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Disclaimer

This report presents an assumption driven economic impact analysis evaluating the potential financial and
operational implications of fragmented infrastructure lifecycle documentation.

The modeling framework utilized in this report is based on illustrative economic assumptions, publicly available
infrastructure asset data, and scenario-based financial modeling intended to evaluate potential lifecycle
inefficiencies associated with fragmented infrastructure records.

The analysis presented herein is not intended to represent an audited financial study or survey-based industry
report. Figures and economic estimates contained within this report represent modeled projections intended for
discussion and exploratory analysis.

Actual outcomes may vary depending on geographic market conditions, asset characteristics, operational
practices, and technology adoption rates.

Future pilot programs and empirical data may further refine the assumptions and conclusions presented in this
report.
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1. Executive Summary
Infrastructure assets represent one of the largest asset classes in the global economy.

Residential housing, commercial real estate, and physical infrastructure systems collectively represent an
estimated $580 trillion in global asset value.

These assets frequently exist for decades and generate significant volumes of lifecycle documentation and
operational data across multiple stakeholders.

However, unlike other asset-intensive industries such as automotive, aviation, and financial markets, infrastructure
assets have historically lacked a persistent identity framework capable of maintaining lifecycle records across
systems and stakeholders.

This structural gap may be contributing to significant lifecycle inefficiencies across the built environment.

Without persistent infrastructure identifiers anchoring lifecycle documentation to infrastructure assets
themselves, records may become fragmented across independent systems operated by different organizations

throughout the asset lifecycle.

This report examines the potential financial implications of this fragmentation across three major segments of the
built environment:

e Commercial infrastructure assets
» Residential housing assets
e Multifamily real estate portfolios

Modeling suggests that fragmented infrastructure documentation may contribute to significant lifecycle
inefficiencies across the built environment.

Key modeled findings include:
Commercial Infrastructure

Lifecycle documentation fragmentation across commercial infrastructure assets may contribute to more than $300
billion annually in lifecycle inefficiencies globally.

Residential Housing

Fragmented housing records across the U.S. residential market may contribute to approximately $400 billion
annually in lifecycle friction across residential housing markets.

Global Built Environment

When examined across global infrastructure systems, fragmented lifecycle documentation may contribute to more
than $2 trillion annually in lifecycle inefficiencies across the global built environment.

These inefficiencies appear across multiple stages of the infrastructure lifecycle, including:



¢ documentation reconstruction

e insurance underwriting and claims verification

* real estate transaction due diligence

¢ maintenance diagnostics and asset history verification
¢ renovation and improvement validation

e operational data fragmentation across digital systems

This report explores the potential role of Persistent Infrastructure Identity as a foundational digital framework
capable of anchoring lifecycle records to infrastructure assets throughout their operational lifespan.

2. Introduction: The Infrastructure Identity Gap
In many industries, asset identity plays a foundational role in enabling lifecycle transparency.

Automobiles rely on Vehicle Identification Numbers (VIN).
Aircraft rely on registration identifiers and tail numbers.
Financial securities rely on standardized identifiers that allow assets to be tracked across markets and institutions.

These identity systems allow records associated with the asset to remain connected across its lifecycle.
Infrastructure assets, however, typically lack a comparable identity system.

Buildings, residential homes, bridges, utilities, and infrastructure systems frequently exist for decades without a
persistent identity framework capable of maintaining lifecycle documentation across stakeholders and technology
platforms.

As infrastructure assets pass through multiple phases of their lifecycle, records associated with those assets often
become fragmented.

These records may include engineering documentation, inspection records, insurance documentation,
maintenance records, renovation history, and operational data.

Without a persistent identity layer anchoring these records to the asset itself, lifecycle documentation may
become distributed across independent systems and organizations.

This report examines the potential financial implications of this infrastructure identity gap.

3. The Built Environment as a Global Asset Class
The built environment represents one of the largest asset classes in the global economy.
Current estimates suggest the global value of the built environment exceeds $580 trillion.

This includes:



Asset Category Estimated Global Value
Residential Real Estate ~S$380 trillion
Commercial Real Estate ~$110 trillion

Infrastructure Assets  ~S90 trillion

These assets collectively represent the physical foundation of modern economic activity.

However, the systems used to document, insure, maintain, and transact these assets remain fragmented across
multiple organizations and technology platforms.

4. Lifecycle Data Fragmentation

Infrastructure assets generate extensive documentation throughout their lifecycle.
These records may include:

¢ design and engineering documentation

e construction records

* permit and inspection documentation

e insurance underwriting records

* maintenance and repair history

* renovation and capital improvement records

e operational performance data

However, these records are typically stored across multiple independent systems maintained by different
organizations.

Without a persistent infrastructure identity framework, lifecycle documentation frequently becomes fragmented
across these systems.

This fragmentation may create inefficiencies across multiple stages of the infrastructure lifecycle.

5. Why Persistent Infrastructure Identity Has Not Historically Existed

Several structural factors have historically limited the development of infrastructure identity frameworks.
These include:

¢ decentralized infrastructure ownership

¢ fragmented construction and engineering ecosystems

e lack of standardized lifecycle data frameworks

¢ independent evolution of infrastructure software platforms
¢ absence of neutral infrastructure identity registries

As infrastructure systems continue to digitize, these structural gaps are becoming increasingly visible.

6. Lifecycle Friction Cost Framework



To understand the economic implications of the Infrastructure Identity Gap, it is necessary to examine the lifecycle
of infrastructure assets and the types of costs that emerge when documentation becomes fragmented.

Infrastructure assets typically move through several lifecycle stages:

Design and Engineering

Construction and Commissioning

Insurance Underwriting and Risk Assessment
Ownership and Financing

Operations and Maintenance

Renovation or Capital Improvements
Ownership Transfer or Transaction
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Each stage generates documentation and operational records associated with the asset.

Without a persistent infrastructure identifier, these records often remain isolated within the systems used by each
stakeholder.

Over time, fragmentation of these records introduces a variety of operational inefficiencies that can accumulate
throughout the lifecycle of the asset.

This report defines these inefficiencies as Lifecycle Friction Costs.
Lifecycle friction costs include:

¢ documentation reconstruction costs

e inspection redundancy

e insurance verification delays

¢ maintenance diagnostic inefficiencies
e transaction due diligence complexity
¢ renovation verification uncertainty

While each individual inefficiency may appear small in isolation, their cumulative impact across millions of
infrastructure assets may be significant.

7. Commercial Infrastructure Economic Impact Model
Commercial buildings represent a significant portion of the global built environment.
These assets typically generate extensive documentation throughout their lifecycle, including:

e architectural drawings

* engineering specifications

e inspection reports

e insurance documentation

¢ maintenance records

¢ tenant improvement documentation
e capital improvement records

However, these records are rarely anchored to a persistent asset identity capable of maintaining continuity across
ownership transitions or operational systems.



As commercial properties change ownership or management, records may become fragmented across multiple
systems and organizations.

Modeling suggests that lifecycle inefficiencies associated with fragmented commercial infrastructure records may
contribute to significant costs across the commercial real estate sector.

Key modeled cost drivers include:

Cost Category Example Drivers

Documentation Reconstruction locating historic engineering and construction records

Insurance Friction verifying building condition, materials, and prior claims
Transaction Due Diligence verifying renovation history and asset condition
Maintenance Inefficiency incomplete equipment and repair history

Renovation Verification validating prior improvements and compliance

Economic modeling suggests that these inefficiencies may contribute to more than $300 billion annually across
commercial infrastructure assets globally.

8. Residential Housing Economic Impact Model
The residential housing market represents the largest asset class within the built environment.
Homes frequently exist for decades and often pass through multiple ownership transitions during their lifecycle.

However, unlike vehicles or aircraft, residential properties rarely maintain continuous lifecycle documentation
across these transitions.

Key documentation associated with residential assets includes:

¢ builder documentation

¢ permit and inspection records
e insurance underwriting files

* renovation history

¢ maintenance records

¢ warranty documentation

These records are typically stored across independent systems maintained by builders, municipalities,
homeowners, insurers, and contractors.

As ownership changes or renovations occur, records may become fragmented or lost.

Economic modeling suggests that fragmented residential housing documentation may contribute to
approximately $400 billion annually in lifecycle inefficiencies across the U.S. housing market.

These inefficiencies often appear during:

* real estate transactions
e insurance underwriting and claims



¢ renovation verification
¢ maintenance diagnostics

The absence of persistent residential identity frameworks contributes to a lack of continuity in the documentation
surrounding homes.

9. Multifamily Infrastructure Lifecycle Model
Multifamily residential assets introduce additional complexity due to their operational scale.
Large multifamily properties may include:

¢ hundreds of residential units

e centralized mechanical systems
e recurring renovation cycles

e ongoing maintenance programs

These assets often generate significant operational documentation across multiple management systems.

However, when ownership transitions occur or property management systems change, historical documentation
may become fragmented.

Lifecycle inefficiencies within multifamily properties frequently appear in:

e capital improvement planning

* equipment lifecycle management

e insurance underwriting verification

e transaction due diligence

¢ renovation documentation validation

Modeling suggests that lifecycle inefficiencies across multifamily assets may represent significant costs at the
portfolio level, particularly for large real estate investment firms managing hundreds of properties.

10. Insurance Industry Implications
Insurance carriers rely heavily on accurate infrastructure documentation when underwriting risk.
This documentation often includes:

¢ building materials and construction methods
* renovation history

e inspection reports

* maintenance history

e prior claims data

When these records are incomplete or fragmented, underwriting processes may become more complex.

Insurance carriers may require additional inspections or verification processes in order to assess risk.



Similarly, during claims events, fragmented documentation may complicate loss verification and claim settlement
processes.

Persistent infrastructure identity frameworks could allow lifecycle documentation associated with infrastructure
assets to remain anchored to a single asset identity across insurance providers and policy periods.

This could potentially improve underwriting transparency and claims verification processes.
11. Real Estate Transaction Inefficiencies

Real estate transactions frequently involve extensive due diligence processes.

Buyers and lenders typically seek to verify:

e construction history
* renovation history

e structural condition

e code compliance

e inspection reports

* maintenance history

When records associated with the asset are fragmented across multiple systems, these verification processes may
become time-consuming and costly.

Persistent infrastructure identity frameworks could allow asset documentation to remain connected to the asset
itself rather than fragmented across stakeholders.

This could streamline due diligence processes during asset transactions and refinancing events.
12. Maintenance and Operational Data Fragmentation
Infrastructure assets require ongoing maintenance and operational oversight.

However, maintenance records are often stored within facility management platforms or contractor
documentation systems.

When these systems change or ownership transitions occur, maintenance history may become fragmented.
Incomplete maintenance records may lead to:

¢ redundant diagnostics
¢ delayed equipment replacement decisions
® incomplete asset condition awareness

Persistent infrastructure identity frameworks could allow maintenance history to remain anchored to the asset
across facility management systems.

13. Digital Twin and Infrastructure Data Limitations

Digital twin technologies are increasingly being adopted across infrastructure systems.



Digital twins allow infrastructure assets to be modeled and monitored using real-time operational data.
However, digital twin platforms typically rely on data imported from multiple external systems.

Without a persistent infrastructure identity layer connecting these systems, digital twins may struggle to maintain
continuity across lifecycle phases.

Persistent identity frameworks could provide a foundational reference layer enabling digital twin systems to
maintain continuous infrastructure records.

14. Modeling the Global Infrastructure Identity Gap

When commercial infrastructure, residential housing, and multifamily assets are examined together, the
cumulative economic impact of fragmented infrastructure documentation becomes more visible.

Modeled estimates suggest:

Sector Estimated Annual Lifecycle Friction
Commercial Infrastructure ~$300 Billion

U.S. Residential Housing  ~$400 Billion

Global Built Environment ~S$2 Trillion

These estimates represent modeled lifecycle inefficiencies associated with fragmented infrastructure
documentation.

While precise economic impacts may vary across markets and asset types, the modeling suggests that the
Infrastructure Identity Gap may represent one of the largest structural inefficiencies within the built environment.

15. Persistent Infrastructure Identity Framework

Persistent Infrastructure Identity introduces the concept of assigning infrastructure assets a unique identifier that
remains associated with the asset throughout its lifecycle.

This identifier functions as a shared identity layer that allows lifecycle records to remain anchored to the asset
across stakeholders and technology systems.

Rather than replacing existing infrastructure software systems, persistent identity frameworks allow those systems
to reference the same underlying infrastructure asset.

This framework may support improved lifecycle transparency across the built environment.
16. Market Opportunity for Infrastructure Identity

If persistent infrastructure identity frameworks were adopted broadly across the built environment, they could
support a substantial new digital infrastructure category.

The global built environment represents approximately $580 trillion in asset value.



Even small identity-layer services associated with these assets could represent a large market opportunity.

Modeling suggests that persistent infrastructure identity frameworks applied across residential, commercial, and
infrastructure assets could represent a $500 billion global market opportunity.

17. Infrastructure Identity as a Foundational Digital Layer

Infrastructure identity systems may ultimately function as a foundational digital layer supporting a wide range of
infrastructure technologies.

These may include:

e asset lifecycle analytics

e infrastructure risk modeling

e insurance platforms

e digital twin systems

e smart infrastructure monitoring

The introduction of a persistent identity layer could enable these systems to coordinate around shared
infrastructure asset identities.

18. Implementation Scenarios

Several implementation scenarios may exist for persistent infrastructure identity systems.
Potential approaches include:

e industry-led infrastructure identity registries

e technology platform integration

e insurance and asset management integration

e municipal infrastructure data initiatives

The optimal implementation approach will likely emerge through collaboration across multiple infrastructure
stakeholders.

19. Stakeholder Benefits

Persistent infrastructure identity frameworks may provide benefits across multiple sectors of the built
environment ecosystem.

Potential beneficiaries include:

e infrastructure owners and operators
e insurers

¢ real estate investors

e construction firms

* municipalities

¢ infrastructure technology platforms

Improved lifecycle transparency may support better decision-making across the infrastructure lifecycle.



20. Conclusion
The built environment is undergoing rapid digital transformation.

However, the absence of persistent infrastructure identity systems may continue to limit the full potential of
infrastructure lifecycle data.

Persistent Infrastructure Identity introduces the concept of anchoring infrastructure lifecycle records to a shared
asset identity capable of surviving across stakeholders, systems, and ownership transitions.

If adopted broadly, persistent identity frameworks may represent a foundational layer for the next phase of
infrastructure digitization.

The Infrastructure Identity Gap represents a structural inefficiency that has existed within the built environment
for decades.

Addressing that gap may unlock significant economic value while improving transparency across one of the most
important asset classes in the global economy.

Financial Modeling Framework
Methodology for Estimating the Infrastructure Identity Gap

The economic figures presented throughout this report are derived from a scenario-based financial modeling
framework designed to estimate lifecycle inefficiencies associated with fragmented infrastructure documentation.

The model evaluates the cumulative impact of documentation fragmentation across the lifecycle of infrastructure
assets in three primary segments of the built environment:

e Commercial infrastructure assets
» Residential housing assets
e Multifamily residential properties

The analysis evaluates lifecycle friction across common infrastructure lifecycle stages, including construction,
insurance underwriting, ownership transfer, maintenance operations, and renovation events.

Core Modeling Assumptions

To estimate the financial impact of fragmented infrastructure records, the model evaluates five primary lifecycle
cost drivers.

1. Documentation Reconstruction Costs

Infrastructure records are frequently stored across multiple stakeholders, including builders, municipalities,
insurers, contractors, and owners.

When documentation is fragmented, stakeholders may incur costs associated with locating, reconstructing, or re-
verifying asset documentation.

Example drivers include:



e reconstruction of engineering documentation
¢ locating historical inspection records
» verifying permit and construction records

2. Insurance Underwriting and Claims Verification
Insurance carriers rely on accurate infrastructure documentation when underwriting risk and validating claims.
Incomplete infrastructure records may lead to:

e additional inspection requirements
¢ underwriting verification delays
» extended claims verification processes

These inefficiencies contribute to increased operational friction across insurance markets.
3. Transaction Due Diligence

Real estate transactions frequently require extensive asset verification processes.

Buyers and lenders often attempt to validate:

e construction documentation
* renovation history

e inspection reports

e structural condition

Fragmented documentation may increase transaction due diligence costs and extend transaction timelines.
4. Maintenance Diagnostics and Asset History

Infrastructure maintenance systems rely on historical asset information such as equipment age, repair history, and
warranty documentation.

When these records are incomplete or fragmented, maintenance teams may need to perform redundant
inspections or diagnostics.

5. Renovation and Improvement Verification
Infrastructure assets frequently undergo renovations or capital improvements.

When historical renovation documentation is incomplete, owners and inspectors may incur costs verifying the
scope, compliance, and condition of prior improvements.

Commercial Infrastructure Modeling

To estimate lifecycle friction across commercial infrastructure assets, the model evaluates representative
commercial properties over a ten-year lifecycle period.

Key modeling assumptions include:



Metric Modeled Value
Representative Asset Mid-size commercial building
Lifecycle Period 10 years

Estimated Lifecycle Friction $350,000 per asset

Applying this estimate across the global commercial building inventory produces modeled inefficiencies exceeding:

$300 billion annually across the commercial built environment.

Residential Housing Modeling
The residential housing market represents the largest asset class within the built environment.

The United States alone contains approximately 140 million residential housing units across single-family and
multifamily markets.

To model lifecycle friction within residential housing assets, the analysis evaluates documentation inefficiencies
across a ten-year ownership cycle.

Metric Modeled Value
Representative Asset Single-family home
Lifecycle Period 10 years

Estimated Lifecycle Friction $35,000

This equates to approximately $3,500 annually per residential property.

Applying this estimate across the U.S. housing stock produces modeled inefficiencies of approximately:
$400 billion annually across the U.S. residential housing market.

Multifamily Asset Modeling

Multifamily residential assets introduce additional operational complexity due to portfolio scale and centralized
infrastructure systems.

The model evaluates representative multifamily properties with approximately 100 residential units.

Metric Modeled Value
Representative Asset 100-unit multifamily property
Lifecycle Period 10 years

Estimated Lifecycle Friction $1.75 million

Lifecycle inefficiencies across multifamily portfolios may appear in areas such as capital improvement verification,
maintenance documentation continuity, and insurance underwriting verification.



Global Infrastructure Identity Gap

When commercial infrastructure, residential housing, and multifamily assets are examined together, the potential
scale of lifecycle inefficiencies becomes more visible.

Modeled estimates suggest:

Sector Estimated Annual Lifecycle Friction
Commercial Infrastructure ~$300 Billion
U.S. Residential Housing  ~$400 Billion

Global Built Environment ~S$2 Trillion

These figures represent modeled lifecycle inefficiencies associated with fragmented infrastructure documentation
across the built environment.

Market Opportunity for Persistent Infrastructure Identity

If persistent identity frameworks were introduced across infrastructure assets, the resulting identity layer could
support a new category of digital infrastructure services.

The global built environment represents an estimated $580 trillion in asset value, including residential real estate,
commercial buildings, and physical infrastructure systems.

Modeling suggests that identity-layer services supporting infrastructure lifecycle documentation may represent a
potential $500 billion global market opportunity.

These services may include:

e infrastructure identity registries

¢ lifecycle documentation platforms

* asset identity verification services

e infrastructure analytics and data platforms

Modeling Limitations

The financial estimates presented in this report are based on scenario-based modeling assumptions designed to
illustrate potential lifecycle inefficiencies within the built environment.

Actual economic impacts may vary based on geographic conditions, asset characteristics, operational practices,
and technology adoption rates.

Future pilot programs and empirical data collection may further refine the assumptions presented within this
analysis.

Sensitivity Analysis

Evaluating the Infrastructure Identity Gap Under Alternative Modeling Assumptions



The economic modeling presented in this report is based on scenario-driven estimates designed to evaluate the
potential financial impact of fragmented infrastructure documentation.

Because infrastructure assets vary widely across geographies, ownership structures, asset types, and operational
practices, the precise magnitude of lifecycle friction may differ across markets.

To evaluate the robustness of the Infrastructure Identity Gap model, a sensitivity analysis was conducted using a
range of conservative, moderate, and upper-bound assumptions for lifecycle friction across infrastructure assets.

This analysis examines how the total estimated economic impact changes when different levels of lifecycle
inefficiency are applied across the global built environment.

Residential Housing Sensitivity Analysis

The base residential modeling assumption utilized in this report estimates lifecycle friction of
approximately $3,500 per home annually resulting from fragmented housing documentation.

However, actual friction costs may vary depending on factors such as:

¢ geographic housing markets

e age of housing stock

¢ renovation frequency

e insurance verification complexity
® maintenance practices

The table below illustrates how estimated national lifecycle inefficiencies vary under alternative assumptions.

Annual Lifecycle Friction Per Home Estimated U.S. Residential Impact

$2,000 per home $280 Billion annually
$3,500 per home (base model) $400 Billion annually
$5,000 per home $700 Billion annually

Even under conservative assumptions, fragmented housing documentation may represent a significant economic
friction across the residential housing market.

Commercial Infrastructure Sensitivity Analysis

Commercial infrastructure assets generate extensive lifecycle documentation across engineering, insurance,
maintenance, and operational systems.

Lifecycle friction associated with fragmented documentation may vary significantly depending on asset complexity
and operational practices.

The table below illustrates how commercial infrastructure lifecycle inefficiencies scale under different modeling
assumptions.

Average Annual Friction Per Asset Estimated Global Commercial Impact
$50,000 per asset $150 Billion annually



Average Annual Friction Per Asset Estimated Global Commercial Impact
$100,000 per asset (base model)  $300 Billion annually
$150,000 per asset $450 Billion annually

These estimates suggest that even modest inefficiencies across commercial infrastructure assets may contribute to
substantial lifecycle costs when aggregated across the global commercial building inventory.

Global Built Environment Sensitivity Analysis

When residential, commercial, and infrastructure assets are modeled together, the total scale of the Infrastructure
Identity Gap becomes more visible.

The table below illustrates the estimated global lifecycle inefficiency under three alternative modeling scenarios.

Scenario Estimated Global Lifecycle Inefficiency
Conservative Scenario ~$1.2 Trillion annually
Base Case Scenario ~$2.0 Trillion annually

Upper-Bound Scenario ~$3.1 Trillion annually

These results suggest that the global Infrastructure Identity Gap may reasonably fall within a range of $1 trillion to
$3 trillion annually, depending on the magnitude of lifecycle inefficiencies associated with fragmented
infrastructure documentation.

Interpretation of Results
The purpose of this sensitivity analysis is not to produce a precise estimate of the Infrastructure Identity Gap.

Rather, the analysis demonstrates that even under conservative assumptions, fragmented infrastructure
documentation may represent a large structural inefficiency across the built environment.

The magnitude of this inefficiency appears primarily driven by three factors:

1. The enormous size of the global built environment asset base
2. The long lifecycle of infrastructure assets
3. The large number of stakeholders involved in infrastructure lifecycle management

Because infrastructure assets frequently exist for decades and generate large volumes of documentation across
multiple systems, even modest lifecycle inefficiencies may accumulate into significant economic costs when
evaluated across the global built environment.

Implications for Infrastructure Digitization

As infrastructure systems continue to digitize, the ability to maintain continuity of asset documentation across
systems and stakeholders may become increasingly important.

Persistent Infrastructure Identity frameworks propose a new approach to addressing this challenge by introducing
a shared identity layer capable of anchoring lifecycle documentation to infrastructure assets themselves.



If implemented broadly, such frameworks may reduce lifecycle friction across multiple sectors of the built
environment.

Key Insight
The Infrastructure Identity Gap appears not to be the result of a single large inefficiency.

Rather, it emerges from the cumulative impact of thousands of small lifecycle inefficiencies distributed across
millions of infrastructure assets.

Addressing these inefficiencies may represent one of the most significant structural opportunities for improving
transparency and coordination across the built environment.

Comparative Identity Systems Across Other Industries
How Persistent Identity Frameworks Transformed Asset Lifecycle Transparency
Persistent identity systems are not unique to the concept of infrastructure management.

In fact, many major industries have adopted standardized identity frameworks specifically to solve the challenge of
maintaining lifecycle continuity across assets.

These identity systems allow records associated with an asset to remain anchored to that asset across time,
stakeholders, and operational systems.

Three industries in particular illustrate how identity frameworks became foundational infrastructure for asset
lifecycle transparency.

Automotive Industry: Vehicle Identification Numbers (VIN)

One of the most widely recognized identity systems is the Vehicle Identification Number (VIN) used throughout
the automotive industry.

Every vehicle manufactured globally receives a unique VIN that remains associated with the vehicle throughout its
lifecycle.

The VIN system allows stakeholders across the automotive ecosystem to reference a shared asset identity.
These stakeholders include:

e manufacturers

e dealerships

e insurers

* maintenance providers
e government registries
* buyers and sellers



Lifecycle records associated with vehicles including ownership history, accident reports, maintenance records,
recalls, and insurance claims can be linked to the vehicle’s VIN.

This persistent identity framework enables services such as vehicle history reports, fraud detection, and lifecycle
analytics.

The VIN system ultimately enabled the emergence of an entire data ecosystem surrounding automotive assets.
Aviation Industry: Aircraft Registration and Tail Numbers
The aviation industry relies on a similar identity framework through aircraft registration systems.

Each aircraft receives a unique registration identifier, often referred to as a tail number, that remains associated
with the aircraft throughout its operational life.

Aircraft identity systems allow lifecycle records to be maintained across:

e aircraft manufacturers

e airline operators

® maintenance organizations
e regulatory authorities

¢ leasing companies

e insurance providers

Because aircraft identity is persistent, stakeholders can maintain detailed operational histories for each aircraft.
This transparency supports safety oversight, regulatory compliance, asset valuation, and maintenance planning.

The aviation sector demonstrates how persistent asset identity can support complex multi-stakeholder
ecosystems.

Financial Markets: Securities Identifiers
Financial markets provide another example of persistent identity frameworks applied to asset classes.
Securities traded on global financial markets are assigned standardized identifiers such as:

¢ ISIN (International Securities Identification Number)
e CUSIP (Committee on Uniform Securities Identification Procedures)

These identifiers allow financial assets to be tracked across exchanges, clearinghouses, financial institutions, and
investment portfolios.

Persistent security identifiers enable:

e transaction settlement

e market transparency

* asset ownership verification
e regulatory oversight



Without standardized asset identifiers, global financial markets would struggle to maintain transparency and
coordination across institutions.

Lessons from Identity Systems in Other Industries

These industries demonstrate a common pattern.

Before identity systems were introduced, asset records were often fragmented across stakeholders and systems.
The introduction of persistent asset identifiers enabled several transformative outcomes:

1. Lifecycle transparency
Records could remain anchored to the asset across time and stakeholders.
2. Interoperability across systems
Multiple organizations could reference the same asset identity.
3. New data ecosystems
Identity frameworks enabled analytics, reporting, and market services built around asset lifecycle data.
4. Improved trust and verification
Asset history could be verified with greater confidence.

The Built Environment as an Identity Outlier

Despite representing one of the largest asset classes in the global economy, the built environment has historically
lacked a comparable identity framework.

Buildings, homes, and infrastructure assets rarely receive persistent identifiers capable of maintaining lifecycle
documentation across stakeholders.

Instead, infrastructure records are typically stored within independent systems maintained by different
organizations.

These systems may include:

e construction management platforms

¢ building information modeling systems
* municipal permit systems

e insurance databases

¢ property management platforms

* maintenance tracking systems

Without a persistent infrastructure identity framework, lifecycle records associated with infrastructure assets
frequently become fragmented across these systems.

Persistent Infrastructure Identity as the Missing Layer

Persistent Infrastructure ldentity proposes a framework similar to those adopted by the automotive, aviation, and
financial sectors.



Under this concept, infrastructure assets would receive a unique identifier that remains associated with the asset
throughout its lifecycle.

Lifecycle records—including engineering documentation, insurance records, maintenance history, and renovation
documentation—could then remain anchored to the asset identity.

Rather than replacing existing infrastructure software platforms, the identity framework would allow those
systems to reference a shared asset identity.

In this way, Persistent Infrastructure Identity could serve as a foundational digital layer enabling interoperability
across the infrastructure ecosystem.

The Next Phase of Infrastructure Digitization
The built environment has already begun adopting digital technologies such as:

¢ Building Information Modeling (BIM)
e digital twin systems

¢ smart infrastructure monitoring

e infrastructure analytics platforms

However, without a persistent identity layer, these technologies often operate in isolation.

The introduction of Persistent Infrastructure Identity could represent the next structural step in the digitization of
infrastructure systems.

Just as VIN numbers enabled the modern automotive data ecosystem, persistent infrastructure identifiers may
enable new levels of transparency, coordination, and lifecycle intelligence across the built environment.

Why Persistent Infrastructure Identity Has Not Emerged Until Now
Structural Barriers That Delayed Infrastructure Identity Systems

Despite the scale and importance of the built environment, persistent identity systems for infrastructure assets
have historically not existed.

This absence was not the result of a lack of need. Rather, several structural characteristics of the infrastructure
ecosystem made identity frameworks difficult to establish.

Understanding these barriers helps explain why the Infrastructure Identity Gap has persisted for decades.
Fragmented Infrastructure Ownership
Unlike industries such as aviation or automotive manufacturing, infrastructure ownership is highly decentralized.

Infrastructure assets are owned by a wide range of stakeholders including:



e private homeowners

¢ real estate investors

e developers

* municipal governments

¢ public infrastructure agencies
e institutional investors

e infrastructure operators

Because ownership is distributed across millions of stakeholders, no single organization historically had the
authority or incentive to establish a universal infrastructure identity framework.

As a result, infrastructure documentation systems evolved independently within each sector of the built
environment.

Lifecycle Duration of Infrastructure Assets
Infrastructure assets often exist for exceptionally long periods of time.

Many buildings remain in operation for 50 to 100 years or more. Bridges, utilities, and infrastructure networks may
remain active for even longer periods.

This extended lifecycle creates unique challenges for maintaining documentation continuity.
Over time, infrastructure assets may experience:

* multiple ownership transfers

¢ renovations and capital improvements
¢ changes in management systems

¢ transitions between insurance carriers
e upgrades to operational technologies

Without a persistent asset identity framework, records generated during earlier phases of the lifecycle may
become disconnected from the asset over time.

Independent Evolution of Infrastructure Software Systems

Over the past two decades, the infrastructure ecosystem has adopted a wide range of digital platforms designed to
support specific stages of the infrastructure lifecycle.

Examples include:

¢ Building Information Modeling (BIM) systems
e construction management platforms

» facility management software

e insurance underwriting databases

¢ property management platforms

e digital twin systems

These systems were developed independently to solve specific operational challenges.



However, because these platforms evolved separately, they rarely share a common infrastructure identity
framework.

As a result, infrastructure data often remains siloed within the systems used by individual stakeholders.
Lack of a Neutral Infrastructure Identity Registry

Identity frameworks in other industries typically emerged when neutral identity registries were introduced.
For example:

¢ VIN registries support automotive identity systems
e aircraft registration authorities maintain aviation identity systems
¢ financial clearinghouses manage securities identifiers

These registries allow multiple stakeholders to reference a shared asset identity.
Within the built environment, no comparable neutral infrastructure identity registry historically existed.

Without such a registry, infrastructure systems lacked a standardized mechanism for maintaining persistent asset
identities across stakeholders.

Historical Focus on Physical Infrastructure Rather Than Data Infrastructure

For much of the past century, infrastructure industries focused primarily on the development and maintenance of
physical assets.

Digital infrastructure supporting lifecycle documentation received far less attention.

Only in recent decades has the infrastructure sector begun rapidly digitizing engineering, construction, and
operational systems.

As digital infrastructure systems expand, the absence of persistent asset identity frameworks is becoming
increasingly visible.

A Convergence of Conditions

Several technological and industry trends are now converging to make persistent infrastructure identity
frameworks increasingly viable.

These include:

» widespread adoption of digital infrastructure platforms

¢ increasing data generation across infrastructure systems

¢ growing demand for lifecycle transparency

¢ expansion of infrastructure analytics and digital twin technologies



Together, these trends are creating conditions in which persistent infrastructure identity systems may become
both feasible and necessary.

The Timing of Infrastructure Identity

The introduction of persistent infrastructure identity frameworks may represent the next structural phase in the
digitization of the built environment.

As infrastructure assets generate increasing volumes of lifecycle data, the ability to maintain continuity across that
data may become critical.

Persistent Infrastructure Identity proposes a framework capable of anchoring lifecycle documentation to
infrastructure assets across stakeholders, systems, and ownership transitions.

In doing so, it may address one of the longest-standing structural gaps within the built environment.
The Infrastructure Lifecycle Data Problem

How Infrastructure Records Become Fragmented Over Time

Infrastructure assets generate extensive documentation and operational data throughout their lifecycle.

However, unlike many other asset classes, the systems responsible for creating and maintaining this data often
operate independently.

As a result, lifecycle information associated with infrastructure assets frequently becomes fragmented across
multiple organizations and technology platforms.

Understanding how this fragmentation occurs requires examining the lifecycle stages of infrastructure assets and
the stakeholders involved at each phase.

The Infrastructure Lifecycle
Most infrastructure assets move through several distinct lifecycle stages.
These stages typically include:

Design and Engineering

Construction and Commissioning
Insurance and Risk Assessment
Ownership and Financing

Operations and Maintenance
Renovation and Capital Improvements
Ownership Transfer or Transaction
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Each stage produces valuable documentation and operational records.
However, these records are usually created and stored by different stakeholders using different systems.

Data Generated During the Design Phase



During the design and engineering stage, infrastructure assets generate foundational documentation.
Examples include:

e architectural drawings

e structural engineering models
¢ building specifications

¢ environmental studies

e infrastructure modeling data

These records are typically stored within engineering and design systems.

However, once construction begins, these systems are often no longer connected to the systems used by
contractors or owners.

Construction Documentation
During construction, additional records are generated.
These may include:

e contractor documentation

e construction progress records
¢ materials documentation

e inspection reports

e commissioning reports

Construction documentation may be stored within construction management platforms or contractor systems.

When construction is completed, these records may not always be fully transferred into operational systems used
by asset owners.

Insurance Documentation

Once an infrastructure asset becomes operational, insurance carriers begin maintaining their own documentation
associated with the asset.

These records may include:

¢ underwriting reports

¢ property condition assessments
e risk inspections

¢ claims documentation

Insurance systems typically operate independently from engineering or construction systems.

As a result, insurance records often remain isolated within insurer databases.



Ownership and Financing Records
Infrastructure assets frequently change ownership over time.
Ownership transitions may involve:

e property sales

» refinancing events

e portfolio acquisitions

¢ investment transactions

During these transactions, buyers and lenders attempt to reconstruct asset documentation from multiple sources.

This process can be time-consuming because records associated with the asset may be distributed across various
systems and stakeholders.

Operations and Maintenance Systems

Once infrastructure assets enter operational phases, facility management systems begin generating operational
data.

These systems may track:

* maintenance history

* equipment lifecycle data
* repair documentation

¢ performance metrics

However, when property management firms change or facility systems are replaced, operational records may not
always remain connected to the asset.

Renovation and Capital Improvement Records
Over time, infrastructure assets often undergo renovations or capital improvements.
These projects generate additional documentation including:

e contractor records
e renovation permits
e inspection documentation
¢ updated engineering plans

However, renovation documentation is often stored independently from original construction records.
As infrastructure assets accumulate multiple renovation cycles, documentation fragmentation may increase.
The Result: Fragmented Lifecycle Records

When viewed across the entire infrastructure lifecycle, records associated with an asset often become distributed
across numerous independent systems.



These systems may include:

¢ engineering platforms

e construction management systems
e insurance databases

¢ property management platforms

¢ maintenance tracking systems

* municipal permit systems

Because these systems lack a shared infrastructure identity framework, lifecycle records frequently remain
disconnected from one another.

This fragmentation makes it difficult for stakeholders to maintain a continuous record of the asset's lifecycle
history.

Consequences of Lifecycle Data Fragmentation
Fragmented infrastructure documentation may contribute to several operational challenges.
Examples include:

o difficulty verifying infrastructure history during transactions
e increased insurance underwriting complexity

¢ redundant inspections and documentation reconstruction

¢ incomplete maintenance histories

¢ limited lifecycle analytics capabilities

While each of these inefficiencies may appear small individually, their cumulative impact across millions of
infrastructure assets can be substantial.

Persistent Infrastructure Identity as the Connecting Layer
Persistent Infrastructure Identity introduces a framework designed to address lifecycle data fragmentation.

Under this approach, infrastructure assets receive a unique identifier that remains associated with the asset
throughout its lifecycle.

Lifecycle records generated across engineering, construction, insurance, ownership, and operations can then be
anchored to this persistent identity.

Rather than replacing the many systems used throughout the infrastructure ecosystem, the identity layer allows
those systems to reference the same underlying asset.

In this way, Persistent Infrastructure ldentity may enable infrastructure records to remain connected even as
assets move between stakeholders, systems, and ownership groups.

The Next Phase of Infrastructure Data

As infrastructure systems become increasingly digitized, maintaining continuity across lifecycle data will become
increasingly important.



Persistent Infrastructure Identity proposes a foundational digital layer capable of connecting lifecycle records
across the infrastructure ecosystem.

By anchoring documentation to a persistent infrastructure identifier, stakeholders may gain improved
transparency into asset history, condition, and lifecycle performance.

Addressing the Infrastructure Lifecycle Data Problem may represent one of the most significant opportunities for
improving transparency and coordination across the built environment.

The Economic Flywheel of Persistent Infrastructure Identity
How Infrastructure Identity Systems Can Create New Data Ecosystems

Throughout modern industrial history, persistent identity systems have repeatedly enabled the creation of large-
scale data ecosystems.

When industries introduce standardized identity frameworks for assets, those frameworks often become the
foundation upon which new services, analytics platforms, and operational technologies are built.

Persistent identity systems enable multiple stakeholders to reference the same asset across independent systems.

Once a shared identity layer exists, entirely new forms of transparency, verification, and data-driven decision-
making become possible.

Examples from other industries illustrate this pattern.

In the automotive industry, Vehicle Identification Numbers (VIN) enabled the emergence of vehicle history
databases, insurance analytics systems, and secondary market verification platforms.

In aviation, aircraft registration systems support maintenance tracking, regulatory oversight, and safety monitoring
across global fleets.

In financial markets, securities identifiers allow trillions of dollars of financial instruments to be tracked across
exchanges, custodians, and regulatory systems.

These identity systems did not simply organize existing data.

They enabled the creation of entire new data ecosystems built around asset lifecycle information.

Infrastructure Identity as a Foundational Data Layer

The built environment represents one of the largest asset classes in the global economy, yet it has historically
lacked a comparable identity framework.

Infrastructure assets generate extensive documentation across their lifecycle, but this information is often
fragmented across stakeholders and systems.

Introducing persistent infrastructure identifiers may allow lifecycle records to remain anchored to the asset itself.



Once infrastructure assets maintain persistent identities, several new capabilities may emerge across the
infrastructure ecosystem.

These may include:

infrastructure lifecycle analytics

e improved insurance risk modeling

enhanced infrastructure transaction transparency

e predictive maintenance systems

improved infrastructure investment analysis

e improved coordination across digital twin platforms

The introduction of persistent identity frameworks could therefore enable infrastructure data ecosystems similar
to those seen in other industries.

The Infrastructure Identity Opportunity

The global built environment represents approximately $580 trillion in asset value, including residential real
estate, commercial property, and infrastructure systems.

Even small digital infrastructure services supporting these assets could represent a significant market opportunity.

Modeling presented within this report suggests that persistent identity frameworks supporting infrastructure
lifecycle documentation could represent a potential $500 billion global digital infrastructure category.

These services may include:

e infrastructure identity registries

e lifecycle documentation platforms

e infrastructure analytics services

e identity verification and certification services

As infrastructure digitization continues to accelerate, the ability to maintain continuity across infrastructure
lifecycle data may become increasingly important.

A Structural Gap in the Built Environment
The absence of persistent infrastructure identity systems represents a structural gap within the built environment.

Unlike other asset-intensive industries that adopted identity frameworks decades ago, infrastructure assets have
historically lacked a mechanism for maintaining lifecycle documentation continuity across stakeholders.

As infrastructure systems generate increasing volumes of data across engineering, construction, insurance, and
operational platforms, this gap becomes more visible.

Persistent Infrastructure Identity proposes a framework capable of anchoring infrastructure records to a shared
asset identity.



By doing so, it may help address one of the longest-standing structural inefficiencies within the built environment.
Conclusion
The built environment is entering a new era of digital transformation.

Technologies such as digital twins, infrastructure analytics, and smart infrastructure monitoring are rapidly
expanding the amount of data generated by infrastructure assets.

However, without a persistent identity framework capable of anchoring lifecycle records to infrastructure assets
themselves, much of this data remains fragmented across independent systems.

The Infrastructure ldentity Gap represents the cumulative impact of this fragmentation.

Modeling presented within this report suggests that lifecycle inefficiencies associated with fragmented
infrastructure documentation may exceed $2 trillion annually across the global built environment.

Persistent Infrastructure Identity introduces the concept of assigning infrastructure assets a unique identifier
capable of maintaining lifecycle documentation across stakeholders, systems, and ownership transitions.

If adopted broadly, persistent infrastructure identity frameworks may represent a foundational digital layer
supporting the next phase of infrastructure digitization.

Just as VIN numbers transformed lifecycle transparency in the automotive industry and securities identifiers
enabled global financial markets, persistent infrastructure identity may enable new levels of transparency and
coordination across the built environment.

The conversation around infrastructure identity is only beginning.

But the implications for the global infrastructure ecosystem may be profound.
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