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This presentation does not represents the
official stand of ASHRAE, it is the current

opinion of the Embodied Carbon/LCA Task
force.
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2. WORK GROUPS:

Research Knowledge Hub

Reducing Operational Carbon

Carbon Sequestration on Building Sites

Grid-Building Intersection

Building Performance Standards and Commissioning
Standards and Codes

Appliance and Equipment Standards

Training and Education

Decarbonization Position Document

Embodied Carbon/LCA



Climate Change

LCA

Case Studies



Climate Change



(...) risks may be

Increase in severe weather
events, higher_sea levels_and
Acidity, loss of food

security and decrease in food

Tutritional value.

and
(UN IPCC Report, 10.2018.)

+2C

Water availability and crop

yields drop. Increase in Malaria.
Millions affected by coastal
flooding.Arctic

species become extinct and tropical

coral reefs wiped out.

1800 2018

2050

2100




(...) 1.5°C would require transitions in land, energy,
industry, buildings, transport, and cities...45 percent reduction by 2030,
reaching

(UN IPCC Report, “Summary for Policy Makers”, 2018)

+1.5°C

1800 2018 2050 2100
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UN IPCC Road Map to 2050 Zero Carbon Economy
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UN IPCC Road Map to 2050 Zero Carbon Economy
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Road Map to 2050 Zero Carbon Economy
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AIA LFRT Summit Road Map to 2040
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AIA LFRT Summit Road Map to 2040
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AIA LFRT Summit Road Map to 2040
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100% Renewable Energy in New York

THE WALL STREET JOURNAL.

US.Edition ¥ | June20,2019 | PrintEdition | Video

Home World U.S. Politics Economy Business Tech Markets Opinion Life&Arts Real Estate  WSJ.Magazine chho\

US. | NEWYORK | POLITICS

New York Lawmakers Near Landmark Deal on Greenhouse Gas Emissions

Bill to mandate an 85% reduction by 2050 would be the most stringent in the country

® 70% Renewable by 2030

€he New Pork Eimes

New York to Approve One of the
World’s Most Ambitious Climate Plans

The state would pledge to eliminate net greenhouse gas
emissions by 2050, with all its electricity coming from
carbon-free sources.

New York will be required to get 70 percent of its electricity from renewable sources
by 2030, and shift entirely to carbon-free power a decade later.
Benjamin Norman for The New York Times



San Francisco Banned Gas
- NOV 13, 2020

The 5an Fransisco Board of Supervisors voted unanimously on Tuesday to ban natural gas in new

buildings, meaning that stoves, furnaces and water heaters will no longer burn gas. Credit
Arterra/Universal Images Group via Getty Images

New homes, offices and restaurants in San Francisco will soon be powered
by electricity alone.

The city's Board of Supervisors voted unanimously on Tuesday to ban
natural gas in new buildings, meaning that stoves, furnaces and water
heaters will no longer burn gas for heat. The city cited cost savings, public
health benefits and the urgent need to wind down greenhouse gas
emissions to help curb the rapidly warming climate for the move.
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San Francisco Net Zero
-SEPT 17,2019

2022 — commercial buildings over 500,000 square feet;
2024 — commercial buildings over 250,000 square feet;
2030 — commercial buildings over 50,000 square feet.

OFFICE OF THE MAYOR
SAN FRANCISCO

MAYOR

FOR IMMEDIATE RELEASE:
Tuesday, September 17, 2019
Contact: Mayor’s Office of Communications, 415-554-6131

*¥** PRESS RELEASE ***
BOARD OF SUPERVISORS VOTES UNANIMOUSLY TO
POWER SAN FRANCISCO’S DOWNTOWN WITH
100 PERCENT RENEWABLE ELECTRICITY

Board of Supervisors approves Mayor London Breed's legislation to require large commercial
buildings to use renewable or greenhouse-gas free hydroelectricity

San Francisco, CA — The Board of Supervisors today voted unanimously to approve Mayor
London N. Breed's legislation to transition private commercial buildings of 50,000 square feet
and larger to 100 percent renewable electricity. Almost half of San Francisco’s citywide

emissions come from buildings, and half of those emissions come from the commereial sector.
San Francisco has already reduced its greenhouse gas emissions 36 percent below 1990 levels.

The new clean electricity requirement is the first of its kind in the nation. The law will reduce
emissions from the City’'s largest commercial buildings by an additional 21 percent to accelerate
San Francisco's drive towards 100 percent renewable electricity by 2030. The legislation was co-
sponsored by Supervisors Vallic Brown, Ahsha Safai, Aaron Peskin, Matt Haney. Rafael
Mandelman, and Hillary Ronen.

“We must continue to lead the way in the fight against climate change, and we know that the
building sector is a major contributor of climate-changing greenhouse gases,” said Mayor Breed.
“Transitioning our large buildings to 100 percent renewable energy is an important step towards
making San Francisco an even more sustainable city and continuing the progress we have made
with CleanPowerSF.”

The legislation calls for the City’s largest commercial buildings to procure 100 percent
renewable electricity from any of the City’s electricity providers by 2022. Then, starting in 2024,
additional buildings will be subject to the requirement, eventually encompassing all commercial
buildings 50,000 square feet or larger. The requirement is currently phased-in chronologically to
ensure adequate renewable electricity is available for procurement:

e 2022 — commercial buildings over 500,000 square feet;
e 2024 — commercial buildings over 250,000 square feet; and,
e 2030 - commercial buildings over 50,000 square feet.

The legislation is part of the Mayor’s vision of an “all-electric City” in which 100 percent

renewable electricity replaces the use of fossil fuels in the building and transportation sectors.

San Francisco’s emissions primarily come from the transportation and the building sectors, with

each sector responsible for 46 and 44 percent of the City’s emissions, respectively. Cross-sector
1 DR. CARLTON B. GOODLETT PLACE, Room 200

SAN FRANCISCO, CALIFORNIA 94102-4681
TELEPHONE: (415) 554-6141

LoNDON N. BREED



Building Carbon Emission Standards

= NYC - LL97

= DC - L22-257
- MA-LCFS

- CA-LCBB

More to come!

LEGAL UPDATE



City of Boston

ble 1: COye Emiss thoric 1di

Building use Emissions standard (kgCO,e/SF/yr.)
2025 - 2029 |2030-2034 | 2035-2039 | 2040-2044 | 2045-2049 | 2050-

Assembly 7.8 4.6 33 2.1 1.1 0
College/ University 10.2 53 38 25 1.2 0
Education 39 24 1.8 1.2 0.6 0
Food Sales & Service 17.4 10.9 8.0 54 2.7 0
Healthcare 154 10.0 14 49 24 ()
Lodging 58 37 27 1.8 0.9 0
Manufacturing/ 239 15.3 10.9 6.7 3.2 0
Industrial

Multifamily housing 4.1 24 1.8 1.1 0.6 ()
Office 53 3.2 24 1.6 0.8 0
Retail 7.1 34 24 1.5 0.7 0
Services 1.5 45 33 2.2 1.1 ()
Storage 54 28 1.8 1.0 04 0
Technology/Science 19.2 11.1 7.8 5.1 25 0




UK Net Zero by Law - Jan 27, 2019

The UK is now committed by law to the most
aggressive climate target in the world

The country also went two whole weeks without burning coal for electricity.

By Umair Irfan | Updated Jun 27,2019, 4:37pm EDT

f W [ sHare

1H:v:'ié_e;" ¥

gs et

- THE BEST DEALS ==
FROM BLACK FRIDAY
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Carbon

extract transport manufacture transport construct use refurbish demolish transport process send to landfill
raw materials  to factory products to site the building the building the building  the building waste away waste or recycle

SKIDMORE, OWINGS & MERRILL
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Global CO, Emissions by Sector

Building
Operations
28%

Building
Materials and
Construction
11%

Source: © 2018 2030, Inc. / Architecture 2030. All Rights Reserved. Data Sources:
UN Environment Global Status Report 2017: EIA International Energy Outlook 2017



Embodied Embodied

Carbon Carbon Embodied

Carbon

Operational
Carbon
Operational
Carbon

Typical High Performance Net Zero

Building Building Operation Energy
Building

BUILDING TOTAL CARBON EMISSIONS UNDERSTANDING BUILDING-LEVEL IMPACTS



Carbon: Operational vs. Embodied

Total Carbon Emissions of Global New Construction

Business as Usual Projection

49%

9% Carbon Emissions
¥

EMBODIED OPERATIONAL
CARBON CARBON

© X018 20X v / Archectare 2000 A3 Peserved Dota Sources UN Erwronment Globel States Report 2017,
(mmtmomzon I



Life Cycle Carbon — Embodied Carbon, EN 15975

Life Cycle Analysis

Embodied Impact Circular Economy

Beyond the Building
Life Cycle Stage
(D)

Benefits and Loads

Product Construction End of Life
Stage Stage tage Stage
(A1 - A3) (A4 - AS) (C1 -C4)

A2: Transport
A3: Manufacturing
Ad4: Transport
Installation Process
C2: Transport

B5: Refurbishment
C1: Deconstruction /

C3: Waste Processing

AS: Construction and
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Recyling Potential

Operational Impact B6: Operational Energy
B7: Operational Water




Life Cycle Carbon — Operating Carbon

Embodied Impact

Operational Impact



Life Cycle Carbon — Operating Carbon

Embodied Impact

Operational Impact
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First Net Zero Energy School in New York City

50% Energy
Reduction

Building

Systems Building

749 / Systems
? r 549,

Typical SCA School Net-Zero School

Plug Load: Any energy load that is plugged into a receptacle
(i.e. not hardwired into the building)




Life Cycle Carbon — Embodied Carbon

Embodied Impact

Product
Stage
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A3: Manufacturing

T
=
o
=

(7]

=

=
S
=
-3
=
z
-3

[+ 4

L

<<




MEP spec analogue v_ﬂﬁaﬁ . iim o
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L. MEP Equipment Global Warming Potential (GWP)

1. The design intent for select MEP equipment contribution to the Project Carbon Budget is
that the total CO.e of the product life-cycle assessment stages A1-A3 does not exceed
the value listed in the tables below.

Product kgCO,e/ton of cooling capacity |
Water cooled chiller 135 & o
= - O N

Air cooled chiller 150 0 o

VRF system 120 ‘}9\5‘ o
Heat pump 110 4» &
APl
O

2. Third-party verified Environmental Product Declarations (EPDs) in accordance with ISO
14025 shall be submitted for each product confirming the A1-A3 contribution of GWP.



Life Cycle Carbon — Embodied Carbon

Embodied Impact
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GLOBAL WARMING POTENTIAL (GWP)

NN

NN

N

.
- %
-.\\

LERRR

——TETT e

ii'
ANANNNNNN

Refrigerant Comparison

B{RBIa]E
410A 134A 513A 1234y 1234z A
I I I I I f e(E)
om mm GW
4 <1 1

. R%
N
AN

- s s G

2088 1300 675 547

- =

/
F
/
/

/
/
/
/s
0
g
i
’
L
L
'
]
[
’
[
£
'
f
f
[

A

$320
F WE AN 0

Global Warming Potential

' - 1119 |
' 1H
. 41088, i
. YRRy ")

o ) SR TRETT TS




Long Beach Main Library
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Long Beach Main Library

LONG BEACH MAIN LIBRARY | ADAPTATION OF PARKING GARAGE




Long Beach Main Library

LONG BEACH MAIN LIBRARY | ADAPTATION OF PARKING GARAGE
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Life Cycle Carbon
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Embodied Impact

Life Cycle Stage

Beyond the Building
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Product
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Top Down - “Buy Clean”

]

,@ | State Buy Clean legislation passed
h &= % State Buy Clean legislation introduced,
CCC SUSTAINABILITY TRAINING 2019 @ but not passed

SKIDMORE, OWINGS & MERRILL LLP

Local Buy Clean type policy active
https://carbonleadershipforum.org/looking-ahead-to-embodied-carbon-policy-action-in-2021/ . y ypep y



PROPERTY PARTNERS
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Developers’ Letter

REAL ESTATE

A D (:7 Stey = ACRE JOIN.

Supporting Signatories: Architects, Interior Designers, Engineers, Consultants and Contractors.

\\\I) HIKS serAa SMITHGROUP | 3 31t

lassen/ Perkins&Will +<OKAISTUDIOS  BroadwayMalyan™ UEC JERDE

[
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Supporting Signatories: Manufacturers.

ies: Industry Groups

1IDR

JOIN.

https://static1.squarespace.com/static/5750715007eaa0123e3a1c25/t/601a5dc3c9852b7i1e N\ Vs
b8f529/1612340679568/20210128+ESG_Materials EN.pdf




Developers’ Letter

holistic ESG
impact of materials, starting with embodied
carbon data.

will be prioritized over those
without...”

Request for ESG data of Building Materials: Starting with
Embodied Carbon

Initial Release Date: January 28, 2021

Dear Building Material Partner,

Over the past year the world has fundamentally changed. The pandemic has made us realize how
quickly our social and economic stability can be disrupted at a global scale.

More importantly, we have realized that this is just the beginning. Environmental issues are a far

greater threat to long-term societal and economic stability. Of these, climate change is arguably

the most urgent.

Qver the past decades, changes in climate have affected certain areas of the warld more acutely

than others. However, the severity, frequency and number of people and areas affected has now
become global and is steadily getting worse.

This doesn’t have to be the case.

The real-estate industry accounts for approximately 49% of global carbon emissions, of which 21%
are from building materials (11% and an estimated 10% from architectural and interior finish
materials respectively). As an industry, we play a critical role in addressing climate change.
However, we must do so while considering other ESG issues as well. Unfortunately, reliable
information on the embodied carbon of products and other ESG (Environmental, Social
Governance) impacts of building materials remain incredibly difficult to find.

Whether it be climate health (embodied carbon), human health, societal health, ecosystem health
or product circularity, the lack of data on critical ESG impact areas of building materials renders
holistic informed decision-making highly complex.

We realize that the tools and know-how exist to generate this data. We also realize that many
building manufacturers have been waiting for a clear market request.

Most importantly, we realize that this clear market request must come from building owners. It
must also be supported by their Consultants, Architects, Engineers and Contractors. Equally
importantly, we believe that this information must be made publicly available.

To this effect, we are making the following statements:

- Our procurement requirements, including RFPs and specifications will now begin to
include requests for data on areas of holistic ESG impact of materials, starting with
embodied carbon data. Equivalent building products with data developed and
documented in compliance with nationally and internationally recognized standards will be
prioritized over those without.

- Of the products with data, to the maximum extent practicable as data and tools continue
to become available, further prioritization will be placed on the following:




MEP 2040
(Embodied)

RNl rn=wnn

2015

2020

2025

2030 2035 2040

Founding Chairman

2045

2050

O

Efficiency
Improvement

Architectural
Operational Renewable

Architectural
Operational Carbon

Structural Embodied
Renewable

Structural
Embodied
Carbon




MEP 2040 Challenge - Carbon Le X -+ A = X

< C' @& carbonleadershipforum.org/mep2040/ Qv B *§

@ Chicago Location .' Slack | ses-internal |... @ NewTab M Inbox (2) - lukeleu.. & Google @ Signin XM Feedback Link &% GW Apps = Cadastro - Passo 1 Uik ¢Qué es la ciudad d... O Launch Meeting - Z... 172 Suzhou Fruit Specia.. =Y atlasen | Humans Fi... ® Deltek T&E Reading list
Carbon
Leadership THE CARBON CHALLENGE WHO WE ARE WHAT WE DO TOOLKITS OUR SPONSORS NEWS & EVENTS DONATE ONLINE COMMUNITY p
Forum

The MEP 2040 Commitment is intended for MEP engineering and design firms. Companies and organizations that are not MEP firms are

recognized as Supporters of the Commitment (see below).

B?,-I-\ 8RO HAPFOLD #icMTA - MplrRGrowp  SIMEG
FAREG  RUSHING SOM  smaewe B

ENGINEERING

https://carbonleadershipforum.org/mep2040/

MEP 2040 Commitment Supporters

Do you represent an MEP manufacturer, an NGO, a trade association, or any other organization wanting to demonstrate support for

this initiative? Success depends on an industry-wide effort, so your support is welcome!
|
@ b%ﬁv?,ﬁéﬁ" B O R A (=>COMMTECH Eskew Dumez Ripple
c00DYy The
AW ennead CLANCY MILLER | HULL 4 Passive House

Network

H6

WRNS

10:35 PM
11/10/2021
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AlA, RIBA, UK
Building Services

Engineers Declare

Climate and Biodiversity
Emergency
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Bottom Up - MEP Embodied Carbon Letter
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https://www.cibsejournal.com/technical/hear’c-of-the-matter-calculating-emBSdied-energy-u
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MEP EMBODIED CARBON — OFFICE

Life Cycle Assessment of Mechanical, Electrical, and Plumbing in Commercial Office Buildings :
Final Report: April 2019 Published by: The Carbon Leadership Forum Department of Architecture, University of Washington
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MEP EMBODIED CARBON - OFFICE

Chiller, Boilers, AHU, Chilled Beams

(kg CO2e/m2]
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Life Cycle Assessment of Mechanical, Electrical, and Plumbing in Commercial Office Buildings :
Final Report: April 2019 Published by: The Carbon Leadership Forum Department of Architecture, University of Washington
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CERTIFIED

ENVIRONMENTAL

PRODUCT DECLARATION EPD Transparen y Summary

COMPANY NAME Spray Polyurethane Foam Alliance
PRODUCT TYPE Building Envelope Insulation
PRODUCT NAME Closed-Cell, Medium-Density Spray Polyurethane
Foam Insulation i
[
PRODUCT DEFINITION Closed-cell, medium-density (2.0 Ib/ft3) spray polyurethane foam g

insulation. Spray polyurethane foam is made on the jobsite by
combining methylene-diphenelene diisocyanate (MDI or A-side)
‘with an equal volume of a polyol blend (B-side).

PRODUCT CATEGORY RULE ildi pe Thermal
(PCR) ULE 2011

CERTIFICATION PERIOD 10/10/2013 — 10/10/2018
DECLARATION NUMBER 13CA29310.101.1

LIFECYCLE IMPACT CATEGORIES
The environmental impacts listed below were assessed throughout the product’s lifecycle — including raw material extraction,
transportation, manufacturing, packaging, use, and disposal at end of life.

ATMOSPHERE WATER EARTH

2 O & © © =2 |

ing 0 i i idificati icati Depletion of Abiotic | Depletion of Abiotic

Potential refers to Potential is the Creation Potential isthe result of human- | Potential occurs when Resources (Elements) | Resources (Fossil Fuels)
long-term changes destruction of the happens when rmade emissions and excessive nutrients refers tothe reduction | refers to the decreasing
inglobal weather stratospheric ozone sunlight reacts with referstothedecrease | causeincreased of available non- availability of non-
patterns—including | layer, whichshieldsthe | hydrocarbons, nitrogen | in pHand increasein algae growth in renewable resources, | renewable carbon-
temperature and earth from ultraviolet | oxides, and volatile acidity of oceans, lakes, | lakes, blocking such as metals and based compounds, such
precipitation — radiation that's organic rivers, and st the gases, thatarefound | asoil and coal, dueto
that are caused harmfultolife,caused | to producea typeof phenomenon that penetration of sunlight | onthe periodictable | human activity.
byincreased by human-made air air pollution knownas | pollutes groundwater | neededto produce of elements, due to
concentrations of pollution. smog. and harms aquaticlife. | oxygen and resultingin | human activity
greenhouse gasesin the loss of aquatic life.
the atmosphere.

g 276 1.15E-08 0.18 0.78 8.99E-04
kg CO2-Equiv. kg CFC 11-Equiv. kg O3-Equiv. mol H+ Equiv. kg N-Equiv.

=

3

UNCTIONAL Uy The functional unit of the productis 1 m2 of insulation material ith a thickness that gives a design thermal resistance RS| = 1 m2-K/W and with a building
service life of 60 years. Material Contents refers to B-side chemicals. The A-side is made from a blend of polymeric methylene diphenyl diisocyanate (pMDI).

Environment




ENVIRONMENTAL IMPACT INDICATORS

The following mandatory indicators are included to quantify the potential environmental impacts of the Hotel. Characterisation factors
E P D used for each impact category are in accordance with EN 15804+A1(2013).

. Global warming potential Emissions that contribute to climate change (also known as the greenhouse
(GWP) effect). It is measured in kg of CO_e equivalents over 100 years.

GWP

Ozone depletion potential

(ODP) The potential impact of emissions of synthetic gases on the ozone layer. It is

measured in kg of CFC-11 equivalents.

Acidification potential of land Emissions which increase the acidity of the environment. It is measured in kg of
and water (AP) SO, equivalents.

Eutrophication potential (EP) The addition of nutrients to water bodies reduces the oxygen levels available to

support aquatic life. It is measured in kg of PO,* equivalents.

Photochemical ozone Contribution to air pollution in the form of smog. It is measured in kg of C,H,
creation potential (POCP) equivalents.

Abiotic depletion potential for
non-fossil resources The potential impact of consuming non-renewable elements and mineral
(elements, ADPE) resources. It is measured in kg of Antimony (Sb) equivalents.

Abiotic depletion potential for
fossil resources The potential impact of consuming non-renewable fossil fuel resources. It is
(fossil, ADPF) measured in MJ net calorific value.




Case Studies



ASSUMPTIONS

+ 25,000 sf in Chicago, IL
+ ASHRAE 90.1-2016 Constructions
+ System Options
o Variable Air Volume (VAV ) System with Hot Water
Reheat Coils, Central Chiller and Boiler Plant with
Cooling Tower
o Air Cooled Variable Refrigerant (VRF) System
+ Facade Options
0 40% WWR IGU
0 90% WWR IGU

o Double Skin Fagade with Internal Blinds
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EMBODIED CARBON
ARCHITECTURAL ASSEMBLIES
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EMBODIED AND OPERATING CARBON - VAV
ARCHITECTURE ASSEMBLIES + MEP
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EMBODIED AND OPERATING CARBON - VRF
ARCHITECTURE ASSEMBLIES + MEP
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ENERGY ANALYSIS

2,000,000 :
VAV : VRF
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OPERATIONAL CARBON
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MEP Embodied Carbon Compared to the Whole Building

High impact Medium impact

3 L]
2
~ = Building
New build 49% B HVAC
Retrofit 76% M Plumbing

https://www.cibsejournal.com/general/getting-to-grips-with-whole-life-carbon/
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MEP Systems
18%




By System and Working Fluid
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Embodied Carbon
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AIA LFRT Summit Road Map to 2040

Global Emissions in GtCO2
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