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The Energy Focus
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The Energy Focus

Energy consumption per household, U.S. average and by census region in selected years
million British thermal units
150
140
130

120

U.S. average Northeast Midwest South West

® 1980 @ 1990 @ 2001 2015

6 Data source: U.S. Energy Information Administration, Residential Energy Consumption Survey for indicated years
€1a’ Note: Excludes losses in electricity generation and delivery, and consumption of wood fuels.

Since 1980

A 34% reduction per

household

Despite houses
getting bigger
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AN IECC 2015

\
"""L' ZERO

ENERGY READY HOME

EEEEEEEEEEEEEEEEEE

HERS Score




Residential

Code Adoption
as of March 2022
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November, 2018.
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Building Codes Assistance Program

. Meets or exceeds the 2018 IECC or equivalent [2) . Meets or exceeds the 2009 IECC or equivalent [16)

. Meets or exceeds the 2015 IECC or equivalent (17) . No statewide code or precedes the 2006 IECC (12)

. Meets or exceeds the 2012 IECC or equivalent (8) O Home-rule states with significant local adoptions An .Bﬁgi, program



The Energy Focus Appliances improved

1.2
1
o e (Gas furnaces- 20%
AC & HPs- 50%
0.4 .
Refrigerators- 65%
Clothes washers- 75%
0.2
0
FSFFFFFLS TS T

Figure 5. Relative average energy consumption of new appliances sold over the 1980-2014 period (2014 1
data not yet available). Source: ACEEE analysis of data from Air-Conditioning and Refrigeration Institute, As:
Manufacturers, Lawrence Berkeley National Laboratory, and confidential industry sources.
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The New Imperative- Greenhouse Gas Emissions
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pa

EEBA



The Challenge- There is still an affordable housing crisis

WHY IS IT IMPORTANT?

The built environment is growing at a record pace in the

United States. In just one sector, it is estimated that 2.5
million new housing units are needed to make up for the

nation’s housing shortage.” To reduce the GHG emissions
associated with that construction, communities need
to act now to create embodied carbon strategies that
reduce environment impacts from buildings we'll use well
into the future.
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Greenhouse Gas Fundamentals

Overview of U.S. Greenhouse Gas

Emissions in 2020

Fluorinated

Nitrous Oxide / Gases

7% 3%

Methane
11%

Carbon Dioxide
79%

Source:

U.S. Environmental Protection Agency (2022). Inventory of U.S.
Greenhouse Gas Emissions and Sinks: 1990-2020

+Gases that trap®°® heat

+ Producing, processing and burning of fossil fuels is
most significant

+ Chemical and agricultural processes are a significa
source

+ Carbon dioxide can be absorbed and sequestered.
+ Forests and biebased building products for

example
+ Each gas has a Global Warming Potential (GWP)

+ GWP is often expressed as a comparison to 1 ton «
CO..

In this workshop we will use Carbon Dioxide
Equivalents (CQe) in all calculations and exercises
Kg and Tonnes

N

D

pa

EEBA



The New Imperative- Greenhouse Gas Emissions

Global CO, Emissions by Sector

Other

Building
Transport » Operations
Building
~22% T Materials
(32%-~10%) (core & shell)

Non-Building o
Mfg . Other Building

MaterialMfg

Adapted from 2019 Global Status Report, Global Alliance for Building
and Construction (GABC) and Architecture 2030.

Buildings are a
significant opportunity
for meeting global
targets

Operations +
Construction
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The New Imperative- U.S. Greenhouse Gas Emission:

M <1% emissions from 29% direct transportation ;9—‘-,/2
Ag riculture electricity use emissions Tra nsportation
10% direct agricultural <1% emissions from
emissions electricity use
2019
US GREENHOUSE
30% GAS EMISSIONS _—
Commercial & BY SECTOR o
Industry

(Power sector emissions distributed
to electricity users)

Residential

23% direct industrial
emissions

18% emissions from
electricity use

7% emissions from
electricity use

13% direct commercial/
residential emissions

Source: EPA Greenhouse Gas Inventory 2019 M RFF
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Builder & Developer

Environmental Social Governane&@Reporting
Finance Applications & Development Approvals

ANo Longer -Qifirend a One =
To be sure, Meritage is hardly alone as an ESG-focused BEAiiER
home builder anymore. Visit the websites of industry HOMES

stalwarts such as Beazer Homes, Century Communities, D.R. = 2021 —
Horton, K. Hovnanian, KB Home, LGI Homes, Taylor Morrison, ESGISUMMARY

Toll Brothers, and Tri Pointe Homes, and youol |l L}

on ESG highlighted either directly from the homepage or " minto

on the investor relations page. 2020 ESG Report
Builder Mag April 2022 &

Of the largest Homebuilders in the US, 8 of 10 are now
producing ESG or Carbon Benchmarking Reports




Emissions Scope 1,2, What does this mean for Homebuilding

Figure [5.2] Overview of GHG Protocol scopes and emissions across the value chain

Q0O0OCOO

Scope 2 Scope 1
INDIRECT DIRECT

Scope 3 Scope 3
- INDIRECT INDIRECT

g::::i:d (N transportation
purchased electricity, steam, 19 and distribution
heating & cooling for own use

E e e
leased assets company 6

facilities
capital
goods

energy related x y %9 i @ 2021 World
N company miu g - economic

transportation vehicles
distribi nd-of-life
i S o treeaunent of FO ru m

generated in
operations sold products

Upstream activities Reporting company Downstream activities
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Emissions Scope 1,2, What does this mean for Homebuilding

Estimate for FY22 based on FY20 results

Scope 1 -
Direct Control

Scope 2 -
Indirect Control

Scope 3 -
All Other Emissions

{ Scope 1

Business Operations

Natural Gas

Fleet Fuel

and estimates for Supply Chain and
Home Operations

{ Scope 2
—

Electricity

Steam (66 Wellington ONLY)

Scope 3a

Scope 3b

Scope 3¢

Air Travel

Hotels

Car Rentals

Employee Commute

Supply Chain

Purchased Goods & Services

Energy Related Activities

Transportation & Distribution

Waste & Recycling

Home Operations

Natural Gas - Heating

Electricity - Heating/ Cooling/ Plug Loads

ABC Builder 6000+unis*
GHG Emissions FY22 — 30yr Estimate

(tons of Carbon Dioxide equivalents —tCO,e)

Business Operations
1.9%

Supply Chain
22.3%

1,900,240 tCO,e
Total Estimated

Home Operations
(30 years)**
75.8%
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Carbon Emissions

‘Upfront’ Embodied Carbon Operational Carbon

Manufacturing, transportation, and Building energy consumption
installation of construction materials
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Building Lifecycle

L Elfibpeled cathn Operational carbon

l I 8,1 I
Ao = | 2 s | Ng| o
. Raw material Manufacturing Construction Maintenance , Operations | End-of-life :
. supply and repair : :
PRODUCT © CONSTRUCTION OPERATIONS END-OF-LIFE
p Cradle-to-gate
) i Cradle-to-grave ‘



DEAVOUR from 2020-2050

> learning, building & living

eN‘@\L Total?arbon Emissions of Global New Construction

Business as Usual Projection

e o 49%
Embodied E .
Carbon 5
; 20%
VS 2
. 0%
Operational
0% I —
Carbon EMBODIED OPERATIONAL
CARBON CARBON
020!82030.!0:.IWMN”.A&WW&m%MGWSQMW20!7; VA‘
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EmbodiedCarbon

CNDEAVOUR 4 rocive Homes! Net 260 Encray

innovative learning, building & living

homes(Lots of insulation material),

mayneed to operate forl00+ years
to offset embodied energy of

. . . "i': N e TRIRAE 1)
materials(concretejnsulation,etq N MGUNT

1545 Monaghan Road

A Organic Cotton bag may need to be

Chris MagwoodMAsc used 20,000 timeso be an
http://endeavourcentre.orqg/

Improvement over a plastic, single

BUILDERS FOR use bag
CLYMATE _
ACTION A Stainless steel water bottles

Low-Rise Buildings as a
Climate Change Solution

2019

embodied carbon i44x greater than

single use plastic bottle '\
EEBA



http://endeavourcentre.org/

Why Embodied Carbon is focused in Construction:

Total Carbon Emissions of Global New The world’s building stock is expecied (o double
Construction from 2020-2050 by 2060 — that's equivalent to adding an entire
Pusiness as Usual Projection New York City to the planet every month for the

. next 40 years.

e
=
- 4

This is good news for home builders. However,
without some changes in how we produce
buildings, it's bad news for climate change and
carbon emissions.

T [

S0 |

Ha Laroin Emessl ore

P |

A
EMBODNED DPERATIOMAL

CARBON CARBON Cement — a key ingredient that gives concrete its
strength — is also one of the largest emitters of
CO2 in the built environment.
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Embodied carbon is expected to account for nearly 50% of the overall carbon footprint
of new construction between now and 2050.

Annually, embodied carbon is Global CO, Emissions by Sector

responsible 11% of global
GHG emissions and 28% of
global building sector
emissions.

The embodied carbon emissions of building
products and constructcn represent a
significant partion global emissions: concrete,
iron, and steed alone produce ~9% of

annual global GHG emissions; embadied
carbon emissions from the building sector
produce 17% of annual global GHG emissions,

: Building
Transportation Materials and
22% Consltmctl -~ ion
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Proposed NBC CANADA 2020 Tiered Energy Code Part 9.36

Tierlm g’z
improvement

improvement

Tier2 0%
improvement

o nggﬁr?gﬁe

TierSm T /%2
improvement

Tier4mn
improvement

Tier3mH )

What is the impact of
a tiered ENERGY
codes on
EMBODIED
CARBON?
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Energy vs Carbon : The choices are complex

€ }‘”&
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“7?‘&‘;' FJ
» $
PN

"oy

The increase of 93 kg CO_e/m? in MCE between
Tier 3 to Tier 5 for the high carbon matenal selection

(HCM) model presents a cautionary warning that the Achieving Real Net-Zero
. . . . . Emission Homes:
pursuit of energy efficiency without consideration of e boslidabomsesreeandidadieunnedieiset
. . . . . . performance in the 2020 Canadian National Building Code
mEItE'FIEﬂ emMIssSIONSs Can Calse ElEIrTI-EItI{] INCreases in
overall emissions.

BUILDERS -0CR
I * I Natural Resources CL MATE
Canada ACT'ON

https://www.buildersforclimateaction.org/report---embarc-report.html
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Al n 2021, Nat ur al NRCam released thesrepQr
ARAchieving Real Net Zer o Emi
material carbon emissions (MCE) for new homes will outweig
operational carbon emissions (OCE) for electrified homes
using relatively clean electrical grids such as that in the
Greater Toronto and Hamilton Area (GTHA) for almost 120

Achieving Real Net-Zero years.
Emission Homes:
Embodied carbon scenario analysis of the upper tiers of . - .
performanceinthe2020Canadia>r/1NationaIBqui)ldingCode At the hlghest |eve|s Of energy effICIenCy proposed by COdeS,

this imbalance extends to 166 years of OCE to equal MCEO

BUILDERS -OR

I * I gg::;rg;ﬂesources CLAC'M“AOTE

Total Net

-
Canada-wide 50 Total Net TotalNet e
- EMISSIONS EMISSIONS
N RCAN Stud? R, g /e 2 1 50 51 3
kgl et kgl e m? bt ed'm’
Canadian average of three
archetypes and 130 models Best Possible Best Available Moderate Carbon High Carbon
Materials Materials Materials Materials

https://www.buildersforclimateaction.org/report---embarc-report.html
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CNDEAVOUR

» learning, building & living

Chris Magwood, MAsc
http://endeavourcentre.org/

Embodied
Carbon

VS
Operational
Carbon

A house is a 30 year product with emissions

Total Carbon Emissions of Global New Construction

from 2020-2050

Business as Usual Projection

1000 |
750 | EMBODIED
CARBON
2020-2030
S 74%
[=)]
= 50
c
.0
E
200
)
2020 2025 2030 2035 2040

Embodied Carbon [l Operational Carbon

© 2019 2030, Inc. / Archivecture 2030. All Rights Reserved.

Dara Sources: UM Environment Global Status Report 201 7; EIA International Energy Outleo

EMBODIED
CARBON
2020-2050

49%

2045 2050

ke 2017
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WHYEmbodied CarboBECOMES MORE IMPOR
WITH TIME

1le

L Buiilding Materials

Bailding Sector CO, Emissions
Pew Camatruecion: 2015-1050

Embodied carbon

(materials) b
: 90%
Tlme 5 won
: —> 5
Operating . §
carbon a
(energy)
Total carbon "
Figure 1. Growing importance of embodied carbon as . L
building operational energy decarbonizes e et Buiing Gperes 3

Scenario assumetecarbonizatiorof gridSy SNH & X dd. dzi ¢S Yy SSR (i 2
THAT (decarbonisation of grid) means for our future.
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Carbon is coming to
building codes nbi G "%

=_|fecycle GHG

PRIMARY AUTHORS

Webly Bowles, AlA, Pro Manager, New Buildings Institute
Kim ak, Directo . New Eluih:l

Jim |—|'|1—|"|jr'| Dlr—i.f"'r of P

Ii'“f_'J'I"sJ'I'FEIE‘:LJT(‘:nFt'C‘

\ CIlmate

— e W
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Carbon is coming to
building codes

Carbon Emission
Benchmarking is first
step.

Carbon Emission
Reduction is step 2.

Building operations and
construction are responsible
for approximately

of humanity’s globa
regnhouse gas (GHG)
g | J
amissions

Raised Floor
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Carbon is coming to
building codes

For Low Rise
Residential the
picture is a little
di f ferent

Benchmarking Report

Establishing the Average Upfront
Material Carbon Emissions in New
Low-Rise Residential Home
Construction in the City of Nelson &
the City of Castlegar

Prepared for
Meeri Durand, Manager of Planning, Development & Sustainability, City of Castlegar
Sam Ellisen, Senior Building Inspector, City of Nelson

Prepared by

Chris Magwood, Director, Builders for Climate Action

Erik Bowden, Embodied Carbon Analyst, Builders for Climate Action

Eve Tread: y, Research Assistant, Builders for Climate Action

Javaria Ahmad, Sustainability Analyst, Builders for Climate Action

Michele Deluca, Registered Energy Advisor, 3West Building Energy Consultants
Natalie Douglas, Embodied Carbon Pilot Coordinator, City of Nelson

Concrete
346.9tCO e

35.5%

Insulation
149.7 tCO e
15,. 1;}..;'_I

Cladding
122.6 tCO_e
12.5%

Windows

111.0tCO.e
11.3%

Interior
Surfaces
119.6tCOe
12.2%

Roofing
23.9 tCD?e

Structural
Elements
0.5 tEDIE

Figure 5. This tree chart illustrates which materials contributed the most amount of overall emissions across all

A4 case study homes,

'—‘
EEBA



Carbon is coming to
building codes

TABLE B: MATERIAL MAPPING OF BUILDING CODES

Building Residential | Mechanical | Plumbing Electncal Energy
Code Code Code Code Code Code

Primary Systems

Water Electrical Site,

Air supply, supply, Service, Materials,
Structural, distribution,  disposal,  wiring, and Energy,
envelope All conditioning  hot water gystems 1ACY,
Concrete X X e X X
Steel X X X o
Glass X X
Aluminum X X
Wood X b
Copper X h s
Plastic X
Insulation X X X
Refrigerants X X

£ new buildings
nbl institute ks
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Carbon is coming to
. . HERS RATINGGUIDE  REINIT Regutatan e 000 | 5001 Mam M Conne It 22521
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Carbon is coming to
building codes

AND to Home
Performance
Ratings

The Standard:

Based on ANSI/RESNET/ICC 301
Standard “CO_e Rating Index”

Provides a more accurate metric to measure emissions: addresses
when energy is used, as well as how much of it is used

Ak,

NN

)
(XIA]
v

RESNET's
New Carbon
Rating Index

4

X
G ;

Uses hourly CO,e
emission rates

and electricity
generation emission
projections as
published by the

The Standard:

Based 0N ANBAVRESNEY CC 30N
arieg o Sarng Nlee

Energy Laboratory

(NREL).

National Renewable

0

Combines these values
with the hourly energy
consumption given by
the calculation of the
HERS Index to provide
a new metric valuing
the carbon emissions
when energy is used.

How can it be used?

v’ Usable for local climate
change initiatives

v" Utility incentive programs
v Consumer awareness

v Can be used in Environmental,
Social and Governance (ESG)
reporting

v" Can be a basis for green
bonds
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Carbon is coming to
building codes

AND 10 Home How it works:
Performance A RESNET accredited

. HERS software will take
Rati ngs the information entered IS

for a HERS Rating and
calculate the Carbon Rating

HERS Rating RESNET HERS Carbon Index

Index Score. No additional Data Software Score

inspections needed.

0_10..20 30 40 50 60 70 80 90 100 110 120 130 140150

BN | [ [ | [ Ifl>

Zero Carbon Horfies ﬂence Home Existing Homes
LESSGARBON e .

. . MORE:CARBON | ==
|

For more information, visit

resnet.us/co2eindex RESNET 2

EEBA




Carbon is coming to
building codes

AND to Home
Performance
Ratings

Are we ready for this ?

What can we do to prepare ?
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EEBA




GWP Global Warming Potential X
[ F ND2Y aSljdzA Gl t Sy

2N,

EEBA




MATERIAL CARBON EMISSIONS : Understanding A base metric:

GWP Global Warming Potential

Global Warming Potential (GWP) Factors

GWP factors depend on

A How much heat is trapped by 1 kg of the GHG (or some other unit of mass)

A How long the GHG persists in the atmosphere

A Time horizon over which the heat trapping is being considered (usually 100 years

A GWP100)
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MATERIAL CARBON EMISSIONS : Understanding A base metric:
GWP Global Warming Potential

There are thousands of GHGs; a few are very important
in buildings:

A carbon dioxide (CO,)

Greenhouse
Gases
g]portant

r Buildings

A Methane (CH,)

A Nitrous oxide (N,O)

*—

A Fluorinated gases, such as
hydrochlorofluorocarbons (HCFCs) i used as
propellants (spraying) and refrigerants (for cooling
systems)

E.g., R-134a (HFC-134a) - CF,CH,F - used in cooling

pa
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MATERIAL CARBON EMISSIONS : Understanding A base metric:

GWP Global Warming Potential

Some greenhouse gases (GHGSs) trap
more heat than others

A1 kg of methane (CH,) is

emitted, how much heat will be *
I O b al trapped compared to CO, over a GHG GWP1007 (kgCO2e/kg GHG)
armin g 100-year timeframe? CO, 1

Otentl al This is the global warming potential CHy 25

(GWP100) of CH, N,O 298
GWP)

A 1 kg of CH, is equivalent to 25 kg HCFC-22 1810
aCtO I'S CO, over a 100-year time horizon*  |SFg 22800

* from TRACI 2.1, 2014
A For CH,, GWP100 = 25

kgCO2e

Asometi mes call ed FEHAYTHRTLIEYBR ono
or fiemi ssiono factors N\



https://www.epa.gov/chemical-research/tool-reduction-and-assessment-chemicals-and-other-environmental-impacts-traci

To 3>

MATERIAL CARBON EMISSIONS : Understanding A base metric:

GWP Global Warming Potential

GWP Changes
Over Time

Usually, shorter-term effects are
greatest

Most reports use 100 years (GWP100)

GWP100 can vary from source to
source depending on factors used in
calculation and sometimes are updated
with new findings

From Allen, D.T. 2014. Methane emissions from natural gas production and use: reconciling bottom-up
and top-down measurements. Cur Op Chem Eng 5:78-83. Link

GLOBAL WARMING POTENTIAL

DIRECT AND INDIRECT WARMING COMBINED OVER TIME

120

—
o
o

84X more potent
than CO; per kg

@
o

(2]
o

=
o

100 ™ 28X more potent
Years than CO, per kg

N
o

0 10 20 30 40 S50 60 70 80 9 100

YEARS AFTER EMISSION
Current Opinion in Chemical Engineering
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https://www.sciencedirect.com/science/article/pii/S2211339814000525

MATERIAL CARBON EMISSIONS : Understanding A base metric:
GWP Global Warming Potential

E.g., Kilograms of carbon dioxide
equivalents (kgCO2e)

GWP Factors are
lised tO CaICUIate A Can be calculated for any product or
CO, Equivalents

A E.g., tCO2e of embodied carbon
for construction of a residential
home

E.g., Tonnes of CO, equivalents (tCOZ2e)

A E.g., kgCO2e for production of 1
kWh of electricity in a gas-fired
power plant

BUILDING 3
NI mY - ' THE HOME THAT SCIENCE BUILT
CANADA NC.




TEST YOUR KNOWLEDGE

What is the GWP100 factor
(Global Warming Potential 00
years) of CO2 ?
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Achieving Net Zero Carbon Designation for Builders
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Operational Carbon
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Operational Carbon

A function of energy use:

A Annual energy consumption

AFuel / energy choice

A Emissions in generating the energy

*> Natural Gas

Operational Carbon

Emi;::nsEﬁ Qé‘

ENERGY
USE INTENSITY

*

~ ENERGY
' SOURCE EMISSIONS

e




Energy Use from Your Energy Rater

CHICAGO (Base)

23 Gas: 81.7 MMBTU/yr
Electric: 26.4 MMBTU/yr
Total: 108.1 MMBTU/yr

20.8 60.9
3.4
Heating Cooling
Water Heating Lights & Appliances

This Is converted to Tonnes of Carbon based on fuel use x the energy source emissions



Energy Use from Your Energy Rater

ORLANDO (BASE)

9.7 Gas: 23.4 MMBTUl/yr
23 Electric: 36.4 MMBTU/yr
13.5 Total: 59.8 MMBTU/yr
13.7
Heating Cooling
Water Heating Lights & Appliances

This Is converted to Tonnes of Carbon based on fuel use x the energy source emissions



Energy Use from Your Energy Rater

PORTLAND (BASE)

23 Gas: 84.3 MMBTUl/yr
Electric: 24.9 MMBTU/yr
19.6 64.7 Total: 109.2 MMBTU/yr
1.9
Heating Cooling
Water Heating Lights & Appliances

This Is converted to Tonnes of Carbon based on fuel use x the energy source emissions



Energy Use from Your Energy Rater

MINNEAPOLIS (Base)

= Gas: 108.5 MMBTU/yr
22.9 Electric: 25.6 MMBTU/yr
85.6 Total: 134.1 MMBTU/yr
2.6
Heating Cooling
Water Heating Lights & Appliances

This Is converted to Tonnes of Carbon based on fuel use x the energy source emissions



Emissions from electrical generation

They vary significantly:
Coal

Diesel

Natural gas

Nuclear

Hydroelectric

wind

Solar

Every utility has
different
emission factors

USEPA, eGRID, January 2022
Cross! wa.c g dcmcs !haLan area fals within overlapping
eGRID = qions due
service pvow.)ev Visit %\e' Profiier to
the eGRID sul b'eg-onassocatc ith yo
cct ric Service provider
o Daoo vienergy/power -profiler

. e

P
7 N—

»"

g‘ AKG

,..)“ :

. Alaska
, AKMS .

’”m

» {
HIOA Wi

HIMS ¢

Puerto Rico

PRMS T o
- -

-

Hawaii

https://www.epa.gov/system/files/documents/20221/ghg_emission_factors_hub.pdf




Emissions from electrical generation

Electricity Generated in Minnesota

1005 -
20% - Renewables
60% - Matural Gas
40%, - Py B Coal
0% -
| oo | 2o+ RS
0% -

2003 2020

2021

e

https://www.epa.gov/system/files/documents/20221/ghg_emission_factors_hub.pdf

Electricity generated in Minnesota
Source: U.S. EIA

B Coal 26%
IINatural gas 21%
Il Nuclear 24%

Hydroelectric 2%
B Wind 22%
B Biomass 2%
[l Other 1%
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Every utility has different emission factors

How Hllinois generated electricity from 2001 to 2019

https://www.nytimes.com/interactive/2020/10/28/climate/how-electricity-generation-changed-in-your-state-election.html



Every utility has different emission factors

| Electricity
Total Emission Factors
eGRID Subregion CO, Factor CH, Factor N.O Factor
(Ib / MWh) (b / MWh) (Ib / MWHh)

AKGD (ASCC Alaska Grid) 1,097.6 0.100 0.014
AKMS (ASCC Miscellaneous) 534.1 0.027 0.005
AZNM (W ECC Southwest) 846.6 0.054 0.007
CAMX (WECC California) 5135 0.032 0.004
ERCT (ERCOT All) 818.6 0.052 0.007
FRCC (FRCC All) 835.1 0.049 0.006
HIMS (HICC Miscellaneous) 1.143.2 0.110 0.017
HIOA (HICC Oahu) 1,653.0 0.178 0.027
MROE (MRO East) 1.526.4 0.139 0.020
MROW (MRO West) 979.5 0.104 0.015
NEWE (NPCC New Engl‘and] 528.2 0.074 0.010
NWPP (WECC Northwest) 600.0 0.056 0.008
NYCW (NPCC NYC/Westchester) 634.6 0.022 0.003
NYLI (NPCC Long Island) 1.203.9 0.138 0.018
NYUP (NPCC Upstate NY) 2335 0.016 0.002
PRMS (Puerto Rico Miscellaneous) 1,602.2 0.085 0.014
RFCE (RFC East) 652.5 0.045 0.006
RFCM (RFC Michiga'l) 1,153.1 0.101 0.014
RFCW (RFC West) 985.0 0.086 0.012
RMPA (WECC Rockies) 1,144 .8 0.101 0.014
SPNO (SPP North) 954 .0 0.100 0.014
SPSO0O (SPP South) 931.8 0.060 0.009
SRMV (SERC Mississippi Valley) 740 .4 0.032 0.004
SRMW (SERC Midwest) 1.480.7 0.156 0.023
SRSO (SERC Scouth) 860.2 0.060 0.009
SRTV (SERC Tennessee Valley) 834.2 0.075 0.011
SRVC (SERC Virginia/Carolina) 623.1 0.050 0.007
US Average 818.3 0.065 0.009

Source: EPA eGRID2020, February 2022

Kgs of C¢per MegaWatt
Hour of electricity generate

U.S. Average 370
Orlando 379
Atlanta 392
Portland 274

(Chicago____ 4%
Minneapolis 448
LJAGrGS b
hl Kdz

5

https://www.epa.gov/system/files/documents/20221/ghg_emission_factors _hub.pdf



Fuel source x energy source emissions
Natural Gas = 53.06 kg CO2 per mmBtu
Electricity (Chicago) = 449 kg CO2 / MW

Gas: 81.7 MMBTUl/yr
Electric: 26.4 MMBTU/yr
Total: 108.1 MMBTU/yr

Dperational Carbon for EEBA House - Chicago

7.82 Tonnes COqze / yr

30yr equivalent : 234 tCO2e



Fuel source x energy source emissions
Natural Gas = 53.06 kg CO2 per mmBtu
Electricity (Orlando) = 380 kg CO2 / MW

Gas: 23.4 MMBTU/yr
Electric: 36.4 MMBTU/yr
Total: 59.8 MMBTUl/yr

Dperational Carbon for EEBA House - Orlando

5.31 Tonnes CO e / yr

30yr equivalent : 159 tCO2e



Fuel source x energy source emissions
Natural Gas = 53.06 kg CO2 per mmBtu
Electricity (Portland) = 274 kg CO2 / MW

Gas: 84.3 MMBTUl/yr
Electric: 24.9 MMBTU/yr

Total: 109.2
MMBTU/yr

Dperational Carbon for EEBA House - Portland

6.48 Tonnes CO z2e / yr

30yr equivalent : 194 tCOZ2e



Fuel source x energy source emissions
Natural Gas = 53.06 kg CO2 per mmBtu
Electricity (Minneapolis) = 448 kg CO2 / MW

Gas: 108.5 MMBTU/yr
Electric. 25.6 MMBTU/yr
Total: 134.1
MMBTU/yr

Dperational Carbon for EEBA House - Minneapolis

9.12 Tonnes COze / yr

30yr equivalent : 273 tCO2e



Greenhouse Gases may come from your Energy Rater

S ‘I ekotrope
1 REM/Rate”

Common energy modelling tools will be adding GHG reports
- Some regional, annual fine tuning will be worked on to ensure consistency
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Operational Carbon Improvement - Cold Climate
2006

2009
2012
AC

é

Zero Ready
AC

S

HERS 70 HERS 45
T 8 Tonnes /yr 4 Tonnes /yr
HERS 100 9 Tonnes /yr
11 Tonnes /yr VA‘

EEBA



Operational Carbon Emissions and heat pumps

The news on electrification is Which homes would benefit from heat pumps?
complex and grigiependent Four distinct scenarios for electric heat pumps in Canadian housing:
i The low-hanging fruit The toughest nut to crack
A IM PACT on Operatmg cost Switching oil furnaces to heat pumps Switching gas furnaces to heat pumps
SignificantEIeC VS Gas » Saves energy, $ and GHGs across * Saves GHGs, but increases S in ON, MB
Canada and BC.

* Homeowners are worse off

A Enclosure and passive 5-15 year payback

(Cost of GHG saved: < SO / tonne) No Payback
(Cost of GHG saved: $70-300 / tonne)

enhancements(with
The cost-effective alternative Unintended consequences
e|ectriﬁcation) increase in RO| Switching electric baseboards to heat pumps  BVICHILEF-EER T TGEEER R R T
. . * Saves energy and $ across Canada * Increases GHGs and $ in AB, SK and NS,
A Results will Change overtime e. » Saves GHGs in AB, SK, ON and Atlantic due to extensive coal and oil based
Canada electricity generation in those provinces
Grid changes and Energy 5-15 year payback No Payback, no GHGs saved
(Cost of GHG saved: < SO / tonne)
production costs
I*I gm Resources mrces naturelles Canada

pa

EEBA




A Tale of 2 GridsOntario vs Alberta
30 Year Impact, 2308gft SD HomeOttawa, ON cz6

120 Embodied + Cumulative Operational Carbon Emissions

m Upfront Embodied
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B Cummulative Operational (OBC
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A Tale of 2 GridsOntario vs Alberta
30 Year Impact, 230&gft SD HomeCalgary AB, ON cz7

450 . . - .
Embodied + Cumulative Operational Carbon Emissions
400
m Upfront Embodied
350

NBC 2015
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What improvements have you made in your homes?
ABetter air tightness

AMore attic insulation

ABetter windows

Almproved HVAC efficiency
Almproved water heater efficiency
AAdd a heat recovery ventilator
AThicker walls

AAdvanced framing

AMore insulation on foundation walls
AUnder-slab insulation

ABetter lights and appliances

AAddition of renewable energy generation - solar
Which of these might significantly impact embodied energy?



Choices, Alternatives & Options




A2 Story, All brick

AFull basement

AR49 Attic insulation

A 2x6 Above grade walls - R21 Batts
AR11 Basement walls, no slab insulation
A Double-glazed, Low E, argon windows
A3.0 ACH@50Pa Air tightness

A95% Gas furnace, 13 SEER AC

A Power vented gas water heater 0.56 EF

What improvements have you made already?



A2 Storey, All brick

AFull basement

AR49 Attic insulation

A 2x6 Above grade walls - R21 Batts
AR11 Basement walls, no slab insulation
A Double-glazed, Low E, argon windows
A3.0 ACH@50Pa Air tightness

A95% Gas furnace, 13 SEER AC

A Power vented gas water heater 0.56 EF

What improvements have you made already?



Cold Climate Upgrade Examples

Three Examples of Enclosure Energy
ImprovementgPassive)on Operational Carbon

1. Improved air tightness
2. Addition of continuous insulation
3. Upgrade to tripleglazed windows

EEBA




Warm / Mild Climate Upgrade Examples

Three Examples of Enclosure Energy
ImprovementgPassivepn Operational Carbon

1. Improved air tightness
2. Addition of continuous insulation
3. Getting ducts in conditioned space

EEBA




Energy and Carbon Impact of Improved Air Tightness

Chicago Base House cz5

A 5% reduction in Tonnes COze/yr

What changes will be required?

~ ACH50 MMBTUS/yr CO2e Tonnes/yr
[ 3.0 108.1 [.82 ]

2.0 103.2 7.56
| 15 100.9 7.44 |

0.60 96.6 7.21

pa

EEBA



Improved air tightness requiresg
+ Tapes,
+ Caulks

+ Sprays

+ Committed, trained labor

There are helpful new
technologies

Under 1.5 ACH50 Is now
achievable by all builders




