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1. Executive Summary; Artificial intelligence has moved well beyond the experimental stage
Al in Manufacturing in manufacturing. What began as isolated pilots and
Has Moved Past the proof-of-concept projects is now a strategic capability for
Pilot Stage organizations serious about improving efficiency, resilience, and

decision-making.

The pressures are real. Manufacturers today are dealing with rising production costs, unpredictable
supply chains, workforce shortages, and customers who expect faster delivery without
compromising on quality. Meeting these demands requires systems that can interpret data, surface
opportunities, and help teams make faster, better-informed decisions.

The manufacturers seeing the strongest results are not attempting sweeping, enterprise-wide
transformations from day one. They are starting with specific, high-impact problems: sharpening
production planning, tightening quality control, cutting unplanned downtime, and improving overall
plant performance.

Industry research backs this up. Manufacturers that focus Al investments on well-defined
operational use cases consistently outperform those chasing broad deployments without a clear
roadmap. Early wins build the internal confidence needed to expand Al across the business.

For most manufacturers, adoption follows a progression rather than a single leap, moving from
manual operations to digitized processes, then into Al-assisted decision-making, and eventually
toward environments where intelligent automation drives continuous improvement. The move from
Al-assisted to Al-driven operations happens through agentic systems that act on insights rather than
only surface them.

Getting there starts with the right use cases, the right integrations, and solutions designed to solve
real problems.

Manual Digitized Al-Assisted Al-Driven Operations
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2. Why Manufactu ring Manufacturing environments differ fundamentally from standard
Requires a Different enterprise IT settings, and that difference shapes how Al should

Al Adoption Approach be adopted.

Quality
Data

Production systems are asset-heavy and tightly coupled. A disruption in one area moves quickly
through the rest of the value chain. Research from Deloitte and IBM consistently highlights the
financial impact of unplanned downtime, particularly in capital-intensive industries where even
short production losses translate directly into revenue.

Operational variability adds another layer of difficulty. Machines differ by age, vendor, and
configuration, and processes and documentation standards vary across plants and teams. What
works well in one facility does not always carry over to another.

Data volume is rarely the constraint. The real problem is accessibility: engineering knowledge sits
inside CAD files, quality data lives in inspection reports, and maintenance insight exists in logs,
emails, and the institutional memory of experienced technicians. Gartner estimates that a
significant share of manufacturing data goes unused because it is fragmented, unstructured, or
disconnected from where decisions get made.

There is also a high cost to getting things wrong. Production systems cannot be paused
mid-deployment to correct course, which makes large experimental rollouts genuinely risky.

Standard IT transformation playbooks do not account for any of this. Al adoption in
manufacturing needs an approach built around operational constraints, existing infrastructure,
and a clear path to value.
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3.What Getting Started Before any tools are selected or projects are scoped, successful
Right with Al Actually manufacturers align on guiding principles that keep the effort
Looks Like grounded and goal oriented.

Start with operational bottlenecks:

Applying Al where friction already exists makes the value visible faster and builds credibility with
operations teams and leadership.

Work within existing systems:
Rather than replacing ERP, MES, and PLM platforms, the stronger approach is to augment them,
which accelerates ROl and reduces implementation risk.

Augment people, not replace them:
Engineers, operators, planners, and maintenance teams benefit from faster access to better
information. Human judgment remains central to how manufacturing decisions get made.

Design for scale from the start:
Solutions built for a single use case in isolation rarely expand. Technology choices made early
should be evaluated for their ability to grow across lines, plants, and functions.

These principles keep Al adoption practical, achievable, and connected to the outcomes that
matter most.
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4., High-lmpact Al Use The most successful early Al initiatives share a defining
Cases Manufacturers characteristic. They focus on specific, well-defined problems and
Can Prioritize First integrate smoothly into existing workflows.

4.1 Modernizing Legacy Manufacturing
Systems with Al

Most manufacturers rely on MES, ERP, and
plant systems built up over many years,

holding valuable data that is slow and Business value:
error-prone to extract manually. Al applied on . Fasterdaeition c N
top of these systems surfaces insights faster

without displacing the platforms teams

- Better use of existing system investments

- Reduced reliance on manual data analysis
already depend on.

4.2 Building Purpose-Built Al

Applications for Specific Operations Business value:

Rather than deploying general-purpose Al - Higher adoption rates because of workflow
platforms across all functions at once, alignment

manufacturers can build targeted - Clear ownership and accountability
applications aligned to workflows such as - ROI measurable against specific operational

production planning, inventory outcomes
mManagement, or quality control.

4.3 Extracting Intelligence from E = ﬁg &= C::P
Engineering and Manufacturing Documents _ 'a - @ b %

.. . . documents
Critical manufacturing knowledge is

Structured Downstream
insights systems
locked inside CAD files, technical drawings,

specifications, and bill of materials Business value:

documentation. Al can interpret and ! : -
- Shorter engineering cycle times

organize this unstructured content, -
- Fewer errors caused by misinterpreted

making engineering and manufacturing
data searchable and usable across teams.

documentation
- Stronger collaboration between design,

engineering, and production
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remaining isolated within a single tool
or dashboard. This use case focuses on

Business value:

integrating Al outputs directly into ERP,
MES, PLM, and supply chain platforms . Reduced manual handoffs between teams

so that the intelligence generated - More consistent, data-driven decisions across functions
translates into action without manual - Better coordination between planning and execution
handoffs.

4.5 Applying Generative Al as an

Operational Knowledge Layer i te :
Operator or Contextual
engineer guidance

Business value:

Generative Al can serve as a knowledge
layer for manufacturing operations,

providing Al-driven assistants that help
. . - Faster onboarding for new employees

teams access maintenance guidance, h
) ) ) - Less dependence on a small number of experienced

SOPs, and engineering knowledge in real ==

time. Responses are grounded in existin . ! )
P 9 9 - Faster response times for maintenance and operational

company data. queries

gﬁ [at]
4.6 Using Computer Vision for Shop A .

: Bl —
Floor Intelligence Lo lag e

g -
Q) ]
Al analysis Actionable alerts

Business value:

Computer vision applies Al to visual data
captured on the shop floor. Applications
include quality inspection, safety

monitoring, asset condition tracking, and - More consistent quality outcomes through objective
process compliance verification. These inspection

systems provide consistent, objective - Reduced manual inspection workload

oversight across shifts and lines. - Improved safety and earlier identification of

operational risks
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5.Al Agents in Manufactu ring: The use cases covered so far represent the Al-assisted
From Insig hts to stage of manufacturing operations, where systems
Autonomous Action improve how teams access and act on information. Al
agents mark the natural next step: instead of stopping at
insight, they complete defined tasks within agreed
boundaries. The shift is significant, but it builds directly on
the same operational foundation already established.

5.1 What Distinguishes an Al Agent from an Al-Assisted System

An Al-assisted system delivers insight. It surfaces an anomaly, recommends an action, or presents
relevant information so a person can decide what happens next. An Al agent goes further. Given a
defined objective and a set of permitted actions, it can execute multi-step tasks, coordinate across
systems, and complete workflows with minimal intervention at each step. The distinction is not just
speed of information but speed of execution. Human checkpoints remain in place, but they shift
from reviewing every step to reviewing exceptions and outcomes that fall outside the agent's
defined scope.

5.2 Agentic Workflows for Engineering Document Processing

Document intelligence extends naturally into full workflow completion. Instead of stopping at
extraction, an agent can validate extracted content against applicable standards or checklists, flag
exceptions that fall outside tolerance, and route documents for approval based on what the
exception requires. Straightforward cases move through the workflow without manual handling,
while genuinely ambiguous ones reach the right reviewer with the context already attached. This
reduces the administrative load on engineering teams without removing their judgment from cases
that need it.

5.3 Agents for Production Planning and Scheduling

Connecting Al outputs to ERP and MES systems creates the data foundation, but agents close the
loop by acting on it. A scheduling agent can monitor adherence in real time, detect disruptions such
as a machine fault, supply delay, or resource constraint, and propose or execute replanning within
defined parameters. Recurring, well-understood disruptions can be handled autonomously.
Anything requiring broader tradeoffs is escalated to a planner, with a recommmended course of action
already prepared, shifting effort from manual rescheduling to reviewing proposed decisions.
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5.4 Agents for Quality and Compliance Monitoring

Computer vision on the shop floor identifies anomalies, but an agent can act on what it detects.
Upon flagging a non-conformance, it can generate the required documentation, route it to the
appropriate team, trigger escalation protocols where thresholds are met, and update the quality
management system, all without a person manually relaying information between steps. This
shortens the gap between detection and corrective action, which matters directly in environments
where delay translates into scrap, rework, or compliance exposure.

5.5 Agents for Maintenance Coordination

A generative Al knowledge layer gives maintenance teams contextual guidance, and an agent turns
that guidance into coordinated action. When a fault is identified, it can diagnose the likely cause
using historical data and equipment records, raise a work order, check parts availability, and initiate
procurement if stock is insufficient. The technician receives a work order with diagnostic context,
confirmed parts, and a priority already set against the production schedule, so the knowledge
generated translates directly into action rather than a recommendation waiting on someone to act

on it.

5.6 Guardrails for Responsible Agent Deployment

Manufacturing's compliance and safety obligations make agent governance non-negotiable. Before
deployment, organizations need defined boundaries for what agents can act on without approval,
checkpoints where human sign-off is required regardless of confidence, audit trails for every action
taken or initiated, and escalation protocols for situations outside an agent's scope. These guardrails
are not limits on what agents can deliver. They are what makes deployment trustworthy, auditable,
and ready to scale across plants and functions.
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Agent action Human Escalation
boundaries checkpoint path

A Practical Guide to Getting Started with Al in Manufacturing Operations




ﬁ

6. What Changes
Operationally When Al
Is Applied Correctly

When Al is implemented with focus and operational
relevance, it makes existing work more effective rather than
disrupting how work gets done.

Before Al

After Al Applied Correctly

Decision-making

Issue detection

Data usage

Process consistency

Team focus

Manual, experience-driven

Reactive, triggered by
threshold breaches

Fragmented reports
reviewed after the fact

Varies by shift, line, or
plant

Firefighting and manual
follow-ups

Routine actions automated
with data-driven insights

Early anomaly and deviation
detection

Continuous insights
embedded in workflows

More consistent across
operations

Optimization and
preventive action

Before: Operations Without Al Assistance

In most manufacturing environments today, day-to-day decisions depend on manual effort and

delayed information.

- Quality and maintenance processes are driven by scheduled checks and inspections.

- Data is reviewed through static reports, often after issues have already occurred.

- Problems are identified once thresholds are breached or failures happen.

- Teams spend significant time resolving issues rather than improving processes.

- Critical knowledge resides with a small group of experienced individuals, creating dependency risk.

This approach is functional, but it limits visibility and makes it difficult to get ahead of problems
before they reach the production floor.
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After: Operations with Al Applied Correctly

With Al embedded into existing workflows, operations become more assisted and proactive without
removing human control.

- Decisions are informed by real-time and historical insights.

- Anomalies are flagged earlier, enabling preventive action before disruption occurs.

- Engineers, planners, and operators receive contextual guidance rather than raw data.
- Processes become more consistent across shifts, lines, and facilities.

- Teams redirect their attention from reactive problem-solving to optimization and continuous

improvement.

The key is knowing which decisions should remain human-assisted and which routine operational
actions can be executed autonomously by Al agents.

Research from McKinsey and PwC shows that manufacturers applying Al in this way see measurable
reductions in defect rates alongside improvements in throughput and uptime, particularly when
initiatives are tightly aligned with operational priorities.
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7. How Manufacturing As Al moves from experimentation into operational deployment, the
Leaders Should criteria for evaluation need to evolve. The focus shifts from what a
Evaluate Al Solutions technology can demonstrate in isolation to whether it can perform

reliably in a real manufacturing environment. The following
framework gives leaders a practical basis for comparison.

Security and IP protection:

Manufacturing Al involves sensitive data, including design files, process parameters, and proprietary
IP. Leaders need to understand how data ownership is defined and what access controls, encryption,
and isolation mechanisms are in place. Security cannot be an afterthought.

Agent autonomy and oversight:

For solutions with agentic capabilities, leaders need clarity on what the system is permitted to do
without human involvement, where human sign-off is mandatory regardless of the agent's
confidence, and how overrides, rollbacks, and audit trails are handled. Boundaries like these should
be defined before deployment.

Compliance with manufacturing standards:

Al solutions must operate within the regulatory and quality frameworks that govern manufacturing,
including support for industry standards, audit requirements, and traceability, covering not just
Al-generated insights but the actions agent-based systems initiate or execute.

Data governance and retention:

Sustainable Al deployment requires clear policies on how data is used, stored, and retained over time.
Leaders should look for solutions that provide visibility into data management and support
governance models that can evolve as the organization grows.

Ability to handle real-world variability:

Manufacturing data is rarely clean or consistent. Machines vary. Processes drift. Records differ across
sites. Effective Al systems perform well under these conditions, adapting to imperfect, noisy, and
shifting data rather than requiring ideal inputs.

Integration with existing systems:

Insights only create value when they are actionable within the tools and workflows teams already use.
This means smooth integration with ERP, MES, PLM, and supply chain platforms. Standalone tools
that sit outside existing workflows tend to add workload rather than reduce it.

Scalability across plants

Success on a single line or in a single facility is only meaningful if it can be replicated across the
organization. Leaders should evaluate whether a solution can scale without requiring extensive
rework at each new site.

Together, these factors help leaders move beyond comparing features to identify Al-assisted and
agent-based solutions that are truly manufacturing-ready.
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8. A Phased Path to For most manufacturing leaders, the primary concern around Al
Al Adoption in adoption is not capability but risk. A phased implementation
Manufactu ring approach addresses this directly by ensuring value is demonstrated

at each stage before the scope expands.

Phase 1: Focused Use Cases

Begin with a small number of well-defined use cases tied to clear operational challenges. Target
areas with visible bottlenecks, heavy manual work, or recurring problems. Keep the scope narrow to

reduce complexity and accelerate learning. Define success metrics upfront: downtime reduction,
quality improvement, or faster decision cycles.

Outcome: Early, measurable wins that build internal confidence and stakeholder buy-in.

Phase 2: System Integration

Connect Al outputs to existing MES, ERP, PLM, or maintenance systems. Reduce dependency on
standalone dashboards and manual interpretation. Ensure insights flow directly into day-to-day
workflows. Strengthen data governance and operational continuity as integration deepens.

Outcome: Al becomes embedded in how work gets done, not an external layer on top of it.

Phase 3: Cross-Functional Intelligence

Extend Al insights across planning, production, quality, maintenance, and supply chain teams. Break
down functional silos by providing shared intelligence across systems. Align decision-making across
the organization using common data and context.

Introduce agentic execution for well-bounded, low-risk decisions identified during cross-functional
rollout, with human oversight retained for exceptions.

Outcome: More coordinated operations, fewer handoff delays, and a foundation for moving

select decisions from human-reviewed to agent-executed.

Phase 4: Scaled Deployment

Implement successful use cases across lines, plants, and geographies. Standardize where practical
while accommodating local operational differences. Scale proven agentic use cases alongside other
Al deployments across plants and production lines, and institutionalize agent performance
monitoring, governance, and continuous improvement as part of long-term operational support.
Establish long-term support, monitoring, and continuous improvement processes.

Outcome: Al evolves from individual projects into an enduring operational capability.
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o. Closing Perspective' Success with Al in manufacturing comes from relevance, not

Al as an Operational sophistication. Early wins matter because they establish trust. Strong
Capability Not a foundations matter more than speed. When Al is embedded into
?

Project daily operations rather than treated as a one-time initiative, its value

accumulates over time.

The manufacturers positioned to lead tomorrow are the ones that
start with the right problems today.

Primary sources referenced

- McKinsey & Company — Al in manufacturing, productivity, and operations transformation
- Boston Consulting Group (BCG) / Bain & Company - Industrial Al adoption and scaling

- Deloitte Manufacturing Insights — Smart manufacturing and operational resilience

- PWC - Manufacturing performance benchmarks and Al impact

- Gartner - Manufacturing data utilization and Al adoption trends

- World Economic Forum - Industry 4.0 and advanced manufacturing initiatives

- IBM Institute for Business Value — Al and data-driven operations in industrial environments
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