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Better Together: Integrating Plug Load Management into Lighting and 

Building Management Systems
Better Buildings Alliance Plug and Process Loads (PPLs) Team Webinar

Technical Lead: Dr. Kim Trenbath, NREL

March 22, 2022



Agenda

BBA PPL Team Update

Integrated Lighting Campaign – Axel Pearson, Pacific Northwest National Laboratory

Technical Presentation – Mark Moehlenbrock, PE, Minnesota Department of Transportation

Plug Load Control Integration at Minnesota Department of Transportation

Technical Presentation – Dr. Jan Kleissl and Keaton Chia, UC San Diego

Smart Plug Load Controls Integrated with a Building Energy Management System

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

Dr. Kim Trenbath
Technology Team Lead
Kim.Trenbath@NREL.gov

Robin Tuttle
Project Manager

Amy LeBar
Research Engineer

PPL@NREL.gov

Omkar Ghatpande
Research Engineer
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BBA PPL Team Update
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Plug & Process Loads Website

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


NEW Fact Sheet

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

• Plug-and-play system framework that

1. tracks devices as they move through 
a building 

2. accurately applies controls

3. monitors device energy.

• Fact sheet can be found in our Featured 
Solutions

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


UPDATED PPL Utility Incentives

• Over 500 PPL incentives listed from 42 
states

• Common PPL incentive strategies 
include:

• Appliances & Kitchen Equipment

• Advanced Power Strips

• Computer Power Management

• Occupancy Sensors

• Vending Machine Controllers

• Whole Building

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

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


PPL Resources for Building Owners

• The PPL Team worked alongside DOE in 

developing Low Carbon Technology 

Strategies guidance documents

• Documents will aid owners and operators 

of existing buildings in planning retrofit 

and operational strategies to achieve 

deep carbon reductions

• Toolkit can be found on the BBA website

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


Featured Resources

• On-Demand PPL Webinars

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

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

• Houston Advanced Research Center 
(featured at right); Getting to Net Zero 
Energy Through Strategic Building 
Operations and Plug Load Management 
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https://betterbuildingssolutioncenter.energy.gov/webinars-on-demand
https://betterbuildingssolutioncenter.energy.gov/webinars/plug-and-process-load-peer-exchange
https://betterbuildingssolutioncenter.energy.gov/webinars/no-purchase-necessary-low-no-cost-plug-load-management-strategies
https://betterbuildingssolutioncenter.energy.gov/webinars/getting-net-zero-energy-through-strategic-building-operations-and-plug-load-management


NEW Fact Sheet Featuring Integrated Lighting Campaign Winner 
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• Minnesota Department of 

Transportation Cedar Truck 

Facility

• Winner: Integrated Controls for 

Plug Loads and Lighting Systems 

• Fact sheet can be found under 

Case Studies on the PPL website

Photo Credit: Minnesota DOT
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https://betterbuildingssolutioncenter.energy.gov/sites/default/files/attachments/ILC_Case_Studies_MnDOT.pdf


PPL Team Updates: Project Highlights 

Automatic Receptacle Controls

• Working on strategies for 

increased market uptake

Energy Efficiency in Medical 

Imaging Equipment

• Supporting DOE efforts

Source: BBA TRT Webinar 4/30/20 - Harold Jepsen 

Nighttime load is 

7-8 kW

Source: M. Sheppy, S. Pless, and F. Kung, “Healthcare Energy End-Use Monitoring,” 2014.

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


Contact us

Team Inbox:

PPL@NREL.gov

Website:

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

Technical Team Lead:

Dr. Kim Trenbath

National Renewable Energy Laboratory (NREL)

Kim.Trenbath@nrel.gov

Phone (office): (303) 275-3710
1212

mailto:PPL@NREL.gov
https://betterbuildingsinitiative.energy.gov/alliance/technology-solution/plug-process-loads
mailto:Kim.Trenbath@nrel.gov
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Integrated Lighting Campaign
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Axel Pearson

Pacific Northwest National Laboratory



Integrated Lighting Campaign - The Focus



2022 Recognition Categories for Participants

Advanced Use 
of Sensors 

and Controls 
for Lighting

Integrated 
Controls for 
Plug Loads 

and Lighting 
Systems

Integrated 
Controls for 
HVAC and 
Lighting 
Systems

Other 
Integrated 

Systems and 
Lighting

Integrated 
Lighting and 
Horticultural 

Controls

Innovative 
Maintenance, 

Operation, 
and Financing 

Service 
Models

New in 2022! New in 2022!



CASE STUDY: Advanced Use of Sensors and Controls for Lighting

Project Details:

• 3 million ft² building portfolio across 

two campuses in Lincoln, NE

• Empowered office workers set their 

own light levels in their workspace

• Reduced lighting-related calls to 

helpdesk

• 57% energy savings

Case Study Published Here!

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


Submit for Recognition by March 30 April 15th!



… or IntegratedLighting@pnnl.gov

More questions?
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Technical Presentations
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Mark Moehlenbrock, PE

Minnesota Department of Transportation



Plug Load Control Integration at Minnesota 

Department of Transportation

Mark Moehlenbrock, PE, MnDOT Energy Engineer



Minnesota Department of Transportation Buildings

Over 1075 Buildings and 6,000,000 

Square Feet

18 Regional Headquarters 

Campuses

137 Truck Station Campuses

68 Rest Areas



Cedar Avenue Truck Station 

75,000 Sq Ft Maintenance Facility

11,000 Sq Ft “Office Area”

Offices/Cubes

Lunch/Break Room

Storage Rooms

Restrooms/Locker Rooms



Cedar Avenue Truck Station 

Vehicle storage area and repair 

bays had previously received 

high-bay LED Upgrade

Office area existing lighting was 

mostly 4-lamp linear fluorescent 

fixtures and recessed fluorescent 

can-lights (circa 1996).

Building occupancy is highly 

variable—HVAC scheduled 24/7



Integrated Lighting Retrofit Project

• Slipstream was the driver behind the 

project

• Received grant funding from DOE for 

integrated lighting retrofit pilot projects

• Worked with Xcel Energy to find project sites 

and rebate opportunities

• Worked with Cree Lighting and Legrand for 

lighting and plug load products

• Worked with partners to provide lighting, 

HVAC integration, and plug load integration 

designs

• Worked with PNNL for pre/post project M&V
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Integrated Lighting Retrofit Project

• MnDOT Cedar Avenue truck station was an excellent candidate:

• Desire to save energy

• Fit into square footage range required of Slipstream

• Had fluorescent fixtures near the end of their life

• Had existing BACnet HVAC controls

• Highly variable occupancy to make the most of occupancy detection
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Integrated Lighting Retrofit Project

• Cree “SmartCast” LED luminaires with 
occupancy detection

• Lighting network zones
• Each luminaire has an occupancy sensor, light level 

sensor, and wireless communication.

• Virtual zones created with wireless configuration 
tool.

• Occupancy in lighting zone (individual room) 
triggers lights

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

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



Hardware

Cree SmartCast

Configuration Tool

Receptacle 

Control 

Schematic



Hardware

Legrand Controllable 

Receptacle and 

Wireless Transmitter

Cree SmartCast Control Module



Hardware Installation

• Controllable receptacles installed 

concurrently with lighting

• Buttons on Legrand controllable 

receptacles and RF transmitters were 

used to “bind” the receptacle to 

transmitter

• SmartCast control module relay wired to 

RF transmitter

• SmartCast control module included in 

room’s lighting occupancy zone.



Commissioning

• Tested binding between RF transmitters 

and receptacles

• Tested occupancy detection

• Verified the equipment was plugged into 

correct receptacles (controlled vs 

uncontrolled)

• Verified that power turned on and off at 

receptacle 



User Engagement

• Building occupants kept in loop 

during construction

• Sent controllable receptacle user 

guide to supervisors

• Return visits to the site resulted in 

opportunities to find out about 

problems and address them (e.g. 

occupancy zone for TV was too 

small, etc.)



Energy Savings

➢ Annual energy saved with retrofitted luminaires: 19,036 kWh

➢ Total controlled outlets: 13

➢ Annual plug load energy saved in controlled outlets: 774 kWh

➢ Plug load material cost: $1,654

➢ Plug load labor cost: $556



Best Practices

• Choose controlled equipment wisely and don’t overreach

• Computer monitors, desk fans, miscellaneous office equipment work well

• Be careful with TVs and AV equipment and make sure occupancy zone is 

large enough to capture all users

• Vending machine was a failure—takes time to reboot, and hangry people don’t 

want to wait for their candy bars

• Keep open communication with building occupants so that initial 

problems can be solved quickly before disillusionment sets in

• Make sure electricians understand the scope, including 

commissioning.

• If lighting network is connected to other building networks, make 

sure IT is involved early and during the commissioning process



Dr. Jan Kleissl

University of California San Diego

Keaton Chia

University of California San Diego



SMART PLUG Load Controls

Integrated with a
BUILDING ENERGY 

MANAGEMENT SYSTEM
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UCSD TEAM

Keaton Chia
R&D Engineer
MAE

Prof. Jan Kleissl
Director, CER
Professor, MAE

Jesse Wolf
Computer Science
Senior

Joe Ikedo
Computer Science
Senior

Sayan Shaw
Mathematics-Computer Science
Senior

Vardhan Agarwal
Computer Science
Junior

Mandy Lee
Data Science
Junior

Xiaohan Fu
Computer Science
Masters Student

Aakshi Kochhar 
Cognitive Science
Senior

Leo Duga
Mechanical Engineering
Senior
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PROJECT

California Energy Commission 

(CEC) grant to demonstrate the 

added value of integrating plug 

load controllers into a building 

energy management system
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POTENTIAL BENEFITS

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

● Extended reach of building energy management system (BEMS) 

(distributed AC units)

● Sharing of data between systems

● Greater energy savings & peak demand shaving

● Insights into energy consumption & space usage

● Identify redundant equipment, equipment degradation, and 

power anomalies
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OBJECTIVES

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

requirement]

● Instrument at least 9 buildings of 100,000 square feet or more 

[UCSD goal]
● Simple payback of less than five years from savings in energy and 

electrical load when compared to no controls [UCSD goal]

● Automated configuration and reconfiguration of plug load 

controllers (PLC) [UCSD goal]
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COLLABORATION

Task 2: BEMS 
Integration

Johnson Controls

UCSD, NHA
(Owner, Operator)

Task 1: PLC 
Deployment

BERT
Task 3: 

Advanced 
PLC 

Operation

Task 4: 
Project 

Benefits

UC San Diego (Prime)
General Tasks

70% 
Complete

42% 
Complete

11% 
Complete
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TASK 1 PLC DEPLOYMENT

● Building Selection
● Survey of plug loads
● Department approvals & 

scheduling
● Installation

○ MAC registration
○ Contact, wall & cord stickers
○ Short extension cords
○ Server connection verified
○ Install workbook
○ Track location, load, occupant
○ PLC renamed
○ COVID challenges
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PLUG LOAD CONTROLLER
● Wifi

● On/Off

● Metering
● Scheduling
● Power Threshold

● Temperature
● Interfacing

○ BertBrain
○ BACnet

○ API

44



DEPLOYMENT

14 Buildings on the UCSD campus 

59 Departments ranging from 

Enrollment and Anthropology to Athletics, Medical 

Education, and Computer Science
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DEPLOYMENT

744 Plug Load Controllers Installed
with a final goal of 1,000+

140 Computers
monitoring energy consumption only

604 Controllable Loads
ranging from printers to tvs and keurigs
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DISTRIBUTION
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● Majority of 

PLCs located in 

offices or open 
office settings

● Minority in 

classrooms and 

conference 

rooms 
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TASK 2 BEMS INTEGRATION 

PLUG LOAD 
CONTROLLER

UCSD 
DEVICE 

NETWORK

BERT 
BACNET 

GATEWAY

JCI VIRTUAL 
NAE 

(Network 
Automation Engine)

BEMS
(Metasys Server)

BACnet/IP BACnet/IPUDP
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METASYS TOUR | Site Manager
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METASYS TOUR | Campus UI
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METASYS TOUR | Building
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METASYS TOUR | Faults
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METASYS TOUR | Floorplan
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METASYS TOUR | PLC
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METASYS TOUR | Details
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BASIC SCHEDULING

● Baseline 3 months data

● Use BEMS schedules to actuate PLCs for 3 weeks during 

summer and fall quarters
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TASK 3 ADVANCED PLC OPERATION

● Improve management process

● Implement advanced PLC strategies

57



MANAGEMENT

PAIN POINTS - Dealing with dynamic system

● Attached plug loads get changed
● Occupants move to different spaces
● New plug loads are added and others are 

removed
● PLCs are unplugged
● Occupant issues (power not on when needed)
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BRICK | A uniform metadata schema for buildings

BRICK is an open-
source effort to 
standardize semantic 
descriptions of the 
physical, logical and 
virtual assets in 
buildings and the 
relationships between 
them
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https://brickschema.org/


BACnet/IP

BRICK & WEB UI

PLUG LOAD 
CONTROLLER

UCSD 
DEVICE 

NETWORK

BERT 
BACNET 

GATEWAY

BACnet/IPUDP

JCI 
VIRTUAL 

NAE

BRICK 
SERVER

Web UI
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Web UI
Service Tickets

● Manage occupant 

requests

● Organize by action 

required

● Generate service order

● Non-comm

● Un-used

● Changed Load
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Web UI
Maintenance

● Control PLC

● Update meta-data

● Deploy or remove PLCs
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ADVANCED PLC STRATEGIES

LESS RISK

MORE RISK

● Static Schedules (off from 9pm to 6am and weekends)

● Location Based (on when occupant on campus)

● Occupancy Sensors (on when in room)

● Usage Schedule (on when we predict user will need power)

● Inferred Occupancy (predict occupancy of other rooms)

● Behavior Changes (demand response similar to OhmConnect)

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

● Medium Printer

● Single user

● ~ 3 months activity

● Located in cubicle within 

open space

● Geisel Library - admin/library 

processing area
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CASE STUDY

LAYERED APPROACH
● 3 months

● 41 kWh: Uncontrolled

● 21 kWh (47% savings): Static 

Scheduling (off 9pm-6am and weekends)

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

● 10 kWh (74%): Usage Scheduling
● (85%+?) ML, inferred Occupancy/location
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CASE STUDY

LAYERED APPROACH
● 3 months

● 41 kWh: Uncontrolled

● 21 kWh (47% savings): Static 

Scheduling (off 9pm-6am and weekends)

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

● 10 kWh (74%): Usage Scheduling
● (85%+?) ML, inferred Occupancy/location
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CASE STUDY

AGGREGATION MAP OF USAGE

● Aggregate usage per time and 
day

● Use to tighten upper and lower 
scheduling limits

● Identify usage gaps during 
occupied hours

● Rolling data set with more 
recent weeks weighted higher
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CASE STUDY

LAYERED APPROACH
● 3 months

● 41 kWh: Uncontrolled

● 21 kWh (47% savings): Static 

Scheduling (off 9pm-6am and weekends)

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

● 10 kWh (74%): Usage Scheduling
● (85%+?) ML, inferred Occupancy/location

68



CASE STUDY

Single day showing ‘off’ gaps during occupied hours

LAYERED APPROACH
● 3 months

● 41 kWh: Uncontrolled

● 21 kWh (47% savings): Static 

Scheduling (off 9pm-6am and weekends)

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

● 10 kWh (74%): Usage Scheduling
● (85%+?) ML, inferred Occupancy/location
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IMPLEMENTATION BARRIERS

● Priority to keep occupants satisfied

● Choose safest option, set it and forget it

● What is needed?

○ Information for decision (ie. context, use, location)

○ Decision to the decision maker

○ Scalability
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APPLICATION OF STRATEGIES
Different strategy based on device and room type. For example:

Strategy -> Static Location Occ Sensor Usage 

Schedule

TV in Lobby best no maybe no

TV in Single 

Office

yes maybe maybe best

TV in Shared 

Space

yes no maybe best

TV in Conference 

Room

yes no best? maybe

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

BRICK & WEB UI

UCSD 
DEVICE 

NETWORK

BERT 
BACNET 

GATEWAY

BACnet/IPUDP

JCI 
VIRTUAL 

NAE

BEMS

APIs

BRICK 
SERVER

FIM

OCCUSPACE

Web UI

Occupant App

QR Codes

AHUs

Thermostats

Lighting

PLUG LOAD 
CONTROLLER
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SUMMARY

● Communicate with occupants (emails, fliers, impact)

● Minimize steps to resolve issues (dedicated email address)

● Be prepared for CHANGE!  Have process for managing updates 

(location, load, approvals)

● Be able to make quick optimization decisions by having access to 

the right information and having decision makers onboard
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Question & Answer
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Kim Trenbath

Kim.Trenbath@NREL.gov

Thank You!
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