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Project Summary

Objective and Qutcome

The Better Buildings Alliance (BBA) Plug and Process
Loads (PPLs) Technology Research Team (TRT)
characterizes commercial building PPLs and
technology pathways, identifies opportunities for
reducing carbon emissions through PPL advanced
technologies and management strategies, and
deploys market findings and strategies to commercial
building owners and stakeholders.

Team and Partners

National Renewable Energy Laboratory (NREL):

*  Dr. Kim Trenbath, Technical Lead and Senior Research Engineer
* Amy LeBar, Research Engineer, Mechanical Engineering

*  Omkar Ghatpande, Research Engineer, Electrical Engineering

*  Robin Tuttle, Stakeholder Engagement Manager.

Select Collaborators: Pacific Northwest National Laboratory (PNNL),
Lawrence Berkeley National Laboratory (LBNL), California Plug Load
Research Center at the University of California Irvine, University of
California San Diego, U.S. Environmental Protection Agency ENERGY
STAR®

Stats
Performance Period: ongoing
DOE Budget: $394,000 for FY23, Cost Share: $0

Milestone 1: 6-8 Page Process Loads Resource for BBA
Partners (published 1/12/23)

Milestone 2: Two Technology Research Team webinars (one
completed 2/09/23; second planned for 8/1/23)

Milestone 3:Healthcare Sector Industry Engagement and
Market Transformation (ongoing)
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Plug and process loads (PPLs) are plug-in and hardwired loads not associated with other
major building end uses.

Low Energy High Energy

 PPLs include a wide range of devices and appliances with varying levels of energy
consumption.

* There can be thousands of individual PPLs in a commercial building - the energy
adds up!
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Motivation & Problem Statement

PPLs are challenging to manage and reduce because they are diverse,
numerous, and highly occupant-dependent.

PPLs account for up to 47% of commercial building energy use, and much
of that load is unknown.

In the past, when control technologies were implemented: Occupant
frustration due to technology unknowns led to unfavorable savings
numbers, further discouraging adoption.

Problem Statement: PPLs are a large part of whole-building
energy use and a multifaceted challenge to assess, reduce, and
control.
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PPL Team Impact and Alignment
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Impact: Plug and Process Loads (PPL) Technology Research Team

Kim Trenbath Amy LeBar Omkar Ghatpande Robin Tuttle

Technology Team Lead Research Engineer Research Engineer Project Manager

PPL@nrel.gov
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Impact

The BBA PPL Team is

1. Characterizing commercial building PPLs
and technology pathways

2. ldentifying opportunities for reducing
carbon emissions through PPL advanced |
technologies and management strategies |

3. Deploying results and market strategies
to commercial building owners and
stakeholders

Opportunity: PPL ENERGY SAVINGS OF UP TO 30%

U.S. DEPARTMENT OF ENERGY OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY




Impact & Alighment

Imbact Increase building | Accelerate building | Transform the grid
P energy efficiency electrification edge at buildings

Building owners and other stakeholders know PPL as a % of whole building
energy use and can further disaggregate PPLs

Building owners implement strategies (including low-cost or no-cost) to control
and reduce PPLs

Increase in % installed energy efficient devices and equipment

Plug load savings of up to 30% in commercial buildings

Year-over-year analysis and dissemination of technologies and strategies to
control PPLs

Increased uptake of commercialized technologies

In the future, affordable technologies available for building owner purchase

NSNS NN S

Increased PPL electrification in commercial buildings due to published
resources and research papers

N

AN
AN

Developed PPL control technologies that transform the grid edge at buildings
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PPL Team Approach
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Approach

1. Determine 2. Conduct Research

Stakeholder Needs

«  Engage with building owners,
manufacturers, researchers,
DOE, and other experts

« Document opportunities & The BBA PPL

*  Characterize market

«  Set up data aggregation

« Data collection for product validation

«  Support technology development

* Analyze data and develop conclusions
* ldentify best practices

hall '
challenges Team Is Equitably
Decarbonizing PPLs
4. Deploy Strategies in Commercial

Buildings 3. Publicize Results

* Address stakeholder needs

» Publish fact sheets, guides, and
other resources

» Publish research papers

* Publications posted on our website

« Disseminate resources to building
owners & policy makers

« Communicate research to other
experts and manufacturers

« Give presentations in webinars
and conferences

* Provide building owners with
technical assistance

U.S. DEPARTMENT OF ENERGY OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY


https://betterbuildingssolutioncenter.energy.gov/alliance/technology-solution/plug-process-loads

Partnerships and Amplification Channels

PPL Contact List by Category (n=406)*

Architects &
Engineers, 4%

Vendor, 14%

Utility, 5%

REEO, 2%

Plant, 1%/\

DOE and
National

Laboratories,
7%

Owner/Operator,
48%

National
Organization,
3%

*Data as of Nov 2022

PPL Contact List - Building Owners by Sector (n=201)*

Healthcare, 4%

\

Higher Ed, 17%

Retail, Food
Service,
Grocery, 5% ~—_

K-12, 3%

Commercial
Real Estate,
14%

\

Federal, 26%

State/Local,
31%
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Approach: Barriers and How To Overcome

Barrier Mitigation

PPL energy use highly dependent NREL communicates no-cost, low-cost strategies
on occupants on webinar, encouraging building operator uptake

PPL control technologies struggle NREL research provides market insights to
in the market technology developers and manufacturers

NREL works on occupant-independent strategies
such as energy efficiency specifications in
procurement and product development

Current technology solutions have NREL informs how to pair management strategies
low ROI with control technology to increase ROI

U.S. DEPARTMENT OF ENERGY OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY




PPL Team Progress
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Progress: FY21 - FY23 Accomplishment Summary

8 PPL-led webinars 2 utility incentive updates
5+ guest presentations 10 strategic working group
meetings
10 quarterly updates
1 patent

10 resources for BBA partners

1 conference paper

U.S. DEPARTMENT OF ENERGY OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY




Progress: Determine Stakeholder Needs
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Stakeholder Engagement Summary

* Quarterly Strategic Working Group calls
* Regular engagement with BBA Sector Leads

e One-on-one calls
— Technology manufacturers
— Partners

* Integrated Lighting Campaign

* PNNL ARC Survey

e MELs Round Table: 6/14/23 -6/16/23
 Medical Imaging Equipment (ASHE): 7/19/23
* Quarterly NEMA ARC Task Force Meetings
 Nexus Labs Workshop: 12/7/23

 Pathways to PPL Efficiency and Control study

U.S. DEPARTMENT OF ENERGY OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY




Strategic Working Group

Purpose: to share Discussion Topic(s)

research updates and

provide a community ~ 9%/16/21
for collaboration for
PPL researchers.
Meets every quarter. 09/15/21

06/23/21

12/15/21
ACEEE Rohini Srivastava
CalPlug Katie Gladych 03/10/22
CEC Felix Villanueva
DOE Wyatt Merrill 06/22/22
GSA Kinga Porst- 09/20/22

Hydras

12/15/22
LBL Alan Meier
PNNL Michael Myer 03/02/23

Welcome Wyatt Merrill, 2 CEC projects kicking off: UCSD BERT plug load project (NREL
supporting) and Plug Load Energy Testing to inform Codes and Standards (PLETICS)

Controlled receptacles markings

Healthcare imaging equipment, LBL paper on home healthcare devices, controlled
receptacle markings survey

Medical imaging equipment, low carbon pilot, CalPlug and Industrial Assessment
Centers

Emerging technologies for PPLs and MELs, decarbonization strategies for PPLs and
MELs, understanding and addressing needs of disadvantaged communities

CalPlug Workshop debrief, DOE MELs roundtable
Round robin of project updates, upcoming EPIC Symposium and CalPlug Workshop

What does the future of PPL controls look like?

Bob Dahowski presents on “Characterizing Plug Load Energy Use and Savings Potential
in Army Buildings”

U.S. DEPARTMENT OF ENERGY OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY




Market Stakeholder Workshop

Engage with members of the smart buildings Needs for achieving carbon reductions through PPLs
industry to (1) inform the Pathways to PPL Efficiency and
Control effort, and (2) share current and future PPL
efficiency and control strategies and technologies.
<NREL >

IMPACT —
* 23 Nexus Labs members can act on market S izt Progess

knowledge of PPL efficiency and control, increasing o e

energy efficiency and update of PPL control strategies. 7 SFJ;:ESE‘;E;SJ"C;?S%ZEL‘; glt;k;;g:::fciag;e;:é:i'éTume
e Building owner and industry-provided insight for PPL L

efficiency and control study. e, A v

Dartmouth College; Cushman & Wakefield; The Durst Organization; Building Intelligence Quotient Group; Smart
Building Services LLC; Deepthink Buildings; Interval Data Systems; Liberty Mutual Insurance; Montgomery
Technologies; JBG SMITH; University of New Hampshire; Dialog; TRC Companies, Inc.; Telecommunications Industry
Association; Siemens; Cbi; Dream Unlimited; Schneider Electric; PulselQ; Intellimation LLC

U.S. DEPARTMENT OF ENERGY OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY



https://www.nexuslabs.online/

Progress: Conduct Research
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ATLIS: Automatic Type and Location Identification System

RESEARCH QUESTION: How can a PLM system automatically
identify the location, energy use, and operating state of every device
in @ commercial building so that (1) controls can be automatically
applied, and (2) labor hours required for setup and maintenance
can be minimized?

IMPACT

* Novel plug-and-play PLM system that automatically
tracks devices as they move throughout a building,
accurately applies controls, monitors device energy.

 Achieves PPL energy savings of up to 30%.

e Supports demand flexibility.

link

Conference Paper, 2021
Fact Sheet, 2021: link
Patent, 2022: link

U.S. DEPARTMENT OF ENERGY
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Fact Sheet: Automatic Type and Location Identification
System for Commercial Plug Load Management

Introduction

Plug and process loads (PPLs) include all
plugged-in and hardwired electronic devices that
are nol associated with other major building end
uses such as heating, cooling, ventilation, and
lighting. PPLs account for 47% of the energy
consumed in U.S. commercial buildings, and that
portion is expecied lo increase." As a resull. there
is growing interest in managing PPLs, a
challenging proposition given there can be
thousands of PPL devices, each serving a unigue
function, in large commercial buildings.

Residential smart home management systems
exist today that connect to Internet of Things (leT)
devices, such as lighting, thermostats, and plug
loads, and allow homeowners to conlrol their
devices from a central system. These systems
have not been scaled to commercial bulldings,
largely because there are orders of magnitude
more occupants, devices, and device types in
commercial buildings.

This fact sheet summarizes the Automatic Type
and Location Identification System, or ATLIS for
short.

What is ATLIS?
ATLIS is a plug load management (PLM) system
framework developed by researchers at the

BETTER BUILDINGS ALLIANCE

National Renewable Energy Laboratory? that
automates controls and reduces setup and
maintenance time by laking advantage of more
IoT devices enlering commercial bulkdings. Figure
1 shows the ATLIS framework.

ATLIS takes advantage of the ability of smart,
connected devices to identify their own locations
in a building, meter and control their power, and
communicate this Information to a central
dalabase. The framework includes five primary
capabilities: location identification,
communication, control, energy metering, and
data storage.

» Location Identification
Radio Frequency Identification (RFID) tags at
each outlet correspond to device locations in a
building. RFID readers at the device plug read
the tag and send the location 1o the dashboard
&nd database.

-

Communication

Controls and device data are sent between
devices and the system dashboard through the
central control hub

» Control

Instructions or “controls” are sent through the
central control hub directly to devices to
administer. Controls are associated with tha
device rather than the outiel, providing acosss

Fig. 1 The ATLIS framework workfiow

Learn more at betterbuikdingssolutioncenter.energy.gov
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https://betterbuildingssolutioncenter.energy.gov/sites/default/files/attachments/a-commercial-building-plug-load-management-system-that-uses-internet-of-things-technology-to-automatically-identify-plugged-in-devices-and-their-locations.pdf
https://betterbuildingssolutioncenter.energy.gov/sites/default/files/attachments/PPL_ATLIS_Factsheet.pdf
https://labpartnering.org/lab-technologies/b0a633e0-de98-40bf-a92a-d86c2bcea3c6

PPL Control / BAS Integration with UC San Diego

Integration of a Smart Outlet-Based Plug Load

How can we integrate a PLM system with a commercial Ry e Management System with a Building Automation

System

building automation system (BAS)?

IMPACT

* The first plug load-BAS integration project.

*  Whole-building integration is necessary for grid-
interactive efficient buildings, and PPLs have
historically been widely excluded from BAS integration
projects.

* NREL provides PPL expertise in an advisory role.

e« Community-based solution allows commercial building
occupants to switch on hard-to-reach outlets through
web interface.

link

link UC San Diego, BERT Brain, Johnson Controls
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https://betterbuildingssolutioncenter.energy.gov/webinars/better-together-integrating-plug-load-management-lighting-and-building-management-systems
https://pes-gridedge.org/

Progress: Publicize Results
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Assessing and Reducing Guides

OBJECTIVE:

Encourage adoption of PPL control and reduction
strategies through educating end users (building owners,
facility managers, etc.)

IMPACT

* Achieve PPL reductions in buildings by
institutionalizing measures, benchmarking, appliance-
specific strategies, and having a champion.

e Outline control technologies including integrated
controls, smart outlets, automatic receptacle controls,
and advanced power strips.

 Our most shared resource.

Retail Guide, 2020: link
O:

Office Guide, 2020 link

U.S. DEPARTMENT OF ENERGY OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY

Assessing and Reducing Plug and Process
Loads in Retail Buildings



https://www.nrel.gov/docs/fy20osti/76998.pdf
https://www.nrel.gov/docs/fy20osti/76994.pdf

Smart Outlets Guide

OBJECTIVE:
Encourage adoption of smart outlets through educating
end users (building owners, facility managers, etc.)

IMPACT

* Quick-read, manufacturer-neutral resource on smart
outlets that provides guidance to building managers
on how to develop a control strategy, procure the
technology, and engage occupants.

 Smart outlets control the flow of power to devices
plugged into them and measure their energy use, . i AL
leading to energy savings, remote access to data, —
identification of large plug loads.

KEY STAKEHOLDERS

Smart outlet manufacturers: Best Energy
Guide, 2020: link Reduction Technologies (BERT), Sapient

Industries, WattlQ, Keewi

U.S. DEPARTMENT OF ENERGY OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY



https://www.nrel.gov/docs/fy21osti/77971.pdf

Automatic Receptacle Controls

OBJECTIVE: U UNREL g:ﬂt'ﬁ":" T
Provide fact sheet for energy code adopters to promote g iy
uptake of automatic receptacle controls (ARCs).

Mitigating Concerns

Automatic Receptacle Controls:
What they are and why they should be
commonplace in building energy codes

Introduction What Are ARCs?

IMPACT

* |Increases uptake of ARCs by providing a fact sheet for o
ARC users and building code adopters. | @@

e Qutlines how ARCs work and how to mitigate some of
the more challenging aspects of the technology to
promote adoption.

 Through this fact sheet NREL addressed a market
need identified by NEMA ARC Task Force.

KEY STAKEHOLDERS
NEMA, Acuity, Audacy, Cooper Lighting, Eaton,
Hubbell, IDEAL, Legrand, Leviton, Lutron,

F h 2022: link
act Sheet, 2022: link Schneider Electric

U.S. DEPARTMENT OF ENERGY OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY



https://betterbuildingssolutioncenter.energy.gov/sites/default/files/attachments/FactSheetAutomaticReceptacleControls.pdf

Reducing Process Loads and Refrigeration Unit Energy Consumption

OBJECTIVE: Introductory guide for commercial building
process loads and is intended to help commercial building
owners and operators reduce process load energy
consumption.

Reducing Commercial Building

IMPACT Process Loads and Refrigeration
* Building owners have resource and guidance to assess Unit Energy Consumption

Introduction

and reduce larger PPLs, or process loads.

* Achieves energy efficiency through equipment
procurement and power settings.

* A step towards electrification (load reduction).

Resource, 2022: link

U.S. DEPARTMENT OF ENERGY OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY



https://betterbuildingssolutioncenter.energy.gov/sites/default/files/attachments/ReducingCommercialBuildingProcessLoads.pdf

Kitchen Decarbonization

. A Bett )
Educate commercial building stakeholders Bulldings Lo Corbon Tahrlog S

about commercial kitchen decarbonization opportunities.

2500 carbx monsy, craatas jobs, and leads to & haalthier

. The table balow includas staps that building ownars and operators

; and low-carbon commercial kitchens. This document wes created as a
Strategies for building types that typically include commerdil kitchens.
sermarkst, Hospital, and Small Hotsl. Assess current conditions in your

, intsrmadiats, and advancad options to bagin planning your next staps to

Cooking Up Carbon Reductions: Equipment Upgrades and Fuel Switching
Strategies to Reduce Emissions from Commercial Kitchens

PR =T T e
e e e
Mo i 17 || staweem | mrmeme
Bri Colon, Oak Ridge Institute for Science and Education (ORISE) Fellow and cost
Cedar Blazek, U.S. Department of Energy | it e
Amy LeBar, National Renewable Energy Laboratory o o vaugrart
I M PA‘ : I SR
| e
ABSTRACT | il e
Ty . . . . . - =
* Increased PPL electrification in commercial buildings
(GHG) emissions, commercial foodservice kitchens and restaurants face the challenge of forging
new stralegies and seizing opportunitics to achieve such goals, while also meeting local and state b= _
regulations that support electrification as a leading decarbonization strategy. Since gas
. . . . . equipment is the standard for most commercial kilchens, lower carbon options for o <
° P rovi d es case Stu d ies k ItC h en equipme nt ret rof ItS e bonized Kichen frure may necd 1 include g frd e well s elomuie soltions. In thi e
environment, commercial foodservice operators need practical, phased strategies to reduce s
operating costs and improve operational efficiency through upgrading to more energy-efficient
. . . . . equipment, adjusting start-up and shuidown schedules, maintenance and cleaning - + Feplece e o it cnae
schedules fo support the goal of an efficient, low-carbon kitchen. Foodservice partners in the ... frdice s nd mabeup 2w
aimed at decarbonization in food service an S M
can lead to smarter, healthier, and lower-carbon kitchen operations. This siudy presents their pe e

use and GHG

. . emissions, and outlines a pathway through which other foodservice companies can realize low-
carbon futures. This paper showeases opportunities for achieving decarbonization in commercial k.
O spaces and illustrates how to adapt as new ordinances and reach-codes with decarbonization

technology and operational strategies, discusses the resulting impacts on en

noes)
goals go into effect in numerous localities. This paper also demonstrates how to apply DOE’s e,
Low Carbon Technology Strategies for Kitchens guidance to achieve significant GHG reductions
° C m m n = t 'f' d rb n B t' n tr .t = in one of the most carbon-intensive space types in U.S commercial buil e panee
0) unicates SpeciTtic decarbonization strategies
hoods
Commercial kitchens are notorious for their energy intensity, consuming approximately i

S h three times more energy per area than the average commerc According to the
uch as replacing high energy equipmen s e ey e o e ot e
approximately two percent of total commercial floor space, but accounts for around six percent
of primary energy consumption, resulting in one of the highest ene
intensity in the foodservice

refrigeration, stovetops, fryers, ice machines) with
Th ze

an organic shift happening in the foodservice sector as more operaters rec
the need to transition to more environmentally friendly foodservice preparation, while

ENERGY STAR models, downsizing steamers, replacing et emghn s, St ek o e iy
gas with induction cooktops, improving ventilation.

v uses per square foot

Efficiency in Buildings 3100

link
N link Better Buildings Alliance Partners, ICF, DOE
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https://betterbuildingssolutioncenter.energy.gov/sites/default/files/attachments/Kitchen_Resource_BB_Carbon_Strategies.pdf
https://aceee2022.conferencespot.org/event-data/pdf/catalyst_activity_32377/catalyst_activity_paper_20220810190453521_75dbaad8_a9f9_49bb_aaaa_320eed276cd5

Medical Imaging Equipment Energy Efficiency

Better Buildings Alliance (BBA) Healthcare MIE Energy Breakdown
Sector is interested in energy-efficient medical imaging
equipment (MIE). Transform the MIE market by providing Equipment Equipment Indirect
energy-efficient options. eSS
Standby /idle Disnlav monitors &
IM PACT : End-Use Breakdown in Healthcare—Site Electricity [6]
* MIE energy use in healthcare buildings is around 5% of Nzt
site energy use.
* There is a need for commercially available energy- Wi,
efficient MIE options, but there are currently no U.S. MIE
energy or efficiency standards.
* |dentified MRI efficiency opportunities during the [
fO”OWing modes: low power and ready-tO-SCan. w;m -"e‘D'"*"E‘z?za‘.‘;*:z‘;;:::zm:;‘".::z:f:;i"s;m;::::;:;1:5;'::;:::.;;azzz:':;:?"“‘m"“'
 NREL is providing technical validation and analysis in St EilEeY
support of an MIE/MRI ENERGY STAR Specification.
* Informed U.S. government stakeholders during 2022
presentations. US DOE, EPA ENERGY STAR, BBA Healthcare sector
partners, Hospitals and Medical Centers (UC Davis
link Health, U of Michigan, UCSF)
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https://www.nrel.gov/docs/fy23osti/83743.pdf

Progress: Deploy Strategies
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PPL Technology Research Team Webinars

« 2-3 webinars/year
« Typically feature building owners presenting on their plug load management experiences.

On-

Webinar Demand
Webinar Name Date Attendees | Views

Beyond Energy Efficiency: How Your Device Usage Patterns Affect Energy

S 03/17/21 61 420 481
Getting to Net Zero Energy Through Strategic Building Operations and Plug  05/25/21 68 619 687
Load Management

No Purchase Necessary: Low to No Cost Plug Load Management Strategies L2k 2 2 =L 3217
Better Together: Integrating Plug Load Management into Lighting and 03/22/22 74 377 451
Building Management Systems

Trust the Process: Strategies for Reducing Larger Commercial Building Plug  02/9/23 46 103 149

and Process Loads

U.S. DEPARTMENT OF ENERGY OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY




Recent Technology Research Team Webinars

Better Together: Integrating Plug Load Management Trust the Process: Strategies for Reducing Larger
into Lighting and Building Management Systems Commercial Building Plug and Process Loads

Date: 3/22/2022 Date: 2/9/2023

Attendance: 74 Attendance: 46

On-Demand Views: 377 On-Demand Views: 103

Presenters: Axel Pearson, PNNL; Mark Moehlenbrock, Minnesota Presenters: Brian Turner, CMTA; John Sasser, Sabey Data Centers
Department of Transportation; Dr. Jan Kleissl and Keaton Chia, Access the recording and slides here

University of California San Diego
Access the recording and slides here

Cedar Avenue Truck Station s @
+ Utilize low-flow pre-rinse head (0.65gpm vs. 1.15gpm or higher)
Vehicle storage area and repair

bays had previously received = 120°F Water Storage Temperature (up-size booster)

high-bay LED Upgrade + Ventless, Low-flow dish machine w/ heat recovery
=
) o ) ) * OR Drain water heat recovery
Office area existing lighting was Hot Aisle Containment
mostly 4_|amp linear fluorescent D E PLOYM ENT + Interlock dish machine exhaust
ﬁxturlgsh‘eln(cj _rece:zzcé)ﬂuorescent » Ventless heat pump clothes dryer | ( " }
can-lights (circa : [ i et i
744 P|Ug Load COI'ItI'OllerS |I'ISta||Ed « Dryer exhaust energy recovery A e
g s s witl inal goal of 1,00( m
Building occupancy is highly with a final goal of 1,000+ = l "
variable—HVAC scheduled 24/7 : 140 Com puters Séuidong Al ‘ i
v monitoring energy consumption only :':7',, - ‘l “," |
& Building: !/., ‘ | I o 1 ‘ l
604 Controllable Loads () |f | 1 | n
ranging from printers to tvs and keurigs | [ = ‘ {5 | \H
T T TR
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https://betterbuildingssolutioncenter.energy.gov/webinars/better-together-integrating-plug-load-management-lighting-and-building-management-systems
https://betterbuildingssolutioncenter.energy.gov/webinars/trust-process-strategies-reducing-larger-commercial-building-plug-and-process-loads

Resources for BBA Partners

Quarterly Email Updates

Better Buildings Alliance Plug and Process Loads
Technology Research Team

Way 3131
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Blogs

Best Practice for Reducing Plug and Process Loads in Office Buildings

implement

Access at:

https://betterbuildingssolutioncenter.energy.gov/beat-
blog?f%5B0%5D=field tags%3A1370

https://betterbuildingssolutioncenter.energy.gov/alliance/

technology-solution/plug-process-loads/newsletter

DEPARTMENT OF ENERGY OFFICE OF ENERGY EFFICIE

& RENEWABLE ENERGY

U.5. DEPARTMENT OF

ENERGY



https://betterbuildingssolutioncenter.energy.gov/alliance/technology-solution/plug-process-loads/newsletter
https://betterbuildingssolutioncenter.energy.gov/beat-blog?f%5B0%5D=field_tags%3A1370

Channels for Deploying Strategies

One-on-One Calls Technical Presentations
- Provide technical assistance to BBA * Conferences and Workshops
partners and design firms o California Plug Load Research Center
 Learn about state of PPL control o American Society for Healthcare Engineering
technologies from manufacturers o U.S. DOE Miscellaneous Electric Loads Round
Table

o ACEEE Summer Study for Efficiency in Buildings
* BBA Sector Calls

o Low Carbon Pilot Peer Exchange

o Healthcare

o Retail, Food Service, and Grocery

o Commercial Real Estate

The PPL Team presents at the 2022 CalPlug Workshop.
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Future Work
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Future Work: Resources for Building Owners

e Webinars

— Topic: PPL energy consumption in commercial buildings

* This webinar highlights PPL energy consumption and load profile research and
provides an overview the PPL energy intensity.

* Estimated Date: June 2023
— Topic: Medical Imaging Equipment Metering

* Healthcare building owners will share their experiences and lessons learned on the
field measurements of medical imaging equipment in their facilities.

e Estimated Date: August 1, 2023
* Publications

— Fact Sheet: Medical Imaging Equipment Energy Efficiency - This 2-4 page
document will give an overview of MIE energy use in healthcare buildings.

— Fact Sheet: Seamlessly using enterprise-wide computer power management.

U.S. DEPARTMENT OF ENERGY OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY




Future Work: DOE Medical Imaging Equipment (MIE) Technical Assistance

* Continue working with healthcare
partners (UC Davis Health,
University of Michigan Medicine) for

— Selecting best possible MIE options for
field measurements

— Developing submetering plan for
conducting MIE measurements in field
to inform EPA ENERGY STAR test
procedure

— Analyzing the collected data

— Possible publication for distribution of
the collected data

U.S. DEPARTMENT OF ENERGY

OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY
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Future Work: Pathways to PPL Efficiency and Control

Investigate barriers and drivers for PPL efficiency and control to identify pathways for
achieving uptake.

Data Sources Outcomes

« 21 stakeholder interviews * |dentification of market pathways
(strategies or technologies) for
achieving control of commercial
building PPLs

 Nexus Labs member workshop

Building
occupants, |Building owners,

Lighting
manufacturers
[reps, 2

Design engineers,
6
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Conclusion

PPLs are a large part of whole-building energy use and a
multifaceted challenge to assess, reduce, and control.

The PPL Team is addressing this
challenge through R&D, market
transformation, and stakeholder
engagement efforts to equitably
decarbonize buildings and assist BTO
to achieve its climate mitigation
goals.
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Thank You

National Renewable Energy Laboratory
Dr. Kim Trenbath, Innovation Lead, Systems Technology R&D
720-434-9508 kim.Trenbath@nrel.gov
2.2.2.91 NREL - Systems Technology R&D
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Project Execution

FY2023
Planned budget $394,000
Spent budget $138,950
Ql |Q2 |Q3 |Q4

Q1 Milestone: Biannual BBA PPL TRT Call

Q2 Milestone: Quarterly Strategic Working Group Calls

Q3 Milestone: Quarterly Email Updates to PPL TRT Mail List
Q4 Milestone: Medical Imaging Equipment PowerPoint

Q1 Milestone: Process Loads Resource
Current/Future Work

Q3 Milestone: Biannual BBA PPL TRT Call
Q4 Milestone: Quarterly Strategic Working Group Calls
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Significant Milestones Timeline

NREL publishes an ACEEE Summer Study
paper on Emerging Technologies for
Improved Plug Load Management Systems.

NREL publishes EMIS/PPL Landscaping Study

NREL is issued a U.S. Patent Plug
Load Management with Load
Identification

NREL publishes the ARC Fact
Sheet in collaboration with NEMA.

NREL publishes ILC Case Study on
ARCl/lighting integration and hosts the
building owners on our TRT Call.

NREL presents Medical Imaging Equipment
Technical Information to DOE and EPA.

identifying the following priority research areas:

1. Integrating PPL data into EMIS platforms
2. Interoperability of PPL data with other
building end-use data

3. Development and testing of automatic PPL
controls.

Dec.
2019

Aug.
2017

NREL publishes conference paper on novel
PLM system (ATLIS).

NREL releases Smart Outlet Fact Sheet,
two resources on assessing and reducing
PPL in commercial buildings, and a blog on

PPL utility incentives.
®

Nov.
2020

NREL holds informal PPL session at
the 2022 ACEEE Summer Study.

NREL and UCSD submit findings to
IEEE Grid Edge smart outlet and BAS
integration.

Jul.
2022

June Aug.
2019 2020
NREL installs _ _
smart outlets NREL publishes paper using smart
for field outlet data: Device-level plug load
validation. disaggregation in a zero energy

office building and opportunities for
enerqgy savings

Sep.
2021

NREL and UCSD win a California
Energy Commission Grant, Smart
Plug Load Controls Integrated with
Building Energy Management
Systems.

OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY

Mar.
2022

Aug.
2022

Sep.
2022

NREL presents two presentation at the U.S. DOE’s
MELS Roundtable.

NREL is part of a team that presents Energy
Efficient Medical Equipment: Market Demand and
Technical Solutions at the ASHE annual
conference.

U.S. DEPARTMENT OF ENERGY


https://www.nrel.gov/docs/fy19osti/74080.pdf
https://betterbuildingssolutioncenter.energy.gov/sites/default/files/attachments/ACEEE_2020_Plug_Load_Mgmt_Paper.pdf
https://www.sciencedirect.com/science/article/abs/pii/S0378778819313374?via%3Dihub
https://betterbuildingssolutioncenter.energy.gov/sites/default/files/attachments/a-commercial-building-plug-load-management-system-that-uses-internet-of-things-technology-to-automatically-identify-plugged-in-devices-and-their-locations.pdf
https://betterbuildingssolutioncenter.energy.gov/sites/default/files/attachments/77971.pdf
https://www.nrel.gov/docs/fy20osti/76998.pdf
https://labpartnering.org/lab-technologies/b0a633e0-de98-40bf-a92a-d86c2bcea3c6
https://betterbuildingssolutioncenter.energy.gov/sites/default/files/attachments/FactSheetAutomaticReceptacleControls.pdf
https://betterbuildingssolutioncenter.energy.gov/sites/default/files/attachments/ILC_Case_Studies_MnDOT.pdf
https://betterbuildingssolutioncenter.energy.gov/webinars/better-together-integrating-plug-load-management-lighting-and-building-management-systems

Integrating Smart Plug and Process Load Controls into Energy Management
Information System Platforms: A Landscaping Study

Outline emerging PPL technologies, characteristics
necessary for successful integration into EMIS platforms, and
research questions DOE can pursue to rapidly advance state of the

art.
IMPACT ——
«  Guided the work of PPL Team over last several years. Lord Conre nto Enrgy amgmen
« Guided other entities. CEC used the Landscaping e
Study to inform their applied R&D and technology

demonstration and deployment projects that advance
innovative technologies for controlling plug loads.

* |dentified priority research areas: (1) Integrating PPL
data into EMIS platforms (2) Interoperability of PPL
data with other building end-use data (3)
Development and testing of automatic PPL controls.

* Provided market direction to building owners and

manufacturers. Informed by survey of PPL control technologies,
research papers on smart building technologies for PPL,
link and smart buildings roundtable.

eport
uuuuuuuuuuuuu
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https://www.nrel.gov/docs/fy19osti/74080.pdf

Device-level plug load disaggregation in a zero energy office building and opportunities
for energy savings

RESEARCH QUESTIONS: How can individual device monitoring and
building-level submeters be used to develop a disaggregated
breakdown of plug loads in an office building? What insights can be
gained from disaggregation?

z Bﬁfltdlngs

Background
Plug loads account for a significant and growing portion
of the energy consumed in commercial buildings, but
they are one of the most difficult end uses to manage.
Typically, building owners and managers do not have
effective methods for monitoring plug load energy
Sometimes plug loads are wired to a
can be metered in
Jile this is helpful for
limption at a building
when specific types

Office Building Plug Load Disaggregation

BETTER BUILDINGS ALLIANCE

Figure 1. NREL's Research Support Facility. Image
courtesy of Denniz Schroeder.

f, metening must be KEY TAKEAWAYS
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Contents lists available at SciencoDiroct

» Taking a device inventory can lead to a
better understanding of the variety and
quantity of devices in a building.

control devices and
fion to a central plug
grt plugs offer the
plug load monitoring. >
[ces in today's large
g every plug load
[chers at the National
REL) have attempted
psing a method for » Disaggregation enables comparison of
brt plug metering with device consumption during cecupied and

IMPACT
« Method for developing a disaggregated model of an frofms | Smmmnomm.
office building's plug loads that utilizes power data from o — e

ARTICLE INFOD AESTRACT
evolve to mest these changes

Energy & Buildings

el e — Combining a device inventory with a limited
metering effort can reveal a building’s
disaggregated plug load profile and identify
devices using more energy than expected.

Device-level plug load disaggregation in a zero energy office building |
and opportunitics for energy savings |

g collected from 118
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. " . a 1. Introduction ilding manages 1o undersiand which devioss to targe for cnergy ;S‘ha:‘ ﬂ;ﬁ;“'hrpe:ﬁg R eaoivay
savings. Monilaring all PPLs in 2 commercial building to scess this {° contribting to
Commercial buildings are respansible for nearly ane-Gith of the  information iz 2 costly endeavor, given the sheer umber and vari- y the model Figure 2. Disaggregaied plug load breakdown for an
priary energy consumed in the United States, and 40 percent of ety of devices in large buildings as well as the Righ cost of meter- average workday in the B Wing East.

portion of the unoccupied load. Provided case study for
a more efficient method for monitoring plug load energy
use.

Journal Article, 2019: link
Fact Sheet, 2020: link
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that energy is comsumed by plig md process loads (FPLs) [1.2]
FPLs inchude all phugged-in checimuic devices, a5 well a5 hanl

wined devces it s ot amsacated wils cther maqoe buking
end uses such 1= heating, cooling, ventilation, and lighting, Az
these end uses become more eificent amd a5 deviees berome cven
more prevalent i commercial buikdings, FPLs are expected 10 ac-
count for a growing percentage of building cnergy consumption
2} Despite their significant enesgy consumption, we often have
minimal access i information For managing these loads. At best.
a well-submeteresd building will have high-level imformatica abot
its phug boad consumption (Fig. 1), but even then, we do st know
baw specific deviees consume electricity acmss durations cf lime
(e, daily, weekly, monthly, and amnually). Having access o in-
farmation that breaks dows 2 building's phag loads into bow and
when specific types of devices cansume eleciricity would allow 2

+ Comepaning
ot e e
X Trerisat)

my@rreL o (L Doheny, Kan TrenbarhinezL g

n
76776 2019 Eavier

ing equipment. We propase 2 more manageable method for mon-
iturimg 4 small subsrt of devices in an ofice building o develop 2
disaggregated breakdiown of the buiding's plug laads asd to betier
understznd the load profiles of specific device bypes.

Having access 1o a disaggregated breskown of a buikling's phg
aads i am integral step to wentifying and quantifying emerzy sn-
ings oppertusitics [1]. This shudy aticmpts fo enbance the body af
ok s phig o effcency staegis by osin the fol-
lawing resea s

« How can individual devier momitoring and building-level

submeters be used te develop 2 disaggregated breakdown af
piag Ioads in an office building?

+ What insights can be gained o having 2 disaggmgated

model of phag loads?

To addeess these questions, we investigated phug loads ssoc-
ated with a section of the Research Support Farility [RSF) a1 the
National Renewable Energy Labaratory (NRELY. The study wis spe-
cific 10 pheg boads commoaly found in office buildings, sach 25 Lp-
tops. projectors, and coffee makers. Process lnads refer 1o equip-

fenbath, K (2018} Device-Jevel plug lezd di
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https://www.sciencedirect.com/science/article/pii/S0378778819313374
https://betterbuildingssolutioncenter.energy.gov/sites/default/files/attachments/PPL_Disaggregation_NREL.pdf

Emerging Technologies for Plug Load Management (PLM)

"Better Fact k',rwt Emerging Plug Load M.
@ Buildings Jecwoks

What = ®ie cw
s s

gement

What is the current state of learning behavior
algorithms (LBA) and automatic and dynamic (ADLD) technologies in
PLM systems? What are the technology challenges and market
barriers for LBA and ADLD? What are the drivers and opportunities for K Tchlogies s Lprocd Pl Lo

Learning Behavior Algorithms and Automatic and Dynamic Load Detection

the further development of these technologies? e e o

ABSTRACT

: that Save Energy and Time

TER BUSLOINGS ALLIANCE
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Plug loads are responsible for a significant portion of the energy consumed in
commercial buildings, yet their distributed and ever-changing nature makes them one of the most
challenging building end uses to manage. Plug load management systems exist today that use
smart plugs to meter and control devices at the outlet level, but their uptake has been relatively
slow in part because of the significant labor required for installation and maintenance. Learning

behavior algorithms and automatic and dynamie load detection are two technology areas that
could accelerate the adoption of plug load management systems by reduc :
and providing additional energy efficiency and nonenergy benefits. Learning bel

algorithens learn occupant behavior and adjust plug load management systems accordingly,
allowing for the automatic creation of optimized control schedules. Automatic and dynamic load

. Drove development of PLM technologies, internally and externally. e e S e

paper, we present our findings on the current state of these two technologies based on a review of

Canciusins
As PLN svolves, sapect 10 aee T riegr
» tuidng LBA and ADLD o procuct offecrgs, win LBA

arirg © maket eafier Boh Wl alow b
Tw Sndngs UM & syeamined phg ad contol, mang buldng
Owrers e ad Money 1 D (Ut of energy
=g

. . . existing research and patents as well as a series of interviews with companies working in the
° plug load space. We found that no commercialized solutions currently exist for these plug load I # PLV sysiom and ean prothct smemaies. Segpng
a ra C e rl Ze WO e I I I e rgl n g e C n 0 Ogl es . technologies, and more work is needed to bring them to market. In addition, we summatize our | g e dempelarrr.d
findings related o the technology challenges and market barriers, drivers, and opportuniics for [ Cimpte conea sn¢ s buieing typon, 204 ' provids
these technalogies moving forward. B oot domand Thers 200 i sat S companios Soveinping

* LBAreduce human impact in a PLM system and can predict | s AR

Plug and process loads (PPLs) represent more than 40% of the total energy use in US. r Ay actrmane B Sechraiogy ADLD & anpecied b become s aiatie b

0 0 e 0 commercial buildings and this percentage is projected to increase during the next 30 years (EIA
anomalies. LBA could encourage integration of plug load data with 5120 FPLs e cheging s a4 ot o et e r Gt g4 TR
- building and can consist of numerous loads, many of which are relatively small. To help with oo dotn gy sed eybersecwiy
PPL reductions, building standards (¢.g., California Title 24, ASHRAE 90.1, and the |

International Energy Conservation Code) are adopting plug load energy management mandates E.. -
a a ro I ' l 0 e r SO u rC es that require a portion of the outlets in a building to be controlled. Controls allow devices to be [ 280w Srarp O 3080 Mg v Sutu—
. [Braap 1 it g Lt Ut Tt Lo ot A

turned on and off automatically via set schedules or based on occupancy, reducing equipment oy S o

power consumption when not in use. Controlling individual pieces of equipment can yield up to
30% savings on PPL energy consumption (Langner and Christensen 2018)

* ADLD offers a plug-and-play system and easy installation that e T b i ok o ey i

R SOy Gon ENERGY

rred to as “smart plugs,” the hardware in these
technologies eollests power consumption data from individual devices and can tum devices on o b
off by controlling the flow of electricity to the device. In some cases, this is accomplished with

Saves tl I I l e hardware located between the outlet and the equipment plug; in others, the hardware is integrated
. into the outlet itself. These smart plugs are often part of a greater plug load management (PLM)

* R&D needed: scaling for large commercial buildings, achieving
economies of scale, and addressing cybersecurity.

_ Engaged with PPL control technology manufacturers to
_ link determine barriers and opportunities for cutting-edge
link PLM technologies.

U.S. DEPARTMENT OF ENERGY OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY



https://betterbuildingssolutioncenter.energy.gov/sites/default/files/attachments/ACEEE_2020_Plug_Load_Mgmt_Paper.pdf
https://betterbuildingssolutioncenter.energy.gov/sites/default/files/attachments/BBA_Emerging_PlugLoad_Mgmt_FactSheet.pdf

Utility Incentives

¥ Better
OBJECTIVE: @ Buildings’

Provide comprehensive list of PPL utility incentives for

Appliances and Kitchen Equipment Procurement of plug load equipment, that is often ENERGY STAR certified, that reduces overall plug load energy usage in a space
Unlike typical power sirips, Advanced Power Strips (APSs) have increased functionality {o combat PPLs. They have outlets that are designated as primary/master outlets, secondary/co|
. . Computer Power Management Installation of software on PCs to enable a centralized, server-level control of power management settings

Ocaupancy Sensor Ocoupancy sensors can be installed speciically for the purpose of managing and controling plug load energy usage

u I I n OW n e rS . Vending Machine Controller Vending Machine conirol devices that use a motion sensor fo automatically power down ihe vending machine when the area around it is unoccupied, and power up the machine when
Whole Buiding These programs allow you to create your own plug load savings stralegies and receive a custom ingentive if it meets the ulility's requirements
Cusiom Rebate Incentive is offered by the reduction of energy consumption due fo new measures
Prescriptive Rebate Incentive is based on the installation of a specific device or software:
Upstreai ate Incentive is offered directly from the vendor/manufacturer

centive Sponsor [ state K Rebate/incenthd Applickd Type of Inceld PPL Strategy B2 URL B2 Dei
Empire Arkansas AR $90/unit Commerci Prescriptive Ret Vending Machine Control hitp /lempirearkansas programprocessing com/content/prest Occupancy controls for Refrigerated bel
Empire Arkansas AR $90/unit CommerciPrescriptive Ret Vending Machine Control hitp: tenpresc Occupancy controls for Refrigerated res
Empire Arkansas AR $40/unit Commerci Prescriptive Ret Vending Machine Control hitp tentprese Occupancy controls for Non-refrigerated
Empire Arkansas AR $145/unit Commerci Prescriptive Ret Vending Machine Control hitp: programprocessing.com/content/presc Evaporative fan control for walk-in ool
Entergy Arkansas AR $0.10/kWh Commerci Custom Rebate Computer Power Manage hll //WWW emer y-arkansas.com/your_business/save_mone Up to 100% of cost if the management
Arizona Public Service Company (APS)  AZ Varies CommerciPrescriptive Rek Whole Building -/media/APS/APSEON-PDFs/Business/<Contact program for more information
Arizona Public Service Company (APS)  AZ s8/computer CommerciPrescriptive Ret Computer Power Manage mm Wy aps PSCOM-PDFs/Business/¢CPM Software
Arizona Public Service Company (APS) AZ $100/unit Commerci Prescriptive Ret Vending Machine Control hitps://www.aps .c OM-PDFs/Business/< Beverage machine controlier
Arzona Public Service Company (APS)  AZ $50/unit CommerciPrescriptive Rek Vending Machine Control hips./mww.ap: ,/mgma/Aps/ApscoM PDFs/Business/s Snack machine controlier
SRP AZ $100/controller Commerci Prescriptive Ret Vending Machine Control http: /. px Reach-in cooler controls.
SRP AZ $100/controller CommerciPrescriptive Ret Vending Machine Control hitp:/mwww savewithsry D\LEDM/VEDE|ES/S|EUGEHJVEDH|E aspx Beverage machine conirols
SRP AZ $40/controlier Commerci Prescriptive Ret Vending Machine Control hitp:/mwww savewithsrpbi ebates/star px Snack machine controls
SRP AZ $8/PC Commerci Prescriptive Ret Computer Power Manage hitp: /fwww. ebates/stal aspx Networked PC power management softy
- - SRP AZ $200/server CommerciPrescriptive Ret Computer Power Manage http:/www savewithsrpbiz com/rebates Server
° E ncoura ge a d 0 ptl on Of P P L cO ntro I an d re d u Ctl on S Az sao0meer  CommerciPrescriive Rel Compuer Pover Manage i /vy savewllhsrgbmmm/rebales/slanaardrebale asg e eflcercy serier repicemEnt

SRP AZ $130/unit Commerci Prescriptive Ret Vending Machine Control http: /iwww. beverage vending machin
SRP Az Varies Commerci Prescriptive Ret Appliances and Kitchen E hitp-/wuww. ebales/sla asp Kiichen Equipment including griddles. €]
Tucson Electric Power (TEP) Az $85/controlier Commercil PVESEHDNVE Ret Vending Machine Control hitps://www. ‘DiVending machine controls (for Snack M

technologies by providing information about utility
incentives around the country. Whole Building
* In past, list published annually.

Vending Machine
Controller

31%

Appliances and
Kitchen
Equipment
42%

2%

Incentive List, 2022: link Occupancy Sensor
Beat Blog Post, 2021: link /

APS
9%

U.S. DEPARTMENT OF ENERGY OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY



https://betterbuildingssolutioncenter.energy.gov/sites/default/files/attachments/Utility%20Incentives_for_PPL_%20Feb_21.xlsx
https://betterbuildingssolutioncenter.energy.gov/beat-blog/leverage-utility-incentives-efficiency-upgrades

Integrated Controls for Plug Loads and Lighting Systems Case Study

OBJECTIVE: The focus of this case study is to highlight the
strategies used at Cedar Avenue truck station for
integrating plug load and lighting systems.

IMPACT

« Communicated strategies that other buildings can learn
from through a written case student and a webinar.

Promoted PPL control strategies: having a main point-of-
contact for all stakeholders, providing occupant user
guides and signage, involving the information technology
department, make sure controlled device is in the
occupancy zone.

2: link
2

2: link

Case Study, 202
TRT Webinar, 20

U.S. DEPARTMENT OF ENERGY

OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY

PBetter
@ Buildings’

Integrated Controls for Plug Loads and

Lighting Systems

CASE STUDY: Minnesota DOT Cedar Avenue Truck Station

About the Participant

The Minnesota Department of Transportation (MnDOT) has
more than 1,075 buildings with 137 truck station campuses
across the state. MnDOT's Cedar Avenue truck station,
located in Richfield, Minnesota, provides critical roadway
'snow removal support within the Minneapolis metro area. It
includes administrative offices, a training room, and a large

Lessons Learned and Best Practices

Establish a champion 1o lead the plug load Integration project,
from planning and implementation through maintenance. The
champion is the main point of contact for all stakeholders,
including decision makers and occupants.

» Controlled Plug Load and Zone Selection
Ensure that devices plugged into controlied outiets are
good candidates for controls. High-energy consuming loads
should be identified and controlled for maximum savings
potential. Devices with a long startup time (ke vending
machines) should be plugged into an uncontrolied outiet
Select occupancy zones so that they cover all users of the
controllable loads (like TV and audio-visual equipment) in
conference rooms and common areas.

> User Engagement
Provide a level of occupant education that matches the
needs of the occupant. At the Cedar Avenue truck station,

breakroom, aiong with truck mainianance and servics we facilt controllable outlet user guides were provided to building
faciities. oot occupants during construction. Engage with occupants
The focus of this case study is to highlight the strategies regularly to keep them updated on the best devices to piug
used at Cedar Avenue truck station for integrating plug load o sots, Lot w"‘mm‘i“m S I Wk i Hows Wik
and lighting systems. An integrated controls piot project rected 10 more occupant tumover, may need signage or regular
with retrofit instalation was conducted from October 2019 to Sommmichion Bboik e Jecinology.
April 2020 and has been recognized by the Integrated B oibased  » Installation and Commissioning
Lighting Campaign in the following categories: > Buiding Details feedback, Engage the information technology department at the
o Location: Richfieid, MN ices beginning and keep them informed throughout the project.
» Integrated Controls for Piug Loads & Lighting Systems s i 11 S0A. e Mioka G116 e atarkicions des educalad o B Fistaation
> Integrated Controls for HVAC & Lighting Systems Total buiding size: 74,776 sq Jzones. scope and commissioning process.
The lighting-plug load integration project was co-funded by o ,‘;Z:; — 2;,;7‘,::';':’""' "'0” wwn  Project Partners
MnDOT, the U.S. Department of Energy, and Xcel Energy. b e il . Sipstream was the project lead and collaborated with the
13 bukding owner reprsenlatves. Croe Lightng provded the
Project Motivation > Controtled Plug Load Details gin  Ghting system integration and commissioning. Wireless ARCs
The project included the retrofitting and integrating the solid- Dual controlled outiets: 4 avedin  for plug loads were provided by Legrand/Wattstopper. Energy
state networked lighting control with plug load, and HVAC Haf controlied outiets: 5 Taoaiorng S date stayess was provied by Fedic
(heating, ventilation, and air conditioning) system operation Tranemters: 4 51,654 Northwest National Laboratory.
Existing lighting fixtures in the office space were near the be
end of their fe. The faciities team looked at this retrofit and b2 Aout e Intbgcased Lighting (ﬁg‘g‘:““ ok
ntocyation effot s an enerqy sevinga project Ths Y | » Loade Cormected 1o Controted sured grated Lightng Camparg program desig
X 10 help facility owners and managers take advantage of
was a suitable candidate to achieve energy savings by Ut hic with ol dyscon Sesrad e M st
implementing occupancy-based control and lighting Computer montors i "
e e o hiohk oone & controls and of integrating lighting systems with other building
'nwa;-b because of its continuous operation and highly Desk fans : mj": of business systems in their facilities. The ILC serves as a
variable occupancy patiem. o Miscelianeous office equipment id.guona\ resource for relevant research regarding new advanced ighting
o controls and integrated lighting systems and provides a
Plug Load + Lighting System Integration About Automatic Receptacle [rase. platform to recognize exemplary projects shared by ILC
Each of the new luminaires has an occupancy sensor, ight Controls (ARCs participants and supporters.
level sensor, and wireless communication capabiiies. The ,  apc. 1m off power o receptacie
occupancy sensors in the virtually created lighting zones prisiperitbpl sl
manage the lighting system operation. The plug load control control hoa. o ades
moduie operates controlled outlets based on the wircless b
nal from the occupancy sensors. All faceplates of the ":";;"%"“0';01 duplex outiet hsotutioncenter energy gov emwsen ENERGY
controlled outets have a button for manual override by the - o
user. The signal flow is unidirectional—from the lighting » Plug load controllers can
‘occupancy sensor 1o the plug load controlier. The plug load communicate to the outiets through
control module cannot operate the lighting fidures. wires or wirelessly
> Also known as controlled
receptacles or controlled outlets
Learn more at betterbuildingssolutioncenter. energy.gov ENERGY

KEY PARTNERS

Minnesota Department of Transportation
(MnDQT), Integrated Lighting Campaign (ILC),
Slipstream, CREE


https://betterbuildingssolutioncenter.energy.gov/sites/default/files/attachments/ILC_Case_Studies_MnDOT.pdf
https://betterbuildingssolutioncenter.energy.gov/webinars/better-together-integrating-plug-load-management-lighting-and-building-management-systems

Resources for BBA Partners: Fact Sheets

Office Building Plug Load

Disaggregation

Better

Buildings‘ Office Building Plug Load Disaggregation
BETTER BUILDINGS ALLIANCE

Background
Mmmuawwqmm

evakuating plug load energy consumption at a buildng Figurw 1. NREL's Bessarch Suppent Faclly. imege
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[Findings & Insights

The plug load model (Fig 2)

|"MW'&."\ 'M

P Laplops and monfiocs sccount foe mote than
20% of the daytime toad, but cely 8 seal
20r8en of the evening loas

» Occupant prefecence con significantly affect
Plug Soad profile shape. The 8 Wing East has &
midday soie 0 TucTOwIRes darng hnch, whils
Sther staches fnd rudday o6 N Bukings whers
cccupants typcaly wave for kneh

» Audovsusl (AV) controliers and conteal
monitocing station (CMS) TV (on 2417 for
Secunity) Mgether ContrBute, 0N average,

more han 1.5 AW 10 the baseload.

Occupled and Unoccupied Loads
The dervce-Seved

ientify opportundies for energy savings (Fig £)

F Video conference Cameras, desbiop servers,
AV contratiers and CMS TVs make up a larger
Paction of the wnoccupeed 10ad an the
cecupied load

+ The unoccupied load coud be reduced by
5% by 830G contols 10 tnly 13 devices a0
Shmng thess off dunieg unoccuswd tres. These
Govces included AV conmrosers, wieo
TONdetence CaMEras. and (opeers.

g Device Usage Diversity

rvarsity. The momng spie due 10 the colles
n\i«snFquamdmmm
cofloe maker nstance and not captung e
g deversity across the davices in the wing

Device Load Profile Comparison
Collecting device-level power consumption data
icws for companson of dewcs load profies. Fig
3 demonntrates that the Biplogs and monikrs
are most strongly correlated with each other and
With the plug load submeter. The coffee makers,
Water Dodars, and Merowaves e Ao postvely
|correlated as they fend %o be used in the momeng
and at lunchtme

/
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Conclusion

This study demonstrated that a device nventiory and 2
fmited Sevice-devel effot can produce &
dsaggregated plug kad  breakdown, wcoverng
anergy savings opportndes. Thes study i krsted to
the RSF. however. and should be vabdated in other
buddngs to see £ the method s generally eflectve
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Emerging Technologies for
Plug Load Management

Better Fact Sheet: Emerging Plug Load Management

Buildings

Technologies that Save Energy and Time

Intmductmn

BETTER BUILDINGS ALLIANCE
What is the current state of LBA & ADLD

management (PLM) for increased energy savings

for building owners. Plug loads are respmble for
47% of the energy consumed in commercial
buildings’, yet their distributed and ever-changing
nature makes them challenging to manage. PLM
systems exist today that use smart plugs fo meter
and control devices at the outlet level, but their
uptake has been relatively slow in part because of
the significant labor required for installation and
maintenance.

Two emerging technology areas may address
these challenges and provide addiional energy
efficiency and nonenergy benefits:

Leaming behavior algorithms (LBA) leam
occupant behavior and adjust plug load controls
accordingly, allowing for the automatic creation of
optimized control schedules.

logies in PLM syst

» Learning Behavior Algorithms
Behavior-based machine leaming algorithms have
been applisd to HVAC and lighting end uses mare
frequently than plug loads. Siill, some companies are
actvely mvestigating LBA for plug load applications.
There are at least 5 companies developing or offering
products with behavior-based machine leamning
technologies.

» Automatic and Dynamic Load Detection
At the time of this writing, there 5 no wel-vetted
technology through which 3 bulding management
system can automatically identify the type and location
of a device plugged in to an outlet. There are several
ADLD-related patents and completed research
projects supporting the R&D of this technology. Three
of the 7 companies interviewed for this paper have
explored ADLD plug load applications. Depending on
market demand, this technology is expected fo

become available to consumers within 3-5 years.

ic and iic load jon (ADLD)
allows a PLM systemm identify devices as they are
plugged in to a building and keeps the system up to
date as devices are moved throughout a building.
This fact sheet summarizes the findings from a
2020 conference paper.

Concl
As PLM evolves, expect to see the integration of
LBA and ADLD into product offerings, with LBA
amiving fo market eariier. Both will allow for
streamiined plug load control, saving building
owners time and money in their pursuit of energy
Savings.

KEY TAKEAWAYS

» LBA reduce human impact in a PLM system and can pradict anomalies, flagging

possible issues in device and health. LBA could

integration of plug load data with data from other sources. Researchers are working to
expand the technology beyond simple cases and single building types. and to provide
a low-cost product to mest market demand. There are at least 5 companies developing

or akready offering products with LBA technalogies.
» ADLD offers a plug-and-play system and easy i

that saves time. are working to

reduce development costs and fully automate the technology. ADLD is expected to become available to

consumers within 3-5 years.

» Some areas of RAD for both technologies are scaling for large commercial buiking applications. achisving
economies of scale, and addressing data privacy and cybersecurity.

* E4 (113, Energy Informiation Administration). 2020, Anmual Energy

* i, Trenbaih, et o (2000) Emergng Techndogesfor Irproved Fug Lood Management ystes Leaing Bendor Agortns and
Automaic and Dyremic Load Delecion. ACEEE Summer Study Enemy EMc. 5ud., 403,

Leam more at &

p— ENERGY

https://betterbuildingssolutioncenter.energy.gov/sites/default/fil
es/attachments/BBA_Emerging PlugLoad Mgmt FactSheet.pdf

https://betterbuildingssolutioncenter.energy.gov/sites/default/files/attac
hments/PPL Disaggregation NREL.pdf

U.S. DEPARTMENT OF ENERGY

OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY
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Zero Client Computing
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https://betterbuildingssolutioncenter.energy.gov/sites/default/files/attachments/BBA _Zero Client Computing Case_ Study.pdf
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FY19 & 20 Technology Research Team Webinars

U.S. DEPARTMENT OF ENERGY

Plug Load Management
System Field Study: Wireless

Meters and Controls

Date: 3/20/2019

Attendance: 28

On-Demand Views: 106

Presenters: Kim Trenbath, NREL; Alicen
Kandt, NREL

Link:
https://betterbuildingssolutioncenter.energy.g

ov/webinars/plug-load-management-system-
field-study-wireless-meters-and-controls

Zero Client Computing and Set Top

Box Voluntary Agreements

Date: 11/13/2019

Attendance: 23

On-Demand Views: 75

Presenters: Amanda Farthing, University of
Michigan; Jennifer Amann, American Council
for an Energy-Efficient Economy

Link:
https://betterbuildingssolutioncenter.energy.gov/w

ebinars/zero-client-computing-and-set-top-box-
voluntary-agreements

VS

OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY

How much energy are your devices
consuming? Plug load
disaggregation and the future of

device energy savings

Date: 1/22/2020

Attendance: 47

On-Demand Views: 403

Presenters: Bennett Doherty, NREL; Bruce
Nordman, LBL

Link:

https://betterbuildingssolutioncenter.energy.gov/webinars/

how-much-energy-are-your-devices-consuming-plug-load-

disaggregation-and-future-device

— | Zero chent
LED/LCD [ 2g device

=0y

- = ||



https://betterbuildingssolutioncenter.energy.gov/webinars/plug-load-management-system-field-study-wireless-meters-and-controls
https://betterbuildingssolutioncenter.energy.gov/webinars/zero-client-computing-and-set-top-box-voluntary-agreements
https://betterbuildingssolutioncenter.energy.gov/webinars/how-much-energy-are-your-devices-consuming-plug-load-disaggregation-and-future-device
https://betterbuildingssolutioncenter.energy.gov/webinars/how-much-energy-are-your-devices-consuming-plug-load-disaggregation-and-future-device

FY20 Technology Research Team Webinars

Automatic Receptacle Controls:
Adjusting to New Code
Requirements for Plug Load

Controls

Date: 4/30/2020

Attendance: 57

On-Demand Views: 622

Presenters: Harold Jepsen, Legrand; Kelly
Cunningham & Marisa Lee, Pacific Gas &

Electric
Link:

https://betterbuildingssolutioncenter.energy.gov/

webinars/automatic-receptacle-controls-

adjusting-new-code-requirements-plug-load-

controls

Cantrol marked receptacle Wireless controlled

U.S. DEPARTMENT OF ENERGY

raceptacla

OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY

Case in Point: Oregon’s Recent
Efforts to Reduce Plug Load Energy

Consumption

Date: 7/22/2020

Attendance: 181

On-Demand-Views: 402

Presenters: Dave Wortman, Statewide
Sustainability Officer Oregon Department of
Administrative Services; Stephanie Kruse,
Facilities Engineer, Oregon Department of
Energy

Link:
https://betterbuildingssolutioncenter.energy.gov/webin

ars/case-point-oregon%E2%80%99s-recent-efforts-

reduce-plug-load-energy-consumption

L] Pl Lol W rraaloem s i Bl " - Sl R0
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Plug boad breakdos i in Sovall office in Portland, Seegon.


https://betterbuildingssolutioncenter.energy.gov/webinars/automatic-receptacle-controls-adjusting-new-code-requirements-plug-load-controls
https://betterbuildingssolutioncenter.energy.gov/webinars/case-point-oregon%E2%80%99s-recent-efforts-reduce-plug-load-energy-consumption

FY21 Technology Research Team Webinars

U.S. DEPARTMENT OF ENERGY

Beyond Energy Efficiency: How Your
Device Usage Patterns Affect Energy

Consumption

Date: 3/17/2021

Attendance: 61

On-Demand Views: 420

Presenters: Felipe Leon, PNNL; Joy Pixley,
University of California, Irvine

Link:
https://betterbuildingssolutioncenter.energy.gov/webina

rs/beyond-energy-efficiency-how-your-device-usage-
patterns-affect-energy-consumption

Standard energy estimates vs. device use profile estimates

One use profile across many devices One device across many use profiles

OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY

Getting to Net Zero Energy Through
Strategic Building Operations and Plug

Load Management

Date: 5/25/2021

Attendance: 68

On-Demand Views: 619

Presenters: Mustapha Beydoun, Houston Advanced
Research Center; Gavin Dillingham, Houston
Advanced Research Center; Carlos Gamarra,
Houston Advanced Research Center

Link:
https://betterbuildingssolutioncenter.energy.gov/webinars/

getting-net-zero-energy-through-strategic-building-
operations-and-plug-load-management

HARC Building Goals

LIVING LAB

taro Boergy
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Randiens
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T 2LRO CIRTS W ‘ First Operational NET ZERO
office bullding in TEXAS
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https://betterbuildingssolutioncenter.energy.gov/webinars/beyond-energy-efficiency-how-your-device-usage-patterns-affect-energy-consumption
https://betterbuildingssolutioncenter.energy.gov/webinars/getting-net-zero-energy-through-strategic-building-operations-and-plug-load-management

Future Work: Additional General Efforts

 Connect building owners, manufacturers, building designers, researchers,
and other stakeholders

— Achieve “low hanging fruit” energy savings by deploying strategies.

— Help develop equitable and affordable solutions by communicating needs of
small building owners to technology developers.

e Support work on integrated controls
— Communicate case studies of integrated projects
— Include affordability as a key as design criteria for technology solutions

 Continue to work to characterize commercial building PPLs and technology
pathways
— Support disaggregation studies
— Market research

U.S. DEPARTMENT OF ENERGY OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY




Future Work: Automatic Receptacle Control (ARC) Markings

Collaboration with Pacific Northwest National Laboratory
Working to increase uptake of ARC, which are in adopted building codes

X3

—— oo 1.
Fem :‘_.rll u’ .I'». | "‘,-d

Electrical outlets with a single controlled

receptacle
-
: . Next, you will be presented with side-by-side images of wall outlets where only the top
Automatic Receptacle ControIS' receptacle in each outlet is controlled (see the example below).
What they are and why they should be * Select the outlet with markings that more clearly indicate that the top receptacle is
. . . f—‘
commonplace in building energy codes U controlled
Introduction What Are ARCs? Contro"ed
receptacle } 0 I O O
markings are only —— || f N\ f N\
shown on top Controlled o v
receptacle
10] 1 |
@ g
:
, 1 |
o
. J \ J

Photos courtesi of PNNL ARC Survei



EERE/BTO goals

The nation’s ambitious climate mitigation goals

I
H |

ra”

Greenhouse gas
emissions reductions

50-52% reduction by 2030
vs. 2005 levels

Net-zero emissions
economy by 2050

Power system
decarbonization

100% carbon pollution-
free electricity by 2035

U.S. DEPARTMENT OF ENERGY

[ ]
b
A

Energy justice

40% of benefits from federal
climate and clean energy
investments flow to
disadvantaged communities

OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY

EERE/BTO’s vision for a net-zero U.S. building sector by 2050

©
y

] net-zero emissions by 2050 while centering equity and benefits to communities

Support rapid decarbonization of the U.S. building stock in line with economwide

Increase buiding energy efficdency
Reduce onste energy use ntensty n
buidings 309 by 2035 and 45% by 2050,
compared to 2005

Accelerate building electrification
Reduce onste fossi -based CO, emissons n
buidings 25% by 2035 and 75% by 2050,
compared to 2005

Transform the grid edge at buikdings
Increase buiding demand flexbity potential
3X by 2050, compared to 2020, to enable a
net-zero grid, reduce grid edge nfrastructure
costs, and mprove resience,
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Prioritize equity, affordability,
and resilience

Ensure that 40% of the benefts of
federal bulding decarbonization
nvestments flow to dsadvantaged
communities

Reduce the cost of decarbonizing key
bulding segments 50% by 2035 whie
350 reducing consumer

energy burdens

Increase the abRy of communties to
wihstand stress from cimate change,
extreme weather, and grid dsruptions
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