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o LCA at PNNL

PNNL LCA website,
more posted soon:

Pacific

Northwest | Focus: Data-driven sustainability for buildings and infrastructure by applying

NATIONAL LABORATORY

existing or improved Life Cycle Assessment (LCA) approaches to address lack of
high-quality data and accounting methods for both products and buildings

Enhancing sustainability data and reporting by
facilitating access to high-quality data, feeding this data
Into the Federal Commons for setting baselines and
targets, and leveraging industry-average product data
for Whole Building Life Cycle Assessment (WBLCA).

= Partnership and industry collaboration (e.g., 17 orgs in
focus group and more who have tested a template,
ASHRAE, AHRI, IES, Building Re-Use products, and
more),

= Developed unique LCA (life cycle inventoryl/life cycle
Impact analysis) template for luminaires and rooftop
units,

= Collaborated with industry on first LCA rules for
luminaires in North America,

» Addressed data gap (power supplies),

» |dentified recommended practices for WBLCA, with
focus on circularity and mechanical & electrical
systems.
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The Problem

* The building sector contributes 37% of
global emissions!!! and comprises a
significant amount of landfill waste

* In the U.S., residential building energy use
alone accounts for 15% of greenhouse
gas emissionsl!?

« Construction industry Is slow to innovate

* Recent changing attitudes about
decarbonization offer opportunity for
market transformation and a shift to a
more circular economy

[1] https://www.unep.org/resources/report/building-materials-and-climate-constructing-new-future
[2] https://www.enerqgy.qov/eere/buildings/us-residential-building-stock-decarbonization-analysis
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Offsite modular construction

¢ Fast Production Ci rC u | ar HO m e

¢ High Quality

® Minimal Waste OverVI eW

Optimized for
e Sustainability
* Resilience

¢ Durability M|n|mlze
e Life-stages .

* Long use-life through blO'baSEd
Low embodied carbon and net deSIQn
zero operational carbon

* Plant-based products . MI n I m | VAS
* Minimal plastic and concrete 9) pera'“ on al Carbo N

¢ Climate-tuned envelope

e Efficient equipment through energy
e efficient building
performance

—@ Value retention for
Iterative reuse Red uce Wa.Ste
e e A and extend useful

* Components building life through

e Materials

circularity
Non-destructive connectors  (designed for disassembly
add value by improving and reassembly)

* Building Performance
* Fabrication speed
® Fase of assembly/disassembly
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* 1,430 SF

e o Configurable for
g [ull Accessibility
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xg/ LCA Overview

Eaciﬁc
orthwest : o :
NATIONAL LABORATORY Circular Home Prototype | Traditional Baseline
CLT structure with Wood stud framing with
non-destructive connectors; standard fasteners;
Materials Blo—ba§ed r_eplacements for Incumbent materials and
insulation, finishes, and products to meet code
accessories minimum requirements
Factory-assembled modules Site-built by a variety of trades,
transported to site; composed of hundreds of
Methods  intentionally designed for individual elements into a
disassembly and re-use permanent whole

Anticipated Results: Comparison of Circular
Home Prototype to Traditional Baseline

Overarching goal:
carbon-negative
cradle to grave

Global Warming Potential (kgCO,eq) I Smeog Formation Potential (kgOjeq)
Acidification Potential (kgSO,eq) I Primary Energy Demand (MJ) For whole building
and for component/
Eutrophication Potential (kgNeq) I Non-renewable Energy Demand (MJ) material breakdown

Ozone Depletion Potential (CFC-11eq) I Renewable Energy Demand (MJ)




" 10 R-strategies for Circularity

Pacific
Northwest Circular
NATIONAL LABORATORY Economy . DeSIgn phase
* Most sustainable
_ * Adds value
Circular Home Strategy: » Responsible use and

manufacturing

 Prioritize design-phase circular thinking

R3 Reuse
« Maximize circularity of materials . R4 Repair
« Consumption phase
» Optimal use .
» Prioritize deconstruction/disassembly + Preserve and extend life |2 Rerurvish
throughout design process of products R6 Remanufacture

R7 Repurpose

 End-of-life or return phase | R8 Recycle
e Capture and retain value
* Use waste as a resource R9 Recover

! « Loss of resources ' Landfill or
.« Value lost .

: . _ . Incineration
-« Environmental pollution

Figure adapted from https://www.circularise.com/blogs/r-strategies-for-a-circular-economy
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: Landfill or
_=3 : Incineration

Circularity by Component
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Selected LCA software
has unchangeable
defaults for end of life

Scope of Circular Home LCA

Pacific
Northwest
NATIONAL LABORATORY
(A1-A3) (A4-A5) (B1-B7) (C1-C4)
Product Stage Construction Stage Use Stage End of Life
Concrete Mix Transport to site Construct
Foundation Pier
Rebar Transport to site g Foundation
fact ssemble
SuPer actony Modular
-structure mTransport N Superstructure
factory
. Transport to
ssemble :
Transport to wall layers - ProlecFed
Wall factory material Decons
Assembly ot to <i | 'nstall M replacement .
ransport to site 4 modular B -truction
: and an
Transport to site home single projectgd
on lifecycle :
Roofing Transport to site > foqn material
eather Barrier ransport to site >
Assembly P
Wﬂanspon to site >
Wet Room ite .
Wet Room Transpor‘tto site -
Finishes : _
Transport to site
On-site PV (Solar) _ Install Operational
Transport to site >
energy Panels Roof PV Energy [B6]
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Pacific CA Calculation Process Necessary to supplement software limitations:
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- Building materials Current U.S. Grid Mix (Renewables Only)

unavailable In software

10.3%
» End-of-life re-use N
percentages T 6.0%

 Grid mix projections for
operational impacts
= How will the operational

Impacts change over time
as the grid mix changes?

Wind Hydropower Solar Biomass Geothermal

Image courtesy of https://www.energy.gov/eere/renewable-energy.
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Ml emissions can be reduced

@l carbon-free electricity,

S -onstruction and

il improved over time. As

@ to meet climate goals over
d the next decade.”

x-/ Simulation: cumulative impacts over time
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NATIONAL LABORATORY N B Embod|ed Carbon ¢ Carbon Neutral Grld

DT
T

—— Year from Construction

“While building operational

by improving energy
efficiency and sourcing

embodied carbon is a large
“burp” of emissions
. associated with building

renovation that cannot be

)
N\

Circular Home

-17 kgCO,eq/ft?
embodied

B global construction ramps
up, urgent action to reduce
Il these emissions is heeded

Global Warming Potential (kgCO,eq)

| (https://rmi.org/embodied-carbon-cities-
policy-toolkit/)

P
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Pacific

Northwest  Circular Home Preliminary Results

E|ectricity from grld [ ] (TOTAL) l Paints/Stains and Adhesives
150000 || Aluminum, sheet Photovoltaic Panels
|| Cellulose insulation, blown B Plywood
100000 |_| CLT (Cross laminated timber) B PV Battery
g || Construction Electricity Bl Refrigerant Leakage
o || Cork tile B SBS rubber, homogenous sheet flooring
o 50000 | | Door Assemblies Bl Seam Tape
% |_| Door, interior, wood, MDF core B silicone Sealant
~ 0 — — B e [ | Foundation Softwood
Glass fiber board, NAIMA - EPD Stainless steel door hinge
-50000 Glass fiber reinforced plastic paneling Steel Fasteners
Glavel Steel, sheet
-100000 ] Hardware, aluminum B Underlayment, fibrous
] Hardwood veneer, thick B Wall board, gypsum, fire-resistant (Type X)
B Laminated pine panel board B Window Assemblies
-150000 B Operational Electricity Bl Wood Fiber Insulation
B Operational Electricity - back to Grid ] Wood sealer, water-based, for flooring
B Overhead door closer, cast iron I WRB: HDPE

(TOTAL)

[A1-A3] Product

Electricity to grid

[A4] Transportation
[C2-C4] End of Life

[B2-B5] Maint./Replace
[B6] Operational Energy

[A5] On-site Construction

Life Cycle Stage
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* Finalize and publish LCA
findings

e Goal: Build circular home
prototype

= Monitor during
construction/operation for:

v' Actual material
usage/waste

v’ Transportation
v’ Construction energy usage
v’ Site energy usage

October 14, 2024 15



o

Pacific
Northwest

NATIONAL LABORATORY

Thank you
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Kieren McCord, Ph.D.
BUILDING RESEARCH SCIENTIST

Phone: (509) 372-6553

kieren.mccord@pnnl.gov

902 Battelle Boulevard — - o SR
P.O. Box 999 il i | =
Richland, WA 99352 = : '
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