather than building each plant as a custom project, open architecture 
enables factory production of standardized modules. This shifts quality control from difficult field 
inspections to systematic factory verification, where consistency is easier to maintain and document. 

Verified Integration Methods: Standardized modules with predefined connection points and 
installation procedures eliminate unpredictable field engineering, creating predictable, verifiable 
assembly processes that regulators can approve once and apply many times. Classification societies 
(e.g., Lloyd's Register, American Bureau of Shipping) could play a crucial role, drawing on their 
extensive experience with type approval in maritime applications. These organizations already 
maintain sophisticated systems for type approval certification, compliance verification, and operational 
monitoring. Their experience in coordinating international standards and updating requirements based 
on operational experience provides a valuable model for nuclear applications. 

5.3 A Practical Framework for Implementation 

The transformation to product-based licensing isn't theoretical—it builds on proven approaches from 
other industries. Classification societies like Lloyd's Register and American Bureau of Shipping have 
decades of experience implementing type approval for complex maritime systems, including nuclear-
powered vessels. 
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A practical implementation framework might include: 

Stage Focus Key Activities Outcome 
Initial Certification Design & 

Safety 
Comprehensive design review 
Full safety analysis 
Prototype testing 

Type approval certificate for 
standard design 

Manufacturing 
Oversight 

Production 
Quality 

Factory certification 
Process verification 
Component testing 

Qualified supply chain capable 
of building to specification 

Installation 
Verification 

Site Integration Site condition verification 
Assembly compliance 
Interface validation 

Confirmation that field 
installation meets type 
requirements 

Operational 
Monitoring 

Performance 
Verification 

Performance tracking 
Maintenance verification 
Experience gathering 

Ongoing confirmation of safety 
and reliability 

 

This progression maintains rigorous safety standards while dramatically reducing the regulatory 
burden for subsequent deployments. Rather than repeatedly analyzing the same design, regulators 
focus on verifying that each installation properly implements the approved standard. 

5.4 Design Innovations for Efficient Licensing 

Two complementary design philosophies support efficient regulatory approval: 

Safety Case Simplification: By creating clear boundaries between safety-critical and non-critical 
systems, designs can isolate and protect essential safety functions. For example, thermal storage 
systems can act as buffers between nuclear reactors and industrial processes, preventing operational 
variations from affecting reactor safety. These architectural choices focus the regulatory review on a 
smaller, well-defined safety envelope. 

Design for Manufacture and Assembly (DfMA): Traditional nuclear plants are essentially custom-
built on site, making quality control challenging. Modern approaches incorporate DfMA principles that 
consider how components will be built, tested, transported, and assembled from the earliest design 
stages. This enables quality verification throughout the manufacturing process rather than post-
construction review. 

5.5 The Path Forward 

Moving to product-based licensing requires coordination across industry and regulators, but offers 
tremendous benefits for both: 

Stakeholder Benefits 
Regulators More efficient resource allocation 

Consistent safety standards 
Ability to focus on critical aspects 
Improved operational oversight 

Developers Predictable approval processes 
Reduced licensing costs 
Faster time to market 
Lower financing costs 

End Users Reliable schedule forecasting 
Reduced project risk 
Lower costs 
Proven technology performance 

 
The shift from project-based to product-based licensing doesn't reduce regulatory oversight—it makes 
it more effective by focusing resources where they add the most value. This transformation, enabled 
by open architecture principles, creates a pathway for nuclear power to achieve the scale, cost 
efficiency, and deployment speed needed to meet industrial clean energy demands. 
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6 Digital Tool Application 

The implementation of open architecture nuclear systems creates unprecedented opportunities for 
leveraging digital technologies throughout the system lifecycle. Digital twins and integrated platform 
solutions transform every aspect of nuclear power module development, deployment, and 
operation, while accelerating safety analysis and licensing processes. This comprehensive digital 
framework establishes the foundation for an open architecture nuclear generation market serving 
multiple applications across the energy industry. 

6.1  Digital Twins: Beyond Traditional Applications 

The convergence of Open Architecture with digital engineering creates multiplicative effects on 
development efficiency. Digital twins – complete virtual representations of aircraft updated with real-
time operational data – enable designers to test modifications virtually before physical 
implementation.12 

6.1.1 Design and Development 

Digital twins enable real-time collaborative design across multiple vendors through shared digital 
platforms. Teams can rapidly iterate design configurations while maintaining interface compliance and 
conduct virtual testing of system interactions before physical implementation. The technology 
accelerates safety analysis by enabling sophisticated simulations of operational scenarios and fault 
conditions. Digital twins automate verification of design changes against type approval requirements 
and facilitate integration testing with other facility systems through virtual interfaces. This capability 
significantly reduces development time while enhancing safety verification. 

6.1.2 Manufacturing and Assembly 

In the manufacturing environment, digital twins enable virtual process optimization before physical 
production begins through real-time quality control and comparison with digital reference models.13 
They generate automated manufacturing instructions and quality checks while coordinating supply 
chain activities through shared digital platforms. Virtual assembly verification before physical 
construction reduces manufacturing risk and improves quality. The technology maintains 
comprehensive digital records of all manufacturing and assembly processes, accelerating regulatory 
approval while ensuring complete traceability. 

6.1.3 Operations and Maintenance 

During operations, digital twins enable real-time performance optimization across multiple modules 
and support predictive maintenance through machine learning algorithms. They create immersive 
virtual training environments for operators and maintenance staff, manage configurations across 
multiple installations, and automate compliance verification with type approval requirements. The 
technology enables sophisticated analysis of operational data to identify safety trends and potential 
issues before they impact performance. 

6.2 Advanced Digital Platforms 

6.2.1 Configuration Management Systems 

Advanced configuration management systems provide automated verification against type approval 
requirements and enable real-time tracking of modifications. They maintain digital documentation of 
all system changes and approvals while integrating with regulatory reporting systems. These systems 
enable fleet-wide configuration control and optimization, ensuring consistency across installations 
while automatically verifying compliance with safety requirements. 
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6.2.2 Supply Chain Integration Platforms 

Digital supply chain platforms enable real-time coordination of multiple suppliers with automated 
quality verification of components. They track component lifecycles, optimize logistics operations, and 
monitor supplier performance. The platforms maintain digital records of component pedigree and 
testing, streamlining regulatory compliance while ensuring complete supply chain transparency. 

6.2.3 Safety Analysis and Licensing Tools 

Digital tools revolutionize safety analysis and licensing through automated analysis of system 
behaviors and failure modes. Advanced simulation capabilities enable comprehensive evaluation of 
safety scenarios, while automated documentation systems streamline the preparation of licensing 
submissions. These tools maintain traceable links between requirements, analysis, and verification, 
significantly accelerating the licensing process while enhancing thoroughness. 

6.2.4 Regulatory Interface Systems 

Digital tools transform regulatory oversight through automated compliance verification and virtual 
inspection capabilities. Systems provide real-time monitoring of safety parameters, generate 
automated compliance reports, and enable digital verification of configuration changes. They support 
virtual witnessing of tests and verifications while maintaining comprehensive digital documentation of 
all regulatory interactions. Advanced analytics enable sophisticated trending and analysis of safety-
related parameters across multiple installations. 

6.2.5 Integration with Industrial Systems 

The open architecture framework enables seamless digital integration with existing industrial control 
systems through standardized interfaces. This integration supports real-time optimization of heat and 
power delivery, coordinates emergency response systems, and unifies operator interfaces. Advanced 
operational analytics optimize performance across multiple systems, enhance energy efficiency, and 
enable integrated production planning and resource optimization. The technology provides 
sophisticated monitoring of system interactions to ensure safe operation within defined parameters. 

6.2.6 Implementation Framework 

Successful deployment requires a robust digital infrastructure built on secure communication 
networks enabling reliable data transmission across all components. High-performance computing 
resources process operational data in real-time, while extensive storage systems maintain historical 
records and enable predictive analytics. Multiple layers of cybersecurity protection and redundant 
backup systems ensure continuous, secure operation. 

This infrastructure depends on well-defined standards and protocols ensuring seamless integration. 
Common data formats and standardized interfaces enable efficient information sharing and 
straightforward system upgrades. Rigorous security protocols protect operational data and control 
systems, while clear communication standards ensure reliable information flow between all 
components and stakeholders. 

This comprehensive digital ecosystem creates a powerful platform for continuous improvement and 
optimization while maintaining rigorous safety standards and regulatory compliance. It enables rapid 
deployment, efficient operation, and ongoing optimization of standardized nuclear power modules 
across multiple applications and locations. 
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7 Open Architecture Nuclear Applications & 
Implementation Pathway 

Open architecture nuclear systems present compelling opportunities across industrial applications, 
each with distinct power and heat delivery requirements, while successful deployment requires a 
carefully structured approach balancing technical risk, regulatory requirements, and commercial 
viability. Understanding these application-specific needs is crucial for developing standardized 
solutions that effectively serve multiple markets while maintaining operational efficiency and 
reliability, with the initial implementation strategy focusing on applications that combine strong 
economic drivers with favorable conditions for first-of-a-kind deployments—enabling progressive 
validation of the open architecture framework while building the foundation for broader industry 
adoption. 

7.1 Priority Applications for Open Architecture Nuclear 

The successful deployment of open architecture nuclear systems requires selecting initial applications 
that combine strong economic drivers with favorable conditions for early adoption. These applications 
must offer the right balance of technical feasibility, regulatory clarity, and commercial viability. 

7.1.1 Power Generation  

Open architecture enables effective power generation through: 

n Modular scaling for varying power requirements allows facilities to match capacity precisely to 
demand through standardized power increments (typically 50-100 MWe modules). This enables 
efficient deployment across facilities ranging from small offshore platforms to large refineries while 
maintaining optimal operating efficiency.  

n Standardized electrical integration with established electrical interface specifications (voltage 
levels, frequency control, power quality) ensure compatibility with both isolated industrial 
microgrids and main utility connections. This simplifies integration and enables flexible operating 
modes across different facility types. 

n Standardized control systems provide unified interfaces for monitoring and managing nuclear 
power modules alongside existing industrial control systems. This enables seamless integration 
with facility-wide distributed control systems (DCS) while maintaining necessary separation of 
safety-critical functions—a key requirement for industrial facilities with complex operational control 
needs. 

n Type-approved safety systems establish pre-certified protection schemes that satisfy both 
nuclear and industrial safety requirements through standardized architectures. This reduces 
licensing burden while ensuring consistent safety performance across different applications and 
locations, addressing a critical barrier to nuclear deployment in industrial settings. 

Current U.S. Industrial Power Demand 

Metric Value 

Total industrial electricity consumption ~1,000 TWh/year 

On-site power generation ~150 GWe installed capacity 

Average facility size 20-200 MWe 

Typical capacity factors 50-70% 

Current costs $60-120/MWh (natural gas generation) 
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7.1.2 Industrial Heat 

The industrial heat market presents multiple opportunities for nuclear integration, each with specific 
temperature and process requirements: 

Industrial Heat Applications 

Sector Market 
Size 

Temperature 
Requirements 

Capacity 
Factor Needs 

Current Annual 
Emissions 

Target 
Levelized Cost 

Refining and 
Petrochemicals 

~200 GWth 
potential 

300-600°C >95% ~400 million 
tons CO2 

$20-30/MMBTU 

Chemical 
Production 

~150 GWth 
potential 

400-800°C >90% ~300 million 
tons CO2 

$25-35/MMBTU 

Industrial 
Manufacturing 

~100 GWth 
potential 

200-500°C >85% ~250 million 
tons CO2 

$15-25/MMBTU 

 
Standardized steam interfaces for industrial processes enable seamless integration with existing 
facilities through pre-defined pressure and temperature specifications (typically 100-400 bar, 300-
600°C), allowing direct replacement of conventional boilers and heat sources while maintaining 
operational flexibility and reliability. 

7.2 Sector Focus: Oil & Gas Applications 

The oil and gas sector presents particularly promising early applications for open architecture nuclear 
systems due to its combination of high energy demands, emissions challenges, and operational 
requirements. 

Current Power and Heat Requirements in Target Markets 

Category Market 
Size 

Power 
Requirements 

Process 
Heat Needs 

Capacity 
Factor 

Current 
Emissions 

Target 
Levelized Cost 

FPSOs 15-20 
units 

100-150 MWe 
per unit 

70-100 MWth 
per unit 

>99.6% ~500,000 tons 
CO2 per unit/yr 

$60-80/MWh 

Production 
Platforms 

~1,800 
structures 

50-200 MWe 
per platform 

20-50 MWth 
per platform 

>98% ~250,000 tons 
CO2 per 
platform/yr 

$70-90/MWh 

Chemical 
Manufacturing 

~45 GWe 
potential 

50-500 MWe 
per site 

 >95% ~200 million 
tons CO2 /yr 

$50-70/MWh 

 
Key Operational Requirements 

Oil and gas applications demand exceptional performance across three dimensions: 

Operational Flexibility Site Constraints Reliability Requirements 

§ Variable power output capability 
§ On-demand process heat delivery 
§ Quick start and ramping abilities 
§ Seamless integration with existing 

infrastructure 
§ Remote operation capability 

§ Limited footprint, especially 
offshore 

§ Harsh environmental conditions 
§ Remote locations 
§ Integration with existing 

infrastructure 
§ Safety zone requirements 

§ Minimal planned outages 
§ Rapid maintenance turnaround 
§ High system redundancy 
§ Robust emergency systems 
§ Predictable maintenance 

schedules 

7.2.1 Open Architecture Advantages for Oil & Gas 

The adoption of open architecture nuclear systems offers multiple reinforcing benefits across 
deployment, operations, and cost reduction. Factory production of standardized modules with 
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common interfaces dramatically reduces site-specific engineering while simplifying regulatory 
compliance and maintenance procedures. Operational advantages emerge through the deployment of 
multiple small units enabling N+1 redundancy, supported by standardized operator training, common 
spare parts, and integrated control systems. These benefits drive cost reduction through multiple 
pathways: manufacturing efficiency savings through factory production, while standardized 
components enable competition and learning curve effects. Schedule compression is achieved 
through parallel manufacturing, standardized site preparation, and reduced on-site construction, 
further enhanced by type-approved designs that accelerate licensing. The system's operational 
improvements, including standardized maintenance, shared spare parts inventory, and common 
training programs, create ongoing benefits that compound over time as fleet size grows. 

Open Architecture Advantages for Oil and Gas 
Category Benefits 
Deployment Benefits § Standardized Modules 

§ Factory production aligned with industry practices 
§ Common interfaces with existing systems 
§ Standardized maintenance procedures 
§ Simplified regulatory compliance 
§ Reduced site-specific engineering 

Operational Advantages § Multiple small units enabling N+1 redundancy 
§ Standardized operator training  
§ Common spare parts across fleet  
§ Simplified maintenance procedures  
§ Integrated control systems 

Cost Reduction Pathways § Manufacturing Efficiency 
§ Factory production reducing costs 30-40% 
§ Standardized components enabling competition 
§ Reduced site work and schedule compression 
§ Learning curve effects across multiple units 

Schedule Compression § Parallel manufacturing of components 
§ Standardized site preparation 
§ Reduced on-site construction 
§ Type-approved designs accelerating licensing 

Operational Improvements § Standardized maintenance procedures 
§ Common spare parts inventory 
§ Shared operator training programs 
§ Simplified regulatory compliance 

7.3 Implementation Pathway 

The implementation pathway begins with high-value applications that offer the best conditions for 
success, including FPSOs with standardized designs, large refineries with existing infrastructure, new 
LNG developments, and facilities with high-capacity factors. This initial focus provides the foundation 
for systematic scale-up, progressing from single-unit demonstrations to multi-unit installations while 
developing standardized fleet operations and progressively building supplier capacity. Success 
depends on careful attention to critical factors including early regulatory engagement, systematic 
supply chain development, comprehensive workforce training standardization, and effective sharing of 
operational experience. 

7.3.1 Priority Applications for Initial Deployment 

Based on comprehensive analysis of technical compatibility, commercial viability, and implementation 
feasibility, four applications emerge as prime candidates for initial deployment: 

Floating Production, Storage and Offloading Vessels 
Floating Production, Storage and Offloading vessels (FPSOs) represent ideal first applications for 
nuclear power integration due to their inherent modular construction approach and established 
standardization programs like Fast4Ward®. These vessels require consistent power and heat loads 
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between 100-150 MWe and operate under well-defined requirements. Their fleet-wide standardization 
programs provide an existing framework for implementing new technologies. The established 
processes for maritime certification and classification offer additional advantages for regulatory 
approval, while the controlled environment of shipyard construction enables optimal implementation of 
quality control processes. 

Large-Scale Refineries 
Large refineries offer compelling advantages for early deployment by leveraging their existing 
infrastructure and technical capabilities. These facilities typically maintain sophisticated power 
distribution systems, employ trained technical workforces, and have extensive experience with 
complex process integration. With power requirements ranging from 100-500 MWe and substantial 
process heat needs, refineries enable demonstration of both electrical and thermal applications while 
utilizing existing safety and operational frameworks. Their established maintenance and operational 
protocols provide a strong foundation for nuclear system integration. 

New LNG Development Projects 
New LNG development projects present unique opportunities to incorporate nuclear systems from the 
ground up. These greenfield projects, with power requirements typically ranging from 300-1000 MWe 
per facility, allow for purpose-built infrastructure and optimal system integration without the 
complications of retrofitting existing facilities. The ability to optimize facility layout and integration from 
the initial design phase significantly reduces implementation risks. These projects also often have the 
advantage of consolidated regulatory approval processes for the entire facility. 

High-Capacity Factor Applications 
Facilities maintaining high-capacity factors above 95% provide the strongest economic case for initial 
deployments. High utilization rates not only maximize economic returns but also provide opportunities 
to establish comprehensive operational track records. These applications help validate the business 
case for broader industry deployment while demonstrating long-term reliability. The consistent 
operational profiles of these facilities simplify both technical integration and regulatory approval 
processes. 

7.4 Market Entry Strategy 

The path to widespread nuclear deployment begins with carefully selected initial applications that offer 
the highest probability of success. Large industrial facilities with stable demand provide ideal first 
markets, particularly those sites with existing nuclear experience that can leverage established 
operational expertise and regulatory relationships. These early deployments should focus on locations 
with strong grid connections and applications demonstrating high-capacity factors, ensuring optimal 
utilization and clear economic benefits. 

As experience grows and capabilities mature, expansion opportunities emerge across a broader 
range of applications. Smaller industrial facilities become viable candidates for nuclear deployment, 
while combined heat and power applications open new markets for integrated energy solutions. 
Remote industrial operations, previously dependent on fossil fuels, present particularly attractive 
opportunities for clean, reliable power. Grid support applications offer additional deployment potential, 
especially in regions seeking to enhance grid stability while reducing carbon emissions. 

The successful expansion across these markets depends on several enabling factors that must be 
developed in parallel. Standardized grid interconnection specifications simplify integration across 
different applications, while common balance of plant designs reduce costs and complexity. Flexible 
output configurations enable systems to meet varying operational needs, and modular capacity 
expansion allows facilities to scale power generation in line with growing demand. These factors 
together create the foundation for efficient deployment across diverse applications. 



 

Open Architecture Nuclear Integration Framework 25 

7.5 Scale-up Approach 

7.5.1 Single-Unit Demonstrations 

Initial deployments focus on single-unit demonstrations at carefully selected facilities to establish 
operational experience and regulatory precedent. These installations emphasize simplified 
configurations with minimal variations, enabling thorough validation of design, construction, and 
operational approaches. This phase includes comprehensive documentation of installation 
procedures, operational parameters, and maintenance requirements to create a foundation for future 
deployments. 

7.5.2 Multi-Unit Installations 

Following successful single-unit demonstrations, deployment expands to multi-unit installations at 
suitable facilities. This phase validates the benefits of modularity and standardization while 
demonstrating the economic advantages of scale. Multiple units at single locations enable 
optimization of shared systems and support infrastructure while providing operational experience with 
fleet management approaches. 

7.5.3 Fleet Operations Development 

The development of standardized fleet operations represents a crucial phase in scaling deployment. 
This includes establishing common procedures, maintenance protocols, and performance monitoring 
systems across multiple installations. Standardized approaches to operator training, maintenance 
planning, and performance optimization create the foundation for efficient fleet-wide operations while 
maintaining consistent safety and reliability standards. 

7.5.4 Supply Chain Evolution 

Supply chain development proceeds through a structured program of capability development and 
certification. This begins with initial qualification of lead suppliers and expands through technology 
transfer to develop competitive manufacturing capacity. The process includes establishment of robust 
quality assurance programs and efficient logistics networks to support increasing production volumes 
while maintaining strict quality standards. 

7.6 Commercialization Roadmap 

7.6.1 Phase One: Market Foundation 

The commercialization process begins with aggregation of initial demand through formal 
commitments from early adopters. These pioneer users collaborate to align technical requirements 
and create sufficient market scale to justify manufacturing investments. This phase includes 
development of standardized specifications for initial applications and establishment of preliminary 
supplier relationships. 

7.6.2 Phase Two: Product Development 

Product development focuses initially on specific use cases with well-defined requirements. This 
targeted approach enables efficient development of core systems and interfaces while managing 
technical and regulatory risks. Early products emphasize reliability and operational simplicity while 
incorporating features that will enable future expansion to broader applications. 

7.6.3 Phase Three: Architecture Evolution 

As deployment experience grows, the product architecture evolves toward more flexible 
configurations. This evolution maintains standardization of core elements while introducing modular 
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interfaces that enable adaptation to diverse applications. The progression includes development of 
standardized adaptation kits that enable efficient customization for different use cases. 

7.6.4 Phase Four: Market Expansion 

The final phase establishes truly modular, plug-and-play architectures suitable for broad market 
deployment. This includes development of comprehensive interface standards and verification 
protocols that enable reliable integration across diverse applications. The mature architecture 
supports rapid scaling through standardized manufacturing while maintaining flexibility to serve 
evolving market needs. 

7.7 Critical Success Factors 

7.7.1 Regulatory Engagement 

Success requires structured dialogue with multiple authorities including nuclear safety regulators, 
maritime classification societies, industrial safety authorities, environmental protection agencies, and 
local permitting authorities. This engagement establishes clear approval pathways while developing 
standardized approaches to safety assessment and certification across different jurisdictions. 

7.7.2 Supply Chain Development 

Comprehensive supply chain strategies address identification of key components and suppliers, 
development of qualification programs, investment in manufacturing capabilities, establishment of 
quality control systems, and creation of logistics networks. These elements require careful 
coordination to ensure reliable delivery of standardized components while maintaining cost 
competitiveness. 

7.7.3 Workforce Development 

Systematic development of workforce capabilities includes establishment of common qualification 
requirements, standardized training programs, simulation-based training facilities, cross-training 
protocols, and career development pathways. These programs ensure consistent operational 
excellence while building a skilled workforce capable of supporting fleet-wide deployment. 

7.7.4 Operational Experience Management 

Effective sharing of operational experience requires establishment of structured feedback 
mechanisms, performance monitoring systems, best practice sharing platforms, continuous 
improvement programs, and industry working groups. These systems enable rapid learning and 
optimization across the fleet while maintaining high standards of safety and reliability. 

Implementation success requires coordinated execution across all these elements, with clear 
milestones and decision points guiding progression from initial demonstrations to full-scale 
deployment. Regular review and adjustment of the strategy ensures alignment with industry needs 
and technological developments while maintaining focus on key objectives of safety, reliability, and 
economic performance. 
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8 Conclusion 
Open architecture represents a pivotal opportunity for heavy industry to address its clean energy 
needs while leveraging its core strengths in project execution and supply chain management. The 
evidence from other complex industries demonstrates that open architecture can dramatically reduce 
costs and accelerate deployment while maintaining or enhancing safety and reliability. However, 
success requires more than just technical innovation—it demands coordinated action across multiple 
stakeholders to create the necessary standards, supply chains, and regulatory frameworks. 

The Open Architecture Consortium provides the mechanism for this transformation, enabling industry 
leaders to shape the development of nuclear systems that meet their specific requirements while 
creating broader market opportunities. By focusing initially on high-value applications like FPSOs and 
refineries, the industry can demonstrate the viability of this approach while building the foundation for 
wider deployment. The progressive development of standards, supply chains, and regulatory 
frameworks creates a clear pathway from initial demonstration to full commercial implementation. 

The timing is critical. Early engagement through the Consortium enables the industry to influence 
product development, regulatory approaches, and supply chain evolution to align with operational 
needs and timeline requirements. Success will require sustained commitment, but the potential 
reward is compelling: reliable, cost-competitive clean energy that meets operational needs while 
achieving emissions reduction goals. Through open architecture, industrial energy users can not only 
solve their own clean energy challenges but also help create a new paradigm for industrial power that 
supports both business objectives and environmental commitments. 
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