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Agenda

BBA PPL Team Update

Integrated Lighting Campaign — Axel Pearson, Pacific Northwest National Laboratory

Technical Presentation — Mark Moehlenbrock, PE, Minnesota Department of Transportation
Plug Load Control Integration at Minnesota Department of Transportation

Technical Presentation — Dr. Jan Kleissl and Keaton Chia, UC San Diego
Smart Plug Load Controls Integrated with a Building Energy Management System

Q&A
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Plug and Process Loads (PPL) Technology Research Team

Dr. Kim Trenbath Amy LeBar Omkar Ghatpande

Technology Team Lead Research Engineer Research Engineer
Kim.Trenbath@NREL.gov

PPL@NREL.gov

Robin Tuttle

Project Manager
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Plug & Process Loads Website

https://betterbuildingssolutioncenter.enerqy.qov/alliance/technology-solution/plug-process-loads

Plug and process loads (PPLs) consume about 47% of primary energy in U.S. commercial
buildings. As buildings become more efficient, PPL efficiency has become pertinent in
achieving aggressive energy targets. Through the PPL Technology Research Team, partners

participate in a platform to share experiences and learn from their peers and work together

to create resources on PPL energy reduction strategies and their applications, covering a
wide variety of electronic, computer, refrigeration, and cooking devices, including
equipment essential to information processing, medical treatment, and foodservice

businesses.

Refrigeration 10% ——

Lighting 8%

COMMERCIAL BUILDINGS

MUKY YA/ ENERGY CONSUMPTION
BREAKDOWN

Ventilation 8%

Water Heating 4% '

Space Cooling 9%

Space Heating 14%
5
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https://betterbuildingssolutioncenter.energy.gov/alliance/technology-solution/plug-process-loads
https://betterbuildingssolutioncenter.energy.gov/alliance/technology-solution/plug-process-loads/newsletter

NEW Fact Sheet

« Describe the Automatic Type and
Location Identification System (ATLIS)
for Commercial Building Plug Load
Management

* Plug-and-play system framework that

1. tracks devices as they move through
a building

2. accurately applies controls
3. monitors device energy.

« Fact sheet can be found Iin our Featured
Solutions

Better Fact Sheet: Automatic Type and Location |dentification
Bui Id ing 5» Systemn for Commercial Plug Load Management
B BETTER BUILDINGS ALLIANCE
Introduction Mational Renewable Energy Laboratony® that

Plug and process boads (PPLs) include sl
plugged-in and hardwired electronic devices that
are not associated with other major building end
uses such 85 heating, cooling, wentilation, and
lighting. PPLs account for 47% of the enengy
consumed in 5. commercial buildings, and that
portion is expected to increass.’ As a result, there
is growing interest in managing PPLs, a
challenging proposition given there can be
thousands of PPL devices, each serving 8 unigue
function, in large commercial buildings.

Residential smart home management sysiems
exist today that connect o Internet of Things (loT)
devices, such as lighting, thermostats, and plug
loeds, and allow homeowners to control their
devices from & central system. These systems
have not been scaled fo commercial buidings,
largely because there are orders of magnitude
more occupants, devices, and device types in
commercial buildings.

This fact shest summarizes the Automatic Type
and Location Mentification System, or ATLIS for
short.

What is ATLIS?

ATLIS is & plug load managament {FLM) system
framework developed by researchers at the

RFID Tag RFID Reader m
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automates confrols and reduces setup and
maintenance time by taking advantage of more
0T devices entering commercial buildings. Figure
1 shows the ATLIS framework.

ATLIS tekes advantage of the ability of smart,
connected devices to identify their own locations
in & buiding, meter and control their power, and
communicate this information to & cenfral
database. The framework includes five primany
capabilities: location identification,
communication, control, energy metering, and
data storage.

* Location ldentification
Radio Frequency entification (RFID) tags at
each outlet comespond 1o device locations in &
buiding. RFID readers at the device plug read
the tag and send the location o the dashboand
and database.

» Communication
Controls and device data are sent between
devices and the system dashboard Bwough the
cantral control hub.

» Control
Instructions or “controls” are sent through the
cantral control hub diractly to devices to
administer. Controls are sssociated with the
devica rather than the outlet, providing access

Dirsboand
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Fig. 1 The ATLIS framework workfllow
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https://betterbuildingssolutioncenter.energy.gov/sites/default/files/attachments/PPL_ATLIS_Factsheet.pdf

UPDATED PPL Utility Incentives

e QOver 500 PPL incentives listed from 42
states

- Common PPL incentive strategies
include:

«  Appliances & Kitchen Equipment
*  Advanced Power Strips

. Computer Power Management

. Occupancy Sensors

*  Vending Machine Controllers

*  Whole Building

PPL Utility Incentives can be found
under Policies and Incentives on the PPL
website

Computer Power

Fro i of plug load
Unlike typical power strips, Advanced Power Sirips (APSs) have increased functionality to combat PPLs. They have outlets that are designated as primary

t that is often ENERGY STAR certified, that reduces overall plug load ensrgy usage in a space

tallation of software on PCs to enable a centralized, server-level control of power management settings

Vending Machine
Whole Buildil
Type of Incentiv
Custom Rebate

Upstream Rebate
Incentive Spons:
Entergy Arkansas

SouthWest Gas
South\West Gas
SouthWest Gas
SRP
SRP
SRP
SRP
SRP
SRP
SRP
SRP

UniSource Energy
Unisource Energy
Unisource Energy
Uniscurce Energy
Unigource Energy
Alameda WMunicipa
Alameda Municipa

City of Lompac
City of Lompac
City of Lompac
City of Lompac

Occupancy Sensor

Controller

€

Prescriptive Rebate

or

Arizona Public Service Company (APS)
Arizena Public Service Company (APS)
Arizona Public Service Company (APS)
Arizona Public Service Company (APS)
Arizona Public Service Company (APS)

Tucson Electric Power (TEP)
Tucson Electric Power (TEP)
Tucson Electric Power (TEP)
Tucson Electric Power (TEP)

Services
Services
Services
Services
Services
| Power
| Power

Anaheim Public Utilties

Incentives

Qccupancy sensors can be installed specifically for the purpese of managing and contrelling plug load energy usage
Vending Machine control devices that use a motion sensor to automatically power down the vending machine when the area around it is unoccupied, and
These programs allow you to create your own plug load savings sirategies and receive a custom incentive if it meets the utility’s requirements

Incentive is offered by the reduction of energy consumption due to new measures
Incentive is based on the installation of a specific device or software
Incentive is offered directly from the vendor/manufacturer

= Bl Rebatelincenfsd Applickd Type of Inclsd PPL Strategy il Details
AR S0.10/Wh Commerc Custom Rebate Computer Power Managi hitp:/fwww entergy-arkansas. comfvour busini Up to 100% of cost if the mg
20.02/KWh annua Commerc Custom Rebate Whole Building hitps:iwww.aps. com/~/media/APS/APSCOM-P| Summer peak hours (June-3

Sa/computer Commerc Prescriptive Re Computer Power Manag hitps Jfiwww.aps.comi-/media/APS/IAPSCO CPM Software

S100/unit Commerc Prescriptive Re Vending Machine Contro hitps:iiwww.aps.com/-/media/APSIAPSCO Beverage machine controls
S50/unit Commerc Prescriptive Re Vending Machine Contro hitps:/fwww. aps.com/-/media/APS/APSCOM-PI Snack machine controller
2100/unit Commerc Prescriptive Re Vending Machine Contro hitps:4'www.aps. com/~/media/APS/APSCOM-P| Reach-in cooler controls
S200/unit Commerc Prescriptive Re Appliances and Kitchen | hitps Jiwww.swqgas.com/enirebates-and-p EnergyStar model of comme
S50unit Commerc Prescriptive Re Appliances and Kitchen | hitps:ifw ww.swgas.com/en/rebates-and-prom Energy Star model of wash
Varies Commerc Prescriptive Re Appliances and Kitchen | hitps:/ifwww . swoas. com/en/rebates-and-prom Kitchen equipment including

2100/controller  Commerc Prescriptive Re Vending Machine Contro hitp/fwww savewithsrpbiz. comirebates/stand Reach-in cooler controls
2100/controller  Commerc Prescriptive Re Vending Machine Contro hitp:/iwww savewithsrpbiz. comirebates/stand Beverage machine controls
S40/controller Commerc Prescriptive Re Vending Machine Contro hitp:/fwow w.savewithsrpbiz. com/rebates/stand Snack machine controls
S8/PC Commerc Prescriptive Re Computer Power Manag hitp:/f'www savewitherpbiz. com/rebates/stand Networked PC power mana

E200/server Commerc Prescriptive Re Computer Power Manage hitp:/'www .savewithsrpbiz. com/rebates/stand Server virtualization

2300/server Commerc Prescriptive Re Computer Power Manag hitp:/'www.savewithsrpbiz. comirebates/stand High-efficiency server repla
£130/unit Commerc Prescriptive Re Vending Machine Contro hitp:/fww w .savewithsrpbiz. com/rebates/stand Refrigerated beverage vend
Varies Commerc Prescriptive Re Appliances and Kitchen | hitp:/fwww savewitherpbiz. com/rebates/stand Kitchen equipment including

S85/controller
Sa5/controller

Commerc Prescriptive Re Vending Machine Contro hitps fwww tepcommercialenergysolution Vending machine controls {
Commerc Prescriptive Re Vending Machine Contro hitps:ifwww tepcommercialenergysolutions.co Vending machine controls (|

EEEPEE S RRRRERRRRRARRRRRRRRREERRR

S/strip Commerc Prescriptive Re APS hitps:ihw ww tepcommercialenergysolutions. co Plug-lead smart strips
S6/seat or compu Commerc Prescriptive Re Computer Power Manag hitpsfwebtools. dnv.comiprojects/LinkClic Computer Power Managems
S45/controller  Commerc Prescriptive Re Vending Machine Contro hitps/fwww.uescommercialenergysolutiol Non-Refrigerated vending m|
S45/controller Commerc Prescriptive Re Vending Machine Contro hitps Jiwww.uescommercialenergysolutiol Reach-in cooler controls
45 per controller Commere Prescriptive Re Vending Machine Contro hitps /Awww.uescommercialenergysolutiol Refrigerated vending machi
S5/strip Commerc Prescriptive Re APS hitps ifwww.uescommercialenergysolutiol Plug-load smart strip
S0.10/KWh Commerc Custom Rebate Whole Building hitps-ifwww.uescommercialenergysolutiol Custom measures, capped
Varies Commerc Upstream Reba APS hitps Jiwww.ampmarketplace.comialamet APS

Varies Commerc Upstream Reba APS hitps /iwww.ampmarketplace.com/alamet APS with motion sensor
S1504unit Commerc Prescriptive Re Computer Power Manag hitp:/fwww.anaheim.net’5353/Business-E Uninterruptible Power Thei
Varies Commerc Prescriptive Re Appliances and Kitchen | hitps www.cityoflompoc.com/governmeni Clothes Washer

Varies Commerc Prescriptive Re Appliances and Kitchen | hitps Jiwww.cityoflompoc. com/governmeni Dishwasher

Varies Commerc Prescriptive Re Appliances and Kitchen | hitps iwww.cityoflompoc.com/governmeni Kitchen equipment including
S25/unit Commerc Prescriptive Re APS hitps ihwww. cityoflompoc. com/governmeni Smart power strip

~
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https://betterbuildingssolutioncenter.energy.gov/sites/default/files/attachments/Utility%20Incentives_for_PPL_Mar_22.xlsx

PPL Resources for Building Owners

 The PPL Team worked alongside DOE In
developing Low Carbon Technology
Strategies guidance documents

 Documents will aid owners and operators
of existing buildings in planning retrofit
and operational strategies to achieve
deep carbon reductions

« Toolkit can be found on the BBA website

Better
Buildings’

Low Carbon Technology Strategies

PATH TO ZERO: GETTING STARTED

Through Better Buildings, DOE has developed Low
Carbon Technolegy Strategies guidance documents
to suppart you in your journey to reduce carban
emissions in your buildings. The primary purpose is

to aid owners and operators of existing buildings in
planning retrefit and operational strategies to achieve
deep carbon reductions. These strategy documents
supplement existing energy design guides where new
construction is the focus. Low Carbon Technalogy
Strategies are currently available for 10 building types,

with a supplement for commercial kitchen equipment. + Lighting
Recommendations are grouped by technology, with » Space Conditioning and
recommended actions categorized as either simple, Water Heating
intermediate, or advanced. » Cantrols and Analytics

» Primary Sches » Building Ervelope
How to Use the Low Carbon » Secondary School » Plug and Process Loads
Technology Strategies Superms + Renewables and Battery
As with any journey, your path to low carben depends Storage
an your starting point and your desired destination. In » Refrigeration

energy and carban management tarma, you will need to Kitchen Equipment

identify your bazeline conditions and your energy and
carbon reduction goals.

Typical steps include:
1. Assess current building conditions by conducting an energy sudit (audit template)
and/or carbon inventory
2. Establish decarbonization goals and create an action plan to achieve goals
3. Implement retrafits and operational improvements to buildings and add renewable energy sources
4. Engage employees and tenants through communication, training, and recognition

To aid you with planning and establishing geals, we recommend EPA's ENERGY STAR® Guide for Comprehengiv
¥ -

If you have already completed energy audits, benchmarking, or commissioning for your buildings, you do not need
to start from scratch, For sach of the technelogy strategies, knawing your bazeline conditions will guide you on
next steps, whether simple, intermediate, or advanced. To make sure you do not miss an opportunity to improve
perfarmance in your buildings, we recommend that you create plans for what to do when equipment fails. Early
replacement can often make sense depending on your goals and the business caze.

When decarbonizing your buildings, start by making your Decarbanization Priority Waterfall

buildings energy efficient and then add on-site renewables, A .

; = A y Eneray Eficiency
An efficient building generating its own power will have the -
flexibility to interact with the electric grid to maximize use of i On-Site Ranewables
renewables in your cammunity (e.q., by shedding or shifting |
load as part of a demand response program). Te achieve zero Grid Interactivity

«carban goals, your plan may also need to incorparate off-site

renewables, renewable energy credits (RECs) and/far carbon Off Site Renewsbles

offzets, but energy efficiency should be pricritized 2= the

mast cost-effective and impactful opticn.

- Lt

RECs & Carbon Offsets

Learn mare at betterbuildingssalutioncenter.energy.gow’

L1 CERARTMENT CF
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https://betterbuildingssolutioncenter.energy.gov/toolkits/low-carbon-technology-strategies-toolkit

Featured Resources

e On-Demand PPL Webinars

 Low Carbon Peer Exchange; Plug and
Process Load Management for Low
Carbon Strategy

« Community College of Allegheny County
and Cornell University; No Purchase
Necessary: Low to No Cost Plug Load
Management Strategies

« Houston Advanced Research Center
(featured at right); Getting to Net Zero
Energy Through Strateqgic Building
Operations and Plug Load Management

Better DDDDDDDDDDDD

Buildings ENERGY


https://betterbuildingssolutioncenter.energy.gov/webinars-on-demand
https://betterbuildingssolutioncenter.energy.gov/webinars/plug-and-process-load-peer-exchange
https://betterbuildingssolutioncenter.energy.gov/webinars/no-purchase-necessary-low-no-cost-plug-load-management-strategies
https://betterbuildingssolutioncenter.energy.gov/webinars/getting-net-zero-energy-through-strategic-building-operations-and-plug-load-management

NEW Fact Sheet Featuring Integrated Lighting Campaign Winner

Minnesota Department of

Transportation Cedar Truck
Facility

Winner: Integrated Controls for

Plug Loads and Lighting Systems

Fact sheet can be found under

on the PPL website

DEPARTMENT OF
TRANSPORTATION

».:NREL

fraraoemeen FRERGY

Photo Credit: Minnesota DOT
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Integrated Controls for Plug Loads and

Light Systems

CASE STUDY: Minnesota DO E nue ck Station

About the Participant

The Minnescta Department of Transportation (MnDOT) has
mere than 1,075 buildi i i

across the state. MnD(

located in Richfield, Minnesota, prcmdeq cnhu_al rc- dway
snow removal suppcﬂ within

includes administrative offices, a training room

breakroom, along with truck maintenance and senvi
facilities.

The focus of this case Stl.ldy' istD highlight the sirategies

ognized by the Integlﬂed
Lighting Campaign in ollowing categories:

L3 Integ'-ated nirols for Plug Loads & Lighting 5
Conirels for HWAC & Lighting Systems

The lighting-plug load integration project was co-funded I:y
MnDOT, the U.S. Department of Energy, an

Proj Maotivation
The project included the retrofitting and integrating the s::lld-
state nel“n)rhed IUmna control with plug load, and H
i onditicning) system oper:
ng fixtures in the office space were ne
life. The faciliies team lo i

was a suitable candidate Ty
implementing occupancy-based mntrd and lighting
inte ratlc-n beu_ame of its continuous operation and highly

Plug Load + Lighting System Integrati
Each of the new luminaires has an occupancy sensor, ight
level sensor, and wireless communication capabiliies. The
OCCUPENCY Sensors in the virtually created lighting zones
hting system operation. The plug lead control
s controlled outlets based on the wirsless
cupancy sensors. All faceplates of the
controlled outlets: : & button for manual override by the
user. The signal flow is unidirectional—from the lighting
occupancy sensor to the plug load controller. The plug load
control module cannot operate the lighting fixtures.

Learn more at betterbuilding

Oiffice area: 1 1.3

Total building =i

Office usage: 24/7 operational
faciity with highly variable
occupancy pattern

» Controlled Plug Load Details
Dual controlled ouflets: 4

o Half controlled outlets: 5
Transmitters: 4
o Cubicle confrols: 2

» Loads Connected to Controlled
Outlets
Computer monitors
Desk fans
o Miscellaneous office equipment

About Automatic Receptacle
Controls (ARCs]

»  ARCs tum off power to receptacle
plugs using occupancy Sensors,
contral schedules, or timers.
Available in single or duplex cutlet
control configuratio

Plug load controllers
communicate to the cullets through
wires or wirelessly

Also known as confrolled
receptacles or controlled outlets

ENERGY
10
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https://betterbuildingssolutioncenter.energy.gov/sites/default/files/attachments/ILC_Case_Studies_MnDOT.pdf

PPL Team Updates: Project Highlights

Automatic Receptacle Controls Energy Efficiency in Medical

» Working on strategies for Imaging Equipment
Increased market uptake « Supporting DOE efforts

Example Wednesday

1

30

—

20

—
—

1l ]

. | Nighttime load is
5 7-8 kW

Power (kW)
= =
S) =
S—

DDDDDDDDDDDDDDDDDDDDDDDD

Control marked receptacle Wireless controlled 8888888888888388888388883
tacle 8588338588320 2858283FAT
rece
P —_—M ——M
Figure 4-8 MRI 15-minute load profiles for an example weekday (Wednesday)
Source: BBA TRT Webinar 4/30/20 - Harold Jepsen Source: M. Shepp
Better

Buildings’


https://betterbuildingssolutioncenter.energy.gov/webinars/automatic-receptacle-controls-adjusting-new-code-requirements-plug-load-controls
https://www.nrel.gov/docs/fy14osti/61064.pdf

Contact us

Team Inbox;

Website:

Technical Team Lead.:

Dr. Kim Trenbath

National Renewable Energy Laboratory (NREL)
Kim.Trenbath@nrel.gov

Phone (office): (303) 275-3710

12
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mailto:PPL@NREL.gov
https://betterbuildingsinitiative.energy.gov/alliance/technology-solution/plug-process-loads
mailto:Kim.Trenbath@nrel.gov

LZNREL

Integrated Lighting Campaign
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Axel Pearson
Pacific Northwest National Laboratory
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Integrated Lighting Campaign - The Focus

Tl

SPACE ASSET

UTILIZATION TRACKING

ADVANCED SENSORS
AND CONTROLS

INTEGRATION

The lighting system
can communicate with
other building systems

to enhance building
performance.

ADVANCED INTERNET
LIGHTING SYSTEMS OF THINGS

Better
Buildings
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2022 Recognition Categories for Participants

Advanced Use
of Sensors
and Controls
for Lighting

Integrated
Controls for
Plug Loads
and Lighting
Systems

() \‘\

C

Integrated
Controls for
HVAC and
Lighting
Systems

Integrated
Systems and
Lighting

Integrated
Lighting and
Horticultural

Controls

New in 2022!

Innovative
Maintenance,
Operation,
and Financing
Service

Models

New in 2022!

Better
Buildings’
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CASE STUDY: Advanced Use of Sensors and Controls for Lighting

:(ﬁn)l

Bryan 4

Project Details:

3 million ft2 building portfolio across
two campuses in Lincoln, NE

Empowered office workers set their
own light levels in their workspace

Reduced lighting-related calls to
helpdesk

57% energy savings

MEDICAL
CENTER

A view of the control dashboard for the second floor of the
East Campus

Better
Buildings

Healthcare Campus Recognized for Innovative
Use of Lighting Sensors and Controls

About the Project

Eryan Health s a locally onned, nongeodn
healthcare crganization senving patients in
Nebraska, as well 2= parts of Karsas, lowa, South
Dakota, and othes s2aten in he regon Whan a
wcheduled remodel neared, Bryan Health saw

an opportunity to upgrade lighting throughout

ite East an Weat Campus locations in Netrasks

and replace ol their flucrescent luminaires with
energy-efiicent LEDs. A new, moden lighting
cystem hald the pramas of significantly reducing
energy corsumption, lowering operating costs
and streamiining mantenance Bt what sise
could it do? It turns cut, qute & lot

Mike Wiruth, master electrcian ot Bryan Health

explored kghting applications end integration
SUAteges with ntermnal stakehalders that could

also spport physcian productivmty and contribute

to patent wellness and hesing

Project Goals

» PERSONALIZATION. Cive offce personne
g medca haalth providens ability 10 et hes
own task ighting scenes. Lighting condol iz
particularly important for rsdiologists when
taking «-riys and réviening scans
DIMMARBIUTY. Lighteg futures needed 10 be
dmmable to berefit fom deylight harvesting
Bt 4o 10 reduce brightress of the LED lights
10 recice glare

» EFFICIENCY, They needed & hghting system

that coudd streaming and sutomate certair

tatks, e LIPECAILIY ANeTgy COMIL
and lower Utility bilis. Az an added bonus
ther utibty, Lincoln Electric System, oMered
Sryan Health 3 rebate for sach fluorescent
amp removed and a separate rebate to cover
a percentage of labor coats for Inatalling new
controls

» CENTRALIZATION, They alsc wanted 10
manage ¢ all from an esty-to-use, dhoud-besed
entraland lighting system with acdvanced data

viushzation

P

CASE STUDY: BRYAN HEALTH

» Bryam Hualth owrs $ree midion sguare leet
ef buiding spece  Lincoin, Nebrasha, which
w0 sute cave laclities and many

tneved with | ghtrg #iegrane

10 purchane the fxtres and
the lighting maragemant syt

» Arcnvtacties fem Devs Deugn was contracied
to specly ltue worl tc meet new carpus
starderd and develop as bullt documertation
for Wl angaing work

KEY STRATEGIES AND OUTCOMES

» Ergan Hualth emploped the niowng sdvenced

lighting st ategies

» Lightrg managemert system

» Oooupency senson

» Task wring level and preset Lighting scenes
» Rermote-contiolied switches

< hging end megy sson strsteges
" POsten OURCOMmes for

oty

® femer wgpart cally

shorter iesporse times

neresied ravaaal comion

-
-
» emote contiel
-

ks \PRng energy wie by ST

Lear

"

more st bhetls IBONCarter arel

ENERGY

Better

Buildings’

Case Study Published Here!
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https://integratedlightingcampaign.energy.gov/sites/default/files/2022-01/ILC_Bryan%20Health%20Case%20Study.pdf

Submit for Recognition by Mareh-36-April 15th!

Program Description

Marrative:

Description of Program including start/end dates - please include pilot demonstrations if applicable, or Description of Contributions to the Integrated Lighting Campaign

b
Supporting Data:
(c.g., number of buildings/systems impacted, energy savings measured, Participants/projects recruited to the ILC, cte)
2
BEttE" U.5. DEPARTMENT OF
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More questions?

> Axel Pearson, LC
PROJECT MANAGER

23 Phone: 509-372-6079
PaCIfIC axel.pearson@pnnl.gov

Northwest

NATIONAL LABORATORY
902 Battelle Boulevard
P.O. Box 999
Richland, WA 99352

www.pnnl.gov

... or IntegratedLighting@pnnl.gov

M Better
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Technical Presentations
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Mark Moehlenbrock, PE
Minnesota Department of Transportation
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Plug Load Control Integration at Minnesota
Department of Transportation

Mark Moehlenbrock, PE, MnDOT Energy Engineer
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Minnesota Department of Transportation Buildings

Over 1075 Buildings and 6,000,000
Square Feet

18 Regional Headquarters
Campuses

137 Truck Station Campuses

68 Rest Areas

Better
Buildings’




Cedar Avenue Truck Station

75,000 Sg Ft Maintenance Facility

11,000 Sq Ft “Office Area”
Offices/Cubes
Lunch/Break Room
Storage Rooms
Restrooms/Locker Rooms

Better

U.S5. DEPARTMENT OF
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Cedar Avenue Truck Station

Vehicle storage area and repair 7 7 9 9 B RS eee e =

___________________________________________________________

bays had previously received e IR
high-bay LED Upgrade ! B0 - anawn Rl
Office area existing lighting was i

mostly 4-lamp linear fluorescent i
fixtures and recessed fluorescent =] .. | Ll et
can-lights (circa 1996). g

||||||

mmmmm

Building occupancy is highly
variable—HVAC scheduled 24/7

¥k (55 GROUND FLOOR REFERENCE PLAN

MNDOT Cedar Avenue Truck Station
Now C
MaDOT Buliding Number: 9060 MnDOT Buliding Section Project No: S98-TZWM13¢
Ground

Better
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Integrated Lighting Retrofit Project

Slipstream was the driver behind the

project

(]
°
°
°
°
°
26

Received grant funding from DOE for
Integrated lighting retrofit pilot projects

W orked with Xcel Energy to find project sites

and rebate opportunities

Worked with Cree Lighting and Legrand for

lighting and plug load products

W orked with partners to provide lighting,
HVAC integration, and plug load integration

designs

W orked with PNNL for pre/post project M&V

Information Sheet

Minnesota/Colorado/New Mexico

Opportunity to Participate:

Seventhwave's Integrated Controls Retrofit Pilot
— a holistic approach to drive greater energy savings

In 2018, Seventiwawve, an independent, nonprofit energy consulting firm will be

offering an Integrated Controls Retrofit pilot in some of Xcel Energy's service territories.
Funded by the U.S. Department of Energy (DOE), the pilot is designed to help commercial

businesses take a holistic approach towards making energy-efficient lighting upgrades.

A total of four to five sites will be selected into the pilot, and businesses which
meet the pilot’s criteria have an opportunity to obtain the retrofit funding and
Dbenefits below.

Seventhwave Pilot Overview:
Purpose:
Encourage a deeper, holistic approach to interior, energy-efficient retrofit projects.
Pilot sites will be retrofitted with LED fixtures which have embedded controls
capable of connecting to additional systems such as HVAC terminal units to drive
increased enengy savings.
Products tested:
Participating sites will receive a complete lighting retrofit along with the associated
control system.
Benefits:
= Receive grant funding to offset retrofit costs
= Gain first-hand knowledge of cutting-edge products
= Potential national publicity for your business through DOE case studies
and other media
= Free project measurement and verification including energy savings,
occupant satisfaction, cost effectiveness and maintenance

Site requirements to participate:

= (ffices, outpatient healthcare facilities or public spaces

= Existing lighting should be typical fluorescent fixtures

= Spaces should have some amount of daylighting

= Direct digital control of HVAC units

= Sites sired from 3 to 10k square feet (either standalone or within a building)

Want to learn more?
If you're interested in participating, please contact a project representative at
Seventhwave for more information:

Scott Hackel Jacqueline Freidel

Director of Engineening. Seventiwave FProfect Manager, Seventhwave
B08.210.7129 B0B.210.7141
SHackel@seventhwave.org JFreidel@seventirwave org

roelenergycom | @ 207 Kool Energy Inc | Xzl Eneegy is @ registered trademark of Kool Energy Inc. | 1712609

|

Xcel Energy*

RESPONSIBLE EY MATURE®

‘What's Xcel Energy’s role
inthe pilot?

Xcel Energy will offer rebates
1o pilot participants through
our Custom Efficiency program
o further offset the costs of
equipment installed. Based on
the results of the pilot, we may
develop a standardized new
rebate product offering for this
emerging technology to our
commercial customers.

Better
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Integrated Lighting Retrofit Project

« MnDOT Cedar Avenue truck station was an excellent candidate:
- Desire to save energy
« Fit into square footage range required of Slipstream
- Had fluorescent fixtures near the end of their life
« Had existing BACnet HVAC controls
* Highly variable occupancy to make the most of occupancy detection

27
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Integrated Lighting Retrofit Project

* Cree “SmartCast” LED luminaires with
occupancy detection

* Lighting network zones

- Each luminaire has an occupancy sensor, light level
sensor, and wireless communication.

« Virtual zones created with wireless configuration
tool.

« Occupancy in lighting zone (individual room)
triggers lights

- Controlled receptacles tied to lighting zone through
Cree SmartCast wireless plug load control module.

 HVAC zones created through “Gateways” to BACnet
automation system. Occupancy in HVAC zone
(room or group of rooms served by 1 terminal unit)
triggers HVAC occupancy signal

Rk Y|
L =4

Better
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Hardware

Receptacle
Cree SmartCast o ook P

. . sL TR aR G R Transmitter RFP C O n trO|
Configuration Tool R .
Schematic

Ccommon|black)

HIEH VOLTAGE WIRING

-, ‘r_ commenibiack |
[ LEGRAND
— | 24vocired) Power Pack
- . Input 2evDC(blue)l  BZ-50 or PWP120277
3 | NOT USED, cap off \
—r—
Ly
Comman (black) i
CREE
Normally Openibius) Control Madule
Nomally Closed{brown) CPLC-JB-CWC
NOT USED, cap ofT{_
CREE
Occupancy Sensor

U.S5. DEPARTMENT OF
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Hardware

4 - )
Legrand Controllable ~ Neutral (white]
Receptacle and Line-Voltage —
Wireless Transmitter Control | Hot (black) Switched Hot [red]
- - Normally Closed . This end inserts
[brown] ! into junction box
Nornl"lt?llly ]Dpen .
ue - =
Common [black) / g
| AN
I—DW‘{"““E‘QE Ceilin; Mounted
Sﬂ?;ﬂ?t-[:lns.ure T Sensor Module
Control
Module h
\Cree SmartCast Control Module e
Beuer U.S. DEPARTMENT OF
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Hardware Installation

« Controllable receptacles installed
concurrently with lighting

« Buttons on Legrand controllable
receptacles and RF transmitters were
used to “bind” the receptacle to
transmitter

« SmartCast control module relay wired to I
RF transmitter o

« SmartCast control module included In v
room’s lighting occupancy zone. I F

Better
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Commissioning

« Tested binding between RF transmitters
and receptacles

« Tested occupancy detection

« Verified the equipment was plugged into
correct receptacles (controlled vs
uncontrolled)

« Verified that power turned on and off at
receptacle

Better
Buildings’
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User Engagement

Automatic Outlet Shut-Off

Your workstation is now equipped with energy-saving electrical outlets
that can automatically shut off devices when no one is detected in the

* Building occupants kept in loop o Henig ot sttty st o ro
during construction

the appropriate outlet, saving energy without inconvenience.
Constant Power Outlet
(no marking or border)
« Sent controllable receptacle user /

Computer CPUs
*  Mini-fridges

guide to supervisors Lk g Hebispe ey

n n n n | by
* Return visits to the site resulted In % T remvorany overidesuren
opportunities to find out about B < ot Controted Outer

(Marked “CONTROLLED" and outlined

problems and address them (e.g. worsostamarbe

mounted with Shut-Off .
® Task or exam lights
CONTROLLED outlet on top. e Fans

occupancy zone for TV was too Soroesee P« Rk

® Printers
Off CONTROLLED. e Hot plates

small, etc.) L e momen

rcise equipment

® Televisions

designed to be better” L1 Iegrand“

Better U.S5. DEPARTMENT OF
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Energy Savings

» Annual energy saved with retrofitted luminaires: 19,036 kWh
» Total controlled outlets: 13

» Annual plug load energy saved In controlled outlets: 774 kWh
» Plug load material cost: $1,654

» Plug load labor cost: $556

Better

U.S5. DEPARTMENT OF
Buildings’ ENERGY



Best Practices

« Choose controlled equipment wisely and don'’t overreach
«  Computer monitors, desk fans, miscellaneous office equipment work well

« Be careful with TVs and AV equipment and make sure occupancy zone is
large enough to capture all users

* Vending machine was a failure—takes time to reboot, and hangry people don't
want to wait for their candy bars

« Keep open communication with building occupants so that initial
problems can be solved quickly before disillusionment sets In

« Make sure electricians understand the scope, including
commissioning.

 If ighting network Is connected to other building networks, make
sure IT Is involved early and during the commissioning process

Better
Buildings’
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Dr. Jan Kleissl|
University of California San Diego

Keaton Chia
University of California San Diego
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SMART PLUG Load Controls

Integrated with a
BUILDING ENERGY

MANAGEMENT SYSTEM

48 el ElErRT @) UCSanDiegp



UCSD TEAM

\\ Ny
Prof. Jan Kleiss| Jesse Wolf Aakshi Kochhar Sayan Shaw Joe lkedo
Director, CER Computer Science Cognitive Science Mathematics-Computer Science Computer Science
Professor, MAE Senior Senior Senior Senior

= s

Keaton Chia Xiaohan Fu Mandy Lee Vardhan Agarwal

R&D Engineer Computer Science Data Science Computer Science Mechanical Engineering
MAE Masters Student Junior Junior Senior
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PROJECT

California Energy Commission

Indoor/Outdoor Printers Hot Water
& Copiers Heaters

(CEC) grant to demonstrate the
added value of integrating plug

load controllers into a building - 5 meTasys = EJERT -
energy management system ‘ ‘

Water Vending Smartboards
Dispensers Machines &TVs & Amplifiers

—— wired ---- wireless communication < BERT power outlet

UCSan Diegp



POTENTIAL BENEFITS

e Ease of use - single user interface for all integrated systems

e Extended reach of building energy management system (BEMS)
(distributed AC units)

e Sharing of data between systems

e Greater energy savings & peak demand shaving

e Insightsinto energy consumption & space usage

o Identify redundant equipment, equipment degradation, and
power anomalies

UCSan Diegp



OBJECTIVES

e Reduction of 20% in total building plug load energy use [CEC

requirement]
® [nstrument at least 9 buildings of 100,000 square feet or more

[UCSD goall]

e Simple payback of less than five years from savings in energy and
electrical load when compared to no controls [UCSD goal]

e Automated configuration and reconfiguration of plug load
controllers (PLC) [UCSD goal]

UCSan Diegp



COLLABORATION

- 42%

iiNREL

" Complete
70% Transforming ENERGY

-i BERT
Controls

UCSan Diego

Complete




TASK 1 PLC DEPLOYMENT

e Building Selection

e Survey of plug loads

e Department approvals &
scheduling

e Installation

MAC registration

Contact, wall & cord stickers
Short extension cords

Server connection verified
Install workbook

Track location, load, occupant
PLC renamed

COVID challenges

0O 0 0O 0O o 0o 0o o




PLUG LOAD CONTROLLER

Wifi

On/Off

Metering
Scheduling
Power Threshold
Temperature

Interfacing

O BertBrain
O BACnhet
o API

UCSan Diego




DEPLOYMENT

14 BUiIdingS on the UCSD campus

59 Depa rtments ranging from

Enrollment and Anthropology to Athletics, Medical
Education, and Computer Science




DEPLOYMENT

744 Plug Load Controllers Installed

with a final goal of 1,000+

PLC Distribution

140 Computers

monitoring energy consumption only

604 Controllable Loads

ranging from printers to tvs and keurigs

UCSan Diegp



DISTRIBUTION

PLCs per Building

B Controllable Load [ Computer - Monitor Only

e Majority of
PLCs located in
offices or open
office settings

e Minority in
classrooms and
conference
rooms

GEIS IRPS JAC MCG
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TASK 2 BEMS INTEGRATION

) BACnet/IP : g : BACnet/IP
=
| —o |
6LUG LOAD UCSD BERT JCIVIRTUAL  BEMS
CONTROLLER avilez BACNET NAE WIEESARERED)
NETWORK GATEWAY Autor(nl\iﬁc}c:)vnolglggine)
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METASYS TOUR | Site Manager
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METASYS TOUR | Campus Ul

UC San Diego
FACILITHES MANAGEMENT

Buddng (

AT EEERTTIA
PNl 7777 R

sposon, ¢

NN

RN
EEENENK)

Galbraith
Hall
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METASYS TOUR | Building

D METASYS

© v Commnin, Pu 352000
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METASYS TOUR | Faults

Spaces Network | = 3rd Floor
ucso UCSD > East Maintenance > Classroom (Center Hal)

East Maintenance POTENTIAL PROBLEM AREAS -

Data Expires: 2 Minutes

Classroom (Center Hall)

Data Generated: 28 Minutes ago FILTER ~ ’
3rd Fioor

EQUIPNENT/SPACE(S)

CLASSRM1.3RD-FLR RM-310.VAV-25 ZN-T

CLASSRM1.3RD-FLR RM-370 DELL COMPHWSWITCH-EN

CLASSRM1.3RD-FLR RM-370.DELL COMP.RLY-STATE-CMDED

(3!
CLASSRM1 3RD-FLR RM-370.DELL COMP.PWRSWITCH-EN

Py
CLASSRM1.3RD-FLR RM-370. SPRNT RLY-STATE-CMDED

&yl

CLASSRM1 3RD-FLR RM-370 SPRNT HWSWITCH-EN

By
CLASSRM1 3RD-FLR RM-370. SPRNT PWRSWITCH-EN

IATSTFT Operator Overrice ASSRN
CLASSRM1 AH-5 SAT-STPT 60.00 ¢ £l 3rd Floor

I
I
|
I
!
I
I
ZI

I SN T NN N T . .

UCSan Diegp
A




METASYS TOUR | Floorplan

UCSan Diego I /ﬁ\ |‘

FACILITIES MANAGEMENT
Buiiding Operations

[T 58.5 deg F |
- Johnson ﬂ))l(,
OAH Controls

RM382.Dell Comp  On
RM382.-MPrint On

RM372-MPrint
On

RM370.Dell Comp 727 On
RM370.SPrint  ?220ff

KEYPLAN

UCSan Diegp



METASYS TOUR

UCSan Diego | /ﬁ\ | & 0AT mmﬂ sotascn T
FACILITIES MANAGEMENT OAH Controls

Buiiding Opesatiom

€ SYSTEM PARAMETERS

RLY-STATE On
RLY-STATE-CMDED off
PWR-MW 21420 mW
VOLTAGE 170V
AMP 440 mA
PWR-THRESHOLD 0.0W
HWSWITCH.EN off
PWRSWITCH.EN ot
BERT.T 0.0 deg F
BERT.CALIB.T 0.0 deg F
TEMP.CALIB.S off
RSSI-SIGNAL 51048

UCSan Diego
A



BDE 022 1200 Ak

RLY-STATE . VOLTAGE AMP
CLASSREM1 .. COMP T CLASSRMT COMP CLASSEMY.. COMP

EQUIFMENT RELATIOM SHIPS

MWk

Serves Space(s)

. BERT-T

CLASSAM1. COMIF

o3

OF /2022 B:58 AM

METASYS TOUR | Details

February 2022

~  February 28th

CLAS5RM1.2RD-FLR.ARM-3TE.DELL COMP
Neemal

CLASSRM1.JRD-FLR.AM-3T6.DELL COMP
Algm
Felbruary 26th

CLASIRM1.IRD-FLR.RM<3TE.DELL COMP
Marmal

CLASSRM1.IRD-FLR.RM-3T6.DELL COMP
Al

e A Sa

EQUIFMENT DATA
THE STATE OF THE BERT RELAY A5
REPORTED VIA ITS HEARTBEAT.

THE VOLTAGE IN VOLTS AS MEASURED BY
THE BERT

THE CURRENT IN MILLIAMPS AS
MEASURED BY THE BERT

THE TEMPERATURE AS MEASURED BY
THE BERT DEVICE

74611 FM
Online
74211 FM
Offline

114000 AN
Online
11:45:00 AM
Offline

Honmal

on

Monmal

n7.oV

Mormal

29,0 mA

Morma

0,0 deg F
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BASIC SCHEDULING

® Baseline 3 months data
e Use BEMS schedules to actuate PLCs for 3 weeks during
summer and fall quarters

UCSan Diegp



TASK 3 ADVANCED PLC OPERATION

e Improve management process
e Implement advanced PLC strategies

UCSan Diegp



MANAGEMENT

e Attached plug loads get changed
Occupants move to different spaces

e New plug loads are added and others are
removed

® PLCs are unplugged
Occupant issues (power not on when needed)

UCSan Diegp




BRICK | A uniform metadata schema for buildings

IS an open-
source effort to I .
standardize semantic
descriptions of the |
physical, logical and
virtual assets in
buildings and the : TR
relationships between — et el i o™
Yy T

hasPart

VAV2-3Zone

hasPoint

UCSan Diegp


https://brickschema.org/

BRICK & WEB Ul

BN BACnet/IP |-
A~ — PN — Pl —
o —= — [ —o
—
PLUG LOAD UCsb BERT Jcl BRICK
CONTROLLER DEVICE BACNET VIRTUAL SERVER
NETWORK  GATEWAY NAE
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O PLUGS. Keaton Chia (Admin) 4° %‘
W e b U I € DASHBOARD Building v Plug Load Type v Time Scale v Department/Floor v m

[i1) REPORTS

[ ] [ ]
Service Tickets o seniceTides | [P—
(Z) SERVICE TICKETS
Ticket ID Customer Date |7 Priority 1¥ Owner Type Notes:
{8} MAINTENANCE
Hig!t
{ M a n age OCC U p a n t E ADVANCED - Send message to Joe (customer) 9/2/21
High Keaton Email Follow Up Found device and fixed. Marked resolved
e Organize by action T I T —
required

e Generate service order

e Non-comm

e Un-used m

e Changed Load
UC San Diego
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Web Ul

Maintenance

e Control PLC
e Update meta-data
e Deploy or remove PLCs

O PLUGS.

€ DASHBOARD Building v

[if] REPORTS
Devices

)
) SERVICE TICKETS

Building Room #

{& MAINTENANCE

89 ADVANCED

@ HELP

UC San Diego

Plug Load Type

Device

Power Usage

2 0 A
Keaton Chia (Admin) %‘
v Department/Floor v

Device Details
BERT-plug-4digits

C2103838h3

Student Services 174
Medium Printer

HP Jet 360

Jesse Jesse@gmail.com

DER Connect, Energy Conservation,
DRAM, Peak Load Shaving

10/21/2021 name changed

ARCHIVE DEVICE

UCSan Diegp




ADVANCED PLC STRATEGIES

Prime Directive: building services must serve occupants and keep them happy!

LESS RISK
° (off from 9pm to 6am and weekends)
. (on when occupant on campus)
° (on when in room)
° (on when we predict user will need power)
° (predict occupancy of other rooms)
' ° (demand response similar to OhmConnect)
\Y/[@12{ = {N] ¢
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CASE STUDY

e Medium Printer

e Single user

e ~ 3 months activity

e Located in cubicle within
open space

e Geisel Library - admin/library
processing area

UCSanDie



CASE STUDY

Unscheduled Printer L | Energy & Binary Use

Snary Use [l Unschedulsd (¥h)

e 3 months

e 41 kWh: Uncontrolled

o 21 kWh (47% savings): Static
Scheduling (off 9pm-6am and weekends)

o 12 kWh (69% savings): Upper/lower
tightening

e 10 kWh (74%): Usage Scheduling

v o (85%+?)ML, inferred Occupancy/location

UCSan Diegp



CASE STUDY

Static Scheduling | Energy & Relay On

LAYERED APPROACH

e 3 months

e 41 kWh: Uncontrolled

o 21 kWh (47% savings): Static
Scheduling (off 9pm-6am and weekends)

o 12 kWh (69% savings): Upper/lower
tightening

e 10 kWh (74%): Usage Scheduling

v o (85%+?)ML, inferred Occupancy/location

UCSan Diegp



Usage Heatmap (no scheduling)

CASE STUDY e e [ [ [ s | o [ | o
1] [ ¥
15 'DI:I IJ
s seeae

Cseo |0 [ o [ [ 5 [0 T o [ o
Ceoow |0 [ o0 | 5 [0 [ o
“ese |0 [ o o [mmwmS o | o [ o
Teow |0 [0 | o [0 o [ o
I S T T S A N
Cooooe |0 [0 | o [ | o [ o
o Aggregate usage per time and —““—_“_“““——_““

4 “oaso0 | SN o [ o [ o |

ay

e Use to tighten upper and lower

scheduling limits “-_—“——“
o |dentify usage gaps during ——““—““—_—_““
o |0 0 1 0 | o T o | 0 [ o

: oo |0 [0 [ o [ o o [ 0o | 0
occupied hours Tesw |0 [0 [ o o [ 0 | 0
: , 7 T S N N A N

+ Rolling data set with more s

: : w0 [0 | o | o | o | o _
recent weeks weighted higher ——-_

15:30:00 ‘-

15:45:00
16:00:00

16:15:00 ““
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CASE STUDY

e 3 months

e 41 kWh: Uncontrolled

o 21 kWh (47% savings): Static
Scheduling (off 9pm-6am and weekends)

e 12 kWh (69% savings): Upper/lower
tightening

e 10 kWh (74%): Usage Scheduling

v o (85%+?)ML, inferred Occupancy/location

UCSan Diego



CASE STUDY

e 3 months

e 41 kWh: Uncontrolled

o 21 kWh (47% savings): Static
Scheduling (off 9pm-6am and weekends)

o 12 kWh (69% savings): Upper/lower
tightening

e 10 kWh (74%): Usage Scheduling

v o (85%+?) ML, inferred Occupancy/location

Single day showing ‘off’ gaps during occupied hours

UCSan Diegp



IMPLEMENTATION BARRIERS

o Priority to keep occupants satisfied
o Choose safest option, set it and forget it

¢ What is needed?

o Information for decision (ie. context, use, location)
o Decision to the decision maker
o Scalability

UCSan Diegp



APPLICATION OF STRATEGIES

Different strategy based on device and room type. For example:

TV In Lobby best no maybe no
TV In Single yes maybe maybe best
Office
TV In Shared yes no maybe best
Space
TV in Conference yes no best? maybe
Room

Ability to group PLCs by load and room type allows for batch scheduling

UCSan Diegp




BRICK & WEB Ul

Thermostats

AHUs

OCCUSPACE

o~ —
o —3] o
PLUG LOAD UCSD BERT
CONTROLLER DEVICE BACNET VIRTUAL
NETWORK GATEWAY NAE SERVER QR Codes

@) scan me
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SUMMARY

e Communicate with occupants (emails, fliers, impact)

e Minimize steps to resolve issues (dedicated email address)

e Be prepared for CHANGE! Have process for managing updates
(location, load, approvals)

e Be able to make quick optimization decisions by having access to
the right information and having decision makers onboard

UCSan Diegp



Question & Answer
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Better Buildings, Better Plants

SUMMIT

Better
Buildings

U.S. DEPARTMENT OF ENERGY

EEEEEEEEEEE

REGISTER NOW! betterbuildingssolutioncenter.energy.gov/summit EﬁERGY
By @




LZNREL

Thank You!

Kim Trenbath
Kim.Trenbath@NREL.gov
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