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ResStock History and Data Releases

« ResStock Calibration : End Use Load Profiles (EULP)

— ResStock calibrated and validated against best available
measured data across U.S.

— Initial data release of national baseline timeseries energy
consumption by end use and fuel

- Data releases to date:
— EULP (2021) - baseline, timeseries
— 2022.1 - baseline + 10 upgrades, timeseries
— 2024.1 - baseline + 260 upgrades, annual savings
— 2024.2 - baseline + 15 upgrades, timeseries
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https://data.openei.org/s3_viewer?bucket=oedi-data-lake&prefix=nrel-pds-building-stock%2Fend-use-load-profiles-for-us-building-stock%2F2022%2F
https://data.openei.org/s3_viewer?bucket=oedi-data-lake&prefix=nrel-pds-building-stock%2Fend-use-load-profiles-for-us-building-stock%2F2024%2Fresstock_dataset_2024.1%2F
https://data.openei.org/s3_viewer?bucket=oedi-data-lake&prefix=nrel-pds-building-stock%2Fend-use-load-profiles-for-us-building-stock%2F2024%2Fresstock_dataset_2024.1%2F

ResStock 2024 Release 2 Webinar

Agenda

How ResStock Models the U.S. Building Stock
Updates in 2024 Release 2

2024 Release 2 Measure Packages

Accessing the Dataset

How to Contact Us

n Q+A Session
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How does ResStock model
the U.S. building stock?

Photographs by AgnosticPreacherKid, M.O. Stevens, Nyttend distributed under a CC-BY 3.0 license



550,000 Physics-Simulation Models Statistically

Representing the U.S. Building Stock
@) ResStock

flh - &8+ O

Building stock Physics-based High-
characteristics computer performance
database modeling computing

Describe the U.S. building stock statistically

Sample the statistical description

Create physics models of the samples

Simulate changes to the physics models — energy efficiency, electrification, etc.

Publish description, output data, models, results, aggregations, visualizations, and
documentation NREL | 5
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550,000 Physics-Simulation Models Statistically

Representing the U.S. Building Stock

Simple, fast Simple & fast

Complex, slow

Describe the U.S. building stock statistically

Sample the statistical description

Create physics models of the samples

Simulate changes to the physics models — energy efficiency, electrification, etc.

Publish description, output data, models, results, aggregations, visualizations, and
documentation NREL | 6
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Describe the U.S. Housing Stock Quantitatively

e 100+ home characteristics
- Distributions based on

Location
North Central [N 7% Vintage best available data
Mountain [ 6% - <1050 N 22% - Distribution varies based
New England [ EiA 1950s - 8% Hte Fuel
0
Great Lakes [N 10% & on upstream factors
ot 1960s [ 11% Gas M 50% —
thwest [ 6% .
ortwest 1970s [ 12% Electric [l 28% * Key data sources:
Mid-Atlantic m 8% — > A 1980 7/// 11%
S —_> o,
Mid-Latitude [N 9% 1950 -' 1:;? Propane I 7% -  EIA RECS
Southeast NG 22 20005 I : ail | &% - US Census AHS
southwest [ 6% > — 15% Other |5%
0,
California [ 15% - 2010 % - US CenSUS ACS
[ Attic . N P ~
Walls Windows Air Conditioner Furnace
R-0 0% .
&7 | 1; RO | 2% single W 24% NoAC I 14% 60% AFUE [ 10%
= (o] - [s)
s B R-7 | 0% bouble [ 2% scers [ 10% 76% AFUE NS 2%
5 < 6 R-11 [N 84% Lowt I 27% seer10 I 1% 80% AFUE  [ININEE o
R-19 [N 27% R-13 0% seer13 [ 21% 92.5% AFUE [N 19% 7
R30 W 40%  pas 0% seer 15 [ 4% ’ 96% AFUE Il 3%
R-33 N 22% r19 B 14% .
o EER8.5 (W) M 7%
R49 | 2%
EER10.7 (W) [ 14%
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Describe the U.S. Housing Stock Quantitatively

We sample 550,000 homes
from these distributions.

That’s 1 model for every 252
homes that exist in the U.S.

Southeast
Southwest - 6%

California _ 15%

Vintage

<1950 N 22%

1950s [ 8% Htg Fuel

1960s [ 11% Gas [ 54% —
1970s [ 12% Electric T 28%

1980s % 11% — > Propane | 7%

1990s [ 14% oil | 6%

2000s N 15% other | 5%

2010s I 7%

Attic Walls
R-0 0% RO | 2%
R7 | 1% R-7 | 0%
Y R-13 M 8% R-11 [ 84%
R-19 I 27% R-13 0%
R-30 [N 40% R-15 0%
rR-38 [ 22% R19 B 14%
R-49 | 2%

Windows

Single M 24%
Double TN 49%

Low-E I 27%

Then we simulate them in

EnergyPlus using the NREL
HPC.

e 100+ home characteristics

Distributions based on
best available data

Distribution varies based

on upstream factors

* Key data sources:

EIA RECS
US Census AHS
US Census ACS

NREL

8



lllustrative Home Sampled From the Stock Description

IECC Climate . Natural gas furnace,
Zone 5A Heating 80% AFUE Wall type Wood stud
. . Wall :
City Cleveland, OH | Cooling Central AC, SEER 13 |. . Uninsulated
insulation
_— Single-family . Heating: 70°F . .
Building type detached Setpoints Cooling: 72°F Attic type Vented attic
Setpoint Heating: 3°F Attic .
Occupants 3 offsets Cooling: 2°F insulation Jnins P'”: dohzens
of other
Vintage <1940 Refrigerator EF 17.6 Infiltration 8 ACHL i
Floor area 1500-1999 Clothes EnergyStar, Foundation Unheated
bin washer 123 rated kWh type basement
0)
Bedrooms 3 Dishwasher 290 rated kWh Ducts 104’ Leakage,
Uninsulated
Stories 2 Cooking Gas Windows Double, Clear,

range

Non-metal, Air |




'S new in

What

ResStock 2024.27?

Photographs by Wikideas1, Kbentekik distributed under a CC-BY 1.0 license



Variable Speed Heat Pump Modeling Updates

« Assumptions for variable speed heat
pumps and AC have been updated

— Data from the Northeast Energy
Efficiency Partnerships (NEEP) Cold
Climate Air Source Heat Pump List
were used to update performance
metrics and curves

* These updates allow for variable speed
heat pump modeling that is more
reflective of the actual performance and

operating conditions of cold climate heat
pumps

NEEP heat pump list can be accessed here: https://ashp.neep.org/#!/ NREL 111



https://ashp.neep.org/#!/

Geothermal Heat Pump Integration into ResStock

« Major improvements to geothermal
heat pump modeling added to | |
Re S S't O C k Geothermal Cooling Geothermal Heating

— Performance curves updated

— Inputs expanded with industry
guidance

— Ground thermal conductivity
varied by climate zone

— Much more — see technical
documentation

Courtesy of Dandelion Energy

2024.2 technical documentation:
https://oedi-data-lake.s3.amazonaws.com/nrel-pds-building-stock/end-use-load-profiles-for-us-building- NREL | 12
stock/2024/resstock amy2018 release 2/resstock documentation 2024 release 2.pdf



https://oedi-data-lake.s3.amazonaws.com/nrel-pds-building-stock/end-use-load-profiles-for-us-building-stock/2024/resstock_amy2018_release_2/resstock_documentation_2024_release_2.pdf
https://oedi-data-lake.s3.amazonaws.com/nrel-pds-building-stock/end-use-load-profiles-for-us-building-stock/2024/resstock_amy2018_release_2/resstock_documentation_2024_release_2.pdf

Distributions updated with RECS 2020

Building characteristics have been updated with RECS 2020

e Building Characteristics: floor area, attic type, roof material

e Appliance Ownership and Efficiencies: refrigerators, clothes washers and
dryers, cooking equipment, dishwashers, freezers, hot tubs, pools, water
heaters

e Heating and Cooling: equipment type and efficiency, duct location and
leakage, setpoints and offsets

e Building characteristics and appliance ownership are now correlated with
household income and renter/owner status

Find RECS 2020 survey data here:

NREL | 13
https://www.eia.gov/consumption/residential/data/2020/



https://www.eia.gov/consumption/residential/data/2020/

ResStock 2024.2
Measure Packages




ResStock 2024.2
Overview

Compared to 2022.1:
9 more measure
packages and new
outputs for utility bills

ResStock Dataset Release 2024.2
Features

TMY3
Weather Year(s) AMY2018
Timeseries Results X
Annual Results X
Number of Measure Packages 15
Numper of Dwelling Models in 550,000
Baseline
Output Metrics
Energy X
Carbon Emissions X
Utility Bills X
Indoor Air Temperature X

NREL | 15



Measure packages consist of heat pumps, a light envelope

package, and an electrification package

ENERGY STAR air-to-air heat pump with electric backup

High efficiency cold-climate air-to-air heat pump with electric backup
Ultra high efficiency air-to-air heat pump with electric backup
ENERGY STAR air-to-air heat pump with existing system as backup
ENERGY STAR geothermal heat pump

Heat Pump

arown -

Heat pump from 1 + light-touch envelope improvements
Heat pump from 2 + light-touch envelope improvements
Heat pump from 3 + light-touch envelope improvements
Heat pump from 4 + light touch envelope improvements
0. Heat pump from 5 + light touch envelope improvements

Heat Pump +
“Light Touch” Envelope

SOV NOo

11. Heat pump from 1 + light-touch envelope improvements + HPWH + appliance electrification
12. Heat pump from 2 + light-touch envelope improvements + HPWH + appliance electrification
Electrification 13. Heat pump from 3 + light-touch envelope improvements + HPWH + appliance electrification
14. Heat pump from 4 + light-touch envelope improvements + HPWH + appliance electrification
15. Heat pump from 5 + light-touch envelope improvements + HPWH + appliance electrification
NREL | 16




Measure packages consist of heat pumps, a light envelope
package, and an electrification package

Heat Pump Sizing Methods

Heat Pump

- Max Load sizing will set the heat pump to the largest
calculated load between the cooling and heating load
- ACCA Manual S and J sizing includes:

Heat Pump +
“Light Touch” Envelope

Sizing on cooling load

15% oversizing allowance for single-stage heat
pumps

30% oversizing allowance for variable-speed heat
pumps

SIECHIESHON + 1 ton in cold, dry climates

NREL | 17



Measure Package Details and Breakdown

Heat Pump

1. ENERGY STAR air-to-air heat pump with electric backup

Does the home have HVAC ducts?

Yes
L

\ 4

No

|

\ 4

SEER1 16, 19.2 HSPF1

Electric resistance backup heat
Capacity retention of 50% @ 5°F
All dwellings 100% conditioned
Sized using ACCA Manual S/J
Single-stage

Central heat pump

SEER1 16, 19.2 HSPF1

Electric resistance backup heat
Capacity retention of 50% @ 5°F
All dwellings 100% conditioned
Sized to Max Load

Variable speed

Mini split heat pump

Setpoint offsets removed

NREL | 18




Measure Package Details and Breakdown

Heat Pump

2. High efficiency cold-climate air-to-air heat pump with electric backup

Does the home have HVAC ducts?

Yes
L

\ 4

No
]

SEER1 20, 11 HSPF1

Sized to Max Load

Electric resistance backup heat
Variable speed

Capacity retention of 90% @ 5°F
Setpoint offsets removed

All dwellings 100% conditioned
Central heat pump

SEER1 20, 11 HSPF1

Sized to Max Load

Electric resistance backup heat
Variable speed

Capacity retention of 90% @ 5°F
Setpoint offsets removed

All dwellings 100% conditioned
Mini split heat pump

NREL | 19




Measure Package Details and Breakdown

Heat Pump

3. Ultra high efficiency air-to-air heat pump with electric backup

Does the home have HVAC ducts?

Yes

.

\ 4

No
]

SEER1 24, 13 HSPF1

Sized to Max Load

Electric resistance backup heat
Variable speed

Capacity retention of 90% @ 5°F
Setpoint offsets removed

All dwellings 100% conditioned
Central heat pump

SEER1 24, 13 HSPF1

Sized to Max Load

Electric resistance backup heat
Variable speed

Capacity retention of 90% @ 5°F
Setpoint offsets removed

All dwellings 100% conditioned
Mini split heat pump

NREL | 20




Measure Package Details and Breakdown

Annual Electricity Consumption - Colorado Annual Natural Gas Consumption - Colorado
140 140
120 ~ o 120 ~
S =
= m
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Measure Package Measure Package
End Use: Lighting End Use: Lighting
End Use: Vent/Fan [0 End Use: Misc, Loads
0 End Use: Misc Loads I End Use: Appliances
I End Use: Appliances I End Use: Hot Water
I End Use: Hot Water Il End Use: Heating
End Use: Cooling I End Use: Heat Pump Backup
B End Use: Heating NREL | 21
W End Use: Heat Pump Backup



Measure Package Details and Breakdown

Annual Electricity Consumption - Colorado

140

120 ~

Heat Pump

Consumption [Billion BTU]

Variable speed heat pumps (2
and 3) utilize less backup heat
because of high capacity
retention fractions and multi- .
speed compressors iy, m%ef%
iy,

Measure Package

End Use: Lighting
End Use: Vent/Fan
End Use: Misc Loads
End Use: Appliances
End Use: Hot Water
End Use: Cooling

End Use: Heating
End Use: Heat Pump Backup

Natural Gas Consumption [Billion BTU]

140

Annual Natural Gas Consumption - Colorado

120 ~

100 A

80

60

40

20

& Ay Y
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s . %, T 4
A -’:’fb A
’w.or 6{6 "fh{
4) A &7
Mo
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Measure Package
End Use: Lighting
End Use: Misc. Loads
End Use: Appliances
End Use: Hot Water
End Use: Heating
End Use: Heat Pump Backup

NREL 22



Average Electricity Demand [GW]

Measure Package Details and Breakdown

Electricity Demand in Colorado - Mid-February 2018 Electricity Demand in Colorado - Mid-February 2018
ENERGY STAR Air HP (1) High Eff. Cold-Climate Air HP (2)
10 10

End Use: Lighting

End Use: Vent/Fan

End Use: Misc Loads

End Use: Appliances

End Use: Hot Water

End Use: Cooling

End Use: Heating

End Use: Heat Pump Backup

Average Electricity Demand [GW]

Hour

NREL | 23



Average Electricity Demand [GW]

Measure Package Details and Breakdown

Electricity Demand in Colorado - Mid-February 2018
ENERGY STAR Air HP (1)

10

Average Electricity Demand [GW]

10

Electricity Demand in Colorado - Mid-February 2018
High Eff. Cold-Climate Air HP (2)

End Use: Lighting

End Use: Vent/Fan
—— End Use: Misc Loads
—— End Use: Appliances
—— End Use: Hot Water

Dwellings with the High Eff. Cold-
Climate heat pump have
significantly lower peak demand

than those with single-stage
ENERGY STAR heat pumps because
of lower backup heating utilization

NREL |
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Measure Package Details and Breakdown

Heat Pump

4. ENERGY STAR air-to-air heat pump with existing backup

Is heating fuel
non-electric?

— Yes — Does the home have HVAC ducts?

'
N

Yes

\—i

No

¢_1

} :

No upgrade

HP details same as measure
package 1, but with backup heat
from the existing system

Backup Heating Operation

With furnace
» Compressor lockout
temperature of 5°F
» Backup heating lockout
temperature of 40°F
Otherwise, backup system
active when heat pump cannot
meet load

HP details same as measure
package 1, but with backup heat
from the existing system

Backup Heating Operation

Backup system active when
heat pump cannot meet load

I\1REL | 25




Measure Package Details and Breakdown

Heat Pump

Electricity Consumption [Billion BTU]

Annual Electricity Consumption - Colorado

140
120 A
100
80
60
40 1
20 A
o _
& &
’vﬁ?@r Gfﬁ’"‘-?}r
Ly 5
3}_‘%? f?qg )“q’?
i &qu‘q{}-
‘::o e} "7?)
Measure Package
End Use: Lighting
End Use: Vent/Fan
[ End Use: Misc Loads
I End Use: Appliances
B End Use: Hot Water
End Use: Cooling
B End Use: Heating
W End Use: Heat Pump Backup

Natural Gas Consumption [Billion BTU]

140

Annual Natural Gas Consumption - Colorado

120 ~

100 +

80

60

40

20 A

N &e 'q .
o %’.2, Z’j‘p

Measure Package

End Use: Lighting

End Use: Misc. Loads

End Use: Appliances

End Use: Hot Water

End Use: Heating

End Use: Heat Pump Backup

NREL
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Measure Package Details and Breakdown

Annual Electricity Consumption - Colorado

140

120 4

100 ~

Heat Pump

80

60

40 +

Electricity Consumption [Billion BTU]

20 A

&,
6?0}'3}
il

<)

Backup heat for the ENERGY STAR
with existing backup can be seen in
the natural gas consumption figure.

Measure Package

Misc Loads

Note: Total number of dwellings e Loads
upgraded is different between 1 and 4 3,

" Cooling
b Jse: Heating
W End Use: Heat Pump Backup

i o ch‘ A A
f

Natural Gas Consumption [Billion BTU]

Annual Natural Gas Consumption - Colorado

140
120 4
100 ~
80 A
60
40 4
20
0 .
Measure Package
End Use: Lighting
[0 End Use: Misc. Loads
I End Use: Appliances
B End Use: Hot Water
Bl End Use: Heating
W End Use: Heat Pump Backup

NREL
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Measure Package Details and Breakdown

5. ENERGY STAR geothermal heat pump

Heat Pump Does the home have HVAC ducts?
Yes No
EER 20.5, COP 4.0 No upgrade

» Sized to max load
No backup system present
» All dwellings 100% conditioned

NREL | 28




Average Electricity Demand [GW]

Measure Package Details and Breakdown

Electricity Demand in Colorado - Mid-February 2018
High Eff. Cold-Climate Air HP (2)

10

Average Electricity Demand [GW]

Electricity Demand in Colorado - Mid-February 2018
ENERGY STAR Geothermal HP (5)

10

End Use:
End Use:
End Use:
End Use:
End Use:
End Use:
End Use:
End Use:

Lighting

Vent/Fan

Misc Loads
Appliances

Hot Water

Cooling

Heating

Heat Pump Backup |

NREL | 29



Average Electricity Demand [GW]

10

Measure Package Details and Breakdown

Electricity Demand in Colorado - Mid-February

High Eff. Cold-Climate Air HP (2)

The warmer reservoir of the ENERGY
STAR Geothermal heat pump reduces

morning peak demand compared to Mid-February 2018

the High Eff. Cold-Climate heat pump  jalsl

G

X

Average Electricity Demand [

End Use:

End Use

Lighting

: Vent/Fan
End Use:
End Use:
End Use:
End Use:
End Use:
End Use:

Misc Loads
Appliances

Hot Water

Cooling

Heating

Heat Pump Backup

NREL | 30




Measure Package Details and Breakdown

Distribution of Total Energy Savings Across all Dwelling Units - Colorado

Heat Pump

Total Energy Savings [MMBTU]
{per dwelling basis)

120 - T
100 -
80 -
60 -
40 -
20 -
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Measure Package
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Measure Package Details and Breakdown

Distribution of Total Energy Savings Across all Dwelling Units - Colorado
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B 100 1
Heat Pump 5 il
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Measure Package Details and Breakdown

Heat Pump

Heat Pump +

“Light Touch” Envelope

//”

-

Attic Floor Insulation

« |[ECC levels
« R-30 for homes in Climate Zone 1A with < R-13
« R-49 for homes in Climate Zones 21, 2B, 3A, 3B, 3C with < R-30
« R-60 for homes in other climate zones with < R-38

General Air Sealing

+ 30% total reduction in ACH;,
- Applied to homes with greater than 10 ACHq,

NREL | 33



Measure Package Details and Breakdown

Heat Pump

Heat Pump +

“Light Touch” Envelope

//”

-

Attic Floor Insulation

« |ECC levels
« R-30 for homes in Climate Zone 1A with < R-13
« R-49 for homes in Climate Zones 21, 2B, 3A, 3B, 3C with < R-30
« R-60 for homes in other climate zones with < R-38

General Air Sealing

- 30% total reduction in ACHg,
- Applied to homes with greater than 10 ACHg,

‘ Measure Packages 6—10: each heat

pump plus light touch envelope

NREL | 34



Measure Package Details and Breakdown

Annual Electricity Consumption - Colorado

Heat Pump

Heat Pump +
“Light Touch” Envelope

Electricity Consumption [Billion BTU]

120

100 +

80

60 4

40

204

End Use:
End Use:
End Use:
End Use:
End Use:
End Use:
End Use:
End Use:

Measure Package

Lighting

Vent/Fan

Misc Loads
Appliances

Hot Water

Cooling

Heating

Heat Pump Backup

Natural Gas Consumption [Billion BTU]

140

120 4

100 4

80 4

60

40 -

204

Annual Natural Gas Consumption - Colorado

End Use:
End Use:
End Use:
End Use:
End Use:
End Use:

Measure Package

Lighting

Misc. Loads
Appliances

Hot Water

Heating

Heat Pump Backup

NREL
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Measure Package Details and Breakdown

Annual Electricity Consumption - Colorado

120

Heat Pump

Electricity Consumption [Billion BTU]

Heat Pump +
“Light T ’

Envelope upgrade reduces .
both heating and heat pump e
backup usage of the single- Measure Package
stage heat pump measure e: Lighting

e: Vent/Fan
Ee: Misc Loads
o Use: Appliances
End Use: Hot Water
End Use: Cooling
End Use: Heating
End Use: Heat Pump Backup

Natural Gas Consumption [Billion BTU]

Annual Natural Gas Consumption - Colorado

140

120 4

100 4

80 4

60

40 -

204

End Use:
End Use:
End Use:
End Use:
End Use:
End Use:

Measure Package

Lighting

Misc. Loads
Appliances

Hot Water

Heating

Heat Pump Backup

NREL
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Measure Package Details and Breakdown

/ Appliances

« Applies if existing appliance uses natural gas or propane:

- ENERGY STAR electric dryer, Combined Energy Factor =
3.93

« Electric induction range

Heat Pump

Heat Pump Water Heater

« Applies if existing water heater uses natural gas, propane,
Heat Pump + fuel oil, or electricity at a lower efficiency level:

“Light Touch” Envelope « HPWH, 50 gal, 3.45 UEF for dwellings with 3 or less
bedrooms

- HPWH, 66 gal, 3.35 UEF for dwellings with 4 bedrooms
- HPWH, 80 gal, 3.45 UEF for dwellings with 5 bedrooms

Pool/Spa Heating

Electrification

« Applies if existing pool/spa heater uses natural gas:
* Electric pool heater
* Electric spa heater

NREL | 37



Measure Package Details and Breakdown

Heat Pump

Heat Pump +

“Light Touch” Envelope

Electrification

//”

Appliances

« Applies if existing appliance uses natural gas or propane:

- ENERGY STAR electric dryer, Combined Energy Factor =
3.93

« Electric induction range

Heat Pump Water Heater

« Applies if existing water heater uses natural gas, propane,
fuel oil, or electricity at a lower efficiency level:

« HPWH, 50 gal, 3.45 UEF for dwellings with 3 or less
bedrooms

- HPWH, 66 gal, 3.35 UEF for dwellings with 4 bedrooms
- HPWH, 80 gal, 3.45 UEF for dwellings with 5 bedrooms

Pool/Spa Heating

« Applies if existing pool/spa heater uses natural gas:
* Electric pool heater
* Electric spa heater

Measure Packages
11-15: each heat
pump with the light
touch envelope
and electrification
package

|

NREL | 38




Measure Package Details and Breakdown

Heat Pump

Heat Pump +
“Light Touch” Envelope

Electrification

Electricity Consumption [Billion BTU]

120

Annual Electricity Consumption - Colorado

100 ~

80 4

60 1

40 -

204

End Use:
End Use:
End Use:
: Appliances
End Use:
End Use:
End Use:
End Use:

End Use

Measure Package

Lighting
Vent/Fan
Misc Loads

Hot Water

Cooling

Heating

Heat Pump Backup

NREL
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Measure Package Details and Breakdown

Annual Electricity Consumption - Colorado

120
5 100 +
k
= . .
=l End Use: Lighting
Heat Pum P & 801 End Use: Vent/Fan
£ [ End Use: Misc Loads
s 60 BN End Use: Appliances
E B End Use: Hot Water
E End Use: Cooling
Q 0 1 BN End Use: Heating
-%' W End Use: Heat Pump Backup
=
[%)]
L
i} 20
Heat Pump +
0 .

“Light Touch” Envelope

K Electrification package shows
RS . . .
"% slight increases in hot water
b4
& .
'a-%ﬂ and appliances
Electrification e
©,
c‘d(}bq
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Measure Package Details and Breakdown

Distribution of Total Energy Savings Across all Dwelling Units - Colorado
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Measure Package Details and Breakdown

Distribution of Total Energy Savings Across all Dwelling Units - Colorado

140 -
1204 - -
Heat Pump

100 ~

80+

Total energy savings increase for the
electrification package measure

60

packages across all heat pump
iterations

40 4

Total Energy Savings [MMBTU]
(per dwelling basis)

20

Heat Pump +
“Light Touch” Envelope
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Avoided Carbon Emissions

Electricity

« Selected four datasets of Long Run Marginal Emissions
from NREL Cambium Database

Start Year Levelization Period
(3% discount rate)

MidCase 2025 15 years
LowRECost 2025 15 years
HighRECost 2025 15 years
LowRECost 2025 25 years

month-hour time aggregations

On-Site Fossil Fuel Consumption
« Used values from Table 7.1.2(1) of draft ANSI/RESNET/ICCC 301

Natural gas 147.3 Ib/mmbtu (228.5 kg/MWwh)
Propane 177.8 Ib/mmbtu (275.8 kg/MWh)
Fuel oil 195.9 Ib/mmbtu (303.9 kg/MWh)
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https://www.nrel.gov/docs/fy23osti/84327.pdf
https://www.nrel.gov/analysis/cambium.html

Utility Bill Calculations

Utility bill calculations are available for each dwelling model in this dataset

» Electricity:
— Data from NREL’s utility rate database were used to calculate the fixed
monthly electricity charge

— Data from 2022 EIA state average residential electricity data were used
to calculate the average variable electricity rate for each state

 Natural Gas:

— $11.25/customer/month is used for the fixed portion of the utility bill,
sourced from the American Gas Association

— 2022 EIA data on price, consumption, and number of customers were
used to calculate the volumetric rate for each state

* Propane and Fuel Oil
— Volumetric rate data for the 2021—2022 winter from EIA
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Use cases for the
ResStock 2024 Release 2 Dataset




1. Housing characterization and current snapshot of

energy consumption

e How many homes are heated by electricity versus gas? How

eaky or well insulated are these homes?

e How prevalent is one housing type or vintage versus another?
What are the differences in their energy consumption?

e How are low-income and renter-occupied housing different from
other housing units?

e What are the fuel types and end uses that provide the largest
opportunities for efficiency and electrification?
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2. Technology potentials and what-if scenarios

e What is the range of savings per dwelling unit if measure
packages X, Y, or Z are implemented? What are the total expected
savings for a program or community from those measure
packages?

e What are the energy, carbon, and utility bill impacts of envelope
improvements versus heat pumps with electric backup or existing
heating as backup versus combinations of envelope and heat
pump measures?

e What are the long-term carbon emissions implications of
electrification based on different potential futures for the electric
grid, as represented by different Cambium emission factors?
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3. Addressable questions with timeseries

e Does residential electrification shift a region from summer-
peaking to winter-peaking?
e What is the total change in peak demand from electrification or

efficiency measures?

e How do higher efficiency equipment or envelope improvements
with equipment upgrades affect the change in peak demand?

e What are the bill impacts of different measures under state

average utility rates?
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How to access the
ResStock 2024 Release 2 Dataset




Accessing the Data

@ Full database

Annual & Aggregate files 4] Web View
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Metadata & Annual Files
web viewer = L

Annual & Aggregate files

Included information, by model bldg_id Formats available
. Dwelling unit characteristics State-level metadata & annual by
« Inthe baseline model upgrade
in.foo -.csv <250 MB
* Inthe measure package, if different from baseline - .parquet < 35 MB
upgrade.foo Full national metadata & annual by
. Annual outputs upgrade
«  Energy consumption for each end use, for each fuel - csv<25GB

out.[fuel].[end_use].energy_consumption.kwh

LRMER carbon emissions for each fuel and emissions dataset
out.emissions.[fuel].[emissions_dataset].co2e_kg

- .parquet < 250 MB
Full national metadata only by

«  Total utility bill cost upgrade
out.bills.[fuel].usd -.csv<1.3GB
«  Energy savings for each end use, for each fuel - .parquet < 35 MB

out.[fuel].[end_use].energy_consumption.kwh.savings

*  Avoided emissions for each fuel and emissions dataset
out.emissions_reduction.[fuel].[emissions_dataset].co2e_kg

«  Utility bill savings for each fuel

out.bills.[fuel].usd.savings NREL | 51



Metadata & Annual Files

Annual & Aggregate files

Web Viewe @ Full database

Example: MA _upgrade01_ metadata_and_annual_results.csv

5 simulation info 168 baseline
columns characteristic
columns

i in.insulati in.insulati in.insulati ir
upgrade_ applicabil
bldg_id upgrade  weight name ity
252.3016 ENERGYS TRUE
252.3016 ENERGYS TRUE
252.3016 ENERGYS TRUE
252.3016 ENERGYS TRUE
252.3016 ENERGYS TRUE

on_roof on_slab on_wall
I Unfinished Uninsulate Wood Stud S
Unfinished None Wood Stud S
e Finished, F None CMU, 6-inl5S
Unfinished Uninsulate Wood Stud S
Unfinished Uninsulate Wood Stud 5

(&I = P I O
N

5 total bills columns

out.bills.e «

1T row = 1 modeled lectricity. 1

dwelling unit
(even though it says “bldg”)

usd (
1033.97
1808.36
1334.61
1870.76
J661.68

Measure package 1
appliedto all 5
dwelling units

52 energy

consumption
output columns

out.natur
al_gas.tot
al.energy_
consumpt
ion.kwh
1517.229
1080.846

5 total bills savings

columns

out.hills.n
atural_ga
s.usd.savi
ngs
79.06
246.42
18.68

20
emissions
columns

out.emiss
ions.natur
al_gas.lr
mer_high_
re cost 1
S.cole_kg
345.8959
246.4322
1288.992
185.9638
1301.701

52 energy

savings

columns

out.natur
al_gas.tot
al.energy_
consumpt
ion.kwh.s
avings
1699.519
12569.53
338.7902
7391.252
9155.247

20 emissions Upgrade
reduction characteristics
columns columns
out.emiss
. upgrade.h
ions_redu

. vac_heati
ction.natu fici
ral_gas.Ir ng_etlicle

. ncy
mer_mid_

ASHP, SEER 1t
case_19. ASHP, SEER 1¢
coZe_kg MSHP, SEER 1
387.4269 ASHP ,SEEH 1t
2869.538 ASHP’ SEER 1¢
77.20596 .
1685.046
2087.164

Characteristics that differ
from baseline are listed here
NREL | 52



Pre-Aggregated Timeseries Files
weoviewer - RN

Example pre-aggreqgated file for Colorado, Measure Package 1, Single-Family

Housing Stock Totals Detached

[ Annual & Aggregate files

. 60-min time resolution [EST] End-use load data in kWh
. Energy Consumption, Pre and Post Measure
. Energy Savings Results based on Results represent 1.5
. Carbon Emissions & Avoided Carbon Emissions 5900 energy models million dwelling units
out.electr
. . 3 ) out.electr out.electr out.electr icity.cooli
Geoq raDhIC Levels Avallable Jgity.ceilin icity.cloth icity.cloth out.electr ng fans_p
g * in.geomet - g fan.ene es_dryer. es_washe icity.cooli umps.ene
° AH RAE/IECC Cllmate Zone ry_buildin rgy_consu energy_co r.energy_ ng.energy rgy_consu
g type_re models_u units_repr mption.k nsumptio consumpt _consum mption.k
° BU||d|ng Amenca Cl|ma‘te Zone upgrade in.state cs timestamp sed esented wh n.kwh ion.kwh  ption.kwh wh
1CO Single-Fam 1/1/181:00 AM 5500 1488580 8410.475 140251.5 4062.561 479.3731 0
® ISO or RTO Region 1CO Single-Fan 1/1/182:00 AM 5900 1488580 5857.687 76091.15 2411.751 490.2221 3.02762
1Co Single-Fan 1/1/18 3:00 AM 5900 1488580 4776.07 60211.28 3207.763 486.1853 4.289128
° State 1Co Single-Fan 1/1/18 4:00 AM 5900 1488580 4482.139 42324.36 342.3733 481.6438 0.756905
1COo Single-Fan 1/1/18 5:00 AM 5900 1488580 4399.888 19079.81 478.1116 482.9053 1.51381
1COo Single-Fan 1/1/186:00 AM 5900 1488580 4366.08 9019.784 284.8486 496.5296 5.046033
Each File 1COo Single-Fan 1/1/187:00 AM 5900 1488580 4456.908 8780.602 838.146 479.3731 0
1CO Single-Fanm 1/1/18 8:00 AM 5800 1488580 4871.945 28191.18 2345.901 479.3731 0
1CO Single-Fam 1/1/189:00 AM 5900 1488580 6219.992 64303.11 4896.418 479.3731 0
* One geography (e-g- Maryland) 1.co Single-Fan  1/1/1810:00AM 5900 1488580 7167.637 119926.3 7482.005 479.3731 0
IA H . 1CO Single-Fam 1;’1;’1811:00AM| 5900' 1488580 5819.337 171845.4 7398.493 479.3731 0
° One bU||d|ng type (eg Slngle_famlly 1CO Single-Fam  1/1/18 12:00 PM 5900. 1488580 4727.124 180336.9 6952.172 479.3731 0
detaChed) 1CO Single-Fam 1/1/181:00PM 5900 1488580 4849.49 1722494 8692.548 479.3731 0
1CO Single-Fam 1/1/18 2:00 PM 5800 1488580 4880.018 169615.6 6738.977 474.3271 0
* One measure package 1.CO Single-Fan  1/1/183:00 PM 5900 1488580 4841.668 173099.6 6666.314 484.1668 2.523016
1Co Single-Fan 1/1/18 4:00 PM 5900 1488580 5103.305 170224.4 6149.348 533.1134 25.73477

. Approximately 15 MB NREL | 53



Web Data Viewer

Annual & Aggregate files

Web Vie @ Full database

EUSS ResStock National 2018 Release 20221 Maryland Timeseries Data

ot

Fuel Type: Upgrade: Output: Chosen Search Parameters:
all Heat pumps, min-efficiency, existing heating as backup Location: Maryland
Fuel Type: all
Aggregation Type: Timeseries Range: Month Constraints: Upgrade: Heat pumps, min-efficiency, existing heating as backup
Start: C) Qutput: energy_consumption
average day

End: 0 Aggregation Type: average
Timeseries Range: day

Month Constraints: Jan to har

Filters
+ Vintage: 1940s + Vintage: 19505~ Vintage: 19605~ Vintage: 19705~ Vintage: <1940 £ Edt Filters
Currently Viewing: Legend
Maryland @ Electricity: Ceiling Fan Electricity: Clothes Dryer @ Electricity: Clothes Washer @ Electricity: Cooling Fans Pumps Electricity: Cooling # Electricity: Dishwasher & Electricty: Freezer @ Electricity: Heating Fans Pumps
— @ Electricity: Heating Hp Bkup € Electricity: Heating @ Electricity: Hot Tub Heater 4 Electricity: Hot Tub Pump @ Electricity: Hot Water @ Electricity: Lighting Exterior ® Electricity: Lighting Garage @ Electricity: Lighting Interior
it @ Electricity: Mech Went @ Electricity: Plug Loads € Electricity: Pool Heater Electricity: Pool Pump € Electricity: Range Oven # Electricity: Refrigerator @ Electricity: Well Pump Fuel Dil: Heating
@ Fuel Oil: Hot Water @ Natural Gas: Clothes Dryer @ Natural Gas: Fireplace @ Natural Gas: Grill @ Natural Gas: Heating # Natural Gas: Hot Tub Heater Matural Gas: Hot Water 4@ Natural Gas: Lighting
@ Matural Gas: Pool Heater @ Natural Gas: Range Oven @ Propane: Clothes Dryer @ Propane: Heating @ Propane: Hot Water @ Propane: Range Oven
— O]
256 @ 2000
T £ £
E E E oM -
8 s g
E = R
B g Fl
E E m
2 g :
5 5 g e
o o 2
= = L]
2 2 o 300M
E 2 2
T T o
M v z
g g z e
T E
H =
% = 1008 -
TITTTT I T I I T TIoT ULARLARERRE] IABASESARERRR NN ERERREREE ] IR ARERRERERE R RN IBARABREERARERREE R R RS R T O T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T O T T T T T T T T T T T T T T T
00f 12 13 1 15 6 o192 B 0Of 2 13 4 B 8 7T 13 19 20 3 i 2 3 4 5 & T B8 8 10 f 12 13 14 15 16 19 2 2 o2
Hour of Day [EST] Hour of Day [EST] Interval Savings Profile for Average Day
Baseline Upgrade: Heat pumps, min-efficiency, existing heating as backup Upgrade: Heat pumps, min-efficiency, existing heating as backup

Fuel Type: All Fuel Types Fuel Type: All Fuel Types Fuel Type: All Fuel Types



Custom Aggregations

Annual & Aggregate files

Web Viewe @ Full database

EU55 Res5Stock National 2018 Release 2022.1 Maryland Timeseries Data
Fuel Type: Upgrade:
all Heat pumps, min-efficiency, existing heating as backup
Aggregation Type: Timeseries Range:
average day

Filters

~ Vintage: 1940s « Vintage: 1950s « Vintage: 19605~ Vintage: 19705~ Vintage: <1940 & E

Currently Viewing:

Maryland

+ More Locations

Average energy consumption, [Whi15-min]

T T T ITTTTTTT
ooz

S RARSARARARRAREARARRARER]
LT - T B~ -1

Hour of Day [EST]
Baseline
Fuel Type: All Fuel Types

@ Electricity: Ceiling Fan Electricity: Cl
© Electricity: Heating Hp Bkup @ Electric
@ Electricity: Mech Vent & Electricity: Pid
© Fuel Oi: Hot Water @ Natural Gas: Ciof

© Natural Gas: Pool Heater @ Natural Gal

Average energy consumption, [Whi18-min]

Print This Refjort

Chosen Search Parameters:

'min-=fficiency, existing heating as backup
¢ consumption

ton Type: average

eseries Range: day

Month Constraints: Jan to Mar

ctricity: Freezer @ Electricity: Heating Fans Pumps

ricity: Lighting Garage @ Electricity: Lighting Interior

Pump Fuel Oil: Heating

Hot Tub Heater Natural Gas: Hot VWater @ Natural Gas: Lighting

nge Oven

2004 |
T
E  muomo B
9
5 o
@
@
£ soom -
=
m
o
& 4o
]
c
T
g 300M -]
o
4
T
= -
3 2w

100M -

TITTIT T T I T IR T T T T I T IorTTr - L s s s s s e e a s R R R RN Ry RN RN RN RER S RERSREEERERNRRERERE R EE R
s 0 M 1z 13 14 15 T 19 o2 o oz iz 3 4 5 & 7 B 8 M 42 43 4 45 45 B ot oW o2 o= @

Hour of Day [EST]
Upgrade: Heat pumps, min-efficiency, existing heating as backup
Fuel Type: All Fuel Types

Interval Sawvings Profile for Average Day
Upgrade: Heat pumps, min-efficiency, existing heating as backup
Fuel Type: All Fuel Types 55



Individual Model Files

Web Viewe @ Full database

Annual & Aggregate files

Individual dwelling unit end-use load profiles Format

e For each individual dwelling unit modeled * Amazon S3 bucket

* For baseline and each of 15 measure packages * Folders with Apache parquet files
* For each of 2 weather years

* Approximately 16 TB of data per weather year Additional data

e OSM input file for each model
* Weather data
* Schedule files
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Where to find it...

Project Website

https://www.nrel.gov/buildings/end-use-load-profiles.html

Links to all resources and datasets ¢ Mailing list signup e Video tutorials ¢ General FAQs
Documentation of the end-use load profiles baseline stock modeling improvement project

AWS OEDI Repository

https://data.openei.org/submissions/4520

Metadata & annual results files ® Pre-aggregated results ¢ Individual model results & input files including weather
Technical documentation e Data dictionary and enumeration dictionary e Geospatial information

Web Data Viewer

https://resstock.nrel.gov/datasets
Graphical in-browser data visualizations e Custom aggregation tool e Data-specific FAQs
Requires free account
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https://www.nrel.gov/buildings/end-use-load-profiles.html
https://data.openei.org/submissions/4520
https://resstock.nrel.gov/datasets

We would love to hear any feedback or
suggestions for future ResStock
datasets

If you are on the Zoom webinar call,
please stay online for a question and
answer session with the ResStock team

Contact us: resstock@nrel.gov

This work was authored by the National Renewable Energy Laboratory, operated by Alliance for Sustainable Energy,
LLC, for the U.S. Department of Energy (DOE) under Contract No. DE-AC36-08G028308. Funding provided by the U.S.
Department of Energy Office of Energy Efficiency and Renewable Energy Building Technologies Office. The views
expressed in the article do not necessarily represent the views of the DOE or the U.S. Government. The U.S.
Government retains and the publisher, by accepting the article for publication, acknowledges that the U.S. Government
retains a nonexclusive, paid-up, irrevocable, worldwide license to publish or reproduce the published form of this work,
or allow others to do so, for U.S. Government purposes.
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