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How do-we find the best
opportunities?
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Physics-based
computer modeling
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Highly granular open-source modeling
for national, regional, and local housing stocks

High-performance
computing
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Building =

Characteristics

Census
Data

Climate
Locations

EIA Res. Energy Consumption Survey
(RECS)

NAHB Homebuilder Surveys

IECC Historical Energy Codes

Other national, reaional, and local audit databases
Census American Community Survey (ACS)
EIA Electricity and fuel costs

NREL OpenEl.org Utility Rate Database

NREL/Navigant Measure Cost Database

NREL TMY3 weather data
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Physics-based
computer modeling

U.S. DOE Detailed sub-hourly energy simulations
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Physics-based
computer modeling

U.S. DOE Ability to simulate emerging technologies

Emerene @ReiStock
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Physics-based
computer modeling

U.S. DOE Many Partners: Shared Development Resources

(/) Xf':el Energ)./“ <>
’ nationalgrid Grour @ E‘biﬂlﬁﬂﬂﬂl W\ N3/

I - q
S PERFORMANCE SYSTEMS
DEVELOPMENT

EnergyTrust ™" o
Q ¢5 EHEEGY ILJQRE SCO ey e wrightsoft ‘ol
| o Johnson NYSERDA
O pen Studio @ SketchUp Ecgnnv&%PtBD Controls [Hm ———
i@ -—— @ LG INNOVATION
I © 1

% . - %SDFTWAHE TECHNICH "
e, e O Nexant #=EBRE NIST -

Northwest _
OAK B n Natural Resources GENABILITY
EnergyPlus RIDGE  Argonne ™ Bl cone [@XWIAnalytics

National Laboratory

NATIONAL RENEWABLE ENERGY LABORATORY



&

High-performance
computing

simulations for baseline
350,000 us single-family housing stock

20 million | simulations for 50+ upgrades

2 4 | years of computing time
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Cost-Effective Residential Electric EE Potential (% of annual kWh sales)
2%

11%
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48 State Factsheets

MICHIGAN Residential Energy Cost-effective package savings

potential in Michigan single-family

Efficiency Potential homes

2.3 dollars per year utility bill
billion savings

1 09.3 Btu per year gas, propane, and
trillion

fuel oil savings

o hailiifn kWh per year electricity savings
Energy used by
Michigan single- i _ .
family homes million cars of pollution reduction

that can be saved
through
cost-effective

improvements Michigan existing jobs in energy
efficiency (2018)"
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48 State Factsheets

Michigan Utility Bill Savings (electricity, gas, propane, and fuel oil)
Michigan Top 10 Improvements

Average Annual Savings

Statewide Annual Consumer Savings per Household
Millions
% Pays back in less than 5 years for most households 50 £100 3200 $300 3400 3500 3600 $700
. Drill-and-fill wall cavity

R-10 basement wall

HVAC EH Smart thermostat - S99
*
e *+ High-efficiency heat pump

HVAC (replace electric furnace at $2,125

wear aut)

R-5 insulated wall sheathing
Enclosure (at siding replacement) - 5336
Enclosure R-50 attic insulation - §145
HVAC Duct sealing & insulating - $130

Low-E starm windows (DIY
Enclosure install) - 81 42
Enclosure Air SEEHHQ - 8?5
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48 State Factsheets

o Michigan Utility Bill Savings (electricity, gas, propane, and fuel oil)
Michigan Top 10 Improvements nveraze Acvwal Savings
Statewide Annual Consumer Savings per Household

HVAC b ¢

“y “w Duct sealing & insulating

@ Applicable to 42% of homes _
Cost-effective in 38% of homes _

Per House Average Statewide
where cost effective cost-effective savings
$130 $161.1 million
annual savings annual savings
$1,226 11.4 trillion Btu
average cost of improvement gas, propane, and fuel ol savings
9 years, 5 months 279.0 million kWh
payback electricity savings
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Evaluate incentives — Drill-and-Eill.\Wall Insulation

With no rebate

7 million homes with
less than 5 year
payback

0 2 4 6 8 10 12 14
Payback period (years)
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Evaluate incentives — Drill-and-Eill.\Wall Insulation

With no rebate

7 million homes with
less than 5 year
payback

0 2 4 6 8 10 12 14
Payback period (years)
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Natural Gas
— ol
Electricity
— il
Fuel Qil
Propane/LPG
0 5 10 15

Payback period (years)




Evaluate incentives — Drill-and-Eill.\Wall Insulation

With no rebate

7 million homes with
less than 5 year
payback
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Economic Potential (NP\.>.0).Supply.Curve

Supply Curves

United States

=2

~4f Width = total potential savings 1
that is cost-effective

iy B _

T Height = average cost-effectiveness

. Thermostat - Smart Thermostat

. Walls - R-5 Wall Sheathing

. Appliances - ENERGY STAR Clothes Washers

. Walls - Drill-and-Fill

. Lighting - LEDs

. Heating - Upgrade ElecFurn to VSHP at Wear Out
. Heating - Replace Propane Furnace with VSHP

. Foundation - R-10 Crawlspace Walls

. Attic - Insulate to R-38/49/60

. Ducts - Duct Sealing

. Cooling - ENERGY STAR Room AC (EER 12)

. Air Sealing - Air Sealing

. Cooling - SEER 16 (1 stage) Central AC

. Heating - ENERGY STAR Furnace - Gas

. Foundation - R-10 Bsmt Walls (Finished)

. Heating - DHP (displaces electric baseboard today)
. Foundation - R-10 Bsmt Walls (Unfinished)

. Heating - Upgrade Central ASHP to VSHP

. Water Heating - Upgrade Electric WH to HPWH

. Windows - Low-E Storm
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(more negative is more cost-effective)

Net Cost of Conserved Energy [$/MBtu]
(average across upgrades with positive NPV)
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(percent of consumption by U.S. SFD homes)
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All values are primary/source energy (i.e., raw fuel burned to create heat and electricity).
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Application: Buildings-to-Grid.Analysis
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Application: Buildings-to-Grid.Analysis
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¥ Baseline
B Demand Response

Outdoor temperature reaches 112 °F

Jul18 8 AM

Pre-cool to

72°F

Jul 18 2 PM

50%

July 18, 1900 2 PM

Set up during
peak:
86 °F

July 18, 1900 7 PM

~___

Return to normal
setpoint:
76 °F
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Application: Buildings-to-Grid.Analysis
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@ DR with Weatherization
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Application: Market engagement

Hyperlocal data

e.g., assessors’
databases, utility bills

-

ResStock workflow and
regional characteristics
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Market engagement
tools & analytics
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Application: Market engagement

Hyperlocal data ResStock workflow and Market engagement
e.g., assessors’ regional characteristics tools & analytics

databases, utility bills _
/%g? Radiant
iyt g Labs

J v B
Edit  Share Export

7 v B2

Years since new furnace AVG | TOTA
128 16.5t

e perades
Targeting and - Homeowner
- 24 "
Analytics - Dashboard
Plattorm .../l — and Roadmap -

YOUR PRO-ACTIVE UPGRADE OPTIONS

7K

-
Replace Heating & Cooling System Sunkdison Solar System

Homes in selection (128)

B8 3% ¥ 9%
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Ways to benefit from ResStock

Read the Report Download State Factsheets
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Explore Results Analyze Your Scenario BETA
Use the open-
F—— Local
- = . i data source software
— Interactive yourself or work
g Gh e Data Viewer with NREL or
SHHy other trained

consultants

Visit resstock.nrel.gov to get started
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to learn how ResStock can benefit your organization.
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