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Part I: The HERS Index




RESNET
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HERS® Activity by IECC Climate Zone

IECC Climate Zone Homes HERS® Rated | Average HERS Index
in 2023 Score in 2023
1A 895 47
1B 55 85
2A 92,006 57
2B 29,241 52
3A 69,126 58
3B 15,031 45
3C 84 28
4A 60,077 62
4B 3,655 54
4C 2,218 52
5A 48,312 58
5B 25,510 57
6A 10,722 51
6B 1,028 56
7B 297 45

https://www.resnet.us/wp-content/uploads/2022-HERS-Activity-by-climate-zone.pdf




HERS® Activity by State

FOR THE CALENDAR YEAR OF 2023

State HERS Rated Homes | Average HERS
Index Score
Connecticut 2019 51
Maine 128 44
Massachusetts 9531 50
New Hampshire 1320 52
New Jersey 4339 54
New York 4296 48
Ohio 7450 61
Pennsylvania 7421 59
Rhode Island 181 57
| Vermont 253 40

https://www.resnet.us/wp-content/uploads/2022-HERS-Activity-by-State.pdf




How a HERS Rating Can Assist
Renters & Home Buyers:

« Transparency & Information

» Identifying Energy Efficient Units
» Understanding Energy Costs

« Advocating for improvements
 Supporting Sustainable Living

« Enhancing Quality of Life
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Why Energy Labeling Is Important

Total Energy Burden
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1in 7 Families Live in Energy Poverty

Across Every state, extremely low-income
households bear disproportionately high
energy burdens
https://rmi.org/1-in-7-families-live-in-energy-
poverty-states-can-ease-that-burden/

https://www.energy.gov/scep/slsc/low-income-energy-affordability-data-lead-tool
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Aesthetics Versus Thermal Efficiency
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... What's Under the Facade?
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Energy Transparency
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Energy Modeling

Home Energy Rating Certificate

Projected Report
Based on Plans

HERS® Index Score:

Your home’s HERS score is a
relative performance score. The
lower the number, the more
energy efficient the home. To learn
more, visit www.hersindex.com

innova

Rating Date:
g BUILDING ADVISORS

Registry ID:
Ekotrope ID: LK5XgJgv

Annual Saving

$452

*Relative to an average US. home

Home:

Revere, MA 02151

Builder:

This home meets or exceeds the

Your Home's Estimated Energy Use:
criteria of the following:

Use [MBtu] Annual Cost

Heating 1023 $583

Cooling 0.0 $0

Hot Water 9.1 5426

Lights/Appliances 19.7 $925

Service Charges $144

Generation (e.g. Solar) 0.0 ]

Total: 131.2 $2,078

TSI Home Feature Summary: Rating Completed by:

ype f;
‘Q Mare Energy Hcm:l‘r,?e!: i\r‘ffe family detached Energy Rater: Nicole Burger
& e RESNET ID: 5841944
Existing 140 Community: N/A
Homes - Conditioned Floor Area: 1,500 ft* Rating Company: Innova Building Advisors, LLC
::_m Number of Bedrooms: 2 ?:f? 'Son.tl:_T 6th Street Philadelphia PA 19146
Rrrr:‘m: " Primary Heating System:  Boiler « Natural Gas » 85 AFUE 2154469945
90 Primary Cooling System:  N_A Rating Provider: Performance Systems Development
- Primary Water Heating:  Residential Water Heater » Electric « 0.95 Energy Factor 950 Danby Rd, Ste 201P, Ithaca NY 14850
g House Tightness: 10 ACHS0 607-277-6240 sy
:: Ventilation:  None
“ Duct Leakage to Outside:  Hydronic Delivery (Radiant)
] Above Grade Walls:  R-34
] Ceiling:  Attic. R-30
Zero Eneigy -~ Window Type:  U-Value: 0.3, SHGC: 0.4
one o Foundation Walls:  R-0 Nicole Burger, Certified Energy Rater
ey tmteny Framed Floor: R0 Date: 3/6/24 at 3:57 PM

Ekotrope RATER - Version=4.0.2.3352
The Energy Rating Disclosure for this home is available from the Approved Rating Provider.
This report does not constitute any warranty or guarantee.

1 ) ekotrope

Energy savings calculated without modifications to the energy model. (As Modeled)




Case Comparison

Reference Unit Type Floor | Annual Annual Annual Annual Annual Total
Heating | Cooling | Water Lighting/ Service Annual
Cost Cost Heating | Appliances/ | Charges | Cost
Other
TB Aluminum | A 1BR 3 S426 S26 S214 sSa472 s84 S1,222
Frame Mid
wWindow Inner
uPVC Frame B 1 BR 3 S27TS D25 S214 sS472 sS84 S1070
wWindow Mid
Inner
Reference Unit | HERS Operational Annual Energy Energy Energy Energy Total
Energy Carbon Energy Use Use Use Use Use
Rating Index Use MBtu MBtu MBtu MBtu MBtu
Index Electric Heating Cooling | Hot Lights/
Score Water Appliances
Existing A 63 63 7,113 9.1 0.6 4.6 10.1 24.3
Historic Kwh
Building
New B 49 50 6,163 5.9 0.5 4.6 10.1 17.6
Construction Kwh
Addition
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Local and Federal Funding Opportunities:

Inflation Reduction Act (IRA)

45L Tax Credits

DOE Homes

DOE HEEHRA

Green and Resilient Retrofit Program (GRRP)
DOE 48 Solar

Bipartisan Infrastructure Law (BIL)

 Utility Program Rebates & Incentives
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Part I1I: The CO2 Index




The CO2 Index:
Why and How

RESNET's £ :C:E)BBQN
New Carbon [y
Rati n g I nd (=) @ system is changing

First-of-its-kind carbon rating
index addresses critical issue
of greenhouse gas emissions.

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

.I n How can it be used?

v Usable for local climate
Uses hourly CO,e Combines these values change initiatives
emission rates with the hourly energy v Utility incentive programs
and electricity consumption given by
generation emission the calculation of the
projections as HERS Index to provide v" Can be used in Environmental,
published by the a new metric valuing Social and Governance (ESG)
National Renewable the carbon emissions reporting
Energy Laboratory. when energy is used. ¥ Can be a basis for green
(NREL). bonds

v’ Consumer awareness
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How it works:

A RESNET accredited
HERS software will take
the information entered

for a HERS Rating and
calculate the Carbon Rating
Index Score. No additional
inspections needed.

HERS Rating RESNET HERS Carbon Index
_)
Data Software Score

10..20 30 40 50 60 70 “80" 90 100 110 120130 140150

ZeroGarbon Homes eference Home Existing Homes

LESS CARBON — - Y = MORE CARBON e

RESNET

’ CARBON

INDEX

e CO2 100 indicates that the rated home
incurs the same total emissions as a similar,
all-electric home built to 2006 efficiency
standards

e CO2 0 = the rated home incurs net-zero
emissions over the course of the year - a
more difficult scenario than a HERS 0 Score
unless the home is generating on-site
renewable energy at times when the grid is
carbon-intensive

Spoiler: HERS 0 and CO2 0 are NOT the
same thing! A HERS 0 home is still a
burden on the grid overnight when
renewables are not plentiful.
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USEPA, eGRID, January 2023
Crosshatching indicates that an area falls within overiapping
€GRID subregions due to the presence of multiple electric
service providers. Visit Power Profiler to definttively determine

the eGRID subregion associated with your location and
electnic service provider.
http: /fwww.epa.gov/energy/ power-profiler

Hawaii

i iNREL

Transforming ENERGY

The Cambium Database

- Grid Forecasting Tool Released
in 2020

- Based on the USEPA eGRID
regions

- Models 10 Different Grid Impact
Scenarios

- Leading Grid Analysis Tool

24




Time of Use

v
5 £ 8
L.ume 0 r.mom
degodosecg
ZIS8Y>EG 523
cCREBLER®SS
F o ocCcCc v o ax a

o
o
~

250

mmmmmﬁﬁnnnnnn

NINIR

2 D
=
9
1 1
=3 = EERDEEEs o
r~ M w - o ~ O
et Lo Dt | ot | ot | ot | e —
4 ~ NS M o
= v o @0 v |~
. — ~N = =]~ —
- m < < @© o o 2 (>
~ | o MmMiln|lo|~|a]|e|® [+)]
~N | N Sl et ] ot v ] -
- ol ]le |~ ojlo]jln|x
o |uvn o sl |~ ml=la]lm w
™~ ™~ - — —_— — ™~ ~ - ™~
Te MmN ]n o |~
— s |||l o o | ™~
Y Nl =t =]~ N ~ ~ ~
L " o |~ |~ O i
— — —~ -+ - > — [Te]
Y v ~ ™~ ™~ (N d

11 12 13 14 15 16 17 18 19 20 21 22 23 0

Hour

!INIIIIIIIHI. >
m m | _ _ m _ _ _ m _ _

O =~ N

~ -~ o~

O N M T 1N O™~ 0 O

YIuop

An example long-run marginal CO2 emission rate pattern (kg/MWh) for the contiguous United States from the mid-case scenario of the 2020 Standard

Scenarios data set.
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Low Renewables Cost Scenario —
Highest Market Share of Renewable Energy

Levelized from 2025-2050

Levelized Long-run Marginal Emission Rates (Annual)

Units: kg of CO2 per MWh at the point of end-use

For mappings of ZIP codes and counties to GEA regions, see the County Mapping and ZIP Mapping tabs.
For the time zone that each GEA region is reported in, see the Timezones tab.

AZNMc | camxe [ ercte [ Frece | MroEe [ MRowe] newee [ nwepe [ nNyste | Rrcec | RrcMe | Rrcwe [ RmPAc | spnoc | spsoc | srmve [ samwe | srsoe | srrve | srvce
137.9 835 | 208 | 2007 | 1346 | 1964 | 1029 | 758 | 2802 3111 | 162.6 | 1415 | 1600 | 3055 | 2104 | 3051 179.8
Levelized Long-run Marginal Emission Rates (Time-of-day)
Units: kg of CO2 per MWh at the point of end-use
Hour of

the day | AZNMc | CAMXc | ERCTe | FRCCe | MROEC | MROWe| NEWEE | NwPPe | NysTe | RFCEe | RFCMc | RFCWe | RMPAC | sPNOc | spsoc | sRmve | semwe | srsoc | srTve | srvce
0 176.6 | 7908 | 907 | 3746 | 3023 | 1847 | 2310 | 1323 | 986 | 3664 | 3780 | 3969 | 2079 | 177.0 | 1825 | 3733 | 2743 | 4410 324.9
1 1818 | 859 | 906 | 392.4 | 3009 | 187.2 | 2285 | 1333 | 969 | 3620 | 3749 | 3922 | 2106 | 1775 | 1820 | 3708 | 2767 331.8
2 186.1 | 888 | 0.7 | 399.6 | 3025 | 186.8 | 227.5 | 1339 | 95.7 | 3504 | 3735 | 3907 | 2128 | 1788 | 1842 | 3711 | 279.0 I 334.3
3 1887 | 886 | 905 | 3945 | 3031 | 189.2 | 2266 | 1332 | 956 | 3584 | 3740 | 3914 | 2110 | 1819 | 1867 | 3714 | 2813 | 3| 334.0
4 187.9 | 841 | 913 | 377.7 | 280.0 | 1846 | 222.0 | 1206 | 944 | 3583 | 3755 | 393.0 | 2050 | 181.8 | 1001 | 368.4 | 2770 | 328.6
5 204.0 | 1186 | 84.7 | 3350 | 3706 | 3843 | 195.0 | 163.6 | 182.3 | 3362 | 232.8 | 4205 | 3902 | 2819
6 181.5 96.4 70.2 284.3 348.1 335.5 174.1 137.3 162.1 280.1 190.4 333.0 308.4 193.7
7 1618 | 757 | s68 | 2282 | 3254 | 2761 | 1449 | 1195 | 1364 | 2266 | 1512 | 2445 | 2467 | 1157
8 90 1469 | 68.4 | 475 | 1788 | 2007 | 2150 | 1200 | 1028 | 118.6 | 203.8 | 1346 | 187.1 | 2200 | 622
9 - 88, 143.3 | 674 | 446 | 1663 | 2908 | 1965 | 1120 | 99,0 | 113.7 | 1984 | 1202 | 1725 | 2252 | s82
10 93.1 617 | 869 | 894 | 828 | 1424 | 676 | 443 | 1635 | 291.2 | 1938 | 109.6 | 98.7 | 112.8 | 1948 | 1269 | 1667 | 2235 | 54.9
11 93.4 654 | 854 | 899 | 821 | 1431 ] 680 | 448 | 1621 | 2009 | 1930 | 1121 | 986 | 1105 | 1042 | 1257 | 1639 | 2213 | s37
12 932 | 116 | 678 | 872 | 891 | 813 | 1436 | 679 | 450 | 1610 | 2016 | 1934 | 1119 | 977 | 1095 | 1033 | 1258 | 1625 | 2210 | 527
13 93.1 670 | 804 | 901 | 818 | 1438 | e84 | 450 | 1615 | 2010 | 1925 | 1103 | 968 | 1115 | 1947 | 127.4 | 163.4 | 2240 | 536
14 93.0 | 130 | 668 93.7 94.7 82.7 148.7 | 711 469 | 164.1 | 2018 | 1946 | 1122 | 983 | 1134 | 2033 | 1317 | 1684 | 2327 | 567
15 944 | 229 | 689 | 1004 | 1315 | 940 | 1662 | 844 | 531 | 1824 | 2087 | 2086 | 1208 | 1099 | 1233 | 2470 | 1578 | 1760 | 2869 | 67.4
16 1121 | 419 | 812 | 1405 | 1885 | 1220 | 1954 | 1085 | 9.1 | 2494 | 3264 | 266.0 | 140.4 | 1346 | 1535 | 3200 | 2150 | 2255 | 373 | 1288
17 1396 | 536 | 1108 [ 2157 [ 2487 | 1504 | 2305 | 1220 | 885 | 3306 | 3601 | 3364 | 1708 | 1607 | 1031 | 4120 | 2611 | 3163 | 4sa6 | 1883
18 157.8 | 624 | 1265 | 2708 | 2875 | 1705 | 255.2 | 1266 | 110.2 | 386.4 | 3950 | 393.4 | 1868 | 1810 | 2245 | 4204 | 2844 | 3080 233.6
19 162.3 | 572 | 1118 | 2748 | 289.3 | 169.5 | 2493 | 1249 | 1082 | 387.6 | 399.4 | 4248 | 1941 | 1715 | 2097 | 4018 | 2667 | 4138 | 4505 | 241.2
20 161.0 | 562 | 982 | 258.9 | 284.1 | 1670 | 2384 | 1248 | 99.7 | 3732 | 3921 | 4053 | 1890 | 1680 | 2019 | 3842 | 263.0 | 3961 | 4437 | 2362
21 150.6 | 616 | 914 | 2581 | 2071 | 172.7 | 2359 | 1268 | 986 | 3682 | 3819 | 3995 | 1893 | 170.7 | 1027 | 3789 | 2736 | 3896 245.5
22 1649 | 653 | 907 | 289.1 | 3056 | 1760 | 2358 | 1203 | 1000 | 3756 | 382.1 | 4059 | 1968 | 1727 | 190.3 | 3800 | 277.1 | 406:6 282.8
23 1700 | 730 | 947 | 3352 | 3064 | 182.0 | 2341 | 1306 | 1021 | 3762 | 3802 | 4059 | 2016 | 176.3 | 186.7 | 3760 | 274.7 | 4306 313.0
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A Major Energy Transformation Is Underway

New England has shifted away from Most of today’s electricity comes from The regionis transitioning to large-scale
older coal- and oil-fired generation lower-emitting energy resources. clean and renewable energy.
to cleaner burning natural gas.
YESTERDAY VS. TODAY 2022 ENERGY RESOURCES LOOKING TO THE FUTURE
o Coal Oil
Hgg;"’ 03% 1% Wind power dominates new
Rokivibies resource proposals: nearly

1%
22%

18%
I 15%
1%
0.3% e —

2000 2022 2000 2022 2000 2022
Coal 0il Natural Gas

The amount of electricity produced by generators in New England and imported from other regions to satisfy all residential, commercial,
and industrial customer demand in New England. This is called Net Energy for Load (NEL).

16,000 MW

Solar power is growing rapidly:
ISO-NE forecasts nearly
12,000 MW within a decade

Battery storage technologies are
emerging at the customer and grid
level: more than 11,000 MW proposed

New transmission proposals
would provide access to additional
clean or renewable energy in

New England or Eastern Canada

Courtesy ISO-ne.com
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Carbon Index Emissions Comparison

A

Property Organization Inspection Status STEPHENS & COMPANY, INC.
41 Wauwinet Rd Stephens and Company, I 2023-10-17 MANTUCRET, massacHuseros
Nantucket, MA 02554 Andrew Buccino Rater ID (RTIN): 2223008

508-280-6542 RESNET Registered
Wauwinet Rd 41 - 5dYEqVnd (Confirmed)
41 Wauwinet Rd Builder

Adam Ross
Carbon Dioxide Equivalent (CO.e) [tons/yr] Carbon Ref. Rated Home Savings % Saved
Heating Total 5.64 1.16 4.48 79.41%
Cooling Total 0.04 0.01 0.04 82.34%
Hot Water Total 1.14 0.30 0.84 73.61%
Lights & Appliances Total 4.23 2.95 1.27 30.13%
Emissions Savings from Onsite Generation -0.00 -0.00 0.00
TOTAL 11.05 6.62 59.97%
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Carbon Rating & HERS® Certificate

Projected Report
Based on Plans

Carbon Index

41

Heating

Cooling

Hot Water
Lights/Appliances
Service Charges
Generation (e.g. Solar)

Total:

HERS Carbon Index

‘@- More Carbon
150
Ennlng oo
Homes. 130
120
ek 10

eference

Home 100

2Zero Carbon
Homo

oz 888588388

HERS® Index

40

CO,e Emissions [tons/yr]

About these ratings:

Both ratings are relative performance scores. A lower
Carbon Rating Index means fewer carbon emissions
for a home. The lower the HERS Rating, the more
energy efficient the home. For more Info:
www.resnet.us/about/resnet-carbon-rating-index
www.hers.com

Rating Date: 2021-10-07
Registry ID:
Ekotrope ID: 6LAXOWZ2

Annual Cost - ~
03 $251 Annual Savings*
0.0 $2
0.1 $129 2 .7 Tons COze
0.9 $844
L | $2,443
0.0 $0 “Relative to an average U.S. home
1.3 $1,228 =
Home Feature Summary:
Home Type:  Apartment, end unit
Model:  N/A
Community:  N/A
Conditioned Floor Area: 1,003 ft*
Number of Bedrooms: 2

Primary Heating System:
Primary Cooling System:
Primary Water Heating:
House Tightness:
Ventilation:

Duct Leakage to Outside:
Above Grade Walls:
Ceiling:

Window Type:
Foundation Walls:
Framed Floor:

Air Source Heat Pump + Electric » 10.9 HSPF
Air Source Heat Pump - Electric - 21.4 SEER
Residential Water Heater « Electric - 3.75 Energy Factor
1.3 ACH50 (Adjusted Infiltration: 1.30 ACH50)
54 CFM - 39 Watts - ERV

Forced Air Ductless

R-32

Vaulted Roof, R-37

U-Value: 0.29, SHGC: 0.26

N/A

R-37

STEPHENS & COMPANY, INC.

NANTUCKET, MASSACHUSETTS

Home:
31 Fairgrounds Rd Building 1 Unit B

Nantucket, MA 02554

Builder:
Fairgrounds Common

This home meets or exceeds the
criteria of the following:

2018 International Energy Conservation Code

Rating Completed by:

Energy Rater: Andrew Buccino
RESNET ID: 2223008

Rating Company: Stephens and Company, Inc
61 Old South Rd PMB 119 Nantucket, MA 02554
508-325-5736

Rating Provider: Building Efficiency Resources
PO Box 1769 Brevard, NC 28712
800-399-9620 oy

A,
*

L (welvheeuf

o) e
eorar®”.

Andrew Buccino, Certified Energy Rater
Date: 11/10/23 at 11:28 AM
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Propane

This home was modeled to Base Code, HERS 45 All-Electric, and HERS 42 —

Insulation R-values were kept at Base Code levels across all 3 models

Stretch Code Job Comparison
Address: Base Code All Electric - HERS 45 Propane - HERS 42
18 Beach Grass HERS 59 HERS 45 HERS 42
3200 sq ft 3Beds
Insulation Package Base Code Minimum Base code minimum Base Code minimum
Windows U:.30 / SHGC:.27 U:.30/ SHGC:.27 U:.30 / SHGC:.27
House Tightness 3 Air Changes 1.25 Air Changes 1.0 Air Changes
Heating Heat pump w/Propane backup Heat Pump HSPF2-10; SEER2-18.8 98% efficient furnace
Cooling SEER-17.5 SEER2-18.8 SEER-18
Hot Water 95% efficient On Demand Heat Pump 3.93 EF 96% efficient On Demand
ERV 60% efficient 82% 85%
Operational Cost $3,865 $2,774 $3,815
Op. Cost 25 yr $96,625 $69,350 $95,375
Tons Carbon / YR 4.42 3.01 4.97
25-Year Horizon 110.5 75.25 124.25

Operating cost is an estimate

25-year horizon does not account for inflation Air Changes have a significant impact on Energy performance




CTTTTTCIC T
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Comparing the Same Development Across Three Grids

Cambium Generation and Emission Assessment Reqi H H
2021 Version . 3 Cambium GEA Scenarios
o
N — Nantucket, MA 02554
;;;: x; / NEWEc - NPCC New England
227.5 390.7
226.6 3914
222.0 393.0
204.0 384.3
181.5 335.5
161.8 275.1
126.9 215.9 \ White Plains, NY 10601
= = NYSTc - NPCC
1431 = NYC/Westchester/Long
s - Island/ Upstate
148.7 194.6
166.2 203.6
195.4 265.0
838.5 230.5 3354
e o] [ \ Caldwell, OH 43724
27 284 a5 RFCWc - RFC West
100.9 235.8 405.9
102.1 234.1 405.9
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CO2 INDEX OPERATIONAL TONS CO2E

m Operational CO2e NO PV tons/yr White Plains
H Operational CO2e NO PV tons/yr Nantucket
1200.0 m Operational CO2e NO PV _tons/yr Caldwell, OH

1400.0

1000.0

800.0

600.0

TONS CO2e

400.0
200.0

0.0
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Carbon Dioxide Equivalent (CO.e) [tons/yr] Carbon Ref. Rated Home Savings % Saved
Heating Total 0.92 0.29 0.63 68.51%
Cooling Total 0.01 0.00 0.01 82.58%
Hot Water Total 0.72 0.13 0.59 81.58%
Lights & Appliances Total 1.42 0.90 0.51 36.35%
Emissions Savings from Onsite Generation -0.00 -0.98 0.98
TOTAL 3.06 0.34 2.72 88.79%
N
HERS O = Residual 400 Tons of Carbon Emitted @
4
- Even after
HERS 0 -
it \ adding all that
300 PV, we still are
250 emitting
¢ § 200 carbon at the
O 150 grid scale
CO020
S|
o «atll produce at
3 5 7 9 11131517 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 night!

YEARS

m CO2 Index Grid Emmissions With PVHERSO tons/yr Nantucket
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TONS CO2e

1400.0

1200.0

1000.0

800.0

600.0

400.0

200.0

0.0

CO2 INDEX OPERATIONAL TONS CO2E

m CO2 Index Grid Emmissions HERS 0 tons/yr Nantucket
B Operational CO2e NO PV tons/yr White Plains

m Operational CO2e NO PV tons/yr Nantucket

® Operational CO2e NO PV tons/yr Caldwell, OH

I
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Environmental Justice and CO2

Demographic Index Percentile State
ol ; - . (@&
1,199 Peaker Power Plants : Demographic Index Percentile
A ol P e
‘ffo g A
F (" A B
Large numbers of # o e
A ] | - A
“peaker” plants in O X NG R ay
4 ‘,/
New England are by e R S
4 A A 5 (‘O uf A "
- - fa) < A, n
located in areas with o G
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Source: US EPA data visualized at https://www.cleanegroup.org/initiatives/phase-out-peakers/maps/
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Communication

What is a Virtual
Power Plant?

Leveraging of installed
communications tech to deliver
demand responsiveness

Let’s consider a microgrid and a VPP

We can't have a microgrid
without connecting to a primary
grid’s Peak Load capacity in case
that microgrid goes down.

if @ microgrid is supported by VPP
responsiveness, it can eliminate itself
from the peak load equation.
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All Of These Are Now Supported

and Are Interconnected:

On-Site Battery Storage/ Micro-Grids
Heat Pump Water Heaters
Electric Variable capacity HVAC Systems
Connected Thermostats
Clothes Washers
Clothes Dryers
Refrigerators
Electric Vehicles
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Part II1I: Embodied Carbon




Buildings and Carbon:
Operational and Embodied Emissions

Total global fossil fuel
emissions by sector, 2022

The built environment is
responsible for 40% of annual
global CO, emissions

Concrete, steel, and aluminum
for buildings & infrastructure
are responsible for 13% of
annual global CO, emissions

Annual Global CO, Emissions

.. 27% BuiLDING

" (9.0 GT) OPERATIONS

Transport

60/ BUILDING
CONSTRUCTION

. < (2.3 GT) INDUSTRY

Other

Industry OTHER
7 / CONSTRUCTION
- (2.4 GT) INDUSTRY

© Architecture 2030. All Rights Reserved. Data Source: |EA (2022), Buildings, IEA, Paris

Building Construction Industry and Other Construction Industry represent emissions
from concrete, steel, and aluminum for buildings and infrastructure respectively.
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Residential Construction Impact

Total Net
EMISSIONS

200

kg CO2e/m*

(Average of 800 new
homes from BfCA studies)

235 million m?2

(2.5 billion ft?)
new low-rise residential
in US (2017)

~50-55

million tonnes

annual emissions

== Finland
mmm Bulgaria
= Hungary
aam Sweden
Norway
(W Singapore
§ § Peru
Portugal

46.846
49.568
50.856
50.874
52.492
55.018
55.931
56.771
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Residential Construction
Material Emission Baselines

HIGHEST AVERAGE LOWEST
RESULT RESULT RESULT

Total Net Total Net Total Net

EMBARC Study EMISSIONS EMISSIONS
(Toronto region) 561 1 9/1 11 /6
kg CO2e/m? kg CO2e/m? kg CO2e/m?

503 as-built homes

https://www.buildersforclimateaction.org/report-—-embarc-report.html
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Carbon Use Intensity - Nelson, B.C.

CO, Emissions (1)

160
140
120
100
80
60
40
20

Operating and Embodied Emissions Scenarios

54t

CUI 20 yrs later

28.8t

upfront
embodied
emissions

Average

Avg. of 34 homes in
Nelson and Castelgar,

BC, Canada

138.71

CUI 20 yrs later

78.3t

CUI 20 yrs later

40.7t
upfront
embodied
emissions
26.3t
upfront
em_bo_died
emissions
High Mixed |
High embodied Low embodied
High operating High operating

emissions emissions

Most significant improvement
from the Average scenario
when BOTH operating and
embodied emissions are low.

50.71

CUI 20 yrs later

47 .5t
upfront
embodied

emissions

Mixed Il
High embodied

Low operating
emissions

16.5t

CUI 20 yrs later

12.9t
upfront
- embOdiEd

emissions

Low
Low embodied

Low operating
emissions
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New Way to Define Building Performance

Up-Front Embodied Operational
Carbon Emissions Carbon Emissiocr?

SN

USE INTENSITY -= CARBON USE
— INTENSITY

ENERGY SOURCE
EMISSIONS
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New Way to Meet Emission Reduction Targets

CARBON USE / Target date for
INTENSITY Zero emissions

OkgCOZe/m2/2050

/

Can’t get here without carbon storing buildings.
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Life Cycle of a Building

BEYOND
THE
CONSTRUC- LIFECY-
PRODUCT TION MAINTAIN AND USE END OF LIFE CLE
Embodied Embodied Embodied Operational Embodied Embodied
cHGA 1 A5 B1-5 C1-4

Emissions

O oy, =G

Time
Extract Transport Manu- Transport Con- Use Mainte- Repair Replace- Refur- Energy Water Demol- Haul away Recycling Disposal Reuse/
raw to factory facture to site struct nance ment bishment Use Use ish the waste Recovery
materials products the building materials
building

Source: New Buildings Institute https://newbuildings.org/code_policy/embodied-carbon/
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Material Carbon Emission Analysis
EXTERIOR WALLS SUBTOTAL (kg 00,0 cLimaTe

SECTION COMPLETE? [ -5,576

NET EMISSIONS  EMISSIONS STORAGE

CATEGORY MATERIAL QUANTITY UNITS % g FOOTNOTE
Fiberglass batt / Owens Corning / EcoTouch Pink batt and roll / R 3.6/inch 4,1 01.0 ft? 100% [:] 374 374 0
HEMP FIBER WOOL INSULATION
Hemp fiber batt / NaturFibre / Hemp Wool / R 3.7/inch 4,101.0 ft 100% O -438 1,398 1,836
CELLULOSE INSULATION
Cellulose / loose fill / R 3.7/inch / CIMA [Industry Avg | US & CA] 4,101.0 ft? 100% D -856 392 1,248
Cellulose / batt / CMS / EcoCell / R 3.6/inch 4,101.0 ft2 100% O -1,436 392 1,828
gﬁgfrl:osg‘fnspray applied / R 3.75/inch / International Cellulose Corp. / K-13, 4,1 01.0 ft2 100% D -1,692 262 1,954
Cellulose / dense pack / R 3.7/inch / CIMA [Industry Avg | US & CA] 4,101.0 ft? 100% O -1,711 784 2,495
WOOD FIBER INSULATION
Wood fiber loose fill / GUTEX / ThermoFiber / R 3.6/inch 4,101 .0 ft? 100% [:] -1,172 486 1,658 Expired 2020
Wood fiber batt / GUTEX / ThermoFlex / R 4/inch [EU] 4,101.0 ft? 100% d -1,731 302 2,033
Wood fiber batt / Steico / SteicoFlex / R 3.8/inch [EU] 4,101.0 ft? 100% a -1,897 352 2,249 Expired 2021
Wood fiber batt / [BEAM Avg | EU] 4,101.0 ftz 100% ([ -1,956 235 2,191
Wood fiber batt / Pavatex / Pavaflex / R 3.8/inch [EU] 4,1 01.0 ft? 100% O -2,241 50 2,291 Expired 2019
HEMPCRETE INSULATION
Hempcrete / Cast in-situ / USA / R 2.1/inch, Avg. mix using NHL & PHL 4,1 01.0 ft2 100% D -2,417 7,133 9,551 Peer-reviewed LCA, 2020
Hempcrete / Cast in-situ / Europe / R 2.1/inch, Avg. of 9 mixes 4,101.0 ft2 100% O -4,199 10,548 14,747 Peer-reviewed LCA, 2017
Hempcrete / Cast in-situ / IsoHemp / Europe / R 2.1/inch 4‘1 01.0 ft? 100% D -4,832 4,719 9,551 LCA, 2018
STRAW BALE INSULATION
Straw Bale / Wheat & barley straw / SNaB (UK) / R 2.8/inch 4,101.0 ft 100% D -4,319 542 4,861

Straw Bale / Wheat & rye straw / (Germany) / R 2.8/inch 4,1 01.0 ft? 100% v 326 6,488 Expired 2019

ﬁ
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Simple Substitution Strategy: Immediate Action

Material Carbon Reductions — Substitute Best Available Materials

81,510
t CO2e

Baseline
262 kg
C0O2e/m2

20,380
t CO2e

75%

reduction

Improved
66 kg
CO2e/m2
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Part IV: Emergent Methodologies




Emergent Methodology:
Combining RESNET Indices for Equity

HERS Index
This year, RESNET will introduce its 4,000,000t HERS Rated Home into its registry!

CO2 Index
Currently established: accounts for time of use emissions and coordinates with
the new embodied carbon standard. EPDs could use the CO2 Index to allow
for consistency across the industrial sector in product manufacturing.

Embodied Carbon Measurement Standard
Currently in development: Technical Advisory Task Group is working out the
details and the Standard Development Committee has been officially appointed.
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HERS H,0 =$=HERSizo

RESNET's Water Efficiency Rating System

HERS H20 Water Index is currently established: opportunity to coordinate with
other indices as it relates to carbon and/or ecological impact.

HERS H20 was rolled out in 2021: over 6000 homes have used this index in the
West and Southwest. This is in alignment with WaterSense certification from the
EPA.

According to the EPA, Electricity Generation is responsible for 41% of our water
consumption in the US!

Reducing our Grid Intensity reduces our Water Intensity!!
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Emergent Methodology: M/E/P

MEP Full Scenario Comparison - R410a

35000
30000
25000
& 20000
o
(w]
89 15000 l
10000
- l I I
0 [——
B1/B4 Total Al-A3 B1/B4 Total Al-A3 B1/B4 Total
Scenario 1 Scenario 2 Scenario3
m Heating/Cooling m Refrigeration - R410a = Ventilation
Ducting H DHW B Piping
M Fixtures B Switchgear B Wiring
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Emergent Methodology: M/E/P

Include MEP in embodied carbon (EC) standard; 25% of total EC emissions
(CISBE 2021)

Utilize CISBE-NA TM65 as data basis (ASHRAE in process), or EU EPD data
Include refrigerant impacts - major potential impact during use (B) stage

Sensitivity Analysis on residential-scale EC totals in process

Coordinate with RESNET Workflows and Indices to inform data
collection and analysis
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Part V: Environmental Justice
and Resiliency




Environmental Justice Neighborhoods

‘Peaker” Plants

S ettt ,L'_\
O A
c Primary Fuel
E A Gas
T O oil
AN
Q FA
Connecticut
apbox © OpenStreetMap . A
oo cFasutzes iy
u:u, ; e 0 0 2 40km
https://m ass_ e Ess. HERE. Garmn, USGS, EPA, NPS | Massachuselis Mighwaty Survay Secton. MassGIS | EEAGIS
eoeea.maps.arcgis.com/apps/webappviewer/index.html|?id=1d6f63e7 Source: US EPA data visualized at

7622a48e5930de84ed4849212 https://www.cleanegroup.org/initiatives/phase-out-peakers/maps/
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So Let’'s Reduce the Load
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So Let’'s Transition to Renewables
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Unequal Consequences

60

60



Indigenous Knowledge Leading the Way

“5% of world’s population exist
of indigenous people, and their
way of life has preserved 80% of
the world's biodiversity.”

— Raki of West Papua

https://sustainingalllife.org/resources/frontline-voices-video/
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Photo by
Nelson
Treehouse
and Supply

Regeneration
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Croft

Bio-Based =

Supports Local Industry =

Carbon Sequestering =
Non-Toxic...

TIMBER[FP \ S

by GO LAB \ \\ A
.+ Eve, Elio, Maring, José, and
* Nacho at the Gryphon Strow

Panel fabrication shop at
MILLED T wasTe
LUMBER

PROCESS:

New Frameworks
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here Does Value Lie?
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Resiliency
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Adjuntas Pueblo Sol;
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https://nextcity.org/features/grassroots-movement-puerto-ricos-first-community-owned-solar-microgrid
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Energy Is Everything

Mitochondria

Inner Intermembrane Matrix Quter
membrane space membrane

Cristae

FO ti
FOF1 -ATPase{ pREAR
F1 portion
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Questions:

Nicole Burger Andy Buccino Jacob Deva Racusin

Regional Manager, New England Manager - Energy Division Director of Building Science
and Senior Energy Consultant Stephens and Company and Sustainability
Innova Building Advisors AndyB@stephensandcoinc.com New Frameworks

nburger@innovaservices.com Jacob@newframeworks.com
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Thank You!




