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TEAM & PARTNERS

Dr. Lida Lu, Director of R&D (PI)

Frank Yang, President & CEO

Riley Engels, Senior Analyst

Shu Xiong, Research Chemist

Partners:

National Renewable Energy Laboratory (NREL)
Marcus Bianchi, Group Manager

Chuck Booten, Senior Engineer

Ravi Kishore, Researcher - Mechanical Engineering

STATS
Performance Period: 10/01/2023 - 10/31/2026

DOE Budget: $1,183,887, Cost Share: $355,000

e Milestone 1: R-4/inch, 12’x 1’ x 1’
Prototype

e Milestone 2: 250 Sq Ft, R-5/inch

e Milestone 3: 1000 Sq Ft Installed, R - 7 / inch
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Problem

Key Opportunity to Improve upon 70+ Year old tech dominating the insulated siding industry

@ Low-income households spend ~17% of their income on heating and cooling annually, compared to only
3.5% for non-low-income

B Average age of residential US building stock is 39 years; ~90% of buildings in US are under-insulated
X

@ EPS Insulation can only reach R 3.8 / inch, leading to R-2 siding systems
(09
[iu]

Legacy insulated siding producers have shown low interest in updating technology

_\‘(@’: Wall studs can account for almost 25% of the exterior surface area of a home, leading to an estimated
i 10% loss in total R-value

Wall Studs

| EERE Non Insulated Siding Insulated Siding



Customer Problem Statement from
Market Discovery

“Liatris's high-performance, easy-to-install insulation
products, which are both cost-effective and resilient, address
one of the most significant needs in building materials,””

Chris Anderson, CEO, Vantem
e Breakthrough Energy Ventures backed Modular Housing Producer, Raised $45
Million over 3 Series

VANTEM




Alighment and Impact



Insulation represents one of the cheapest and readily available

Impact and Outcomes

decarbonization opportunities:

(A)

Siding represents one of the largest-scale and most immediate
opportunities for energy efficiency improvements in the residential

market.

Based on a 2040 opportunity of 4.8 quads and 12% energy savings
vs. non-insulated siding systems, the potential energy savings for

this technology across the US totals ~0.6 quads.

R-5+/inch insulated siding can deliver ~$2500 in energy savings
over 10 years for houses with 2300 square feet of applicable wall

shace
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% of Americans that have installed new siding on existing
homes

47.00%
53.00%

% of Respondents citing Energy Efficiency as Motivating
Factor

32.00%

68.00%



High ROI of Energy Efficient Building
Envelopes

Cost ($ / MwH) vs. Energy Generated / Saved

$60.00
$40.00
T
3
=
#  $20.00
®
Q
@]
$0.00
Energy Solar Wind Coal Fired Natural Gas Hydroelectric
Efficiency Turbines Energy
Improvement (Onshore) Plants
(Insulation)
Method

8 Source: The cost of energy efficiency programs: Estimates from utility-reported datasets, Science Direct



Approach
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) High R Drop In EPS Alternative

Specifications Liatris Present Near Term Target EPS Insulation
Thermal Resistance (R-Value) / 4.5 5.0-54 3.6-4.0
Inch

Non-Combustibility ASTM E-136 ASTM E-136 / NFPA 285 Failed
Density/Weight 7 Ibs / ft3 51bs/ ft <3 lbs/ ft3
Tensile Strength (PSI) 10 PSI >15 PSI 15 PSI
Flexural Strength 11 PSI >25 PSI 25 PSI
Water Absorption Unknown 3% 4%
Water Vapor Permeance Unknown 5.0 Perms 5.0 Perms
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Cellulose and Clay Additions Key to
Cost and Performance Viability

« Liatris has successfully produced foamed cementitious composites
W|th R-Values > 4.5/ inch
Mechanical frothing and foaming method allows for small nanopore structures
« Additives of fillers including perlite, bentonite clay, and cellulose fibers increase
the strength of the material while establishing stronger nanopore structures
 The foamed cement exhibits macropores around 50-350 microns and
nanopores around 100 400 nm
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Cost Viability Validated through
Bottoms-up TEA Projections

Insulation manufacturing costs are heavily driven by direct
materials; by utilizing widely available commodity materials, we can
achieve costs that are directly competitive with EPS

Potential contribution margin (price - material cost) from manufacturing

must be competitive on cost / R basis versus existing insulation
Small-scale processing must be compatible with scale-up on industry

p-l-n nAArAd tAAl-~
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Insulation Type
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$0.03 $0.05 $0.08 $0.10
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Scaling Approach Leverages Existing
Platforms

- Our approach starts with controllable batch processes (left),
while leveraging lab scale extrusion tools to build a foundation
for continuous production technologies (right)
= . A =
=

Casting Molding 3D Printing Extrusion Foaming

Mechanically frothed Molding allows for a more 3D printing is growing at a Extrusion foaming (XPS
aerogel composite could be controllable batch process fast rate, and has the ability manufacturing process)
poured into a mold; casted which enables us to fine- to be utilized on small to will provide the highest
mixture would cure within tune process conditions mid-size scale projects. throughput and lowest cost
several hours (panel drying more easily and reduce of production.
would take several days). material waste.
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Comprehensive Stakeholder
Engagement Efforts

Through our DOE & NSF funded research work, as well as various state and local assistance programs (e.g. ExportMD, MD Global
Consulting), our team has engaged >150 key industry stakeholders in the last 12 months to build a foundation for scale-up

i

Goal continue to validate product demand & economics; proactively establish industry presence and
thought leadership within limited resources, to lay groundwork for larger-scale growth discussions as

scaling progresses

Key findings: inbound investment interest and market discovery work continues to align with core

value proposition; ramp up engagement with largest building developers / owners to increase market S
pull beyond OEMs %
Siding Incumbents Emerging Players Adjacent Corporates
Westlake ‘ Factory 05"  VANTEM ‘

Royal Building Products™

@ ‘JamesHardie | .
LP Siding | Trim %%]_\16[% S I\
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Planned Commercialization /
Partnering Approach

Model Validated by >$7M of non-dilutive funding raised through Corporate Partnerships and Government
Grants

Manufacturing & Sales Partner

© LIATRIS

Provides capital and market reach
Some product and region exclusivity
Internal purchase at transfer price
Sells to Liatris at fixed price

YYVYY

Other OEM Sales Partners

> Buys product from Liatris; sells

system into additional markets
>  Case-by-case exclusivity / MFN
>  Provides customer support

15 o L I AT R I s Confidential



Progress and Future Work



= Foamed Cement Property
= Improvement

Since the start of the project, we have made a few key property
improvements

Improved R/ in from R - 4.1 to R - 4.5 without Aerogels via
the creation of nanopores

Reached 29 PSI, 2 - 3x that of EPS insulation through fiber
loading

Improved Water ReS|stance from 100% to near zero via
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'©) Scaling Initiatives
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Several initiatives have been made to scale the production of the
technology to begin pilot production and continuous processing
for year 2 of the project, paving the way for a pilot demonstration
in year 3.

Continuous Foaming Mixer High Volume Mixer Full Scale Siding Prototype
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Discussions with Insulated Siding
Incumbents

Legacy siding producers have shown interest in new products but
guarded attitudes toward resourcing new R&D efforts,
showcasing the need for market transformation

Chad Dierks Neil Friedberg Chris Johnson
R&D Director Building Science Mgr Product Director
James Hardie Louisiana Pacific Westlake Royal
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Opportunity Expansion Via Emerging
Construction Players
Discussions with alternative scaling partners show interest

beyond traditional siding production methods, showcasing
breakthrough potential for this project given right market channel

Matt Smith Vamsi Kotla Greg Otto
Vice President of BD Founder & CEO VP Product Design
Factory O/S Remo Homes Agorus



Potential for Drop
In Replacement

Existing SIP product




Thank you

Liatris Inc.

Lida Lu, Director of R&D
lida@liatrisinc.com
DE-EE0010903
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. ProjeCt Execution TP e Q1 Q2 @3 Q4 @1 Q2 Q3 Q4 Q1 Q2 Q3 Q4

Task 2.0 - Product Deslgn and Integration Research
Subtask 2.1 - Review PVC siding shapes, sizes, configurations
Subtask 2.2 - Develop understanding of adhesives
Subtask 2.3 - Characterize structural properties
. . Subtask 2.4 - Investigate material fransport and storage logistics
Project Prog ress is on Subtask 2.5 - Inerview existing users
Subtask 2.6 - Installation, tools, process research
" Task 3.0 - Large Scale Samples;Testing
tra C k nearin g en d Of B P 1 Subtask 3.1 - Test for binding agentadhesive
Subtask 3.2 - Moisture transmission testing
Subtask 3.3 - Conduct compression and puncture tests
Subtask 3.4 - Initial Pilot production
Subtask 3.5 - Integrate full cladding prototype
Subtask 3.6 - Model thermal performace
Task 4.0 - Product Optimization
Subtask 4.1 - Techno-economic analysis for product costs
Subtask 4.2 - Gather cost data via installation trials
Subtask 4.3 - Techno-economic analysis for installaton costs
Subtask 4.4 - Optimize ambient aerogel granule production process
Subtask 4.5 - Produce pilot batches of R-5 insulation
Subtask 4.6 - Full-scale optimized prototype meeting cost targets
Task 5.0 - Monolithic Insulated Siding Research
Subtask 5.1 - Design and develop specialized mold
Subtask 5.2 - Develop methodology to apply densified coating
Subtask 5.3 - Cast wet composite paste onto densified layer
Task 6.0 - |dentifiecation of Fleld Validation Locations
Subtask 6.1 - ldantify 3 test sites with necessary permits and owner
sign off
Subtask 6.2 - Submit Revised EQ1 far MEPA determination / approval
Task 7.0 - Installation and Field Validation
Subtask 7.1 - Design pllot demonstration

Subtask 7.2 - Conduct third-party testing of full-sized, final prototype
for key ASTM cerifications

Subtask 7.3 - Conduct full-scale test installation for cladding system
24 I EERE at live construction site




2=  Team

Liatris has a lean but experienced team led by insulation domain experts who have cradle-to-
grave product development experience taking building and energy technologies from concept
stage to field deployment. We have 4 Ph.D.'sand 2 M.S.’s, all with significant composite and
polymer materials experience, on staff.

e Dr.Lida Lu, Director of R&D (PI) - Dr. Lu is an experienced polymer scientist and
product development engineer with >25 years at Ardax, ISTN and Armstrong /
Armacell developing composite building materials. He has expertise in novel
insulation technologies as well as leading product development adhesives, ceiling,
floor tile, etc.

e Frank Yang, Co-Founder & CEQ - Frank has 15+ years’ experience bringing new
materials to market as a company operator, as well as leading technology scaling
activities for DOE initiatives such as the ABC Collaborative and NREL’s American
Made Challenges through his role as a Partner at ADL Ventures

e Riley Engels, Senior BD Analyst - Riley Engels is a graduate of the George
Washington University School of Business and has lead project management for
both of Liatris’s current DOE grants (DE-EE0009700 & DE-EE0010903)

e Shu Xiong, Research Chemist - Shu Xiong is a Ph.D. graduate of Polymer Physics
and Chemistry from Huazhong University of Science and Technology, she has been
the lead scientist at Liatris in assisting Dr. Lu in product formulation improvements,
prototype creation, and other day to day tasks of the project.
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