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THE PAST CENTURY HAS NOT PREPARED US FOR 
THE NEXT DECADE 

• For the past century, producers serving multiple geographies could choose to 
distribute factories worldwide, increase production capacity in a few regional
factories, and ship products globally.

• Their choice for the latter led to the globalization seen now, and decisions 
based on comparative wage advantages in the 1990s have evolved into
economy-of-scale decisions reinforced through efficiency and advancing 
technology. Humans maximized the effectiveness of the global supply chain… 
until we didn’t.

• Digitalization may provide a solution to supply chain shocks and implies a 
substantial change in how we evaluate efficiency vs. resiliency in pursuit of 
societal value.

• This session explores the use of Digital Twins and Threads to trade in locally 
manufactured virtual products rather than physical products to be shipped
globally. 

• But the greatest challenge in this will be in developing a digital-capable
workforce.

Dr. Patrick Hillberg, 
Adjunct Professor, Oakland University

Formerly Siemens PLM
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THE GROWTH OF 
HOMO SAPIENS

• Gossip (aka “Networking”)

• Societal means to share information on who is
trustworthy

• Up to ~150 people

• Imagined Realities

• Socially accepted truths to which we all align, even
if not objectively provable

• Aka “shared beliefs”

• Exert forces on the world through governments, 
constitutions, religions, and nearly all the “ism’s”

This Photo by Unknown Author is licensed under CC BY-SA
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MONEY AS AN 
IMAGINED REALITY

• Transportable currency is 
immensely useful

• Mechanism to convey value 
amongst all members of an 
economy
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GDP GROWTH 
AND TRADE

• Transportable currencies enable global trade

• Trade increases efficiency and sustained GDP growth

• Geographical Convenience became a strong predictor of 
GDP growth in the post-war period

•
China’s “Second Revolution” opened the country to 
world markets

• 1999: Low-wage workers è Comparative Advantage

• Exports (40x) and GDP per Capita (15x) from 1999-2021

• Now: Comparative Advantage è Scale Advantage
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THE NEW ECONOMIC 
GEOGRAPHY

Indifference 
curve:

F = (τ)S2

If F > (τ)S2 Increase global shipping

Build 
Factory 

local to S2?

F2 – cost to build “Factory-2”

τ (tau): Shipping cost per unit

S2: Size of the alternate market

Decision
Producer supplying two markets: 
(S1 & S2)
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THE NEW ECONOMIC 
GEOGRAPHY
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GLOBAL VALUE CHAINS
1980 – 2020

• Seaborn container trade grew 18x to $14 T

• But distributed factories more complicated than F = (τ)S2

• Manufacturing is complex and knowledge-based

• Requires learning across languages, cultures, and time zones

• Factory cost F ↑;  Shipping cost τ ↓

• But shipping cost is not strictly monetary either

• Long supply chains fraught with uncertainty and risk.

‘Bottleneck Recession’: Shortages 
Are Hurting Germany

Moody’s: 'dark clouds ahead' for the 
global supply chain as 77% of the 

world's largest ports face backlogs

A ‘perfect storm’: supply chain crisis 
could blow world economy off course
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SYSTEMS THINKING:
LIMITS TO GROWTH

Growing SlowingConstraint

Growing:
A process feeds on itself to 
produce accelerating growth

Slowing:
Growth limited due to a resource constraint, or 
consumption of resources

Reinforcing Feedback:
• A change in the system 

makes a similar change more 
likely. 
E.g., a virus or an avalanche

Balancing Feedback:
• A small change in the system 

makes that change less likely.
E.g., sales volume vs. 
commodity prices
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Middle-Ages:
Collaborative Farming

Technical Agriculture

Mass Production

But growth is limited by 
the nature of that growth

SYSTEMS THINKING:
LIMITS TO GROWTH
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ATMOSPHERIC CONCENTRATIONS 
OF CO2

Boomers   (1945: 312 ppm)

Gen X      (1965: 320 ppm)

Millennials (1985: 345 ppm)

Alligators in the Arctic
(560 ppm)

Today       (2022: 420 ppm)

Sapiens (300,000 BCE)
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CAPITALISM AND 
EXTERNAL EFFECTS

• Capitalism (an imagined reality):

• Private Property, Markets and Firms (selling 
products)

• Malthusianism (1790): has not happened

• Externalities

• Impacts on those (positive or negative) who are 
not involved in the market contract

• After 250 years, the “Climate Credit Card” is 
preparing its bill

11

SHIFTING THE BURDEN

Seemingly positive 
results. 

But Symptomatic 
“Success” makes 

Fundamental Solution 
less available

Problem
Problem
Symptom

Balancing

Symptomatic
“Solution”

Fundamental
Solution

Cost & Delay

Incentives?

N95 Masks:
• Hospitals, etc. sought lower inventories
• 90% mask manufacturing moved overseas
• But low inventories not viable for 

Pandemic defense.

Side
Effect

Reinforcing
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UNCERTAINTY, SYSTEMIC RISK, AND 
NEW REALITIES

Calculable
Risk Systemic

Risk

New
Reality

Side
Effect

Reinforcing

Problem
Symptom

Balancing

Symptomatic
“Solution”

Fundamental
Solution

Uncertainty

From The Butterfly Defect, 
by Goldin and Mariathasan

• Risk is quantifiable and predictable

• Uncertainty includes unexpected 
threats

• Systemic Risk is a breakdown in the 
entire system.

• Systemic Risks occur at Tipping 
Points, and are followed by some 
new objective reality
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TIPPING POINTS

• Current: 
• Coral Reef Collapse

• At 1.5⁰: 
• Melting Ice Sheets à

10m Sea Level rise
• Permafrost à Carbon Sink to Source, 

Novel Diseases

• Now - 2⁰ : AMOC
• Atlantic Circulation stops Overturning

à Europe Little Ice Age, 
àSea Level rise in US NE

• By 2-3⁰: 
• Monsoons redirected à

impacts food supply for 1B people
• Amazon Rain Forest à

Shift from Carbon Sink to SourcePBS Terra:  What Will Earth Look Like When These 6 Tipping Points Hit?

14

https://youtu.be/MBKZWKeKYqE
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“MANAGING 
PRODUCT L IFECYCLES 

FOR A SUSTAINABLE 
FUTURE”

• Your auto company must meet the IPCC 
GHG reduction goals:
• 45% by 2030, and Net Zero by 2050
• Assume gas at $100 per gallon

Case:
Do BEVs offer a 

Sustainable Business 
Model?

• Are supplies of BEV minerals and IC’s 
available to meet the market need?

• What are the geopolitical aspects of the 
supply chain?

Supply

• What is the demand for BEVs at the 
expected price point? 

• What are new possible business models?
Demand

• Is sustainability important?
• Other sustainable means to accomplish 

our transportation goals? 

Jobs to 
be Done?
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• Your auto company must meet the IPCC 
GHG reduction goals:
• Net 50 by 2030, and Net Zero by 2050
• What if gas was at $100 per gallon?

Case:
Do BEVs offer a 

Sustainable 
Business Model?

• Are supplies of BEV minerals and IC’s 
available to meet the market need?

• What are the geopolitical aspects of the 
supply chain?

Supply

• What is the demand for BEVs at the 
expected price point? 

• What are new possible business models?
Demand

• Is sustainability actually important?
• Or… can we accomplish our current 

transit goals in another way? 
Jobs to be Done?

Lithium 
43x Nickel 

41x

Cobalt 
21x

Copper 
28x

Manganese 
16x

Graphite 
25x

Rare Earths 
15x

2040
Sustainable 

Development 
Scenario

2020 Levels

1200 bbl in1920

9600 bbl in 1970

50 ye
ars

: 8x

Batteries, Magnets and ICs 
per Passenger Mile

“MANAGING 
PRODUCT L IFECYCLES 

FOR A SUSTAINABLE 
FUTURE”
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THE PAST CENTURY HAS NOT 
PREPARED US FOR THE NEXT 

DECADE

• Economic efficiency has been based on easy 
transport of physical products

• At the expense of both resiliency and sustainability

• Must create economic models based on a new 
set of Imagined Realities

• Market contracts must account for externalities

• Can we trade in virtual products, using 
Digital Factory Twins?

17

DIGITIZE TO LOCALIZE

18

F < (τ)S2… ??Trade in virtual 

products?

18
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DISTRIBUTED VACCINE 
MANUFACTURE 

• Vaccine Supply Chain
• Since smallpox eradication in the 1960’s, cold chain required 

from manufacturing to point of use
• Traditional supply issues of interruptions, excess, and stock-

outs

• RNA Vaccines
• Production 1/100th to 1/1000th smaller than conventional 

production
• Construction: one-twentieth the investment ($20M). Half the 

time
• Wide range of vaccines, produced 10x faster.

19

DEVELOPING A 
DIGITAL MANUFACTURING WORKFORCE

20

20
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SKILLS GAP

9.8 Million 
long-term 

Workers

2.5M
Retirees

2020
Workforce

9.8M1.9 M
Filled 

2.1M
Unfilled

40% of  the 2030 workforce 
were not members in 2020.

75% of  2020 skills 
no longer relevant in 2030

½ –life knowledge skillsà 5 years2020 Current 
Workforce

12.3M Positions;
500K currently unfillable

2.5M jobs will open due 
to retirements by 2030

1.9M new positions 
needed due to natural 
growth 

U.S. 

2030 Future 
Gap!

1/3rd of workforce 
would be new, and…

…2.1M unfillable 
positions, and…

…75% of existing tech 
skills will be irrelevant

1.9M Future 
Growth

500K fewer 
than 2018
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SKILLS GAP U.S. 

Importance
• Every $1 in manufacturing 

adds another $2.74

Transformation
• Digitization requires skills 

not in use today

Beyond Engineering
• Adopt an Agile Skills 

Portfolio, not narrow job 
descriptions

2020 Current 
Workforce

12.3M Positions;
500K currently unfillable

2.5M jobs will open due 
to retirements by 2030

1.9M new positions 
needed due to natural 
growth 

2030 Future 
Gap!

1/3rd of workforce 
would be new, and…

…2.1M unfillable 
positions, and…

…75% of existing tech 
skills will be irrelevant

Create 
Apprenticeships!

Take an active role in upskilling your 
current and future workforce.
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THE PAST CENTURY HAS NOT 
PREPARED US FOR THE NEXT 

DECADE

Now 
What?

Trade virtual products for local 
manufacture. Drive continuous, learning 
within your organization.

So 
What?

Imagine a new Reality, and for Creative 
Destruction to impact century-old 
industries.

What?
Our measures of global efficiency do not 
account for negative externalities, and our 
growth is limited. We must emphasize 
resiliency and sustainability.
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SOURCES  AND 
REFERENCES

See my website at 
PatrickHillberg.com

Thank You!
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