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Joshua New, Ph.D., C.E.M., PMP, CMVP, CSM

e Career

- 2009+ Oak Ridge National Laboratory, R&D staff

» ETSD, Building Technology Research & Integration Center (BTRIC),
Building Integration & Control Research Group

» Climate Change Science Institute, Urban Dynamics Institute

— 2012+ The University of Tennessee, Joint Faculty

« Education
— The University of TN, (2004-2009), Knoxville; Ph.D. Comp. Sci.

- Jacksonville State University, AL (1997-2001, 2001-2004)
M.S. Systems&Software Design, double-B.S. Computer Science and
Mathematics, Physics minor

Certifications

 Professional Involvement * AEE, Lifefime Member
» Certified Energy Manager

- IEEE, Senior Member (top 8%) + Certiflied Measurement & Verification
- ASHRAE, defines international building codes Professional
« TC1.5 Computer Applications, Voting member and officer * PMI, Member

» Project Management Professional

« TC4.2, Climatic Information, Voting member and officer . Certified Scrum Master

» SSPC169, Weather Data for Building Design Standards
(24% of page count of building code), Voting member Artificial Intelligence
. President’s National S&T Council’'s Machine Learning
and Artificial Intelligence Subcommittee’s Artificial
 SSPC140 and ASHRAE Guideline 14 involvement Intelligence Consortium
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« TC4.7, Energy Calculations, Voting member and officer



https://powerpedia.energy.gov/wiki/National_Science_and_Technology_Council
https://powerpedia.energy.gov/wiki/Subcommittee_on_Machine_Learning_and_Artificial_Intelligence
https://powerpedia.energy.gov/wiki/Artificial_Intelligence_Consortium

Overview

o Context: ORNL's program, sponsor missions, why buildingse

 Buildings subprogram “Software Tools and Models” project
overview

 Virtual EPB project (Electric Power Board of Chattanooga, TN)

¥ OAK RIDGE
3 National Laboratory




Overview

o Context: ORNL's program, sponsor missions, why buildingse

e Builldings subprogram “Software Tools and Models” project
overview

e Virfual EPB project
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ORNL Buildings Program
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ORNL’s BTO Subprogram Managers

EERE/Building Technologies Office (BTO)

Building Energy R&D Integration Codes & Standards Director
Ron Oft
Equipment
H?/A%&R, Residential BERD BERD BERD BERD & CBI
Appliances Antonio Bouza Sven Mumme Erika Gupta Amir Roth
=
Windows & ;
Envelope Commercial

Buildings-to-grid

£

Modelin p- A = ! K )
° Equipment Envelope Sens & Ctrl/B2G Tools/Models
Ayyoub Momen Diana Hun Teja Kuruganti Joshua New
Lighting
RBI CBI Standards Crosscut
Joan Glickman Amy Jiron John Cymbalsky Mary Hubbard

. ° & e/
Residential Commercml Standard ‘ Tech-2-Market
André Desjarlais Melissa Lapsa Ron Ott/Jeff Munk Melissa Lapsa
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2 National Laboratory BERD - Building Energy R&D | RBI — Residential Buildings Integration | CBI — Commercial Buildings Integration




Energy and Buildings Overview

%

Transportation
27 quads

Residential \

21 quads

Commercial
18 quads /

40% Buildings

125 million buildings

WET CLEANING

energy bills %

5%

Buildings consume 73% of the nation’s electricity
80% of energy during peak hours

RESIDENTIAL SITE ENERGY
CONSUMPTION BY END USE

ADJUST TO SEDS
4%

OTHER 3% Y
COMPUTERS 2% -4

$412 billion in 2019  receramr

ELECTRONICS -

COOKING 4% =
LIGHTING

COOLING 9%

Commercial Site Energy
Consumption by End Use

*7%

Other 13%

Cooking 2% _

Refrigeration »

4%
Water heating

6%

Electronics &

Computers 12% " Lighting 25%

Goal of the DOE Building Technologies Office:
30% energy reduction per sq. ft.
by 2030 compared to 2010 baseline

Office of Electricity vision:

Harness innovation for a stronger, more resilient and reliable North
American energy system while maintaining energy independence.

Building Energy Modeling — building
descriptions + weather = estimated
building energy consumption

Grid-interactive Efficient Buildings (GEB)
Vision: integration and continuous
optimization of DERs for the benefit of
building owners, occupants, and the grid.

OAK RIDGE
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Overview

e Context: ORNL's program, sponsor missions, why buildingse

 Buildings subprogram “Software Tools and Models” project
overview

e Virtual EPB project
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System/building integration:
Research facilities (residential)

 Residential (~15 min. data)
— Yarnell (37 sensors)

— Wolf Creek (4x 356 sensors/building)
— Campbell Creek (3x 144 sensors/bldg.)

— Temperatures — Dryer

— Plugs — Refrigerator

— Lights — Dishwasher

— Range — Heat pump air flow
— Washer — Shower water flow

— Radiated heat - Etc.

;'_.%OAK RIDGE

National Laboratory




33 1y 00TZYI0Z/ELB || B : | DOTT ¥102/EL/8
3 = hada iy, 00TTPIOZELE || 5 B ). 00:Z1 v102/€2/8
g E [{oozvroz/ez/s || § 2 % | 00z v10z/82/8
I~ oostpioz/zefs || = 9 0091 ¥102/22/8
7 i 44 1 00°9 ¥TO0Z/2T/8 : + | D09 PIOZ/TZE
: e H. 00°0Z ¥10Z/12/8 H 00°0 ¥T02/12/8
1™ 00:01 ¥10Z/12/8 00:01 ¥TOZ/12/8
11 oo v107/12/8 '+ | ooovT0Z/TZ(B
S ==l 00:¢T ¥10Z/02/8 001 ¥102/02/8
i 00°F ¥T0Z/0Z/8 00°% ¥10Z/02/8
# | ooet v1oz/eT/E - O0°8T ¥T0Z/61/8
[=razh . 00:8 ¥107/61/8 008 ¥102/61/8
i ooz vroz/si/e < | 00T $I0Z/RT/8
..H..”.: 00:ZT ¥10Z/81/8 i - 00:21 $10Z/81/8
Y_fq- el Tk 002 vT02/8L/8 Y ] e e O0°T FIOE/8T/8
=] ] 00:9T v10Z/E/8 s | ” * | 009t vTOZ/E(e
» 1 00°9 vT0Z/E/8 > 1 | 009 ¥TOZ/E/E
v m | oooz vioz//e oo + | 00T vT0Z/2/B
@ | 0001 ¥I0Z/E/8 7] . | oot wOZ/z/E
c { o0 vi0z/2/8 &= : | oo vroz/zie
H w 00PTPIOZNE || g 00:41 ¥102/1/8
w 1 00 ¥TOZ/T/8 o 00t T0Z/T/8
o 00°8T PT0Z/TE/L W O0°8T PT0Z/TE/L
> | 008 $T0Z/TE(L - 00:8 ¥T0Z/TEN
= o0z vI0z/OE/L || 00-ZZ ¥102/08/L
e 3 00-ZT ¥10Z/0E/L 3 " 00-Z1 $T0Z/0E/L
um 1 007 ¥T0Z/0E/L um %, | 00T ¥TOZ/0E/L
— 00:9T #102/62/L : 00:9T $102/62/L
p — | 009 ¥T0Z/62/L 009 ¥10Z/62/L
S ! 00°0Z wIOZ/8E/L 00°0T PT0L/82/L
e .| 00:0T ¥10Z/82/L 4 S 00:01 $102/82/L
P — =3 Shego0 vioz/s/e e =+00°0 ¥T0Z/8Z/L
I—I h 00:vT PIOZ/ET/L <l 00FT FIOZ/ET/L
— 1 00t ¥TOZ/ET/L ;| 0w yTOz/ET/L
-+ - 1 0BT PTOZ/TT/L * | ooeteToz/EILL —
v O Aatesay | 008 ¥T02/TT/L e
} 00ZE vLoz/1TfL < | 00z YTOZ/TTL o)
e | 0021 $T0Z/TT/L 0TI | 5
1 00:Z ¥10Z/11/L 3. | 00T PIOZ/TT/L S
W ) 00:9T #10Z/0T/L ] 00°9T $T0Z/OT/L |
M i + 009 TOZ/0T/L . ;. | o vtoz/on/e (@]
N 1 00:02 vI0Z/6/L * | 0002 $T0Z/6/L (7))
) 00:01 ¥10Z/6/L . 00T ¥102/6/L (D)
e VI 1% gzt 28Ty —_
[=] o
O ° FITETEE FREE 2
n (umn) asn “3213 Anop (umt) asn 3313 Aunok (@)
O ®
()]
p - oozzvio/er/s | 5 o 00-ZZ ¥10Z/EL/8 &u
a2 00T PIOZ/EL/R || 5 3§ 00°TT $T02/£2/8 o
D) g E ooz yioz/ez/E || 8 2 002 ¥TOZ/ET/8
< 00:91 viOzZ/2e/8 : @ 00°9T $102/22/8 ™
C : 00:9 +T02/22/8 : 00:9 ¥102/22/8
C H . Wu 00°0Z ¥10Z/12/8 : 00:0Z ¥T0Z/12/8 @
n = 0001 PT0Z/12/8 00°01 ¥102/12/8
O m WHF 00:0 PTOZ/12/8 00:0 $T0Z/1Z/8 m
O 3 00'+T #10Z/02/8 0% :awa‘ﬂ_m o
° 00t ¥T0Z/0Z/8 00 $T0Z/02,
- W = - |#u. 0081 ¥10Z/61/8 00:81 vIOZ/61/8 %)
g “m 00'8 FT0Z/61/8 008 FTOZ/6T/8 o=
00:72 ¥T0Z/R1/8 0022 ¥T0Z/81/8 Q
n 33 ooztvioz/er/s | ovziviozers | )
b — w 00:F PTOZ/8T/8 o 002 PLOz/a1/8 o
r d Sy ——— e 00:9T $102/E/8 - " Bo-ar v10z/e/8 o
O —~ = 009 ¥T0Z/E/8 m 00°9 PT0Z/E/R o
o— 2 m 00:0Z ¥102/2/8 o 0002 ¥102/2/8 -
D) s o ovoreiozzs | S 0001 ¥102/2/8 | =]
{ & - = = 00'0 ¥102/2/8 o0 00°0 ¥T02/2/8 l
m b W. o 00:rT $102/1/8 £ 00T $T0Z/1/8 N—’
3 = W.U 00'F FIOZ/1/8 E 00 P10Z/1/8
e 2 LL o & o0'ET vT0z/TE || g 08T ¥T0Z/TE/L
m R > 008 vTOZ/TE(L pir] O0°8 ¥TOZ/TE/L
K = A|IH« 00:2Z ¥IOZ/OE/L || Bm 0022 ¥102/0€/L
m 8 > 3 . oozt eioz/oE/ | = 00:21 $102/08/L
E T ey | cozviozioen | 3 002 ¥T0Z/0E /L
O o e 0091 vIOZ/6Z/L T 00°9T ¥T0Z/6Z/L
009 vT0Z/6Z/L 00°9 PTOZ/6E/L
(Vp) = 00:02 ¥T0Z/82/L 00:02 ¥102/82/L
d ~— M ? . 00:0T PTOZ/8E/L 00-0T ¥102/82/L
S
2 s o [ - Toond .| 000 vT0T/8T/L L.00:0 vT0Z/32/L
3 2= 00T ¥TOZ/ET/L 00°vT PTOZ/ET/L
e s\ 00t PIOZ/ET/L 00°% FTOZ/ET/L
= 00:8T #T0Z/ZL/L 00:8T $T0Z/2T/L
M 0 008 FTOZ/TL/L 008 PTOZ/TT/L
V 00:ZZ ¥T0Z/TT/L 00:22 PLOZ/TTLIL
V A 00:ZT PTOZ/TT/L 00ZT $T0Z/TT/L
00:F FTOZ/TT/L 00:Z ¥T0Z/TT/L
S N b 0091 $T0Z/0T/L 00°9T ¥T0Z/0T/L
.-. 00°9 ¥10Z/0T/L 00°9 FTOZ/0T/L
O _m - 00:0Z ¥10Z/6/L 00°:0Z ¥T02/6/L
00°0T ¥10Z/6/L O0-0T ¥T0Z/6/L
™ S psp S N s e N et
QO 3gggge” EEE N
(Y} 2sn 2213 Apnoy (yma) asn 2313 Apnoy

National Laboratory

;_v(,OAK RIDGE




Professional Involvement — ASHRAE Climate Zones

Climate zones based on
18+ years of quality data
from 8,000+ met stations

Most state building codes
based on weather data
from 1961-1990

Moist (A)

Brattleboro
Cincinnatti
Columbus

- Philadelphia
Wilmington
~Washington, D.C.
Durham

Raleigh
Warm-Humid Below
Red Line

» Redefining climate zones,
include trends

o 'o
o

o
TABLE 301.3(2) INTERNATIONAL CLIMATE ZONE DEFINITIONS

10

THERMAL CRITERIA i .
- B Heating Degree Days;
1 9000 < CDDS0°F HDD= Z(Tbm- <T >
2 6300 < CDD50°F < 9000 &) miami 1
3A and 3B s e b Tpase = 18°C (65°F)
4A and 48 s e T Updated every 4 years (2021)
L HODES <3000 2017 - Climate Zone 0 (extremely hot): _
4c 3600 < HDD65°F < 5400 10.800 < CDD 50°F Cooling Degree Days:
5 5400 < HDD65°F < 7200 p .
. 2200  HODOS: £ 9000 Int’l Energy Conservation Code (IECC) COD=Y (<T.>-T,,.)
7 9000 < HDD65°F < 12600 adopts for 2018 code
OAK RIDGE 3 12600 < HDD65°F Tpzse = 10°C (50°F)

National Laboratory
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Climate Change Impacts
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Contemporary Period

|

1

A

i

CO2 emissions (Gt C)
*
-1y

1 Scenarios
11— A1B
] == A1T
4 «eue ATFI
1— A2
- B1
{ — B2

oot 5 ok o b il |
2000 2020 2040 2060 2080 21

00

Clustering-based Climate Zones (K=5): HadGCM A1FI 2050

Clustering-based Climate Zones (K=5): HadGCM A1FI 2100



Intfroduction to Building Energy Modeling

Simulation Engine and Analysis Platform
U.S. Dept. of Energy

$100+M, 1995-7? _
— cash fiow
. 2100 2273 mongage
' ’ 3 = iy ells
2 1,500
3 0 4
E
_" 00
h4

EnergyPlus OpenStudio

0% i 100%
Energy Savings (%)

Free, open-source (GitHub),
free support community (unmethours.com) for
Q&A forum, propose/upvote feature requests

100-2,000 building improvements

Optimal Return on Investment
(for building energy savings)

Individual Energy
Conservation Measures

(ECMs)
(5-20% savings)

P ass . 3 VS' . .
[EZ N ST Rl et Lt Holistic optimization
Y ) ' S5 7 (30-50% savings)
s E— - :
us CETI==TNE—— Y R Ry Ak o
.(‘ v-_un LR @V e ey Ly ot
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Development Costs %

Project Development Costs as % of Project Investment
(based on sampling of federal ESPC projects)

50%
45% @
40%
35% “o-
30%
0
25% &
20% \\g
15% \?&
10% A &
¢ ®
v
& L
5% * ¢ 4=
® ®
0% . . . ; . . . ; : .
$0 $1 $2 $3 $4 $5 $6 $7 $8 $9 $10

Project Investment ($ Millions)




ORNL aft the forefront in Computing:

£y

| \ﬁ' 4 PAT SUMMIT
: / { 1952-2016
y w‘«h—# o

d m,..nm

#1 Joguor Titan, Summit, Frontiere

Theta is the world’s
fastest buildings
energy model
(BEM) simulator

>500k building
simulations
in <1 hour

130M US buildings
could be simulated
in 2 weeks

8M simulations of
DOE prototypes
(270 TB)

ALCC Award
19M core-hours
June 2, 2020

OLCF's Titan
16 18:14
32 18:19
64  18:34
128 18:22
256 20:30

16,384 26:11
32,768 31:29
65,536 44:52
131,072 68:08

ALCF's Theta

57,344 20:44
114,688 28:20

5GB
11 GB
22 GB
44 GB
88 GB
5.6 TB
11.57B
23TB
45T8B

440 GB
880 GB

64

128

256

512
1,024
65,536
131,072
262,144
524,288

229,376
458,752




MLSU|’re HPC-enabled suite of Artificial Intel.

Linear Regression o Self-Organizing Map with
 Feedforward Neural Network Local Models

o Support Vector Machine
Regression

e Regression Tree (using
Information Gain)

« Time Modeling with Local
Models

Recurrent Neural Networks

Meta Al — automated science

« Non-Linear Regression
« K-Means with Local Models

PBS

Super-
MLSuite computer #1

Linux Linux Super-
#1 #218 computer #2

Acknowledgments:

Dr. Lynne Parker (Deputy Chief Technology Officer of the US,
White House Office of Science and Technology Policy;
previously Deputy Director of White House’s Al Initiative);

OAK RIDGE :
#('Nmmmbomy Dr. Richard Edwards (doctoral student, now Amazon’s ad analytics)




Overview

e Context: ORNL's program, sponsor missions, why buildingse

e Builldings subprogram “Software Tools and Models” project
overview

 Virtual EPB project
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Strategic Research

CONSUMPTION SPREADS FASTER TODAY

|CLOTHES WASHER'&

CLOTHES DRTEH}E‘ _

/
[nnmmﬁmmn

INTERNET

1930 1945 1960 1975 1990 2005

Wicholas Felton



©p@~— Wireless Broadband lIoT Age Is Upon Us

Strategic Research

, '/ “.‘

APapaI Conclave 2005



eﬁ!ﬂ Wireless Broadband loT Age Is Upon Us

Strategic Research

Papal Conclave 2013



Technical overview

Digital Twin of every U.S. building
Methodologly: Scelable computs, data, simulation, and emypirical validation

1. Quantitatively rank most 3. Identify and compare data S -
important building inputs sources for important inputs e A Demonstrate and stimulate GEB
o o vt ‘ N opportunities toward a

.n e . sustainable built environment

E‘V I . %
Colorad Rkaosasciy al :
Sebien 4 inis
B5o0ch
- -
;. Tulsa i |z »
iBlqueraue
i,
Oidahdtia City
[
Porsons
F =D persqmi q
it s e -
s Py
" 3
t

e & . S E \oke models Use cases:
- freely available I * Simulation-

informed analysis

Sensitivity Analysis Mefrfz

2. Time on world’s #1 fastest 4. Establish partnerships and
high-performance

¥ A D g N
j . gl i

« Sales/market leads

 Utility program
formulation

* Rate structures

5. Algorithms to extract 6. Create OpenStudio & I
I » Resilience
i

building properties EnergyPlus models

E—— ! § + Automated
] e
AN T ekt [ + Business model
SuPErCOMIPUITE Protetype
| | ﬂ[ﬁ]@ evaluation

%OAK RIDGE
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Virtual EPB — in a nutshell
“A digital twin of every building”

» Capability: quantify energy, demand, emissions, and $
(wholesale and refail) savings po’ren’rlcl for EPB’'s top-priority
building technologies

« Geospatial: Building-specific, aggregated to any area of interest
« Temporal: 15-min, monthly, annual

* Final Deliverable: Simulation-informed data and valuation
for each building in EPB’s service area for 5 prioritized use
cases covering 9 monetization scenarios

» Database of savings for business infelligence integration
« Web-based visualization and reports of saving potential

| %OAKRIDGE TOTAL DOE INVESTMENT - $1.14M (40% OE, 60% BTO)




Overview — uses and building technologies

Use Cases

Measures

Operational Use of BEM Simulations

« Peak rate structure
Demand-side mgmt
Emissions

Energy efficiency
Customer education

« Color: Energy use intensity
(kWh/m?) by building type

ORNL posts AutoBEM EPB retrieves

summary output data for
data dashboards

ORNL
Creates & maintains
virtual buildings

EPBrequests |~ EPB
....... ' Analyzes data to drive

AutoBEM data business decisions

» Lighting, HVAC COP,
infiltration, insulation

* Smart thermostats
Water heaters
PV/solar

EV charging
Future weather
Dual-fuel HVAC
Microgrids

Result: $11-35 million/year in potential savings identified via simulation-informed data
and valuation for energy, demand, emissions, and cost impact to EPB and each
customer for each building under five use cases covering nine monetization scenarios

S_QOAK RIDGE

National Laboratory



Use Case - Scenarios

« Building-specific estimates of energy, demand, and cost savings totaling
$11-535 million per year based on 9 scenarios prioritized by EPB.

1. Peak Rate Structure
1. Scenario #1a, Peak contributions for each building
2. Scenario #1b, Cost difference, in terms of dollars per year, for all building

2. Demand Side Management

1. Scenario #2a, Monthly peak demand savings, annual energy savings, and dollar savings based on
rate structure for all buildings.

2. Scenario #2b, Location-specific deferral of infrastructure cost savings potential

3. Emissions
1. Scenario #3a, Emissions footprints for each building

4. Energy Efficiency
1. Scenario #4a, Optimal retrofit list of independent ECMs
2. Scenario #4b, Optimal retrofit package of dependent ECMs

5. Customer Education
1. Scenario #50a, Percentile ranking of each building's EUI by building type and vintage

2. Scenario #5b, Monthly peak demand savings, annual energy savings, and dollar savings based on
rate structure for all buildings compared to AMY weather file scenario.
. S_QOAK RIDGE

National Laboratory




Energy Conservation Measure: Change Lighting Power
Density

Reduce lighting power density
assuming all lighting fixtures are
LED.

LPD: 0.85 W/sf (IECC-2012).

o S_QOAK RIDGE

National Laboratory




Energy Conservation Measure: Insulate Roof, Seal space

https://www.idi-insulation.com/wp-content/uploads/2018/08/Creating-a-Seal.png

Improve airtightness of the
building envelope (i.e. reduce
the gaps at the doors and
windows).

Reduce by 25% (EnergyStar
whole-house).

Adding insulation layer to the
existing roof structures following
the latest ASHRAE 90.1
Appendix G guidelines.

R-value: 16.12 (avg) to 28.57
(IECC-2012).

(i} > =
S LN o
{ ':;—.~\ e % 1
b & ST
b 5 = g
- . " 9
: \ < :

https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.dea5.net%2Ftips-on-how-to-choose-the-best-local-insulation-
specialist%2F&psig=A0vVawO0jfTQxBKhHEpxCrh7FOIcU&ust=1591106479177000&source=images&cd=vfe&ved=0CAIQjRxgFwo

OAK RIDGE S
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Energy Conservation Measure: Adjust Thermostat
Setpoint (4-8°F)

Mouse over horizontal line to set value

Buildings as thermal
batteries S

Pre-conditioning the
space by 4°F two hours
before, or 8°F four hours
before when peak
demand hour occurs.

o S_Q(N)aﬁqK RIDGE

ional Laboratory




Measure: Change to Gas Water Heater or HVAC

Electric water heater |

Vent hood for hot gas

Replace electric water heater
with gas water heater.

Hot-Cold connections

Water tank
upper
heating
element

TP valve

temperature/
pressure
reliefvalve  fR

Anode rod

Replace electric heating coils A%
inside the HVAC unit with gas B [
heating coils. | (58

insulation

Flue baffle / Heat exchanger

Cold water dip tube

Hot combustion gas

cold water.
inlet

Efficiency: 80% (IECC-2012).

Gas control valve

Thermostat
Heat transfer surface

Feftigerant  Clectric  Supply air Air intake

filled tuting heater  duch ta raams

Outdaar ol Combustion chamber
Burner
PVC or ABS
;’ﬂ:‘uﬁ' Vent Connoctor
(to Side Wall) © Gene Haynes
_ AKP6MKxiAn-JP4ftPA76_LZLcbrDsvFEWhiIAGo6jbb2h4bkcCxwNCapxf3z=s0-d
Primary = Induced Draft Fan ) ) . :
Heat Exchang !;. g OMBUIi84UIYDIE5IngZw-2bioCNIXyfjFj2UQ9cYZCFE7cBIl_HRiy64420JkKp3frL_J-
e |
e |
i e = =
fram raams gf"n':l:::ins;m % "b(/, = =41~ Gas Bumor
Hoat Exchanger  — = g =
= <+ Candensate to Floor Drain
G . o\
Circulating Fan )’\)\J
‘ Motor
Air Filter p /_"
. 1)
Cold Air Return y

https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.alsplumbing.com%?2Fhi-e-gas-furnace-
diagram%2F&psig=AOvVawOcmf8I-

OAK RIDGE ifAy3W6KXxJFCUYN&uUst=1591107866058000&source=images&cd=vfe&ved=0CAIQjRxqFwoTCKDmtevo4OkCFQAAAAAJAAAAA
27 % BAK

National Lab. R - .
ational Laboratory https://i.pinimg.com/originals/27/e4/48/27e44826faf30db3ca455e7de2fa27a9.gif




ECM Overview

# | Descripion ____________| Category

s [

1
2

Insulate Roof
Reduce Space Infiltration

Adjust Thermostat Setpoint (4F)
Smart Thermostat (8F)
Change Electric HVAC COP

Change Lighting Power Density
Change to Gas Water Heater

Change to Gas HVAC

OAK RIDGE

National Laboratory

Envelope
Envelope

HVAC
HVAC
HVAC

Lighting
Water

HVAC

R-16.12 to R-28.57

Reduce 25%
from vintage

4°F 2 hrs prior to peak
8°F 4 hrs prior to peak

COP to 3.55 (heating)
3.2 (cooling)

LPD 0.85 W/ft?

Efficiency 80%
(assumes electric)

Efficiency 80%
(assumes electric)

IECC-2012

EnergyStar whole-
house

EPB
EPB
IECC-2012

IECC-2012
IECC-2012

IECC-2012



Automatic Detection and Building Energy Model Creation (AutoBEM)

Data comparison matrix Occupancy

Data Sources

* Imagery (satellite, aerial)

« Street-level imagery

« Cartographic layers
— Elevation, GIS

» Tax assessors

» Ranking of descriptors

EE and Demand impacts
(281—4 617 per building type)

Defauit mmumMAxl istibuton Type Group [Consiraint

7295.
172

29|
88,
3.988
88|
88,
88,
988

sssssgé

076 7532 1.
32108 8901122476 92 417

Al 0. 000211, 0.000:
0.000211|0.000393funit 0003,

Software Tools

« Occupancy (every 90m)

* Aerial - best footprints
Street - height, type, WWR
LIDAR - geometry

GIS - database API
Building type

Model generator

Fastest buildings simulator

Web-based visual
analytics

Result Slmulated bundlngé for any area of interest that match 15-minute electrical

data more accurately than most manually created models
S_QOAKRIDGE

National Laboratory



30 %

What matters and how much?

Small  Outpatien Large Office Medium Office Hospital Warehous Small Hotel Large
458 3483 1072 760 1955 333 1823 887
cie e . . . Strip Retail Quick Service Full Service Mid Rise | High Rise Secondary Primary
= SenSITIVITy OﬂOlYSlS fOI’ O” bUlldlng Mall Restaurant Restaurant Apt Apt School | School
'I- e S 800 438 281 286 1464 ‘ 4617 \ 1621 1051
yp . sensitivity andl sis for all bt —— : =
+ 80% of commercial buildings - 16 pesi ISR L § Ahaker

climate zones, 16 building fypes,
averaging 5.75 vintages

« 281-4,617 building descriptors (e.g.
thermostat, insulation level) were
modified

» Fractional Factorial (FrF2) resolution IV
statistical design of experiments

= Summarize 768 lists of impactful
variables
« 254,544 annual simulations were

completed on the nation’s fastest
supercomputer (Titan)

« 216 Excel spreadsheets were created
listing the energy and demand

impdcts of each building property et o e U e
= Quantify Most Important Building e Y e
Parameters _— —

+ Top 10 annual energy (kWh) and
demand/peak-shaving (kW] variables for
each of the 16 bullding

+  Publication in-review with supplemental
Excel spreadsheets for each bldg. type,
|OCC!AIOH, and vintage for 47-470 variables
each.

OAK RIDGE

National Laboratory




3

%

Data Sources

- Database and image sources for urban model generation

Satellite and airborne imagery
Cartographic data

Ground level images

Elevation data

Building information databases
3D building model databases

OAK RIDGE

National Laboratory

Short Title
Summary Satellite imagery, mncluding panchromatic and multispectral images
Data type Image
Company
Website

Temporal resolution

Cities - 3-11 times per week

Spatial resolution 03m
MMeasure accuracy

Cost $11 per sq. km
Format GeoTiff
Mapping to building input Building footprints

variables

Mapping to area properties

Vegetated areas, road surface, buildings, parking lots

Mapping to material properties

FRoad pavement materials (e g concrete_ asphalt). parking lots (e g_. gravel. soil)

Coverage of US

Over 10 million km" of coverage of the contiguous US

Orientation Aenal

Existing internal software N/A

Existing expertise Remote sensing data analysis tool
Restrictions N/A

Comments




Plaiform capabilities - imagery and population
updates, challenges

Building Footprints LandScan Population in Utility’s Area
LIDAR acquisition date can lead to Day time: 434,725
discrepancies . . ’
=R o N O g Night time: 393,572
: : Convert 90-meter grid cells
to hourly occupancy

for each building...

HVAC Detection

Aerial HVAC classification requires higher-
resolution imagery (~10cm/pixel)

S_QOAK RIDGE

National Laboratory




Processing Street-Level Imagery (Jiangye Yuan)

3D Building Model Generation

W) [eTeN e
y -

- S_QOAK RIDGE
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Prototype Buildings

Small Office Medium Office

-

Strip Mall Retail

Standalone Retail

Outpatient Healthcare Hospital

Iy =2

Warehouse

Large Office

Primary School Secondary School
Small Hotel Large Hotel

Quick-service Restaurant  Full-service Restaurant

OAK RIDGE

National Laboratory

Mid-rise Apartment High-rise Apartment

-




Oak Ridge National Laboratory

4500N

Name: Central Research & Administration North
Year Built: 1952

Number of People: 450

Gross Square Footage: 363,980

Number of Floors: 3

Energy Usage (for visualization purposes only, data is inaccurate): 0.9

= =

| bit.ly/lernl_buildings
- — o=

CLIMATE CHANGE URBAN DYNAMICS

SCIENCE INSTITUTE %INSTITUTE [

‘OAK RIDGE NATIONAL LABORATORY

%OAK RIDGE

National Laboratory

\= OAK RIDGE NATIONAL LABORATORY

BUILDING TECHNOLOGIES
RESEARCH AND

INTEGRATION CENTER

4512
OAK RIDGE

National Laboratory




The University of Tennessee (2 days)

Name: Art & Architecture Building
Year Built: 1900

Number of People: 84

Gross Square Footage: 2
Number of Floors: 4

Energy Usage (vis only, data inaccurate)

— ‘

-

bit.ly/ut_building

CLIMATE CHANGE URBAN DYNAMICS
SCIENCE INSTITUTE INSTITUTE
OAK RIDGE NATIONAL LABORATORY OAK RIDGE NATIONAL LABORATORY
BUILDING TECHNOLOGIES
%OAK RIDGE RESEARCH AND

- National Laboratory | INTEGRATION CENTER

;_VQOAK RIDGE

National Laboratory




Results: Digital Twin of @ Utlity (every bwﬂ/]@fimg)

EPB: 178,368 building energy models [ | e A
Validated against 15-minute electricity J 2310970000
(colored by modeled EUI) LRy o 7157000

DOE Building Type: MediumOffice

" DOE Vintage: 2012

Num Floors: 4
Square Footage: 1,593,808

{ Annual Energy Usage: 11,084,478 kWh
Annual Aggregated Demand: 20,308 kW
EUI: 7 KWh/ftA2
CO2 emissions: 10,998,806 Ibs

Estimated wholesale vs retail cost: $564,480

Savings

Annual Energy 32::::: d

Savings Savings

1: Env: Insulate Roof 276,964 kWh 825 kW
2.5% 41%

L Env:_ Reduce Space 35,082 KWh 297 KW
Infiltration

0.3% 1.5%

3: HVAC: Adjust

Thermostat Setpoint (4F) -6,949 kWh 6,147 kW

N 1% 20 3%

A "4', A'“



http://bit.ly/virtual_epb

Capabilities — tlexible digital twin

178,368 building models have been created and matched to EPB’s PremiselD
Limitations: limited building types, not calibrated, will improve quarterly
QA/QC: will show how close our simulations are to 15-min data

3+ million EnergyPlus building energy models using AutoBEM technology, Titan, cloud, and local
servers to produce and analyze 15+ TB of simulation data.

1. Generate baseline building — 1.5-3h Amazon, 30h internal

Run ECM measures — OS Measure (30 mins AWS, 2h internal), Custom (1m AWS, 5m intl.)
Copy data to Titan — 1 min (1.2GB tar.gz)

Submit to Titan — 0-2 hours in queue

Simulation time — 30-45 mins (5mins/sim = 1.4 years to simulate EPB on 1 core)

Data transfer — 40 mins (160GB of tar.gz)

Uncompress — 10-15 mins

Reformat data — 20-30 mins (pickle)

O 0 N O U A W N

Analysis — 5-10 mins (64-node AWS instance with solid state drives)

Time for creation, annual simulation, and analyzing “all” EPB buildings

6.5 hours (6.1h —36.5h) ; 3.7 ECMs for every building simulated in 28.3 mins!
” s_QOAK RIDGE

National Laboratory




Empirical Validation

 Homilton, Rhea, Marion county tax assessor data
« Created map to DOE building types, building properties

STANDARD LAND USE
CODES

subdivrision

division
110 Household Units

category

111 One Family Household Unit

11z Two Family Household Tnit (Du
113 Multi-Family (4-9 unit Apartm
114 Two Famwily Units (Duplex Owne
115 Triplex

116 Condominium,

117 Apartment: 10 units or more

120 Group Quarters

Rooming and boarding houses, fratern
lodgings. MNursing homes, college dor
homes, religious quarters, orphanage

130 [(Reserwved for future use)

140 Mokile Homes

141 Mobile Homes (Single Trailer)

142 Mobile Home Park

143 Mobile Home Park (Priwvately Owmed)

150 Transient Lodging

Motels, tourist courts, lodges, hote

SLi210 Food Manufacturing

220 Textile Mill Products Manufacturing

230 Apparel Manufacturing

240 Lumber and Wood Products Manufacturing

250 Furniture and Fixtures Manufacturing

260 Paper products Manufacturing

270 Printing, Publishing and Allied Industries

280 Chemicals and Allied Products

290 Petroleum Refining Manmufacturing

Size
Adjusted
Area

%o

Story
Height

%o

Land Use
code

%o

Heat Type
Description

%o

1,000-1.499
1,500-1,999
2,000-2,499
3,000+
500-999
2,500-2,999
3,000-3,499
3,500-3,999
4.000-4.499
4.500-4,999

32.6
22.1
12.2
9.8
8.3
6.6
3.8
2.1
1.3
0.8

1
2
1.5
3
=7
2.5

4
5
6

7

74.5
17.4
7.1
0.6
0.6
0.1
0.1
0.0
0.0
0.0

RESID
COMM
MFG
IN
AG
EX
DU
EID
RL5S
BCMT

82.3
7.9
4.7
24

0.8
0.4
0.2
0.1
0.1

CENTRL HEAT&
<EMPTY >
GRAVITY
NO HVAC
FORCED HOT A
GHA
CENTRAL A/C
REV CYCLE UN
CENT HEAT &
NONE

754
12.6
7.4
34
0.9
0.1
0.1
0.0
0.0
0.0

Roof Structure
Description

%o

Roof Cover
Description

%o

Decade

%o

Prime/Second
Wall Description

%o

290 Petroleum Tank Farms

290 Pawing and Roofing Materials

291 Pawving Equipment

o310 Ancillary to Manufacturing

311 office Building Ancillary to Mamufacturing

312 Warehouse Building Ancillary to

313 Zervice or Parking Building Ancillary to

314 Retail or wholesale ancillary to

320 3tone, Concrete and Glass Products

Flatglass, glass containers, cement,

330 Iron, S3teel and Metal Manufacturing

Elast Furnaces, steel works rolling

340 Fabricated Metal Products Manufacturing

Guns and accessories, general indust

350 Professional, Scientific, and Controlling
Instruments, Photographic and Optical Goods,
Watch and Clocks Manufacturing

Engineering, lshoratory and scientif
instrunments and lensest ophthalmic o
operated devices, dental equipment.

390 Miscellaneous Manufacturing.

391 Jewelry, silverware and plated war

392 musical instruments and parts

393 Toys, amusement, sorting and athle

HIP/GABLE
WOOD RAFTERS
BAR JOISTS
OPEN STEEL 5
STEEL TRUSS
<EMPTY >
NONE
WOOD TRUSS
FLAT/SHED
GAMBREL

86.0
28
24
2.1

1.8
1.7
0.8
0.6
0.5
0.3

SHINGLE ASPH
SHEET METAL
BUILT-UP
METAL
<EMPTY >
ASPHALT SHIN
CORRUGATED M
NONE
ROLL COMP
BUILTUPT &

819
3.5
34
29
1.7
1.7
1.3
0.9
0.6
0.4

2000
1960
1970
1990
1950
1980
1940
2010
1930
1920

13.7
13.6
13.5
11.6
11.4
10.8
7.6
6.9
4.8
3.8

<EMPTY >

WOOD FR W SH

VINYL

BRICK
WOOD FR ASBT
CONC BLK PLA

ALUMINUM

HARDIE BOARD
BRICK VENEER
CORRUGATED M

419
15.5
13.5
13.1
2.7
1.6
1.4
1.4

1.2

» i

1.2

» i




Accuracy compared to real 15-minute data for each building

Operational Use of BEM Simulations

« Empirical
Validation

- 15-minute whole-
building electrical
for 178,368 bldgs

— More accurate
than BEM created
by a human'

e % error of the
average manually-
created BEM when
compared to
measured data

Use Cases T
 Peak rate structure A

» Demand-side mgmt
* Emissions

* Energy efficiency

» Customer education

EPB retrieves
data for
dashboards

ORNL posts
summary
data

AutoBEM
output

EPB
Analyzes data to drive
business decisions

ORNL
Creates & maintains
virtual buildings

EPB requests
AutoBEM data

Measures
* Lighting, HVAC CORP,
infiltration, insulation

* Smart thermostats
« Water heaters

* PV/solar

« EV charging

* Future weather

* Dual-fuel HVAC

* Microgrids

Result: $11-35 million/year in potential savings identified via simulation-informed data

and valuation for energy, demand, emissions, and cost impact to EPB and each
customer for each building under five use cases covering nine monetization scenarios

1Garrison, Eric, New, Joshua R., and Adams, Mark (2019). "Accuracy of a Crude Approach to Urban Multi-Scale Building Energy Models Compared to 15-min Electricity
Use." Best PhD Student Paper award. In Proceedings of the ASHRAE Winter Conference, Atlanta, GA, Jan. 12-16, 2019. [PDF] [PPT]

0 S_QOAK RIDGE

National Laboratory



http://web.eecs.utk.edu/~new/publications/2019_ASHRAE_EPBmatch.pdf
http://web.eecs.utk.edu/~new/presentations/2019_ASHRAE_EPBmatch_presentation.pdf

Load Factor summary

Monthly
AutoBEM Data

Premise Number

Improvement Type

Total Cost Savings ($)

Monthly Costs Savings ($)

Monthly Demand Svgs (K
~2.1M records per year, all
bldgs

Join on Premise Number

Data Visualization Tools

Distribution
System

Capacity
dlelalgligle)

;_v(,OAK RIDGE

National Laboratory

4]

Be Dea forohen Cusbowd fory Grwipn Mo fome Sevr Wodte tp

WP - £- -2
* GSA Analysis - Technology Improvement
X w

i & 3 5 B & 5
kWh Adjusted

EPB System
Attribute Data

Premise Number

Service Address
Latitude/Longitude
XFMR information (bank,

structure, etc.)
Circuit, Substation,

Feeder

Customer Clustering &
Demand Side
Management Analytic

Hour of Day

bt ot 1520
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https://tableau.epb.net/views/AutoBEMSubsetData_15909758721400/MonthlyDemandSavings_1?:showAppBanner=false&:display_count=n&:showVizHome=n&:origin=viz_share_link
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https://tableau.epb.net/views/AutoBEMSubsetData_15909758721400/MonthlyDemandSavings_1?:showAppBanner=false&:display_count=n&:showVizHome=n&:origin=viz_share_link

AutoBEM data in action — EPB Dashboards

GSA HVAC R&R Analysis
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HVAC Monthly Demand Savings (KW) for Improve HVAC Efficiency, Electric HVAC, Gas WH, Gas HVAC, Electric WH and 1 more
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monthly

demand value gg_,_ 2%
am-: 200

g

" %OAK RIDGE

National Laboratory

~ &G 5 ©
o N 9 o
= A
-l - -

B

Bose2

mprovement lype

I 1 2.
I ;.92

a9

15,007

16122

18,963

15,958

Lh2h

400

N ©
T

2“"”\:.'
P g S ®
el S8 ) 1
-

Nov

I 16,750
< | <)
3
w




Potential Demand Reductio on from Bu j!d ngs in a Simulated Utility

: %J?I Egi 2. :i ‘TI"E- ig: I;H. -"\g
IREES DA TR RS R AR T TR S 8°F breakdown of quartiles by
JEASE S ¥ RENR X Rl P LY R R T
I T building type for each calendar
- TH v month with medium offices and
j j I i AR AP AR ) *s 4.7 strip malls as high, but time-
.l ! i ez - sensitive, value deployments.
T [ I 1 Pl

4°F pre condltlonmg shows an average 13% S
peak demand reduction across 178,368 i
residential and commercial buildings.

Analysis: Demand Reduction Breakdowns

2a_smart_thermostat_8_analysis

100 January February - March i
8°F shows an avera e220/ significant = 1 1 1 : l l = é E
a9 22%. 819 & [RESI | Iy Breosg

Sp re ad 22 smart_thermosta s 4 B B - _— -
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Results (by building type)

Total Electricity Savings Average Electricity Savings Total Demand Savings
4,000,000,000 _1 25,000,000
3,000,000 20,000,000
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& 2.000,000,000 & 2.000,000 H
o ® B 10,000,000
© k
g g = 5
£ 1.000.000,000 £ 1,000,000 £
2 . 2 — S 5.000,000
: — ’ — E
, . -.-_.__ 0 ---—-- o . o — ] o ™ e
£ & O & S gd;’ 9°$ e&é g £ & & & $® 6"‘\5 608’ F £ & & ¢ & &
F F & & R ) & & Py 4 & & o ¥ & & ) & & g & o 3 3
F F & & & P E E g & § VP E S & F & & & & ¥ &
ROSNOATS & & ° i A « & S SO A Sl
8‘\\ g?‘v o & & & 5\\\ 5\4 \3 & & & 5\\\ g?\ F & &
& & T o o ¢ & ¥ & o oF AP o o
ECM ECM ECM
Average Demand Savings EUI Building Type
B Qi resacsciuaiont
102800 _ HighaseApantment
i 10,000 Hospital
& LargeHotel
£ . 7,500 B woeomce
g Faes ~ . MediumOffice
E pag— § B vicnsespartment
- ey — 5 - F’nmanSd\ool
0 po==== pr— — — - w - QuickSenviceRestaurant
Residential
«g\ § & & i 2 P & 2,500 .
&F & @bé\ Q\@\ ‘,\)”\ 3 é\?@ 606@ g@? . . RetailStandalone
P T S & & & B Retaasvipman
S K\a & & & =
e® o > & o o SecondarySchool
OAK F ECM 0 B smaon

National Laboratory




Tech Commercialization Fund with Google

« Environmental Insights Explorer
 hitps://insights.sustainability.goo

ENVIRONMENTAL INSIGHTS EXPLORER

Impact begins with insights.
Explore data to make informed decisions
and inspire action.

Rooftop solar potential ®
Google estimate
Medium among other cities

237,000

Total tCOze per year

Building emissions ® B
Google estimate
Medium among other cities

484,000

Total tCOze per year

Emissions reductions

il. Explore the data

I
Transportation emissions
Google estimate

Medium among other cities

524,000

Total tCOze per year

Residential
Non-residential

-

3= Explore and customize

- S_QOAK RIDGE
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https://insights.sustainability.google/
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Results (by vintage)

Total Electricity Savings Average Electricity Savings Total Demand Savings
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Clustering of (real) 15-min electrical data

o 26,048 residential buildings with
96d clustering (24h) peaks typically between 5 and

180,000 buildings
measured

Whole-building electricity /pm
e —
Hour of Day ' ' : e # '
w e ew o em o w s s aw SUN MON TUES WED THURS FRI SAT
OAK RIDGE 9 residential clusters 8 commercial clusters (GSA1-3, 8am-
S5om)
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Load Factor summary

« Utility load factorLoadFactor = Total(kWh) / (kWpeak * numHours)
« Close to 0, more opportunity for energy storage

Num % of all Avg. Load

YIRS Bldgs Bldgs Factor
2006 16217 9.1% 0.170
0
g 2009 6357 3.6% 0.177 Num % of all s
g ' ' Building Type Bldgs Bldgs Fé%?gr
> 2012 149247  84.0% 0.163 . .
IECC Residential 171821 = 96.35% 0.164
Pre-1980 670 | 0.4% 0.405 Warehouse 799 | 0.45% @ 0.166
1980-2004 1064 0.6% 0.296 MidriseApartment 851  0.48% 0.261
o SmallHotel 1557 0.87% 0.261
90.1-2004 1478 0.8% 0.255 I
% ’ HighriseApartment 2068 = 1.16% 0.263
€ 90.1-2007 268 0.2% 0.338 LargeHotel 408 = 0.23% 0.365
90.1-2010 1224 0.7% 0208 QuickServiceRest. 318 0.18% 0.380
Hospital 319  0.18% 0.399
90.1-2013 1808 1.0% 0.256 Outpatient 59 0.03% 0.501
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