
 
  



Course Description 

This course examines the widespread influence of proprietary systems, software 

ecosystems, and data standards that limit engineering innovation and collaborative 

design in the United States. From CAD and GIS to BIM and environmental certification 

systems, engineers increasingly rely on closed frameworks that restrict interoperability, 

increase costs, and reinforce vendor lock-in.  

 

The course explores how these frameworks hinder project efficiency and technological 

progress, evaluates case studies across various engineering domains, and presents 

open-standard alternatives and reform strategies that promote fair competition and 

long-term sustainability. 

 
Course Objectives 

Upon completion of this course, participants will be able to: 

1. Identify common proprietary systems and data frameworks used in U.S. 

engineering design, GIS, and construction. 

2. Explain how proprietary tools limit interoperability, transparency, and innovation. 

3. Evaluate the economic and regulatory consequences of vendor lock-in on 

engineering development. 

4. Compare open-source and open-standard alternatives that can mitigate 

dependency on proprietary systems. 

5. Formulate strategies for adopting interoperable and standards-compliant 

workflows within professional engineering practice. 

 
Intended Audience 

This course is intended for licensed professional engineers, land surveyors, architects, 

and related technical professionals engaged in design, modeling, data management, 

and infrastructure development. It is also applicable to software engineers working on 

CAD/GIS/BIM interoperability, project managers overseeing multidisciplinary teams, and 

policy analysts evaluating engineering standards and digital infrastructure regulation. 
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Chapter 1 – Introduction to Proprietary Frameworks in 

Engineering 
The evolution of engineering design and development in the United States has been 

marked by tremendous technological advancement, but also by increasing 

dependence on proprietary systems that control the flow of data, the compatibility of 

tools, and even the processes through which design decisions are made. A proprietary 

framework can be broadly defined as a closed or restricted system—whether software, 

data format, certification structure, or process—that is owned and controlled by a 

specific company or governing body. These frameworks may offer powerful 

capabilities, but they come at the cost of interoperability, transparency, and creative 

flexibility. 

 

 

In the modern engineering ecosystem, nearly every discipline—civil, mechanical, 

electrical, environmental, and structural—relies on software platforms that manage 

complex data and design processes. While these systems have improved productivity, 

they have also created new forms of digital dependency. The monopolistic control of 

design tools and data standards has established barriers to competition and 

innovation. Companies that control proprietary frameworks effectively set the terms for 

how engineering work is executed and shared, often dictating the formats, workflows, 

and even the regulatory interpretations that define professional practice. 

The adoption of proprietary systems was originally driven by practical necessity. Early 

computer-aided design (CAD) programs, for instance, required unique file structures 

and specialized algorithms to perform efficiently on limited computing hardware.  

 

Over time, these systems evolved into industry standards not because they were 

universally open or technically superior, but because they became entrenched through 

widespread use, contractual integration, and institutional reliance. This entrenchment is 

evident in the dominance of products such as Autodesk AutoCAD, Dassault Systèmes’ 

SolidWorks, and Esri’s ArcGIS—each of which maintains a proprietary file format that 

resists full interoperability with competing software. 

 

The result of this dependency is a fragmented technological landscape in which 

engineering firms often find themselves constrained by the tools they are forced to use. 

Data exchange between different disciplines—such as between a civil engineer using 

AutoCAD Civil 3D and a GIS analyst using Esri ArcGIS—is fraught with technical 

incompatibilities. Even minor differences in data schemas, layer naming conventions, or 

coordinate reference systems can lead to major inefficiencies in multidisciplinary 

projects. These inefficiencies ultimately increase project cost, reduce design flexibility, 

and delay innovation. 

 

In addition to data and software frameworks, proprietary certification systems also play 

a major role in shaping engineering practice. Programs such as the Leadership in 

Energy and Environmental Design (LEED) certification have established benchmarks for 

sustainability, yet their proprietary scoring systems and paid accreditation models 

create exclusive barriers that limit participation and favor organizations with greater 



financial and administrative resources. These structures, while claiming to enhance 

professional and environmental standards, often monopolize entire sectors of practice 

under their branding. 

 

The fundamental issue with proprietary frameworks is not that they are inherently 

detrimental, but that they restrict freedom of design evolution. When engineers cannot 

fully access, understand, or manipulate the tools that define their craft, they become 

operators rather than innovators. The free exchange of engineering knowledge and 

data—a principle that once underpinned the discipline’s progress—is gradually eroded 

under licensing restrictions, file encryption, and vendor-enforced software ecosystems. 

 

This course seeks to unravel these complexities by examining how proprietary systems in 

the United States engineering sector shape, constrain, and, in some cases, obstruct the 

advancement of design and development. It will also evaluate alternative frameworks 

based on open standards, interoperable data structures, and collaborative innovation.  

 

Understanding the mechanisms behind proprietary control is essential for engineers who 

wish to maintain autonomy, foster innovation, and promote the integrity of their 

profession in an increasingly digital and centralized environment. 

 

  



Chapter 2 – The Concept of Vendor Lock-In and Its Historical 

Roots 
Vendor lock-in is one of the most pervasive and strategically engineered barriers within 

modern engineering design frameworks. It describes the condition in which users 

become dependent on a particular vendor’s software, hardware, data format, or 

ecosystem to the extent that switching to a competing product is economically or 

technically prohibitive. While lock-in can manifest subtly through convenience and 

familiarity, it is ultimately a deliberate design mechanism that protects a vendor’s 

market share by restricting interoperability and data portability. 

 

Historically, the roots of vendor lock-in in engineering can be traced back to the 

computer revolution of the 1970s and 1980s. Early computer-aided design (CAD) and 

computer-aided engineering (CAE) systems were developed as standalone, 

proprietary environments that operated on vendor-specific workstations. Companies 

such as IBM, Intergraph, and Autodesk established early dominance by offering 

complete ecosystems—hardware, software, and storage—that functioned optimally 

only when used together. The closed architecture of these systems made data 

exchange between platforms difficult, reinforcing user dependence on the vendor’s 

tools and file formats. 

 

This strategy mirrored similar patterns in the broader technology industry. For example, 

Microsoft’s dominance in personal computing was secured through its proprietary 

Windows operating system, which became a de facto standard despite not being 

open source or freely accessible. In engineering software, a comparable dynamic 

occurred: once firms invested heavily in AutoCAD licenses, training programs, and 

libraries of DWG files, abandoning that ecosystem became economically irrational. The 

cost of retraining personnel, converting files, and reconfiguring workflows created a self-

reinforcing cycle of dependence. 

 

Vendor lock-in also emerged through the manipulation of data standards. Proprietary 

file formats such as DWG, DGN, and Esri’s file geodatabase are not merely storage 

structures—they are strategic instruments that ensure customers cannot easily migrate 

their data. Even when formats are nominally “open” or documented, subtle variations 

in how different software interprets them can lead to data loss, broken relationships, or 

corrupted geometries. This problem, known as format drift, becomes particularly 

problematic in large multidisciplinary projects involving architects, civil engineers, and 

urban planners who rely on data interchange between CAD, GIS, and BIM platforms. 

 

Throughout the 1990s and early 2000s, software companies began expanding their 

ecosystems into integrated suites, offering specialized modules for design, simulation, 

project management, and documentation that all shared a proprietary backbone. 

Autodesk introduced tools such as Revit and Civil 3D that tied users more deeply into its 

ecosystem, while Dassault Systèmes did the same through its CATIA and SolidWorks line. 

These suites created a perception of efficiency and seamless workflow—but only within 

the same vendor’s environment. External interoperability remained intentionally limited, 

preserving control over the user base. 



The consequences of vendor lock-in extend beyond technical inconvenience. It affects 

the entire engineering economy. Smaller firms and public institutions are often priced 

out of the high-cost licensing and subscription models required to participate in 

proprietary ecosystems. Furthermore, the concentration of market power in a few 

dominant vendors stifles competition, discourages independent innovation, and 

undermines the open exchange of engineering knowledge. Even when open-source 

alternatives such as QGIS, FreeCAD, or Blender emerge, institutional inertia and 

contractual dependencies prevent widespread adoption. 

 

There are also legal and regulatory dimensions to this problem. Certain government 

contracts or certification programs specify software compatibility requirements that 

implicitly favor proprietary tools. This dynamic reinforces vendor dominance, effectively 

excluding open-source systems from large-scale infrastructure projects. It is not 

uncommon for entire state departments of transportation or federal agencies to rely on 

vendor-specific CAD or GIS templates, creating public-sector lock-in that perpetuates 

for decades. 

 

From a strategic perspective, vendors justify lock-in as a means of maintaining software 

quality and ensuring reliable performance. They argue that tightly integrated 

ecosystems reduce errors and enhance productivity. While these claims are partly valid, 

they overlook the broader cost to engineering freedom and interoperability. The 

inability to fully access or modify one’s design data contradicts the core engineering 

principle of transparency and reproducibility. In a discipline that prides itself on 

precision and documentation, black-box data and proprietary restrictions undermine 

professional integrity. 

 

The persistence of vendor lock-in today is largely cultural as much as it is technical. 

Engineers and organizations have grown accustomed to specific toolchains and are 

reluctant to disrupt established workflows. However, this dependency represents a quiet 

erosion of engineering autonomy. Understanding the origins and mechanics of vendor 

lock-in is therefore critical for developing strategies to resist it, diversify tool usage, and 

advocate for open standards that preserve long-term design flexibility. 

 

  



Chapter 3 – Economic Impacts of Proprietary Engineering 

Ecosystems 
The financial consequences of proprietary frameworks in engineering are far-reaching 

and multifaceted, affecting not only individual practitioners and firms but also the 

broader innovation landscape. When proprietary ecosystems dominate a technical 

sector, they reshape cost structures, alter market competition, and influence how 

engineering projects are planned and executed. The economic effects are not 

confined to licensing fees alone—they include operational inefficiencies, reduced 

market diversity, and the cumulative cost of lost innovation over time. 

 

At the most immediate level, proprietary software imposes a recurring financial burden 

on engineering firms. Historically, engineering tools were sold as perpetual licenses with 

optional maintenance fees. Today, nearly all major vendors—Autodesk, Esri, Dassault 

Systèmes, Bentley Systems, and others—have shifted to subscription-based models. 

Under these arrangements, firms no longer own the software; they lease access to it. 

When a subscription lapses, access to design data and critical features may be 

restricted or revoked entirely. This model provides vendors with predictable revenue but 

transforms software from a capital investment into an ongoing operational expense, 

often escalating over the lifespan of a project. 

 

For small firms and independent engineers, these costs can be prohibitive. A single seat 

of high-end CAD or BIM software may cost thousands of dollars annually, with 

additional charges for specialized modules, cloud storage, or collaboration tools. Even 

educational and government discounts rarely offset the cumulative burden of 

maintaining multiple software environments. Consequently, smaller organizations may 

be priced out of projects that require proprietary formats or compliance certifications, 

consolidating market control among large firms that can absorb the cost. This dynamic 

erodes diversity in the engineering marketplace and reinforces a form of economic 

stratification between large, well-capitalized firms and smaller competitors. 

 

Proprietary ecosystems also lead to hidden economic inefficiencies. When design data 

cannot be easily exchanged between platforms, firms must invest additional time and 

labor in data conversion, quality assurance, and coordination. These inefficiencies are 

magnified in multidisciplinary projects where architects, engineers, contractors, and 

surveyors use different software. Each translation between file formats introduces the risk 

of data loss or misinterpretation, often requiring manual corrections that consume both 

time and resources. Over the duration of a large-scale infrastructure project, these 

cumulative inefficiencies can represent significant financial waste. 

 

From a macroeconomic perspective, the dominance of proprietary systems inhibits 

innovation by discouraging new entrants and limiting technological experimentation. 

Open innovation ecosystems thrive when knowledge and tools can circulate freely; 

proprietary ecosystems, by contrast, enforce gatekeeping mechanisms that slow 

progress. The cost and complexity of developing compatible software—especially 

when proprietary APIs or data structures are undocumented—deters smaller developers 



from creating competing products. As a result, the industry experiences stagnation in 

tool diversity and an overreliance on a handful of legacy platforms. 

 

The economic impact extends beyond software licensing to intellectual property (IP) 

control. Many proprietary systems use restrictive end-user license agreements (EULAs) 

that limit how engineers can use or distribute their own design outputs. For instance, 

sharing or archiving certain file types may require vendor-specific cloud services or 

formats. This dependency ties data longevity to the vendor’s business continuity, 

meaning that if a company discontinues a product line, users may lose access to 

decades of work. Such scenarios convert technical risk into economic liability, 

particularly for public agencies responsible for long-term infrastructure management. 

 

Another financial consequence lies in vendor consolidation and monopolistic pricing 

power. As dominant firms acquire competitors or integrate vertically into adjacent 

industries, they can dictate not only pricing but also the pace and direction of 

technological advancement. For example, when Autodesk shifted its licensing to the 

subscription model, customers faced steep cost increases with few alternatives. The 

absence of robust competition allows vendors to slow innovation while still increasing 

revenue. In a healthy market, users could exert pressure by migrating to competing 

tools; under vendor lock-in, this economic leverage is lost. 

 

In public-sector engineering, proprietary systems create additional fiscal burdens. Many 

government agencies are contractually bound to specific vendors because critical 

data—such as GIS layers, transportation models, or as-built infrastructure databases—

exist in proprietary formats. The cost of converting these datasets into open formats is 

often so great that agencies remain locked into long-term licensing contracts. This 

cycle diverts taxpayer funds away from innovation, training, and modernization toward 

perpetual vendor payments. Moreover, when multiple agencies use incompatible 

proprietary systems, cross-agency collaboration and national data integration become 

expensive and inefficient. 

 

The broader economic ramifications extend to education and workforce development. 

Engineering students are often trained exclusively in proprietary software through 

university licensing agreements, effectively embedding vendor dependence into the 

next generation of engineers. This academic alignment reinforces the dominance of a 

few corporate entities and diminishes incentives for students or institutions to explore 

open-source alternatives. The result is a professional pipeline conditioned to think within 

the limits of specific commercial ecosystems rather than exploring more flexible, 

interoperable methodologies. 

 

Ultimately, proprietary frameworks distort not only pricing but also the allocation of 

innovation capital within the engineering economy. Resources that could be devoted 

to research, prototyping, or sustainable design often end up tied to recurring software 

expenses, maintenance fees, and compatibility management. These costs, though 

individually modest, collectively amount to billions of dollars annually across the U.S. 

engineering and construction sectors. The opportunity cost of this model—measured in 

unrealized innovation, inefficiency, and dependence—is one of the most 

underappreciated economic challenges facing modern engineering. 



 

Chapter 4 – The Role of Data Ownership and Intellectual 

Property Control 
At the foundation of every engineering project lies information—geometric, spatial, 

material, environmental, or operational—that defines the built world. In today’s digital 

environment, this information is codified within files, models, and databases that 

collectively form an engineering organization’s intellectual capital. Yet under 

proprietary frameworks, control over this information is often blurred. Engineers may 

believe they own their design data, but the reality is that the licensing structures, 

encryption methods, and contractual terms of proprietary systems frequently 

undermine that assumption. The result is a paradox: the intellectual output of engineers 

is increasingly locked within systems they do not fully control. 

 

The concept of data ownership in engineering has evolved in tandem with the rise of 

digital design tools. In traditional drafting and physical modeling, ownership of the 

design was unquestioned—it resided in the drawings, prototypes, and documentation 

produced by the engineer. With the advent of computer-aided design (CAD), this 

ownership began to shift. A CAD file is not just a static representation of a design; it is an 

encoded data structure dependent on a particular software environment to interpret 

and display it. When that environment is proprietary, the vendor—not the engineer—

determines the rules for access, modification, and distribution. 

 

This dynamic introduces an often-overlooked layer of intellectual property (IP) 

complexity. While an engineer may hold copyright over the design itself, the digital 

medium in which it exists is bound by the vendor’s licensing agreement. For example, 

Autodesk’s end-user license agreement (EULA) explicitly restricts how its software-

generated files can be accessed or used by third-party applications. Even when 

engineers possess copies of their DWG or RVT files, the proprietary nature of the format 

prevents full functional ownership. In essence, engineers own the content but not the 

container—and without the container, the content is functionally inaccessible. 

 

The issue of data dependency becomes even more problematic in long-term projects 

such as infrastructure development, environmental monitoring, and public works. These 

projects may span decades, requiring data formats that can remain readable across 

generations of software. When vendors discontinue products, alter file structures, or shift 

to cloud-based systems, engineers risk losing access to legacy project data. Proprietary 

encryption and version control mechanisms further complicate this issue. In some cases, 

even the original project team cannot open archived models without maintaining 

outdated software versions or paying for specialized conversion services. 

 

In addition to format dependency, intellectual property restrictions embedded within 

proprietary frameworks affect collaboration and transparency. Multi-firm projects—

common in architecture, civil engineering, and manufacturing—often require sharing 

models and datasets across organizational boundaries. When each participant 

operates within different proprietary environments, contractual agreements must 

specify which party maintains ownership and liability for modifications. Vendors, 



meanwhile, insert license terms that restrict the redistribution or reverse engineering of 

files. This creates a web of overlapping rights and obligations that hinder efficient 

collaboration and raise the risk of legal disputes. 

 

The increasing shift toward cloud-hosted design environments has intensified these 

ownership challenges. Software-as-a-service (SaaS) platforms such as Autodesk BIM 360 

or Esri ArcGIS Online store user data on vendor-controlled servers, often outside the 

user’s physical or legal jurisdiction. In these models, engineers are not merely licensing 

software—they are entrusting proprietary data to a third party. The EULAs governing 

these services frequently grant vendors broad rights to host, process, and even analyze 

user data for “service improvement” or “usage analytics.”  

 

While marketed as harmless, such clauses effectively transfer partial custodianship of 

engineering data to the vendor. This arrangement introduces both ethical and legal 

uncertainties, especially for projects involving confidential, governmental, or defense-

related information. 

 

From an intellectual property standpoint, proprietary frameworks also constrain 

innovation through patent and algorithmic control. The underlying computational 

engines—solvers, optimizers, and geometric kernels—used in proprietary software are 

protected trade secrets.  

 

Engineers are therefore limited in their ability to understand how results are derived, 

verify numerical precision, or build improved models. This opacity runs counter to the 

principles of scientific validation and reproducibility, both of which are central to 

engineering ethics. When analysis results cannot be independently verified, the chain of 

accountability becomes obscured, raising concerns about liability and professional 

responsibility. 

 

Moreover, the ownership asymmetry between software vendors and users has long-

term economic and ethical implications. Vendors claim intellectual property rights over 

the software code and file structure, yet they generate immense value from the data 

engineers produce within these environments. As cloud ecosystems evolve, user-

generated engineering data are increasingly mined for performance metrics and 

industry insights.  

 

These datasets are used to improve vendor algorithms and refine predictive models—

without direct compensation or acknowledgment to the professionals who produced 

the data. This represents a subtle but growing form of data appropriation, in which the 

collective knowledge of the engineering community is leveraged for private 

commercial gain. 

 

Regulatory frameworks have not kept pace with these shifts in data ownership. While 

intellectual property law protects creative works and patents protect inventions, few 

mechanisms explicitly address digital engineering data stored within proprietary 

systems. The lack of clear legal definitions regarding data ownership, rights of access, 

and interoperability obligations leaves engineers vulnerable to vendor-imposed 

restrictions.  



 

This gap underscores the need for policy reform, including mandates for open data 

exchange standards and long-term data accessibility requirements in public projects. 

 

Ultimately, control over engineering data equates to control over engineering 

outcomes. Proprietary systems that limit access, enforce encryption, or claim custodial 

rights over user data undermine the autonomy of the engineering profession. To 

preserve the integrity of engineering as both a creative and scientific discipline, 

practitioners must advocate for transparent data ownership policies, open archival 

standards, and fair intellectual property frameworks that restore balance between users 

and vendors. Only then can engineering reclaim its independence from digital 

gatekeeping and ensure that the tools of design serve the profession—not the other 

way around. 

 

  



Chapter 5 – Proprietary CAD Systems and File Format 

Dependency (AutoCAD, SolidWorks, etc.) 
Computer-Aided Design (CAD) represents the backbone of modern engineering and 

architecture. It is the digital medium through which ideas are modeled, refined, and 

translated into the tangible world. Yet, beneath the technical sophistication of CAD 

systems lies a deeply entrenched problem: the widespread dependency on proprietary 

file formats and closed software ecosystems that control how engineering data is 

created, stored, and shared.  

 

This dependency has become so pervasive that many engineers no longer question the 

fact that their intellectual output exists in forms that are neither open nor guaranteed to 

be accessible in the future. 

 

The dominance of proprietary CAD systems in the United States began in the 1980s with 

Autodesk’s release of AutoCAD, which rapidly became an industry standard. Its native 

DWG file format became synonymous with digital drafting and design documentation. 

The DWG format, however, is not openly published, and its internal structure remains 

partially undisclosed.  

 

Although Autodesk provides APIs and partial specifications, the company maintains 

strict control over the DWG ecosystem. Competing software vendors have developed 

translators—most notably the Open Design Alliance (ODA), which created the 

DWGDirect and later the Teigha libraries—but these reverse-engineered solutions often 

suffer from version compatibility issues and incomplete metadata support. As a result, 

full fidelity exchange between DWG and alternative CAD environments remains elusive. 

 

This situation exemplifies file format dependency, a condition in which the usability of an 

engineer’s data is inseparable from the vendor’s software. Once a project has been 

modeled in a proprietary environment, the cost of migrating to another tool can be 

prohibitive. Translating files between formats may result in geometry distortion, loss of 

parametric relationships, or missing object attributes.  

 

Even when conversion utilities exist, the results are seldom seamless. This dependency 

reinforces Autodesk’s market dominance and restricts competition from open-source or 

alternative CAD platforms. In effect, the DWG file format acts as both a technical 

artifact and a business weapon, binding users to a specific ecosystem through the 

inertia of compatibility. 

 

Other major CAD systems follow similar models. Dassault Systèmes’ SolidWorks, CATIA, 

and Siemens NX each employ proprietary kernels and file formats that are 

incompatible with one another. For instance, SolidWorks relies on the Parasolid 

modeling kernel, which is licensed under restrictive terms that prevent open-source 

replication. Similarly, CATIA uses its own CGM kernel and proprietary CATPart and 

CATProduct file types.  

 



Although translation between these systems is theoretically possible through neutral 

formats like STEP (.stp) or IGES (.igs), these exchanges are often lossy. Parametric 

constraints, assembly hierarchies, and feature definitions—the essence of intelligent 

design—are typically reduced to static geometry when exported. What remains is a 

model that looks correct but cannot be edited intelligently, stripping the engineer of 

the ability to iterate. 

 

This fragmentation of CAD ecosystems creates an interoperability dilemma. In 

multidisciplinary projects where civil engineers use AutoCAD, mechanical engineers rely 

on SolidWorks, and architects design in Revit, seamless collaboration becomes nearly 

impossible. Each team must either conform to a single vendor’s environment or accept 

repeated translation losses. The inefficiencies generated by this arrangement are 

enormous. Engineering firms often maintain multiple CAD platforms solely to maintain 

compatibility with clients and contractors, incurring significant licensing and training 

costs. These parallel workflows are inefficient and redundant, yet they persist because 

proprietary systems discourage cross-platform flexibility. 

 

A further complication arises from the versioning problem. Vendors periodically update 

file formats with each new software release, introducing subtle incompatibilities 

between versions. For example, a DWG file created in AutoCAD 2025 may not open 

properly in AutoCAD 2018 without conversion, and even then, some data features—

such as dynamic blocks or annotations—may degrade. This strategy, known as version 

control lock-in, ensures users remain dependent on continuous software upgrades. The 

cycle of updates, often marketed as “innovation,” functions as a form of economic 

leverage that compels customers to maintain current subscriptions rather than risk 

compatibility failure with partners or clients. 

 

The consequences of CAD file format dependency extend well beyond convenience. 

They have measurable impacts on productivity, collaboration, and even legal 

accountability. In contractual disputes, questions of data integrity and authorship can 

arise when different software environments interpret geometry differently. A small 

rounding error or misaligned coordinate due to conversion can translate into costly 

construction errors or material waste. In regulated industries such as aerospace and 

defense, these discrepancies can also have safety implications, making it essential that 

model fidelity be maintained across all phases of design and manufacturing. 

Proprietary systems complicate this requirement by concealing how geometry is 

computed or how tolerances are handled internally. 

 

Recognizing these challenges, various organizations have promoted neutral data 

standards to improve interoperability. The STEP (ISO 10303) standard aims to describe 

product data in an open, vendor-neutral manner, while IGES provides a simpler, though 

less comprehensive, geometry exchange mechanism. However, despite these 

standards being widely recognized, their adoption remains limited. Proprietary 

extensions, inconsistencies in implementation, and the lack of support for advanced 

modeling features hinder their effectiveness. Vendors have little incentive to fully 

embrace these standards because doing so would dilute their competitive advantage. 

 



Beyond file formats, the rise of cloud-based CAD systems has introduced a new 

dimension of dependency. Platforms such as Autodesk Fusion 360 and Onshape 

centralize both data and computation on vendor-controlled servers. While these 

systems simplify collaboration and eliminate the need for local file management, they 

also erode user ownership of data. Engineers must rely on continuous internet access 

and the vendor’s service continuity to retrieve their own designs. If a vendor 

discontinues service or alters its licensing model, users may find themselves unable to 

access their own intellectual work. 

 

The persistence of proprietary CAD frameworks underscores a critical imbalance 

between engineering autonomy and corporate control. Engineers are trained to 

innovate, yet their creative output is confined within digital environments designed to 

restrict flexibility. True progress in CAD interoperability will require not only technical 

reform but also a cultural shift within the profession—one that prioritizes open standards, 

transparent data exchange, and long-term accessibility over short-term convenience. 

Open-source CAD platforms such as FreeCAD, BRL-CAD, and LibreCAD demonstrate 

that viable alternatives exist, though they remain underfunded and undervalued in 

professional contexts. 

 

If engineering is to remain a discipline grounded in reproducibility, collaboration, and 

innovation, it must confront the reality that the tools it depends on are often designed 

to limit those very principles. Until ownership of digital design data is returned to the 

engineer, the profession will remain tethered to a cycle of dependency that prioritizes 

corporate continuity over engineering progress. 

 

  



Chapter 6 – GIS Ecosystems and the Esri Model: Closed Data 

Infrastructures 
Geographic Information Systems (GIS) have transformed how engineers, planners, and 

policymakers visualize and manage the spatial dimensions of their work. From 

infrastructure development and transportation modeling to environmental assessment 

and utility management, GIS provides the spatial intelligence that underpins nearly 

every aspect of modern engineering.  

 

Yet, beneath the powerful analytic and visualization capabilities of GIS lies a critical 

structural problem: the dominance of proprietary systems—most notably Esri’s ArcGIS—

that govern how geospatial data is stored, shared, and utilized. This dominance has 

created an entrenched dependency within the engineering community, restricting 

data portability and fostering a closed data infrastructure that often runs counter to the 

public interest. 

 

Esri, founded in 1969, is the undisputed leader in GIS software, holding the majority share 

of the global geospatial market. Its ArcGIS platform became the default toolset for 

municipal agencies, transportation departments, and environmental consultants across 

the United States. Esri’s success stems from its comprehensive ecosystem of products: 

ArcGIS Pro, ArcGIS Online, ArcGIS Enterprise, and a host of specialized applications for 

surveying, mapping, and urban analysis.  

 

However, this integration comes at the cost of interoperability. Much of Esri’s 

architecture revolves around its proprietary File Geodatabase (.gdb) format—a data 

storage model optimized for Esri’s ecosystem but opaque to external systems. Although 

Esri publishes partial technical documentation, many internal data relationships and 

metadata structures remain undisclosed, limiting full external access. 

 

The File Geodatabase replaced the earlier Personal Geodatabase (.mdb) model, 

which itself was dependent on Microsoft’s Access database engine. While the File 

Geodatabase improved performance and scalability, it preserved the same closed 

philosophy. Esri’s implementation includes proprietary indexing methods, feature class 

schemas, and spatial references that are difficult to reproduce outside its software.  

 

Even when Esri offers interoperability through exports to formats such as Shapefile (.shp), 

GeoJSON, or KML, these exports often strip away richer data attributes such as 

topological rules, domains, and relationship classes. Thus, the only environment in which 

the full fidelity of a geodatabase can be preserved is Esri’s own software—a classic 

manifestation of vendor lock-in. 

 

This closed infrastructure has far-reaching consequences for engineering design and 

data governance. In projects involving multidisciplinary teams—civil engineers, 

environmental scientists, planners, and surveyors—data must often flow between CAD 

and GIS systems. However, translation between Esri’s geodatabase and CAD formats 

such as DWG or DGN remains fraught with complications.  



Coordinate transformations, layer naming conventions, and attribute fields do not 

always map cleanly across platforms. Engineers attempting to overlay GIS datasets with 

CAD drawings frequently encounter misalignments or missing data, necessitating 

manual correction. These inefficiencies translate into time delays, additional costs, and 

an increased likelihood of error. 

 

The dependency on Esri extends into institutional policy. Many government contracts 

and public agencies specify Esri software as the default or required platform for 

geospatial data management. This institutional endorsement, often written directly into 

procurement language, perpetuates Esri’s market dominance while excluding open-

source alternatives such as QGIS, GRASS GIS, or PostGIS.  

 

The problem is particularly acute in the public sector, where taxpayer-funded data—

such as environmental surveys, transportation maps, and land-use models—are locked 

inside proprietary systems that require expensive licenses to access. This creates a 

paradox of public data trapped in private formats, undermining transparency and 

limiting public access to information that should be openly available. 

 

From a technical perspective, Esri’s dominance also shapes how geospatial data are 

conceptualized and structured. Its ArcObjects and ArcPy frameworks define the 

programmatic logic of GIS operations within its environment. Developers and analysts 

who build custom tools using these APIs effectively bind their applications to Esri’s 

ecosystem. When Esri updates its version or changes API behaviors, legacy scripts can 

break, requiring costly rewrites. This dependency discourages long-term software 

independence and locks organizations into perpetual maintenance contracts to 

remain compatible with Esri’s evolving architecture. 

 

Esri’s ArcGIS Online platform introduces an additional dimension of vendor control by 

moving data storage and computation to the cloud. Users upload spatial datasets to 

Esri’s servers for visualization, analysis, and sharing. While this provides convenience and 

scalability, it also shifts data ownership and custody to the vendor. Esri’s service 

agreements grant the company broad rights to host, process, and replicate user data.  

 

For projects involving critical infrastructure, national security, or confidential land 

records, this arrangement raises legitimate concerns about data sovereignty and 

privacy. Agencies may be unaware that their spatial data—potentially including 

sensitive coordinates or restricted sites—reside on third-party servers outside their direct 

control. 

 

The proprietary dominance of Esri’s GIS framework also has economic implications. Esri 

licenses are among the most expensive in the software industry, and because its tools 

are deeply integrated into workflows, switching to open alternatives can be 

prohibitively costly. Training, legacy data migration, and institutional inertia all reinforce 

the dependence.  

 

Furthermore, Esri’s pricing model often includes separate fees for desktop, enterprise, 

and cloud components, making comprehensive deployment expensive for small firms 

or local governments. This cost barrier effectively excludes smaller organizations from 



participating fully in geospatial analysis, consolidating technical capacity among large 

entities that can afford it. 

 

The persistence of Esri’s closed model has motivated the development of open GIS 

initiatives worldwide. The Open Geospatial Consortium (OGC), established in 1994, 

promotes open standards such as WMS (Web Map Service), WFS (Web Feature Service), 

and GML (Geography Markup Language) to facilitate data sharing and interoperability. 

While Esri supports many of these standards, its implementations often include 

proprietary extensions that limit true compatibility. In contrast, open-source GIS 

platforms such as QGIS and PostGIS fully embrace OGC standards, allowing seamless 

data exchange without vendor restriction. Despite this, institutional inertia continues to 

favor Esri due to its widespread adoption, polished user experience, and entrenched 

presence in government systems. 

 

At its core, Esri’s model represents a closed-loop ecosystem—technically elegant but 

economically and philosophically restrictive. Engineers and planners working within this 

system benefit from powerful analytic tools but pay the price in autonomy and long-

term data accessibility. True reform in geospatial practice will require a deliberate shift 

toward open standards, transparent schemas, and policies that mandate public data 

availability in non-proprietary formats. Without such changes, the United States risks 

maintaining a fragmented geospatial landscape in which vital infrastructure and 

environmental data remain controlled not by engineers or public institutions, but by 

corporate licensing agreements. 

 

The engineering community must therefore take a leadership role in advocating for 

open GIS frameworks. Collaboration between academia, government, and industry 

should focus on supporting open-source tools, funding interoperability research, and 

developing training programs that prepare engineers to operate beyond proprietary 

boundaries. Only by reclaiming control over the data infrastructure itself can engineers 

ensure that GIS continues to serve as an instrument of innovation, equity, and public 

benefit—rather than a closed commercial system that restricts access to the very 

information on which modern society depends. 

 

  



Chapter 7 – BIM Frameworks and the Problem of Incomplete 

Interoperability 
Building Information Modeling (BIM) has emerged as one of the most transformative 

innovations in the field of design and construction engineering. It enables architects, 

engineers, contractors, and facility managers to work within a shared digital 

environment, integrating geometry, material properties, cost, schedule, and 

operational data into a unified model. In theory, BIM represents a major advancement 

toward efficiency and collaboration.  

 

In practice, however, BIM has evolved into one of the most significant examples of 

proprietary entrenchment in modern engineering, where data interoperability remains 

only partially achieved and true openness is more aspiration than reality. 

 

BIM’s central premise is data integration. A complete building model captures every 

detail of a structure’s life cycle—from conceptual design through construction and 

eventual maintenance. Yet because of the complexity of this data, BIM platforms 

depend on intricate data schemas that are rarely standardized. The most dominant BIM 

software platforms, including Autodesk Revit, Bentley OpenBuildings Designer, and 

Graphisoft Archicad, each use proprietary internal data models and file formats (RVT, 

DGN, and PLN, respectively). While each vendor claims support for open data 

exchange through standards such as Industry Foundation Classes (IFC), the reality is 

that these exchanges are seldom perfect. Critical information such as parametric 

constraints, family hierarchies, or embedded MEP (Mechanical, Electrical, and 

Plumbing) data can be lost or distorted during export, compromising the integrity of the 

model. 

 

Autodesk’s Revit, in particular, dominates the U.S. BIM market. Its proprietary RVT and 

RFA formats form the backbone of most architectural and structural design workflows. 

These formats are not publicly documented, and their schema is controlled entirely by 

Autodesk. Although Revit allows exporting to IFC—a format governed by the 

international organization buildingSMART—the exported data rarely captures all native 

Revit information. For instance, Revit-specific elements such as system families, phase 

filters, and constraint relationships often translate imperfectly.  

 

Engineers importing IFC models into other software platforms frequently encounter 

missing attributes, incorrect material assignments, or incomplete geometry. This loss of 

fidelity effectively discourages the use of non-Autodesk BIM tools, reinforcing the 

company’s ecosystem dominance. 

 

The situation is similar for Bentley Systems and its DGN format, which serves as the native 

model structure for its MicroStation and OpenBuildings Designer products. Bentley 

promotes the concept of an open “connected data environment,” but in practice, its 

interoperability largely centers around its own suite of applications, such as ProjectWise 

and AssetWise.  

 



When attempting to exchange models with Autodesk or Graphisoft environments, users 

encounter many of the same issues—misaligned coordinate systems, incompatible 

material definitions, and incomplete metadata translation. These interoperability gaps 

undermine BIM’s foundational promise of multi-discipline collaboration and data 

consistency throughout the project lifecycle. 

 

At a systemic level, the persistence of these interoperability barriers reveals a strategic 

pattern. Vendors have little incentive to achieve true data openness because 

interoperability erodes competitive advantage. As long as BIM workflows are tied to 

proprietary schemas, clients and collaborators must continue using the same vendor’s 

software to maintain full functionality.  

 

This dependency leads to ecosystem lock-in, where entire firms—and sometimes entire 

government agencies—commit to a single vendor for design, analysis, and facility 

management. Migrating away from that ecosystem becomes both technically and 

economically infeasible. 

 

The economic consequences are substantial. Large-scale infrastructure and public 

projects often specify BIM deliverables in vendor-specific formats, effectively excluding 

alternative software solutions. This practice inflates costs for smaller engineering firms 

that cannot afford the full suite of proprietary tools required to comply with these 

mandates.  

 

Additionally, proprietary BIM licenses typically involve high subscription fees, server-

based collaboration costs, and cloud storage charges. Even training staff to maintain 

proficiency across BIM platforms represents a nontrivial investment. These costs are 

passed downstream to clients and taxpayers, creating an economic ecosystem that 

benefits vendors far more than the public or professional community. 

 

Beyond cost, data ownership and accessibility present serious long-term risks. Because 

BIM models serve as digital twins of physical structures, they form part of the legal and 

operational record of built assets. However, when these models are stored in 

proprietary formats, access to the record becomes contingent upon the continued 

availability of the vendor’s software and cloud services. If a vendor discontinues 

support or alters its licensing terms, engineers and facility owners could lose the ability to 

access vital information about critical infrastructure. This concern is particularly relevant 

for long-lived structures such as bridges, tunnels, and public buildings that may require 

updates and maintenance decades after their original construction. 

 

The challenges of incomplete interoperability extend into the construction and facilities 

management phases, where multiple software systems must interact. Construction 

management tools, quantity takeoff applications, and asset management systems 

often depend on BIM data imports. Yet due to proprietary schema differences, 

imported data frequently requires manual reformatting or reclassification.  

 

The inefficiencies introduced by this process undermine BIM’s purported ability to 

streamline the design–build–operate continuum. Instead of eliminating redundancy, 

proprietary silos reintroduce it through digital incompatibility. 



In response to these challenges, industry organizations such as buildingSMART 

International and national initiatives like the U.S. National BIM Standard (NBIMS) have 

sought to define consistent frameworks for open BIM. These efforts promote the use of 

IFC and BIM Collaboration Format (BCF) as neutral exchange standards that can 

preserve design intent and issue tracking across platforms.  

 

Despite measurable progress, the implementation of these standards remains 

inconsistent. Many vendors claim IFC compatibility but implement it selectively, leading 

to partial or non-symmetrical data exchange. Until open standards are treated not as 

an optional export feature but as a full internal data structure, BIM will remain 

fragmented. 

 

The path toward genuine interoperability requires more than technical alignment; it 

demands cultural and contractual reform. Project specifications and government 

procurement standards must mandate open data deliverables—preferably in IFC or 

other transparent formats—rather than proprietary ones.  

 

Engineers and architects must advocate for long-term data stewardship that ensures 

digital models remain accessible and editable regardless of software version or vendor 

viability. Educational institutions should also shift focus from vendor-specific certifications 

to training that emphasizes data standards, interoperability, and open methodologies. 

 

The promise of BIM is immense, but its potential will remain constrained until the 

profession takes ownership of its digital infrastructure. A model that cannot be freely 

exchanged, verified, or maintained over the lifespan of a structure is not a sustainable 

solution—it is a dependency masquerading as progress.  

 

As long as BIM remains defined by proprietary frameworks, the engineering and 

construction industries will continue to operate within digital silos, where innovation and 

collaboration are subordinated to vendor control. Achieving true BIM interoperability is 

not merely a technical goal; it is a professional imperative for the preservation of 

engineering independence and the longevity of the built environment. 

 

  



Chapter 8 – Proprietary Simulation and Solver Engines in 

Structural and Mechanical Analysis 
Simulation and computational analysis are core to modern engineering. Whether 

predicting stress concentrations in a bridge girder, airflow through a turbine, or heat 

dissipation in an electronic component, engineers rely heavily on numerical simulation 

tools.  

 

These tools convert mathematical equations and material models into predictive 

insights—essential for safety, performance, and cost efficiency. However, most 

commercial simulation environments are built upon proprietary solver engines whose 

inner workings are closed to users. This creates both practical and ethical challenges in 

engineering practice, as professionals are asked to trust black-box results without full 

visibility into the algorithms and assumptions that generated them. 

 

At the center of nearly every mechanical and structural analysis program lies a 

numerical solver, a computational engine that applies finite element, finite difference, 

or boundary element methods to approximate real-world behavior. Programs such as 

ANSYS, ABAQUS, COMSOL Multiphysics, and Autodesk Simulation have become the 

dominant tools across engineering disciplines.  

 

While each offers immense computational power, none provides complete 

transparency of its mathematical formulations, convergence algorithms, or internal 

modeling assumptions. The source code, numerical methods, and boundary condition 

treatments are proprietary trade secrets. Engineers using these tools cannot 

independently verify whether the solver handles complex scenarios—such as nonlinear 

material response, contact mechanics, or dynamic loading—with complete accuracy. 

 

This lack of transparency is not merely an academic concern. In engineering ethics, 

professionals are accountable for the accuracy and reliability of their analyses. Yet 

when a proprietary solver produces unexpected or contradictory results, the user’s 

ability to troubleshoot is limited to adjusting mesh density, refining constraints, or 

contacting vendor support.  

 

Without access to the underlying code or algorithmic logic, the engineer must 

effectively accept the software’s results on faith. This dynamic shifts technical authority 

from the engineer to the software vendor, undermining the profession’s foundational 

principle of independent judgment. 

 

Another consequence of proprietary solver dependency is limited interoperability 

between software environments. Simulation tools typically use distinct file formats for 

geometry, boundary conditions, and results data. For instance, an engineer may model 

geometry in SolidWorks or CATIA, export it as a STEP or IGES file, then import it into ANSYS 

or ABAQUS for meshing and analysis.  

 

Each transfer introduces potential data loss or interpretation errors. Complex material 

properties, load histories, or assembly constraints often do not translate cleanly 



between systems, forcing engineers to recreate portions of the model. This inefficiency, 

rooted in proprietary data structures, lengthens project timelines and increases the risk 

of error. 

 

A related issue is the use of proprietary material databases and constitutive models. 

Many simulation platforms include preloaded libraries of materials—steel alloys, 

composites, polymers—along with their stress-strain, thermal, and fatigue properties. 

However, these data are curated and sometimes modified by the vendor. The precise 

sources, measurement conditions, and interpolation methods may not be fully 

disclosed. In some cases, discrepancies have been observed between vendor-

provided material parameters and those published in open literature or national 

standards. When such proprietary material models are used in safety-critical 

applications, the inability to verify their origin or calibration raises serious questions 

about reliability and compliance. 

 

Moreover, proprietary solvers frequently embed stabilization techniques or numerical 

heuristics that are undocumented but significantly influence results. To ensure 

convergence and prevent computational instability, developers introduce smoothing 

factors, artificial damping, or adaptive time stepping algorithms. While these methods 

improve numerical robustness, they also obscure the physical fidelity of the model. Two 

solvers analyzing the same structure with identical boundary conditions may produce 

subtly different results—both internally consistent but not necessarily physically identical. 

This variability complicates validation, as it becomes difficult to determine which 

discrepancies stem from modeling assumptions versus solver idiosyncrasies. 

 

The problem extends beyond analysis to optimization and design automation. 

Proprietary software often integrates optimization modules—such as topology 

optimization or design of experiments (DOE)—that rely on internal algorithms 

inaccessible to users.  

 

Engineers may specify objectives and constraints, but the software determines how 

design variables are perturbed and evaluated. The optimization outcomes can 

therefore be influenced by proprietary decision logic that is neither reproducible nor 

transferable. For research, regulatory approval, or litigation, this opacity can be a 

liability; results derived from undisclosed algorithms may not meet standards of scientific 

or evidentiary scrutiny. 

 

Economically, proprietary solver ecosystems impose recurring costs that mirror those of 

CAD and BIM software. Annual license fees, module-based pricing, and limited node 

access for high-performance computing create substantial financial burdens. Firms 

operating multiple simulation tools must maintain separate licensing pools, further 

complicating IT management and budgeting.  

 

Additionally, simulation software vendors often charge extra for parallel-processing 

capabilities or advanced solver modules, effectively monetizing computational 

scalability. This business model restricts smaller engineering firms from performing high-

fidelity simulations, limiting innovation and creating a stratified marketplace where only 

large organizations can afford the best analytical tools. 



The lack of open access to solver logic also impedes cross-disciplinary verification and 

academic collaboration. In research settings, reproducibility is a core requirement. Yet 

when results are generated by proprietary software, peers cannot replicate analyses 

without using the same licensed tool under identical settings. Even minor differences in 

solver versions or internal algorithms can produce divergent outcomes. This situation 

hampers progress in fields such as materials science and computational fluid dynamics 

(CFD), where collective validation of models is essential for establishing physical truth. 

The open-source community has made meaningful strides toward addressing these 

limitations.  

 

Projects like Code_Aster, Elmer, OpenFOAM, and CalculiX provide transparent 

alternatives for finite element and CFD analysis. These solvers expose their source code, 

mathematical formulations, and numerical methods for public inspection and 

verification. They also encourage customization, enabling engineers to implement new 

constitutive models or boundary conditions without restriction.  

 

Despite their advantages, adoption of open-source solvers remains limited in the 

professional sector, largely due to perceived complexity, lack of vendor support, and 

conservative industry practices that favor commercial validation over community-

driven development. 

 

However, open-source solvers demonstrate that transparency and reliability are not 

mutually exclusive. In fact, open verification fosters trust and innovation. By allowing 

engineers to examine and modify the underlying code, open frameworks return 

analytical authority to the practitioner rather than the vendor.  

 

Government agencies and academic institutions could accelerate adoption by 

certifying open solvers for specific regulatory applications and funding interoperability 

research between open and proprietary systems. 

 

Ultimately, the issue of proprietary solver dependency strikes at the core of 

engineering’s ethical and scientific identity. Engineers are expected to validate their 

results and understand the mechanisms by which those results are produced. Yet, as 

the computational landscape becomes increasingly opaque, that expectation grows 

harder to meet.  

 

Without access to the logic of simulation, engineering risks devolving into an act of 

software operation rather than technical reasoning. The future of the profession 

depends on reclaiming transparency—not only in design data, but in the algorithms 

that define how we model the physical world. 

 

  



Chapter 9 – Electronic Design Automation (EDA) and 

Semiconductor IP Restrictions 
Electronic Design Automation (EDA) represents one of the most advanced and tightly 

controlled proprietary ecosystems in modern engineering. It encompasses the suite of 

tools used to design integrated circuits (ICs), printed circuit boards (PCBs), and 

embedded systems that power virtually every modern technology—from automobiles 

and aircraft to smartphones and industrial control systems.  

 

While EDA software enables the creation of devices of immense complexity, the field is 

dominated by a handful of corporations that maintain near-total control over the tools, 

file formats, and intellectual property (IP) libraries upon which the global electronics 

industry depends.  

 

These corporations include Synopsys, Cadence Design Systems, Mentor Graphics (now 

Siemens EDA), and to a lesser extent Ansys, Keysight, and Altium. The result is an 

engineering environment in which innovation is increasingly dependent on vendor-

defined ecosystems rather than open technological collaboration. 

 

At the core of EDA lies the process of hardware design automation—the ability to 

translate circuit schematics and logical descriptions into manufacturable layouts using 

highly specialized software. Each stage of this process—schematic capture, simulation, 

synthesis, verification, layout, and mask generation—is managed by proprietary 

applications that communicate using vendor-specific data formats. Common 

examples include Synopsys Design Compiler, Cadence Virtuoso, and Mentor Graphics 

Calibre.  

 

Each of these tools uses distinct internal representations of circuit structures and 

simulation parameters, and their file formats are rarely interoperable. While 

standardized languages such as Verilog, VHDL, and SPICE are used for logic and circuit 

description, the surrounding metadata, constraint files, and design rule check (DRC) 

data remain proprietary. Consequently, seamless migration of projects between 

toolchains is nearly impossible without costly conversion and requalification. 

 

The dependence on proprietary EDA tools is compounded by the use of intellectual 

property (IP) cores—pre-designed, vendor-supplied circuit blocks that serve as 

functional building units in semiconductor design. IP cores may represent components 

such as memory controllers, communication interfaces, or analog front ends. Vendors 

license these cores to semiconductor companies under restrictive terms that prohibit 

modification or redistribution.  

 

This model accelerates product development but at the cost of transparency and 

flexibility. Engineers can integrate the IP core into their design but cannot inspect its 

internal architecture. In effect, a portion of the final chip remains a black box. If a 

defect arises in an IP core, the design team must depend entirely on the vendor for 

remediation, even though the core resides within their own product. This arrangement 



represents a profound shift in ownership—from the engineer who integrates the system 

to the corporation that owns the embedded logic. 

 

The economic implications of this model are immense. The global EDA market operates 

as an oligopoly, where three firms control the majority of all semiconductor design tools. 

Licensing costs are extraordinarily high, with enterprise packages often exceeding 

millions of dollars annually for large design teams.  

 

Furthermore, access to advanced process node support (for example, 3-nanometer or 

below) requires specialized technology files and simulation models provided under non-

disclosure agreements (NDAs) with both the EDA vendor and the semiconductor 

foundry.  

 

These restrictions create a two-tier system in which only the largest corporations—those 

with deep capital and legal capacity—can participate in cutting-edge chip design. 

Smaller companies, academic research groups, and independent developers are 

effectively excluded from innovation at the frontier of semiconductor technology. 

 

This economic and technical gatekeeping also has national security implications. 

Because most EDA software is developed and licensed under U.S. export control laws, 

foreign entities must obtain permission to use or modify certain design tools. While 

export control serves legitimate security purposes, it also reinforces global dependency 

on a few Western vendors. Countries seeking to develop independent semiconductor 

ecosystems often find themselves constrained by intellectual property barriers and 

licensing prohibitions.  

 

This situation has sparked international efforts to develop open-source EDA alternatives 

such as OpenROAD, Magic, and KLayout, which aim to create transparent, freely 

accessible design workflows. However, these tools currently lack the process node 

libraries and foundry support necessary for industrial-scale fabrication, leaving the 

proprietary systems largely unchallenged. 

 

In addition to software restrictions, the semiconductor industry is encumbered by a 

growing regime of patent and licensing entanglements. Every stage of the design 

process involves patented methodologies—timing analysis algorithms, placement 

heuristics, routing optimizations—that are owned by EDA vendors. Engineers using these 

systems must agree to extensive licensing agreements that limit reverse engineering 

and benchmarking.  

 

Even the standard cell libraries used in IC layouts are protected under copyright and 

trade secret law, preventing independent validation or adaptation. This intellectual 

property lock-in ensures that the EDA vendor maintains continuous leverage over the 

entire product lifecycle—from concept to silicon. 

 

Another critical issue involves simulation and verification transparency. Proprietary EDA 

simulators such as Spectre, HSPICE, and Eldo are foundational to circuit validation. 

These simulators employ complex numerical algorithms for nonlinear transient analysis, 

harmonic balance, and noise modeling.  



 

However, their internal solvers and model interpretations are opaque to users. Engineers 

must trust that the simulator correctly interprets device parameters and model 

equations provided by foundries. When discrepancies arise between simulated and 

fabricated results, it is nearly impossible to determine whether the fault lies in the design, 

the foundry model, or the proprietary simulation kernel.  

 

The absence of transparency thus undermines the engineer’s ability to independently 

verify the reliability of the product—a problem that becomes particularly concerning in 

safety-critical applications such as aerospace, defense, and medical devices. 

 

The reliance on proprietary semiconductor design IP also limits collaborative innovation. 

Because design data is fragmented across incompatible vendor ecosystems, 

interdisciplinary collaboration between digital, analog, and packaging engineers 

becomes cumbersome.  

 

Transferring data between Cadence Virtuoso and Synopsys Custom Compiler, for 

instance, often requires manual redefinition of device symbols, parasitic extraction 

layers, and layout constraints. These inefficiencies increase development time and 

introduce opportunities for error, particularly when integrating third-party IP cores. The 

proprietary model thus enforces a kind of engineering isolationism—each vendor’s tools 

and libraries form a self-contained world with its own rules, inaccessible from outside. 

 

Despite these challenges, open-source initiatives are gradually gaining momentum. The 

OpenROAD Project, supported by the U.S. Defense Advanced Research Projects 

Agency (DARPA), seeks to establish a fully autonomous, open-source digital design 

flow.  

 

Complementary efforts such as SkyWater Technology’s Open PDK (Process Design Kit) 

and the FreePDK45 initiative are making foundry-level data available for open research. 

These efforts represent early but significant steps toward democratizing semiconductor 

design. However, transitioning the global industry from its entrenched proprietary 

paradigm will require cultural change, institutional support, and regulatory incentives 

that prioritize openness over control. 

 

In the broader context of engineering practice, the EDA domain illustrates the extreme 

consequences of unchecked proprietary control. Here, the engineer’s creative and 

analytical autonomy is almost entirely mediated through tools that cannot be modified, 

verified, or fully understood.  

 

The very act of designing the world’s most advanced technologies is conducted within 

digital frameworks owned by a few corporations. This dependency presents not only a 

technical constraint but an existential challenge to engineering sovereignty. If the 

profession’s most foundational toolchains remain proprietary, then the ability to 

innovate—free from corporate or geopolitical gatekeeping—will remain beyond reach. 

 

The path forward lies in balancing intellectual property protection with open scientific 

collaboration. Governments, universities, and professional engineering societies must 



invest in open EDA infrastructure, encourage transparent algorithm publication, and 

develop licensing models that protect innovation without stifling access. The 

semiconductor revolution was born of open scientific exchange; preserving its future 

requires reclaiming that same spirit of openness from the proprietary systems that now 

define it. 

 

  



Chapter 10 – Certification and Compliance Dependencies 

(e.g., LEED, ISO Systems) 
In engineering practice, certification and compliance frameworks are often viewed as 

mechanisms that ensure quality, safety, and environmental responsibility. Standards 

such as ISO 9001, ISO 14001, and LEED (Leadership in Energy and Environmental Design) 

have become deeply embedded in professional workflows, offering standardized 

procedures for quality management, environmental performance, and sustainable 

construction. Yet, while these frameworks play an important role in shaping engineering 

ethics and performance, they also exhibit traits of proprietary control.  

 

Many certification systems function less as neutral standards and more as closed 

bureaucratic ecosystems, controlled by specific organizations that profit from the very 

regulations they establish. The result is an environment where compliance becomes a 

form of vendor dependency—governed not by public consensus or scientific merit, but 

by private institutional authority. 

 

The ISO framework (International Organization for Standardization) illustrates this tension 

clearly. ISO standards are not freely accessible; they are sold to professionals, firms, and 

governments as copyrighted documents, often costing hundreds of dollars each. This 

paywall restricts access to essential standards that, in principle, should serve the public 

good. Engineers and smaller firms without the financial means to purchase multiple ISO 

documents are effectively excluded from full compliance. 

 

 Furthermore, ISO certification itself has become a profitable industry involving 

consultants, auditors, and accreditation bodies that charge fees for compliance 

verification. While ISO’s original mission was to promote quality and harmonization, its 

evolution into a monetized certification ecosystem has turned what should be a 

technical standard into a commercial enterprise. 

 

A similar dynamic exists within the LEED certification system, administered by the U.S. 

Green Building Council (USGBC). LEED was introduced in 1998 as a sustainability rating 

framework designed to promote environmentally responsible building design and 

construction. While its goals are laudable, its structure is inherently proprietary. The 

scoring criteria, weighting methods, and audit processes are controlled exclusively by 

the USGBC and its affiliate, Green Business Certification Inc. (GBCI). Access to the full 

documentation, training, and accreditation exams requires payment of fees, and 

certification of a single project can cost tens of thousands of dollars. Engineers and 

architects must therefore engage with a privately governed framework in order to 

claim compliance with what has effectively become an industry standard. 

 

The implications of this model extend beyond cost. LEED’s proprietary nature has led to 

criticism for being inflexible, politicized, and prescriptive, often prioritizing checklist 

compliance over genuine sustainability performance. Many of its criteria reflect 

lobbying influences and commercial partnerships rather than purely scientific principles. 

For example, certain materials and products are awarded credits not based on superior 

environmental metrics, but because they conform to third-party certifications affiliated 



with the LEED ecosystem. This structure benefits manufacturers and consultants who 

can afford to navigate its bureaucracy while discouraging innovative, nontraditional 

solutions that do not fit within its prescriptive framework. The result is a system that 

simultaneously promotes sustainability while stifling creative engineering solutions that 

fall outside its proprietary template. 

 

Beyond LEED and ISO, similar proprietary tendencies appear in other compliance 

regimes such as ASTM International, Underwriters Laboratories (UL), and the International 

Code Council (ICC). Each controls the distribution of essential codes and standards, all 

protected by copyright and accessible only through purchase or subscription. For 

instance, UL certifications—which verify product safety and performance—require 

manufacturers to pay for both testing and certification rights. Once certified, 

manufacturers must renew these licenses periodically, ensuring ongoing revenue for UL. 

This creates a dependency loop in which compliance is contingent on continuous 

financial engagement with the certifying body. 

 

In the public sector, proprietary compliance frameworks also create policy 

entanglement. Many government procurement and infrastructure projects require ISO 

or LEED certification as a condition of eligibility, even when equivalent open or 

alternative standards exist. These requirements effectively enshrine private certification 

systems into public law, giving private organizations de facto regulatory power without 

public oversight. This intertwining of public and private authority distorts the competitive 

landscape, favoring large firms that can afford certification while marginalizing smaller 

entities that may deliver equivalent technical performance but lack certification 

capital. 

 

The economic and ethical consequences of such dependency are profound. First, it 

redirects professional motivation from technical excellence to procedural compliance. 

Engineers may prioritize documentation and paperwork to satisfy auditors rather than 

improving performance metrics or innovating design approaches. Second, the cost of 

certification often outweighs its practical value, especially for smaller projects.  

 

For example, a small engineering firm designing an environmentally conscious building 

may adopt sustainable practices but remain uncertified simply because the fees are 

prohibitive. Ironically, their work may achieve higher environmental outcomes than a 

LEED-certified project that merely fulfills the minimum checklists. 

 

Additionally, the opaque governance of these frameworks raises questions of 

accountability and transparency. ISO and LEED are not democratic entities; they 

operate through committees and boards whose decisions are largely insulated from 

public scrutiny.  

 

Stakeholders who wish to influence standards development must pay membership fees 

or participate through affiliated organizations, creating an uneven playing field where 

larger corporations exert disproportionate influence. This structure allows commercial 

and political considerations to shape what are ostensibly technical standards, often 

privileging global corporations over independent engineers and innovators. 

 



A further concern lies in the fragmentation of standards. Competing proprietary 

certification systems often duplicate effort or create conflicting requirements. For 

instance, ISO 14001 and LEED both address environmental performance but emphasize 

different metrics, leading to confusion and redundant documentation.  

 

Similarly, differing national codes and private standards often overlap without 

harmonization, increasing administrative burden. The proliferation of closed compliance 

frameworks contributes to inefficiency, diverting valuable engineering resources toward 

bureaucratic navigation rather than problem-solving. 

 

Open and transparent alternatives to proprietary certification are emerging, though 

slowly. Initiatives such as the Living Building Challenge (LBC), Cradle to Cradle Certified, 

and Open Green Building Standards (OGBS) aim to promote environmental integrity 

without excessive bureaucracy or paywall restrictions.  

 

Likewise, some engineering associations advocate for open access to safety and 

quality standards, arguing that publicly adopted codes should be publicly available. 

The principle is simple: if compliance is mandatory for professional practice or public 

safety, the underlying standard should be open and free to access. 

 

Ultimately, certification and compliance frameworks should reinforce, not replace, 

engineering judgment. When they become profit-driven monopolies, they cease to 

serve their purpose as instruments of quality assurance and instead become instruments 

of dependency.  

Engineers must reclaim their role as objective arbiters of quality and sustainability, 

demanding transparency, open access, and fairness in the systems that govern their 

work. Governments can aid this effort by mandating that any standard incorporated 

into public regulation be made freely accessible and that certification processes 

operate under clear conflict-of-interest guidelines. 

 

In summary, the evolution of proprietary certification frameworks represents a subtle but 

powerful form of institutional lock-in. By controlling access to compliance, private 

organizations have positioned themselves as gatekeepers of professional legitimacy. 

Breaking this dependency requires not rejection but reform—creating open, science-

based, and publicly accountable systems that preserve the integrity of engineering 

practice while ensuring that compliance remains a tool of verification, not a 

mechanism of control. 

 

  



Chapter 11 – Proprietary Standards in Transportation and 

Infrastructure Software 
Transportation and infrastructure engineering are among the most data-intensive and 

coordination-dependent disciplines in modern practice. From highway alignment 

models and bridge design simulations to traffic management systems and geospatial 

asset inventories, engineers rely on an array of software to analyze, model, and 

manage complex physical systems. However, these workflows are increasingly 

governed by proprietary software ecosystems and data standards that restrict 

interoperability and perpetuate institutional dependency.  

 

The proprietary control of transportation modeling tools, infrastructure asset databases, 

and traffic simulation systems has created a closed digital infrastructure that mirrors, 

and in some cases amplifies, the physical constraints of the systems it represents. 

 

The most prominent example of this dynamic is found in the transportation design and 

civil infrastructure platforms produced by large engineering software corporations such 

as Autodesk, Bentley Systems, and Trimble. Each vendor offers an integrated suite of 

tools for roadway and bridge design, hydraulic modeling, traffic analysis, and asset 

management.  

 

Autodesk’s Civil 3D, Bentley’s OpenRoads Designer, and Trimble’s Business Center are 

used extensively by state Departments of Transportation (DOTs) across the United 

States. While these tools deliver advanced modeling capabilities, they rely on 

proprietary file formats and data structures that inhibit direct data exchange between 

systems. 

 

For instance, a roadway alignment designed in Bentley’s DGN-based OpenRoads 

cannot be fully imported into Autodesk’s DWG-based Civil 3D without conversion losses. 

Critical design parameters—such as superelevation data, corridor templates, and 

subassembly relationships—may not translate properly.  

 

Engineers attempting to collaborate across platforms must often resort to neutral 

formats like LandXML or IFC, but these formats provide only partial fidelity, failing to 

capture the full semantic richness of model-based design. This limitation creates an 

interoperability bottleneck that reduces project efficiency and increases the cost of 

collaboration among firms that do not share the same vendor ecosystem. 

 

The problem is exacerbated by institutional standardization around proprietary 

platforms. Many state DOTs and federal agencies have adopted specific vendor 

ecosystems as their “official” design and data management environments.  

 

For example, several states—including Texas, Florida, and Virginia—maintain 

transportation design standards that are optimized exclusively for Bentley software. 

Project submittals must be delivered in DGN format, with strict adherence to vendor-

specific naming conventions, levels, and cell libraries.  



These requirements effectively force engineering consultants to purchase and maintain 

Bentley licenses, even if they prefer to use alternative software. In some cases, firms 

must maintain duplicate toolchains—one for internal production and another for state-

mandated submittals—creating inefficiencies and redundant costs. 

 

This vendor entrenchment within public infrastructure agencies raises significant 

questions of public accountability. When taxpayer-funded projects require proprietary 

formats, the data produced become dependent on a private corporation’s licensing 

and versioning policies. If the vendor discontinues a product line or alters its data 

structure, the agency may lose access to decades of design archives. Such outcomes 

have already occurred in several jurisdictions where legacy project files could no longer 

be opened following software deprecation. The result is an expensive and unnecessary 

digital obsolescence that undermines long-term infrastructure management. 

 

Beyond design software, proprietary systems also dominate transportation modeling 

and traffic analysis. Programs such as PTV VISSIM, Aimsun, and Synchro are widely used 

for traffic simulation, signal optimization, and corridor planning. These systems employ 

proprietary data formats and simulation engines that limit interoperability with open 

data sources and external analytics frameworks. For example, model calibration 

parameters or microscopic vehicle dynamics in VISSIM are not fully transparent, 

meaning engineers cannot always reproduce or independently validate the behavior 

of the simulation. Furthermore, model inputs—such as demand matrices, signal timing 

data, and control logic—often require specific vendor templates, making it difficult to 

integrate external datasets or automate workflows through open scripting 

environments. 

 

In the realm of asset management and maintenance, proprietary software also governs 

the storage and control of infrastructure data. Systems such as Bentley AssetWise, IBM 

Maximo, and Infor EAM are commonly used to manage bridges, pavements, and 

utilities. Each operates within a closed data schema, making interoperability between 

agencies and contractors challenging. When combined with geographic information 

system (GIS) platforms—many of which are themselves proprietary, such as Esri ArcGIS—

these asset databases become part of a vertically integrated ecosystem controlled by 

overlapping commercial interests. Agencies attempting to integrate BIM, GIS, and asset 

management data into a unified “digital twin” often find themselves constrained by 

incompatible file formats and restrictive licensing agreements. 

 

Economic inefficiencies resulting from these proprietary ecosystems are substantial. 

Large public infrastructure programs frequently spend millions of dollars annually on 

software licensing, maintenance, and training just to remain compatible with 

mandated vendor systems. Furthermore, data migration and interoperability efforts 

consume significant engineering labor—time that could otherwise be spent on 

technical optimization and innovation. These hidden costs often remain 

unacknowledged in project budgets, but collectively they represent a form of digital 

taxation imposed by vendor dependency. 

 

The ethical dimension of this issue cannot be ignored. Public infrastructure should, by 

definition, be based on accessible, auditable, and transparent data. Yet proprietary 



software restricts access to the very models that define physical assets funded by public 

resources. When design files, traffic models, or asset databases are locked behind 

paywalls or encrypted file formats, engineers, citizens, and oversight agencies are 

denied full visibility into public works. This lack of transparency undermines 

accountability and inhibits independent verification of design decisions. In effect, 

critical infrastructure data becomes privatized, even though it originates from public 

projects. 

 

There are encouraging developments in the push toward open infrastructure data 

standards. The OpenRoads IFC extension, OpenBridge Model Schema, and LandInfra 

initiative under the Open Geospatial Consortium (OGC) are attempts to standardize 

how transportation and civil infrastructure data can be exchanged across platforms. 

Similarly, some agencies, such as the Federal Highway Administration (FHWA), have 

begun advocating for open BIM and model-based delivery frameworks that rely on 

neutral formats rather than vendor-specific ones. However, adoption remains uneven. 

Most agencies continue to specify proprietary standards in their workflows, citing 

reliability and support concerns even as those same dependencies perpetuate long-

term inefficiencies. 

 

To overcome these barriers, policy reform and professional advocacy are necessary. 

Government contracts should mandate open data deliverables as part of all publicly 

funded projects, ensuring that design and asset data can be accessed and 

maintained independently of any vendor. Engineering associations and standards 

bodies must collaborate with software developers to promote interoperable formats 

and transparent documentation. Training programs within universities and professional 

societies should teach engineers how to work effectively with open standards rather 

than limiting instruction to specific vendor platforms. 

 

Ultimately, the integrity and sustainability of national infrastructure depend not only on 

physical materials and engineering design but also on digital sovereignty—the ability of 

public institutions to access, understand, and maintain their own data. Proprietary 

standards in transportation and infrastructure software may offer convenience and 

consistency in the short term, but they come at the cost of flexibility, transparency, and 

independence.  

 

Engineers, as stewards of both physical and digital infrastructure, must recognize that 

the tools they choose determine not only project outcomes but also who controls the 

information upon which the built environment depends. 

 

  



Chapter 12 – How Closed Systems Affect Collaboration and 

Data Sharing 
Modern engineering is inherently collaborative. Projects frequently span multiple 

disciplines—civil, structural, electrical, environmental, mechanical—and often involve 

teams distributed across cities, states, or even countries. The success of these projects 

depends on efficient communication, transparent data exchange, and the seamless 

integration of specialized expertise.  

 

Yet, in practice, the promise of digital collaboration is often undermined by the 

widespread use of closed, proprietary systems that hinder rather than facilitate 

cooperation. When design data are locked within vendor-specific ecosystems, the flow 

of information becomes fragmented, introducing inefficiencies, misunderstandings, and 

technical isolation across project teams. 

 

At its core, collaboration depends on data accessibility. When all participants can 

open, review, and modify shared project files, communication improves and decision-

making accelerates. Proprietary systems disrupt this accessibility by restricting how files 

can be viewed or edited outside the vendor’s software.  

 

For example, an architect using Autodesk Revit may collaborate with a structural 

engineer using Tekla Structures, but the models may not exchange fully without loss of 

information. Parameters such as material definitions, reinforcement data, or connection 

details can disappear or distort during export, leaving each team with incomplete or 

inconsistent versions of the same project. What should be a collaborative environment 

becomes an exercise in managing incompatibility. 

 

This fragmentation is particularly visible in multi-platform workflows, where different 

disciplines use software optimized for their own tasks. Mechanical and electrical 

engineers may work in SolidWorks or AutoCAD MEP, while civil engineers use Civil 3D or 

OpenRoads. When project coordination relies on merging these disparate models, the 

lack of a truly open common data environment (CDE) forces engineers to spend 

valuable time reconciling file formats rather than refining design intent.  

 

The process often involves repeated file conversions, loss of metadata, and manual 

rework—collectively known as data degradation. This not only slows collaboration but 

also introduces potential errors that can cascade through downstream processes, such 

as cost estimation or construction sequencing. 

 

Closed systems also impair asynchronous collaboration, which is increasingly important 

in global engineering. Many modern projects rely on distributed teams working across 

time zones and organizations. In theory, cloud-based platforms such as Autodesk BIM 

360 or Bentley ProjectWise offer shared environments that centralize data storage and 

enable concurrent editing. However, these systems are themselves proprietary and 

require users to hold licenses within the same vendor ecosystem.  

 



A structural consultant using a competing software product cannot simply join the 

collaboration platform without purchasing additional software access. In this sense, 

proprietary cloud platforms extend the vendor lock-in problem into the realm of team 

collaboration, transforming what should be open communication channels into 

monetized, restricted-access environments. 

 

The problem is not limited to file formats or platforms—it also affects communication 

protocols and metadata standards. Closed systems often implement proprietary 

naming conventions, coordinate systems, and attribute schemas that differ from one 

vendor to another.  

 

For example, a drainage engineer’s attribute field for “pipe diameter” may not match 

the corresponding field in a GIS database or a BIM model, even though the physical 

concept is identical. When software tools cannot align these attributes automatically, 

engineers must manually reconcile them. Such semantic incompatibility represents one 

of the most pervasive barriers to effective collaboration, especially in large 

infrastructure projects involving hundreds of data types and thousands of design 

elements. 

 

These issues create broader organizational inefficiencies. When collaboration is 

constrained by proprietary systems, organizations tend to silo themselves according to 

software usage rather than expertise. A firm that standardizes on Autodesk products 

may find it difficult to partner with a firm that uses Bentley or Trimble platforms.  

 

This limits the diversity of teams and restricts competition to firms operating within the 

same digital ecosystem. Public agencies that adopt specific vendor environments 

inadvertently exclude smaller firms that cannot afford licenses, reducing innovation and 

inflating project costs. In this way, closed systems foster institutional monopolies that 

undermine the competitive spirit essential to engineering advancement. 

 

From an ethical perspective, closed collaboration environments also raise concerns 

about data transparency and accountability. In open systems, design intent and 

decision history can be documented, reviewed, and audited. In closed systems, much 

of this metadata is hidden behind proprietary interfaces or stored in formats that only 

the vendor can fully interpret. If disputes arise—such as construction claims or design 

liability cases—access to the original model data may be limited to those with active 

licenses or specific versions of the software. This dependence introduces legal 

vulnerabilities, as project stakeholders may not possess the tools required to verify the 

data that governs multimillion-dollar construction outcomes. 

 

Closed systems further hinder collaboration through data versioning and control 

limitations. In a multi-firm project, each participant may work on separate copies of the 

same file. When updates are exchanged through proprietary platforms, synchronization 

errors can occur, creating conflicting model states.  

 

Some vendors attempt to mitigate this by enforcing strict file locking mechanisms, but 

this can stifle iterative design, as multiple users cannot experiment concurrently. Open 

data management frameworks, by contrast, allow version branching, transparent 



change tracking, and parallel development—concepts long established in software 

engineering but rarely implemented in commercial engineering tools. 

 

The cultural consequences of closed systems are equally important. When engineers 

are trained to operate within isolated software environments, collaboration becomes a 

technical rather than a conceptual exercise. Engineers learn to exchange files, not 

ideas.  

 

Over time, this erodes interdisciplinary fluency—the ability to think beyond one’s own 

digital ecosystem and engage meaningfully with the perspectives of others. Open 

collaboration, by contrast, fosters systems thinking, where engineers recognize how their 

work integrates with broader environmental, economic, and social systems. 

 

The open data movement offers promising remedies. Initiatives such as buildingSMART’s 

openBIM, IFC (Industry Foundation Classes), and the Open Geospatial Consortium’s 

(OGC) interoperability standards aim to provide neutral frameworks that allow data 

sharing across platforms. Open-source collaboration tools such as Speckle, BIMServer, 

and GeoServer demonstrate how decentralized and transparent data sharing can be 

achieved without sacrificing security or performance.  

 

These tools enable engineers to exchange models and analysis results in real time using 

standardized APIs, thereby breaking down traditional software silos. However, adoption 

remains slow due to institutional inertia and the dominance of entrenched proprietary 

vendors. 

 

For the engineering profession, the path forward involves a conscious shift from tool-

centric collaboration to data-centric collaboration. Rather than organizing projects 

around specific software, teams should organize around open data standards and 

clear information exchange protocols.  

 

Contracts should specify deliverables in open formats such as IFC, STEP, or GML, 

ensuring that no participant is excluded by software choice. Likewise, professional 

societies and accrediting bodies should establish guidelines promoting data 

accessibility and interoperability as hallmarks of ethical engineering practice. 

 

In the long term, true collaboration will depend not merely on the willingness to share 

data, but on the structural freedom to do so. Engineers must reject the notion that 

interoperability is a luxury offered by vendors; it is a professional necessity that underpins 

safety, accountability, and innovation. Closed systems may offer convenience in the 

short term, but they do so at the expense of collective intelligence and shared progress. 

By championing open standards, transparent data governance, and inclusive digital 

ecosystems, engineers can restore the spirit of collaboration that has always defined 

the essence of the profession. 

 

  



Chapter 13 – Hidden Costs: Licensing, Maintenance, and 

Update Cycles 
In the engineering world, software licensing and maintenance are often viewed as 

routine operational expenses—inevitable costs of doing business in a digital 

environment. However, beneath the surface lies a complex economic architecture 

engineered to maximize vendor revenue through perpetual dependence.  

 

Proprietary engineering software, whether for CAD, GIS, BIM, or simulation, imposes a 

continuous cycle of financial obligation through licensing fees, subscription renewals, 

maintenance contracts, and mandatory upgrades. These costs are rarely transparent, 

and their cumulative effect has profound implications for project budgets, small-

business competitiveness, and the long-term sustainability of engineering practice. 

 

Historically, engineering software was sold under perpetual licenses. Once purchased, 

a license allowed indefinite use of a given version, with optional annual maintenance 

fees for updates and technical support. This model provided stability for engineers, 

enabling firms to manage costs and avoid sudden increases. In the past two decades, 

however, most major vendors—including Autodesk, Bentley Systems, Esri, Dassault 

Systèmes, and others—have transitioned to subscription-based licensing. Under this 

model, the user no longer owns the software but rents it through an ongoing payment 

plan. When the subscription lapses, access to the software and the user’s own data 

may be restricted. 

 

This shift from ownership to leasing has fundamentally altered the financial landscape of 

engineering practice. Subscription models create predictable revenue streams for 

vendors but unpredictable expenses for users. Engineering firms can no longer amortize 

software investments over multiple years; instead, they face perpetual recurring costs. 

For large organizations, this may be absorbed as part of operational overhead. For 

small firms, however, these costs can be crippling. A small design office maintaining 

seats for CAD, BIM, and simulation tools may easily spend tens of thousands of dollars 

annually on licensing alone. 

 

The situation becomes more complex when module-based licensing is considered. 

Vendors often partition their software into specialized modules—each addressing a 

specific functionality such as hydrology, structural detailing, or energy modeling. 

Engineers must purchase these modules separately, even when the base software 

already includes most of the required capabilities. This modular approach allows 

vendors to extract maximum value from incremental features, effectively charging 

multiple times for the same underlying functionality. It also forces firms to anticipate 

future needs, often leading to the purchase of unused modules out of fear that 

acquiring them later will be more expensive. 

 

Beyond licensing, the maintenance and update cycles of proprietary systems impose 

additional hidden costs. Software vendors typically release annual or biannual updates, 

sometimes accompanied by subtle format changes that render older versions 

incompatible. Engineers who fail to update may find that clients or collaborators using 



newer versions cannot open their files. This is a deliberate mechanism known as version 

lock, designed to pressure users into continuous upgrading. Although vendors justify 

these updates as necessary for performance and security improvements, many 

changes are incremental or cosmetic. The result is a perpetual treadmill where firms 

must allocate budget and labor to perform updates, revalidate workflows, and retrain 

staff—activities that produce little tangible improvement in productivity. 

 

These updates also introduce risk and disruption. When new versions are released, 

existing plugins, custom scripts, and workflows may break due to altered APIs or data 

structures. Firms that have invested heavily in automation and customization are forced 

to reprogram tools that no longer function properly. In large organizations, updating a 

complex software environment can require weeks of planning, testing, and 

reconfiguration. Downtime during these transitions is rarely accounted for in project 

budgets, yet it represents a substantial financial loss in labor and schedule delays. 

 

The licensing verification mechanisms embedded in modern proprietary software add 

further complexity. Many applications now require continuous internet connectivity to 

validate subscription status. If an internet outage occurs, or if a license server fails, the 

software may lock users out of their projects entirely. This dependence on cloud-based 

validation not only introduces operational risk but also exposes firms to data privacy 

concerns, as license telemetry often transmits user activity data back to the vendor.  

 

Engineers thus find themselves in a paradox: the tools required for confidentiality-

sensitive projects now report usage information to external servers outside their control. 

In addition to financial and operational burdens, the psychological effect of perpetual 

licensing cannot be overlooked. The sense of ownership—once intrinsic to the 

engineering craft—has been replaced by dependency. Engineers no longer possess full 

control over their tools or data; instead, they exist within a contractual framework that 

dictates when, how, and under what conditions they may practice. This shift subtly 

redefines the professional relationship between engineers and their digital instruments. 

The software ceases to be a tool of empowerment and becomes a service subject to 

ongoing negotiation and payment. 

 

The aggregate financial impact of these hidden costs is enormous. According to 

industry analyses, annual software expenditures can account for up to 10 percent of 

total project costs in design-focused firms. For public-sector agencies managing multi-

decade infrastructure programs, licensing and maintenance fees represent a recurring 

budget item comparable to equipment or facilities costs. Moreover, when vendors 

consolidate or merge—as seen with Autodesk’s acquisition of smaller software 

companies or Siemens’ acquisition of Mentor Graphics—the resulting monopolies further 

limit competitive pricing. With few viable alternatives, users are left with little negotiating 

power. 

 

Some vendors attempt to soften this dependency through cloud-based bundles that 

combine multiple applications under a single subscription. While this may appear to 

simplify management, it often conceals additional dependencies.  

 



For example, a firm that adopts Autodesk’s “AEC Collection” gains access to several 

tools at a reduced price but becomes fully committed to Autodesk’s ecosystem. 

Migrating to competing platforms later becomes economically infeasible due to the 

loss of integrated data and retraining costs. The convenience of bundling thus 

reinforces long-term lock-in rather than genuine flexibility. 

 

The engineering profession must begin to address these economic distortions through 

policy, procurement reform, and collective advocacy. Public contracts should require 

that all software used in government-funded projects produce deliverables in open 

formats accessible without active licenses.  

 

Engineering associations should promote awareness of total cost of ownership (TCO) in 

software adoption decisions, factoring in not only license fees but also update labor, 

retraining, and downtime. Educational institutions can also help by teaching students 

open-source and interoperable alternatives, preparing them to evaluate tools critically 

rather than adopting whatever system dominates the market. 

 

Long-term sustainability in engineering practice depends on rebalancing the 

relationship between professionals and their digital tools. The industry must evolve 

toward equitable licensing models that respect user autonomy and ensure data 

continuity independent of vendor control.  

 

Subscription software may offer short-term convenience, but it erodes the financial and 

creative sovereignty of the engineering community. Transparency, interoperability, and 

user-driven innovation must replace the perpetual rent-seeking model that currently 

defines the software landscape. Only then can engineering reclaim control over its 

digital infrastructure and ensure that technological progress serves practitioners rather 

than corporations. 

 

  



Chapter 14 – Legal and Ethical Implications of Vendor 

Dependence 
The pervasive reliance on proprietary software and data systems in engineering design 

and development raises not only economic and operational challenges but also deep 

legal and ethical implications. As engineers delegate increasing portions of their 

workflow to closed digital ecosystems, questions of accountability, liability, and 

professional autonomy emerge.  

 

At its core, the engineering profession is bound by an ethical duty to ensure that all 

decisions, calculations, and representations are accurate, transparent, and defensible. 

Yet vendor dependence undermines these duties when critical processes occur within 

black-box environments that the engineer neither owns nor fully understands. 

 

The first and most fundamental legal issue involves data custody and ownership. When 

engineers use proprietary software—particularly cloud-based applications—they often 

surrender control over how their project data are stored, accessed, and shared. 

License agreements frequently include clauses granting vendors the right to host, 

replicate, or analyze user data for “service improvement.”  

 

While these terms may seem benign, they create ambiguity around ownership. In the 

event of a legal dispute or data breach, the engineer’s ability to assert proprietary 

control over design data may be compromised. Courts have already encountered 

cases where data stored in vendor-hosted environments were deemed subject to the 

vendor’s terms of service rather than the client’s contract, blurring the line between 

intellectual property and service access. 

 

Another major concern involves liability and verification. Engineering decisions are only 

as defensible as the data and methods used to reach them. However, when analysis 

results are generated by proprietary solvers or modeling engines, the engineer cannot 

independently verify the algorithms’ internal logic or numerical stability. If a design 

failure occurs—say, a bridge component underperforms or a mechanical system fails—

determining responsibility becomes problematic.  

 

The engineer may have followed professional standards and used industry-accepted 

software, but the underlying cause might lie in the software’s hidden assumptions or 

computational errors. Because the vendor’s code is proprietary, the engineer cannot 

examine or disclose it as part of the forensic analysis. This creates a legal paradox: the 

engineer bears full professional liability for results derived from a process they cannot 

fully audit. 

 

From an ethical standpoint, this situation conflicts with the engineer’s duty of 

transparency and truthfulness, as outlined in virtually every professional code of ethics. 

Engineers are obligated to ensure that their analyses are based on verifiable and 

reproducible methods. Using opaque software tools undermines that obligation.  

 



The public places its trust in engineers to safeguard life, health, and property, yet that 

trust is compromised when engineers are forced to rely on systems that prevent full 

technical disclosure. Even when the engineer exercises due diligence, the absence of 

algorithmic transparency creates an ethical tension between professional 

accountability and technological dependency. 

 

Vendor dependence also complicates issues of record retention and evidentiary 

integrity. Engineering projects often require data preservation for decades, particularly 

for public infrastructure. Yet when project files are stored in proprietary formats or 

vendor-hosted platforms, their long-term accessibility depends on the vendor’s 

continued support.  

 

If the company discontinues a product line or changes its file schema, previously 

archived data may become unreadable. In legal contexts—such as warranty claims or 

safety investigations—this can undermine the admissibility of evidence. Courts and 

regulatory bodies increasingly face situations where engineers cannot reproduce a 

model because the original software version is no longer available. In such cases, digital 

records lose their evidentiary value, effectively erasing part of the historical record of 

the project. 

 

There are also serious conflicts of interest embedded within proprietary ecosystems. 

Software vendors often market their products as “industry standard,” lobbying 

professional organizations and government agencies to codify their formats and 

workflows into official specifications. When these standards are adopted, they 

effectively grant private corporations quasi-regulatory power.  

 

Engineers are then required by law or contract to use specific proprietary tools, 

transforming compliance into a commercial transaction. This privatization of standards 

poses both legal and ethical challenges, as it allows corporate interests to shape the 

boundaries of professional practice. It also undermines open competition, limiting 

access to small firms or independent engineers who cannot afford the licensing costs. 

 

Moreover, vendor dependence introduces confidentiality risks. Engineering projects 

frequently involve sensitive data—structural security details, industrial process 

parameters, or defense-related designs—that should remain restricted. When these 

data are stored in vendor-managed cloud platforms, they may be subject to third-

party access, foreign jurisdictional laws, or data-mining algorithms. 

 

Even if the vendor maintains strong cybersecurity, the lack of direct custody introduces 

ethical uncertainty. Engineers cannot fully guarantee confidentiality when the data’s 

physical location and access controls are outside their authority. This challenge 

becomes particularly acute in international collaborations, where differing data privacy 

laws can expose project data to unauthorized use or surveillance. 

 

The ethical principle of professional independence is also threatened by vendor 

dependence. Historically, engineers were expected to exercise independent judgment 

based on technical reasoning and empirical validation. However, as proprietary 

software automates increasingly complex tasks—such as structural optimization, code 



compliance checking, and load analysis—the engineer’s role risks being reduced to 

that of a software operator.  

 

When decisions are made by algorithms that cannot be independently reviewed, 

professional autonomy erodes. This phenomenon, often referred to as automation bias, 

leads engineers to over-trust software output, even when results defy intuition or 

experience. The ethical responsibility to question, verify, and interpret data must 

therefore remain central to engineering education and practice, despite increasing 

automation. 

 

Another legal complication arises in licensing compliance and user restrictions. 

Software vendors tightly regulate how their tools can be used. License agreements 

often forbid sharing access with subcontractors, reverse engineering, or even using the 

software for certain project types without additional authorization. Violating these 

terms, even inadvertently, can result in severe penalties.  

 

This contrasts sharply with the spirit of engineering collaboration, which depends on 

open exchange of ideas and shared analysis. Legal exposure related to licensing 

violations—such as unintentional misuse of a student or educational license on a 

commercial project—has become a recurring issue, particularly for small firms that lack 

dedicated compliance officers. 

 

Professional liability insurance carriers have begun to recognize these risks, warning that 

dependence on proprietary software can complicate error and omission claims. If a 

design error is traced to a software malfunction, insurers may dispute coverage on the 

grounds that the engineer failed to exercise independent verification.  

 

In such cases, both the engineer and the firm may face litigation exposure, while the 

software vendor remains insulated by the licensing agreement’s liability disclaimers. This 

imbalance of accountability exemplifies the ethical asymmetry inherent in vendor-

dependent practice: the engineer shoulders responsibility without authority, while the 

vendor maintains authority without accountability. 

 

To address these legal and ethical challenges, the engineering profession must pursue 

reforms at multiple levels. First, contracts and procurement documents should explicitly 

define data ownership, accessibility, and retention obligations, ensuring that 

deliverables are stored in open formats.  

 

Second, professional societies must advocate for algorithmic transparency and 

auditability, requiring that all analytical tools used in safety-critical applications disclose 

core computational methods for peer review. Third, educational programs should 

emphasize ethical reasoning related to software dependence, teaching future 

engineers to question not only what the software produces but how it produces it. 

Finally, regulatory bodies should adopt standards that guarantee long-term accessibility 

of engineering records, independent of vendor control. 

 

Ultimately, the ethical foundation of engineering depends on maintaining a clear line 

of responsibility between human judgment and technological mediation. Proprietary 



systems blur that line, distributing control without distributing accountability. As digital 

tools continue to advance, engineers must reaffirm that technology serves the 

profession—not the reverse. The moral integrity of engineering demands nothing less 

than the ability to understand, verify, and defend every decision made in the name of 

public safety and trust. 

 

  



Chapter 15 – Case Study: Autodesk and the DWG File 

Format Legacy 
Few examples illustrate the long-term implications of proprietary control in engineering 

design more clearly than Autodesk’s stewardship of the DWG file format. Since its 

introduction in 1982 alongside the first version of AutoCAD, DWG has become the most 

widely used digital drafting format in the world. It underpins millions of engineering, 

architectural, and manufacturing drawings—spanning bridges, factories, buildings, and 

municipal infrastructure. Yet, despite its ubiquity, DWG remains a proprietary and closed 

format, controlled exclusively by Autodesk. This control has shaped decades of software 

development, constrained interoperability, and entrenched Autodesk’s dominance in 

global design workflows. 

 

When AutoCAD first emerged, the personal computing revolution was in its infancy. 

Autodesk’s decision to create a binary file structure for storing vector geometry, layers, 

and metadata was largely a technical necessity; computers of the era lacked 

standardized graphic data frameworks. Over time, however, the DWG format evolved 

from a practical solution into a strategic business weapon. Autodesk has never fully 

released the format’s internal specifications to the public. While it has published partial 

documentation through its RealDWG library, the company retains ownership of the 

format’s definition, its encoding mechanisms, and its version control. Consequently, only 

Autodesk software—and products officially licensed under its RealDWG SDK—can read 

and write DWG files with complete fidelity. 

 

The implications of this control became evident in the 1990s as competitors sought to 

build alternative CAD solutions. Companies such as Bentley Systems, IntelliCAD, and 

Bricsys developed software capable of reading and writing DWG files, but because 

Autodesk never disclosed the format’s complete structure, these developers relied on 

reverse engineering to achieve compatibility. This process led to the creation of the 

Open Design Alliance (ODA)—a consortium of software vendors dedicated to 

decoding and maintaining DWG interoperability.  

 

Although the ODA’s work succeeded in producing functional libraries (first DWGDirect, 

later Teigha, now Open Design Alliance SDK), Autodesk responded aggressively, 

initiating legal challenges to protect its intellectual property. One landmark case, 

Autodesk v. SolidWorks (2008), involved Autodesk’s attempt to trademark “DWG” 

itself—a move widely criticized as an effort to assert perpetual branding control over 

the world’s most common CAD format. The courts ultimately rejected Autodesk’s 

trademark claim, but the attempt demonstrated the company’s determination to 

maintain symbolic and legal dominance over its proprietary ecosystem. 

 

Technically, DWG’s closed nature has far-reaching consequences for data 

interoperability. Engineers attempting to share files across different CAD systems often 

encounter issues such as entity corruption, missing object data, or version 

incompatibility. Each major release of AutoCAD introduces a new DWG format 

version—often every three years—forcing users of older software to upgrade or risk 

losing compatibility.  



Although Autodesk provides backward compatibility through the DWG TrueView utility, 

this process is cumbersome and does not preserve all advanced object features. For 

engineering teams collaborating across organizations or jurisdictions, the necessity of 

maintaining uniform software versions becomes a recurring logistical and financial 

burden. 

 

This model of forced upgrade dependency has served Autodesk well from a business 

perspective but poorly from a professional standpoint. Firms that rely on DWG as their 

data backbone effectively become permanent clients. Even if they switch to another 

CAD platform, the historical project archive—often representing decades of work—

remains locked in DWG. Converting these archives to open formats such as DXF or STEP 

is technically possible but fraught with risks: data loss, layer misalignment, and loss of 

embedded attributes are common. As a result, many firms maintain legacy AutoCAD 

installations solely to preserve access to historical files, further extending Autodesk’s 

influence over the industry. 

 

Autodesk’s dominance through DWG also extends to BIM and civil design integration. 

Its modern tools—such as Civil 3D, Plant 3D, and AutoCAD Architecture—continue to 

rely on DWG as a foundational data layer, even as they incorporate specialized object 

types and vertical extensions. This approach allows Autodesk to retain a single unifying 

file architecture across multiple disciplines, ensuring that its ecosystem remains cohesive 

while locking users deeper into its framework. By contrast, competing ecosystems like 

Bentley’s DGN or Trimble’s TBC use their own closed structures, fragmenting the digital 

landscape further and making cross-vendor collaboration increasingly complex. 

 

From an ethical and professional perspective, Autodesk’s control of DWG raises 

broader concerns about data ownership and engineering autonomy. The DWG format 

has become a de facto standard in design documentation, yet it is not governed by 

any public standards body. Engineers and architects must therefore rely on a private 

corporation’s goodwill to ensure long-term accessibility of their design data. If Autodesk 

were to discontinue DWG support or significantly alter its licensing model, the 

consequences would ripple across the global design industry. This concentration of 

control stands in stark contrast to the principles of transparency and reproducibility that 

underpin scientific and engineering integrity. 

 

Recognizing these risks, several professional organizations and government agencies 

have advocated for open data standards as alternatives to DWG. The STEP (ISO 10303) 

and IFC (Industry Foundation Classes) standards were developed in part to counteract 

proprietary lock-in, enabling neutral exchange of geometric and attribute data. 

However, adoption of these formats has been slow, partly due to the dominance of 

DWG in legacy workflows and the inertia of established practice. Autodesk itself has 

supported IFC export features, but these are often incomplete or lossy, preserving 

DWG’s centrality as the “native” data source. 

 

The persistence of DWG dependence has even influenced public-sector data policy. 

Many state and municipal engineering departments require DWG-format submittals, 

effectively enshrining Autodesk’s proprietary format as a condition of public 

contracting. This practice transfers control of public design records to a private 



vendor—an arrangement that raises legitimate concerns about the stewardship of 

public infrastructure data. Without a parallel mandate for open-format deliverables, 

future generations may find themselves unable to access digital records of critical 

public works without proprietary software. 

 

Economically, Autodesk’s proprietary model has proven immensely profitable, driving 

subscription revenues that now surpass billions annually. Yet this success highlights a 

structural imbalance between private gain and public cost. The world’s engineers, 

architects, and contractors have collectively built the DWG legacy through their 

designs and data, yet they remain perpetual renters of the tools needed to access their 

own intellectual property. 

 

The DWG file format legacy thus represents a cautionary tale about how technological 

convenience can evolve into structural dependence. It underscores the importance of 

distinguishing between de facto standards and truly open ones. As engineers continue 

to embrace digital transformation, the lessons of DWG should guide future policy and 

practice: open standards are not merely a technical preference—they are a safeguard 

for professional sovereignty and historical preservation. 

 

The challenge for the profession is clear: to ensure that the next generation of 

engineering data—whether geometric models, digital twins, or design simulations—is 

governed by transparent, interoperable standards that endure beyond the life cycle of 

any single corporation. The integrity of the built environment depends not only on what 

engineers design but also on who controls the language in which those designs are 

written. 

 

  



Chapter 16 – Case Study: Esri Geodatabase vs. Open GIS 

Standards 
Geographic Information Systems (GIS) have become indispensable in nearly every 

engineering discipline, from transportation and environmental analysis to urban 

planning and infrastructure management. GIS platforms provide the spatial backbone 

upon which data-driven decisions are made, integrating topography, utilities, 

demographics, and environmental variables into coherent models of the built and 

natural world.  

 

Among all GIS tools, Esri’s ArcGIS platform has emerged as the industry leader—so 

dominant, in fact, that it defines how most engineers and planners store, analyze, and 

exchange spatial data. However, Esri’s dominance is built upon a proprietary data 

architecture—the Esri Geodatabase—which has created a global dependence that 

mirrors Autodesk’s DWG legacy in CAD. The resulting ecosystem exemplifies both the 

power and the peril of proprietary standards in engineering practice. 

 

At its core, the Esri Geodatabase is a structured data storage model that organizes 

geographic information in relational form. It manages vector and raster datasets, 

topologies, attribute tables, and spatial relationships through a unified schema. When 

introduced in the late 1990s, the Geodatabase replaced older Esri formats such as 

shapefiles and coverages, offering greater functionality, data integrity, and scalability.  

 

However, the Geodatabase—whether in its file, personal, or enterprise (ArcSDE) forms—

is not an open standard. Its internal structure, indexing methods, and metadata 

encoding are controlled entirely by Esri. This design gives ArcGIS exceptional 

performance and integration within its own ecosystem, but it simultaneously isolates 

users from broader interoperability. 

 

The shapefile format, an earlier Esri innovation, became the world’s first de facto GIS 

standard due to its simplicity and wide adoption. Yet Esri itself gradually moved away 

from shapefiles toward the Geodatabase model, citing limitations in attribute handling, 

topology, and data volume. In doing so, Esri replaced an open, well-understood format 

with a more advanced—but closed—architecture.  

 

Unlike shapefiles, Geodatabases cannot be easily parsed or modified without Esri’s 

proprietary libraries. This shift re-centralized control over spatial data exchange and 

entrenched ArcGIS as the gatekeeper of modern geospatial analysis. 

 

The impact of this proprietary control is most evident in public-sector dependency. 

Nearly all U.S. federal and state agencies—including the U.S. Geological Survey (USGS), 

Department of Transportation (DOT), and Environmental Protection Agency (EPA)—rely 

heavily on ArcGIS for mapping and data management.  

 

Consequently, official data releases and project deliverables are often provided 

exclusively in Esri formats. This policy effectively mandates ArcGIS use for any consultant 

or contractor wishing to interact with government datasets. Even when agencies 



attempt to comply with open data mandates by providing alternate formats (e.g., 

GeoJSON, GML, or KML), these exports are frequently lossy, stripping away relational 

integrity, symbology, or topological rules embedded within the Geodatabase structure. 

 

For engineering firms, this dynamic translates into both technical inefficiencies and 

financial obligations. ArcGIS licensing costs are substantial, particularly for enterprise 

use. Each workstation requires an annual license, and advanced modules—such as 

ArcGIS 3D Analyst, Spatial Analyst, or Network Analyst—carry separate fees. Moreover, 

Esri’s ArcGIS Online and Enterprise portals extend the licensing structure into the cloud, 

requiring subscription payments for data hosting, credits for computation, and access 

to basemap services. This creates a continuous financial dependency similar to 

Autodesk’s subscription model, ensuring that users remain perpetually tied to Esri’s 

ecosystem. 

 

From a technical perspective, Esri’s Geodatabase architecture limits interoperability 

with open GIS standards maintained by the Open Geospatial Consortium (OGC). The 

OGC defines formats and protocols such as GeoPackage, WMS (Web Map Service), 

WFS (Web Feature Service), and GML (Geography Markup Language)—all designed to 

ensure that spatial data can be shared freely between software systems. While Esri 

claims OGC compliance, in practice its implementations often use modified or 

extended variants that work best within the ArcGIS environment. This approach—

sometimes called embrace and extend—ensures nominal compatibility but preserves 

Esri’s market advantage by subtly discouraging use of fully open workflows. 

 

The result is a fragmented geospatial landscape. Engineers working with non-Esri 

platforms—such as QGIS, GRASS GIS, or MapServer—frequently encounter difficulties 

when importing Esri Geodatabases. Although tools like GDAL/OGR have made great 

strides in enabling read and write access, compatibility is never perfect. Proprietary Esri 

field types, annotation objects, and topology rules may be lost or misinterpreted. This 

hampers collaboration across disciplines and organizations, particularly in projects that 

blend civil design, surveying, and environmental modeling. 

 

From an ethical and policy standpoint, Esri’s dominance has public access 

implications. Many infrastructure datasets—transportation networks, hydrologic basins, 

floodplain maps—are created using public funds but stored in Esri-only formats. Citizens, 

researchers, and smaller engineering firms without ArcGIS licenses cannot fully access 

these data. This contradicts the intent of open-government and transparency initiatives 

that seek to make public information freely available. The irony is that publicly funded 

data often resides in digital vaults accessible only through expensive, privately owned 

software. 

 

There are also long-term preservation risks. Because Esri controls the Geodatabase 

schema, users are dependent on the company to maintain backward compatibility. If 

Esri were to discontinue support for older Geodatabase formats, legacy datasets could 

become unreadable.  

 

This has already occurred in cases where older ArcSDE versions became incompatible 

with newer ArcGIS releases, forcing agencies to perform costly data migrations. Such 



dependency places public infrastructure data at risk of digital obsolescence—a serious 

issue when engineering records must be preserved for decades. 

 

Despite these challenges, the open-source GIS community has made impressive 

progress in developing viable alternatives. QGIS, an open-source platform built on OGC 

standards, now rivals ArcGIS in functionality. Tools like PostGIS, GeoServer, and MapLibre 

provide powerful capabilities for spatial databases, web mapping, and analysis—

without restrictive licenses.  

 

The GeoPackage format (OGC 12-128r18), for example, is rapidly emerging as a 

preferred open alternative to Esri’s File Geodatabase, offering a single SQLite-based file 

that supports both vector and raster data, spatial indexing, and relational attributes. 

GeoPackage is platform-independent, well-documented, and fully open—a direct 

challenge to Esri’s closed model. 

 

Yet adoption of these open alternatives remains gradual. Many agencies and firms 

hesitate to migrate due to inertia, training investments, and compatibility with existing 

Esri-based workflows. In some cases, contractual specifications explicitly require Esri 

formats, perpetuating the cycle of dependence. Overcoming this barrier will require 

coordinated action by public agencies, professional organizations, and engineering 

educators to normalize open GIS standards as legitimate, technically equivalent, and 

preferable options for long-term resilience. 

 

In ethical terms, the Esri Geodatabase vs. Open GIS debate exemplifies the tension 

between innovation and accessibility. Esri’s success has undeniably advanced the field 

of geospatial analysis, yet its proprietary dominance constrains freedom of practice 

and restricts equitable participation.  

 

For the engineering profession, the lesson is clear: control over data architecture 

equates to control over knowledge. Open standards are not merely technical 

conveniences; they are instruments of fairness, transparency, and public 

accountability. 

 

The future of geospatial engineering will depend on whether the profession embraces 

this principle. Engineers must advocate for open data deliverables, support OGC-

compliant workflows, and ensure that public infrastructure data remain publicly 

accessible. The Esri case demonstrates how easily a proprietary standard can become 

a de facto monopoly—and how essential it is for engineers to reclaim stewardship over 

the data that shape the physical and social landscapes of the modern world. 

 

  



Chapter 17 – Proprietary Software in Environmental and 

Energy Modeling Systems 
Environmental and energy modeling have become foundational to modern 

engineering practice, informing decisions that affect air quality, water resources, 

energy efficiency, and climate impact.  

 

Engineers, scientists, and planners rely on complex computational models to simulate 

natural processes and evaluate human interventions. However, the tools that underpin 

these models are increasingly proprietary, owned by corporations, research consortia, 

or regulatory agencies that control access to their algorithms, data, and source code. 

This dependency on closed environmental modeling systems has far-reaching 

implications for transparency, reproducibility, and scientific integrity. 

 

Environmental engineering depends on predictive models that describe the behavior 

of complex natural systems under varying conditions. Software such as EPA’s SWMM 

(Storm Water Management Model), HSPF (Hydrological Simulation Program—FORTRAN), 

AERMOD, and CALPUFF are widely used for hydrologic, air dispersion, and pollutant 

transport analysis. While some of these tools originated as open-source or publicly 

funded projects, their modern implementations and graphical interfaces are often 

distributed through proprietary platforms.  

 

For instance, while the SWMM core engine is open-source, most engineers use it 

through commercial interfaces like PCSWMM, XPSWMM, or Innovyze InfoWorks, all of 

which restrict access to internal code and require licensing fees. This hybrid model—

open algorithms wrapped in proprietary shells—obscures transparency and reinforces 

dependency under the guise of accessibility. 

 

In the field of air quality and emissions modeling, similar issues arise. The U.S. 

Environmental Protection Agency (EPA) provides the AERMOD dispersion model as 

open code, but its operation depends heavily on pre- and post-processing tools—such 

as AERMET, AERMAP, and commercial visualization software—that are closed-source.  

 

Consultants who must meet regulatory requirements are therefore forced to purchase 

proprietary tools to ensure compliance with state and federal reporting standards. This 

arrangement effectively privatizes the operational layer of public regulatory systems, 

transforming what should be an open environmental safeguard into a market-driven 

service. 

 

Energy modeling exhibits an even stronger trend toward proprietary control. Building 

energy simulation, renewable resource forecasting, and power grid optimization all rely 

on software that is heavily commercialized. The U.S. Department of Energy’s EnergyPlus 

remains one of the few open-source building energy simulators, yet many engineers 

instead use commercial tools such as IES VE, TRACE 3D Plus, or DesignBuilder, which 

provide easier interfaces but restrict algorithmic transparency.  

 



EnergyPlus itself, though open, requires specialized expertise and extensive input 

configuration—barriers that discourage broad adoption in favor of vendor-simplified 

versions. 

 

The energy sector’s proprietary dependence extends beyond building analysis to 

renewable resource modeling. Wind energy developers often rely on commercial tools 

such as WindPRO or OpenWind, which integrate private meteorological datasets and 

terrain algorithms unavailable to the general public. Similarly, solar modeling platforms 

like PVsyst or Helioscope utilize proprietary irradiance algorithms and panel 

performance libraries that are not open for review. These systems often claim validation 

through field data, but because their methodologies are undisclosed, users must 

accept performance projections on trust. In large-scale projects—where decisions can 

involve hundreds of millions of dollars—this lack of algorithmic transparency raises both 

ethical and legal concerns. 

 

In the energy grid modeling and power systems domain, the problem becomes even 

more pronounced. Utilities and energy planners depend on tools like PSS®E (Power 

System Simulator for Engineering) by Siemens, ETAP, and DIgSILENT PowerFactory for 

stability analysis, load flow, and fault simulations. These platforms are completely closed, 

with file formats, calculation routines, and solver algorithms unavailable for public 

scrutiny.  

 

While they provide industry-standard functionality, their opacity limits the ability of 

engineers to verify results independently or to extend models with custom algorithms. 

Moreover, the tight integration between these software tools and regulatory 

frameworks—such as those defined by the Federal Energy Regulatory Commission 

(FERC) and the North American Electric Reliability Corporation (NERC)—makes them 

effectively mandatory for grid certification. Thus, the boundary between public 

regulation and corporate ownership becomes blurred. 

 

Proprietary environmental and energy software also perpetuates data silos, where 

access to input and output datasets is restricted by license agreements. For example, 

meteorological, land-use, and emissions data used in proprietary air dispersion models 

are often formatted exclusively for the vendor’s system. This prevents reuse or 

independent verification by other professionals, even within the same field. In 

environmental litigation or regulatory disputes, opposing parties may be unable to 

review or replicate one another’s models without purchasing identical software—an 

expensive and ethically questionable constraint on due process. 

 

The reproducibility crisis that has troubled scientific research is now evident in 

engineering modeling as well. When model results cannot be independently replicated 

due to software restrictions, the foundation of scientific credibility is weakened. 

Reproducibility requires that methods be open, datasets accessible, and algorithms 

documented—conditions that proprietary software seldom satisfies.  

 

This problem is especially critical in climate modeling, where results inform public policy 

and international treaties. While global climate models (GCMs) are generally 

developed in open academic environments, many regional downscaling and sectoral 



impact models are not. As a result, the fine-grained data that guide regional planning 

and adaptation strategies often originate from closed systems. 

 

From an economic perspective, proprietary environmental software imposes significant 

costs on both private firms and public institutions. Licensing fees, maintenance 

contracts, and hardware requirements for simulation software can consume large 

portions of research and operational budgets. Furthermore, when regulatory agencies 

endorse or require specific proprietary tools, they inadvertently transfer public funds into 

private revenue streams. For smaller consulting firms, this creates competitive 

imbalance; those unable to afford premium modeling tools are effectively excluded 

from participating in government contracts or high-profile environmental assessments. 

 

The ethical dimension of this issue extends to environmental justice and public 

accountability. Decisions about pollution control, energy efficiency, and land use often 

affect vulnerable communities. When the analytical tools behind those decisions are 

proprietary, the affected public cannot access or challenge the data and methods 

that determine their environmental fate.  

 

This opacity conflicts with the principles of transparency and fairness that underpin 

environmental regulation. Open modeling frameworks—such as OpenFOAM for fluid 

dynamics, WRF (Weather Research and Forecasting) for atmospheric simulation, and 

OpenEnergyModelling Framework (oemof) for energy systems—represent important 

steps toward democratizing environmental science. However, their adoption in 

professional practice remains limited due to entrenched regulatory preferences for 

commercial products. 

 

A path toward reform lies in institutional adoption of open standards and transparent 

validation frameworks. Governments and professional associations could mandate that 

models used for regulatory or environmental compliance be auditable and 

reproducible by independent reviewers.  

 

Universities and research institutions can support this by training engineers to use open 

modeling tools and by developing public-domain datasets and benchmark cases. 

Similarly, agencies funding environmental studies should prioritize deliverables in open-

source or OGC-compliant formats, ensuring that data and models remain publicly 

accessible beyond the life of the project. 

 

Ultimately, the proliferation of proprietary systems in environmental and energy 

modeling poses a paradox. These tools enable unprecedented analytical power, yet 

they simultaneously compromise the openness and accountability that the scientific 

method requires.  

 

For engineers and policymakers alike, the challenge is not merely to use advanced 

models, but to ensure that the tools of analysis themselves uphold the ethical standards 

of the profession. Transparency must become a core principle of environmental 

engineering, not an optional feature. Only then can the discipline fulfill its responsibility 

to both technical rigor and the public trust. 

 



Chapter 18 – Government Contracts, Standards, and 

Proprietary Software Mandates 
Government agencies in the United States are among the largest consumers and 

regulators of engineering services, shaping both technical standards and procurement 

practices across the industry. Yet, paradoxically, these same agencies often 

perpetuate proprietary software dependency through their contracting requirements, 

data submission standards, and technology specifications. What began as an effort to 

ensure consistency and reliability in public projects has evolved into an entrenched 

system of vendor lock-in—where private corporations effectively dictate the digital 

infrastructure of public engineering practice. 

 

At the core of this issue lies the federal and state procurement framework, which 

typically specifies not only performance criteria but also the exact tools, file formats, 

and software environments to be used in project delivery. For example, the Federal 

Highway Administration (FHWA), the U.S. Army Corps of Engineers (USACE), and 

numerous state Departments of Transportation (DOTs) frequently require design 

deliverables in specific proprietary formats such as Autodesk’s DWG, Bentley’s DGN, or 

Esri’s Geodatabase. These requirements are often embedded directly in contract 

language, effectively mandating the use of specific software systems to qualify for or 

complete public contracts. 

 

While these mandates were originally justified as a means to ensure standardization and 

compatibility across agencies, they have had unintended consequences. They 

consolidate market power among a handful of vendors and exclude smaller or open-

source alternatives from government participation.  

 

This situation is particularly problematic because it transfers control of public data and 

workflows into private hands. The software used to design and manage taxpayer-

funded infrastructure becomes the intellectual property of corporations, not the public 

agencies responsible for maintaining it. 

 

The U.S. Army Corps of Engineers, for example, has long relied on Bentley Systems’ 

MicroStation platform for its CAD and design documentation. Many state DOTs followed 

suit, specifying DGN as the standard format for roadway and bridge design submissions. 

Over time, this created a self-reinforcing cycle: consultants adopted Bentley software 

to meet DOT requirements, which in turn solidified the state’s dependence on Bentley’s 

ecosystem.  

 

The same pattern can be seen with Autodesk and Esri—whose products dominate 

architectural, civil, and geospatial domains, respectively. In essence, the public 

procurement process became an extension of private software monopolies, 

institutionalizing vendor lock-in through bureaucratic inertia. 

 

The impact of this dependency extends well beyond licensing costs. By tethering public 

agencies to proprietary software ecosystems, these mandates constrain interoperability 

and transparency. When public records are stored in closed formats, future access 



depends on continued licensing agreements with the vendor. If a vendor alters its 

licensing model or discontinues support for an older file version, decades of public 

engineering data may become inaccessible. This risk of digital obsolescence threatens 

the long-term integrity of the public record. 

 

Furthermore, proprietary mandates undermine the principles of competitive neutrality in 

public procurement. Federal Acquisition Regulations (FAR) technically require agencies 

to specify “performance requirements” rather than “brand-name or equal” products, 

except when justified by compelling reasons.  

 

In practice, however, agencies often circumvent this rule by embedding brand-specific 

standards in reference documents, such as design manuals or data delivery protocols. 

The result is a closed-loop procurement process in which new vendors and technologies 

struggle to gain acceptance, even when they offer superior or more cost-effective 

solutions. 

 

From an ethical perspective, this practice raises serious questions about public 

accountability and stewardship of taxpayer resources. When a government agency 

effectively mandates the use of proprietary software, it is granting a private company a 

semi-regulatory role in public administration. This arrangement not only distorts market 

competition but also shifts the locus of control over data accessibility from the public 

sector to the private marketplace. Citizens ultimately bear the cost—not only through 

license expenditures but also through diminished access to publicly funded information. 

 

A further complication arises when federal funding programs require state or local 

agencies to use specific data standards tied to proprietary platforms. For instance, 

federal grants for transportation infrastructure often require deliverables compatible 

with FHWA’s model-based design systems, which rely heavily on Autodesk or Bentley 

software. Similarly, FEMA’s flood mapping programs are built on Esri’s ArcGIS 

architecture, compelling contractors to use ArcGIS tools to produce compliant data 

submissions. Even if technically feasible alternatives exist—such as open GIS standards 

or IFC-based civil models—they are typically excluded from contractual eligibility. 

 

This systemic bias in favor of proprietary vendors has also shaped education and 

workforce development. Because public-sector projects and contracts overwhelmingly 

rely on certain software brands, universities and technical colleges train students on 

those tools to ensure employability. This educational pipeline reinforces the dominance 

of proprietary ecosystems, embedding vendor dependence into the very fabric of 

professional development. Over time, this dependency transforms from a logistical 

constraint into a cultural norm—engineers simply assume that “industry standard” 

means “proprietary standard.” 

 

The national security dimension of this issue cannot be ignored. Many critical 

infrastructure systems—such as power grids, water networks, and defense facilities—are 

designed and maintained using proprietary software produced by corporations with 

global operations. While these companies are regulated, their internal development 

pipelines and source code are not subject to public oversight.  

 



This creates potential vulnerabilities, as control over key modeling or data storage 

technologies rests with private entities that may be acquired, restructured, or 

influenced by foreign interests. The risk is not hypothetical; the history of cybersecurity 

incidents within industrial software systems demonstrates that proprietary control does 

not guarantee resilience or transparency. 

 

In contrast to this proprietary paradigm, some countries have begun to adopt open 

standards mandates for public infrastructure data. The United Kingdom’s Government 

Construction Strategy, for instance, mandates the use of openBIM and IFC-compliant 

deliverables for all publicly funded construction projects.  

 

Similarly, the European Union’s INSPIRE Directive requires public geospatial data to 

conform to open OGC standards, ensuring long-term accessibility and interoperability. 

These policies recognize that open data standards are not merely technical 

preferences but instruments of public accountability and cost efficiency. 

 

For the United States, adopting similar reforms would require a shift in both policy and 

mindset. Federal and state agencies could begin by mandating that all publicly 

funded projects include deliverables in open, non-proprietary formats. Contracts should 

emphasize data ownership and portability, requiring vendors to provide documentation 

and interoperability APIs that allow public institutions to migrate data without penalty.  

 

Additionally, procurement officers and engineers should receive training on evaluating 

open-source alternatives based on performance criteria rather than brand familiarity. 

Professional societies—such as the National Society of Professional Engineers (NSPE), 

American Society of Civil Engineers (ASCE), and Institute of Electrical and Electronics 

Engineers (IEEE)—could play a pivotal role in advancing this transition. By endorsing 

open standards as part of ethical and best-practice guidelines, these organizations 

would help shift the profession toward greater autonomy and public accountability.  

 

Furthermore, federal agencies could collaborate with the National Institute of 

Standards and Technology (NIST) to develop certification programs that validate open-

format compliance, thereby reducing institutional risk in adopting non-proprietary 

solutions. 

 

Ultimately, the question extends beyond procurement efficiency. It is about sovereignty 

of public data—who controls it, who can access it, and who profits from it. As the 

engineering profession moves deeper into the digital age, the dependence on 

proprietary systems threatens to transform public infrastructure into a series of privately 

governed digital assets.  

 

If left unaddressed, this will erode transparency, innovation, and public trust. The ethical 

obligation of both engineers and policymakers is to ensure that the infrastructure of the 

future is not only physically sound but digitally free—accessible, auditable, and 

accountable to the public it serves. 

 

  



Chapter 19 – The Role of Academia and Professional 

Licensing Boards in Perpetuating Proprietary Dependence 
Education and professional regulation are two of the most influential forces shaping the 

behavior and outlook of engineers. Universities determine how engineers are trained, 

while licensing boards define the standards of practice and competency that govern 

professional conduct.  

 

Both institutions are intended to serve the public interest by promoting technical 

excellence, ethical integrity, and professional independence. Yet, paradoxically, 

academia and licensing boards have become significant contributors to proprietary 

dependence in engineering design and development. By normalizing closed software 

ecosystems as “industry standards,” they reinforce corporate dominance and erode 

the very autonomy that engineering education and licensure were meant to protect. 

 

The roots of this problem can be traced to academic-industrial partnerships, which 

began as mutually beneficial collaborations. Software companies provided universities 

with educational licenses at heavily discounted or even free rates, ensuring that 

students would learn their tools early in their academic careers.  

 

At face value, this arrangement seems advantageous: students gain access to 

professional-grade software, while universities reduce costs and maintain relevance to 

industry needs. However, the long-term consequence has been the institutionalization 

of proprietary ecosystems within engineering curricula. Students are taught how to use 

specific tools rather than how to think critically about the tools themselves. 

 

By the time these students enter the workforce, their technical identities are already 

bound to particular software brands—Autodesk for CAD, Esri for GIS, Bentley for civil 

infrastructure, MATLAB for simulation, and so forth. This conditioning creates what 

economists call path dependence, in which initial exposure leads to persistent usage 

even when superior or more open alternatives exist.  

 

It is not uncommon for graduates to associate professional competence with mastery 

of a specific software platform rather than a conceptual understanding of design 

principles, data modeling, or computational logic. Over time, this mindset transforms 

engineering education from a discipline of innovation into one of digital compliance. 

 

The problem extends to accreditation frameworks such as those governed by the 

Accreditation Board for Engineering and Technology (ABET). While ABET requires that 

students gain “an ability to use modern engineering tools,” it does not specify that those 

tools should be open or interoperable.  

 

This ambiguity has allowed proprietary software vendors to fill the void, positioning their 

products as de facto requirements for accreditation. In many civil, mechanical, and 

environmental engineering programs, course outcomes explicitly list proficiency in 

specific software—AutoCAD, ArcGIS, MATLAB, or ANSYS—as part of learning objectives. 



As a result, accreditation indirectly reinforces vendor dominance under the guise of 

technical modernization. 

 

Professional licensing boards compound the issue through continuing education 

requirements and state-mandated practice standards that reference proprietary tools 

and file formats. Many licensing boards accept or endorse continuing education 

courses that are designed or sponsored by software vendors themselves. For instance, 

courses on “BIM for Structural Design” or “ArcGIS for Public Infrastructure Management” 

are often produced in collaboration with the companies whose products are being 

promoted. This creates an implicit endorsement of specific proprietary systems within 

professional licensure, blurring the line between education and marketing. 

 

Even more concerning is the regulatory incorporation of proprietary file formats into 

state or municipal engineering standards. Some state boards or public works agencies 

require digital submissions in DWG, DGN, or other closed formats for permit applications 

and project documentation. When such requirements are codified in public 

regulations, they effectively become law, forcing engineers to purchase and use 

specific software to remain compliant. In these cases, the licensing authority—the very 

institution responsible for protecting the public interest—becomes an unwitting enforcer 

of corporate dependency. 

 

The academic system’s dependence on proprietary software also affects research and 

innovation. Graduate research in fields such as computational fluid dynamics, structural 

analysis, and environmental modeling often relies on commercial software packages 

with restricted licensing terms.  

 

These restrictions prevent the sharing of source code, replication of results, and public 

dissemination of data—violating the foundational principles of scientific transparency. 

Many academic journals now require that computational studies include reproducible 

data and open methods, yet proprietary dependence continues to hinder full 

compliance. Consequently, the scientific rigor of engineering research is compromised 

when conclusions cannot be independently verified without purchasing access to 

commercial tools. 

 

The influence of proprietary vendors in academia is not limited to software distribution; it 

extends to curriculum design and professional outreach. Companies like Autodesk, 

Bentley, and Esri actively sponsor academic competitions, workshops, and certification 

programs. These initiatives often include official training modules that align with 

corporate product lines rather than general engineering principles. For example, 

students may be encouraged to earn “Autodesk Certified Professional” credentials or 

“Esri Academy” badges as part of their degree requirements. Such credentials reinforce 

brand loyalty and create a self-perpetuating cycle in which proprietary proficiency 

becomes a symbol of professional legitimacy. 

 

Licensing boards, for their part, face structural incentives that discourage reform. Board 

members are typically practicing engineers who themselves rely on proprietary 

software in their firms. Their familiarity with these systems often shapes regulatory 

expectations and reinforces the belief that such tools are necessary for maintaining 



professional standards. Furthermore, because many state boards reference national 

codes and standards (such as those from AASHTO, ASCE, and ASTM), which themselves 

incorporate proprietary frameworks, the cycle of dependence becomes deeply 

institutionalized. 

 

The ethical implications are profound. When educational and licensing systems 

promote proprietary dependency, they undermine the profession’s commitment to 

public accountability and intellectual freedom. Engineers become beholden not to 

scientific principles or client needs but to the constraints of the software they have 

been trained to use. This dynamic erodes professional independence, transforming the 

engineer into an operator of pre-defined digital systems rather than an autonomous 

problem-solver. 

 

To correct this imbalance, academia and licensing institutions must adopt a 

pedagogical and regulatory shift toward openness, transparency, and interoperability. 

Universities should emphasize fundamental principles of data modeling, algorithmic 

reasoning, and open-source toolchains, ensuring that students can adapt across 

platforms rather than depend on specific vendors. Accreditation agencies like ABET 

should revise their standards to require demonstrable competency in open standards 

and data exchange protocols as part of program outcomes. 

 

Licensing boards can also play a critical role by mandating that all digital deliverables 

for state or municipal projects be submitted in open, non-proprietary formats such as 

IFC, STEP, or GeoPackage. Continuing education programs should prioritize vendor-

neutral content, ensuring that professional development remains focused on 

engineering principles rather than software marketing. Furthermore, academic and 

professional partnerships should be restructured to ensure that collaborations with 

private vendors are balanced by equivalent support for open-source research and 

public-domain tool development. 

 

Ultimately, the integrity of engineering education and licensure depends on preserving 

the independence of thought and method that defines the profession. Proprietary 

software should serve as a tool—not as the framework that defines how engineers learn, 

design, and communicate. Academia and licensing boards, as stewards of the 

profession’s future, bear a moral obligation to lead this reform. By prioritizing openness, 

they can restore engineering’s original mandate: to serve the public interest through 

knowledge that is transparent, verifiable, and free from undue corporate influence. 

 

  



Chapter 20 – Consequences of Proprietary Frameworks for 

Innovation and National Competitiveness 
The cumulative effect of proprietary systems across engineering disciplines extends well 

beyond individual project inefficiencies or academic limitations. Over time, it shapes 

the very trajectory of national innovation, determining who leads technological 

development and who merely participates as a licensed user.  

 

In the United States, the proliferation of closed software ecosystems—across CAD, GIS, 

BIM, simulation, and data analysis—has created a paradox: while American 

corporations dominate the global market for engineering tools, American engineers 

themselves have grown increasingly dependent on those corporations to practice their 

own profession. This dependency has systemic implications for innovation capacity, 

economic resilience, and technological sovereignty. 

 

Innovation thrives on openness. The capacity to build upon existing ideas, to test and 

modify methodologies, and to share discoveries freely has always driven scientific and 

engineering progress. Proprietary frameworks, by contrast, impose artificial barriers at 

every level of this process. They limit access to the underlying logic of tools, constrain 

data exchange between systems, and tie intellectual productivity to vendor-controlled 

platforms.  

 

The result is a creative bottleneck: engineers are confined to the boundaries of software 

capabilities rather than the boundaries of their imagination. 

 

At the organizational level, proprietary frameworks create innovation inertia. When firms 

invest heavily in specific software ecosystems—through licenses, staff training, and 

workflow integration—they become risk-averse to change. Migrating to new systems, 

even when more advanced or cost-effective options exist, becomes economically and 

logistically prohibitive.  

 

This phenomenon is known as lock-in inertia, and it stifles the natural evolution of 

engineering practice. Companies that might otherwise experiment with emerging tools 

or develop custom analytical methods instead remain tethered to legacy workflows 

that conform to the vendor’s product roadmap rather than their own innovation 

objectives. 

 

From a national standpoint, this dependency introduces vulnerabilities that extend into 

the realm of technological sovereignty. When critical infrastructure planning, energy 

systems, transportation models, and defense technologies rely on proprietary software 

controlled by private or foreign-owned corporations, the nation’s technological 

independence is compromised. Even when software companies are domestic, their 

globalized ownership structures and intellectual property protections limit government 

oversight.  

 

In effect, the digital foundation of U.S. infrastructure is not owned by the nation itself, 

but leased from a small number of multinational vendors. 



This reliance also undermines knowledge creation and diffusion. In an open ecosystem, 

discoveries in one field can rapidly influence others through shared data and tools. 

Proprietary systems fragment this process, locking knowledge within specialized 

software environments.  

 

For example, a hydrologic model developed in a commercial system cannot easily be 

integrated with a transportation simulation created in another proprietary environment. 

The lack of interoperability prevents the emergence of holistic, cross-disciplinary 

solutions—precisely the kind of integrative engineering that modern challenges such as 

climate adaptation, energy transition, and smart-city development demand. 

 

Proprietary dependence further weakens research-to-industry translation, particularly in 

public institutions. Academic researchers who develop new algorithms or modeling 

techniques often face difficulty implementing them in real-world applications because 

proprietary software does not allow source-code modification or plugin integration 

without expensive developer licenses.  

 

Conversely, industry professionals cannot easily test or reproduce academic findings 

that rely on licensed software they do not own. This creates a widening gap between 

research innovation and applied engineering, reducing the efficiency of technology 

transfer that has historically fueled American competitiveness. 

 

The economic ramifications are equally significant. The perpetual subscription and 

maintenance costs associated with proprietary systems act as a silent tax on 

innovation. Engineering firms, public agencies, and research institutions allocate billions 

of dollars annually to software licensing—funds that could otherwise support research, 

experimentation, and workforce development. 

 

Moreover, the consolidation of software ownership among a handful of corporations 

limits market competition, allowing vendors to set prices and terms unilaterally. The 

resulting capital concentration stifles smaller software developers and discourages 

startups from entering fields dominated by entrenched incumbents. 

 

In the context of national security and industrial resilience, proprietary frameworks 

introduce strategic vulnerabilities. Many sectors critical to defense, energy, and 

communications rely on software that cannot be independently audited for security 

flaws or foreign dependencies. The use of encrypted, closed-source code in systems 

that model nuclear facilities, power grids, and transportation networks raises legitimate 

concerns about transparency and risk mitigation.  

 

If a vendor were compromised—through cyberattack, corporate acquisition, or 

geopolitical pressure—the ability to maintain or verify these systems could be severely 

limited. True national resilience requires not only physical control of assets but also 

intellectual control over the tools that design and manage them. 

 

The ethical implications extend to the workforce itself. Proprietary dependence has 

redefined the professional engineer’s role, shifting it from that of an independent 

problem-solver to that of a software operator. When creativity is bounded by tool 



functionality, innovation becomes incremental rather than transformative. The younger 

generation of engineers—trained within closed ecosystems—may never develop the 

habit of questioning the assumptions embedded in their tools. This cultural shift toward 

passive compliance rather than active inquiry represents a subtle but profound erosion 

of professional vitality. 

 

Historically, American engineering leadership was built on a culture of open 

experimentation. The Wright brothers’ wind tunnel, Edison’s laboratories, and NASA’s 

Apollo program all relied on open collaboration among scientists, engineers, and 

institutions. These successes emerged from a shared knowledge environment, not a 

closed marketplace of tools.  

 

Today, that culture is being replaced by commercial gatekeeping, where innovation 

passes through the filter of corporate product cycles and licensing agreements. This 

trend not only limits creativity but also weakens the United States’ long-term 

competitive advantage against nations investing heavily in open, public-domain 

technology ecosystems. 

 

Several countries, notably in Europe and Asia, are moving toward strategic open-

source adoption as a means of national empowerment. The European Commission’s 

Open Source Strategy encourages member states to prioritize open standards in 

government and infrastructure projects.  

 

China’s state-sponsored open technology initiatives are rapidly developing indigenous 

CAD, GIS, and simulation systems to reduce reliance on Western vendors. Meanwhile, 

the U.S.—the birthplace of many of these technologies—remains tethered to privately 

controlled systems. Unless corrective action is taken, this imbalance will gradually erode 

the nation’s technological self-reliance. 

 

The path forward requires a deliberate and coordinated shift toward open innovation 

ecosystems. This includes government funding for open-source software development, 

tax incentives for firms that adopt open standards, and public procurement policies 

that require deliverables in vendor-neutral formats. Professional societies and licensing 

boards must recognize open-standard competency as a core element of professional 

ethics. Universities should cultivate computational literacy and algorithmic 

transparency, training engineers to engage critically with the tools they use. 

 

In the long term, open standards and open software are not threats to corporate 

enterprise but enablers of sustainable progress. Vendors that embrace interoperability 

will remain profitable by offering services, support, and innovation rather than 

monopoly control.  

 

The engineering profession—and the nation as a whole—must move beyond the illusion 

that proprietary systems represent technological leadership. True leadership arises not 

from controlling knowledge, but from empowering it to flow freely. 

 

The United States’ engineering competitiveness will ultimately depend on its ability to 

reclaim intellectual independence from closed systems. If proprietary frameworks 



continue to dominate, the country’s creative and technical momentum will slow 

beneath the weight of its own dependencies. But if engineers, educators, and 

policymakers unite around the principles of openness, interoperability, and 

accountability, the nation can restore the same inventive spirit that once defined its 

greatness. 

 

  



Chapter 21 – Pathways Toward Openness: Reform, 

Standardization, and Digital Sovereignty 
Reversing decades of proprietary dependency in engineering will not occur through a 

single policy, technology, or corporate gesture. It requires a coordinated reform effort 

that redefines how engineers, institutions, and governments conceive of digital 

infrastructure itself—not as a commodity to be rented, but as a civic resource to be 

governed, sustained, and shared. The path forward centers around three 

interconnected goals: open reform of public policy, standardization through 

transparent governance, and the reclamation of digital sovereignty—the right of 

engineers, organizations, and nations to control their own data, tools, and 

technological destiny. 

 

The first and most urgent step is policy reform. Government agencies at all levels must 

recognize that open standards are not optional enhancements but essential 

components of modern governance. Public infrastructure projects, which rely heavily 

on engineering data, should mandate open, vendor-neutral file formats as part of all 

design, construction, and asset management deliverables. For example, submissions in 

IFC for BIM, STEP for mechanical models, and GeoPackage or GML for geospatial data 

should be treated as baseline requirements for public projects. This ensures that data 

remains accessible and usable independent of the software that created it. Similar 

reforms should require that public records—particularly digital drawings, simulations, 

and environmental datasets—be stored in perpetuity in open formats to safeguard 

long-term accessibility. 

 

In addition to data policies, procurement frameworks must evolve. Contract language 

should specify performance and interoperability criteria rather than brand names or 

proprietary systems. This would return public contracting to its original intent—ensuring 

value through open competition rather than vendor favoritism. Procurement officers 

and engineers alike need formal training in open technology evaluation, so they can 

assess tools based on capability, scalability, and compliance with open standards 

rather than corporate influence or habit. Over time, such policy-driven procurement 

can break the monopolistic cycles that have kept public agencies tethered to single-

vendor ecosystems for decades. 

 

The next critical dimension of reform involves standardization governance. Historically, 

the development of technical standards has been dominated by private-sector 

organizations, whose processes often require costly membership fees and limit public 

oversight. While organizations such as ISO, ASTM, and IEC have contributed immensely 

to engineering quality, their paywalled standards and limited transparency reinforce 

the proprietary model. To counter this, engineering societies and academic institutions 

must create open-access standardization bodies dedicated to digital interoperability.  

 

These bodies could function under public charters, allowing free participation by 

engineers, educators, and developers. Their mission would be to publish, maintain, and 

evolve open digital standards for design, analysis, and documentation that are freely 

available to all practitioners. 



One model for such reform already exists in the Open Geospatial Consortium (OGC), 

which has successfully created global, vendor-independent data exchange protocols 

for mapping and geospatial analysis. Similar initiatives could be launched for civil, 

structural, and electrical engineering disciplines under the leadership of professional 

societies such as ASCE, IEEE, and NSPE. By unifying open standards under the umbrella 

of trusted professional governance rather than commercial influence, engineers can 

ensure that technical development remains aligned with ethical responsibility and the 

public good. 

 

Reform, however, must also address the cultural and educational barriers that 

perpetuate proprietary dependence. Universities and technical schools must realign 

their curricula toward teaching open computational literacy—helping students 

understand algorithms, data structures, and interoperability principles rather than 

specific software commands. Engineering education should re-emphasize problem-

solving at the conceptual and mathematical levels, ensuring that students can adapt 

to any platform. Universities could form consortia to develop open-source instructional 

toolkits and simulation platforms, reducing reliance on corporate-licensed educational 

packages. 

 

Professional licensing boards and continuing education providers can reinforce this shift 

by integrating open standards competency into licensure and renewal processes. For 

instance, engineers might be required to demonstrate understanding of open data 

exchange methods, ethical implications of vendor dependence, and strategies for 

ensuring long-term data accessibility. Such requirements would align licensure with the 

profession’s ethical commitment to transparency and independence. 

 

Another vital reform area is funding for open-source engineering development. The 

open-source model has succeeded in fields such as software, biotechnology, and 

computing due to community-driven funding and government support. Similar 

investment is needed in engineering tools—such as open-source CAD, BIM, simulation, 

and energy modeling software. Federal research agencies (NSF, DOE, NIST) could 

establish grant programs dedicated to developing and maintaining open engineering 

toolchains with public-domain source code. These efforts would not aim to eliminate 

private software markets but to create a competitive balance that keeps innovation 

accessible and affordable. 

 

At the national level, the concept of digital sovereignty must become a central pillar of 

technology policy. Just as energy independence was once viewed as essential to 

national security, so too must control over digital infrastructure be recognized as a 

matter of strategic importance. This includes ensuring that critical infrastructure data, 

defense-related simulations, and public engineering records remain under domestic 

control and in formats that cannot be held hostage by corporate or foreign interests. A 

digitally sovereign engineering sector would use open standards as the backbone of its 

design and management systems, ensuring that every dataset, model, and workflow 

can be accessed, audited, and reproduced without dependency on any single 

vendor. 

 



Digital sovereignty also extends to ethical stewardship of public data. When engineers 

create digital models of bridges, power plants, or water systems using taxpayer funds, 

the resulting data should belong to the public—not to a corporation. Legislation could 

formalize this principle, requiring that public-sector design deliverables be archived in 

open repositories maintained by national institutions such as the Library of Congress or 

the National Archives. These repositories would serve as digital infrastructure libraries—

preserving the nation’s engineering heritage for future generations while ensuring 

transparency in contemporary projects. 

 

Reforming an entire professional culture will not be easy. Proprietary systems are deeply 

entrenched, supported by powerful corporate interests and reinforced by decades of 

habit. Yet every major advancement in the history of engineering—from the creation of 

the metric system to the standardization of electrical grids—has required coordinated 

collective reform. The same is true now for the digital infrastructure that underpins 

twenty-first-century engineering. The movement toward open standards, open 

software, and open governance is not merely an ideological preference; it is a 

practical necessity for ensuring sustainability, competitiveness, and public trust. 

 

If the United States and its engineering institutions embrace these reforms, the nation 

could lead a new global era of open engineering—one defined not by proprietary 

constraints but by shared advancement. Such an environment would unleash 

innovation across disciplines, strengthen collaboration between public and private 

sectors, and ensure that knowledge remains a freely accessible resource. The ultimate 

goal of these reforms is to restore engineering’s core principle: that progress belongs to 

all who contribute to it, not to those who control its tools. 

 

  



Chapter 22 – Case for a Unified Open Engineering 

Framework 
The evolution of modern engineering has reached a point where data, design, and 

decision-making are inseparable from the digital tools that support them. Yet, as 

explored throughout this course, these tools remain fragmented, proprietary, and 

governed by private interests. The path toward sustainable technological progress 

depends on a unified open engineering framework—a cohesive, standards-based 

digital ecosystem that ensures interoperability across disciplines, transparency of 

methods, and sovereignty of data. Such a framework would not only preserve 

engineering independence but also catalyze a new era of innovation rooted in 

collaboration and shared technological stewardship. 

 

The concept of a unified open engineering framework can be likened to the 

establishment of the metric system in the 18th and 19th centuries. Before its adoption, 

every region measured materials and forces differently, making trade and scientific 

collaboration cumbersome.  

 

Once standardized, the metric system transformed engineering and science by 

establishing a common language of precision. Today, digital engineering faces a similar 

challenge: CAD systems speak DWG or DGN, GIS uses proprietary Geodatabases, 

structural analysis programs store results in inaccessible binaries, and simulation engines 

are wrapped in encrypted code. Each of these systems defines its own “language,” 

preventing seamless exchange of knowledge. A unified open framework would 

function as the digital equivalent of the metric system—creating a shared foundation 

for all engineering disciplines. 

 

The core principle of such a framework is interoperability by design. Rather than relying 

on conversion tools or vendor-defined compatibility layers, an open engineering 

framework would define a universal schema for representing geometry, topology, 

materials, attributes, and metadata in standardized, open formats. Data would move 

freely between CAD, GIS, simulation, and construction systems without loss of fidelity. 

Engineers could design in one platform, analyze in another, and document in a third, 

confident that all tools interpret the same underlying information identically. 

 

This vision is not purely theoretical. The buildingSMART organization’s Industry Foundation 

Classes (IFC) standard for building information modeling provides a partial model, as 

does the STEP (ISO 10303) standard for product data exchange in manufacturing. 

However, these standards operate largely in isolation, confined to their respective 

sectors. A unified open engineering framework would integrate these domain-specific 

standards into a single, extensible digital environment governed by an independent 

consortium of professional societies, public agencies, and open-source developers. Its 

purpose would be to define not just data formats, but a governance structure for 

maintaining and evolving those standards collectively. 

 

Governance is critical. Without transparent oversight, even open standards risk 

becoming dominated by corporate interests. The framework must therefore be 



managed through public-domain stewardship, with participation from academia, 

government, and industry. The National Institute of Standards and Technology (NIST), for 

example, could serve as a neutral coordinator in the U.S., while global cooperation 

could occur through entities such as ISO and the Open Geospatial Consortium. 

Professional societies—including ASCE, IEEE, NSPE, and ASME—would ensure that the 

framework remains aligned with ethical, safety, and professional standards rather than 

market pressures. 

 

From a technological standpoint, the framework would require a modular architecture 

that accommodates evolving disciplines and emerging technologies. Each domain—

structural, civil, electrical, environmental, mechanical, geotechnical—would maintain 

its own schema modules, all interoperable under a common core model. This 

modularity would prevent stagnation while preserving coherence, enabling innovation 

without fragmentation. The framework could leverage cloud-based APIs and 

blockchain-style validation to ensure data integrity, version control, and transparent 

authorship while remaining fully open-source. 

 

The transition to a unified open engineering framework would also transform workflow 

efficiency and project delivery. Today, engineering firms waste enormous resources 

translating, cleaning, and reformatting data between incompatible systems. These 

inefficiencies lead to errors, redundancies, and rework that inflate project costs. Under 

a unified open model, workflows would be inherently seamless. Engineers, surveyors, 

modelers, and contractors could all operate within the same interoperable digital 

environment, eliminating redundant conversions and ensuring that every stakeholder 

works from a single source of truth. 

 

Beyond efficiency, the framework would dramatically enhance accountability and 

transparency. Open data models allow for independent verification of design 

calculations, simulations, and safety analyses. Regulators, auditors, and clients could 

review not only end results but the methodologies and parameters behind them. This 

transparency would restore public confidence in engineering—a profession whose 

increasing reliance on opaque digital tools has raised questions about verifiability. 

Moreover, open access to standardized data would facilitate broader participation by 

smaller firms, independent experts, and developing nations, democratizing access to 

advanced engineering capabilities that are currently monopolized by large 

corporations. 

 

Economically, a unified open framework would create an innovation multiplier effect. 

When software, data, and algorithms are openly interoperable, developers can build 

specialized tools, plug-ins, and analytical modules without reinventing foundational 

systems. This modular innovation environment mirrors the success of open computing 

platforms like Linux and Python, where an open foundation has given rise to vast 

ecosystems of private enterprise and research. In engineering, similar openness would 

stimulate competition, reduce costs, and accelerate discovery. 

 

The movement toward such a framework will require phased implementation. The first 

phase involves defining a core interoperability standard—building upon existing open 

schemas like IFC, STEP, and LandInfra—and establishing a governance body. The 



second phase would integrate domain-specific modules, including environmental 

modeling, materials databases, and life-cycle management. The third and most 

challenging phase would involve transitioning public agencies and private firms away 

from proprietary formats through policy incentives, tax credits, and mandatory open-

data deliverables in public contracts. 

 

To succeed, engineers themselves must lead this transformation. They must demand 

open deliverables from clients, select tools that support open standards, and advocate 

for transparency in their professional societies. Universities must train engineers not only 

to use digital tools but to understand the ethical and systemic consequences of how 

those tools structure their work. Regulators must enshrine open-access principles in law, 

recognizing that data produced in the public interest must remain publicly accessible. 

 

Ultimately, the case for a unified open engineering framework is not only technical but 

moral. It speaks to the very identity of engineering as a discipline devoted to serving 

society through knowledge, integrity, and innovation. The future of engineering must 

not be dictated by corporate code but guided by collective stewardship. By unifying 

the digital foundations of the profession under open principles, engineers can restore 

control over their tools, safeguard public infrastructure, and unlock an era of 

technological creativity unbounded by artificial constraints. 

 

The framework represents more than interoperability—it represents intellectual freedom. 

It is the digital embodiment of engineering’s founding ethos: to build not only for profit, 

but for posterity; not for the few, but for all. 

 

  



Chapter 23 – Future Vision: Engineering in the Age of Open 

Systems 
As proprietary barriers dissolve and engineering transitions into an open systems era, the 

profession stands on the threshold of a paradigm shift comparable in scope to the 

Industrial Revolution. The move toward open data, open standards, and open 

collaboration represents more than a technological evolution—it marks a reawakening 

of engineering’s civic purpose. In the age of open systems, engineers will regain direct 

control over the digital tools that shape physical reality, creating a world where 

innovation is no longer constrained by licensing, secrecy, or institutional inertia. 

 

The future engineering environment will be characterized by continuous interoperability 

across all phases of design, construction, and operation. Digital models will serve as 

living, interconnected repositories—what may be termed unified engineering 

ecosystems. A structural engineer designing a bridge in an open BIM environment will 

instantly see hydrological data from an environmental model, sensor readings from a 

nearby traffic management system, and energy performance simulations—all fed into 

a transparent, open-data framework. This level of integration will dissolve traditional silos 

among civil, mechanical, electrical, and environmental disciplines, producing a 

seamless engineering continuum. 

 

In this future, engineering tools will function as adaptive extensions of human reasoning 

rather than fixed, vendor-bound interfaces. Open-source algorithms will allow engineers 

to tailor analysis methods to their projects, verifying and improving upon established 

models rather than accepting them as immutable. Artificial intelligence will no longer 

operate as a black box but as a transparent, verifiable system—a collaborative 

assistant whose decisions can be inspected, explained, and validated by human 

oversight. Every dataset, simulation, and design parameter will carry embedded 

provenance information, allowing full traceability from input to outcome. 

 

Open systems will also transform the economics of engineering practice. Instead of 

purchasing closed software licenses that depreciate with every product update, firms 

will invest in open frameworks that evolve continuously through community 

development. This transition will empower small and mid-sized firms to compete on a 

level playing field with large corporations, breaking down the monopolistic 

concentration of digital tools. Service-based business models will replace restrictive 

licensing: engineers will pay for computation time, cloud storage, or advanced 

analytics, but the underlying software itself will remain open to all. This democratization 

of tools will unleash a new generation of entrepreneurial engineers, startups, and 

researchers contributing specialized modules and algorithms to an ever-expanding 

ecosystem. 

 

Education will undergo a profound renaissance in the open-systems era. Universities will 

teach students to think in systems rather than silos, emphasizing the principles of 

interoperability, data ethics, and transparency. Instead of training to master specific 

branded software, students will learn how to architect workflows that integrate multiple 

open tools and disciplines. Collaborative online repositories—mirroring GitHub’s model 



for software—will store public-domain design templates, analysis scripts, and simulation 

workflows. Students and practitioners worldwide will share, review, and refine each 

other’s work in real time, transforming engineering education into a global laboratory of 

ideas. 

 

The open-systems future will also elevate ethical accountability to a central professional 

concern. With open data and transparent algorithms, engineers will no longer be 

shielded by proprietary opacity. Design decisions—such as safety factors, material 

selections, or environmental impacts—will be fully auditable. This transparency will 

strengthen public trust, as communities can verify that infrastructure is designed and 

maintained in accordance with objective and ethical standards. Likewise, the risk of 

corruption or regulatory evasion will diminish when project data are freely verifiable. In 

this respect, open systems represent not only a technical reform but a renewal of 

engineering’s moral contract with society. 

 

At the global level, open systems will serve as the foundation for cooperative problem-

solving on a planetary scale. Shared frameworks will enable multinational teams to 

collaborate on climate resilience, sustainable energy, and resource management 

without technological barriers. Nations will no longer need to duplicate costly software 

infrastructure to participate in advanced engineering; instead, they will contribute 

knowledge and datasets to collective global platforms. Open systems will also foster 

resilience against geopolitical risk—no nation’s critical infrastructure will be held hostage 

to the intellectual property of another. 

 

In this environment, data will become the new form of infrastructure, as essential to 

civilization as roads and power lines. Open data commons—curated and maintained 

by professional societies and public institutions—will store every aspect of the built 

environment: materials databases, geospatial grids, traffic models, environmental 

baselines, and structural health records. Engineers will draw upon this living knowledge 

base to make predictive, adaptive decisions in real time. Combined with distributed 

sensors and digital twins, this framework will transform engineering from a reactive 

profession into a proactive one—anticipating failures, optimizing performance, and 

extending infrastructure lifecycles through constant feedback. 

 

Artificial intelligence and machine learning, when coupled with open systems, will 

cease to be proprietary advantages of a few corporations and instead become 

shared instruments of human progress. Open-source AI models trained on engineering 

data will accelerate discovery in materials science, environmental systems, and energy 

networks. Because these models will be transparent, engineers will retain the ability to 

validate results, correct biases, and improve methodologies—preserving the human 

role as the ethical and intellectual governor of technology. 

 

Ultimately, the open systems paradigm redefines what it means to be an engineer. It 

restores the profession’s independence, dignity, and purpose. Engineers will once again 

be creators rather than users—architects not only of bridges and machines, but of the 

digital tools that build them. Society will benefit from safer, more sustainable, and more 

equitable infrastructure, developed in full view of the public it serves. Governments will 

regain control of their technological sovereignty, academic research will flourish 



without restriction, and innovation will accelerate across every dimension of the built 

world. 

 

In this envisioned future, the engineering community finally achieves digital self-

determination. The tools of creation will belong to their creators. Knowledge will flow 

freely across borders and generations, ensuring that the lessons of one era become the 

foundations of the next. This is the essence of open engineering—a profession liberated 

from constraint, unified in purpose, and aligned once again with the principles of 

transparency, collaboration, and human advancement. 
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