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Study Overview



8 2022 RBSA Vision Statement

“‘Support the region's enerqy efficiency, resource planning, and
utility objectives through a regionally representative, statistically
rigorous, and comprehensive assessment of residential

buildings.”
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8 Use Cases

° Baselines
* Conservation potential assessments (CPAS)
° Integrated resource plans (IRPs)

° Regional power planning

° Program evaluation
* Market characterization and progress
° Program opportunity assessment
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2022 RBSA Workgroup G

Purpose: The Residential Building Stock Assessment (RBSA) Work Group provided
NEEA with decision support and coordination on key components of the study’s design
and implementation.

* Avista * Northwest Natural Gas
* Bonneville Power Administration * Northwest Power and Conservation
Councill

* Cascade Natural Gas
* Clark PUD
° Energy Trust of Oregon

° Puget Sound Energy

* Regional Technical Forum
* Seattle City Light

* Snohomish County PUD

* |daho Power
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Eligible Building Types ﬂ

* Single-family: Detached and attached residences.

- This includes manufactured homes, duplexes, triplexes, quadplexes, and
vacation homes.

- This does not include mobile homes

° Multi-family: Apartments and condominiums with five or more units
- Low-rise: 1 — 3 stories
- Mid-rise: 4 — 6 stories

- High-rise: 7+ stories
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8 Data Collected G

* Single-family: On-site visit by trained engineer

- Audit of building characteristics
- Interview questions
- Release of energy usage data
° Multi-family: On-site, or virtual site, visit by trained engineer
- Audit of unit and building characteristics
- Interview questions

- Release of energy usage data for tenant units
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YA Recruitment G

* Single-family: Recruitment letter or postcard mailed

- Invites residents to take a web survey to assess eligibility
- Schedule site visit
° Multi-family: Two approaches

- Recruit property manager, then tenant unit

- Recruit tenant unit
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Income of Occupants of Homes

Household Income — People Living in Single-Family Homes

< $15K $15-25K $25-35K $35-50K $50-75K $75-100K $100-150K $150-200K $200K + Unreported
m RBSA 2022 = Population

Household Income — People Living in Multi-Family Homes

20%

19%
%
8% 9% 8% 7% 7% _—r 2l
.

<$15K $15-25K $25-35K $35-50K $50-75K $75-100K $100-150K $150-200K $200K + Unreported
mRBSA 2022 mPopulation
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Controlled for the following:
1.

gD W N

>4 Sample Design: Single Family

Heating Zone (cold climate)

Income

. State
. Urban/Rural

. Utility oversamples
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Sample Design: Multi-family

Controlled for the following:
* Height class:
- Low-rise
- Mid-rise
- High-rise
* State
* Urban/Rural
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Housing Units by Type

m Single Family Detached m Apartment in Low-Rise m Duplex, Triplex, or Fourplex
= Townhome or Rowhome m Apartment in Mid-Rise = Apartment in High-Rise

® Manufactured
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Housing Units by Vintage — Single Family SN

Idaho 8% 21% 13% I

Montana 9% 12% 13% I
Oregon 8% 13% 6% I
Washington 7% 12% 14%

2022 8% 13% 12% I

2017 11% 15% 5%

EPre 1951 ®=1951-1960 m®=1961-1970 =1971-1980 w®=1981-1990 =1991-2000 =2001-2010 2011-2020 = Post 2020
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Housing Units by Vintage — Multi-family

Multi-Family

10% 13% I

EPre 1951 = 1951-1960 ®1961-1970 =1971-1980 ®=1981-1990 =1991-2000 ®=2001-2010 2011-2020 = Post 2020
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Housing Units by Size — Single Family

E< 1001 = 1,001 - 2,000 = 2,001 - 3,000 = 3,001 - 4,000 m 4,001 - 5,000 = 5,001 - 6,000 26,001 - 7,000 7,001 +

Square Feet
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EUls by State — Single Family

* Electric EUI down slightly.
° Natural gas EUI holding steady.

Electric (kWh/sq.ft.)| 2022 2011 Gas (therms/sq.ft.) | 2022 | 2011

ldaho 6.7 7.6 ldaho 0.4 0.4
Montana 5.5 5.4 Montana 0.4 0.5
Oregon 6.7 7.4 Oregon 0.4 0.4
Washington 7.7 7.7 Washington 0.4 0.4

Overall 7.1 7.4 Overall 0.4 0.4
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Lighting
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Residential Lighting

- LEDs are now the dominant lamp type In
sockets across the Northwest

* Nearly all homes have LEDs
with LEDs

Multi-Family Homes
with LEDs
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Residential Lighting — Single-Family Homes g

* LED saturation up nearly 200% since 2017

* Lighting power density down 43% since 2011

2017 7%

mLED = CFL ® [ncandescent = Fluorescent m Halogen = Other / Unknown




Residential Lighting — Multi-Family Homes g

° LED saturation up 275%
° Incandescent lamp saturation down 54%

* CFL saturation down 77%

mLED = CFL ® [ncandescent = Fluorescent m Halogen = Other / Unknown
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HVAC
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Single-Family Primary Heating

Idaho 4%

Montana 4%

Oregon 5%

®m Furnace m Central Air Source Heat Pump m Baseboard / Wall or Unit Heater
= Fireplace or Stove m Ductless Mini-Split Heat Pump = Boller
®m Geothermal Heat Pump Other
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Single-Family Primary Heating - Furnace Fuels

®m Furnace - Natural Gas ® Furnace - Electric ® Furnace - Other Furnace - Unknown ®All Other
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SF Primary Heating, Urban and Rural

®m Furnace m Central Air Source Heat Pump m Baseboard / Wall or Unit Heater
m Fireplace or Stove = Ductless Mini-Split Heat Pump m Boiler
Geothermal Heat Pump m Other

® Furnace - Natural Gas ® Furnace - Electric ® Furnace - Other B Furnace - Unknown m All Other
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Single-Family Cooling Is Increasing

° Year over year increases In the percent of homes in the
Northwest with cooling

2022

2017

2011
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Single-Family Primary Cooling

m Central AC m Central Air Source Heat Pump  ®Window and Portable AC
= Ductless Mini-Split Heat Pump  ® Geothermal Heat Pump u Other
mNo AC
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SF Primary Cooling, Urban and Rural

m Central AC m Central Air Source Heat Pump = Window and Portable AC
® Ductless Mini-Split Heat Pump = Geothermal Heat Pump m Other
No AC
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Single Family HVAC Efficiencies

* Efficiency metrics continue to improve

AFUE 86% 86% 84%
Central HP HSPF 8.9

8.3 8
DHP HSPF 10.8
Central AC SEER 13.4 12.2 11.1
Central HP SEER 15.2 13.4 13
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Multi-Family Primary Heating

* No big changes in multi-family unit heating equipment
since 2017

2022 4%

2017
m Baseboard / Wall or Unit Heater ® Furnace ® Plug-in Heater
= Fireplace or Stove m Ductless Mini-Split Heat Pump = Central Heat Pump
m Other
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Multi-Family Primary Cooling

* More packaged AC units in 2022 than 2017

* Fewer housing units with no cooling

m Packaged AC m Packaged Heat Pump ® Ductless Mini-Split Heat Pump
Central AC m Central Heat Pump = Other/Unknown
mNo AC
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> Thermostats

* Mix of thermostat types in single-family homes, with
Increases in smart / Wi-Fi thermostats since 2017

* Manual HVAC controls still dominant in multi-family

2022
2017

2022

Multi-Family  Single-Family

2017

®m Smart/Wi-fi = Programmable = Manual

34 | ©2024 Copyright NEEA.



Appliances and Consumer
Products



O Televisions @

°* LCD TVs, especially LED versions, are dominant
Single-Family

Multi-Family

m|CD-LED ® LCD - Fluorescent m OLED / QLED = Other

° Larger TVs (50+ inches) make up nearly 40% of TVs

Single-Family 12%

Multi-Family 8%

m <30" m 30" - 39" m 40" - 49" m50" - 59" m 60" - 69" m 70"+
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Water Heaters by Type, by Year

* Majority of water heaters are storage tanks (and not
HPWHS).

* Tankless and HPWHs are slowly growing in prevalence In
single-family homes.
2022
2017

2011

m Storage (all fuels) = Tankless (all fuels) m Storage (heat pump)
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Water Heaters by Type, by State

* ldaho has a slightly higher prevalence of non-HP storage
tanks.

* HPWHs are most prevalent in Oregon and Washington

Idaho
Montana
Oregon

Washington

2022

m Storage (all fuels) ® Tankless (all fuels) m Storage (heat pump)
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Water Heaters by Fuel, Single-Family

* 55% of water heaters in single-family homes are electric
water heaters.

* Most of the rest are natural gas, with some variation by
state (i.e., more natural gas in Montana).

ldaho
Montana
Oregon
Washington

2022

2017

m Electric m Natural Gas m Other
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Water Heaters by Fuel, Multi-Family

* 55% of multi-family homes have electric water heaters.

* Considerable variation in the prevalence of in-unit water
heaters by height class.

Low-Rise (1-3)
Mid-Rise (4-6)
High-Rise (7+)

2022

m Electric m Natural Gas ® No In-Unit Water Heater
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Water Heater Locations, Single-Family

* Most water heaters are either located in a dedicated
laundry / mechanical room or in the garage.

* Water heaters are also often located in basements.

Storage (all fuels)
Tankless (all fuels)

Storage (heat pump)

mBasement  ®mLaundry / Mechanical mGarage = Other
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Storage Water Heater Locations, Single-Family

* Few storage water heaters in Montana are in garages
(5%) compared to other states.

° Most water heaters in Montana are in dedicated laundry /
mechanical rooms.

ceno NG .
oegon Oz ISR v
wasingon SRR . o

®mBasement  ®Laundry / Mechanical mGarage @ Other
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EVs and Solar



> Distributed Gen and Electric Vehicles

* Prevalence of solar PV has increased since 2017.

-

2022 8% 5% 10% 12% 10%
2017 2% 1% 3% 3% 3%

* Higher percent of homes have 1+ electric vehicle
(including full EVs and PHEVS)..

2022 2% 3% 8% 8% 7%
2017 0% 2% 2% 1% 1%
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Resources



Findings Report — Appendix

Page Appendix Section
38 Al. ENERGY STAR Appliances (Prevalence) PY B PA/N O n _ B PA

41 A2. Distributions of Installed Lighting by Lamp Type

44 A3. Mean # of per Home (for select end uses) .

47 A4, Distributions of Water Heaters in Single-Family Homes by Type ® - e atl n g ZO n e
53 AS5. Distributions of Water Heaters in Multi-Family Homes by Type

57 AB. Distributions of Primary Cooling Equipment in Single-Family Homes by Type o L O m e t e
64 A7. Distributions of Primary Cooling Equipment in Multi-Family Homes by Type yp

68 A8. Distributions of Primary Heating Equipment in Single-Family Homes by Type

75 A9. Distributions of Primary Heating Fuel Types in Single-Family Homes [ Own e r S h I p

82 A10. Distributions of Primary Heating Equipment in Multi-Family Homes by Type

87 A11. Distributions of Primary Heating Fuel Types in Multi-Family Homes

89 A12. Cooking Equipment - Oven Distributions by Type and Fuel Type ¢ State

92 A13. Cooking Equipment - Stove Distributions by Type and Fuel Type

95 A14. Presence of Select Electronics and Appliances (Homes with 1+) PY b / I
100 A15. Percent of Appliances by Appliance Sub-Type U r an R u ra
105 A16. Percent of Electronics by Electronics Sub-Type

109 A17. Single-Family Shell U-Value and UA Statistics

115 A18. Single-Family Energy Use Intensity (EUI) Statistics

46 | ©2024 Copyright NEEA.



Findings Report — Appendix

A2.3. Distribution of Installed Lamp Types by State

ID (CI) MT (CI) OR (CI) WA (CI) Owverall D'JETI_::: D"..-e::réll;
LEDs 58.5% 405 5;2"_‘;;; 53.6% 252 ‘553_3:;; 61.3% 733 5&_13; 57.8% 835 EEED?;’; 58.5% 2225 Esﬁd_?;;;
CFLs 9.2% 200 || &% 8.3% 83 O 8.8% a2 T 8.1% s6 e 8.9% 110 OS2
Incandescents 21.6% s || B85 | 22.0% 24 TR 4g7% so1 ST qe7w 627 TR 200% 1787 oo
Halogens 2.0% 136 P a.4% 121 - 27% 237 S 42% a3 3 3.5% g7 0%
Lnear Fluores- 6.2% 191 ” _':’i; 8.0% 144 E;:; 5.7% 360 "‘Ef':’;‘; 4.4% 335 35'_5:’;’{; 5.3% 1030 "‘;5:’2}‘{;
Other Lamps 0.2% o || % 0.0% : NA  0.3% zr O 0.2% 30 U 0.2% e
Unknown Lamps 2.3% 150 Py 2.8% 117 o 2.6% 212 2o 4.6% 379 e 3.6% 858 e
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1 Table

¥ Variable

YA Site One-line Tables

~ |Unit ~ |Variable type

F
~ Variable Description / Question Text

4

G
2017 Table

H | J
+ 2017 Variable - 2011 Table - 2011 Variable ~

142 |Appliance_One_Line.csv
143 |Appliance_One_Line.csv
144|Appliance_One Line.csv
145 |Appliance_One_Line.csv
146|Appliance_One_Line.csv
147 |Appliance_One_Line.csv
148 |Appliance_One_Line.csv
149|Appliance_One Line.csv
150 Appliance_One_Line.csv
151|Appliance_One_Line.csv
152 |Appliance_One_Line.csv
153 |Appliance_One_Line.csv
154|Appliance_One Line.csv
155 |Appliance_One_Line.csv
156|Appliance_One_Line.csv
157 |Appliance_One_Line.csv
158 |Appliance_One_Line.csv
159|Appliance_One Line.csv
160 Appliance_One_Line.csv
161|Appliance_One_Line.csv
162 |Appliance_One_Line.csv
163 |Appliance_One_Line.csv
164|Appliance_One Line.csv
165 |Appliance_One_Line.csv
166|Appliance_One_Line.csv
167 Appliance_One_Line.csv
168 | Appliance_One_Line.csv
169|Appliance_One Line.csv
170/ Appliance_One_Line.csv
171|Appliance_One_Line.csv
172 |Appliance_One_Line.csv

a=ala 1 -

< b

CK_SitelD
Building_Type
Building_Category
City

County

State

Zip

Region SF StrataVar

Attached Detached_ SF_StrataVar
BPA_SF_StrataVar

Sample_ SF_StrataVar
NWN_SF_StrataVar

Height Class MF StrataVar
Strata_Territory

Site_Case Weight

Strata_pPopulation_Estimate
Electric_Utility

EIA Electric_Utility ID
Electric_Utility BPA
Gas_Utility
Conditioned_Area
Conditioned_Volume
Qty Rooms
Qty_Bedrooms

Qty Bathrooms
Cooling_Zone
Heating_Zone

Home Vintage
Ownership
Qty_Occupants

Sq ft
Cuft

TVs_Total

2022 RBSA Data Dictionary

Response List

+

ID

Single Choice selection
Single Choice selection
text

Single Choice selection
Single Choice selection
text

Single Choice selection
Single Choice selection
Single Choice selection
Single Choice selection
Single Choice selection
Single Choice selection
Single Choice selection
decimal

decimal

Single Choice selection
ID

Single Choice selection
Single Choice selection
decimal

decimal

integer

integer

decimal

integer

integer

integer

Single Choice selection
integer

integer

Site ID

Building Type

Building Category

Site City

County

State

Zip Code

BPA Subregion

Single-family weighting variable: attached or detached
Single-family weighting variable: BPA electric utility
Single-family weighting variable: Core or Oversample
Single-family weighting variable: Northwest Natural Gas Service
Multi-family weighting variable: building height class
Strata Name

Site weight

Estimate of the strata's population

Electric Utility

Electric Utility ID

BPA utility flag

Gas Utility

Conditioned Area of home

Home volume

Number of rooms

Number of bedrooms

Number of bathrooms

Cooling Zone (based on RTF cooling zone assignments)
Heating Zone (based on RTF heating zone assignments)
Home vintage

Do You Rent or Own this home?

Number of occupants

Countof

- . r




8 User Guide

USer GUIE PUMPOSE......ceciiicic et sess s s s e s ssasn s as s s s s s amam s £e e s ae e s s an s s e nsnensnnsn 1
Study BacKground ... s isssnis s s ssa s s s s s s aa s s aan e s n e s an e neaan 1
What type of analyses do the 2022 RBSA datasets support? .............ccooiiiiiiiiiiiiicece e 1
What type of analyses do the 2022 RBSA datasets not support? ... ..o 2
Accessing and Preparing 2022 RBSA Data.........cccccoimimimnminininssnississnssisssssssssssnssssssssssnens 3
Joining JLIE= L= (=SSR SUSTNR 3
=Y = bo Rt ot o =T = SRS 5
AppPlying Weights......coo s s aan e 6
Recalculating WEIGRTS ...ttt bbb e 8
LT To =T g - T 3N 9
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Multi-Family Buildings

Lighting_Installed_Fixtures.csv
Lighting_Installed_Lamps.csv

Lighting_Storage.csv

Keys:

Site ID | ——

Room ID

Keys:
Site 1D
Building 1D (multi-family only) Building ID
Tables: Tables:
SheDetal.csy ME_Building_Site_Detail.csv
ElectricalPanel.csv MF_Building_Ceiling.csv
LeiMeters.csv ME_Building_Construction.csv
Room io MF_Building_HVAC.csv
MF_Building_Walls.csv
Keys: Keys: MF_Building_Windows.csv
Site ID Site ID
Tables: Tables:
pe._ jon.csv Testing_Blowerdoor.csv
Envelope_Ceiling.csv Testing Ductleakage.csv
Envelope_Construction.csv Testing _Trueflow.csv
Envelope_Floor_Foundation.csv
Envelope walcsy =S
Skyfight.csv Keys:
Window.csv Site ID
Tables:
. Sitelnterview_Demographics.csv
 Outbildings.csv Table Sitelnterview_ HomeEnergyUse.csv
Keys: Siteinterview_OccupantConservation.csv
Site ID
Keys:
Site ID
Tables:
ElectricVehicleChargers.csv




#it#Ht R Code For Bootstrapping ####

# Example: Confidence Interval for Average of Known Television Sizes by State

Code Snippets

# Python Code Demonstrating Weighted Analysis bootstrap_ci_weighted <- function(variable, weights, n_iterations = 1000) {
# Check if the number of observations is less than 10

# Function to perform weighted bootstrap resampling and calculate 95% CI

# Example: Weighted Average of Known Television Sizes by State
if (length(variable) < 10) {

return(c(Lower_Cl = NA, Upper_CI = NA))
import numpy as np }

import pandas as pd

television_data_with_state_and_weight = pd.merge( means <- numeric(n_iterations)
Appliance_Television,

SiteDetail[['SitelD’, 'State’, 'Site_Case_Weight']],

for (i in 1:n_iterations) {

# Sample with replacement, considering weights

on='SitelD', sampled_indices <- sample(seq_along(variable), size = length(variable), replace = TRUE, prob =
how="left' weights)
) sample <- variable[sampled_indices]
# Calculate mean
means[i] <- mean(sample)
# Filtering out rows where Size is 'Unknown’, converting Size to numeric }

television_data_grouped = television_data_with_state_and_weight[

television_data_with_state_and_weight['Size'] = "Unknown' # Calculate 95% confidence interval

ci <- quantile(means, probs = ¢(0.025, 0.975))
1.copy()

return(ci)
television_data_grouped['Size'] = pd.to_numeric(television_data_grouped['Size"])

}

# Example of applied function

television_data_with_state_and_weight %>%
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Study Deliverables
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MF Buildings — Parking Area Lighting

* High-rise and mid-rise parking areas are predominantly
illuminated by LEDs (63% and 62%, respectively).

* Parking areas at low-rises are roughly an equal mix of LEDs,
halogen/incandescent lamps, and linear fluorescent lamps.

Low-Rise (1-3)
Mid-Rise (4-6)

High-Rise (7+)

2022

mLED w®mCFL mHalogen/Incandescent = Fluorescent mOther
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MF Buildings — Exterior Lighting

° Exterior area lighting is dominated by LED lamps across all
building height classes.

° Exterior lighting at high-rises, in particular, consists of mostly
LEDs (86%).

mLED m=mCFL mHalogen/Incandescent = Fluorescent mOther
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A Residential HVAC

» Cooling is on the rise

* Heat pumps present in 30% of single-family
homes

- Packaged AC (window and portable units) more
prevalent in multi-family units

» Multi-family HVAC controls are largely manual
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Laundry Equipment

* Stacked washers/dryers are more common in multi-family tenant
units than in single-family homes.

Single-Family

® Front load washer = Top load washer m Stacked combo

In single-family homes, 92 percent of dryers are electric, and the
study found only electric dryers in tenant units.

° One percent of dryers are heat pump dryers.
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