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England’s Forest Instry Oppotities

Keynote Presented at the NEFF 2024 Annual Meeting

By Dr. Habib J. Dagher, Executive Director
Advanced Structures and Composites Center
hd@maine.edu
June 6%, 2024
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\ THE UNIVERSITY OF

Awards & Honors

Over 40 state, national and international excellence awards

MAINE TRANSPORTATION
. ACHIEVEMENT AWARDS

2019 Transportation Champion

WII‘IdDOWGr Three 2019 Guinness

ENGINEERING DEVELOPMEMNT

Innovator 2017 World Records

2015 Transportation Champion of EN R

Change Qt/ Maine International
Engineering News-Record

A( : E ‘ : 2017 Innovator of the Year
2016 Top 25 Newsmakers

AMERICAN CouNcCIL OF ENGINEERING COMPANIES

MAINE DEVELOPMENT FOUNDATION 2021 Academic Pioneer Award  AVERICAN SOCETY OF CIVIL ENGINEERS

Champions 2 Change

2011 Engineering Excellence

2008 “Champion of Economic 2010 Most Creative Product 2011 Charles Pankow

" 2007 People’s Choice .
Development 2007 Rect nf She Award for Innovation

[-\.ADVANCED STRUCTURES &

./ Composites center



ASCC Partners and Clients
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Strategic Plan 2020 .l

GEM - Green Energy and Materials

ers

Developing the Technologies and Educating the Lead
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Application Space
Civil Infrastructure, Renewable Energy, Defense, Marine and Aerospace
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1865 H N R 0

. Penobscot Narrows Bridge

CFRP
Strands

- //,,f' /4
« Some steel strands replaced with carbon composite strands
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IEXI THE UNIVERSITY OF

- MAINE

CONTINUOUS FORMING MACHINE (CFM):
Rebars + Other thermoplastic shapes

REBAR:

* 12 ft/min

» Twice strength of steel, while reducing weight and corrosion.
* Field bendable without special tooling.

* Recyclable.
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US Potential for Floating Wind \UDMMMNJE
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60% of US resource requires floating technology US Earth Shot
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Floating

Offshore
Wind

10

Buoyancy :
Modules

\

S~ Mooring .,
Lines NP Se e

VolturnUS Floating
Concrete Hull
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Wind machine
Rotatable

B \Wave basin

Multi-directional

’ R

-«

g/ g/ e ] Jal | . RANTRAN TN N,
AT, | S T [ s A A, L B VS A A A S VA S N SN S R S NS
I 0 _ s s | 15 &% &% &5 P4 938 a8 Pa\ PN Wan. s VAs
— A% / /- /Y /- , = ' : \BE - NN\ NN V8 S RS 2\
: - _— ' PR S AG B BSe B \a B\ DO mC %o
T ay 16-actuator wavemaker JIEL AL R KOS

P ,

Y 7/%7/F/F Er B vee e w

{ = 2 j /!




6. Additive Manufacturing Opportunities LM AINE

World’s Largest
Polymer 3D Printer
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Additive Manufacturing Opportunities MAINE

. i.___

i
135 G { New World’s Largest
— "t merms w8 Polymer 3D Printer
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Building Technology Research
Scalable Sustainable Affordable Housing

Materials Innovations Manufacturing Innovations Integration Innovations

Biobased Insulation, Wall Board, e Automated Feedback for Modular Volumetric
and Gypsum Replacement Process Improvement FT ]

Large Scale Additive

Selective Subtractive

Automated Fiber Placement

Pick and Place

- Flowable Media: Insulation

— Flexible Media: Plumbing/
Conduit

— Solid Elements: Fenestration/
Fixtures

Biobased Additive Manufacturing
Feedstock

Modular Panelized
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Can we Use Wood Residuals to Print Home

Sawmills Residues

600ft2 home needs 10 tons
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White Pine

1 million tons/year

Hardwood

Spruce / Fir
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Stronger than Concrete
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Printing a module using wood and a bio-resin

Floors, roof and walls are all 3D printed.
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Printing a module using wood and a bio-resin

Floors, roof and walls are all 3D printed.
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First module installed on Foundation
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First module installed on Foundation




Demonstration: BioHome3D
World’s first 200% Biobased 3D Printed House
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BioHome3D Going Through

“X Good Old

aine Wintex”’
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Technology Roadmap for Biobased Modular 3D Printed Homes

-

Factory of
the Future
Scale up
feedstock
FoF 1.0 )
Flo rdant with flame
5001b/hr chemistry - retardant 9 Units Penquis
150Ib/hr Integrated BioHome3D 2.0
chases, R-value
100% biobased
feedstock
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\ THE UNIVERSITY OF

What’s Next: .+ MAINE

A 3D Printed Neighborhood
For the Homeless
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Demonstration: Additively Manufactured Floor Cassette

100% Biobased 3D Printed Modular Component
Modular Panelized Systems Integration

2 - |
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Platinum sustainable building uses mass timber, Fa.CtorY Of the Future
lar heati d PV Is and electri . o
s s - An Array of Al-enabled Hybrid Manufacturing

g e ) —AM"%
: ' ¢ ' Al-Enabled Additive Manufacturing = The Building is the Printer

Multiple 3D printers Al-enabled by high- - ‘ Multiple print-heads, machining heads, Tape layup heads on overhead cranes
performance computers and sensors '_.' provide print flexibility and full-scale production line for structures up to 200’
providing feedback to produce “born- =~ long, 60ft wide and 25 ft high

BN Ccrtified” parts —
JENTTY P _ B -

Sustainable Mass Timber Building Flagship LEED

RN o : o o (
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High-Performance Computing

Fully-digitized, adaptive factory relies on computational
methods and tools including optical-based analytics,
augmented reality, real-time monitoring, digital twin,
which rely on the HPC “brain”

Autonomous Quality Inspections
Drone-based inspections provide
real-time data to printers to provide
quality control, print optimization
and Al-enabled self-adaptation

. WL
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e

1 Focus on Large Components Bio-Based & Recyclable Materials
. : Printing homes, schools, boats, = Material formulations optimize use of locally-

bridges, vehicles and even = e produced nanocellulose and recycled plastic
28 furniture, using wood resources | feedstock
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Commercialization Center

Maine and its vast forest sit atop one of the largest population centers on
the planet, making it an ideal location to produce mass timber products
to feed the growing urban demand for timber housing.

Objectives
- Bring together state and regional
stakeholders to demonstrate Maine's
support of these mass timber technologies
- Answer questions that mass timber
manufacturers & investors have regarding
Maine's forest products economy

- Conduct R&D to support increased use of
(Maine-made) mass timber

- Be at the forefront of regional mass
timber promotion

Maine Mass Timber Commercialization Center

includes
40 (and growing) regioral

rers, sawmills, land
architects, engineers, code officials,
and trade associations

Maine's forest economy 2025

& growth target $'I 2 BN

2018 . Opportunity for

$8 5BN P 40% growth

Current Industry

" apbundant f”'esr
7
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S uMaine sits on the PRG-320
£ Committee and is IS0 17025
accredited to test CLT under
this standard

Proximity to
Market

‘4 sspon

Photo by Joc Anestas

The Case for CLT Manufacturing -&
. 2\ ADVANCEPGTRUCTURES &
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Recent CLT Research at UMaine \ W+ MAINE

Two new grades of CLT using local SPF-S
Qualification testing of Eastern hemlock CLT

Bond Durability of CLT using 7 Northeastern
species

Hybrid SPF-S / LSL (softwood/hardwood)
CLT with gaps

Blast resistant CLT buildings (Woodworks)
Thermally insulated CLT using wood fiber

[-\.ADVANCE TRUCTURES &
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3. Energy retrofit/ -

THE UNIVERSITY OF

MAINE

Wood Fiber Insulation

U.S. Energy Retrofit Systems Market
Size, by Product, 2021 - 2030 (USD Billion)

$25.2B
$24.98

2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030
@ Envelope HVAC Retrofit LED Retrofit Lighting Appliances

https://efficiencymatrix.com/upside-residential-energy-efficiency-
retrofit/

Upside down residential retrofit pyramid
= v = drive down your energy costs
=

-~ ~—

GRAMND VIEW RESEARCH

START

.'o Caulk penetrations into your building
y envelope.

e Draught-proof your ventilation strategies
1

Ceiling penetrations, evaporative cooling
and recessed light.

NG
Replace and remove legacy heating
and cooling systems.

JQ Improve the performance of your walls
@ Air tightness and insulation consistency of the floor surface area

Improve wall insulation performance.

mplement energy recovery ventilation with air filtration
" features.

9 Invest in quality double glazed windows

Undertaking all eight step will result in the ultimate energy efficient house,

but rest assure that each step will bring with it some tangible benefits including lower energy bills!
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THE UNIVERSITY OF

 MAINE

3. WOOD FIBER INSULATION

4

% of Insulation in New Single Family Homes
(2018)

1%
® Fiber Glass Batt

™ Foam Board

m Spray Foam
52%  Cellulose

®m Rockwool

® Fiberglass Blown

m Other
% based on sq. ft. coverage

32 ['\.ADVKNCED STRUCTURES &
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WOOD FIBER INSULATION (WFI)

Renewable, sustainable, carbon neutral
Biodegradable/Recyclable

Low embodied energy

Competitive R-value

Cost competitive

Supports local Maine industry as an
outstanding outlet for mill residuals

THE UNIVERSITY OF

- MAINE

Subject to the restrictions on the title page
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THE UNIVERSITY OF

CLT/WFI Building Monitoring «~MAINE

Field study: Hygrothermal and energy performance of a school building made
of CLT insulated with WF|

4)&» J Belfast Location Map
il y

Cornerspring Montessori School
at Belfast, ME (Built in summer CLT Building Construction from start to finish by OPAL Architecture

2021)

[-\.ADVENCED STRUCTURES &
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K

CLT

WFI

0SB

New construction

ARCHITECTURE p
i OPAL /e 7 TIMBERHP

BY GO LAB

Subject to the restrictions on the title page
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 MAINE

Flexible
WEFI

Rigid 0SB
WEFI

Retrofit

Forest Products
Laboratory

5

[-\JADVENCED STRUCTURES &

V.7 COMNosites center



SM-2ART Research
Thrust Areas

THE UNIVERSITY OF

MAINE

Composite innovation
» Integration of CNFs into
polymer matrices
» Replacing petroleum
sources with renewable
biomass
» Achieving desired
mechanical performance

v

Cellulose nanofiber
production
» Reduction of water

and energy usage
» Surface freatments
» Drying and
dewatering methods
» Fibrillation processes

Material formulation
and process
development

» Development of hybrid

bio-composites for AM
feedstock

» Opftimizing rheological

and thermal properties for

AM

High throughput, low
cost AM
» Development of high-
throughput extruder (500
lbs/hr)
»In-process qualification
using mulfivariate sensors
» Causal modeling to
close AM feedback loop

CNF modeling and
simulations
» Application of high-
performance computing
and molecular dynamics
simulations to predict CNF
morphology and dispersion

Biocomposite
applications and
sustainability
» Structural applications
(housing marine, etc.)

» Lightweight bio-foams
» Molding and tooling
applications
» Recyclability of CNF
thermoplastic composites

CNF reinforced bio-
composite AM feedstock

36
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THE UNIVERSITY OF

Capabilities MAINE

v

Chemistry and
materials development

Nanocellulose Simulations

5 e

AR

Characterization Multidisciplinary Prototyping and
and analysis expertise direct fabricatio

[-\.ADVANCED STRUCTURES &
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Technical Collaboration Program

Value to partners and
ecosystem

> First customer
connections

» Creating “market pull”
for biobased materials

> ldentifying high volume
opportunities for
cellulose nanofibrils,
wood residuals, and large
area additive
manufacturing

38
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@ NatureWorks  ouwemsggome
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THE UNIVERSITY OF

Applications TRL Overview \VMAINE

L |

Final Commercial Product
Certification

Full-Scale Prototype in
Commercial Conditions (/)

Full-Scale Prototype Field
Demonstration

Partial-Scale Prototype
Validation

Partial-Scale

N\
Prototype &
Modeling \O
o
c
e

Technol L)
L

Sustainable Aerospace

Materials I I

Building & Marine & Packaging Automotive
Aquaculture

Conceptualize

Construction

- ['\.ADVANCE_:D STRUCTURES &
39 Subject to the restrictions on the title page o/ l}ﬂ mllﬂ'o'lles Genlﬂr



THE UNIVERSITY OF

Industry Technology Collaborations \ MAINE

« Opportunity for industry to « Work with manufacturing staff  Phase 1 $40K

discover and apply new to develop scope of work Phase 2 $200K
manufacturing technologies

e 1:1 In Kind Contribution

Bio-based Materials, Buildings, Packaging, Automotive, Marine, Off-Shore Wind Energy

» Through the SM?ART program, US industry can access the facilities and expertise of the MDF
at ORNL and/or UMaine by submitting proposals aligned with the core themes of the
sustainable composite manufacturing project.

» Selected proposals for “tech collaborations” will result in short-term, cost-shared projects.

» Phase I: $80K with DOE providing $40K and industry providing min. $40K

> Phase ll, if Phase | shows exceptional promise: $400K with DOE providing $200K and
industry providing min. $200K

[-\.ADVENCED STRUCTURES &
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A special thank you to the team who conceptuallzed designed, printed and constructed Biof®3D

Nl
James MAattIt1tew Hilary Angelina  Giovanni Tyler Katherine Alexander Matthew Seth Bryan
yotte

Buntrock Buzzelli Calcagno Chase Clukey Cole Cowing Dixon Doucette

IR
L

Carson Andrew Richard Samuel Douglas Andrew Evan

2 Benjamm
Fiscus Foster Frederlcks Furth Gardner Gifford Gilman Herzog
. ﬁ
Billy Melissa Kelse Audrey Richard Claire Susan Aaron Michael Caleb Walter Sam
Howell Kelly Kunic Laffely Lafreniere Liedtka MacKay Madore McCarty Miller Morris Morton
o . / ' o u L ‘

Tess Jared Joshua Thomas pencer Camden Camerin Emma Lucas Gregory Douglas Thomas
Mylander Palmer Pearse Perkins Sansoucu Sawyer Seigars Shorette Simms Slocum Snape
Emil Jason Kelse Quest Scott Chrlstopher Lincoln Lu Justin Daniel
Stauffer Stevens wan Teichman Tomlinson Urquhart Varnum Wang Willis Wortman
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