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1. The problem:

Embodied Carbon
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The construction and
operation of buildings
in the United States
alone is responsible
for almost

2 Gigatons co,e
emissions annually.

The prescription for
dramatically reducing that
impact is well understood
and immediately
technologically achievable.
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Embodied Carbon is increasingly
significant

Cumulative Carbon Emissions of
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Business as Usual Projection

Building Materials
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Source: AIA 2030

By 2050, it is projected that
embodied carbon will take up
almost half the total carbon
emissions from new
construction.
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The greatest opportunities for reducing
embodied carbon are concrete and

pL 1™

insulation.
Concrete
3‘
Insulation H}m
Rebar Finish
14%-33% reduction 16% reduction 4%-10% reduction 5% reduction 3% reduction
None to low cost premium No cost premium None to low cost premium None to low cost premium 10% cost premium

TOP BUILDING MATERIAL CATEGORIES FOR REDUCING EMBODIED CARBON Source: RMI



The insulation market is dominated by fossil-fuel dependent
products with devastating environmental impacts

') High Embodied Carbon

Global Warming Potential

iy Vapor closed, traps moisture

Leading to mold and mildew, health risks, and rot

Non-recyclable

Monstrous hybrid / chemistry / cost realities

Wool  Off-gassing

Affects indoor air quality

Highly flammable

Fiberglass and foam insulation are fire accelerants




2. A Solution:

Wood-Insulated Panels (WIPs)

A structural / thermal / moisture enclosure solution system
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Wood fiber insulation
made in America

Carbon Storing

Made from carbon-storing softwood

High Performance

Manages air, moisture, conductivity, and sound

Highly Recyclable

In-factory offcuts go back in the “hopper”

Nontoxic, Safe

Sawdust when you cut it; healthy indoors

Class A/B Flame Spread

Offers a high degree of fire protection

TIMBER[AP

TimberkFill

loose fill and dense
pack insulation for
attics and stud cavities

TimberBatt

wall cavities, ceiling
joists, rafters, attics,
demising walls

~ T TimberBoard

continuous interior and
exterior, above-grade
insulation
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Embodied Carbon from Building
Materials are measured through
a scientific modeling tool called
Life Cycle Assessment (LCA)

The Cradle-to-Grave LCA
technique quantifies a building
material’s carbon footprint
through the following life
stages:






Insulation products made
from wood fiber are a
superior climate-friendly
alternative to conventional
insulation.

 Carbon Sequestering — only scalable construction
insulation with the potential to address both
operational and embodied carbon

 Renewable/ Sustainable — All products made
from >90% Forest Stewardship Council softwood
chips

 Recyclable — Post construction and demolition
waste can be fed back into the process to make
new product

 Nontoxic — Urea formaldehyde free
90% FSC

Softwood
Chips

Source: IAL Consultants, Gupta-Verlag



Comparison to other insulation products:



Solution : Carbon storing wood products
used in construction yield a
net benefit to the atmosphere
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Atmospheric carbon dioxide is At the end of the tree’s life, Harvesting trees as the source material
taken up by trees and, through when left to decay, this stored for building products can delay the
photosynthesis, stored as carbon returns to the release of that carbon for the life of the
carbon in biomass atmosphere slowly building and potentially far longer



Wood Fiber Insulation Made from clean, species-agnostic,

softwood residuals; insulating wood fiber

utilizes an -EXIStI_ng waste composites are a perfect fit for the United
stream as Its primary States’ wood products manufacturing
feedstock ector

MILLED > WASTE
LUMBER

LUMBER IS MILLED FROM LOGS THE WASTE CHIPS ARE RECOVERED FINELY GROUND AND FORMED INTO INSULATION



European wood fiber
insulation market shows
product potential in
North America

* 15 manufacturing facilities in Europe

e Estimated S700 million (~5% of total insulation
market) for all three products (board, batt and loose

fill)

* Currently, European market is oversold and cannot
meet demand

e All manufacturers have projects underway to
increase production to meet European demand.

* Gutex, Steico, and Schneider are all building
additional facilities to meet European demand

EUROPEAN SUPPLIERS OF WOOD FIBER INSULATION:

Freight costs combined with high production costs
limit the sale of European wood fiber insulation in
North America to select projects only where price is
not a factor.



+ CLT

- |BC-approved up to 18 stories

- NYC-approved up to 6 stories / 85ft

- Stores 590.97 kg CO2 eg/ 1 m”3

- 130 kg CO2 eg / 100 board feet

- 1.3 kg CO2 eg/ board foot

- Made from southern yellow pine, black
spruce, doug fir, and other softwoods

- Able to be made from young, small-
diameter trees =
- Trees store most of their carbon in the ey
first 5-10 years




+ High-performance windows & doors

UPVC Windows Aluminum Windows Aluminum swing door Aluminum sliding door



3. Pilot Project:

A School Building in Maine



Fasteners
Diagram +
Takeoffs






Long fasteners, but you can’t miss the stud / joist!



Insulation cut & Fastener Lists
- In-housed
- Automation / CNC-potential



CLT Shops
-  Manuf-provided

- Data-rich
- 2 week process min.



WFI dut-with
Future: CNC
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WRB shouldn’t be
strictly necessary, but
*supply chain issues*
forced the purchase of a
zero-paraffin WFI for
this project, thereby
necessitating WRB

































Cost 35% of this is insulation fasteners!

OS1S Adhesives have potential to be a game-changing
solution here: eliminate thermal bridging, dramatically
reduce cost. U-Maine is working on this!
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4. Results:

U-Maine Presents Sensor Data
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Goals and Objectives

Goals:

« Evaluate the long-term durability and energy consumption of the
CLT building.

Objectives:

« Collect minimum one-year data of T, RH, MC, and electricity use.

« Risk evaluation in terms of moisture condensation and mold growth.
« Comparison of energy use measured and simulated by software.



Hygrothermal monitoring: What is measured?

CLT panels:

« Moisture content (MC) through the depth
of the 3-layer and 5-layer panels

WFI boards:

« Temperature (T) and relative humidity (RH) of
air in the WFI through the depth of the boards

) DeWpOInt temperature of the air at a given T. B ;H ‘\,\_\‘k/'

and RH level ~



Determination of MC of WFI (Interior Use)

WFI board: Equilibrium Moisture content (EMC) at different
T and RH levels during adsorption and desorption.



Sensor Specs

A-1-40 HumiSense
temperature and humidity
probe

— =+.3°C/ £2.0%RH typical
— 0-100% RH Range
A-2 resistance moisture
probe

S-2 wireless data logger

— 2 RH/T ports
— 1 MC% port
— 64K reading memory
— Adjustable reading
intervals
G-4 Gateway with Verizon
Cellular

MC%
Sensor
Extension

MC%
Sensor

/)

Data
Logger

RH/T
Sensor
Extension

RH/T
Sensor

v




Sensor Location

 Red dots @ indicate primary
sensor clusters with a higher
density of sensors

« Blue dots ® indicate secondary
sensor clusters with a lower
density of sensors

« Two different wall locations for
Northern and Southern aspect

« Four roof locations at different
points on the slope and different
panels

« One window and two corners
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Position of sensors across the depth of wall and roof
assemblies

Primary monitoring Secondary monitoring Primary monitoring
locations on walls locations (window, wall- locations on roof panels
(South and north face to-roof connection, wall-

walls) to-floor connection, etc.) Ex

In

+— MC% Pins m== T&RH sensor



Sensor Installation in manufacturing site (Madison, ME)

A total of 18 Moisture
sensors

« Atotal of 36 T & RH sensors

 |ntact WFI boards

« All wires running along the
seams between panels



Distribution of wires and junction box in CLT building
+ weather station




Preliminary data analysis




MC reading based on daily values

Secondary location:
Top corner wall

In
Jd 7
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T, RH, & dewpoint T reading based on daily values

Primary location:
Mid-height of the wall

In
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T, RH, & dewpoint T reading based on daily values

Primary location:
Mid-height of the wall
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T, RH, & dewpoint T reading based on daily values

Primary location:
Mid-height of the wall

In
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Overall T. and RH distribution (24-hour data on Jan 27, 2022)

Temperature distribution

RH distribution / ?
A
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Overall water vapor concentration (absolute humidity)

distribution (24-hour data on Jan 27, 2022)
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What information can we obtain?

Category Thresholds

Measurements

Fungal growth MC>FSP, 41°F <T<104°F

RH>80% over one

Mold growth month, 41°F <T<104°F
Corrosion of metal MC >18%

fasteners

Increase of thermal 0.09<A<0.115 at 0%
conductivity (A) <MC<20% (Wood)

MC>19% (lumber), 16%
for engineered wood
products

Reduction of
material strength

Ref: https://www.fpl.fs.fed.us/documnts/fplrp/fpl rp675.pdf

RH>80%, 41°F <T for 20
days (WFI)

9.4%<MC<13.6% (wood)

16.5%<MC<19.5% (WFI)
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Energy use monitoring

https://sense.com/

Understand how much energy is Sense device was
using by different appliances installed in the
installed in the building. electrical breaker box.

20



Electricity usage monitoring: Jan 9 to Feb. 9, 2022

Preheater
<« Oof ERV is
on.

21



Electricity usage simulation

« EnergyPlus software simulation

22



Electricity usage comparison

23



How will we use these data?

Future work:

« Comparison of similar
building projects or lab
data

« Validation of building
design practices &
modeling results

« Evaluation of long-term
structural health and
energy consumption

24



Thank you

Questions?
Testing of building materials (thermal): Testing of wood building materials (general):
Dr. Ling Li, Ph.D. Mr. Benjamin Herzog
Biomass Energy Testing Laboratory Advanced Structures & Composites Center
School of Forest Resources Tel: 207-581-2360
Tel: 207-581-2883 Email: benjamin.herzog@maine.edu

Email: ling.li@maine.edu
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