U.S. Manufacturing at a
Crossroads

An assessment of reinvention in an age of disruption reveals a
sector caught between the imperative to modernize and
severe policy headwinds threatening its future

competitiveness.
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Strategic
Paradox

U.S. manufacturing stands at a critical juncture in 2025, torn
between the need for technological transformation and a
volatile protectionist policy environment that undermines the

very investment required for modernization.



The Core Challenge

Smart Factory Vision

Large firms advancing toward
Industry 4.0 capabilities with

Al loT, and automation

Policy Headwinds

Aggressive tariff regime
creating market uncertainty

and stifling investment

Widening Gap
Growing disconnect between

necessary future state and

current trajectory
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PRESTIES

A Sector Under Pressure

The 2025 operating environment presents unprecedented
challenges with slowing macroeconomic momentum,
unpredictable trade policy, and political uncertainty creating

instability across key economic indicators.



Employment Crisis

78K

Jobs Lost

Manufacturing employment
declined by 78,000 through first
eight months of 2025

12K

August Decline

Manufacturing positions lost in

August 2025 alone

12.7TM

Total Employment

Manufacturing employment as of
July 2025, near pre-pandemic

levels



Contraction Indicators

ISM Manufacturing PMI

Six consecutive months in contraction territory
(below 50.0) through August 2025, signaling
declining new orders, slowing production, and

falling employment.




Output Decline

$3,000,000,000,000.00

$2,000,000,000,000.00 -

$1,000,000,000,000.00

$0.00-
Q4 2024 Q12025

Manufacturing value-added output decreased from $2.937 trillion to $2.899 trillion, reflecting broad-based contraction across the sector.



The Tariff Shock
N

2.5% 18.6%

Historical Norm Current Rate Peak Rate

Average applied U.S. tariff rate Estimated average tariff rate as of Highest tariff level reached in 2025

before 2025 August 2025 - highest in over a century



Policy Impact

ISM survey respondents have explicitly cited the administration's tumultuous trade policies and
unexpected tariff hikes as a primary cause for contraction in new orders and growing supply chain

instability.




Capital Paralysis

Extreme policy uncertainty creates rational corporate response: pause or cancel major capital

expenditures. This directly hinders the modernization and reshoring goals the administration claims to

support.



The Futurist's Blueprint

Jim Carroll's vision for 2Ist-century manufacturing success
demands a fundamental shift toward speed, agility, mass

customization, and continuous data-driven reinvention.




The Carroll Doctrine

@ &

Think Big Start Small
Bold, transformative thinking Agile, experimental, low-risk
about future opportunities initiatives to test new ideas

Q

Scale Fast
Rapid deployment of
successful pilots across the

enterprise



The Acceleration Gap

b

Manufacturing
Falls

Gap Widens
Org Pace

Tech Surge

The ever-widening chasm between exponential technological change and linear organizational adaptation

threatens competitive survival.



America's Retreat

"By abandoning its R&D leadership, the US is ceding the future of

global innovation and success to its competitors.”

- Jim Carroll, 2025




Industry 4.0 Foundation

g

Industrial IoT

Interconnected machines and
systems enabling real-time data
exchange and collaboration

across production processes.

B

Al & Analytics

Machine learning and big data
analytics generating predictive
insights for maintenance, quality,

and optimization.

Advanced Robotics

Collaborative robots working
alongside humans to enhance
precision, speed, and safety in

manufacturing.



Smart Factory Technologies

Digital Twins

Virtual replicas of physical
processes enabling
simulation and optimization
without disrupting

operations

3D Printing

Additive manufacturing
enabling rapid prototyping,
complex geometries, and

mass customization

Cloud & Edge
Computing

Scalable infrastructure for
data processing with real-
time decision-making

capabilities



Beyond Technology

A

Industry 4.0 is not a technology procurement
exercise. It requires fundamental shifts in
organizational culture, strategy, and velocity.
Technology without cultural transformation merely

automates obsolete processes.



Sector Assessment: Policy & Investment

Extreme Volatility
Tariff rates jumping from
single digits to 20%
creates massive cost

uncertainty

Assessment: NOT HITTING THE MARK

Strategic
Contradiction

Short-term protectionism
undermines long-term
investment in

modernization

Defensive Posture

Companies forced into
reactive mode, stifling bold
forward-looking

investment



The Digital Divide

Tier 1: The Giants Tier 2: SMMs Struggling
Large, well-capitalized firms investing in advanced automation and true Small and medium manufacturers face insurmountable barriers: high
"smart factories” with Industry 4.0 principles at their core. costs, lack of capital, skills shortage, cybersecurity concerns.




Technology Assessment

The U.S. is building world-class capabilities at the apex but failing to bring the vast majority of its
industrial base along. This creates a brittle supply chain where advanced firms depend on

technologically lagging suppliers.

Assessment: PARTIALLY, BUT DANGEROUSLY SKEWED



The Workforce Paradox

3.8M 1.9M

Workers Needed At Risk Unfilled

Manufacturing workers required Jobs at risk of going unfilled due

over the next decade to skills gap

50%

Skills Crisis

Percentage of needed jobs

threatened by skills shortage



Skills in Demand

BN

Digital Literacy Al & Robotics Operation
AP £S

Data Analysis Advanced Problem-Solving

The shift from manual labor to sophisticated human-machine collaboration demands continuous learning

and massive upskilling investment.



Workforce Assessment
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The current situation represents the worst of both worlds:
economic downturn causing irreparable damage to the

long-term talent pipeline while the skills bottleneck

becomes more severe.

Assessment: NOT HITTING THE MARK




Supply Chain Realignment

Reshoring Push New Vulnerabilities
Policy-driven manufacturing relocation from Geographic concentration creates different
China risks
1 2 3

Infrastructure Bottlenecks

Electric power availability becomes top concern



Resilience vs. Brittleness

Single supplier hubs "\&fﬁ‘ % Multiple sourcing paths

Resilient
Diversified

Brittle

Domestic
Chain

Network

High failure risk Real-time visibility

True resilience requires agility and technological integration, not just geographic relocation.



Supply Chain Assessment

® The US. risks building a brittle domestic supply chain rather than a truly resilient one. Focus on
location over agility creates new single points of failure while tariffs make global diversification

prohibitively expensive.

Assessment: PARTIALLY SUCCESSFUL
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While global competitors integrate sustainability as
competitive advantage, the 2025 U.S. policy environment

signals sharp reversal from clean energy standards, creating
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Global Sustainability Trends

Green Manufacturing

éb Optimize energy and resources
Circular Economy
Eliminate waste, circulate @2)
materials Consumer Demand

Environmentally conscious

@ markets



Sustainability Assessment

The U.S. risks falling behind global competitors on sustainability. Lack of stable federal policy could lead

to "green tariffs" or market exclusion from environmentally stringent regions like the EU.

Assessment: NOT HITTING THE MARK



The Barbell Structure

High-tech production Low automation

Advanced
Giants

Capital-intensive R&D |46 Limited digital skills

Current policies encourage development of an insular, bifurcated industrial structure rather than an

integrated ecosystem.




Manufacturing Scorecard

Core Principle Status Trend
Strategic Agility & Speed Failing Declining
Mass Customization Mixed
Al/Data-Driven Operations Bifurcated
Integrated Supply Chain Brittle
Future-Ready Workforce Failing Crisis

Sustainable Operations Failing Reversing



Course
Correction
Required

The evidence strongly suggests U.S. manufacturing is on a

path leading away from long-term global competitiveness. A

fundamental shift in strategy is urgently needed.




Recommendations for Industry Leaders

Navigate the Noise
Focus on fundamentals:
speed, agility, talent, and
technology despite policy

volatility

TN

SMM Imperative
Invest in supplier technology
transfer and strategic

partnerships

War for Talent

Double down on upskilling

and apprenticeship programs



SMM Action Plan
Overview

For small and medium-sized manufacturers, navigating the
current landscape requires proactive strategy. The following
actions provide a roadmap for building resilience and

preparing for the future.




Digital Strategy Foundation

01 02 03
Develop Clear Digital Start Small with Technology Invest in Existing Workforce
Strategy

Begin with low-cost, high-impact  Upskill current staff in digital

Create roadmap outlining how solutions like Al software or technologies and create

digital tools solve specific : :
cobots continuous learning culture

business problems



Security & Maintenance

Prioritize Cybersecurity
Basics

Implement multi-factor
authentication, strong
passwords, and employee

training

Leverage Data for
Predictive Maintenance

Use Al tools to analyze
machinery data and predict

failures before they happen

Explore 3D Printing

Use additive manufacturing
for rapid prototyping and

on-demand spare parts



Supply Chain & Operations

Strengthen Supply Chain

B

Build transparent partnerships and seek multiple sources for critical components

Embrace Data-Driven Culture

Make operational decisions based on real-time data and analytics

Seek External Expertise

Yad

Partner with MEP centers, universities, and larger firms for support



Agility & Sustainability

Focus on Agility

Invest in flexible automation
for quicker adjustments and

smaller batch runs

Sustainability Advantage

View sustainability as
innovation opportunity and

competitive differentiator

Circular Economy Audit

Analyze production to
eliminate waste and reuse

materials for cost savings



Future-Ready Mindset

® ’
@ Think Big, Start Small,
Foster Interdisciplinary Scale Fast
Prepare.for ,MaSS Thinking Develop bold vision, test with
Customization

Break down silos between oilots, rapidly deploy
Shift from mass production to

engineering, production, and successful initiatives

personalization using flexible sales teams

technologies



The Future
” Belongs to

Those Who
Are Fast

U.S. manufacturing must choose: embrace the velocity of continuous reinvention or risk ceding

leadership in the next industrial age. The blueprint exists. The technology is available. The

question is whether it has the will to act.




Accelerate
Your Future

The insights shared today underscore the urgent need for action and strategic foresight
in U.S. manufacturing. The future demands speed, agility, and a commitment to

continuous innovation.

Explore More from Jim Carroll



https://manufacturing.jimcarroll.com/

