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Definitions

« LCA: Assessment of the environmental impacts associated with the life cycle
(or a subset of life cycle stages) of a product or process, in accordance with
1ISO 14040/44

« Whole Building LCA: evaluates the total environmental impact of an entire
building across all life stages, from raw material extraction to final demaolition
and disposal

« EPD: a product level summary of the output of the LCA in a public facing
document, in accordance with ISO 14025: Type lll label, third party verified,
and internationally recognized.

« Embodied Carbon: Summary of the output of the LCA in a public facing
document, in accordance with ISO 14025: Type lll label, third party verified,
and internationally recognized.



Methodologies for Quantifying Embodied Carbon

LCA/Environmental Product

“Lite LCA”: TM65 Methodology Declarations

Standardized, high level LCA Required third-party verification

Embodied carbon, MEP Products Any building product, full LCA

Analyze at any time Must be updated every 5 years

Available now from ASHRAE and CIBSE Follows ISO standards

| N
| y

High degree of trust for external reporting




Why do we care?

Wymer Hall - 100,000 ft?

University of Illinois
Urbana-Champaign

MEP 2040 Beginner's Guide to
MEP Embodied Carbon v2

191,265 Kg of MEP

27% of the total

day 1 embodied
carbon!!!!




Signatory MEP firms
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Who Stands With Us?

(Signatories and Supporters)

THANK YOU for being part of this work.

www.mep2040.org
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http://www.mep2040.org
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Download Beginner's Guide Download Whole Life

to MEP Embodied Carbon, Carbon Pilot Findings & Gap
V2 Analysis




NEP WHOLE LIFE CARBON PILOT - EMBODIED CARBON (A1-A3) BY CATEGORY

Median Average .

kgCoe/m?  kgCO,efm?

Equipment

Piping 22 24 19

Ductwork 12 20 19

Geothermal 10 9 3

l;umbing A |

Fixtures : ! 12

Wiring 13 18 19 | [T o e o o o e e S o i 50 e

Electrical

Equipment W v 1

Photovoltaic 27 3 9 | |-, — — — — — — — — = = — —

Lighting 8 9 19

\Vertical

Transportation ¢ 8 L
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Figure 3. MEP 2040 Whole Life Carbon Pilot Embodied Carbon (A1-A3) by Category. Box and whisker plot showing
cradle-to-gate LCA results for each category from the MEP Whole Life Carbon Pilot.



NEP WHOLE LIFE CARBON PILOT - RESULTS BY LCA STAGE

LCA Stages Median Average .

¥gCOo/m*  kaCO.ef/m?

Cradle to Gate (Al-A3) | 14) 149 |19
Transport (A4) 10 10 i
(c:g;;uction Activities 4 4 2
E::g;;ruction Waste 5 5 19
?g]f; arants 102 244 18
zggi!,stgycnce + Repair 2 3 19
?Beg)lacement 272 303 19

Operational Energy (B6) | 550 ns8 18

Operational Water (B7) 0 2 5
End of Life

! 1 19
(c)
Embodied Carbon (A-C
wj/o Refrigerants) 427 470 19
Embodied Carbon (A-C
w/ Refrigerants) 585 701 19

Whole Life Carbon (A-C)| 1560 1799 19 | --------- — o |

*Figures for A5.2 only reported for (2) Ground [ | [ I | | LN L L L L
Source Heat Pump projects, assumed to be 0O 50 100 150 200 250 300 400 500 750 1000 1250 5000
zero for all other projects K gCo,e /m’

2

Figure 4. MEP 2040 Whole Life Carbon Pilot - Results by LCA Stage. Box and whisker plot showing stage-by-stage LCA results
from the MEP Whole Life Carbon Pilot.




WHOLE BUILDING WHOLE LIFE CARBON (A-C)

Pilot Medians by Scope kgCO,e/m?

MEP Embodied

428

Operational

fugitive (Refrigerants)

Structure, Enclosure, Interior Embodied!

19 Projects b72



Call to Action: Sustainable
Refrigerants for MEP Systems

Template for a letter MEP design firms can use
to request low-GWP refrigerants in MEP

systems.

DOWNLOAD TEMPLATE

MEP

Daze: [Date]

Desr [Contractor]

[MEP2040 Signatery Firm Name Here]

Call for Action: Subcontractor
Take-off Data

Template for a letter MEP design firms can use
to ask subcontractors to help quantify BOM
material lists for common building types, and
help populate a database with the information
to allow informed design decisions to design

for a lower embodied carbon future.

DOWNLOAD TEMPLATE

MEP

v: (Oata]
Dear [MEP Equipment Manufacturer Leadar]

[MEP2040 Signstory Firm Name Here] « pait od 1
e are looking for wevs to understand the amouet of zlobel wa

Call to Action: MEP Equipment
Product Transparency

Template for a letter that MEP design firms can
use in requesting EPDs from manufacturers to
promote MEP equipment product

transparency.

DOWNLOAD TEMPLATE




LEED BD+C: New Construction . v5-LEED v5

/Q Multi-Attribute Mechanical and
=" Electrical and Plumbing Products

Project Priority Credit
MRpc185 | Possible 2 Points
Priority credit type: Pilot credits

=& m

Language Guide Addenda Resources and tips Forum + All credits

Intent

To support the procurement and installation of Mechanical, Electrical and Plumbing (MEP) products and materials that have
sustainability information available and have optimized their products across multiple criteria areas. To reward project teams for

selecting products that have environmentally, economically, and socially preferable impacts.

Requirements

This credit builds upon MRc4: Building Product Selection and Procurement by including products not eligible in the credit. This
credit follows the guidelines and resources available for MRc4: Building Product Selection and Procurement with the following

additions.



How is embodied carbon data being asked for and addressed?

Need an EPD or LCA
* Need Data, EPD, LCA, PCF, TM65

Scope 1, 2, and 3 GHG of suppliers
« SBTI

The best I've seen It;

Ask and Give Time

https://www.mep2040.0rg/list-of-epds



https://www.mep2040.org/list-of-epds

KEY DRIVERS Typical Lab Embodied Carbon

m Plumbing Piping (Fit-Out) 30
B Plumbing Piping (Core)

m Fire Pump

m Electrical (Fit-Out) 25
® Electrical (Core) PLUMB PIPING

m Fuel Oil Tank ELECTRICAL (FIT-OUT)
Switchgear

m Mechanical Piping (Fit-Out) 20 ELECTRICAL

Ducts (Fit-Out)
HVAC PIPING (FIT-OUT) 1B

m Refrigerant Leakage
REFRIGERANT LEAKAGE

B Mechanical Piping (Core)
m Ducts (Core)
m VRF
B Water Cooled Condensing Unit

Ve - HVAC PIPING
m Heat Exchanger
B Fans DUCTS
m Diesel Generator
= Pump 5
B Condensing Boiler
m Centrifugual Chiller
m AHUs 0

15

kg CO2/sf

Typical Lab Year 1

Note: no credit taken for end-of-life recycling of material for
MEP axsatama



YEAR 1 VS. YEAR 60

Typical Lab Embodied Carbon
* Equipment

50
' PLUME PIPING {FIT-OUT)
replacement 1s a 45 SLUMEPIPING
' ' ELECTRICAL
critical component 40 (FIT-0UT)
ELECTRICAL
for MEP 35 _
20 HvAc PIPING [
. (FIT-0UT)
S
(&) 25 PLUMB PIPING
E ELECTRICAL (FIT-DUT)
20 ELECTRICAL e RICERANT LEAKAGE
" ) HVAC PIPING
DUCTS
1 D CONDENSING BOILER
CEMTRIFUGAL CHILLER
5
AHUs
0

Typical Lab Year 1 Typical Lab 60 Years



HIGH-PERFORMANCE LAB

Typical vs. Efficient Lab Embodied Carbon

* Design choices 50
PLUMB PIPING {FIT-OUT)
like chilled 45 PLUMB PIPING
20 ELECTRICAL ] PLUME PIPING (FIT-OUT)
beams can lead (FIT-0UT) AL
35 ELECTRICAL ELECTRICAL
, | (FIT-0UT)
to reductions waceene B
o 30 s ELECTRICAL
' 0 |
* Reduced embodied S  —_—"—"
2 25 (FIT-0UT)
3 -
Czéilfk)()rl J_Il 20 REFRIGERANT LEAKAGE
manufacturing is 15 HVAC PIPING [ - - M
DUCTS HVAC PIPING
the only path to 10 CONDENSING BONLER bucrs
y CENTRIFUGAL CHILLER
CONDENSING BOILER
5 CENTRIFUGAL CHILLER
zero for MEP AHUs AHUs
) ) )
systems Typical Lab 60 Years Efficient Lab 60 Years (Chilled Beam)

Note: no credit taken for end-of-life recycling of material for
MEP systems.



Typical Lab Embodied Carbon Breakdown
YEAR 1 VS. YEAR 60

100%
90%
e MEP systems are a

large portion of 80% MEPFP 42%

life-cycle embodied 70%

carbon, especially 60%

in MEP intensive 50%
FINISHES 27%

buildings like labs 40%
30% ENVELOPE 5%

20%
STRUCTURE 26%

10%

0%

Note: no credit taken for end-of-life recycling of material for Typical Lab Embodied Carbnn (60 YearS)

MEP systems.



MEP 2040 DATA

FIGURE L. BIIIlIlINli (AI-A3)

kgCO,e/m?

Enclosure

20/o

128

"~ 27%

Source: The Beginner’s Guide to MEP Embodied Carbon v2

HGURE AN, BIIIlIlINﬁ (A-€, excl. B6-T)

kgCO,e/m? 120

'I4°/o

33% (I, 237



Operational vs. Embodied Carbon | Lab and Office Buildings

FIGURE 3.8: MEP WHOLE LIFE CARBON (A-C)

kgCO,e/m?

2500 2952

2000

1561

1500

994
1000

500

Lab A Lab B Lab C
W Embodied m Refrigerant m Operational

Source: MEP 2040 Whole Life Carbon Pilot Findings and Gap
Analysis
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FIGURE 3.5: MEP WHOLE LIFE CARBON (A-C)

kgCO,e/m?
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12SL Best Practices Guide: Embodied Carbon in Laboratory
Buildings

Coming soon!

International Institute for

. : Dedicated to advancing sustainable laboratories globally.
Sustainable Laboratories

I2SL

About = Education & Events = Labs2Zero = Fume Hood Challenge | GetlInvolved = Chapters = Resources = Recognition

|12SL Best Practices

Best Practice Guides and Technical Bulletins provide information on the design, construction,
and operation of specific technologies that contribute to energy efficiency and sustainability in
laboratories. The guides include information from actual implementation of these technologies =
in various laboratory facilities by highlighting quantifiable performance goals and possible \

methods to achieve them. <




How Do We Reduce MEP Embodied Carbon? | Hybrid System Design

 |s more electrification always better?

Incremental Embodied+Operating Carbon Annualized L ECTRIFICATION

40,000
g 35,000 0
§ e Embodied + Operating E
@ 30,000 B
2 H
E —— Embodied 4
, 25,000 3
o) i O
o - Operating .[g
£ 20,000 [c]
£ o
£ 15000 °
£
= 2
& 10,000 D
3
§ 5,000

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% ELECTRIC HEATING

% HP Capacity

CAPACITY



Reducing MEP Embodied Carbon | Design Implications

Strategles to consider:

Right-sizing
Peak load reductions

System selection

* e.g. centralized vs.

decentralized
Distribution efficiency

Longevity

Lots of trade-offs -> Do the analysis!
Need better data for analysis -> Request EPDs!



PROJECT CYCLE OF EMBODIED CARBON ANALYSIS

Set goals * Request data * Select product

Compare

* Conduct whole- =

building LCA * Receive data
in submittals

* Write
specifications

* Verify design LCA

* Inform future
projects




PREFERENCE OF EMBODIED CARBON DATA

Product-Specific, Facility Specific EPD

Product-Specific EPD

Industry Average EPD

TM65 Mid-Level Calculation

57 TMG65 Basic Calculation

See: MEP 2040 Specification Language Template



PROJECT ROLES

* Set e Set Select Procure Develop
project project equipment equipment and
requireme goals e Write and provide
nts and e Direct specifica materials product
prioritie whole tions * Collect daite
S building e MEP LCA product

LCA calculati data

ons




Case Study | Lighting EPDs

sLarge campus project

Lighting design team added EPD requirement into project

spec
*Reached out to manufacturers during Design Development

*Successfully got EPDs for lighting fixtures across the

project

Nbwirepeatingtion &thes projemis currently in design

Can this be replicated across other areas of MEP?

I

——

= ‘J


https://www.environdec.com/library?company=7160a01a-af23-4d27-0d56-08dee7f725c2

Getting EPDs | MEP Considerations

Challenges:
« Large, complex, and specialized equipment

« Limited number of suppliers and models

Opportunity:

* Close relationships between designers

and equipment vendors




Addressing Embodied Carbon | Balancing Project Needs

Entry Strategy: Low Project Impact
« Avoiding impacts to project cost or major design decisions

« Design for efficiency, request EPDs, conduct whole-building
LCA

Looking Forward: Embodied Carbon as a Priority
« We invest in operational carbon strategies — why not embodied carbon?
« Project requirements for EPDs or demonstrated embodied carbon reductions

 New LEED v5 pilot credit (MRpc185) is an example



« Carbon Emissions Across the Product & Building Life Cycle

Time ) )

I Embodied Carbon Operational Carbon

Greater share of emissions will come from
embodied carbon over time as buildings
decarbonize and operating carbon falls and
approaches zero.

Some buildings/organizations already
operating net zero — embodied carbon is the
only piece of the pie left to decarbonize.

Product Construction Use End of Life

‘ ® ‘ ® ‘ ‘ ‘ (] ‘
A 4
Raw Material : : Repair & o
Supply Manufacturing Installation Energy Use Retrofit

I Embodied Carbon Operational Carbon




What is Lif le A
at is ILa e(LCCYPi:) ')e ssessment What is an Environmental

Resource Product Declaration (EPD)?
S

End of Processi . .
‘ ‘ Chiller
Life :
Life Cycle Environmental
Assessment Product
Declaration
Manufacturi
~@=0-
Distribu
tion An EPD is a third-party-verified report
Quantitative approach to evaluate summarizing a product’s environmental
environmental impacts, benefits and tradeoffs

footprint across 1ts life cycle based on
an LCA study.

It must be produced in line with "rules"
for the product category (PCRs) to
ensure compliance with the ISO standards

across the product life cycle.

An LCA will measure the environmental footprint
of a product across one or many impact categories.



What does Life Cycle Assessment (LCA) Actually

Look Like?

Embodied Carbon Disclosure: Ascend” Air-to-Water Heat Pump

TME5 North American Methodology, ASHRAE" and CIBSE 2024
Last Updated: October 2024; contact your account manager with questions. Please do not distribute without permission
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Product Details

Model: Ascand” Ax4o-Water Hast Pump ACX

Unit Selected for Analysis: 180 tons

Unit Weight (shipping weight unless otherwise sgpecified): 5,334 ky
Size Range: 140-230 tors

Refrigerant & Charge: R-4548, 171 kg, GWP » 631 (ARS)
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Modeled Product Lifetime: 20 years
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Other Data, Details, Notes

TMOS Complexity Category: Category 3: High Complexity
Estimated refrigerant leakage; values presoribed by TMGS North American Methodology
(2024), Table 2.2

= Annuol leak rate: 6%
« End ol life recovery rate: SO%
Repair and replacement rate per TMES: 10%

This caleuistion wes porfomed 106 a selecsed Ut COnAgUTAtion and size. It ia reasenalio 10 asscme that the porhy
produat woght results con be exirapolmed 10 ab slzes in the madel renge, Usng sach unt s respsctive shoping

weight, grven " raw WNNG. suppty chsn, and and of [t HWowever IT is recommaended
to parform I v 9 Ivan far aach e 21w uxivg the refrigarant charge amownts
Nated in the product mesus).

Trane - by Trane Technologles (NYSE: TT), a global climate mnovator - crestes comfortable, energy efficient indoor
environmaents through a broad portiolio of heating, ventilating and air conditioning systoms and controls, services,

AC-SLBOTC-EN
11/06/2024



What About An Environmental Product Declaration
(EPD) ?
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What About An Environmental Product Declaration
(EPD) ?
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