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Building Decarbonization

“ An'Overview and Introduction
Leading with Action
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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
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THE GREENHOUSE EFFECT
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Earth and the
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Some radiation
is absorbed

by Earth’s
surface and
warms it

Some of the infrared radiation

J/ passes through the atmosphere.

Some is absorbed by greenhouse

/ gases and re-emitted in all directions
4 by the atmosphere. The effect of
7/ this is to warm Earth’s
surface and the
lower atmosphere.
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4" \Infrared radiation
is emitted by
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building
decarbonization...

whole life = operational
+ embodied

Carbon dioxide equivalent (CO,e): a ' MI []A

measure used to compare the impact of 1929
various greenhouse gases based on their

100-year time horizon global warming

potential (GWP). CO,e approximates the

time-integrated warming effect of a unit

mass of a given greenhouse gas relative

to that of carbon dioxide (CO,).

Global warming potential (GWP): an index

for estimating the relative global warming
contribution of atmospheric emissions of -1 RT84 ([}02)

a particular greenhouse gas compared to <1 R1234yt
emissions of an equal mass of carbon
dioxide (CO,) <1 R1234z8(E)

i




4/25/2024

BUILDING EMISSIONS

act emissions: GHG emissions from
rces owned or controlled by the
orting entity (primarily from on-site
1bustion of fossil fuels).

irect emissions: GHG emissions due to
activities of the reporting entity but
ur at sources owned or controlled by

N2O HFCs PCFs NF3

ther entity (primarily from electricity
erated off-site to power buildings).

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): EPD
an independently verified and registered
document that communicates transparent %RIFIED
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 Decarbonization
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Global direct CO, emissions reductions by mitigation
measure in buildings in the 2050 NZE

+90%
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-98%
2020 Activity Mitigation 2050

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

Measures

Activity
Mitigation measures
m Behavior and

avoided demand

Energy efficiency
u Electrification
m Hydrogen-based
m Bioenergy

Other renewables

Other fuel shifts

Energy efficiency will need to account
for roughly 30% of global direct
CO0, emissions reductions by 2050

Electrification will need to account

for roughly 40% of global direct
CO, emissions reductions by 2050
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Global change in electricity usage by end-use in buildings

30

+37% Lighting

m Space cooling
+101%

m Appliances
W Heat needs

Thousand TWh

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

sector by 2050
2020 Activity  Electrification  Efficiency Behavior 2050
Source: International Energy Agency (2021), Net Zero by 2050, IEA, Paris
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Energy efficiency is essential...
...for building
operational carbon
reduction to achieve NZE
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A1: Raw material supply

Product
Stage
(A1 - A3)

A2: Transport to factory

Building whole life cycle carbon stages

End of Life
Stage
(C1-C4)

A3: Manufacturing
A4: Transport to site
AS5: Construction and
installation process
B2: Maintenance

B4: Replacement

BS5: Refurbishment
C1: Deconstruction /
demolition

C2: Transport to waste
processing/disposal
C3: Waste processing

Operational B6: Operational energy use

B7: Operational water use

Circular Economy

Beyond the Building
Life Cycle Stage

(0

Benefits and Loads

Reuse-
Recovery-
Recycling-

Potential

C4: Disposal of waste

Source: Figure based on EN 15978:2011
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Sample building embodied and operational carbon
1,200
1,064
kg-C0,e/m?
1,000
= 100 kg-CO,e/m?
% 800 embodied carbon
~ for renewal q T
8 All electric building
o Initial electric emission rate 371 gr/kWh
e"; 600 90% reduction in 30 years
[=
2 Scenario 1
2 \ Initial
< EUI 95 kWh/m2-yr (30 kBtu/ft2-yr) embodied
T 400 annual operational carbon carbon 400
2 kg-CO,e/m?
2
Renewal
embodied
200 400 kg-C0,e/m? carbon 100
initial embodied carbon kg-C0,e/m?
to construct building a0
operational
carbon 95
0 kWh/mZyr
01 2 3 45 6 7 8 910111213 141516 17 18 19 20 21 22 23 24 25 26 27 28 29 30 (kBtu/ft-yr)
Building Life Year
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1,200

1,000

800

600

400

Total emissions (kg-CO e/m?)

200

Building embodied and operational carbon

1,064

kg-C0,e/m?

75kg-C0,e/m?
embodied carbon
for renewal

= EUI 63 kWh/mZ%yr (20 kBtu/ft2-yr)
annual operational carbon

300 kg-C0,e/m?

initial embodied carbon

to construct building

01 2 3 45 6 7 8 910111213141516 17 18 19 20 21 22 23 24 25 26 27 28 29 30
Building Life Year

kg-CO,e/m? -

751 {

30% reduction

All electric building

Initial electric emission rate 371 gr/kWh
90% reduction in 30 years

Scenario 1 Scenario 2

Initial
embodied
carbon
kg-CO,e/m?

400 300

Renewal
embodied
carbon
kg-CO,e/m?

100

75

EUI
operational
carbon
kWh/mZyr
(kBtu/ft-yr)

95 63
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Portugal electricity CO,e output emission rate
(in grams of CO(2) per kilowatt-hour)
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CASE Decarbonizing Homes

@wbesd

Net-zero buildings
Where do we stand?
Level(s) — A comman EU
framework of core sustsinabilif
indicators for office 2nd
m ADVANCING 5 residential building s
Q) e

Status Roport
June 2021

B1LDINGS AND CoNSTRUCTION Reducing Embodied
i i A Carb s

ERO CODE™

for

ALIFORNIA

gy standard for

We need simple,
practical solutions

best Prachce
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ASHRAE has a long history...

Lol 2007

Standard 90 ASHRAE 2030 Net
Zero Energy Goal

~_ 2021

S
Building

Decarbonization

' ~ - two subcommittees
| = and eight working

groups

TAS K FU RCE . °over 150 volunteers

from around the world
for

7 .+ have the technical
B U l I_D I N G ] expertise to address

DECARBONIZATION 4

—

this issue

24

12



ASHRAE goals...
2030

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%

=

STANDARDS

KNOWLEDGE
RESOURCE
HUB

POSITION
DOCUMENT

TECHNICAL

2050

all new and existing assets
must be net zero GHG
emissions across the whole
life cycle
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ASHRAE resources in development...

Building Decarbonization
Retrdfits for Commercid

and Mutifarily Rildngs (€1

BRE

Gid Interactive Buildings
for Decarbonization: Decarbonizing
Design & Qperation Resource Gide Hospitd Buildings

BHE

/SRE AgicnSiridyfo Helth GrefEgresirg

A pathway to
building
decarbonization...
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Efficiency
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Building envelope

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

Energy efficiency

will continue to remain #1 in
the loading order of measures
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Utilize waste energy

optimize waste energy streams to
reduce energy and water use

Embodied carbon

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

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

Low GWP
refrigerants
lower GWP, reduce fugitive

emissions, and maintain
efficiency

4/25/2024
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Demand
management

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

Carbon free energy

Utilize on- or off-site carbon
free energy
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Emerging issues

scalability of solutions
electric grid infrastructure
cold climates

existing buildings
economics —money matters!
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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!
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