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Executive Summary

Manufacturers are investing heavily in artificial intelligence.
Predictive analytics, generative Al assistants, and optimization
models have become common elements of digital
transformation agendas. In many organizations, Al is no longer
experimental. It is expected.

Despite this momentum, most manufacturers struggle to
translate Al investment into sustained operational impact.
Independent research consistently shows that while Al
adoption continues to accelerate, the value it delivers remains
concentrated among a relatively small group of organizations.
These tend to be companies that have invested in strong data
foundations and embedded Al into core operational processes.

More than 80 percent of respondents say their
organizations aren’t seeing a tangible impact on
enterprise-level EBIT from their use of gen Al

McKinsey — The State of Al: How organizations are rewiring to
capture value
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Boston Consulting Group refers to these leaders as “Al-future-
built” companies. Although they represent only a small fraction
of organizations, they generate disproportionately higher returns
from Al by building platforms and operating models designed to
scale intelligence, rather than simply deploying tools.

This white paper argues that the gap between leaders and
laggards is structural.

As generative Al rapidly commoditizes software creation,
competitive advantage shifts away from building intelligence
and toward executing it. Organizations reach what we describe
as the Al Cliff: the point at which insight must become action,
and where intelligence must operate inside live manufacturing
workflows rather than alongside them.

Crossing the Al Cliff requires an execution-centered Industrial
Operations Platform. Such a platform unifies execution,
automation, and analytics, models manufacturing reality deeply,
and enables Al to generate governed configuration instead of
fragile custom code.
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The Al cliff

Al adoption in manufacturing has accelerated rapidly. Most
manufacturers now report active Al pilots or production
deployments, particularly in forecasting, maintenance, and
quality analytics. However, value realization has not kept pace
with adoption.

In many organizations, Al is effective at explaining what
happened or predicting what might happen next, but

far less effective at changing outcomes in real time.
Dashboards highlight deviations after the fact. Predictive
models recommend actions that require manual review. Al
assistants explain options, yet decisions are delayed, applied
inconsistently, or not acted upon at all.

This is the Al CIliff.

The Industrial Al Cliff is Real

The cliff emerges when organizations attempt to move from
insight to decision, and from decision to action. At this stage,
intelligence must operate inside execution workflows, trigger
responses automatically, and do so under clear governance
and accountability. Most Al initiatives stall here, not because
the models are wrong, but because operational systems are not
designed to absorb intelligence at speed.

This pattern mirrors broader digital transformation outcomes.

A large share of transformation initiatives fail to deliver
expected value, largely due to execution breakdowns rather
than strategy or technology choices. Al initiatives face the same
constraint: intelligence moves faster than the organization’s
ability to act on it.

The conclusion is unavoidable. Al maturity is capped by
execution maturity.
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The widening gap between Al-future-
built and Al-experimenting companies

Boston Consulting Group’s concept of Al-future-built companies  The Al Cliff is not the point at which Al stops working. It is the
helps explain why some organizations cross the Al Cliff while point at which organizations without strong foundations stop
others do not. scaling.

Only a small percentage of companies fall into this category, yet

these organizations generate significantly higher revenue impact Boston Consulting Group quantifies this divide,
and deeper cost reductions from Al. Their advantage does not identifying only ~5% of companies as “Al-future-
stem from superior algorithms or larger datasets. It comes from built,” yet showing these organizations generate
structural readiness. up to 5x greater revenue impact and 3x higher

cost reductions from Al due to stronger core
Al-future-built companies invest early and consistently in shared platforms, shared data models, and execution-ready
operational foundations. They establish canonical data models, architectures.
deploy executlon-grac.ie platforms, and design architectures Reference: BCG — The Widening Al Value Gap
that can evolve over time. Most importantly, they model how The-Widening-Al-Value-Gap-October-2025.pdf

the business actually runs, rather than layering Al on top of
fragmented systems.

By contrast, Al-experimenting companies deploy intelligence
on top of disconnected tools, spreadsheets, custom scripts,
and local applications. Intelligence accumulates faster than
execution can respond, widening the gap between insight and
impact.
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Why now: Al is commoditizing software

Generative Al represents a fundamental shift in software
economics. Tasks that once required weeks of development,
such as building dashboards, writing integration logic, or
defining business rules, can now be completed in minutes.
Productivity gains in software engineering are already
measurable and significant.

This acceleration is transformative, but it also introduces new
risk.

When software is expensive to build, organizations treat it as a
long-lived asset. When software becomes cheap to generate,
it becomes disposable. Strategic value no longer resides in
the software artifact itself, but in the foundation that gives it
meaning.

In early February 2026, investors reacted strongly
to Anthropic’s rollout of new Claude Cowork plugins
designed to automate professional workflows,
leading to large declines in software and SaaS
stocks as markets reassessed the competitive
threat posed by Al agents that can execute tasks
traditionally handled by licensed software.

Anthropic’s Claude plugins spark $285 billion software stock
selloff as Al targets entire SaaS workflows - Tech Startups

In manufacturing environments, this dynamic is particularly
dangerous. Rapid proliferation of Al-generated scripts,
applications, and logic may deliver short-term wins, but it also
creates long-term fragility. Free-form code is difficult to validate,
hard to upgrade, and expensive to maintain, especially in
regulated and high-precision operations.
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Treat Al-generated software as

disposable

Al-generated software should not be treated as foundational.

When Al produces standalone code or applications outside

a governing platform, it creates artifacts that accumulate
technical debt quickly. Industry research consistently shows that
most software lifecycle costs occur during maintenance rather
than initial development. Al accelerates creation, but it does not
reduce maintenance burden unless the underlying architecture
changes.

Analysts warn that this shift dramatically increases
long-term risk. Gartner projects that by 2028, more
than 40% of enterprise IT spending will be consumed
by maintaining fragile custom and generated code
rather than delivering new capabilities.

Reference: Gartner — Technical Debt

Execution-grade Industrial Operations Platforms take a different
approach. Instead of using Al to generate custom software,
they use Al to generate platform-interpreted configuration.
Workflows, routing logic, business rules, and object extensions
are expressed as metadata that the platform understands,
governs, and executes.

In this model, the platform remains responsible for execution,
security, validation, and performance. Al accelerates how quickly
the system can be configured, not how much custom code must
be maintained. Configuration remains upgrade-safe, versioned,
auditable, and consistent across sites.

Al becomes a configuration accelerator rather than a source of
fragility.
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An industrial Al maturity model

Manufacturers do not progress toward Al value in a single step.
Instead, they move through distinct stages of maturity, defined
less by model sophistication than by where intelligence operates
and how decisions are executed.

At the earliest stage, Al is primarily descriptive and diagnostic.
Dashboards and historical analytics explain what happened
after the fact. Action depends entirely on human interpretation
and manual response. While this stage improves visibility, its
value remains limited.

As organizations mature, Al becomes predictive and advisory.
Models forecast what might happen and recommend

actions. However, intelligence still lives outside execution.
Recommendations must be reviewed, translated, and

applied manually, introducing delay and inconsistency. Most
manufacturers today operate largely at this level.

The Al Cliff appears at the transition to execution-integrated
intelligence. At this stage, Al operates inside operational
workflows, using live execution context and shared operational
semantics. Decisions influence what happens as work is
performed, not after the fact. This marks the shift from Al as
insight to Al as operational capability.

Beyond this point, automation becomes viable. Al-driven actions
are executed automatically within defined constraints, with
humans supervising exceptions rather than every decision.
Governance, traceability, and explainability become essential.

At the highest level, Al systems continuously optimize
operations against defined objectives such as throughput, yield,
or service levels, while respecting quality, compliance, and risk
constraints. Autonomy exists, but control is retained.

Each stage builds on the previous one. Autonomous operations
cannot be layered onto fragmented execution. Predictive models
cannot scale without shared semantics. Automation cannot be
trusted without governance.

Most manufacturers today remain trapped between predictive
insight and execution-integrated intelligence. Crossing the Al
Cliff is therefore not a tooling challenge. It is a structural one.
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Execution, automation, and analytics:

the closed loop

The transition from predictive intelligence to execution-
integrated intelligence is where most Al initiatives stall. The
reason is simple. Execution, automation, and analytics are rarely
designed as a closed loop.

Execution provides the system of record for manufacturing,
defining how work is performed in real time and capturing

full operational context. Analytics derive intelligence directly
from this live context rather than from delayed or replicated
data. Automation embeds that intelligence back into execution
workflows, triggering responses consistently as work happens.

When these capabilities are unified, intelligence becomes action
by design. Execution generates context, analytics interpret

it, and automation enforces outcomes. Without this loop, Al
remains advisory. With it, Al becomes operational.

Independent evidence shows that closed-loop digital
operations drive measurable outcomes. The World
Economic Forum reports that its latest cohort of
“Lighthouse” sites achieved, on average, a 40%
increase in labor productivity and a 48% reduction in
lead times, attributed to scaled use of Al, advanced
analytics, and automation in operations.

Global Lighthouse Network 2025: World Economic Forum
Recognizes 12 New Sites Driving Holistic Transformation in
Manufacturing > Press releases | World Economic Forum

This is not a marginal improvement. It is a different operating
model.

Industrial Operations Platform: Execution, Connectivity, and Intelligence

MES

5 )

Connect

loT

Bidirectional data
connectivity, edge
transfirmation, and
integration

Execute

Guide, control and manage all
shopfloor operations ensuring quality,
efficiency and flexibility

[+

Analyze

Data

Platform
Gain real-time insights
from complex data to

optimize operations
and prevent issues
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Why fragmented stacks and generic
models break Al at scale

The inability to cross the Al Cliff is rarely caused by lack of data
or algorithms. It is caused by fragmentation.

Many manufacturers attempt to scale Al by layering analytics
and Al tools on top of existing MES, loT platforms, and custom
applications. In these architectures, intelligence remains
detached from execution. Recommendations must be translated
manually into action, governance is applied after the fact, and
execution logic varies by site or system.

This is not a temporary integration problem. It is a structural
failure mode.

Without a shared operational model, including common
definitions for materials, containers, equipment, workflows,
and quality states, Al produces inconsistent results that are
difficult to trust or scale. Local optimizations accumulate, while
enterprise-wide intelligence remains elusive.

@ Critical manufacturing

Industry guidance consistently reinforces this conclusion.

Scalable industrial Al requires unified operational semantics and
execution-grade governance across IT and OT domains. Without
this foundation, Al initiatives fragment, drift, and ultimately stall.

ClOs must champion the integration of IT/OT data
governance to create a unified industrial data
foundation. That governance establishes common
data objects and semantics for Al use case
implementations that can be scaled across different
lines, locations and sites. That will resolve individual
data drifts and contradictions that undermine

Al model reliability and limit cross-functional
innovation.

Manuf ing ClO's Gui | ial Al Data Readi
Gartner, Dec 2025



https://www.gartner.com/doc/reprints?id=1-2MXMFRFT&ct=260302&st=sb?utm_source=criticalmanufacturing&utm_medium=referral&utm_campaign=AI_Cliff&utm_term=31032026
https://www.gartner.com/doc/reprints?id=1-2MXMFRFT&ct=260302&st=sb?utm_source=criticalmanufacturing&utm_medium=referral&utm_campaign=AI_Cliff&utm_term=31032026
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Industry foundations: why modeling

comes first

Configuration-driven Al only works if the platform already
understands manufacturing reality.

Original operational modeling is not an abstract design exercise.

It depends on out-of-the-box, industry-specific capabilities

that encode decades of manufacturing expertise. In complex
environments, this includes native support for material and
container hierarchies, rework and exception handling, genealogy
and traceability, time constraints, and compliance workflows.

Generic workflow engines force manufacturers to recreate this
logic through custom code and applications. Over time, these

workarounds erode trust, block upgrades, and make Al-driven
automation risky.

4.
Act and Improve

+ Decisions inside work
+ Assisted & autonomous actions
+ Continuous optimization

3.
Generate Intelligence

« GenAl on structured data
+ Deterministic workflows
+ Explainable outcomes

Platforms built with deep, industry-encoded models allow Al to
reason over trusted semantics and generate configuration that
is predictable, explainable, and executable. Al does not replace
original modeling. It amplifies it.

This is why Al-future-built manufacturers invest in foundational
platforms rather than point solutions. By standardizing how

operations are modeled, they enable intelligence to scale safely
across sites, processes, and product lines.

1.
Model Operations

+ Workflows, resources, constraints
+ Genealogy & traceability
« Common data model

2.
Connect Everything

+ Equipment, loT
+ ERP, PLM, enterprise systems
+ Trusted, bidirectional flow
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Al cliff is not an Al problem but an

economic one

The business case for execution-integrated Al is direct and
measurable.

In manufacturing, delays and inconsistencies translate
immediately into cost. Unplanned downtime can reach hundreds
of thousands of dollars per hour. The cost of poor quality often
represents a significant share of revenue. Manual coordination
and delayed decision-making compound losses quickly.

Manufacturers that embed intelligence directly into execution
demonstrate what is possible. The World Economic Forum
Lighthouse sites consistently report strong gains in productivity,
throughput, and lead-time reduction by integrating Al,
automation, and execution into a single operational backbone.

These outcomes are not driven by better dashboards. They are
driven by faster and safer execution.

As Al continues to commoditize software creation, competitive
advantage shifts decisively toward platforms that can execute
intelligence reliably, repeatedly, and at scale. Crossing the Al
Cliff is not an Al problem. It is an execution problem, and an
economic one.

@ Critical manufacturing




ABOUT THE AUTHOR

Francisco Almada Lobo is recognized as a top strategic
thought leader and evangelist on digital transformation,
specifically Industry 4.0, manufacturing operations and
the factories of the future. Francisco co-founded Critical
Manufacturing in 2009 and has been CEO since 2010.

Francisco started his career in a CIM R&D Institute and
joined Siemens Semiconductor in 1997. Throughout his
tenures at Siemens, Infineon and Qimonda, he specialized
in optimizing highly complex, discrete manufacturing
operations. In 2004, he led the first migration of an MES
system in a running high-volume facility.

Francisco holds various positions within the smart
manufacturing and venture capital industries, including
being a Member of the 200M Fund’s Investment
Committee, Executive Committee Member of SEMI
Smart Manufacturing Technology, Member of the Forbes
Technology Council and Advisor to many Industry 4.0
startups.

Francisco Almada Lobo
CEO at Critical Manufacturing

ABOUT CRITICAL MANUFACTURING

Critical Manufacturing a subsidiary of ASMPT and
recognized leader in the Gartner® Magic Quadrant™,
provides the industry’'s most modern Industrial Operations
Platform. With MES at the core, we bring together
connectivity, automation, analytics, and trusted Al in

one unified ecosystem. Critical Manufacturing helps
manufacturers build the connected, intelligent factories of
the future, where people and Al collaborate seamlessly.

To learn more visit: www.criticalmanufacturing.com

© Critical Manufacturing



