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2023 Manufacturing@MIT Annual Symposium

Charting the Future of Production in a Time of Shifting
Globalization



Countries should be self-sufficient in the
manufacture of products critical to life...

*« Food

* Healthcare

*  Energy

* Defence

* Housing

* Communications

+ Transport
*  Finance

ECO nom iC Sta bl Uty + Stable government and trade arrangements

* Law and order

* Access to education
* Equal opportunities

P Fos pe”ty » Ownership of major organisations
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Critical to.. .



3 things...

What we can learn from the past
The digital future we want
From past to future
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Lessons to be learnt from 80s manufacturing...

» Vertically integrated

» Generated own power (bi-product of
steam production)

» Highly automated process control (hard
wired)

o Telematics (inventory visibility of some
suppliers)

» MRPIl backbone

» Links to the community

e |nvestment in talent development




And a scale up in the 90s..

» Balancing demand and supply

» Taking and end-to-end perspective

» Need to understand true consumer demand
(honesty from customers)

o Work with suppliers to increase supply
(flexibility through stability)

» Develop inhouse capability to increase supply

» Use automation to increase supply

» Understand your supply base and potential
vulnerabilities

» Close the loop - design for repair

e Empower talent




02. The digital future

ﬁMWT we want

“ur Future”
Together




Made Smarter Innovation (MSI) Challenge..

.aims to help UK manufacturing become more
productive and competitive through the
innovation and diffusion of digital technology,
and to support manufacturing to achieve Net
Zero by 2050.



Step 1. Identify the future vision

2040 Vision
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Towards the Future of Digital Manufacturing

Ecosystems

Backcasting....
Possible spillover &
tradeoff effects
)
Users, beneficiaries, a -
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I Dietary and planetary
impacts Step 2. Work backwards to
identify critical milestones and

Type of solution

Il
H@ﬂ make a plan

Type of solution

Step 3. Turn the plan into creative & measurable actions



SCENARIO 2040
Approach

~—— Scenario

& Vision

«——— Snapshot

Productivity
Powerhouse

Sustainability
Champion

Flexibility as
the standard

Happy &
Sustainable

Workforce



4 Scenarios, each with 3 visions...

Scenario Visions
. - . Digitally Enabled Smart End-to-End Supply
Productivity Powerhouse Digital Manufacturing Integrated Offering Chain Management
Flexibility as standard Mass Customization ‘Flexible' Products Distributed Manufacturing

Carbon-Zero
Manufacturing
Ecosystems

© Interact 2021

Mining Materials from the

Sustainability Champion  Responsible Consumption Current Ecosystems




Digital Manufacturing

Digitally Enabled Integrated Offerings

Smart End-to-End Supply Chain
Management

Productivity

« Products as a Service (B2C)
« Products as a Service (B2B)
« Spare Parts/Components as a Service
« Smart Manufacturing Ecosystems
- End-to-End Supply Chain Visibility

« Fully Automated Low Cost Factory

« Demand Driven Supply Chain Planning

- Balancing Material Flow Using 'Product Wheel'

(High) Digital Transformation

Social Evolution

(High)
A

(Lqw)
(Low) |(Low)

Resilience

+ Modular Design

« Customized Products

Digital Transformation (High)
(Lqw)
. e e L * Robots Release Manpower from Repetitive Work
. New Material Discovery 10T Enabled Energy Savings - Predictive Maintenance Reduces Safety Issues
«+ Repaired/Refurbished Products
. - Better Access to the Global Talent Network
« Close-Loop Recycling - Apprenticeship
« Open-Loop Recycling
- Life Long Trainng .. gDl Techs o Rehurmanize Wk
- Trackable Recycling Contribution
- Low Carbon/Energy Efficient Factory - Educating the Next-Gen
+ Factoring the Cost of Carbon in Supply Chain - Sustainable Lifestyle . _
+ Manufacturing Symbosium (H'"h) « 'Meeting' in the Metaverse
18

Sustainability

Mass Customization
‘Flexible’ Products

( Distributed Manufacturing

Social Evolution

Responsible Consumption

Mining Resources from the Current Ecosystems

Carbon-Zero Manufacturing Ecosystems

Wellbeing

@ Better Health & Wellbeing
Sustainable Talent Development

Workforce is a Part of the Digital Ecosystem



Productivity Resilience

« Smart Manufacturing Ecosystems Ove ra[[ Ecosyste m

« Products as a Service (B2C)

+ Products as a Service (B28) Manufacturing|Ecosystem

+ End-to-End Supply Chain Visibility . —
- Spare Parts/Components as a Service . _
Firm
- Fully Automated Low Cost Factory - 'Transformer' Design
+ Demand Driven Supply Chain Planning + Modular Design
- Balancing Material Flow Using 'Product Wheel' « Customized Products

- loT Enabled Energy Savings

- Low Carbon/Energy Efficient Factory

- Better Access to the Global Talent Networl
Apprenticeship - Life Long Training
« Close-Loop Recycling

- Open-Loop Recycling - New Material Discovery

- Factoring the Cost of Carbon in Supply Chain

« Manufacturing Symbosium

« Sustainable Lifestyle

- Reused Products - Second Hand Market - Educating the Next-Gen

- Repaired/Refurbished Products - Trackable Recycling Contribution - IMectneiiheiMetiNeine

Sustainability Wellbeing
Digital Manufacturing Mass Customization Responsible Consumption @ Better Health & Wellbeing
Digitally Enabled Integrated Offerings ‘Flexible’ Products Mining Resources from the Current Ecosystems Sustainable Talent Development
Smart End-to-End Supply Chain ( Distributed Manufacturing Carbon-Zero Manufacturing Ecosystems Workforce is a Part of the Digital Ecosystem .i-
Management



SCENARIO 2040
Sustainability Champion

In the scenario of Sustainability Champion, UK
manufacturing has achieved some of the
sustainability goals through the significant
improvement of resource and energy efficiency
across end-to-end supply chains. This is
facilitated by the adoption of circular economy
principles and digital technologies, which enable
firms to maximize the value of materials
through the entire lifecycle.

VISIONS & SNAPSHOTS FROM THE FUTURE

Vision 7 - Responsible Consumption
. Sustainable Lifestyle
. Trackable Recycling Contribution
Vision 8 - Mining Materials from the Current Ecosystems
. Reused Products - Second Hand Market
. Repaired/Refurbished Products
. Open-Loop Recycling
. Closed-Loop Recycling
New Material Discovery
Vision 9 Carbon-Zero Manufacturing Ecosystems
. IoT Enabled Energy Savings
. Factoring the Cost of Carbon in Supply Chain
. Low Carbon/Energy Efficient Factory
. Manufacturing Symbiosis



SCENARIO 2040
Sustainability Champion

Vision 7 - Responsible Consumption
. Sustainable lifestyle
. Trackable Recycling Contribution
Vision 8 - Mining Materials from the Current Ecosystems
. Reused Products - Second Hand Market
. Repaired/Refurbished Products
. Open-Loop Recycling
. Closed-Loop Recycling
. New Material Discovery
Vision 9 - Carbon-Zero Manufacturing Ecosystems
. IoT Enabled Energy Savings
. Factoring the Cost of Carbon in Supply Chain
. Low Carbon/Energy Efficient Factory
. Manufacturing Symbiosis

VISION 7
Responsible Consumption

Consumer purchasing decisions are driven by both sustainability
and financial factors. This requires a greater level of supply chain
visibility, so the relevant data such as carbon footprint, material
ingredients, country of origin can be revealed to consumers for
them to make a well-informed decision. Moreover, consumers
have a better understanding of how they could contribute to the
sustainability goal of the entire ecosystem. For example, an
initiative has been taken to track individuals' contributions to the
material recycling, which is achieved through the tracking
technologies. The shift of mindset on the demand side is a critical
driver for adopting sustainable practices on the supply side.



111

Sustainable Lifestyle

i 1 Al

Consumer buying behaviours are driven by both the
cost and sustainability. The supply chain data
associated with a product is gathered through tracking
and tracing digital technologies, which help to store
data and make it readily visible to consumers to

| facilitate their purchasing decisions. This shift in the
demand side has driven the suppliers/vendors to take
a proactive approach to achieving sustainable growth.

PITAYA

{ | Thread (plastic) polyester
3 n

Garments Facts

Total number

Synthetic chemicals 112
Weight of chemicals per 100g 25g
Synthetic dye Red F5-B
Date of Manufacture 21/04/2022
Factory (cutting/sewing)

Energy Source  100% Coal

[ Can be worn (minimum)

Quality 40 times
Total distance (km)

Supply Chain

Number of Countries visited

Total number

Materials Used

t4 | Fabric cotton

Trim cotton

Zip/Buttons /a
Total shed per 6kg wash
Microfibres 137,951

Cambodia average pcm ($)

Textile Workers Pay 250

Percentage of living wage 45%







1. Get the fundamentals right

SUPPLY BDEMAND fl OW
A\ Buffer




The lean philosophy

1. Understand customer value
2. Develop value streams

3. To make it flow

4. At the pull of the customer
5. In pursuit of perfection



2. Take an end-to-end perspective

Manufacturer

Plan:> n
Customer [ 1 | Buffers

|
ource Deliver | IENENERER) S ow
--- -- = Cash flow

Unproductive
P [ | [ | === Information flow

P [ T | a [ ] |
supply chain EEE = ] TT = Demand flows

Manufacturer

Pf'OdUCtive Source I Make I Deliver
supply chain - m
[T [T
| T 1| [ T 1]
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To tackle 3 enduring supply chain issues....

[ S| [
. ow lumpy
Limited Excessive
access to I flow/Uncontrolled I waste Unproductive
buffers SC
data | \\

Visibility

Full access
to data

suif N
witt even | Minimal Productive
C

flow/Right— waste ‘
sized buffers



3. Start with consumer demand

What we need : What we want
Access/use : Ownership
Utility : Newness

RESPONSIBLE CONSUMPTION
1 ANDPRODUGTION m

2222222222222



4. The 4th SC Dimension : Carbon
CarbonVue: SC Synchronisation Technology Toolkit

Synchronising supply chains and enabling carbon to be a fourth core consideration in supply chain management, along
with the traditional cost, quality and service

Academic research

Supply\/ueC

Loughborough
University

e Solver Planner 9 Navigator

'5 Loughborough
W 7 University

{ Solution Development ‘

SupplyVue

CO gﬂa?non CarbonChain

—
o\
W

Tata Steel

TATA STEEL | Bebcockinternational

| CARBON LENS |

—



5. Digital decarbonization

DATA CARBON LADDER

TO DISCOVER THE CARBON FOOTPRINT OF YOUR DATA PRACTICES

New carbon trade off: carbon in

inventory vs. carbon in data

PERSONAL / ORG /

DEMOGRAPHICS
DESCRIPTIVE

S

(€

1. DATASET

To diagnose the data carbon footprint along the data
journey, the ladder begins with the selection of a
dataset. A new ladder is completed for every new
dataset, until the minimum viable level of data is
achieved to fulfl the task or solve the problem.

3. DATASIZE

Adata carbon score of the proposed dataset can be directly calculated from
the size of the dataset, the user can choose to measure dataset size in MB,
GB, T8, or PB, depending on appropriateness.

{p@ OUTPUT 27.12

g ygro0lt!

v L]
BATCH

5. STORAGE

When it comes to data storage, users have three options to
consider: Store at Host with zero carbon cost, [2) Data
Lake, Data Warehouse or Data Centre or [3) On-premises. If
the user is unsure where the dataset s being stored the
default should be data centre.

B s

DATA STORAGE

6. ANALYTICS

Users can select the type of data

IMPORT ; analytics they wish to perform from
DATA SET REALTIME S o four options. These options range
SPATIAL, CLIMATE VERREALTME from descrige natics fes
& GEOLOGY simple spreadsheet), to cognitive
2. (DISJAGGREGATION & A YELoCiTy anatyic pawered by AL Eath
e When considering data velocity, users can  STATIC C analytics approach corresponds to
To determine the (dislaggregation of the new e resp
data, users have three options: (1) importing e e anincrease in CPU usage.
the new data set as a copy, 2] utllsing the the desired frequency of data processing. The
data set at the host, or (3) aggregating the “rate of size increase” can be measured in
Rew dotawithiother data sa(z A units MB, 6B, TB, or PB. @@ OUTPUT 5345

G@ OUTPUT 1232

(@ OUTPUT 33.09

DATAY OUTPUT
NOT STORED

Loughborough Uriversity: Tom Jackson andlan Hodgkinzan




6. Design for structural flexibility

Reconfigure (Timothy Jahn)

What SC assets to have in the network?
Where to position the SC assets?
What's the ownership / operational
model for the asset?

Who will manage the network?

How will the network remain dynamic
and refreshed?



a. What SC assets to have in the network?
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b. Where to position the SC assets?

Right-shoring is the placement of a
business' components and processes in
localities and countries that provide the

(P @ EQ

best combination of cost and efficiency. GogR - HEGIoN
Right-shoring does not require a I I
company to move business processes ) =
overseas. Rather, it is a strategy in which a — —
business analyzes the complexity and ==
importance of required tasks and entrusts I I

their completion with the most suitable
workforce, regardless of location

Source: http://www.investopedia.com/terms/r/right-shoring.asp



Different types of shoring decisions...

© Interact 2021

Offshoring: A firm's decision to relocate production capacity
from its home country to an overseas destination

Mearshoring: A relocation of offshore production capacity to a
country geographically closer to the firm's home country

Direct reshoring: A relocation of offshore production capacity
back to the home country

Indirect reshering: A firm's explicit strategic decision to
increase capacity at home instead of abroad



Location decisions are complex...

© Interact 2021

Business strategy

= Generic strategy = Growth strategy

Decislon type

® |nternal decision = Customer requirement

® Sub-assembly
= Componet

= Update or new variant
= Mew product

Internal competitive priorities | External incentives Risk mitigation

= Cost * Tax = Cultural distance
= Cuality * Subsidies = Palitical risk

= Time = Social risk

= Flexibility = |P risk

Product type Product heritage Other

= Finished good = Original/Existing = Remanufacturing

* Product volume

Praximity
= RED Centre
= Head office

= Main market

= Registration country

Governance
= Dur company

= A joint-vernture

= An existing supplier
= An new supplier

Local supply base

® Lacal supply base increased = Local supply base decreased = Ma change

Business performance

» Market share

= Market share growth
= ROS

= RBO5 growth

= RO

= RO growth

= Pre-tax return on assets [ROA)
= Customer satisfaction

Manufacturing perfermance
= Cost

= Duality

= Time N

* Flexibility carbon




Requires a total landed cost perspective..

A total landed cost is the Wage Inflation Trends py
total price of a product once it |
has arrived at a buyer's door.
The total landed cost includes
the original price of the Oil Prices
product, all transportation fees g : .
(both inland and ocean), o wwn o oo o
customs, duties, taxes, Sy
insurance, currency
. . , Rates
conversion, crating, handling S S yorchng
and payment fees.

http://blogs.pb.com/ecommerce/2013/05/15/what-is-a-landed-cost-and-why-its-essential-in-global-trade/



c. What's the ownership / operational
model for the asset?

HIERARCHY
(Vertically Integrated)

© Interact 2021



d. Who will manage the network?

.
@®

- "~

.
0.2,

© Interact 2021



e. How will the network remain dynamic and

refreShed? BEE O~ A vome Frem Espor (Sester £
NEWS

Home | Cost of Living | War in Ukraine | Climate | UK | World | Business | Politics | Cu

E E o Jan A Home =MNews Sport 5% Weather | Business ‘ Your Money | Market Data ‘ Companies | Economy | Technology of Business

UK new car sales hit 30-year

Home | Cost of Living | War in Ukraine | Climate | UK | World | Business | Politics | C

Wales ‘ Wales Politics ‘ Wales Business ‘ North West ‘ North East ‘ Mid ‘ South West low but e1ectric VehiC]_e

demand soars

© 5 January - B Comments

Egg shortages: Warning

Shortfall Could laSt anOther New car registrations in the UK fell last year to their lowest level in three
ye ar decades, new figures show.
©17 May Despite a recovery in the second half of 2022, a continuing parts shortage hit

production lines.

Meanwhile, demand for electric vehicles continued to grow and they
accounted for almost a fifth of new car sales.

But charging infrastructure is not being built quickly enough to cope with
growing demand, warned the Society of Motor Manufacturers and Traders
(SMMT).



7. Business models adapt to support the
Circular Economy

HP CIRCULAR ECONOMY

&r& MATERIALS RECOVERY AND REUSE
Product recyeling, print supplies closed loop .
recycled plastic content, hardware recycled Circular

#3 Design out waste
and pollution

#2 Design for recycled
content (that is recyclable)

#1 Design for repair
and reuse

content (PCs, printers)

REUSE / REFURBISHMENT
HP Indigo Reconditioning Program,
PC and printer reuse

PRODUCT-AS-A-SERVICE
HP Subscription Services,
HP Device as Service,

HP Managed Print Services,
HP Instant Ink

MAINTENANCE / UPGRADE
PRODUCTS MODEL

HP Indigo, HP PageWide Web
Presses, modular design, freely
available service manuals

SERVICES

economy
enablers

HP Jet Fusion 30
printing solution

HP commercial
and industrial
graphics printing
solutions

Materials
reduction/reuse
and renewable
energy initigiives
in HP’s supply
chain and operations
also support the
circular economy



8. Stock market evaluation drive sustainable
and responsible practices

llllll

2 e

ENVIRONMENT SOCIAL GOVERNANCE







Shared purpose...

UK manufacturing a
place where
everyone wants to
work




Future of digital manufacturing ecosystems..

[ Delivering the digital future we want, together. ]

Putting the blueprint
into practice for 2-3
manufacturing
ecosystems in the
Midlands

Phase 1 Phase 2 Phase 3
2022 2023 2024

Blueprint for the
Midlands Engine and
methodology for other
regions

Scenarios, business

model and ecosystem
design




Contact: Jan Godsell
J.godsellalboro.ac.uk
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