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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.





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



+2OC

20181800 2050 2100

+1OC
Increase in severe weather  

events, higher sea levels  and 

acidity, loss of food

security and decrease in food  

nutritional value.

O+2 C

Water availability and crop  

yields drop. Increase in  Malaria. 

Millions affected  by coastal 

flooding.Arctic

species become extinct and  tropical 

coral reefs wiped out.

(…) risks may be long-lasting and Irreversible…
(UN IPCC Report,  10.2018.)

+3.6OC
Billions affected by drought  and 

flooding. Increased  deaths from 

hunger and  malnutrition. 

Decrease in  water availability up 

to 50%  inareas



20181800 2050 2100

(…) 1.5°C would require “rapid and far-reaching” transitions in land, energy, 

industry, buildings, transport, and cities…45 percent reduction by 2030, 

reaching ‘net zero’ around 2050
(UN IPCC Report,  “Summary for Policy Makers”, 2018)

Opportunity

Window

+1.5OC

+2OC



2015 Paris Agreement
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340 Gt CO2 Total
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2035 All Renewable Grid



• 70% Renewable by 2030

100% Renewable Energy in New York



San Francisco Banned Gas
- NOV 13, 2020





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.



- NYC - LL97
- DC - L22-257
- MA - LCFS
- CA - LCBB

Building Carbon Emission Standards

More to come!

LEGAL UPDATE

FALL LEADERSHIP MEETING 2020



City of Boston



UK Net Zero by Law - Jan 27, 2019







LCA



Buildings and infrastructure 

account for nearly 39% of all 

global CO2 emissions. 

- Image, NASA; Fact: Global ABC, Global Status Report, 

2019
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Building 
Operations
28%



Embodied
Carbon

Typical 
Building

High Performance 
Building

Net Zero 
Operation Energy 

Building

Embodied
Carbon

Operational
Carbon

Embodied
Carbon

Operational
Carbon

BUILDING TOTAL CARBON EMISSIONS   UNDERSTANDING BUILDING-LEVEL IMPACTS



Carbon: Operational vs. Embodied

2020 – 2050

49%



Life Cycle Carbon – Embodied Carbon, EN 15975

Life Cycle Analysis

Operational Impact

Embodied Impact



Life Cycle Carbon – Operating Carbon

Operational Impact

Embodied Impact



Life Cycle Carbon – Operating Carbon

Operational Impact

Embodied Impact





First  Net Zero School in New York City









First Net Zero Energy School in New York City
Plug loads



Life Cycle Carbon – Embodied Carbon

Operational Impact

Embodied Impact



MEP spec analogue 



Life Cycle Carbon – Embodied Carbon

Operational Impact

Embodied Impact



REFRIGERANT 

GLOBAL WARMING POTENTIAL (GWP)

Refrigerant Comparison

R-
134A

R514
A

R-
513A

Global Warming Potential

1300 547 1

R-
410A

2088
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HFO-
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Long Beach Main Library



LONG BEACH MAIN LIBRARY | ADAPTATION OF PARKING GARAGE

DEMO & NEW: 100 lb CO2eq PSF

REUSE: 35 lb CO2eq PSF

Long Beach Main Library



Long Beach Main Library

LONG BEACH MAIN LIBRARY | ADAPTATION OF PARKING GARAGE

CONCRETE: 70 lb CO2eq PSF

TIMBER: 35 lb CO2eq PSF



Life Cycle Carbon – Whole Life Carbon

Operational Impact

Embodied Impact



CCC SUSTAINABILITY TRAINING 2019

SKIDMORE, OWINGS & MERRILL LLP

https://carbonleadershipforum.org/looking-ahead-to-embodied-carbon-policy-action-in-2021/

Top Down - “Buy Clean”



Developers’ Letter

https://static1.squarespace.com/static/5750715007eaa0123e3a1c25/t/601a5dc3c9852b7f1e
b8f5a9/1612340679568/20210128+ESG_Materials_EN.pdf



“….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…”

Developers’ Letter
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https://carbonleadershipforum.org/mep2040/



AIA, RIBA, UK 

Building Services 

Engineers Declare 

Climate and Biodiversity 

Emergency







Bottom Up - MEP Embodied Carbon Letter





https://www.cibsejournal.com/technical/heart-of-the-matter-calculating-embodied-energy-using-tm65/



1. Tools and Analysis 2. Benchmarking 3. Targets

MEP EMBODIED CARBON



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



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

MEP EMBODIED CARBON - OFFICE

Roof Top Package Unit

Chiller, Boilers, AHU, Chilled Beams

Galvanized Steel



EPD



EPD



Case Studies



• 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

• Façade Options 

o 40% WWR IGU

o 90% WWR IGU

o Double Skin Façade with Internal Blinds

ASSUMPTIONS



40% WWR 90% WWR Double Skin 
Facade



GREENBUILD 2020

SKIDMORE, OWINGS & MERRILL

EMBODIED CARBON
ARCHITECTURAL ASSEMBLIES

40% WWR 90% WWR Double Skin 
Facade

Extruded 
Polystyrene 

Insulation

Enhanced, 
Natural  

Insulation
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EMBODIED AND OPERATING CARBON - VAV

ARCHITECTURE ASSEMBLIES + MEP

Exterior Wall

VAV

Double Skin Façade is close 
to Full Height Glass



Exterior Wall

VAV

Double Skin Façade is close 
to Full Height Glass

EMBODIED AND OPERATING CARBON - VRF

ARCHITECTURE ASSEMBLIES + MEP



ENERGY ANALYSIS

SYSTEMS AND FACADE COMPARISON

A
n
n
u
a
l 
E

n
e
rg

y 
C

o
n
s
u
m

p
ti
o
n
 (

k
B

tu
)

40% WWR
VAV System

90% WWR
VAV System

Double Skin Facade
VAV System

40% WWR
VRF System

90% WWR
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Double Skin Facade
VRF System

Heating Cooling Lighting Equipment Fans Pumps Heat 
Rejection

VRF VAV 



OPERATIONAL CARBON

SYSTEMS AND FACADE COMPARISON

VRF VAV 
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MEP Embodied Carbon Compared to the Whole Building 

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



SOM CHICAGO E&C 2020

MEP Systems

18%

Structures

58%

Total Embodied Carbon

174 lb CO2e /sf

Architectural 

Assemblies

24%

MEP EMBODIED CARBON



By System and Working Fluid

lb
 C

O
2
e
/s

f

MEP

Refrigerant Comparison

R-134A R514AR-513A R1233zd Ammonia

Global Warming Potential

Source: Life Cycle Assessment of Mechanical, Electrical, and Plumbing in Commercial Office Buildings 

(Carbon Leadership Forum – 2019)
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