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foresee™ Home Energy I\/Ianagerhent Software

Automating connected appliances and systems in a
choreographed way saves energy, reduces strain on the
grid, and could save homeowners up to S9 billion on their 2018

energy bills. WINNER
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ResStock™ is helping states, municipalities, J
utilities, and manufacturers identify which home LS, ol

improvements save the most energy and money Res ' ZOK 3
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MISSISSIPPI S i A g Cost-effective package savings
|:\ f-:|d‘:'nt|d| potential in Mississippi single-family

Energy Efficiency "™

I:)O-te n-l-la | 533.1 dollars per year utility

million bill savings

ResStock Website

7 D Btu per year gas,
propane, and fuel oil
savings

trillion
Energy used by
Mississippi 3.9 kWh per year

single-family billion electricity savings

homes that can

be saved through cars of pollution
)

cost-effective Mississippi existing jobs . 680'620 reduction

Interactive web

Mississippi Utility Bill Savings (electricity, gas, propane, and fuel oil)

Mississippi Top 10 Improvements

Average Annusl Savings
Statewide Annual Consumer Savings per Housshold

| ] L} u
Millions
# Pays back in less than 5 years for most households $100 S150 3200
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.* High-efficiency heat pump
HVAC ﬁ (replace electric fumnace at _ 5746
wear out) | :
* Housing characteristics e (g ST ] 5253
* t I}
. . HVAC @ Smart thermostat - 891
» Baseline consumption | :
b d f I Enclosure . R-49 attic insulation - $151
y end-use, fue |
HVAC % Duct sealing & insulating - 572
« Savings and cost- e e [N 51000
. * {
effectiveness i ] 10
for upgrades - s s o ] .
— Y. o
. heater at wear out)
o (— ) Ductless heat pump .
https://resstock.nrel.gov/ e e | 75
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Analytlcs Targetmg Commerual Energy, Cost Savings

ComStock produces data-driven, physics-based
simulation of the U.S. commercial building stock
to achieve unprecedented granularity in Com

modeling building energy use and demand StOCk
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URBﬂNQPt s name ol this project heng -
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Urban Energy Modeling

NRELs URBANopt platform and its underlying physics-based analytics engine
support the design and optimization of urban districts and help plan the
integration of high-efficiency, sustainable energy technologies community-wide.
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The Energy Grid of the

Future is Changing

Buildings
comprise

75%

of current
electrical demand

Rooftop PV

.

% . Solar Arrays

Geothermal ™
Power Plant

}'}'h'/’
el s
HIM

Wind Farm\‘
Ultra High \ Mcnltur
Efficiency Energy Use
Building HGaf
Wateéarl
Energy —
Storage h &Car Industry



How We Use Electricity

is Changing
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Buildings: The Foundational Hub

Integrated systems with optimal design and operation.
* Smart buildings, electric vehicles, solar energy, battery storage, thermal
storage, can be optimized to address current industry needs.
* New materials and controls can enable optimal integration for the future
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* Buildings can provide grid services such as reduced generation operation, generation
capacity, transmission and distribution upgrades, and contingency reserves.

* Supply and demand diversity, which vary by climate, location, generation resource,
market, and building type, drive spatial and temporal imbalances in the energy grid.

* “Behind the meter” solutions can be developed and optimized to provide grid services
that reduce spatial and temporal energy imbalances; however, solutions must be
integrated across diverse technologies, controls platforms, and systems.
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Integrated Strategy Enables Impactful Innovation
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Behind-the-meter storage (BTMS)

Early-stage research guided by system-level thinking

Grid

S

e Buildings are largest electrical load.
* Electric vehicles will be charged at buildings. 3 Mater
* Photovoltaics will be everywhere. |

Thermal
1 Storage

To mitigate the impact of these on the
electric grid, we need flexibility:
 More intelligent controls
 Thermal energy storage
* Electrochemical energy storage

Battery
Storage

EVSE

A partnership between the Buildings, Solar, and Vehicles Offices S Charger
Electric

BNREL ¥2%: ML @E:.  Agonne® Vehidle

L—1—— e el aTetsaL aRSHATEE
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Innovative Thermal S‘torage

Optimizes integration of advanced building-scale thermal energy storage
technologies with other forms of:
* Energy storage

* Renewable energy
* Loads.
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Building Energy Slmulatlon and 'Optlmlzatlon

* Time Resolution

* Geo-spatial Resolution and Scale

e Operational versus Design Planning
 Technology and Building Scale
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Building Simulation -

LT AT T

Couplmg the Virtual and the Physical
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Building Science i'nﬁtegr'ation Platforms

“System-in-the-loop” R&D prove the science and scale of building energy:
* Flexibility
e Efficiency
* Interoperability with the grid.
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Energy Systems Integration

Grocery refrigerated case

* Hardware-in-the-loop
functionality for grid-
interactive efficient buildings
R&D

* Four key focus areas:

* behind-the-meter Electrochemical battery
energy storage,

* flexibility for demand-
side management,

* intelligent efficiency S

* interoperability g

Chiller

Electrochemical battery
for behind the meter storage

T_-“ Electric vehicles and
charging stations

Research Electric
Distribution Bus

(to enable utilization of
all other ESIF lab

L. Thermal fluid conditioning module capabilities)
(connectivity, controls,
communication).

E_.JJ ﬁ‘?‘:';n:aetgzi:l Buildings ?f::::e-the-Meter @ Electric Vehicles
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Building Syst

* Residential loads hub that contains two residential electrical systems
End-to-End . . . .
with associated smart home appliance suites

Energy * Small commercial load hub that includes building electrical
Ecosystem infrastructure with common outlets and mounting infrastructure for
appliances and distributed energy resources

* Power-hardware-in-the-loop test bays for multi-inverters, small-scale
commercial equipment, and cyber security networks

e Demonstration and testing of commercial PV inverters NREL | 22
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Energy Efficiency at Scale through Advanced Data Science

Unprecedented granularity in building simulation and
modeling identifies residential and commercial

building energy efficiency opportunities. ReS com
Stock Stock
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End-Use Load Profiles: The Critical Link to the Future

! End Use Load Profiles:
Allows for evaluating the impact of
+ +

future scenarios and technologies

Building stock Physics-based

e Calibration
characteristics computer
database modeling i i i
Aggregate 111
HHHAAE AMI P Plug Loads
[A— ( HVAC
) Refrigeration
Res Com pofies
T : tc.
KA: profiles €
24=~.4===§1
OC OC * Multi-regional with national
coverage
BAS * Sub-hourly time resolution
HHE Trend

—— |OZS
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NREL advances the science and Th an k yo u

engineering of energy efficiency, www.nrel gov
sustainable transportation, and : .

renewable power technologies and 8 o 0 BN alal - | S R
provides the knowledge to integrate

“ and optimize energy systems. Roderick.Jackson@nrel.gov
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NREL is a national laboratory of the U.S. Department of Energy, Office of Energy Efficiency DB 2 e A 2 EILE (B A LB e
and Renewable Energy, operated by the Alliance for Sustainable Energy, LLC. |
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