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A. Lab-Directed R&D (LDRD)
Projects




ResStock:

Residential Building Stock Potential Tool




Building
Characteristics

Census By o™

Data

Climate
Locations
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ResStock

Residential Building Stock Potential Tool

1000s of statistically
representative models
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Preliminary Results — Economic Potential
(NPV > 0)

Air Sealing Attic Insulation (R-49)
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Total: 245 x 10°GWh/yr

ResStock provides b A AT
actionable results for T e
states and cities
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LED Lighting
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Applications
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City of Boulder
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* Quadrennial Energy Review 1.2
« Home Improvement Catalyst
» Grid load modeling

» Regional Planning Tool
* Low-Income EE Potential

« Demand response potential

 City energy strategy




URBANoODpt:

NREL’s zero energy ready
district modeling tool




Scaling Up to Zero Energy Ready Districts:
The Next Step in NREL Buildings Leadership

Zero Energy Ready Buildings
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URBANopt —Buildings

URBANOpt « name_of the_project_here

@' QuickAdd Buildings

+ Hospital
» Hotel, Small
» Hotel, Medium

= Hotel Large

Range of Total Floor Area (ft?)
Range of Total Stories

New Bldg. Total Floor Area (ft2)
Above Grade Stories

Below Grade Stories

RO ORA e

» Office, Small
» Office, Medium
» Office, Large

+ Outpatient Healthcare

FI: }» Retail, Standalone
E » Strip Mall

# Building Properties

Show Address
Hide
All
<> 111 Elm 11m

115 Elm 110

31 Maple 11101
201 Maple 1nm
65 Elm 11101

33 Maple 121101

KK KK to 200K
B-14

498,600
12

Total Buildings: 35

Type
All

Office

Mixed Use Commercial
Types of Use/Bldg

Retail

Multifamily

Residential

Residential

Fast Food

Residential

000000

20 View

Selection Tool |

Quickly add
prototype
buildings

Name of Building
All
Elm Office Park 111

Elm Office Park Shops/Apts

Maple Grove Homes Small
Maple Grove Homes Med
Quicks Subs

Maple Grove Homes Med2

TotalFloor Area (ft')  Units/Tenants Stories Orientation(°)
All
0
0
Floor Area (ft') % of Total Floor Area Delete Type
30% X}
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URBANopt — District Systems

URBANopt - name of the project_here

trict GSHP System 1 (X

Dt syem2 @) Represent the physical
size and location of PV
arrays and other district
systems

District Properties Manage PAT Analyses

ﬁ- Community PV System 1
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L+ District GSHP System 1
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URBANopt — Results

URBANoOPpt - name_of the_project here

Buildings Summary
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URBANopt —Buildings

URBANOpt » name_of the project_here

2D View Render by Type

Selection Tool I

A

v

Lk Building Properties Total Bulldings: 35

Type Name of Building

A M

Office Elm Office Park 111

Moved Use (ommescial Eim Office Park Shopaiigts

Types of Use/Bidg
Reeal

Multitandy
Pesidentil Maple Grove Homes Small

201 Mapie Redernia Maple Geove Homes Med
65 Eim Fast Food Quicks Suts
33 Maple Prudemat Maple Grove Homes Med]
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Denver National Western Center

P ——
ot

e Redevelop 130 acres

e Zero energy ready
district

e Building EE, RE
generation, waste
heat capture
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Denver Sun Valley Neighborhood

Sun Valley . . . . .
e e PR ey * Rebuild public housing at 3 times density:
area

o, — 1/3 public housing
i S0 .

income in 2011: .’“7'371 - 1/3 IOW_InCOme

’ — 1/3 market rate

income neighborhood, as an environment-friendly oasis.
Sun Valley EDenver

Average household size:
29
people
i 32
people

Percentage of family

households:
62.6%

I 38.0%

Percentage of
marsied-couple families:

9.3%
B 34.4%

Percentage of
single-mother households:

25.5%
B4

E
2
>3

@
£
g
v

P Cblfax Ave.

W.'13th Ave.

Percentage of never-married
males 15 years old and over:

30.9%
B 22.2%

Percentage of people
born in this state:

61.6%
B a2.2%

Percentage of people born = SN 0 oW, Sth Ave!
in another U.S. state: e L 3

26.0%
I s0.2%

Percentage of foreign-
born residents:

12.0%
M 16.3%

Source: City and County of Denver Severiano Galvdn, The Denver Post

Federal Bivd.
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Factory-Built
Modular Housing




Energy-Efficient Manufactured Housing

IUnit Interior NREL iUnit in factory NREL iUnit in Lab
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Research Topics

e Envelope improvements

I
=
4
g

e Integrate HRV/PTAC

e Advanced dryers

e Peak demand reduction M

a VN8I V1200 14
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B. Technology
Partnership Agreements




Partnering with Agencies, lnstitutions. & Companies

* 696 active partnerships with industry, academia, and
government

« 236 new partnership agreements worth $33M in 2015
 Every federal dollar invested —» $1.67 of TPA funding

..w A

33% 24% 11%
Large Small Federal Nonprofit Educanonal Stateorl_ocal
Business Business  Government Institute  Government
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Energy
Design Assistance

Program Tracker
(EDAPT)




DOE Modeling Ecosystem

..........................

| Sefaira
| (BECC-Com
‘ & Web

simuwatt

PAT Spreadsheet

e e

Applications

“O pe ratin g Building Component Library (BCL)
System” :
Simulation /(E Radiance
Engines
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Supports $8 billion/yr. utility
incentive industry

Automated:

— Notifications

— Quality checking
— Reporting

Developed for Xcel Energy

— Saves S500K/yr in admin costs

— Significant increase in number of
projects processed annually

New users:
— Austin Energy
— Energy Trust of Oregon
— Planning RFP to transfer to private sector

Application

Xcel Energy

Draft Applications

Current Projects 207
Waiting on Utility - PM
Waiting on Utility - MA
Waiting on Utility - EEE
Waiting on Energy Consultant 174
Waiting on Measurement & Verification
Company (MVC)

Waiting on Measurement & Verification
Energy Modeler (MVEM)

Completed Projects
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Wells Fargo
Innovation Incubator
(IN?)

Innovation Incubator-IN2

WELLS

FARGO

————— -l )
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NN AN EBEEBEE AN
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LiquidCool SmarterShade Energy Storage WattStick
; Systems

Decrease Energy

: ‘-.lm:
2 irrent
building
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IN? addresses gaps:

| Research Pro totype Pilot Line Commercialization Market !’n‘try

- — — — —— —

| Pre-IPO Gap | ‘
Pre-Commeraal Gap

TIER 0
Incubator

BRI VENTURE
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To
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.
> 3
7
=
z
g
9,
g
Z

INDUSTRY

GOVERNMENT/
PRIVATE

mF i PARTNERSHIP
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3 Tiers

Tier 1 Benchscale

INCE . Concept development TRL 1-5
« Plans for prototyping

3 to 5 years
to market

Tier 2 Prototype
- Testing and validation TRL 6-7

« Plans for final product

less than 2 years
to market

Tier 3 Commercially-ready

_ TRL 8-9
« Integrated demonstration
« Production models available
less than 18 months
to market
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Example Projects

CDU
(Pump and
Heat
Exchanger)

Whisker Labs LiquidCool Solutions
Stick-on submeters Direct CPU cooling
Tier 2 Tier 3

Go Electric
NETener
Therma?y UPS and microgrid
battery for Coﬁter;)lgl)er

HVAC system
Tier 2
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LiguidCool Solutions

The Problem NREL Activities:

e ~15% of data center energy is e Provide 3" party performance validation
used to move air for cooling e Energy Systems Integration Facility (ESIF),

e Air cooling requires significant building-integration demonstration in
floor area and maintenance real-world data center

A Solution

e No, compressors, fans, or other
moving parts

e High-quality waste heat

Electronics CcDhuU
\ (Pump and

Heat
Exchanger)
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Home Battery Project




Aggregator

HOME BATTERY
SYSTEM
SCHEMATIC _( rr— 7\

(N
|
|

- WaterrHtrrj
Cybersecurity I
I

foresee™

e = Home Energy
Q T e Management

outdoor | indoor

2

BEONMEWYILLE
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User Utility or Weather
Preference Aggregator Forecast

DR
events

load

weights forecast

Multi-Criterion
System Decision Making & patterns Statistical
Identification Model-Predictive Learning
Control

data

data ctrl

ctrl Idata ctrl ‘data ctrl

‘data ctrl Idata Adata

. Unctrl
Battery PV HVAC Water Dish Clothes Loads &
Storage Inverter Heater Washer Dryer Sensors
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ESIF Systems Performance Lab
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Battery Project Devices

12 kWh Battery pack w/

Customized heat pump 5-kW inverter
water heater
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Simulated Load Shed Event

[ ]Load Shed Period Load Shed Event:
10 Battery 5 pm -9 pm 1
PV < >
8 - Total House Load |
Net Load to Grid
= 6 Baseline Load B
s
= M A -
—
g 2 I j-l"-: ﬁ
0 .4\ //"U =
1o | || UK L
2 - _|
-4 - | | | | ’ .
0 4 8 12 16 20 24

Time (hours)

Energy reduction during the 4-hour load shed event: 14.1 kWh
* 7.9 KWh reduction from the battery (fully discharged)
* 6.2 KWh reduction from building loads
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Director, Buildings and Thermal Systems Center

NREL is a national laboratory of the U.S. Department of Energy, Office of Energy Efficiency and Renewable Energy, operated by the Alliance for Sustainable Energy, LLC.



