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Designers Lighting Forum

Life Cycle Assessment (LCA) of Luminaires and

. . . . Scan here for handy
nghtlﬂg DeSIQn Strateg|es = acronyms, definitions,

links and resources

Tales from the Front

Speakers:  Russell Greenberg, Founder, Rux Studio
Kate Hickcox, Lighting Research Scientist, Pacific Northwest National Laboratory

Leela Shanker, Borealis Lighting Studio, Greenlight Alliance LCA Incubator

March 8, 2023
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Trade Show and Conference

Credit(s) earned on completion of this course will be reported to AIA
CES for AIA members. Certificates of Completion for both AIA
members and non-AlA members are available upon request.

Scan here for handy
This course is registered with AIA CES for continuing professional acronyms, definitions,
education. As such, it does not include content that may be deemed links and resources
or construed to be an approval or endorsement by the AIA of any
material of construction or any method or manner of
handling, using, distributing, or dealing in any material or product.

Questions related to specific materials, methods, and services will be addressed at the
conclusion of this presentation.
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LEDucation.

Trade Show and Conference

Learning
Scan here for handy

Objectives acronyms, definitions,
links and resources

At the end of this course, participants will be able to:

Outline current status of metrics and reporting schemes on the life cycle impact of luminaires and lighting

1. _
strategies
Understand practical issues in the LCA data collection and analysis process from the manufacturer’s lens
3. Define and identify key impact criteria from LCA reports
4. Evaluate impact dimensions in comparison of luminaires and lighting design strategies using LCA data
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Life Cycle Impact
Scope Cradle

End of Life Production

Building Operator Decisions
“Cradle to Grave”
Maintenance

“Cradle to Cradle”

ReUse

Manufacturer Decisions
“Cradle to Gate” Material
Selection and production
processes

Gate

Use

Specifier Decisions
Product Selection,
Quantities, Layout, Controls

LCA Tales From the Front | March 8 2023 ©Leela Shanker w8
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Life Cycle Impact
Stakeholders Crade

Owners Manufacturers

Production Decisions
“Cradle to Gate” Material
Selection and production
processes

Building Operator Decisions
“Cradle to Grave” Recycling,
ReUse, Remanufacture

Gate
g .
4~ Designers
Specifier Decisions
! Product Selection, y
Ul Quantities, Layout, Controls
LCA Tales From the Front | March 8 2023 ©Leela Shanker - 7 ;., s education.ors



Life Cycle Impact
Stakeholders

Owners

Building Operator Decisions
“Cradle to Grave” Recycling,
ReUse, Remanufacture

LCA Tales From the Front | March 8 2023 ©Leela Shanker

Cradle

Gvt

Code of Conduct Decisions
Best practice, incentives
and, regulation

f =~ Designers

Specifier Decisions
Product Selection,
Ul Quantities, Layout, Controls

»

- 7

Manufacturers

Production Decisions
“Cradle to Gate” Material
Selection and production
processes

Gate
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Russell Greenberg

| am an architect turned product designer + entrepreneur. | am the
co-founder and creative director of STICKBULB, a NYC-based
lighting manufacturer that makes fixtures from locally salvaged

wood.

| went from knowing nothing about LCA a few years ago to using it
as an active tool in day-to-day operations and decision-making.
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Kate Sweater Hickcox

Energy +
Environment
Research Scientist
PNNL

LCA of Luminaires and Lighting Design Strategies
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Economic

Transparent Sustainability

goals

sustainability
data

The Three Pillars of Sustainability:
Environment, Society, & Economy

Also known as the triple-bottom-line of
sustainability: people, planet, and profit
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!.%TQU%@'(!OH Improving sustainability approaches will
AR impact the climate

Approximately 30% of all global carbon emissions
are attributed to the building sector

An additional percentage of global emissions can be attributed to
embodied carbon from the industry and waste sectors. *

CO, emissions from buildings operations have
reached an all-time high of around 10 GtCO,

Around a 5% increase from 2020 and 2% higher than the previous
peak in 2019. **

Increased global demand for construction materials
to accommodate population growth, particularly in
cities
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LEDucation Many industry drivers for sustainability
transparency information

Building Ratings & Certifications

« LEED

« WELL Many organizations are asking,

« BREEAM “Is there a quick and easy way to get

. Green Globes embodied carbon data? We need this
data now.”

+ Living Building Challenge

Regu| ations A: The best way to accurately quantify
impact is with LCAs, but industry needs

* BuyClean (state and federal) help to streamline that process and

+ Other State-level regulations decrease costs and effort.

Corporate Pledges / Challenges

» AIA Materials Pledge

« Mindful Materials Lighting Advocacy Letter
Living Product 50

Carbon Leadership Forum MEP 2040

AlA 2030

GreenLight Alliance LCA Incubator
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Trade Show and Conference

LEDucation Alphabet Soup of Sustainability "";

Summary Report (e.g., EPD) E )
Report / summarize LCA findings and using

transparency documentation such as:
*  Environmental Product Declaration (EPD)
*  Product Environmental Footprint (PEF)

Life Cycle Assessment (LCA)
Analysis to quantify impacts of the full
life cycle - results in a very long report
(~500 pages)

Product Category Rule (PCR)
Framework and method for identifying and

evaluating environmental impact
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Tenets of Life Cycle Sustainability

Functional Unit . - Life Cycle Phases - .  Impact Categories

@lﬁﬁ.?

CLIMATE CHANGE EUTROPHICATION LAND USE RESOURCE
DEPLETION
: . . &
-~ o= =
s Al _.
e.g. LCA of a car

ACIDIFICATION OZONE DEPLETION ECOTOXICITY IONISING
RADIATION

of typology X,
assuming a use for
Y years, produced

in country Z, ect. . . @B & m

. PHOTOCHEMICAL wAnn HUMAN TOXICITY .
. v . . OZONE FORMATION

Images from: European Commission, Joint Research Centre, Cristobal-Garcia, J.,

S

=

Pant, R., Reale, F., et al., Life cycle assessment for the impact assessment of policies, =3,
Publications Office, 2017, https://data.europa.eu/doi/10.2788/318544 i


https://data.europa.eu/doi/10.2788/318544

LEDucation.
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Embodied Carbon metrics and reporting schemes on
the life cycle impact of luminaires and lighting strategies

Tool Compare? Benefits? Multiple Includes all
Impact phases? *
Categories? *
— LCA Only when Hot spot analysis, design
following rules process iteration \/ s/
outlined in PCR
Complete EPD Only when Meeting LEED credits
== v Product Specific, Facility following rules
assessment Specific EPD outlined in PCR ‘/ ‘/
v'Product Specific EPD
¥"Industry Average EPD
—  CIBSE TM65 No (not third-party  Improve understanding
verified) of market, determine X X
Embodied which product to get EPD ‘ ‘
carbon only | _
SM : terial Yt d EC3 / OneClick / other Only when
: Y ThESs TIEETRs TRt Embodied Carbon Tools following rules X x
impacts e.g., use of PVC free wire |__ outlined in PCR

* Possible to include but may not depending on PCR and product category
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Inputs and outputs of the
system considered

- Across Pillars and Categories
- Across All Life Cycle Phases




LEDucation Lighting practitioners need LCA to

Trade Show and Conference _ .
evaluate dimensions

Case studies show: when EPDs
are used to conduct Whole

Building LCAs, buildings can ’ﬂ L
reduce their environmental _
footprints, diverting CO, from LIFE CYCLE ASSESSMENT

being emitted.

&

Environmental Product
Declaration EPD

z v R - Pl o —
Image from https://www.oneclicklca.com/epds-for-building-lca/ ('01 17 " G'EQ lg («ati on. @ i@



LEDucation Lighting practitioners need LCA to

Trade Show and Conference

evaluate dimensions

AP in EPDs in lighti s " . . .
GAP in S In lighting Building services embodied carbon breakdown - medium scenario

and MEP products that
could affect 15-50% of Electrical
the EPD inputs in a 2961%

whole building LCA

4%

M Lighting

B Sensors, detectors, camera
Sockets, isolators, junction, floorbox

https://www.cibsejournal.com/general/getting-to-grips-with-whole-life-carbon/

Plumbing HVAC
3%

1%

' Water tanks AHU M Refrigerant piping
M Drainage M Fan coil ' Refrigerant leaking
Water pipe VFR M Ventilation (duct, hangars etc)

M Solar thermal collector
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Lowering barriers to achieving
LCAs

PNNL worked with lighting industry
stakeholders and LCA team to gather data on
luminaires and the LCA process / barriers

e |dentify barriers to the LCA process ‘
® Assess and address the challenges and

opportunities for the whole Life Cycle
Assessment process for lighting products

PNNL Created innovative LCA template
that aligns with updated North American
PCR guidelines / BuyClean requirements
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Challenges and barriers for lighting
LCASs in North America

LEDucation
Trade Show and Conference
o
® ® o
TN — ]
& ‘ . O = D o ® ‘ i ®
|dentify roadblocks to @ o U Template + . High quality and @
achieving lighting a A stakeholdert | transparent lighting
il Gitle il " @ LCAs &EPDs
nghg?t?dgl:ase . ’

EPDs

'0‘...' o/l 4
A\

Template helps to
fill the EPD gap
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PNNL study to lower barriers to achieving
LCAs in the lighting / MEP industries



L=Ducation.

Trade Show and Conference Lighting LCA template features

ACLCA Open Standard Checklist from the ACLCA for PCRs

» Improves EPD transparency, comparability, accessibility
» Supports alignment with new federal BuyClean regulations

Toggle Feature Easy to modify/scale data inputs
» Toggle between: Tiers of use, Regions, Impact Categories

(ool clelOlol=hESTell (N BEI =Ml Open access digitization of LCA/EPD data and results
* Maintains confidentiality of proprietary process information

SHCElEEERRSTInTlliEM Inventory data entry process is simplified
» Template walks user through required value entries and dropdown menus

Linked to openLCA User inputs modify and generate LCA results
 Allows for easy automation of LCA results

PNNL study to lower barriers to achieving
LCAs in the lighting / MEP industries
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LEDucation.
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Who is it for? Lighting manufacturers
who want to get an LCA or an EPD

How does it work?

1. Lighting manufacturer could use this
template to gather all the data
required for an LCA aligned with PCR
and additional NA requirements

2. Work with an LCA practitioner to get
the full LCA report and resulting EPD

3. Reduces time and effort required to
gather the needed information

4. Standardizes background data and
data shape for improved
comparability

[Beta template launch planned for Spring]

Please reach out if you’d like to be involved
in the Beta Launch Focus Group

kathryn.hickcox@pnnl.gov
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What does a good decision look like
(for a lighting manufacturer)

in the 21st century?

And how do we measure it?
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Think smaller

Think bigger
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Think smaller

Think bigger
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CLIMATE
NEUTRAL

CERTIFIED
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Corporation

AL

1T od 001 20R19"]

\\\\ulyé\
G
L’ wd

401



LEDucation.

Trade Show and Conference

QUESTIONS ANSWERED  OVERALL SCORE

21/21 12.8

QUESTIONS ANSWERED  OVERALL SCORE
48/48 23.0
e

QUESTIONS ANSWERED  OVERALL SCORE
49/49 226

QUESTIONS ANSWERED  OVERALL SCORE

—
65/65 2341
—

QUESTIONS ANSWEHED  OVERALL SCORE

77 4.0

Local. Natural. Circular.
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G QUESTIONS ANSWERED  OVERALL SCORE

21/21 12.8

Tracking Chemicals in the Supply Chain

LEASNMORE  FETDBACK haia. "
23.0
Does your company do any of the following to track chemicals in the supply chain for
the majority of materials?
Please check all that apply.
RALL SCORE
Do nat track chemicals in the supply chain 226
D Require iers to disclose of concern
D Ask suppliors if they know all the chemical ingredients intentionally added to their product and all residuals of high
concerm present in the product (asking if they know only, not to provide the data to you) 2
fALL SConE
[0 Require 10 provide 10 a third party 231
D Discloge all by-p of trace 10 the public
Points Earmed: 0.00 0f 0.63 NEXT hatt scone
gl 4.0
ol
4 —— a1}

Local. Natural. Circular.
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LEDucation.

Trade Show and Conference

OVERALL SCORE
12.8
! | Waste Reduction Programna
LEARN MORE  FEEDBACK
N PALL SCORE
Does your company have a formal program to evaluate how to reduce its generation of 23.0
hazardous, universal, and/or non-hazardous waste? a
O Yes
bt hALL SCORE
O Already maximized - we have achleved Zero Waste 22'6
Ponts Ewned: 0.00 of 0.63 NEXT
JALL SCORE
L Aequire 10 provide 10 a third party 231
D Discloge all by-p of trace 10 the public
Points Eamed: 0.00 of 0.63 NEXT hart score
4.0
7]
&‘ _

Local. Natural. Circular.
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Water Conservation Practices

LEARNMORE  FEEDBACK.

What water conservation methods have been implemented at the majority of your
corporate offices or plant facilities:
Please check all that apply. pCORE
R3.0
[ Low-flow faucets, taps, toilets, urinals, o showerheads
D Grey-water usage for imigation
[0 Low-volume irrigation g;
[0 Harvest rainwater
[ Other - piease describe
poonE
R3.1
None of the above
O A - Our company has a virtual office peORE
4.0
Points Earned: 0.00 of 0,80 NEXT
Local. Natural. Circular.
Al ucy 7,
3'0 o
=
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Classify each part according to:

material type

weight of material
manufacturing processes
location(s) of part fabrication
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Classify each part according to:

e material type
e weight of material
e manufacturing processes
e location(s) of part fabrication n
" oSTER ==
o 0421lbs -
o 1018 Hot Rolled L
o  Laser Cut + MIG Welded
o China )
e COATING %
o 15 inch? L
o Powder Coating T
o USA 2
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leducation.org



LEDucation.

Trade Show and Conference

Wood Enclosure

1 s 100%
1w Wood Finish THD Ibs Jox
2 C C Channe! Aluminum Extrusion Ibs 812
2 s C Channel {Screws) Steel Ibs 0%
3 L L Channel Aluminum Extrusion Ibs 812
3 Jus L Channel (Screws) Zinc-plated Steel | machini plating Ibs 0%
la__IuH L Aluminum Extrusion Cutting Ibs. 812
4 JuHs Stainless Steel ibs 0%
s |H Aluminum Milling Anodizing Ibs 0% 0% 2700 6500
5 |HS Stainless Steel Ibs 0% 0%
S Aluminum Milling Powdercoat Ibs 0% 0% 2700 6500
8 | Steel Cable Ibs 0% 0%
8 LAS Screws Stainless Steel ibs 0% 0%
9 |c5 Adjustable Cable Gripper Plated XXX 0.032 Ibs o% 0%
LED (up) 0.19 Ibs. 0% 0%
LED Board Screws 0.032 Ibs 0% 0%
0.2 Ibs 0% 0%
0.032 Ibs 0% 0%
2 Drivers {Signify) 40W each 116 Ibs 0% 0%
11 |DR-40W-S Driver {Signify) 0W Screws |0.004 Ibs I3 Jox
12 |LENS-U Lens (up) Acrylic Extrusion 0.304 Ibs 0% 0% 790
12 |LENS-D down Acrylic Extrusion 32 Ibs 0% 0% 790
13 |wiy Wire (Low Voltage) PVC-Free coating + Copper 0.168 ibs 0% % Landfill 220 0
13w Wire (Line Voltage) PVC-Free coating + | ibs 0% 0% 1% Landfill 220
14 |we Wire Clip (2) ‘molded 0,012 Ibs Jo% 0% 0%
14 |we3 Wire Clip (3) molded 0.0275 Ibs Jox 0% 0%
115 Canopy PartA
jAS_ Canopy Part B
115 Canopy Part C
15 Canoov Part D
Introduction ~ B Product Bill of Materials ~ d - fi ing - Energy Use ~ Emissions to Air and Water ~

= g
=

-
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Designer Decisions
Enables

luminaire layouts &
selection controls

LCA Tales From the Front | March 8 2023 ©Leela Shanker ir.,s leducation.ors



Is it hard?

LCA Tales From the Front | March 8 2023 ©Leela Shanker 's eqgucation.org



Designer Decisions
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Designer Decisions
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Designer Decisions
Incentives V Regulation

Environmental Product
Declarations [2]

Material Ingredients [2]

MEP
2040

Committing to Zero

V4.1 New Building and
Construction

LCA Tales From the Front | March 8 2023 ©Leela Shanker :-.,s eqgucation.org



Designer Decisions
Incentives V Regulation

GWP < 125% :
ot ASHRAE

Standard for the Design of High

Performance Green Buildings
Standard 189.1-2017

LCA Tales From the Front | March 8 2023 ©Leela Shanker :-.,s equcation.org



Designer Decisions
Finding the data

EPD

(Environmental Product
Declaration)

LCA Tales From the Front | March 8 2023 ©Leela Shanker

GWP

(Global Warming
Potential (kgCO2e)

Greenhouse Gases that
affect the environment

*5 leducation.org



Designer Decisions
Reports + metrics

EPD “How do | find the
(Environmental Product Global Warming
Declaration) Potential (GWP) for

my luminaire?

“Where do |
find an EPD?”

GWP

(Global Warming
Potential (kgCO2e)

LCA Tales From the Front | March 8 2023 ©Leela Shanker :"-s leducation.org



Stakeholders
Key Decisions

End of Life

Building Operator Decisions
“Cradle to Grave”
Maintenance

“Cradle to Cradle” Life Cycle
ReUse

Assessment

Stages

Production

Manufacturer Decisions
“Cradle to Gate” Material
Selection and production
processes

Use

Specifier Decisions
Product Selection,
Quantities, Layout, Controls

LCA Tales From the Front | March 8 2023 ©Leela Shanker ;., s education.ors



Documenting the Spec
Fixture Selection

. Prime Spec
. . Alternates

. . . Not on spec

......

LCA Tales From the Front | March 8 2023 ©Leela Shanker i"-,s leducation.org



Selecting Luminaires
Documenting_Spec Section

LCA Tales From the Front | March 8 2023 ©Leela Shanker

Definitions
Embodied Carbon Submittals

Material Ingredient Submittals

Hierarchy of Reports

Section 26 50 10 - LIGHTING FIXTURES

PART 1 - GENERAL
L1 RELATED DOCUMENTS
A, Allof fhe Costract Docemctts.
2 d Divisicn 01,

sl be nchoded s, paat of, s Section.
12 DESCRIPTION OF WORK

A The work of thie Section il inchide fumishing it inallsticn of all mterice aad exterir fighting fixterss ik
Decervary rapparis wnd deves for b complets fnctionmg bebtmg syt incleding nd
fjestinent 3 sgphcatie 1 coandination with the Architest s or the Ligheng Desigrer,

T The work under thix Contract soall aloo inchide wl Laber. tmateriale, lls, eqpiiptnent, trmspetstion, nssoancs,

porey rpericion pesper nenllwicn wwen
theugh st specitically menticaed oc ndwated on the domvings, bat whick wre amally provided or are esseatiol
for proger P — e drsvines
€ The s il drenci the minimm e me by fhe €
inseallation of all work a5 shown ox the drmings and s specified beres usder.
D. The followisy | wyems e pruvided fee the wrews of the
exieting buiking. me am mimim, but ned necemanty fimted b0 the followag
L Lighting fxtures
3 Lugs
3 Dewen
13 HELATED WORK

A

For wurk .
refurts e Kekeod Work vection of Npecification Sectism 260310

B Corelully examine alf of e Contraet Doouments, riteris sheets snd all ther Sections of e specifications foe
roguiremcots which affect week s this Secticn.

Hectiom
4 REFERENCES
A, Alllighting fisturer inchal fotues with all mphcable
i fallirwisg Codes mnd Triste il iwe hereby and made
it of, the Contract i
1L ANSE Amercas Nutsoed! Standurd luamite
T ASM American Sacisty fre Testing w0 Motarnde
3 Elecwienl Testing Labs (US)
Lo Federal Specications
S IEC P Reling  Fagres Protection Enclomre Redings sl Stadeds
6 IEEE fateteof Kl i HlecricsRagimee
% I i insting Engineersig So
4 IPUEA: Inrebeed Pwer Catie Engloer Aseolaion
9 MILSTDAIF EMI Charwtarisics Requircivests for Equipencas
10 NEC: Nossoml Fleetrical Code
1 NEMA: ool Flectrical Mmufscirees Aocistion
11 NFPA T: 3 Code
13 ISHA
M. ROHS
15 UL Unierrisere Labogories

[ ok gn WITD - (wwnd R 3, 3051 CTRE R

fegucation.org



Selecting Luminaires
Documenting_Fixture Schedule

Description

GWP and Material Ingredients
Reporting

-———

PROJECT NAME - LIGHT FIXTURE SCHEDULE I
.
——————— IO BATA ] T
; T [DEUVERED pmveRs  [meuT owe MATERIAL
Ty |tocamion . ea s LwmENs 0 s hgeoze
T P
I J -7 '
[Recevsnd 25 2 2 4% «
el I —y o l«
el v obsinondanisd I . L = ROURED ]xmmmmm:-nm
| N 1| o
1
3 l || secncen
I A hgCOze
Wa L U/IN 8 long, 3 ekcun | I sy |
1 atwirg s
Matte iy &
waz  |otces 1 | R i L e e
P s s
| [tegral b, Erebirseera Prucinct Ovetor st e ] [
it e o A otes it g wctoets topert reguarmd
I 1 } o 1
I ! I '
= =] 50 cooninate fsture mounting win soecied wa system
oo il i | [preerron s e mereseres repor reqrea I 1| rrome | movmeo %‘_‘”’":"m“‘"”m‘m
! ! I '
v
N 7 ——
o ——— -
woTES:
1. Contractx Iy YL
2 Contrator b coordnste ab cathes. connecions Lol
3 Contractor 1o provide conteuous 2 rered

bieckng
4. Conacon shirl b (gonsble for ab fr wing

AN
5 Convactor shasl adfmim 15 Wi fixlure, sl river, wine, el Srodust eguimens

7. Comvacie

anmormers with

and heat Svmipatn

© A% ko velmge weng shal e concaaied

10. Rt 1o *Socton 265010 - Lighting F euos” of e spotications mumud
" vy

sandand ke . hnchonuny, sesPetos. . Ariatoes,
for fhes project.
‘sandard.
by
208t ascnalpiongaton p>besr
( cereiy win the tgecnes st
nt
15
" vy
N o o o oo o o o e e e e o e e o e o = =

LCA Tales From the Front | March 8 2023 ©Leela Shanker
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Design Approach

Efficiency VS Sufficiency

LCA Tales From the Front | March 8 2023 ©Leela Shanker :-.s eqgucation.org



Design Approach
Metrics

Efficacy
W/sf
Lumens / Watt

LCA Tales From the Front | March 8 2023 ©Leela Shanker

<~

GWP + LAE
Lighting
Application
Efficacy

https://www.frontiersin.org/articles/10.3389/fbuil.2022.98696 1/full
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Type Properties
Famby: LTEP02EM

Type: LTE02EM

Type Parameters
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Value for Sustainable Products
Preliminary Findings - Relative Cost

Cost Expectation of Sustainably Designed Products

15

10

Responses

0

Significantly less Less Same More Significantly more

Expectation

LCA Tales From the Front | March 8 2023 ©Leela Shanker :'.,s leducation.ors



Value for Sustainable Products
Preliminary Findings - Premium

Expected Premium for Sustainably Designed Products
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Value For Prime Spec
Preliminary Findings - Defending Sustainability Criteria
Hold Spec Against Value Engineering?

Maybe
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Life Cycle Impact
Stakeholders

Owners

Building Operator Decisions
“Cradle to Grave” Recycling,
ReUse, Remanufacture
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