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Before we begin… 

During the Webinar
 Attendees will be muted

 Please use the chat feature in the 
control panel to submit questions to 
LDL staff

 The presenter will pause to address 
questions every ~10 minutes

 Please participate in the online polls.

Following the Webinar
 Please take the short survey

 A recording and the slide deck will be 
posted on LDL’s webpage

 Reach out to 
LightingDesignLab@seattle.gov with 
comments or questions.

mailto:LightingDesignLab@seattle.gov
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It takes a village…

Who We Work With



TECHNOLOGY 
EVALUATION

INFORMATION 
AGGREGATION

TOOLS & 
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EDUCATION & 
TRAINING

LDL’s Four Core Service Areas



 Lehigh University, B.S.
o Computer Science & Business

Instructor Background

 Penn State University, Meng.
o Engineering Management

 Lutron Electronics (PA) 
o Systems Support 
o Lead Project Coordinator

 Pearl Street LED Systems (NJ, NY)
o Project Development Engineer

Technical Development Supervisor



Enough about me…

Let’s talk about you…

Time for a Quick Poll…



Setting the Stage



Two Functions, One Cable

PoE delivers Power and Data AC / Line Voltage delivers 
Power



Voltage Drops on Current Conversion

Converter

Inverter

Image by MDPI

Image by EE Publishers



Infrastructure for the Technologies of Tomorrow

Courtesy of DLC: Interoperability for Networked Lighting Controls (May 19 2020)



Connected Lighting Prospectus for Buildings

The 1-9-90 Rule

LEDs Magazine SSL “State of the Industry” 2020 Survey

1% Energy & 
Resources

9%:  Space & Layout

90%: Wellness & 
Productivity

+100%: Revenue & 
Opportunities

NLC NEBs as Secondary 
Business Opportunity

https://www.ledsmagazine.com/leds-ssl-design/article/14173085/state-of-the-industry-survey-reveals-optimism-for-ssl-and-applications-magazine


The Disconnect…

Up front cost

Too time 
consuming

Too 
complicated

Customer 
doesn’t need it

Design Ally:
I can’t remember the last time I 
didn’t spec an NLC product… 

End-Use Customer:
I need integrated 

solutions…
We block out the 

voices trying to give 
us new information

Cost-Focused Stakeholder OR Implementer



Learning Objectives

 Understand PoE Lighting Systems Architecture

 Awareness of the current state of the PoE 
Industry & its Standards
 Identify key benefits and applications 

for PoE Lighting technologies
 Discern the PoE Lighting role in a 

smart building ecosystem



Terms, Definitions, Technicalities



Base PoE Terminology

 PSE
 Power Sourcing Equipment

 PD
 Powered Device

 Institute of Electrical and 
Electronics Engineers (IEEE)
 Standard 802.3xx

 Mid-Span & End-Span/Point



PoE Power Sourcing Equipment

Image by FS United States



Ethernet Cable - RJ45 – and Cats

 RJ45

 8 wires, T-568A&B

 Cat5 – 100Mbps to 125Mbps

 Cat6 – 10Gbps @55m

 Patch vs. Crossover Cables



More Patch vs. Crossover

 PC to PC

 PC to Switch to PC

Daisy- -Chaining



Cable Gauge Comparisons



Ceiling Accessibility – “Finished, Dropped Ceiling”

 Acoustic Ceiling Grid, 
Suspended

 Accessible

 Number of Remote Devices is 
a Limiting Factor

 PoE and AC systems are 
equally viable



Ceiling Accessibility – “Finished, Inaccessible Hard Ceiling”

 Drywall, Paneling, Coffered/Cove, 
etc.

 Access to components is a 
challenge

 50m runs from switch to fixtures. 
Access to fixture is from below

 Remote gateway requires LV wire 
from it to fixture. 
 Length-limited by voltage drop



TeleComm Equipment in IDF, MDF, CDF Rooms

Image by “Alternate Energy Source”

Image by YannTech

Image by Fresno State



PoE Lighting Architecture

 Power Sourcing Equipment

 PoE Fixtures with Integral 
Driver

 PoE Fixture with Remote Driver

 Ancillary NLC Components

 Clouds

Image by NuLEDs



PoE Emergency Lighting Considerations

 NEC Article 700 – OK with 
Cat Cable

 UPS – 90min UL924

 Igor & Hubbell UL924 PoE 
Node

Image by Igor



PoE vs. AC Line Voltage Cost Comparisons
_ AC Line Voltage PoE by EC PoE by LV Contractor
Fixture Procurement $             1,035,000 $       980,000 $                        980,000 
Controls Procurement $                321,000 $       323,752 $                        323,752 
Inverters Procurement $                  32,000 $         32,000 $                          32,000 
Conduit & Wire Procurement $                219,000 $                - $                                 -
Cat6 Cable Procurement $                         - $         66,857 $                          66,857 
Cable Installation $                         - $       171,000 $                          95,000 
Fixture/Controls Installation $             1,052,364 $       960,320 $                        960,320 
Totals $          2,659,364 $ 2,533,929 $                  2,457,929 
Total / Sqft $                    26.59 $           25.34 $                            24.58 

 $-
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 $1,200,000

Fixture
Procurement
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Cable Installation Fixture/Controls
Installation

AC Line Voltage PoE by EC PoE by LV Contractor

PoE & Line Voltage 
Sample Comparisons

Study by leducation.org



Lighting as a Service = Netflix and Lit?

 No up-front capital costs
 Equipment, Commissioning, 

Maintenance by Provider

 Monthly Payment from 
Savings

 Energy Metering
 Contract with Provider 

and Implementer



Seattle City Light EEaS Pilot

https://energysolutions.seattle.gov/energy-efficiency-as-a-service/
https://www.renewableenergyworld.com/2020/06/19/seattle-city-light-is-piloting-americas-first-energy-efficiency-as-a-service-program/#gref
https://energysolutions.seattle.gov/energy-efficiency-as-a-service/


Efficiency & Savings Considerations

 System Efficiency vs. Fixture 
Efficiency

 Keep cable lengths to 50m or 
less

 System cable loss will be closer 
to 3% avg due to multiple 
lengths

 Task Tuning / HET

 Sensor Integration 



From Fixture to Fixture, Should you use a Patch or 
Crossover Cable?



Pause for Questions



NLC Strategies Review



Four Key Control Strategies – Crash Course

Occupancy 
& Vacancy

Daylight 
Harvesting

High End Trim 
or Task Tuning Scheduling



How These Control Methods Work Together

At the building level

Personal Control

Demand Response



 Luminaire Level Lighting Control

 Individually Addressable

 Integrated occupancy and daylight 

sensors

 Continuous dimming

 Networkable

 Benefits 

 Less Components

 Labor Savings

 Simple Configuration

 Future Expandability

 Reconfigurable BONUS: Automatically Meets Code

Did You Know… NLC & LLLC

1 : 
Many

1 : 1



2018 Washington State Commercial Energy Code*

2.1: Occupancy, Vacancy, Dimming
2.2: Daylight Harvesting, Dimming
2.3: Networkable

*As per Gov. Inslee – To be Applied Nov 1st, 2020

2: Individually Addressable



Architecture: NLC Zone Based & Faux LLLC

 Similar Functionality

 Faux LLLC More Granular 
Savings Potential

 Power Considerations

 Access/Location 
Considerations

Images by Fancom
Communications 
Engineering



Key Collaboration Tool: Sequence of Operations

The Sequence of Operations 
communicates intent 

Click to access LDL Sequence of Operations learning guide

https://www.lightingdesignlab.com/sites/default/files/pdf/NLC%20Series-Sequence%20of%20Operations.pdf
https://www.lightingdesignlab.com/sites/default/files/pdf/NLC%20Series-Sequence%20of%20Operations.pdf
https://www.lightingdesignlab.com/sites/default/files/pdf/NLC%20Series-Sequence%20of%20Operations.pdf


PoE and Luminaire Level Lighting Controls

PoE =/= LLLC?
2018 Seattle & Washington Energy Codes

DLC NLC QPL Requirements



PoE and DLC’s Controls Resiliency Definition



At the QPL Level



DLC SSL QPL - DC and PoE Lighting

 Submitted as PoE/DC Family 
Group in SSL QPL

 Subject to other relevant DLC 
testing

 IES LM-79, lm/W

 QPL Listing
 System Type

 DC/PoE Efficacy

 PoE Class

 PoE Connection



Pause for Questions



PoE Standards and Industry Evolution



IEEE Global PoE Standard 802.3xx

 802.3af 15.44 W of power 

 802.3at standard (POE+) 30W 

 802.3bt (UPoE+), utilize all four 
twisted pairs. Power in the 
range of 49-70 W and included 
2 types
 Type A 60W Power

 Type B 100W Power 

 Maximum Distance: 100M

 Cat 5 or Better



Cisco UPoE circa 2017

 From 30W to 60W

 Compatible with PoE and 
PoE+

 10% more efficient energy 
use

 Standard RJ45, no Cabling 
changes needed



Cisco UPoE+ Circa 2018/19

 90W/Port

 71W Delivered to PD

 Daisy Chaining Multiple 
Different PD’s Possible

 Cisco Catalyst 9000 
Family



PoE Lighting Partnerships with Cisco

Image by Cisco



PoE Standards Evolution – the Table



DLC NLC QPL and PoE



PoE and UL 2108 Standard, NEC Article 411

 Safety of Low Voltage Lighting 
Systems

 Class 2 wire Power Source

 Power Output within Standards 
Voltage limits (30VAC, 60VDC. 
Half on wet locations)

 PoE Power Units OK to be cord 
or plug connected

Images & Info by 
Smart Cities 
Council & UL



PoE Code Interior Calculation

 Input power as per UL2108

 Add all power related to 
lighting systems

 Subtract power not for 
lighting systems 



Maintenance Roles

Image by Cisco



IP Convergence Paving the Way in IT and IoT

Images by Cisco



Initial PoE Value Proposition

 Time & Cost Savings

 Flexibility & Access

 Safety

 Reliability

 Scalability

 Beyond Lighting Image by Signify



PoE Challenges & Thoughts

 Distance Issues
 Fiber Optic + Media 

Converter

 Data Integrity

 High Power Applications
 Increasing LED Efficiency

 Network Infrastructure Cost
 ~$7k / 48-port Switch

 Retrofit Market

Image by FS United States

Image By XS Applied 
Technologies



In the latest 802.3bt or UPoE+, how many maximum watts 
can be delivered to a Powered Device?



Pause for Questions



PoE Systems Examples & Benefits for Select Verticals



PoE Lighting Systems Sample Summary

Image by DOE

https://www.energy.gov/sites/prod/files/2017/04/f34/2017-02%20ssl-poe_part1_0r.pdf


Leverage Manufacturer’s Procedural Efficiency

 Quoting tools

 Project Development tools

 One lines with Packaging

 Room Packaging

 Pre-Pairing

 Pre-Commissioning

Manufacturers

Global 
Industry 

Knowledge

Technical 
Advisory

Territory Rep

Regional 
Operational 
Knowledge

Local 
Coordination

https://www.lutron.com/en-US/Pages/PromoPages/quickestimatedesignassistant.aspx


Molex (2009) PoE Architecture

 Separate PoE Remote 60W 
Gateway 

 Needs More Install Coordination

 Integral/Remote Fixture Driver 
separate from Gateway

 1 Gateway Supports 8-10 
Drivers
 More Flexibility to handle smaller 

loads per driver

Images by 
Molex



Igor (2014) PoE Architecture

 Small Gateway + Driver called 
PoE Node.
 Linear & Square

 Node inside fixture OR

 Can be Remote for smaller 
wiring to suspended fixtures

 Daisy Chain 5 nodes on a PSE 
Port

Images by Igor



PoE Square & Linear Nodes

 A “Universal” PoE Connector 
Node

 Analog Devices  Digital 
Responses

 EM Flavors Available

Images by Hubbell 
& Igor



NuLEDs (2012) PoE Architecture

 PoE Multi-Node combining 
gateway & driver
 Larger form factor

 Remote

 PoE Cat5/6 to Node, LV Wire 
for the rest

 No integration of components 
in fixture

 Can work with any size fixture

 Needs More Install 
Coordination



Schools and PoE

 Make Schools Safer
 Security Cameras – Lighting

 Improve student experience 
and performance
 Attendance - Occ

 Cues: Dimming + Color Tuning

 Energy Efficiency + Cost 
Savings

Images by DOE and PNNL



Healthcare with PoE
Image by Hubbell



Other Verticals’ PoE Proposition

Images by Cisco



Right-size the Solution



“Right Postage, Right Address”

Tenants

Living with 
the system

Facility 
Professionals

Leveraging 
the system

Implementers

Implementing 
the system

Owners

Invested in 
the system



Pause for Questions



Examples of Non-Energy Benefits



Leverage Non-Energy Benefits When Discussing Value

Image by DLC



Machine Learning & Interoperability with 3rd Parties

 IP Convergence 

 Building vs. Campus Management

 Continuous [AI] Optimization

 Smart DER Operations

 Mitigate Physical & Cyber Security 
Risks



Smart Building Platforms without IP Convergence



NLC/LLLC Energy Monitoring, Control, & Diagnostics
Lutron Vive

Lutron Vive

RAB Lightcloud



 Cost of Space Analysis

 Cost of Empty Space?

Space Utilization



Indoor Positioning & Wayfinding

LLLC
LLLC



Asset Tracking

VA Pittsburg Healthcare Case 
Study



Signify’s Interact – Wayfinding 

Room Scheduling
Image by Crestron

and Wayfinding



Horticultural Lighting & Automation



Demand Response (and Sneaker-net)



Facility 
Professionals

Tenants

Implementers

Owners

NLC/LLLC Automatic Demand Response

RAB LightCloud

Lutron Vive

Leviton Sector Distributed Lighting



DERM & IoB

IoB

Image by Extron

(With IoT tech)

Image by 
OpenADR Alliance

LED
+

NLC

Light, 
Health, & 

Color 
Tuning

Horticultural 
Lighting & 

Automation

LiFi

BMS 
Integration

Demand 
Response 

/ Load 
Shed

Space 
Utilization

Asset 
Tracking

Energy Data 
Management

Pathfinding

IoT in the 
Smart 
Building 
Ecosystem

https://www.extron.com/article/bmsad
https://www.extron.com/article/bmsad
https://www.openadr.org/openadr-and-der


Smart Building Ecosystem
Image by Cisco



Sample Data Set for NLC Manufacturer “SMARTS Race” 

From Each Manufacturer’s Sell Sheets



What strategy[ies] should be most successful in promoting 
networked lighting systems?

 Energy Savings
 Infrastructure for 

Connected Technologies
 Directly solving 

stakeholder problems
 Utility Dollar Injections



Pause for Questions



Utility & Industry Resources – Teamwork Makes the Dream Work



Gateway to 
Connected Stuff

Keeps utilities 
relevant and part of 

the solution

Elite Customer 
Service

Relationship with 
customers for 

continuous 
improvements

Cost Effective Energy 
Savings

Ensures optimal 
project savings for 

lifetime of EE upgrade

Why Utilities like City Light Care About Connected Lighting?



Benefits of plugging in to your Territory Utility

 Investment on innovation and 
energy efficiency 

 Customer and technical 
support on specific projects
 Or access to resources for these

 Access to tools and resources

 Access to encyclopedia of 
implementation knowledge

 Access to impactful 
programming 



Program Design Considerations: Savings & Incentives

Regional Technical Forums: Non-
Residential Lighting Retrofits protocolExample of prescriptive savings in               

City Light’s lighting program

Space Use 
Type

Networked 
Lighting 
Controls

Luminaire 
Level Lighting 

Controls

Break Room 40% 50%

Classroom 25% 25%
Hallway 40% 50%
Lobby 40% 50%
The Loo 40% 50%
Warehouse 40% 50%

And so on and so forth… 

1. Arranged or existing 
for the present, possible 
to be changed later

Simplify Approach:
• prescriptive savings
• prescriptive incentives

Right-Sized Incentive
• $50-75 incentive bonus –
In addition to performance savings!

https://rtf.nwcouncil.org/standard-protocol/non-residential-lighting-retrofits


PoE and $50-$75/Fixture Prescriptive Incentives

 PoE =/= LLLC

 Does not mean PoE =/= $50-

$75/fixture

 Engage your utility EARLY

 “Does this meet your Criteria?

 “How do I fill in the 

Workbook?



 PoE Lighting 

City Light NLC $50/Fixture 2020 Requirements

 DLC NLC QPL System

 Programmed HET, Occupancy, 
Daylight Harvesting

 Min (2) Zones per 300sqft

 Pre-Install
 SOO

 Floor Plan

 Post-Install
 As Builts

 Site Visit

 TLEDs

 Fixtures under 20W
 HET under 20W = prorated $50 

incentive

https://energysolutions.seattle.gov/wp-content/uploads/Commercial_Industrial-Retrofit-Program-Requirements.pdf
https://energysolutions.seattle.gov/wp-content/uploads/Commercial_Industrial-Retrofit-Program-Requirements.pdf
https://energysolutions.seattle.gov/wp-content/uploads/Commercial_Industrial-Retrofit-Program-Requirements.pdf


PoE in Grid-Edge and Efficient Green Energy

By World Economic Forum

https://www.weforum.org/agenda/2017/03/what-is-grid-edge-electricity/


DOE & PNNL – Integrated Lighting Campaign

 Participants
 Organizations—including 

building owners, operators, and 
managers—have access to 
resources and technical 
assistance

 Supporters
 Supporting partners include 

utilities, manufacturers, energy-
efficiency organizations, lighting 
designers, and energy service 
companies (ESCOs)

ILC Goals

integratedlighting@pnnl.gov

https://integratedlightingcampaign.energy.gov/


Education & Market Development

• Specifics of control methods

• Developing sequence of operations

• Specification writing & interpreting

• System design & set up

• And so much more!!!

LDL’s Flagship Workshop

1 & 2 Day NLC Workshops
for

EVERYBODY… 
featuring

Hands-On Learning & Practical Application



Networked Lighting Controls Learning Guides & Video

 LLLC Video
 X3 short vids

 Demonstrates primary control strategies

 Simulates tenant improvement to highlight system 
flexibility

 For utility staff, TA’s / DA’s / Customers

CHECK IT OUT!

Click here to watch now!

https://www.youtube.com/watch?v=hGeZcXoa-QA&feature=youtu.be


NLC / LLLC Best Practice Guides

Click to access the LDL networked lighting control learning guides

https://www.lightingdesignlab.com/resources


Project Specific Consults and Mockups



LDL User Experience Study 

Tenants
Facility Professionals

Ease of Use

Functionality

Operations

Informing and Increasing Acceptance: 
The NLC User Experience

Image by Cooper Image by Lutron



Pause for Questions



And now – a few words from LDL



Upcoming LDL Online Events

Today’s slide deck and previous online courses                              
can be found on our website

LDL Course Delivery Date Time
NLC for Healthcare Environments Oct 20 10:00 - Noon
Fundamentals of NLC (Side A – Theory & Technology) Nov 3 10:00 - Noon
Fundamentals of NLC (Side B – Practical Application) Nov 4 10:00 - Noon
NLC for Warehouses Nov 17 10:00 – Noon
NLC for Schools Dec 1 10:00 – Noon

https://www.lightingdesignlab.com/resources
https://attendee.gotowebinar.com/register/7946928506660753423
https://www.lightingdesignlab.com/networked-lighting-controls-fundamentals
https://www.lightingdesignlab.com/networked-lighting-controls-fundamentals
https://www.lightingdesignlab.com/217-nlc-warehouses
https://www.lightingdesignlab.com/nlc-schools-2-hr-online


► Armando Berdiel Chavez
► 206-475-2722
► armando.berdiel@seattle.gov

Click – Call – Connect

Email UsVisit us online
lightingdesignlab@seattle.gov

OR

Todays slide deck 
will be posted 

here!

http://www.lighitngdesignlab.com/
mailto:lightingdesignlab@seattle.gov


With support from 2020 member utilities

Powered by



Please take the online survey once you exit the webinar

We’ll SEE you on the next call… 
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