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Project Summary

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)

Objective and Outcome

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®
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Plug and process loads (PPLs) are plug-in and hardwired loads not associated with other 

major building end uses.

• 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!

Low Energy High Energy
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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
Technology Team Lead

Robin Tuttle
Project Manager

Amy LeBar
Research Engineer

PPL@nrel.gov
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Research Engineer
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Impact

The BBA PPL Team is

1. Characterizing commercial building PPLs 

and technology pathways

2. Identifying 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%
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Impact & Alignment

Impact
Increase building 

energy efficiency

Accelerate building 

electrification

Transform the grid 

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 ✓

Increased PPL electrification in commercial buildings due to published 

resources and research papers ✓

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

• Engage with building owners, 

manufacturers, researchers, 

DOE, and other experts

• Document opportunities & 

challenges

• Characterize market

• Set up data aggregation

• Data collection for product validation

• Support technology development

• Analyze data and develop conclusions

• Identify best practices

• 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

The BBA PPL

Team Is Equitably 

Decarbonizing PPLs

in Commercial

Buildings

1. Determine 

Stakeholder Needs

2. Conduct Research

• Address stakeholder needs

• Publish fact sheets, guides, and 

other resources

• Publish research papers

• Publications posted on our website

3. Publicize Results
4. Deploy Strategies

https://betterbuildingssolutioncenter.energy.gov/alliance/technology-solution/plug-process-loads
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Partnerships and Amplification Channels

Architects & 
Engineers, 4%

Consultants 
and 

Researchers, 
16%

DOE and 
National 

Laboratories, 
7%

National 
Organization, 

3%

Owner/Operator, 
48%

Plant, 1%

REEO, 2%

Utility, 5%

Vendor, 14%

PPL Contact List by Category (n=406)*

Federal, 26%

State/Local, 
31%

Higher Ed, 17%

Commercial 
Real Estate, 

14%

Retail, Food 
Service, 

Grocery, 5%

Healthcare, 4%
K-12, 3%

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

*Data as of Nov 2022 
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Approach: Barriers and How To Overcome

Barrier Mitigation

PPL energy use highly dependent 

on occupants

NREL communicates no-cost, low-cost strategies 

on webinar, encouraging building operator uptake

PPL control technologies struggle 

in the market

NREL research provides market insights to 

technology developers and manufacturers

NREL works on occupant-independent strategies 

such as energy efficiency specifications in 

procurement and product development

Current technology solutions have 

low ROI

NREL informs how to pair management strategies 

with control technology to increase ROI
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PPL Team Progress
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Progress: FY21 - FY23 Accomplishment Summary

2 utility incentive updates

10 strategic working group 

meetings

1 patent

8 PPL-led webinars

5+ guest presentations

10 quarterly updates

10 resources for BBA partners

1 conference paper
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Progress: Determine Stakeholder Needs
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Stakeholder Engagement Summary

• Quarterly Strategic Working Group calls

• Regular engagement with BBA Sector Leads

• One-on-one calls

– Technology manufacturers

– Partners

• Integrated Lighting Campaign

• PNNL ARC Survey

• 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
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Strategic Working Group

Organization Contact

ACEEE Rohini Srivastava

CalPlug Katie Gladych

CEC Felix Villanueva

DOE Wyatt Merrill

GSA Kinga Porst-

Hydras

LBL Alan Meier

PNNL Michael Myer

Date Discussion Topic(s)

03/16/21
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)

06/23/21 Controlled receptacles markings

09/15/21
Healthcare imaging equipment, LBL paper on home healthcare devices, controlled 

receptacle markings survey

12/15/21
Medical imaging equipment, low carbon pilot, CalPlug and Industrial Assessment 

Centers

03/10/22
Emerging technologies for PPLs and MELs, decarbonization strategies for PPLs and 

MELs, understanding and addressing needs of disadvantaged communities

06/22/22 CalPlug Workshop debrief, DOE MELs roundtable

09/20/22 Round robin of project updates, upcoming EPIC Symposium and CalPlug Workshop

12/15/22 What does the future of PPL controls look like?

03/02/23
Bob Dahowski presents on “Characterizing Plug Load Energy Use and Savings Potential 

in Army Buildings”

Purpose: to share 

research updates and 

provide a community 

for collaboration for 

PPL researchers. 

Meets every quarter.
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Market Stakeholder Workshop

OBJECTIVES: Engage with members of the smart buildings 

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.

IMPACT

• 23 Nexus Labs members can act on market 

knowledge of PPL efficiency and control, increasing 

energy efficiency and update of PPL control strategies. 

• Building owner and industry-provided insight for PPL 

efficiency and control study.

KEY STAKEHOLDERS

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; PulseIQ; Intellimation LLC

https://www.nexuslabs.online/
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Progress: Conduct Research
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Conference Paper, 2021: link

Fact Sheet, 2021: link

Patent, 2022: link

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 a 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%. 

• Supports demand flexibility.

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
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PPL Control / BAS Integration with UC San Diego

RESEARCH QUESTION:

How can we integrate a PLM system with a commercial 

building automation system (BAS)?

KEY PARTNERS

UC San Diego, BERT Brain, Johnson Controls

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.

• Community-based solution allows commercial building 

occupants to switch on hard-to-reach outlets through 

web interface.

TRT Webinar, 2022: link

IEEE Grid Edge Conference Presentation, April 10-13: link

https://betterbuildingssolutioncenter.energy.gov/webinars/better-together-integrating-plug-load-management-lighting-and-building-management-systems
https://pes-gridedge.org/
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Progress: Publicize Results
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IMPACT

• Achieve PPL reductions in buildings by 

institutionalizing measures, benchmarking, appliance-

specific strategies, and having a champion.

• Outline control technologies including integrated 

controls, smart outlets, automatic receptacle controls, 

and advanced power strips.

• Our most shared resource.

Assessing and Reducing Guides

OBJECTIVE:

Encourage adoption of PPL control and reduction 

strategies through educating end users (building owners, 

facility managers, etc.)

Retail Guide, 2020: link

Office Guide, 2020: link

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

leading to energy savings, remote access to data, 

identification of large plug loads.

Guide, 2020: link

Smart Outlets Guide

OBJECTIVE:

Encourage adoption of smart outlets through educating 

end users (building owners, facility managers, etc.)

KEY STAKEHOLDERS

Smart outlet manufacturers: Best Energy 

Reduction Technologies (BERT), Sapient 

Industries, WattIQ, Keewi

https://www.nrel.gov/docs/fy21osti/77971.pdf
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Automatic Receptacle Controls

OBJECTIVE:

Provide fact sheet for energy code adopters to promote 

uptake of automatic receptacle controls (ARCs).

KEY STAKEHOLDERS

NEMA, Acuity, Audacy, Cooper Lighting, Eaton, 

Hubbell, IDEAL, Legrand, Leviton, Lutron, 

Schneider Electric 

IMPACT

• Increases uptake of ARCs by providing a fact sheet for 

ARC users and building code adopters.

• Outlines 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. 

Fact Sheet, 2022: link

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

IMPACT

• Building owners have resource and guidance to assess 

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

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

IMPACT

• Increased PPL electrification in commercial buildings

• Provides case studies kitchen equipment retrofits 

aimed at decarbonization in food service and 

hospitality sectors.

• Communicates specific decarbonization strategies 

such as replacing high energy equipment 

(refrigeration, stovetops, fryers, ice machines) with 

ENERGY STAR models, downsizing steamers, replacing 

gas with induction cooktops, improving ventilation. 

Guide, 2020: link

Conference paper, 2022: link

OBJECTIVE: Educate commercial building stakeholders 

about commercial kitchen decarbonization opportunities.

KEY STAKEHOLDERS

Better Buildings Alliance Partners, ICF, DOE

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
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Medical Imaging Equipment Energy Efficiency

OBJECTIVE: Better Buildings Alliance (BBA) Healthcare 

Sector is interested in energy-efficient medical imaging 

equipment (MIE). Transform the MIE market by providing 

energy-efficient options.

IMPACT 

• MIE energy use in healthcare buildings is around 5% of 

site energy use.

• There is a need for commercially available energy-

efficient MIE options, but there are currently no U.S. MIE 

energy or efficiency standards.

• Identified MRI efficiency opportunities during the 

following modes: low power and ready-to-scan.

• NREL is providing technical validation and analysis in 

support of an MIE/MRI ENERGY STAR Specification.

• Informed U.S. government stakeholders during 2022 

presentations.

KEY STAKEHOLDERS

US DOE, EPA ENERGY STAR, BBA Healthcare sector 

partners, Hospitals and Medical Centers (UC Davis 

Health, U of Michigan, UCSF)Slide Deck, 2023: link

https://www.nrel.gov/docs/fy23osti/83743.pdf
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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.

Webinar Name

Webinar 

Date

Live 

Attendees

On-

Demand 

Views

Total 

Views

Beyond Energy Efficiency: How Your Device Usage Patterns Affect Energy 

Consumption
03/17/21 61 420 481

Getting to Net Zero Energy Through Strategic Building Operations and Plug 

Load Management
05/25/21 68 619 687

No Purchase Necessary: Low to No Cost Plug Load Management Strategies
12/08/21 49 308 357

Better Together: Integrating Plug Load Management into Lighting and 

Building Management Systems
03/22/22 74 377 451

Trust the Process: Strategies for Reducing Larger Commercial Building Plug 

and Process Loads
02/9/23 46 103 149
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Recent Technology Research Team Webinars

Better Together: Integrating Plug Load Management 

into Lighting and Building Management Systems
Date: 3/22/2022

Attendance: 74

On-Demand Views: 377

Presenters: Axel Pearson, PNNL; Mark Moehlenbrock, Minnesota 

Department of Transportation; Dr. Jan Kleissl and Keaton Chia, 

University of California San Diego

Access the recording and slides here

Trust the Process: Strategies for Reducing Larger 

Commercial Building Plug and Process Loads
Date: 2/9/2023

Attendance: 46

On-Demand Views: 103

Presenters: Brian Turner, CMTA; John Sasser, Sabey Data Centers

Access the recording and slides here

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
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Resources for BBA Partners

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

technology-solution/plug-process-loads/newsletter

https://betterbuildingssolutioncenter.energy.gov/beat-

blog?f%5B0%5D=field_tags%3A1370

Quarterly Email Updates Blogs

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


33U.S. DEPARTMENT OF ENERGY       OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY

Channels for Deploying Strategies

• Provide technical assistance to BBA 

partners and design firms

• Learn about state of PPL control 

technologies from manufacturers

• Conferences and Workshops 

o California Plug Load Research Center

o American Society for Healthcare Engineering

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

One-on-One Calls Technical Presentations

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

• 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.  

• 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. 
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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
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Future Work: Pathways to PPL Efficiency and Control

Data Sources

• 21 stakeholder interviews

• Nexus Labs member workshop

Outcomes

• Identification of market pathways 

(strategies or technologies) for 

achieving control of commercial 

building PPLs

Investigate barriers and drivers for PPL efficiency and control to identify pathways for 

achieving uptake.
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Conclusion

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.

PPLs are a large part of whole-building energy use and a 

multifaceted challenge to assess, reduce, and control.
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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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Supporting Slides
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Project Execution

Planned budget

Spent budget

Q1 Q2 Q3 Q4

Past Work

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

FY2023

$394,000 

$138,950 
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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.

Significant Milestones Timeline

NREL publishes EMIS/PPL Landscaping Study 

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. 

June

2019

Sep. 

2022

Dec.

2019

Aug.

2017

Sep. 

2021

Mar.

2022

NREL publishes an ACEEE Summer Study 

paper on Emerging Technologies for 

Improved Plug Load Management Systems.

Aug.

2020

NREL publishes paper using smart 

outlet data: Device-level plug load 

disaggregation in a zero energy 

office building and opportunities for 

energy savings

NREL installs 

smart outlets 

for field 

validation.

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.

NREL is issued a U.S. Patent Plug 

Load Management with Load 

Identification 

NREL publishes the ARC Fact 

Sheet in collaboration with NEMA.

Aug. 

2022

NREL and UCSD win a California 

Energy Commission Grant, Smart 

Plug Load Controls Integrated with 

Building Energy Management 

Systems.

Nov.

2020

Jul.

2022

NREL publishes ILC Case Study on 

ARC/lighting integration and hosts the 

building owners on our TRT Call.

NREL presents Medical Imaging Equipment 

Technical Information to DOE and EPA.

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.

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
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Integrating Smart Plug and Process Load Controls into Energy Management 

Information System Platforms: A Landscaping Study

OBJECTIVE: 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.

• Guided other entities. CEC used the Landscaping 

Study to inform their applied R&D and technology 

demonstration and deployment projects that advance 

innovative technologies for controlling plug loads.

• Identified 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.
KEY STAKEHOLDERS
Informed by survey of PPL control technologies, 

research papers on smart building technologies for PPL, 

and smart buildings roundtable.  Technical Report, 2019: link

https://www.nrel.gov/docs/fy19osti/74080.pdf
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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?

IMPACT
• Method for developing a disaggregated model of an 

office building's plug loads that utilizes power data from 

a small portion of monitored devices and a device 

inventory.

• Disaggregation allows for targeted savings. Model 

identified that AV controllers account for a significant 

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

https://www.sciencedirect.com/science/article/pii/S0378778819313374
https://betterbuildingssolutioncenter.energy.gov/sites/default/files/attachments/PPL_Disaggregation_NREL.pdf
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Conference Paper, 2020: link

Fact Sheet, 2020: link

Emerging Technologies for Plug Load Management (PLM)

RESEARCH QUESTIONS: 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 

the further development of these technologies?

IMPACT
• Drove development of PLM technologies, internally and externally.

• Characterized two emerging PLM technologies. 

• LBA reduce human impact in a PLM system and can predict 

anomalies. LBA could encourage integration of plug load data with 

data from other sources.

• ADLD offers a plug-and-play system and easy installation that 

saves time. 

• R&D needed: scaling for large commercial buildings, achieving 

economies of scale, and addressing cybersecurity.

KEY STAKEHOLDERS
Engaged with PPL control technology manufacturers to 

determine barriers and opportunities for cutting-edge 

PLM technologies.  

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
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Utility Incentives

OBJECTIVE:

Provide comprehensive list of PPL utility incentives for 

building owners.

IMPACT

• Encourage adoption of PPL control and reduction 

technologies by providing information about utility 

incentives around the country.

• In past, list published annually.

Incentive List, 2022: link

Beat Blog Post, 2021: link

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
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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.

KEY PARTNERS

Minnesota Department of Transportation 

(MnDOT), Integrated Lighting Campaign (ILC), 

Slipstream, CREE

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. 

Case Study, 2022: link

TRT Webinar, 2022: link

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
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Resources for BBA Partners: Fact Sheets

https://betterbuildingssolutioncenter.energy.gov/sites/default/files/attac

hments/PPL_Disaggregation_NREL.pdf

https://betterbuildingssolutioncenter.energy.gov/sites/default/fil

es/attachments/BBA_Emerging_PlugLoad_Mgmt_FactSheet.pdf

Office Building Plug Load 
Disaggregation

Emerging Technologies for 

Plug Load Management

https://betterbuildingssolutioncenter.energy.gov/sites/default/files/attachments/PPL_Disaggregation_NREL.pdf
https://betterbuildingssolutioncenter.energy.gov/sites/default/files/attachments/BBA_Emerging_PlugLoad_Mgmt_FactSheet.pdf
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Resources for BBA Partners: Fact Sheets 

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

Zero Client Computing

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


50U.S. DEPARTMENT OF ENERGY       OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY

FY19 & 20 Technology Research Team Webinars

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

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

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
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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

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

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
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FY21 Technology Research Team Webinars

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

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

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
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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.

• 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
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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

Photos courtesy of PNNL ARC Survey
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EERE/BTO goals 

The nation’s ambitious climate mitigation goals
EERE/BTO’s vision for a net-zero U.S. building sector by 2050
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