Navigating the Shift to Advanced
Manufacturing

John Laughlin - Chief Technology Officer
February 4th 2020
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But in the 215t century...



Canadian manufacturing faces
a new industrial revolution.
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In which machines can ta\k to other machines...






This is advanced manutfacturing.






At least of Canadian
manufacturers risk going out of
business because of their failure

to adopt advanced technologies.

Source: Jayson Myers Strategic Business & Policy Solutions



45% ot manutacturers that invest

in advanced technologies in

Canada do not achieve their
business objectives.

Source: Statistics Canada



Only 24% ot Canadian

manufacturers collaborate with other
organizations on a regular basis.

Source: Jayson Myers Strategic Business & Policy Solutions



This threatens the competitiveness
of Canadian manufacturing.



Yet great disruption also

fers us a great opportunity.
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Canadian manufacturing is well-pos
to succeed in this digital revolution.
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| could make Canada a g\obal
- \eader in advanced manufacturlng
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Canada’s challenge?
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Our strengths are not well-connected

& each sector has its own dynamics
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Automotive Sector Trends
Emissions Legislation, Autonomous Vehicles & Localised Regulation

Source:- www.ukmfgreview.com/

N&en


https://ukmfgreview.com/
https://electricautonomy.ca/
https://www.tourismvancouver.com/

Automotive Manufacturing Impact
Emissions Legislation, Autonomous Vehicles & Localised Regulation

PASSENGER CAR

DRIVERS

Emission zones Low emissions zones Ultra-low emission zones in cities Regionally regulated zero emission zones

EU tailpipe emissions Euro 6b Euro 6d Temp Euro 6d Beyond Euro 6

EU tailpipe CO2 130g/km 95g/km Further regulation Tailpipe emission legislation superceded by life cycle impact legislation
Environmental Tailpipe emissions CO2 -> NOx -> PM Well to wheel Total life cycle impact

|
» Range extended fuel cell and fuel cell prime mover

Battery electric vehicle (BEV) — general purpose BEV — tailored for application

ZERO TAILPIPE EMISSION Infrastructure
required for
mass market
acceptance

ZERO TAILPIPE EMISSION

CAPABLE Plug-in hybrid (PHEV) — modest range

PHEV — full utility »

Next gen. high efficiency TPS Hybrid focussed thermal propulsion systems (TPS)

Connected and autonomous — level 1/2/3 Connected and autonomous — level 4/5

Reduced vehicle energy demand and smart energy management

Mild hybrid / full hybrid

LOW TAILPIPE EMISSION

TECHNOLOGY ENABLERS

- FS - - -~ P
2015 2020 2025 2030 2035 2040

. n Solid bar represents >1% global marked adoption and _ 2 —p 2 _ A B A 5
N A Driver predicted is preceded by significant product and process RED » 1 chevron = some uncertainty around timing of mass market adoption or phase out 2 chevrons = considerable uncertainty around timing of mass market adoption or phase out
Wt

Source: UK Automotive Council



Automotive Manufacturing Impact
Emissions Legislation, Autonomous Vehicles & Localised Regulation

THERMAL PROPULSION SYSTEMS ELECTRICAL ENERGY STORAGE

XEV uptake, CO; Umits, air quallty regulation, ULEZs, charging access Very zero emission zones. LCA. materials securhy, rapid/opportunity charging infrastructure
Tallpipe COz and alr quallty emission lmits “Trend towards very low €02 and air quality emissions limits, zero emission zones,
Current status 2025 targets 2035 targets
‘Current status 2025 targets 2035 targets

280 $/kWh 150 $/kWh 100 $/kWh

2% 48% 53%
280 Whil 550 Whil 1000 Wh/l

7% 55% 60%

- - 3 kW/kg 7.5 kWikg 12 kW/kg
- -

d NiMh soluti

Reduced heat lo:

and novel addit

Fuelling

XEV uptake, CO, limits, air quality regulation, ULEZs, charging access Very low CO2, zero emission zones, LCA, materials security, rapid/opportunity charging infrastructure

XEV uptake, CO; limits, air quality regulation, ULEZs, charging access. Very low CO2, zero emission zones, LCA, materials security, rapid/opportunity charging infrastructure

Current status 2025 targets 2035 targets Current status 2025 targets 2035 targets
10 $/kW 5.8 S/kW 4.5 S/kW 5 S/kW 4 5/kW 35w
2.5 kWikg 7 kWikg 9 kWikg 15 kW/kg 22 kWikg 50 kW/kg

7 kwit 25 kWil 30 kw/l 12 kW/L 15 kWl 60 KWL

Optimised

RATION

and fault
s

ses for consistent PM ma



Automotive Manufacturing Impact

Emissions Legislation, Autonomous Vehicles & Localised Regulation

Stream
Vehicle Approvals
Licencing and Use
Legislation and Insurance
Public Desirability
Investment
Skills

Major Milestones o

Automated Driving System
Connectivity

Ergonomics and Design
Sensors

Major Milestones o

Communications

Digital

Roads

:lligent Network Management
Test and Development

Major Milestones o

Personal Mebility
Freight and Logistics
Inclusive Transport

N&en

Major Milestones o

Source: Zenzic.io

TRANSITION PI-/

NOW 201 2022 2023 2024 2025 ]
| | | | | f

Advanced trial approvals

TRIALS, DEVELOPMENT AND ENABLING

National approval scheme
d 7 Fan
National licencing scheme
for CAM services
1 s

International approval harmonisation

|
Alignment with the wider
future of mobility
|

|
Local codes of conduct
for services
| | |
Common risk and
liability understanding
|

Agile and adaptive development of CAM service regulation
F ”n

Data sharing Changes in legislation
| | | I &
Increasing dialogue with the public

Insurance policy refinements and lower premiums

Widespread acceptance

Increasing public experience and use of CAM

L s Famn

Desirable mobility

| |

Visible CAM benefits deliver
on investor confidence

| | [

|
Structural changes
to scale-up funding
|

|
Establish investor
forums
| |

Grow FDI and export
markets for CAM

CAM is a high value, low risk
investment at scale

;o

Establish skills centre of excellence and pipeline Improvement of skills pipeline
| | | | | I I
o 2020 - Advanced trials approval process in place o 2024 - Nationwide licencing approach for CAM services o 2025 - National vehicle approval scheme in place

628 /70

Sustaining skills pipeline

| | | | |
NOW 20N 2022 2023 2024

Common

| |
High complexi
1
Ubiquitot
I I

Low c sign domain

High utilisation vehicl
I
Enhanced sens
I 1
2027 - Safety vehicle connectivity
I

A

4
/
e

// |

I
Deployments pluggi CAM preferred in public
mobility gaps service contracts

o 021 - Data sharing agreements in place

20N 2022 2023

>

NOW 20

Demonstrator
trials

2022 2023

Small scale passenger deployments CAM more

T — attractive than
. ’ New freight policy . : o 5 traditional
Low complexity trials e Epmeis st mile CAM delivers productivity benefits services
i & | | |
. Ultle e lmies (Bl oot Trials and pilots Comme ly viable service deployment Sustainable and inclusive CAM services
improve access to transport
| |~ 7 7 | | |

P> 2028 - CAM services are preferable in contracts

™ 2021 - First commercial pilot deployment of CAM
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What Game Are You In?

Mass ; Mass
Production | Customization

Hi

Product
Volume

Production Shop
Lo | Hi
Product Mix



Advanced Manufacturing Allows Us to
“Change the Game”

Mass ; Mass
Production | Customization

Hi

Product
Volume

Niche Job
Production | Shop
Lo | Hi

N@en Product Mix



Automotive Sector Trends
Whole Life Cycle Regulation

Impact Today

& & Castlron

By Wikipedia-User: RaBoe-
https://commons.wikimedia.org/w/index.php?curid=51380859

N&en



Automotive Sector Trends
Whole Life Cycle Regulation

Impact Tomorrow




Automotive Sector Trends
Whole Life Cycle Regulation

Impact Tomorrow

Weikuang
Dam

Measure distance

40°37'32.9"N 109°40'10.1"E Click on the map to add to your path

Baotou toxic lake Inner Mongolia Total area: 8.12 km? (3.14 mi?)
Total distance: 10.88 km (6.76 mi)

N&en



Automotive Manufacturing Impact
Whole Life Cycle Regulation

The CO, balance of the Mercedes-Benz EQC
- dependent on power generation
The life-cycle CO, balance of the EQC 400 4MATIC (combined power consumption:

20.8 - 19.7 kWh/ 100 km; combined CO, emissions: O g/km)* varies depending on
the source of the electricity used for driving.

electricity
EU electricity mix from hydropower

e 02 2=

324 WA g 11
\ |\ tonnesCO. A¥ \ tonnes CO,
g

m Car production
[ Electricity generation
® End of Life

Ambition 2039

|I-T

CO: neutral car 50% xEV CO;z neutral
production in Europe (BEV & Plug-in) new car fleet

N@&en



Aerospace Trends

More energy-efficient aircraft

- A cap on net aviation CO2 emissions from 2020 k,:g;::,?::r%:,s.;sve,'a SptimEng
net carbon impact 48 operations
VE A

(carbon-neutral growth) L |

- A reduction in net aviation CO2 emissions of 50% by

. | /i
2050, relative to 2005 levels ”.:::‘:.3‘#:::2.’:&"&‘%“ sustamable
: through-life

engineering

- Targets for reduced NOx, reduced noise. services

Optimising ground operations

- Opportunities of huge market growth.

20-year market projection (USD)

- Global commercial pressures. $0.21 1

i !$O‘A.l'|‘8-TR

ﬁONVENﬂONAL NARROWBODY
COMMERCIAL $3.18w
AEROSPACE
PLATFORMS
TOTAL:

$7.1 TRILLION

N&en




Aerospace Manufacturing Impact

TARGET (EIS)

TECHNOLOGY PRIORITIES (TRL 6)

VEHICLES ROADMAP

Reduce Cost: i isrupti disposal

ht,

Needs & payload, avallabilty,

. ticket cost
DRIVERS . verifiabisty, predictabiity,

=7 75% reduction by 2050
) 2. 2000 baseine): 90% reduction by 2050
@ e 2050
& gonalairvehdes
& 7
2 cost 2000
sarery ewer 2050
;. e R
E2uE
g8
s <3is
2 4gis
E 2835 [Accatandpopusonsytominegaton 4
E g°
o =
4  Fter more connacted. shesdined ight py s/ sredmamc O 4
E
S .3 | Deveicomant o sustanabie srop-n fuets__ gl Wybrd shctic secrat demonsiators___g
|
¢ yiis
& 3283 | Fouioevinevrs_g | Noss managerenttechookaies g | rereosoe: g
> 4
5 2% E [CEETTrS [T
g &8 T T —
2
z 2
T wun
EREEPER o et cemoniicrs gl Nobemansgementiechnobse g
o
PO o s
1 E E9x
S858%
GoEZ3 | Laioncfowwirgs Sl Atoeomous serue-and-avold
2z22
2<% 3" NI | Ostibutedpropusson s mgmenteain g | Fulssonomauscapstity 4
2020-2025 2025-2030 2030-2035+
Reduce Cost through y "
Improve Energy reduce struciural weight integration, ogtimised st
i y ratio econany
Maet O effective repairs. #.monltori
upgradeable components
DRIVERS | imprave Safety " a produet
BUYTORLY 2
Jana 20% reduction on average 35% reduction on average 50% reduction on average o
P k
20% increase 30% increase 4D% increase H
H
NRFRANE H
et 25% reduction on average 30% reduction on average 35% roduction on average [
2015 taieine

FUTURE
INTEGRATED
STRUCTURES

COMPLEX
MULTI-
FUNCTIONAL
STRUCTURES

SMART
ASSEMBLY
PROCESSES
AND TOOLS

2020-2025 2025-2030

2030-2035+

vu3TE0Y

NOLLIBWY DN

TARGET (EIS)

TECHNOLOGY PRIORITIES (TRL 6)

feer and
Improve Energy Efficiency: minimise 2
Pratect L

Mest Operational Needs & Flexibility: improve maintainability of systems and increased functionality
o . §

Enhance Passenger Experience: cabin

DRIVERS

y
nd cyber resilience to maintain avietion safety

75% reduction 85% reduction
COMCEPTTO.
QUALIFICATION
2078 taseine s G 4years 2years
10 years

NEXT GENERATION
SYSTEMS AND
EQUIPMENT

SMART
CONNECTIVITY
AND DATA
SYSTEMS

AUTONOMOUS
SYSTEMS.

2020-2025 2025-2030

PROPULSION AND POWER ROADMAP

Reduce Cost:reduce i i i ilisat
Efficiency:
ved

ficiency
Protect the CO2. NO> PM. perceived w waste
Meat Operationsl Needs & Flexibility: ressbent and effclently " .
Enhance Passenger Experiance: reduce in-cain perceved naise

2030-2035+

DRIVERS Improve Safety: damage tolerance, intrusion tolerance, predictability, quality assurance
o2 by 2025,
ENVIRONMENT NOx G

5% reduction by 2025, 659% reduction by 2005
3, LR aver

- 30 EPNGB cumusative reduction by 2025, 36 EPNAB cumulative reduction by 2035

TARGET (EIS)

ULTRAHIGH
BYPASS TURBOFAN
ENGINE

o
H

453,

gald

gask

58"
2

TECHNOLOGY PRIORITIES (TRL 6)

ALL-ELECTRIC

2020-2025 2025-2030

2030-2035+

2w

NOLLIGHY INLLYEI T3,

NOLLIBHY SNILYNITION



Aerospace Manufacturing Impact

Opportunities with additive manufacturing and
composites in aerostructures.

- Creating greater component functionality, lighter
and stronger structures and greater efficiency
from the overall airframe.

Conventional manufacturing techniques constrain
structural designs.

- Advanced Manufacturing techniques enables new
concepts for components to be manufactured and

assembled.
N&en




Aerospace Manufacturing Impact

- Manufacturing precision and repeatability is
essential to remain competitive.

- By developing the next generation of smart
automated assembly processes, tools and
flexible assembly cells.

- High-fidelity learning models will enable highly
precise and repeatable assemblies.

- Dynamic models will depend on connected
assembly machines, factories and
ultimately entire supply chains.

N@&en


http://www.4erevolution.com/

Why NGen

Canada’s Advanced Manutacturing Supercluster



What We Do

~

NGen connects Canada’s strengths in
manufacturing and technology with its skilled
workforce to build a world-class advanced
manufacturing ecosystem.




How We Do It

$200m funding available

Helping companies:
de-risk, accelerate or be more ambitious.

~




Why the industry collaboration model

- European Cluster Excellence Scoreboard.

— Employment. 33.3% of firms in clusters showed employment growth greater than 10%.
Compared to only 18.2% of firms outside clusters.

Innovate UK collaborative projects grant recipients vs non recipients.
— Turnover. Showed a 12% increase on average over 4 years.

— Employment. Higher employment levels compared equating to an increase of between
11%-14% within 2-4 years.

— Survive. 95% of companies supported survived for three years after receiving a grant,
compared to 84% of the similar companies which didn’t receive a grant. After five years the
gap grows to 16 percentage points.

N&en



6 Funding Streams

Capability
Audit

SME planning
growth and want
to know how you
stack-up against

global
benchmarks and
how to best
proceed with
transformation

Coming soon

Cluster
Building

Group of SMEs
interested in
forming a mini-
cluster to address
shared
challenges and
opportunities for
business growth

Access to
Infrastructure

SME lookingto
implement
advanced

technologies &

need advice,
training, access
to pilot testing, or
research
capabilities to
support business
decision making
& growth

Feasibility
Study

SME with an
advanced
technology that
you have
prototyped and
needs to develop
a production
version or scale-
up to full rate
production

Pilot Project

SMEs with a great
NGen project
idea, but you
don'tyet have

the data,
resources, or
partners to
prepare a project
proposal

Capacity Building dedicated towards two or more SME's collaborating

N&en

$12m of grant available matched creating $24m of projects

Project

Collaboration of
at least three with
at least 1 SME
with a great
advanced
manufacturing
project idea.

$192m grant
matched to

$430m



NGen Project Types
 PilotProject

50%

$100k - $500k

2 or more SMEs

N&en

NGen
Reimbursement

Total
Project Size

Partners

44.4%

$1M - $20M

3 or more partners
(at least 1 SME)

52



How it works

NEET.



Step 1: Join NGen

Become a Member at www.ngen.ca/join
Membership is free.

N&en



Step 2: Contact us

Capacity@ngen.ca

Project@ngen.ca

We can help:-

* Explore ideas,
 |dentity partners,
« Offer presentation opportunities,
* Navigate the funding process
* Review proposal drafts
N@&en


mailto:Capacity@ngen.ca
mailto:Project@ngen.ca

Strategic Evaluation Criteria

Transformative

Positioning Canada as a global leader in advanced manufacturing.

Applied

Involving later stage technology and manufacturing readiness with a potential to
generate significant commercial benefits.

Collaborative

Involving the participation of industry partners, co-investors, academic and
research institutions.

Enduring

Leaving a legacy in skills development, tools, testbeds, IP, business knowledge
for Canada’s advanced manufacturing ecosystem.

N&en



Application

Application 10 questions

®* 4 Qs - Business case
®* 4 Qs - Project & delivery

* 2 Qs-Funding and adding value

N@en Next Generation Manufacturing Canada



Project Size Determines the Process

$100k - $500k

Single Application

10 Questions

400 Words /
Question
c8 pages

N&en

Single Application

10 Questions

900 Words /
Question
c18 pages

2-Stage
Application

10 Questions

Stage 1: 900
Words / Question

Stage 2: 2000
Words / Question

$10M - $20M

2-Stage
Application +
Partner interview

10 Questions

Stage 1: 900

Words / Question

Stage 2: 2000

Words / Question






Tell us how we can support
your transformation.

Get involved Join - www.ngen.ca/join

Major Project - project@ngen.ca

John.Laughlin@ngen.ca


http://www.ngen.ca/
mailto:capacity@ngen.ca

Thank you

NEET.



