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Abstract— Manufacturing enterprises through 2030 face compounded pressures: persistent supply chain
volatility, continued cost pressure, rapid skills disruption, growing operational technology (OT)
cybersecurity exposure, and intensifying sustainability and carbon-related compliance requirements.
Although these challenges are widely documented, many organizations struggle to convert them into
coherent, scalable transformation programs. This paper presents a structured narrative review and
introduces a Mitigation Operating Model (MOM) that links external pressures to internal managerial
failure modes and governance mechanisms. Evidence is synthesized from authoritative industry outlooks,
global benchmark programs on industrial transformation, policy and standards bodies, and peer-reviewed
research on resilience, digital transformation, and performance measurement behavior. The review identifies
six recurring failure modes that inhibit scaling: unclear decision rights, weak KPI architecture and incentive
alignment, low data integrity, fragmented transformation portfolios, insufficient capability building, and
under-managed interfaces between operations and risk/compliance. The MOM consolidates actionable
levers — data stewardship, cadence-based performance management, portfolio stage-gates, OT risk controls,
and compliance-ready measurement — into a blueprint for prioritizing initiatives under constraints of capital
and talent. The review concludes that the highest-leverage interventions institutionalize ownership and
measurement integrity before scaling digital/Al or compliance programs, enabling simultaneous gains in
cost, resilience, and readiness through 2030.
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I. INTRODUCTION

capability building [2]. Operational technology (OT)

Manufacturing enterprises through 2030 are
operating in an environment where multiple external
pressures interact rather than occur in isolation.
Industry outlooks anticipate continued supply chain
risks, disruptions, and elevated costs as persistent
constraints ~ for  manufacturers’ operational
performance [1]. In parallel, workforce disruption
remains high: forward-looking labor market analyses
for the 2025-2030 horizon report substantial shifts in
the skill composition required by employers,

reinforcing the need for systematic upskilling and
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cybersecurity has also become an availability and
safety issue, as OT-focused security guidance
explicitly addresses unique OT performance,
reliability, and safety requirements in connected
industrial environments [3]. Finally, for firms exposed
to regulated export markets, sustainability is
increasingly  converted from aspiration into
auditability and compliance. In the European Union
(EU), the Carbon Border Adjustment Mechanism
(CBAM) increases pressure for auditable embedded-
emissions measurement and reporting as it transitions

into the definitive regime from 2026 onward [4], [5].
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At the system level, industry remains a material
contributor to global energy-related emissions,
supporting the strategic relevance of decarbonization

and measurement readiness [6].

Existing reports and studies frequently list
manufacturing challenges, but they often do not
translate them into a repeatable management system
for mitigation and scaling. In practice, stalled
transformations  are  frequently driven by
organizational mechanisms—ownership ambiguity,
KPI/incentive distortion, weak data integrity, and
fragmented portfolios —rather than by the absence of

technical solutions.

This paper aims to: (a) synthesize key cross-

industry  challenges  affecting  manufacturing
enterprises through 2030; (b) identify managerial
failure modes that explain why mitigation efforts fail
to scale; and (c) propose a Mitigation Operating Model
(MOM) mapping pressures — failure modes —

governance mechanisms — expected outcomes.

II. REVIEW METHODOLOGY

This study follows a structured narrative review
(“PRISMA-lite”) suitable for cross-domain synthesis
of operations, digital transformation, cybersecurity,
and compliance evidence.

Evidence was collected from four categories: (1)
industry outlooks and executive/sector analyses
providing current-state constraints and near-term
baseline conditions (e.g., cost and supply chain
disruption) [1]; (2) benchmark programs and applied
transformation compendiums documenting scaling
patterns and operating disciplines in high-performing
plants [7]; (3) policy and standards bodies defining
applicable requirements and recommended practices
(OT cybersecurity; manufacturing cybersecurity
profiles; CBAM rules) [3]-[5], [8]; and (4) peer-
reviewed research validating key mechanisms,
especially resilience strategies, digital transformation
enablers, and performance measurement dysfunction
[9]-[12]. The horizon “through 2030” is treated as a
forward-looking planning window grounded in
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sources that explicitly cover 2025-2030 (e.g., skills
outlooks), alongside current-state manufacturing
outlooks and standards/regulation shaping operating
constraints between now and 2030.

Search terms combined “manufacturing” with:

resilience, supply chain disruption, digital
transformation barriers, data-driven transformation,
performance measurement dysfunctional behavior,
OT security, skills disruption, carbon compliance, and
CBAM. Academic databases and publisher portals
were used to identify peer-reviewed literature;
policy/standards documents were selected from
official issuers; and industry outlooks and benchmark
established

publications were selected from

publishers.

Sources were included if they (a) addressed

manufacturing operations or industrial
transformation; (b) connected pressures to outcomes
(cost, service, resilience, cyber risk, compliance
readiness); (c) provided actionable mechanisms
(frameworks, maturity models, practices); and (d)
were either recent (primarily 2020-2026 for contextual
evidence) or were active standards/regulatory
guidance applicable during the period to 2030.
Sources were excluded if they were promotional
without traceable methodology, duplicates of the
same underlying content, or not directly applicable to

manufacturing execution and governance.

The synthesis used three coding passes: (1)
pressure coding (external challenges); (2) failure-
mode coding (internal managerial/organizational
mechanisms); and (3) lever coding (governance and
operating mechanisms), consolidated into the MOM.

III. CHALLENGE TAXONOMY (THROUGH
2030)

To provide a structured overview of the pressures
discussed in this section, Table 1 summarizes the main
manufacturing challenges through 2030, their typical
operational symptoms, managerial implications, and
indicative monitoring metrics.
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Table 1: Challenge taxonomy and managerial implications through 2030. These challenges are discussed in greater detail

buffers; supplier variability

below.
External pressure | Typical operational | Managerial implication | Example monitoring
(through 2030) symptoms (why it’s hard) metrics
Supply chain volatility | Schedule instability; | Requires cross- | OTIF; lead-time
& resilience expediting; inventory | functional decision rights | variability; supplier PPM;

and rapid trade-off
routines, not only
forecasting

inventory turns

Cost
margin compression

pressure &

Standard vs actual cost gaps;
rework/scrap; overtime;

unplanned downtime

Cost programs fail when
KPIs/incentives reward
output over accuracy and
capability

COPQ; OEE; conversion
cost/ unit; scrap rate

Skills disruption & | Long ramp-up; shortages in | Needs institutional | Time-to-competence;
talent scarcity maintenance/automation/pl | learning system (skill | training hours/FTE; FPY;
anning; dependence on | matrix, certification, | maintenance backlog
“heroes” standard work
governance)
Digital scaling | Pilots succeed but don’t scale; | Scaling is a governance | Use-case scale  rate;
bottlenecks (“pilot | low adoption; inconsistent | and portfolio problem | adoption %; data quality
trap”) definitions; fragmented data | (ownership, KPl hygiene, | score; benefit realization
replication) rate
OT cybersecurity as | Expanded remote/vendor | Must be governed jointly | Asset coverage %;
continuity risk access; patching constraints; | by operations- | segmentation  coverage;
incomplete asset inventory; | engineering-IT with | incident MTTR; remote
recovery delays uptime/safety access exceptions
constraints
Sustainability & | Need auditable product | Primarily a measurement | Energy intensity;
carbon  compliance | carbon data; supplier data | and data governance | emissions data
readiness requests; reporting overhead | challenge; requires audit- | completeness;  supplier
ready workflows data  coverage; audit
findings

Supply chain volatility remains a structural constraint

on operational

emphasis on

performance,
resilience,

driving renewed

flexibility, and rapid

and supplier variability.

The managerial implication

is that resilience requires cross-functional governance

and decision rights that enable rapid trade-offs, not

reconfiguration. Benchmark evidence from industrial
highlights
transformation at scale, including resilience outcomes

transformation  programs holistic
rather than isolated efficiency improvements [7]. Peer-
reviewed resilience literature similarly identifies
flexible (e-g.,

flexibility) as meaningful contributors to resilience

strategies sourcing and capacity

performance [9]. Operational symptoms include
schedule instability, expediting, inventory buffers,
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only improved forecasting.

Cost pressure remains persistent due to disrupted
logistics, volatile inputs, and the structural cost of
variability (rework, scrap, changeovers, downtime).
Industry outlooks emphasize elevated costs and
disruptions as  continuing  constraints  for
manufacturers [1]. Operational symptoms include
gaps between standard and actual costs, “hidden
losses, and constrained

factory” improvement
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budgets. The managerial implication is that cost
programs underperform when measurement systems
and incentives prioritize short-term output over

accuracy, learning, and capability.

The workforce challenge is not only headcount
scarcity but also skill composition change. Forward-
looking analyses for the 2025-2030 period emphasize
substantial shifts in required skills, increasing the
urgency of systematic upskilling [2]. As shown in

International Journal of Advanced Engineering, Management and Science, 12(2) -2026

1, labor market tightness in manufacturing eased
during 2024, and July marked the first month since
May 2021 when the number of unemployed
individuals in manufacturing exceeded the number of
job openings. However, this shift should not be
interpreted as a resolution of the sector’s talent
problem. Instead, it suggests that the challenge is
evolving from pure labor scarcity toward a broader
issue of capability availability, role fit, and workforce

Deloitte’s 2025 Manufacturing Industry Outlook - Fig. adaptability.
The manufacturing lahor market loosened in 2024 <
Ratio of job openings to unemployment
3
25
2
Tightening labor market
15 1
One job opening per
_ unemployed
LI T P R PP TP TP T TSP PLIR TS PP e e
in manufacturing
05 l
Loosening labor market
0
2018 2019 2020 2021 2022 2023 2024

Source: US Bureau of Labor Statistics.

Fig. 1: Easing labor market tightness in manufacturing does not eliminate the long-term skills challenge. Source: Adapted
from Deloitte, 2025 Manufacturing Industry Outlook

Operational symptoms include shortages in
maintenance, automation, and planning roles; long
ramp-up times; and reliance on key individuals. The
managerial implication is that training must be
institutionalized  (skills ~ matrices, certification
pathways, standard work governance) rather than

treated as episodic.

Many manufacturers achieve pilot success but fail
to scale across plants or value streams. Benchmark
programs emphasize scaling mechanisms and
operating discipline rather than isolated showcases
indicates  that

[7. Peer-reviewed  research
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organizational and cultural factors play a critical role
in enabling data-driven transformation and
performance impact [10]. Operational symptoms
include fragmented architectures, low adoption,
inconsistent definitions, and benefits that are not
sustained. The managerial implication is that without
data ownership, KPI hygiene, and portfolio
governance, digital investments become disconnected

tools.

OT cybersecurity is increasingly intertwined with

uptime and safety in connected industrial
environments. OT-specific  security = guidance
75
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addresses OT constraints and recommends practices
aligned to industrial conditions [3]. Manufacturing-
specific cybersecurity profiles also emphasize sector-
aligned outcomes and prioritized practices [8].
Operational symptoms include expanded
remote/vendor access, inconsistent patching, and
incomplete asset inventories. The managerial
implication is that OT risk must be governed as an

operations and safety issue, not solely an IT function.

Sustainability increasingly requires auditable
measurement across products and supply chains.
Industry emissions remain material, keeping
decarbonization and measurement on the executive
agenda [6]. For EU-exposed firms, CBAM increases
the need for embedded-emissions data and reporting
processes, with the definitive regime beginning from

2026 onward [4], [5]. Operational symptoms include

International Journal of Advanced Engineering, Management and Science, 12(2) -2026

demand for product carbon traceability, supplier
emissions information requests, and competing capex
priorities. The managerial implication is that
sustainability =~ becomes a measurement and
governance problem as much as an engineering

problem.

IVv. MANAGERIAL FAILURE MODES (WHY
MITIGATION STALLS)

Across the reviewed evidence, initiatives frequently
fail not because solutions are unknown, but because
execution systems are insufficient. Six recurring
failure modes were identified. Table 2 consolidates the
identified failure modes, their typical manifestations,
and the corresponding high-leverage governance
controls.

Table 2: Managerial failure modes and recommended governance controls.

Failure mode

How it manifests

High-leverage controls (MOM levers)

Unclear decision rights

Slow decisions; inconsistent

standards; escalation overload

RACI for data/process owners; decision
cadences; escalation rules

KPI/incentive
misalignment

Metric distorted
reporting; local optimization

gaming;

KPTI hierarchy; leading/lagging split; KPI audit;
incentive redesign

Low data integrity

Planning noise; poor costing; low
trust in analytics

Data stewardship; definitions; measurement
audits; single source of truth

Fragmented portfolio

Too many pilots; low scale rate;

Stage gates; benefit verification; replication

change fatigue

playbooks; portfolio board

interface gaps

uptime; reporting scramble

Capability gap Dependence on experts; regression | Skill matrix; certification; standard work
after turnover governance; learning routines
Risk/compliance Cyber controls bypassed for | Integrated oT governance; asset

inventory/segmentation; audit-ready

emissions workflow

Unclear decision rights and accountability:
ambiguity over who master  data
(BOM/routings),

remediation, OT segmentation, and compliance

owns
downtime taxonomy, supplier
reporting leads to delayed decisions, inconsistent
standards, and “everyone and no one” responsibility.

Weak  KPI
misalignment: performance measurement systems

architecture ~ and  incentive
can produce dysfunctional consequences when
measures become targets, encouraging gaming,
misreporting, and effort substitution [11]. Broader
performance measurement literature reinforces that
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metric design and governance influence behavior and
outcomes [12].

Low data integrity: inconsistent definitions and
poor data quality undermine planning, costing,
analytics credibility, and sustainability reporting
readiness. Data integrity gaps also weaken trust and
reduce adoption of digital tools.

Fragmented transformation portfolios: too many
initiatives without stage gates, benefit verification,
and replication playbooks yields pilot saturation but
limited enterprise scale. This also increases change
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fatigue and reduces credibility of transformation
programs.

Insufficient capability building: training is not
integrated into daily operations; standard work is not
governed; knowledge remains localized.
Improvements depend on “heroes” and degrade with

turnover.

Under-managed operations-risk/compliance
interfaces: OT security is treated as IT-only,
sustainability as reporting-only, and supply chain risk
as procurement-only, creating gaps at interfaces and

weak controls.

International Journal of Advanced Engineering, Management and Science, 12(2) -2026

V.  MITIGATION OPERATING MODEL
(MOM)

The Mitigation Operating Model translates external
pressures into governance mechanisms that address
failure modes and enable scalable outcomes. The
MOM is structured into six operating layers and is
intended as a management blueprint rather than a list
of tools. The conceptual structure of the proposed
Mitigation Operating Model is illustrated in Figure 2.

External pressures
(through 2030)

Supply chain

Cost

Skills

Digital scaling

OT cyber
Sustainability/CBAM

Managerial
failure modes

Decision rights
KPl/incentives
Data integrity
Portfolio
Capability

Risk interface

MOM governance
mechanisms

Strategy trade-offs

RACI

KPI architecture

Data stewardship

Stage gates

Integrated risk/compliance

Outcomes

Cost control
Resilience

Scale adoption

Cyber posture
Compliance readiness

Fig. 2: Conceptual structure of the Mitigation Operating Model (MOM).

Strategic intent and trade-offs: define an explicit
optimization logic (e.g., cost vs service vs resilience vs
CO;) and manage trade-offs to prevent KPI overload
and conflicting local targets. Translate intent into a
limited set of enterprise priorities with clear
ownership.

Decision rights and accountability (RACI
discipline): establish ownership for master data
(BOM/routings), downtime and quality taxonomies,
supplier risk actions, OT cybersecurity controls (asset
inventory, segmentation, remote access), and
compliance reporting workflows (e.g., embedded
emissions). This layer reduces ambiguity, accelerates
decisions, and enables stable standards.

KPI architecture and incentive alignment: design
KPI hierarchies with leading and lagging indicators;
define rules preventing local optimization; introduce
periodic KPI audits for gaming risk; ensure incentives
do not reward data distortion. Evidence on
dysfunctional measurement consequences supports
governance beyond metric selection [11], [12].

Data integrity and measurement governance:
create data stewardship roles, a single source of truth
for critical objects, and measurement audits. This layer
is foundational for planning, digital scaling, and
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compliance. Typical mechanisms include data
dictionaries, governance councils, stewardship KPlIs,
and systematic correction workflows.

Transformation portfolio and scaling mechanism:
implement portfolio stage gates (idea — pilot —
scale), benefit verification, and replication playbooks.
Benchmark evidence emphasizes scaling patterns and
replication across sites [7]. Portfolio governance
should include intake and prioritization criteria,
stage-gate reviews, benefit standards, and replication
packages (standard work, training, technical steps).

Risk and compliance integration into operations:
operationalize OT cybersecurity using OT-specific
guidance and manufacturing profiles [3], [8]. Integrate
sustainability measurement and reporting into
operational routines to meet compliance requirements
such as CBAM [4], [5].

VL DISCUSSION

The synthesis indicates that the most damaging
pattern is treating each challenge as independent and
“solvable by projects,” while the real constraint is the
absence of a scalable operating model. Digital
transformation depends strongly on organizational
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culture and governance enabling data-driven
behavior, consistent with peer-reviewed findings on
cultural enablers of data-driven transformation [10].
Resilience strategies require cross-functional routines
and governance, supported by systematic review
evidence that flexible strategies contribute to
resilience performance [9]. OT cybersecurity and
sustainability compliance further shift from technical

International Journal of Advanced Engineering, Management and Science, 12(2) -2026

topics into governance: OT security must respect
reliability and safety constraints and therefore
requires  integrated  operations-engineering-I1T
governance [3]. CBAM compliance increases the need
for auditable measurement and reporting processes
and supplier data workflows [4], [5]. The
interdependence of these pressures is illustrated in

Figure 3.

Cost pressure
Margin compression
Variability cost

Supply chain volatility
Lead-time instability
Supplier variability

Data integrity &
decision quality
Master data accuracy
Reliable reporting
Trust in analytics

Sustainability &
compliance

Traceable emissions data
Audit-ready workflows

Skills disruption
Capability gaps
Longer ramp-up

Managerial execution
system

Decision rights

KPI governance
Portfolio scaling

v

OT cybersecurity risk
Continuity exposure
Recovery constraints

\/\/

Operational performance
Resilience

Scale adoption
Readiness through 2030

AVA

Fig. 3: Interdependence of manufacturing challenges through 2030.

A pragmatic sequencing under capital and talent
constraints is: (1) clarify decision rights and KPI
governance to reduce metric distortion and accelerate
decisions; (2) fix measurement integrity and data
ownership to restore trust in numbers and enable
planning and analytics; (3) scale transformation via
portfolio governance using stage gates and replication
playbooks to avoid pilot saturation; and (4) integrate
OT security and sustainability compliance into
operational governance so risk and reporting become
routine, not exceptions. This sequencing aligns with
benchmark evidence that leading plants scale holistic
transformation rather than isolated tools [7].

For practitioners, the MOM offers a blueprint for
converting external pressures into governance
mechanisms and scalable execution routines. For
researchers, the MOM provides a testable structure
that could be operationalized into a maturity
assessment and evaluated through multi-site case
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studies across sectors to test transferability and
quantify impact pathways.

VII. CONCLUSION

Manufacturing enterprises through 2030 face
interacting pressures spanning supply chain
volatility, cost pressure, skills disruption, digital
scaling barriers, OT cybersecurity risk, and
sustainability compliance. This paper contributes a
structured taxonomy of these challenges, six
managerial failure modes explaining why mitigation

efforts stall, and a Mitigation Operating Model

(MOM) mapping pressures to governance
mechanisms.
The highest-leverage interventions

institutionalize ownership, KPI/incentive alignment,
and measurement integrity before scaling digital /Al

or compliance programs. Future work can
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operationalize the MOM into a maturity assessment
instrument and validate it through multi-site case
studies.
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