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Building Decarbonization
An Overview and Introduction

Leading with Action

Building Decarbonization
An Overview and Introduction

Leading with Action

1.9 billion
24% increase in the next 30 years

1.9 billion
24% increase in the next 30 years

Information Source: 
(https://www.un.org/en/sections/issues-depth/population/)
The World Population Prospects 2019

Population GrowthPopulation Growth
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2060: 2.5 trillion ft2 

230billion m2 

Constructing an entire New York City
every month

2060: 2.5 trillion ft2 

230billion m2 

Constructing an entire New York City
every month

Information Source: https://architecture2030.org/new-buildings-operations/
By 2060, the world is projected to add 230 billion m2 (2.5 trillion ft2) of buildings, or an area 

equal to the entire current global building stock*. This is the equivalent of adding an entire 

New York City to the planet every 34 days for the next 40 years.

*UN Environment, Global Status Report 2017

Building GrowthBuilding Growth

In 2015, the Paris Agreement 

was adopted to limit the global 

temperature rise maximum at 2°C 

with a strong recommendation to 

retain it at 1.5°C

In 2015, the Paris Agreement 

was adopted to limit the global 

temperature rise maximum at 2°C 

with a strong recommendation to 

retain it at 1.5°C

2015 UN Paris Agreement

2°C to 1.5°C

2015 UN Paris Agreement

2°C to 1.5°C

2018 UN IPCC Recommendation

1.5°C

2018 UN IPCC Recommendation

1.5°C

Climate is Rapidly ChangingClimate is Rapidly Changing

Information Source:
United Nations IPCC SR-15
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Sources: Energy and Climate Intelligence Unit, 

Carbon Neutrality Coalition, Climate Action Tracker
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building 
decarbonization…

whole life = operational
+ embodied

building 
decarbonization…

whole life = operational
+ embodied
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building 
decarbonization…

whole life = operational
+ embodied

building 
decarbonization…

whole life = operational
+ embodied

Carbon dioxide equivalent (CO2e): a 
measure used to compare the impact of 
various greenhouse gases based on their 
100-year time horizon global warming 
potential (GWP). CO2e approximates the 
time-integrated warming effect of a unit 
mass of a given greenhouse gas relative 
to that of carbon dioxide (CO2).

Global warming potential (GWP): an index 
for estimating the relative global warming 
contribution of atmospheric emissions of 
a particular greenhouse gas compared to 
emissions of an equal mass of carbon 
dioxide (CO2)

Carbon dioxide equivalent (CO2e): a 
measure used to compare the impact of 
various greenhouse gases based on their 
100-year time horizon global warming 
potential (GWP). CO2e approximates the 
time-integrated warming effect of a unit 
mass of a given greenhouse gas relative 
to that of carbon dioxide (CO2).

Global warming potential (GWP): an index 
for estimating the relative global warming 
contribution of atmospheric emissions of 
a particular greenhouse gas compared to 
emissions of an equal mass of carbon 
dioxide (CO2)
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Direct emissions: GHG emissions from 
sources owned or controlled by the 
reporting entity (primarily from on-site 
combustion of fossil fuels).

Indirect emissions: GHG emissions due to 
the activities of the reporting entity but 
occur at sources owned or controlled by 
another entity (primarily from electricity 
generated off-site to power buildings).

Direct emissions: GHG emissions from 
sources owned or controlled by the 
reporting entity (primarily from on-site 
combustion of fossil fuels).

Indirect emissions: GHG emissions due to 
the activities of the reporting entity but 
occur at sources owned or controlled by 
another entity (primarily from electricity 
generated off-site to power buildings).

BUILDING EMISSIONS

Whole building life cycle assessment 
(WBLCA): a methodology for assessing 
environmental impacts associated with all 
the stages of the life cycle of a building.

Environmental product declaration (EPD): 
an independently verified and registered 
document that communicates transparent 
and comparable information about the life-
cycle environmental impact of products to 
enable comparisons between products 
fulfilling the same function.

Whole building life cycle assessment 
(WBLCA): a methodology for assessing 
environmental impacts associated with all 
the stages of the life cycle of a building.

Environmental product declaration (EPD): 
an independently verified and registered 
document that communicates transparent 
and comparable information about the life-
cycle environmental impact of products to 
enable comparisons between products 
fulfilling the same function.
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Building Performance Standards (BPS): a 
policy that requires building owners to 
meet performance targets by actively 
improving their buildings over time. These 
can include energy or emissions targets 
that buildings must meet to reduce energy 
and climate impacts.

Building Performance Standards (BPS): a 
policy that requires building owners to 
meet performance targets by actively 
improving their buildings over time. These 
can include energy or emissions targets 
that buildings must meet to reduce energy 
and climate impacts.

Understanding 

the Global Issue
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Source: IEA 2022. All rights reserved. Adapted from "Tracking Clean Energy Progress" (IEA 2022f).
https://www.unep.org/resources/publication/2022-global-status-report-buildings-and-construction

Global 
building 
sector 

energy-
related CO2

emissions, 
2021

Global direct CO2 emissions reductions by mitigation 
measure in buildings in the 2050 NZE

Source: International Energy Agency (2021), Net Zero by 2050, IEA, Paris
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Activity

Behavior and

avoided demand

Energy efficiency

Electrification

Hydrogen-based

Bioenergy

Other renewables

Other fuel shifts

+90%

-98%

Mitigation measures

Activity Mitigation
Measures

Energy
Efficiency

Electrification

Energy efficiency will need to account
for roughly 30% of global direct
CO2 emissions reductions by 2050

Energy efficiency will need to account
for roughly 30% of global direct
CO2 emissions reductions by 2050

Energy efficiency will need to account
for roughly 30% of global direct
CO2 emissions reductions by 2050

Electrification will need to account
for roughly 40% of global direct
CO2 emissions reductions by 2050

Electrification will need to account
for roughly 40% of global direct
CO2 emissions reductions by 2050

Electrification will need to account
for roughly 40% of global direct
CO2 emissions reductions by 2050

Current

Activity
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 20

 30

2020 Activity Electrification Efficiency Behavior 2050
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Lighting

Space cooling

Appliances

Heat needs

+101%

+37%

-39%
-9%

Global change in electricity usage by end-use in buildings

Source: International Energy Agency (2021), Net Zero by 2050, IEA, Paris

Energy efficiency will need to account
for roughly 40% of global electricity
demand reductions in the building 

sector by 2050

Energy efficiency will need to account
for roughly 40% of global electricity
demand reductions in the building 

sector by 2050

Energy efficiency is essential…

37%
…for building 
operational carbon 
reduction to achieve NZE
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Building whole life cycle carbon stages

Source:  Figure based on EN 15978:2011

Sample building embodied and operational carbon

400 kg-CO2e/m2

initial embodied carbon
to construct building

100 kg-CO2e/m2

embodied carbon
for renewal

EUI 95 kWh/m2-yr (30 kBtu/ft2-yr)
annual operational carbon

1,064
kg-CO2e/m2

All electric building
Initial electric emission rate 371 gr/kWh

90% reduction in 30 years

All electric building
Initial electric emission rate 371 gr/kWh

90% reduction in 30 years

Initial 
embodied
carbon
kg-CO2e/m2

Renewal
embodied
carbon
kg-CO2e/m2

EUI
operational
carbon
kWh/m2-yr
(kBtu/ft2-yr)

Scenario 1

400

100

95
(30)

Scenario 1

400

100

95
(30)
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Building embodied and operational carbon

300 kg-CO2e/m2

initial embodied carbon
to construct building

75 kg-CO2e/m2

embodied carbon
for renewal

EUI 63 kWh/m2-yr (20 kBtu/ft2-yr)
annual operational carbon

1,064
kg-CO2e/m2

All electric building
Initial electric emission rate 371 gr/kWh

90% reduction in 30 years

All electric building
Initial electric emission rate 371 gr/kWh

90% reduction in 30 years

Initial 
embodied
carbon
kg-CO2e/m2

Renewal
embodied
carbon
kg-CO2e/m2

EUI
operational
carbon
kWh/m2-yr
(kBtu/ft2-yr)

Scenario 1

400

100

95
(30)

Scenario 1

400

100

95
(30)

Scenario 2

300

75

63
(20)

Scenario 2

300

75

63
(20)

751
kg-CO2e/m2

30% reduction

2020 U.S.
average

818 lbs-CO2e/MWh
371 kg-CO2e/MWh

Source: EPA eGRID https://www.epa.gov/egrid/data-explorer

Portugal electricity CO2e output emission rate
(in grams of CO(2) per kilowatt-hour)
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Level(s) – A common EU 

framework of core sustainability 

indicators for office and 

residential buildings  

Part 3: How to make 

performance assessments 

using Level(s)  

(Beta v1.0) 

Nicholas Dodd, Mauro Cordella, Marzia 

Traverso, Shane Donatello (Unit B5) 

August 2017 

EUR 28898 EN 

i   New Buildings Institute | The Building Electrification Technology Roadmap (BETR) 
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Electrification 
Technology 
Roadmap (BETR) 
A BETR Path to Decarbonization  
for California Efficiency Programs 
Technical status, barriers, and paths  
to advancing electrification technologies  
in residential and commercial buildings. 

Prepared By: 

Alexi Miller and Cathy Higgins 
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GUIDE: BEST PRACTICES FOR 
ACHIEVING ZERO OVER TIME 
FOR BUILDING PORTFOLIOS

Decarbonizing
construction 
Guidance for investors  
and developers to reduce 

embodied carbon

1 su s ta inab ility . gov   |   T H E  F E D E R AL  SU S TA IN AB I L I T Y  P L A N

LOCAL LAWS 

OF 

THE CITY OF NEW YORK 

FOR THE YEAR 2019 
 

______________________ 
 

No. 97 
_________________________ 

 

Introduced by Council Members Constantinides, The Speaker (Council Member Johnson) and 

Council Members Torres, Kallos, Rosenthal, Levin, Rivera, Koo, Powers, Levine, Reynoso, 

Richards, Salamanca, Menchaca, Chin, Lander, Ampry-Samuel, Ayala, Cumbo, Rose, 

Brannan, the Public Advocate (Mr. Williams), Espinal, Rodriguez, Lancman, Dromm, Gibson, 

Treyger, Cornegy, Van Bramer, Moya, Holden, Cohen, Eugene, Barron, Adams, Koslowitz, 

Cabrera and King. 

   

A LOCAL LAW 
 

To amend the New York city charter and the administrative code of the city of New York, in 

relation to the commitment to achieve certain reductions in greenhouse gas emissions by 

2050 

  

Be it enacted by the Council as follows: 

Section 1. Chapter 26 of the New York city charter is amended by adding a new section 651 to 

read as follows: 

§ 651. Office of building energy and emissions performance. a. There shall be in the 

department an office of building energy and emissions performance. The office shall be headed by 

a director, who is a registered design professional, who shall be appointed by and shall report to 

the commissioner. The duties of the office shall include, but not be limited to: 

1. Overseeing implementation of building energy and emissions performance laws and 

policies for existing buildings, new construction and major renovations; 

2.  Establishing or administering protocols for assessing annual energy use in buildings; 

3. Monitoring buildings’ energy use and emissions, and reviewing building emissions 

assessment methodologies, building emissions limits, goals and timeframes to further the goal of 

We need simple, 

practical solutions
We need simple, 

practical solutions
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2021
Task Force for
Building 
Decarbonization

Task Force for
Building 
Decarbonization

2007
ASHRAE 2030 Net 
Zero Energy Goal
ASHRAE 2030 Net 
Zero Energy Goal

1975
ASHRAE 
Standard 90
ASHRAE 
Standard 90

ASHRAE has a long history…ASHRAE has a long history…

• two subcommittees 
and eight working 
groups

• over 150 volunteers 
from around the world

• have the technical 
expertise to address 
this issue

• two subcommittees 
and eight working 
groups

• over 150 volunteers 
from around the world

• have the technical 
expertise to address 
this issue

ASHRA
E

TASK FORCE
for

BUILDIN
G

DECARBONIZATIO
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20502050
all new and existing assets 
must be net zero GHG 
emissions across the whole 
life cycle

20302030
the global built environment 
must halve its 2015 GHG 
emissions

• All new buildings must be NZE
• Widespread EE retrofits of 

existing assets
• New construction embodied 

carbon must be reduced by at 
least 40%

ASHRAE goals…ASHRAE goals…
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Four 
Key 

Focus 
Areas

25

26



4/25/2024

14

Whole Life  
Carbon Guide for 
Building Systems

ASHRAE

Whole Life  
Carbon Guide for 
Building Systems

ASHRAE

Grid Interactive Buildings 
for Decarbonization:  
Design & Operation Resource Guide 

ASHRAE

Grid Interactive Buildings 
for Decarbonization:  
Design & Operation Resource Guide 

ASHRAE

Decarbonizing 
Hospital Buildings

ASHRAE
American Society for Health Care Engineering

Decarbonizing 
Hospital Buildings

ASHRAE
American Society for Health Care Engineering

ASHRAE resources in development…

Building Decarbonization 
Retrofits for Commercial 
and Multifamily Buildings

ASHRAE

Building Decarbonization 
Retrofits for Commercial 
and Multifamily Buildings

ASHRAE

Heat Pump  
Application, Design &  
Operation Guide

ASHRAE

Heat Pump  
Application, Design &  
Operation Guide

ASHRAE

Building Performance 
Standards: A Technical 
Resource Guide

ASHRAE
U.S. Department of Energy

Building Performance 
Standards: A Technical 
Resource Guide

ASHRAE
U.S. Department of Energy

A pathway to 
building 
decarbonization…

A pathway to 
building 
decarbonization…

1
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Building envelope
optimize building orientation 
and geometry to reduce energy 
use and maximize solar 
potential

Building envelope
optimize building orientation 
and geometry to reduce energy 
use and maximize solar 
potential

Optimize 
Building 
Envelope

Energy efficiency
will continue to remain #1 in 
the loading order of measures

Energy efficiency
will continue to remain #1 in 
the loading order of measures

Optimize 
Building 
Envelope

Energy 
Efficiency
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Utilize waste energy
optimize waste energy streams to 
reduce energy and water use

Utilize waste energy
optimize waste energy streams to 
reduce energy and water use

Waste 
Energy

Optimize 
Building 
Envelope

Energy 
Efficiency

Embodied carbon
review options to reduce 
embodied carbon with entire 
life cycle carbon in mind

Embodied carbon
review options to reduce 
embodied carbon with entire 
life cycle carbon in mind

Embodied 
Carbon

Waste 
Energy

Optimize 
Building 
Envelope

Energy 
Efficiency
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Electrify loads
this step is to use low carbon 
energy for heating, service 
water heating, and cooking

Electrify loads
this step is to use low carbon 
energy for heating, service 
water heating, and cooking

Electrify 
Loads

Embodied 
Carbon

Waste 
Energy

Optimize 
Building 
Envelope

Energy 
Efficiency

Low GWP 
refrigerants
lower GWP, reduce fugitive 
emissions, and maintain 
efficiency

Low GWP 
refrigerants
lower GWP, reduce fugitive 
emissions, and maintain 
efficiencyLow GWP 

Refrigerants

Electrify 
Loads

Embodied 
Carbon

Waste 
Energy

Optimize 
Building 
Envelope

Energy 
Efficiency
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Demand 
management
software systems integrated 
into buildings can help 
coordinate energy supply, 
reduce energy demand, and 
shift energy use

Demand 
management
software systems integrated 
into buildings can help 
coordinate energy supply, 
reduce energy demand, and 
shift energy use

Demand 
Management

Low GWP 
Refrigerants

Electrify 
Loads

Embodied 
Carbon

Waste 
Energy

Optimize 
Building 
Envelope

Energy 
Efficiency

Carbon free energy
Utilize on- or off-site carbon 
free energy

Carbon free energy
Utilize on- or off-site carbon 
free energy

Low GWP 
Refrigerants

Optimize 
Building 
Envelope

Energy 
Efficiency

Waste 
Energy

Embodied 
Carbon

Electrify 
Loads

Demand 
Management

Carbon Free 
Energy
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Challenges, 
Issues & 

Opportunities
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Emerging issues

• scalability of solutions

• electric grid infrastructure

• cold climates

• existing buildings

• economics –money matters!

37

38



4/25/2024

20

Opportunities

• equipment & system innovation

• advanced controls

• integrated solutions

• energy storage

• available incentives

How to contribute

• educate yourself

• educate colleagues

• educate clients

• educate partners

• educate policymakers

• educate the next generation of leaders
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Join us on the Journey to Zero!Join us on the Journey to Zero!
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