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YOUR HOSTS

Casey Keulen, Ph.D, P.Eng.
Associate Professor of Teaching, University of British Columbia
Director of Knowledge in Practice Centre, Composites Knowledge Network

Ph.D. and M.A.Sc. in Composite Materials Engineering

Over 20 years experience in industry and academia working on
polymer matrix composites in aerospace, automotive, marine,
energy, recreation and others

Experience working with over 150 companies from SME to major
international corporations

Expertise in liquid composite moulding and thermal management
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YOUR HOSTS

Marcus lvey, MSc, P.Eng.
Project Engineer
Exergy Solutions, Inc

* Materials Engineer with over 10 years industry experience in
applied R&D, product development, and manufacturing
* Expertise in:
Metal matrix composite coatings
Wear resistant materials
Fiber reinforced polymer composites
Additive and advanced manufacturing
Materials characterization and testing
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YOUR HOSTS

Christy Michalak, B.Sc.Eng.
Director of Manufacturing Development at NGen

Leads national initiatives to accelerate technology adoption and
support the growth of Canada’s advanced manufacturing ecosystem
Board member for CKN, where she contributes strategic insight and
supports the advancement of our mission

- NGen is the industry-led, non-profit organization
N @ e n leading Canada’s Global Innovation Cluster for
_ Advanced Manufacturing. One of five national
Next Generation networks supported by Canada's ambitious Global

Manufacturing Canada Innovation Clusters Initiative.
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SLIDE CONTRIBUTORS

* Thidas Loku
* UBC Materials Engineering Undergraduate

e Atif Hussain, PhD

 CKN Research Engineer
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KNOWLEDGE IN PRACTICE CENTRE (KPC)

* A freely available online resource for composite materials engineering:

compositeskn.org/KPC

* Focus on practice, guided by foundational knowledge and a systems-based
approach to thinking about composites manufacturing

Knowledge — Practice

2

-

Foundational Knowledge Systems Knowledge Systems Catalogue
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PAST WEBINAR RECORDINGS AVAILABLE =
RCKN foussser,

Expand all Collapse all

Perspectives - A8

D Knowledge in
Practice Centre

Welcome

Welcome to the Perspectives valume. This volume iz primarily bazed on muttimedia content and serves as a bridge for inking what you have learned in the other volumes of the Knowledge in
Practice Centre out to what other practitioners are doing in their projects and research. The three types of content linked below include presentations, interviews, and Apelication and impact
Maobilization (AM) event recordingsiehinars . Presentstions and interviews are the primary sections linking out to external perspectives on camposites, while the Al evert recording
section contains CHM's perspective on how to spply composites knowledge. Elcome to the CKN knowiedge in Practice
Centre (KPC). The KPC iz & resource for
Refer to the Level | view to navigate to the perspectives content quickly, or reter to the Level Il view to navigate to the perspectives conterit with acditional context, Level Il provides more learning and applying scientific knowledge to
infarmation on the relstionship between know-howe & knowe-vehy, and why it is important to pratect the fundamentals of any processes o convertions already in place. the practice of compostes manufacturing. As
you navigste around the KPC, refer back to
the information on this right-hand pane as a
resource for understanding the intricacies of
+ References composites processing and why the KPC iz
lzicd out inthe wary that it is. The fallowing
videa explaing the KPC approsch:

» Glossary

» Contact us
Level | Level ll

* Help
s Ahout CKN Knowledge in Practice Centre [BN

P
| ] @

Understanding Composites

o 00
P-4 Processing

The Knoweledige in Practice Centre (KPC) is
centered around a structured method of
Presentations Interviews AIM Event Recordings - Webinars thinking about composite materisl

Fead more manufacturing. From the top down, the
heirarchy consists of:

Today’s Webinar will be posted at: -
https://compositeskn.org/KPC/A414

®CKN 2, sam
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https://compositeskn.org/KPC/A115

TODAY'S TOPIC:

PROGRESS ON IMPLEMENTING SUSTAINABLE

PRACTICES IN COMPOSITES

https://compositeskn.org/KPC/A414




PAST EVENTS ON SUSTAINABILTY

An Introduction to Composites
Sustainability — A339

Presented by:
Dr. Adam W. Smith, CPI
Postdoctoral Researcher Ecole de
technologie supérieure, Montreal

OPTIMIZE - RESOURCE NEW LIFE

Recycling Composite Introduction to Repair of
Technologies - A380 Composite Structures — A365

Presented by: Presented by:
Nick Bigeau Dr. Casey Keulen
CTO/Founder at CKN
Resolve Composites

LINEAR VS CIRCULAR RECYCLING Overview of Repair Types

l"“'lt -o-<o-o- - -0“‘“,-4—0

M

https://compositeskn.org/KPC/A380 https://compositeskn.org/KPC/A365

& sampe

Canada



https://compositeskn.org/KPC/A115

WHAT IS SUSTAINABILITY

“The global system, in which the needs of the present are met without
compromising the ability of future generations to meet their own needs” — ISO
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IN PRACTICE

S4.5 trillion in economic value can be unlocked by 2030 through waste reduction

-The World Economic Forum 2025 !

Lost Material
Lost Energy
Lost Space
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Resourceful
Compact
Pollution conscious
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DRIVERS OF SUSTAINABILITY

Regulatory & Government
Influence

climate-strike/

GLOBAL CLIMATE

800

.
0% | . |
700
i i i . Pos ER =% = z
Previous 2030 Target: 30% below 2005 levels e a1 K
’ ’ 2 Conventional car CFRP car

MeSOim s ' RIKE
4

600

events/poster-making-ses:

composites.toray/aboutus

2030 40-45% below 2005 levels Ao N SESS|0N A sum 31.51 sum 26.51

SEPTEMBER 24, 11AM-3PM Waste 0.3t
UC ATRIUM

[3] https://www.

Before Canada's Pan-Canadian  Strengthened 2030ERP Fifth Biennial 2023 Progress T Waste 0.3t
Climate Plans Framework Climate Plan (2022) Report Report
(Second Biennial (2016) (2020) (2022) (2023)

Report) (2015)

Navigation 26.0t

[1] https://publications.gc.ca/collections/collection_2022/eccc/En4-460-2022-eng.pdf

[2] https://carleton.ca/«

Navigation 20.2t

Assembly 1.2t ! As§embly O:St

CO, [ton/body in 10 years]

Deployment investment
Tax incentives Material
Priority actions manufacturing Material

Market Demand mantacuing

Green Procurement

Composites Knowledage Network




MSTEP AND DESIGN FOR SUSTAINABILITY

[1]
)
80% of a product’s environmental

impact is determined during the
design phase

Material

/

Process MSTEP supports thinking about:
o 'e o
T J * Cure cycle optimization
o_o

* Load optimization

s.com/siemens/assets/api/uuid:f654c690-4311-467f-ac74-58b40688d36a/Circularity-Whitepaper-final.pdf

s ~ ~ * Material deposition and consolidation
Equipment Tooling management

& Consumables . .. . .
f!: ib Proactively defining service and maintenance
L . :
H . ' o requirements early in development
. . L j

[1] https://assets.new.siemen:
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MANUFACTURING PROCESS

Raw Materials
Energy
Embedded Energy
Water




RESINS

Biobased polymers

: . - F Ineos Envirez
* Derived from renewable biomass A | LEGO parts
e made from (formerly Ashland):

* Some are bIOdegradabIe | e sugarcane- POlYESter made partlally
* Should not compete with food resources 'based PEW  From bio-based feedstock

Vitrimers — Dynamic bonding polymers
* Malleable with thermoset properties

* Formable, healable, weldable, chemically
recyclable

nergy/recyclable-wind-turbine-blade. Recyclable wind turbine blade from CARBO4POWER project

Reactive thermoplastic resins (RTPs)

* Does not produce a permanent crosslinks

* Processed like thermoset, performs like

thermoplastic

OCKN

KEnowledge Canada




Flax-based Bcomp in
motorsport cars [

Hempcrete in University of
Bradford’s Business Center [2!

Jute Fibres [3!

3D printab.l\e house

made from plant-
based material

Knowledage

NATURAL FIBRES

Advantages Disadvantages
Low cost Hygroscopic
Low density Poor interfacial adhesion

Biodegradable with resins
Reduced energy cost in Reduced long-term
manufacturing durability

Treatments/modifications
Chemical and mechanical treatments for fibre-surface modification
Hybridization (combining multiple types of fibres) — improves fatigue
resistance, impact tolerance, voids

& sampe
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LOW-WASTE MANUFACTURING

Conventional manufacturing processes,
high waste or scrap from:

* Consumables

-material-waste/

omposite

* Trimming/machining waste
* Manufacturing defects

e.com/blog/reduce-c

e Resin/material contaminated waste

Low-waste manufacturing processes

[1] https://www.platain

e Automated fibre placement (AFP)
* 3D printing continuous fibres
* Reusable vacuum bags

Canada




CASE STUDY - NESTING AND KITTING - A404

Material Kitting
Waste Time

Applied Dynamic ? : ; .
Nesting e N ey ¥ ¥ Low 1 High
11.76 m of material
(Lowest Material

Waste)
Material Kitting

Waste Time

Standard

Progressive Nesting
12.21 m of material
(+3.8%)

- 5 o
: 2 '
Photo Courtesy of JETCAM

Fully Progressive 2 SR R A 20 2V A R ' Waste Time

Nesting VAP ANSNR 1 High ¥ Low

12.45 m of material 1
(+5.7%)

Material Kitting

©CKN 4, sampe
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https://compositeskn.org/KPC/A115

DIGITIZATION AND SMART MANUFACTURING

= 7R

Data Collection = Information & Decisions

Faster data collection/organization Y AN Predictive maintenance
Real-time resource management / , o\ ST Real-time simulation
Optimizing process parameters ,‘ || S 0 . Generation of synthetic data

Jep

s . L Mo || ke
- M AR e
Internet of Things g / Digital Twin

Machine Learning Artificial Intelligence

(ML) (a) & sampe

Canada

[1] https://www.advancedmanufacturing.org/manufacturing-engineering/digital-twins-are-coming-of-age/article_6327b286-

450b-11ef-8d28-67b829f8edd9.html




CASE STUDY - MIDDLE RIVER AEROSTRUCTURES SYSTEMS [1]

Challenges
Processes over 3.5 million sqft. of raw material annually
Expiration of material
Missing inventory
Sub-optimal usage of partial rolls

Paper Based = Smart Manufacturing
Automated data logging (location, expiration date, length left,
etc.)
Job allocation
Pick lists — ensures all material is used in its shelf life

Optimized Cut Plans
e Recommends the most suitable material for each work order
* Combine several jobs into a single nest

SCKN

=s Knowledge t

Outcomes

5-10%
overall improvement in material usage
efficiency

95%
of out time excursion defects eliminated

96%
first-time-right yield

7%
cost reductions for cutting and kitting
operations

[1] https://www.plataine.com/wp-content/uploads/2023/02/Plataine-and-MRAS-ST-Engineering-Case-Study.pdf
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RISING DEMAND FOR DIGITIZATION

Efficiency
Gains
Decelerating

Power efficiency
gains

Power Demand
Increasing

Data center power
demand, ex-Al

2% 2000 00T 0\® o\ 10 2 01 A 2t 0P 010 T 1P 010 oW

@
R

o ‘sueb Aouapy o 1m0y

[1] https://www.velaw.com/insights/ais-power-consumption-could-put-the-grid-and-energy-regulators-to-the-test/
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LOW ENERGY MANUFACTURING - RESIN CURING

Conve ntlona I curi ng UV/microwave radiation
Hybrid thermo-UV curves

Low temperature/fast-curing resins

High energy use Out of autoclave (OoA)
Benefits of autoclave with reduced energy

High heating/dwell times consumption
Mitigates faults transferred by human error

Extending out-life
Ambient-storage prepreg
UV cure would avoid the need for refrigeration
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CASE STUDY - UBC AUTOCLAVE HEATING ENERGY USE

[1]

E (shell) 28.3%
52.9

E (pan) 0.4%

E (tool) 15.2%
28.5

E (circuit) 7.6%
E (total) 14.3
187.0
E (vac) 4.4%
8.2

E (pump) 1.5%
2.8

[1] Sun, Ethan. Unpublished

E (fan) 38.3%
71.7

UBC Autoclave

E (heater) 4.2%
7.9

HOSTED BY: HOSTED BY:

BCKN 4 sampe
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CIRCULAR ECONOMY FRAMEWORK

“Human beings don’t have a pollution problem, they have a design problem
-William McDonough!1

V4

A

F

Circular
Economy RO Refuse
« Design phase
= Most sustainabla
= Agds value
« Responsiole use
and marufacturing

A
I-EH R3 Reuse

% A4 Repalr

"1

» Comsumplion phase

« Dptimal use

= Preserve and extend
life of products

p
&
%

Az A& Remanufacture

E% R7 Repurpose

End-ol-life

of return phase
= Uapiure and retain value
* Lise wasie as a resounce

L f RE Recycle
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« Loss of resources
= Value lost
HOSTED BY: = Environmaental poluton

HOSTED BY:
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REUSE AND DURABILITY

Maintenance

 Reduction in renewal and
replacement

e Predictive maintenance can be
used to check for common defects

&g

Heat Shield that Protects Spacecraft During Re-entry 2]

BCKN

=s Knowledage

Delamination Matnx crack Resin rich

Broken fibre Wrinkie Foreign object Blister

Porosity

Common Defects in Composite Materials 1]

Factors influencing long-term wear
* Ambient conditions — temperature, humidity
* Exposure — chemical, radiation, weathering
* Loading — constant, cyclic, stress concentrations

Canada

&amp;

s. Systems Science

ods of composites materials’ system

ry

craft during re-ent

-materials/. Heat shield that protects space:




CASE STUDY - FCD SURFBOARDS

“Durability as Sustainability”

e Traditional balsa or bio-foam
“lightweight” solutions suffered
from durability issues

* Using extra glass fibre for strength
significantly improved durability

[1] https://www.fcdsurfboards.com/

e Reduced the environmental Cost of Disposable Performance
impact of production of Cumiativ
seasonal, disposable boards Environmental Impact

ac)
©
=
[
3
©
£
S~
€
o
9
(%]
©
2
©
o
0
Y
=
>
(%]
o]
O
3
2
3
2
==
%]
o
b=
B
<
)

= (100
=]
& sampe

Canada




nga%20et%20al.

REPAIR
Design repairability into the product

s,103%25%20by%20Thu

* Repair strategies:
e Patching

njection%20repair%20(RIR)%20i

* Resin injection

r.pdf

_Repai

* Self-healing technology

» Retrofitting

* Enhanced by:

To Syringe\ Tubing Vacuum bag
* Choosing right fibre/resin system ey Si' = s/
» Using protective treatments/additives = l ' '

tent/uploads/2026/01/Composite

1] https://www.hexcel.com/wp-con

* Design for maintenance —ie. Easy o kst
access points port  regon  port

https://compositeskn.org/KPC/A365 Canada




RECOVERY

e Disassembly

* Large, complex structures are difficult
due to joining/bonding

* Machining burdens reduced by
designed disassembly

* Designed disassembly
* Modular structures
* Reversible adhesives
* Snap/interference fits
* Removable fasteners

& Ssampe
https://compositeskn.org/KPC/A339 ’Canada p




EASILY IMPLIMENTED TECHNIQUES

Material monitoring & waste tracking

* RFID or QR codes to track origin, shelf life, remaining
material, etc.

Design with sustainability in mind instead of an afterthought
Consider total value created rather than ROI

* Worker safety (Avoided insurance/lost time)

* Brand image

* Acquiring sustainability incentives/avoiding penalties
Keeping value in the value chain

e Scrap downcycling

e Reducing consumable use (eg. Reusable vacuum bags)

& sampe
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* Based in Calgary, AB

» Technology solutions provider specializing in
m innovation
* Primarily working in energy market sectors —
focus on sustainability and the energy
transition

* Diverse, agile team of engineers and

m technologists

* In-house fabrication and advanced
manufacturing to support technology
development projects

Engineering Advisory Advanced
Manufacturing

& sampe
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THERMALLY RESPONSIVE MATERIALS FOR ENERGY GENERATION

Developing a novel clean energy

te C h n O I Ogy Stimulus Transducer assymmetry Kinematics
Anisotropic Anisotropic

Relies on a thermally responsive e

@agnetic field 9Shape memory polymer (SMP)

. . @cElectric field v i -
material — harnessing geothermal PR s S e
Occcazgsiuse 4 Dielectric elastomer actuator (DEA)

energy to do work ESSS s

Literature review and feasibility N ————

: {] @rhase s:hange material ela@me_r\'oor\npt{?i\tg,}
assessment NS g :
Why CRN? N

@tMPA

* Polymer and composites expertise 9 —

@Granular jamming

@Layer jamming

* Conventional materials unable to meet
our requirements

e Access to state-of-the-art scientific
literature

Isotropic Stiffness variation (SV)

& sampe
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THERMALLY RESPONSIVE MATERIALS FOR ENERGY GENERATION

* 3-month scope

e Broad literature search for candidate
materials

* Temperature range, work capacity,
hysteresis, maximum strain, etc.

* Key Outcomes

* Clarified fundamental polymer science
challenges

* |dentified leading material candidates

* Exergy currently developing prototypes
based on these material systems

>
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Thank you for joining us!

Keep an eye out for upcoming AIM events:

A Path Towards Automation in a Prepreg Factory
Presented by Peter Richter, WRP Consulting

April 29, 2026
https://compositeskn.org/KPC/A415

And don’t forget to visit the KPC for more information:

https://compositeskn.org/KPC

Today’s Webinar will be posted at:
https://compositeskn.org/KPC/A414
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https://compositeskn.org/KPC/A354
https://compositeskn.org/KPC/A334

SPONSORED BY

C NGen Né Summit | 0 M2M TECH

CODE Al

N° returns March 31to April 1, 2026.
This summit is built for decision-makers and doers.

For those who are scaling businesses, driving investment, designing policy,-and
building real technology. Whether you're here to discover, pitch, learn, or lead, N°
offers a rare space where Canadian industrial innovation moves faster.

RESERVE YOUR SPOT TODAY

Use promo code PRM15 for 15% off your ticket

March 31 and April 1, 2026
The Metro Toronto Convention-Centre
North Building, Hall A, Toronto, ON N@
sen



