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Agenda

• Introductions
• Integrated Lighting Campaign

 Launch – 2020 Better Buildings Summit
 Integration – Lighting and Plug Loads (with NREL featured presenter)
 Integration – Lighting and HVAC
 Non-Energy Applications and Benefits

• IoT-Upgradeable Lighting Challenge
• Team Member Cross Talk
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Introductions by Time Zone

Introductions

• Eastern
• Central
• Mountain
• Pacific
• Alaska/Hawaii/Other

 Identify – we are curious

This Photo by Unknown Author is licensed under CC BY-NC-ND

http://ancestralbreezes.blogspot.com/2012/06/where-were-they-day-standard-time-began.html
https://creativecommons.org/licenses/by-nc-nd/3.0/
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Better Buildings 2020 Summit Goes Virtual

Visit https://betterbuildingssolutioncenter.energy.gov/summit to Register

https://betterbuildingssolutioncenter.energy.gov/summit
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Interior Lighting Campaign

Photo by Tincho Franco on Unsplash

https://betterbuildingssolutioncenter.energy.gov/toolkit-
upgrade-your-interior-lighting-high-efficiency-solutions

Presenter
Presentation Notes
For those of you that were aware of, or involved with, the Interior Lighting Campaign, this slide provides a summary of the outcomes of this Campaign.

As we sunset this Campaign and shift our focus to integration, you may still find many of the resources from the Campaign in a toolkit now available in the Better Buildings Solution Center.

https://betterbuildingssolutioncenter.energy.gov/toolkit-upgrade-your-interior-lighting-high-efficiency-solutions
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Integrated Lighting Campaign – Launching

https://betterbuildingssolutioncenter.energy.gov/summit

Event is virtual and free

Join us for the Launch workshop
The Next Frontier in Lighting: Get Connected with the Integrated Lighting Campaign
June 10th, 11:00 AM – 12:30 PM (ET)

Campaign – Integration Benefits – Best Practices – Lessons from the Field – Experiences – More

Presenter
Presentation Notes
Resources: research reports, case studies, utility incentives, educational resources, etc.

Recognition: yearly to recognize exemplary projects


https://docs.google.com/forms/d/e/1FAIpQLSdcQ92ru6EIWG8J9IuDZWtElpwf6m8YUoJqDE0ONNcfacL06w/viewform
https://betterbuildingssolutioncenter.energy.gov/summit
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Integrated Lighting Campaign – Join Now

• Participants
 Building Owners
 Facility Managers

Benefits of joining now
• Recognized as inaugural Participant/Supporter at launch event
• Listed on Campaign website
• Eligibility for limited technical assistance
• Hear about, and apply, for recognition

• Supporters
 Utilities
 Energy Efficiency Organizations
 Manufacturers
 ESCOs
 More

How: Send e-mail to IntegratedLighting@pnnl.gov

mailto:IntegratedLighting@pnnl.gov
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Integration Benefits

• Lighting already leverages sensors to save energy
 Occupancy
 Daylight

• Sensor data may be used by other systems
 Plug loads
 HVAC
 Building operations

• New capabilities on the horizon
 Internet-of-Things (IoT) sensors may go beyond typical lighting sensors
 Lighting can become a platform for these sensors and devices
 Non-energy benefit potential – higher value proposition?

Quantifying

Lighting

HVAC

Plug / 
Process

Security

Building 
/ 

Business

Presenter
Presentation Notes
Lighting energy savings – easy to quantify, fairly accurate
HVAC, plug load, etc. energy savings – may vary, research helping to establish best practices and quantifying benefits
NEBs – a mystery, data is hard to come by … so it is hard to quantify

We will now take a bit of a deeper dive into each of these potential benefits and look forward to hearing of your own experiences and challenges in integrating systems in your own buildings.



Plug and Process Loads

Featured presenter:
Dr. Kim Trenbath
National Renewable Energy Laboratory
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Plug Loads Are….

Presenter
Presentation Notes
Plug and process loads (PPLs) include all plug-in and hardwired loads in a building that are not associated with heating, ventilating, and air conditioning (HVAC); lighting; water heating; or other major equipment needed for basic building operation. 

In an office building, for example, plug loads include devices such as computers, monitors, printers, projectors, cell phones, task lights, vending machines, and office kitchen equipment. 

Process loads include equipment for commercial or industrial processes within a building shell, such as vertical transportation (elevators and escalators) or equipment like industrial washing machines found in large hotels. 
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40% of whole-building energy

Data source: EIA’s Annual Energy Outlook 2018 (EIA 2018)

Presenter
Presentation Notes
PPLs consume a very large portion of whole-building energy use, and they are generally not monitored or controlled, even in buildings that monitor and control other end uses. 

In 2017, 40% (7.21 quadrillion Btu) of whole-building energy for U.S. commercial buildings was attributed to PPLs.
This percentage is projected to increase to 49% (9.21 quadrillion Btu) in 2040 because of increased PPL use and improved efficiency of other building systems such as HVAC, lighting, and building envelope. 

Plug loads historically have been difficult to control due to the diversity of the loads, and variability of their use due to human interaction. 

[PPLs can be larger in some building types such as offices, automated warehouses, and call centers. Owners of these types of buildings may be more motivated to implement PPL controls.]
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Integrating lighting and plug loads

Presenter
Presentation Notes
Why integrate lighting and PPLs?
Lighting controls exist; both are room by room.  Looking for ways to control both lighting and plug loads with same occupancy sensor and controller.
Technologies exist that integrate (Mike will talk about later)

Smart building systems are typically developed for individual end uses rather than for the building as a whole. 
[This siloed approach limits the use of data management capabilities, data visualization, and equipment controls that can integrate these building end uses together for optimal building performance.]

Integrating Plug Load controls with the lighting controls is the first step to breaking barriers and achieving coordinated control.  
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Plug load metering and control

Presenter
Presentation Notes
Plug load controls and subsequently energy use reduction are achieved through controlled receptacles, advanced power strips, plug load management systems, low power or sleep settings on electronic devices, and occupant behavior incentives. 

This picture shows and example of a smart plug, which is part of a plug load management system.  Smart plugs are wireless meter and control devices and allow for the measurement, tracking and control of plug-in equipment.  Their metering capabilities is helpful in leaning about your building energy use.

[The monitoring or controlling of  PPLs is becoming more accessible with the emergence of smart, wireless meter and control devices. For electric plug-in equipment, these devices, also called “smart” outlets, enable building owners and managers to measure, track, and control plug-in equipment from proprietary cloud services or through certain building automation system (BAS) platforms.]
�Could technologies like these be modified to connect with lighting occupancy sensors?
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Why control plug loads?

Up to 
30%!

Approximately 10% of 
whole building 

energy consumption 

Presenter
Presentation Notes
When plug load controls are introduced, we see up to 30% (and even up to 40%) savings for individual pieces of equipment. [This often translates to about 7-10% energy savings for an entire building.]

So, plug loads are significant and controls can result in significant savings!
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Benefits of plug load metering and control

Energy Savings

Future interoperability of building end uses

Identifying high energy consumers, especially during unoccupied hours

Presenter
Presentation Notes
Disaggregation: Quantifying plug load energy waste

Developing conservation strategies taking into considering occupant needs.
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Device-level plug load disaggregation in an office building
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Device-level plug load disaggregation in an office building
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Device-level plug load disaggregation in an office building
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Raw metering results
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Estimating the number of devices

Device Metering and Inventory

Device Type Space Types Device 
Located In

Number of 
Devices 
Metered

Estimated Number 
of Devices

Estimated Percent of 
Devices Metered

AV Controller Non-Workstation 1 2.0 50%
Coffee Maker Non-Workstation 1 10.4 10%
Copier Non-Workstation 1 6.0 17%
Desktop Server Both 1 9.0 11%
Headset Workstation 5 71.2 7%
Lamp Both 19 146.3 13%
Laptop Computer Both 24 195.9 12%
Microwave Non-Workstation 4 12.9 31%
Monitor Both 51 327.3 16%
Phone Charger Workstation 1 25.8 4%
Projector Non-Workstation 2 12.2 16%
Toaster Oven Non-Workstation 1 2.9 34%
TV Both 4 21.6 19%
Video Conference Camera Non-Workstation 1 5.0 20%
Water Boiler Both 2 5.7 35%

TOTAL 118 854.2 14%
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Full disaggregated plug load breakdown

Presenter
Presentation Notes
Our disaggregation method was effective but there are still unknowns as not everything was accounted for
Lunchtime peak was due to the microwaves, which is a building-specific characteristic
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Average load profiles for select devices

Presenter
Presentation Notes
Note high energy use of the AV Controllers and Video Conference Camera, even at night.
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Power consumption during occupied vs unoccupied times of day

Presenter
Presentation Notes
AV controllers account for a significant portion of the unoccupied load. Disaggregation allows for targeted savings. 
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Best practices

Continuously update and communicate building plug load efficiency 
policies as devices and people change.

Use the information from disaggregation to identify areas of 
energy waste. 

Energy managers should work with the AV team when they are 
upgrading the equipment.

Develop control strategies specific to device.  

Presenter
Presentation Notes
[Marry service/occupant needs with energy savings.]
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Integrating plug loads and lighting 

Presenter
Presentation Notes
Lots of reason for controlling plug loads: Energy Savings, understanding energy use in devices, understanding occupants, better handle on energy use.
Lots of reasons to integrate with lighting: coordinated system, and eventually interoperability. 
The first step towards interoperability is integrating systems.
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Thank you!

Dr. Kim Trenbath
National Renewable Energy Laboratory (NREL)

Kim.Trenbath@nrel.gov
Phone (office): (303) 275-3710

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

mailto:Kim.Trenbath@nrel.gov
https://betterbuildingssolutioncenter.energy.gov/alliance/technology-solution/plug-process-loads
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Automatic Receptacle Control

Research Analysis type Percent savings

Yearly energy 
savings per 
space

Savings per 
device or 
receptacle

Acker, 2012 Modeled 23% all devices 1.18 kWh/ft2 50 kWh/yr
Zhang, 2012 Modeled 30% 0.42 – 0.74 kWh/ft2 12 - 31 kWh/yr

Davalos 2020 Field 38% controlled 
outlets 0.005 kWh/ft2 2 kWh/yr
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Integration with Plug Loads

• Recent example from an Air Force Base
• Used wireless receptacles connected to the 

lighting occupancy sensors
 Firmware update required

• Significant % savings, but low kWh savings
 38% savings
 2 kWh / year per receptacle

• Organizations need an on-site advocate
 More savings had champion directed what 

equipment should be controlled

Wireless controlled 
receptacle
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HVAC Occupancy Based Controls

Research Savings Study duration Change in 
space

Balaji, 2013 17.8% electrical energy of 
mechanical system 1 day ± 1°

Zhang, 2013 17.8% national average of climate 
zones of OBC Simulated large office building

Goyal, 2015 ≈ 40% energy Simulation and experimental study

Nikdel, 2019 17% - 54% savings, varies by 
HVAC system and climate zone Simulation

Davalos 2020 30% savings in high bay space
12% savings in office space

4+ months 
measured ± 2°

Myer 2020 ≈0% savings in office space* 6 months 
measured ± 2°

* Lack of thermal barriers and other mechanical issues limited savings
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HVAC integration with lighting controls

• Using occupancy sensors in lighting typically 
connected via BACnet to BAS and do temperature 
setbacks or other changes when the space is 
unoccupied

• Mechanical system matters
 Savings will vary by mechanical system design
 Savings will vary by building design 

• May be hard to quantify savings on your end
 DOE working on more data to help approximate 

savings



31

Non-Energy Benefits (NEBs) - What are they?
Healthcare

Find equipment

Detect lines

Monitor elderly/frail

Wayfinding

Loss reduction

Leisure
Test emergency 

lighting

Info in museums

Guest rooms

Shopping

Space comfort

Offices

Space utilization

Prioritize maintenance

Manage space

Personalize space

Deliver 
communications

Retail

Find products

Deliver promotions

Gamification

Track customers

Assist with shopping

Outdoor

Monitor air quality

Detect/locate gunfire

Weather

Maintenance

Site management

Transport

Find parking

Find wheelchairs

Detect suspicious cars

Manage traffic

Person detection

Target: Indoor 
Positioning System

Healthcare: Real-time 
Location Services
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Opportunities/Challenges with NEBs

• Opportunities:
 Tap into a higher value proposition than energy savings

 Space/Rent costs
 People costs (increased productivity, improved outcomes, etc.)
 Beyond: increased retail sales, improved experiences, etc.

 Even a small, but measurable, improvement can far exceed energy savings … or even 
costs

• Challenges:
 Limited information to quantify benefits
 Each building/business will benefit differently

 Having peer building information will be important
 Brand new technology

 Some may wait to implement IoT – or miss the opportunity to include features in lighting
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IoT-Upgradeable Lighting Challenge 

Stand-alone IoT sensors/device

• Where mounted?

• How powered?

• Does mounting affect 
or limit data 
acquisition?

• Sensor location affects 
IoT applications

• Dual-purpose, some 
sensors can save energy 
and provide other data

• Light fixture has power

• Light fixture provides a 
physical place to locate 
the sensor

• Lighting arranged 
throughout the space

Lighting-Integrated IoT sensors / devices

Microsoft / Yanzi
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IoT-Upgradeable Lighting Challenge 

Current IoT Sensor / Device Retrofit Scenario

1. Staff accesses the 
fixture

2. Driver has to be 
replaced

3. Fixture physically 
modified to run wire 
from driver to sensor

4. IoT sensor / device 
has to be mounted to 
the fixture or “bolted” 
on to the fixture

5. Limitation / issues if 
the IoT sensor / 
device is different 
from factor

1. Fixture shipped with a 
D4i-compliant driver

2. Fixture is designed / 
built with a port for IoT 
sensors/devices

3. Staff inserts IoT device 
/ sensor into fixture

4. IoT sensor / device 
pretty ready to go

5. If in future, site needs 
a new IoT sensor, the 
sensor can quickly be 
changed again

Proposed IoT Sensor / Device Retrofit Scenario
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IoT-Upgradeable Lighting Challenge 

• Work with end users – building owners and operators add names to a “soft 
commitment” letter to industry indicating industry
 Soft – We are organization X and we have ## square feet and buy # fixtures each year

• Letters signal to manufacturers there is a market – reducing risk for product 
developers

• Manufacturers develop products
• Products are evaluated to confirm they meet performance requirements
• Products enter the market
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Asks of L&E TRT from PNNL/NREL

• Join us for the ILC launch at 2020 Summit
 Have you integrated lighting? – We are seeking volunteer speakers
 Join ILC as Participant – send e-mail to integratedlighting@pnnl.gov

• Information about integration projects (plug loads/controls, HVAC, other)

• IoT-Enabled Challenge
 Interested?  Seeking letters from end-users.

mailto:integratedlighting@pnnl.gov
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Integrated Lighting Campaign

Integration with plug load controls

Integration with HVAC

Non-energy benefits

IoT-Lighting Challenge

Other topics / future topics

• Michael Myer
 Michael.Myer@pnnl.gov

• Felipe Leon
 Felipe.Leon@pnnl.gov

• Dr. Kim Trenbath
 Kim.Trenbath@nrel.gov

Team Discussion / 
Q&A

mailto:Michael.Myer@pnnl.gov
mailto:Felipe.Leon@pnnl.gov
mailto:Kim.Trenbath@nrel.gov


Thank you
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