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Non-profit  
organizat ion

Creates 
performance 
specificat ions

Provides 
tools, 

inform at ion, 
& expert ise

Accelerates 
adopt ion of 

efficient  
commercial 

light ing

Bringing Efficiency to Light .
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Solid- State Light ing 
( SSL)

Netw orked Light ing 
Controls ( NLC)

Drive efficiency by 
dist inguishing 
quality, high-
perform ance LED 
products for the 
commercial sector.

Support  energy 
efficiency 
adm inist rators, 
and indust ry, with 
the broad scale 
adopt ion of NLCs.



W elcom e
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Netw orked Light ing Controls
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NLC QPL

Energy 
Data 

Report

Training 
Curr iculum

Savings 
Calculator

Efficiency 
Program

I ncent ives



Netw orked Light ing Controls
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NLC QPL

Energy 
Data 

Report

Training 
Curr iculum

Savings 
Calculator

Efficiency 
Program

I ncent ives

Full Scale Adopt ion of Netw orked Light ing Controls



LED and NLC Savings Potent ia l – Current  Path
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LED and NLC Savings Potent ia l – NLC High Ut ility Support
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• Chart  shows 
adopt ion for 
networked 
light ing cont rols 
assum ing low 
levels of ut ility 
support

• Very lit t le 
adopt ion is 
expected to 
persist  for m any 
years to com e 
under this 
scenario

NLC Adopt ion Forecast  – Current  Path



• Chart  shows 
adopt ion for 
networked 
light ing cont rols 
assum ing high 
levels of ut ility 
support

• Rapid growth 
phase occurs 5 
years earlier 
com pared to 
current  path

• I nter ior product  
categories reach 
rapid growth by 
2022;  exter ior 
by 2025

NLC Adopt ion Forecast  – NLC High Ut ility Support



Data Sources and Assum pt ions
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Resource
Date 
Published

Analysis Use Assum pt ions

DOE U.S. Light ing 
Market  Characterizat ion
(LMC)

Nov 2017

• Nat ional inventories
( tables 4.1 and 4.27)

• LED installed stock and 
penet rat ion %

• Baseline hours and wat ts
( tables 4.5, 4.7, 4.29, 4.30)

• LED hours and wat ts
(prior to efficacy adjustm ents)

• 1%  annual growth was assum ed for all 
product  categories

• 2 lam ps per fixture for linear fluorescent
• 4 lam ps per fixture for fluorescent  high bay

DOE Energy Savings 
Forecast  of Solid-State 
Light ing in General 
I llum inat ion 
Applicat ions (ESF)

Sept  2016

• LED adopt ion forecast
(Navigant )

• NLC adopt ion forecast
(Navigant )

• LED efficacy forecast
( table D-4)

• The DOE assum ed a higher %  savings for NLC 
(68%  for office buildings)  than the DLC study 
reports. This analysis uses the DLC figure 
(47% )  init ially, but  increases the savings 
linearly up to the DOE 2035 goal of 80%  
( indoor)  and 60%  (outdoor) . These higher 
cont rol reduct ions m ay be possible through 
im provem ents in technology, program m ing, 
installat ion, and art ificial intelligence. 

* SSL/ NLC Project ion Models by D. Mellinger, Energy Futures Group

https://www.energy.gov/sites/prod/files/2017/12/f46/lmc2015_nov17.pdf
https://www.energy.gov/sites/prod/files/2016/09/f33/energysavingsforecast16_2.pdf


Meet ing Object ives

1. Brainstorm  ways to develop m ore, and m ore effect ive, NLC 
efficiency program s

2. Collect  and discuss light ing indust ry input  on DLC’s Networked 
Light ing Cont rols Specificat ion and QPL

3. I dent ify possible solut ions and next  steps to address key 
indust ry challenges and opportunit ies

4. I dent ify ways we can work together to accelerate adopt ion
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• Hear Results from  Recent  DLC 
Study on NLC Program s

• Exam ples from  different  
cont rols program s in place

• Scaling up Educat ion:  focus on 
t raining for NLCs

• Brainstorm  Sessions-
collaborate with peers on how 
to build m ore and bet ter NLC 
rebate/ incent ive program s

13

Morning Agenda: Ut ility Networked Light ing 
Cont rols Programs



Afternoon Agenda: NLC V3.0 Technical 
Requirements Update

• Energy Monitor ing

• NLC System Security

• Afternoon session will include 
presentat ions, live polling, and 
Q&A periods 
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Meet ing Ground Rules

• One speaker at  a t im e

• Raise hand to speak – a m ic will be provided to you

• Share your unique perspect ive

• Part icipate 100%

• Try to avoid rabbit-holes and off- topic tangents

• Em phasis of m eet ing is gathering input

• Most  im portant ly:  keep it  posit ive and have fun!

15



Panel Discussion: Ut ility 
Netw orked Light ing 
Controls Program  Design

16
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Northwest NLC 
Incentive Programs 

Chris Wolgamott

Senior Product Manager 

NEEA
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Bonneville Power Administration 

− “Kicker” Incentive for each fixture

− Simple/Easy

− Rolls out in March 2018

− Only for Retro fit jobs, no new construction incentives for NLC 

− Training role out 
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Puget Sound Energy 

• “Kicker” Incentive for each fixture

• Simple/Easy

• Started in January 2018 

• Includes both Retro-fit and New Construction 

• Only for LLLC (Luminaire Level Lighting controls) 

• Training program in place  
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Puget Sound Energy 
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Energy Trust of Oregon 

• “Kicker” Incentive for each fixture
• Simple/Easy
• Just started (less than a week ago) 
• Only for new construction incentives for 

LLLC only
• Training role out 
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Energy Trust of Oregon 

Commissioning Incentive
• $3,000 per project
• Can be completed by lighting installation 

contractor

Evaluation Incentive
• $2,500
• Paid at completion of 8 month evaluation
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Energy Trust of Oregon 

Early Design Incentive
• $1,000 per project
• Early design meeting with owner and lighting 

designer
Installation Incentive

• $70/fixture
• Also eligible for incentives for LPD reductions 

through the Lighting Calculator
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Questions?

Chris Wolgamott 
Senior Product Manager
NEEA
cwolgamott@neea.org

mailto:cwolgamott@neea.org


DLC Controls Summit 
2018
Kyle Kichura, LC

Lighting Channel Manager



Who/What is 
Focus on 
Energy?

 Focus on Energy is Wisconsin 
utilities’ statewide program 
for energy efficiency and 
renewable energy

 Partnered with 108 utilities 
across Wisconsin to offer 
utility customers (business & 
residential) opportunities to 
save energy & money 

 Overseen by the Public 
Service Commission of  
Wisconsin
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NLC Incentive 
Offering

 $/ft2 Incentive Design
 $0.25/ft2 (designed space) – lower lumen fixtures/higher fixture 

density applications

 $0.125/ft2 (designed space) – high lumen fixtures/low fixture density 
applications

 50% incentive paid upon project completion, 50% upon controls 
system commissioning

 Energy Monitoring Bonus (optional) 
 $0.05/ft2 (designed space) for projects utilizing energy monitoring 

systems and sharing usage data with Focus on Energy

 Paid upon receipt of met parameters

 Control incentives are in addition to fixture offerings if coupled 
with a fixture upgrade

 Pre-approval is required



NLC Incentive 
Offering 2017

 Started Off As Pilot In 2017
 14 unique space types

 3 system mfgs / 4 system types

 831,063 sq. ft.

 $146,526.50 in base incentives paid

 $25,719.50 in energy monitoring bonuses paid

 Estimated Savings
 166.21 1st year kW

 873,014 1st year kWh  ($0.197/kWh)

 13,968,218 LC kWh  ($0.012/kWh)

 47,662 LC MMBtu  ($3.61/MMBtu)



NLC Incentive 
Offering 2018



Design 
Considerations

 Participation Ease (External)
 $/ft2 incentive delivery resonated well with the market

 Trade Ally interviews

 MEEA member AEP Ohio had switched to $/ft2

 Quick incentive estimates/budgeting

 Tie to DLC QPL

 Easy to communicate eligible systems

 Guaranteed system capabilities

 Less internal system review needed, leads to quick pre-approval

 Program Calculation Ease (Internal)
 Validate square footage with drawings

 Deem calculations where we could (savings factor, HOU)

 Staff/Implementer training

 Future planning



Successes

 $/ft2 Incentive Design

 Distributor commented that it allowed them to 
open up conversations they were not having 
before

 Manufacturer’s Rep commented that they finally 
had something they could use

 Space Type Variety

 Manufacturer and Manufacturer Representative 
Engagement

 Training support

 Promotion

 Positive Customer Feedback



Challenges

 Internal Pilot Challenges
 Limited pilot funding, marketing “Achilles Heel”

 Launch/offering timeline vs. sales cycle

 More Manufacturer and Manufacturer Representative 
Engagement

 Keep training momentum going

 Not all engaged at this point

 Lack of Market Knowledge
 Previous system experiences

 Options presented

 System Costs
 Relatively expensive in some cases

 Market expects high level of savings/benefit confidence

 Metrics that speak to that (i.e. $/ft2)

 Incremental Costs
 Way for manufacturers and utilities to work together?



Future 
Considerations

 Keep Simplifying Incentive Models/Metrics

 Take More Hybrid Calculation Approach
 Middle ground between custom and prescriptive

 Claim deeper savings

 Incorporate NEBs

 Require Installer Training?
 Help guarantee controls strategies in place

 Customer satisfaction, persistence

 Tiered Structure Between Room Level and Portfolio Level Systems

 Training, Training, Training



Questions?



NLC Program  Design Study
Fritzi Pieper



Program  Design Study

41

DLC Prior ity:  Support ing 
Developm ent  of New 
Ut ility NLC Program s



Project  Scope

I nterviews

Develop Key Findings/ Them es

Develop St rategic Recom mendat ions for Programs

42



Findings varied by Audience

43



1 3  Key Findings
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I ndust ry 
Training

NLC 
Prom ot ion

Standardizat ion EM&V I ncent ive 
Design



I ndustry Training
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1. Training is essent ial at  all levels

– Foundat ional

– Product  Specific

– Sales

– Ut ility program

2. Keeping Pace with Technology

3. I nstallers are reluctant  to prom ote NLCs

4. Comm issioning Challenges



Prom ot ing NLCs in Program s

46

5. Need for dedicated prom ot ional offer ings

– Promot ing existence of NLC programs is I nsufficient

– Website Prom ot ion for NLCs Needs I m provement

– Program Out reach for NLCs Requires Focus

6. Nom enclature Mat ters

- Networked light ing cont rols VS Connected light ing VS LLLCs VS Advanced 
Light ing Cont rols 

- Term inology is used interchangeably but  referr ing to simple and complex 
features



Standardizat ion

47

7. Need for standardizat ion to st ream line data collect ion

Standardizat ion involves two aspects:  

1) Defining propert ies of various types of cont rol technologies.

2) Providing a com m on m eans of fulfilling program  validat ion requirem ents.



EM& V Efforts

48

8. Ut ility NLC incent ive levels are too low to im pact  current  1st cost  
of NLCs

- Need for m ore energy savings data

- Need for research to determ ine m onetary value of future DR and peak 
load capacity NLCs could bring about

9. Need for accurate valuat ion of Non-Energy Benefits (NEBs)  



I ncent ive Design

49

Ut ilit ies with dedicated NLC offer ings are having m ore success but  
program s vary in com plexity and predictability

10. Cost  effect iveness challenge

11. Custom  Program s Dom inate 

- Custom savings calculat ions, custom requirements

12. Custom ers and Trade Allies Prefer Prescript ive Program s

- Established rebate for assum ed savings est im ates

13. Sim ple Ret rofit  Disincent ive



W hat ’s Next?

50
New NLC Program s

Outreach, 
Market ing, 
Educat ion, 

Go- to-m arket  
st rategy

Rebate & 
I ncent ive 
Approach

Savings 
Just ificat ion 

and 
Assum pt ions

Technical 
requirem ents



Full Scale Adopt ion of Netw orked Light ing Controls

51



The State of NLC Training

Dam on Boset t i



W hat ’s The Need?

• How do we increase NLC adopt ion in 
small-m edium  C&I  buildings, especially 
for ret rofits?

• The t rades ecosystem is the t rusted 
voice advising these decisions.

• Com plem ent  exist ing t raining, like LCA 
and CAL/ NALCTP

• 2017Q2-now:  ~ 250 students

• now-2019:  ~ 350 students

53



W hat  Have W e Learned?

• Mixing pract ical and theory works well

• You get  what  you pay for!

• Scaling-up in-person has som e hard m ath

• How to get  around hardware lim itat ions?

– 300 pounds of equipm ent , in 4 cases

– Student  contact  t im e lim its depth of explorat ion



Scale Training, Scale I m pact

• We’re cont inuing in-person classes to 
keep test ing, but  we’ll be closing in on 
an online version of this class, this 
sum m er.

• Vast ly increased reach

• Cover m ore topics

55



How  Do W e Ensure Coverage?

• Who are we t rying to reach, 
and how will we find them ?

• Carrots?  St icks?

• Messaging variat ion?

56



W ho Delivers I t?

• Who’s the one deliver ing the 
t raining?

– Ut ility?

– Manufacturer?

– State licensing agencies?

• I s delivery split  from  
developm ent  and m aintenance 
of the t raining?

57



W hat  Gets Trained?

• Broad-brush system 
parameters?

• System econom ics?

• Sales techniques?
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Sm all Group Brainstorm s
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Sm all Group Brainstorm s

• At tendees selected their  
preferred topics in advance

• Each topic is assigned a color

• Sit  at  table that  matches the 
color on your badge

• Each table brainstorm s their  
topic for 30 m in

60



Facilitators

• One at  each table

• Collects your input  into 
PowerPoint  Tem plate

• Following the brainstorm s, 
presents your top 
ideas/ takeaways/ findings to 
full audience

61



Topic List

62

• Preparing for  Full Scale Adopt ion – New  Construct ion

• Preparing for  Full Scale Adopt ion – Retrofit  

• Ut ility I ncent ives

• Program  Approach and Market ing

• Ease of Use

• Training Needs

• NEBs



Tables and Topics
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Program  
Approach 
Market ing

Program  
Approach 
Market ing

Ut ility 
I ncent ives

Ut ility 
I ncent ives

Full Scale 
Adopt ion 
Retrofit

Full Scale 
Adopt ion 

NC

Full Scale 
Adopt ion 

NC

Ease
of Use

Training 
Needs

Training 
Needs

Security

Ease
Of Use

Full Scale 
Adopt ion 
Retrofit

NEBs NEBs

Ease
Of Use

Ut ility 
I ncent ives



Preparing for  Full Scale Adopt ion  -

New  Construct ion

Background

• A ut ilit y needs to increase their  
light ing program  savings to meet  
their  efficiency program goals. 

• Analysis shows that  part icipants are 
not  installing cont rols – a significant  
lost  savings opportunity. I f the 
cont rols are installed, the ut ilit y can 
achieve their  savings goals.

• To address, the ut ilit y plans to 
require NLCs to be installed on all 
projects beginning in 2019 in order 
to access any light ing rebates.  

• Consider from  a New Const ruct ion 
Program Perspect ive 

Assignm ent

Brainstorm  as a group and record 3 bullets in 
response to each of the following quest ions:

• How does the ut ilit y prepare for this change? What  
are the 3 most  important  things they need to do to 
be successful with this change?

• What  are the market  character ist ics needed to be 
successful? This may include character ist ics such 
as educat ion of the supply chain, 
availability/ stocking, average payback, etc. 

• What  are the technology character ist ics needed to 
be successful? This may include character ist ics 
such as technology performance, simplicity, 
standardizat ion, scalability, schemat ic, etc. 
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Preparing for  Full Scale Adopt ion  -

Retrofit

Background

• A ut ilit y needs to increase their  
light ing program  savings to meet  
their  efficiency program goals. 

• Analysis shows that  part icipants are 
not  installing cont rols – a significant  
lost  savings opportunity. I f the 
cont rols are installed, the ut ilit y can 
achieve their  savings goals.

• To address, the ut ilit y plans to 
require NLCs to be installed on all 
projects beginning in 2019 in order 
to access any light ing rebates.  

• Consider from  a Ret rofit  Program 
Perspect ive 

Assignm ent

Brainstorm  as a group and record 3 bullets in 
response to each of the following quest ions:

• How does the ut ilit y prepare for this change? What  
are the 3 most  important  things they need to do to 
be successful with this change?

• What  are the market  character ist ics needed to be 
successful? This may include character ist ics such 
as educat ion of the supply chain, 
availability/ stocking, average payback, etc. 

• What  are the technology character ist ics needed to 
be successful? This may include character ist ics 
such as technology performance, simplicity, 
standardizat ion, scalability, schemat ic, etc. 
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Program  Ease of Use

Background

• Ut ilico is looking to design an easy-
to-part icipate program for 
Networked Light ing Cont rols

• Ut ilico must  st r ike a balance 
between ease of use and being able 
to accurately predict  or measure 
energy savings. 

• Custom programs reduce ut ilit y 
r isk, but  can be more cost ly, 
complex, unpredictable for 
part icipants. 

• Prescript ive programs are more 
simple and predictable, but  use 
broad assumpt ions for energy 
savings and may have other t rade-
offs. 

Assignm ent

Answer the following quest ions to assist  Ut ilico in 
designing their  program

• How can you make this program easier for 
part icipants to engage in? What  are 3 
character ist ics of an easy- to-part icipate program ?

• Which aspects of the custom models pose the 
greatest  barr iers to part icipat ion, and why?

• What  is needed to adopt  a more easy- to-
part icipate program? (ex:  more data, 
standardizat ion across systems, etc.)
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Program  Approach and Market ing 

Background

• Efficiency programs, serving as brand-
neut ral advocates, are invaluable in 
support ing the educat ion, awareness, 
and credibility of emerging technology 
such as NLC.  

• NLC adopt ion is hindered by lim ited 
awareness of it s benefits, and of 
available rebates and incent ives.  
Different  types of NLC systems (sim ple 
vs. comprehensive)  are appropriate for 
different  types of custom ers.  

• Some vert ical markets, such as 
commercial office space, cam puses, 
retail,  warehouse, and healthcare m ay 
benefit  from  custom ized prom ot ions. 

Assignm ent

Answer the following quest ions:

• I s it  bet ter to have a single program  offer ing for all 
customers or should it  be tailored by vert ical market?

• Which vert icals would provide the greatest  benefit  of a 
custom ized program and market ing approach?

• What  elements should a custom ized approach include?

– Custom ized literature by vert ical?

– Custom ized rebates/ incent ives by vert ical?

– Case studies by vert ical?

– NEBs prom ot ion by vert ical?

– Etc.
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Ut ility I ncent ives 

Background

Ut ilit ies would like to increase 
their incent ives for networked 
light ing cont rols but  are 
concerned about  the cost-
effect iveness and r isk of not  
realizing the savings they 
predict .

How do they just ify higher 
incent ives and m it igate r isk? 

Assignm ent

Brainstorm  as a group and record 3 bullets in 
response to each of the following quest ions. 
Please be as detailed as possible. 

• What  are 3 convincing argum ents that  can 
be m ade, or analysis that  can be done, to 
convince senior level m anagem ent  and/ or 
regulators to offer higher than norm al 
incent ives for networked light ing cont rols?

• What  are 3 st rategies the ut ility can use to 
m it igate r isk and help ensure they realize 
high levels of savings for the high levels of 
incent ives they offer?
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Training Needs

Background

• Perceived and real difficulty of 
installing and commissioning 
networked light ing cont rols 
increases installat ion costs and 
creates disincent ives to promote 
them to customers. 

• DLC and member ut ilit ies have 
been developing t raining with 
the goal to de-myst ify NLCs and 
increase their use, especially in 
the small C&I  spaces that  
legacy cont rols have largely 
bypassed

• How do we get  the m arket  well-
t rained and inform ed – at  scale 
– on this technology?

Assignm ent

Brainstorm  as a group and record a brief answer 
for each of the following quest ions:

• What  kind of t raining is needed?  

– Foundat ional or Product-specific?  A m ixture?  

– Single sessions or a series?  

– Code-based or feature-based?

• When DLC's NLC t raining goes online, what  
m ight  an in-person system specific supplement  
look like?

• What  incent ives should there be for receiving 
this t raining? CEU/  licensure? Requirement  for 
incent ive part icipat ion?  General market ing 
compet it iveness?

69



Non- Energy Benefits

Background

• Non-Energy Benefits (NEBs)  
benefits beyond energy 
savings

• When value of NEBs can be 
clearly com m unicated or 
quant ified, they can be 
leveraged to increase sales 
and adopt ion

• I n som e cases, quant ified 
NEBs can be incorporated into 
ut ility cost-effect iveness 
calculat ions enabling them  to 
offer higher incent ives or 
rebates. 

Assignm ent

Brainstorm  as a group and record a br ief 
answer for each of the following quest ions:

• Which 3 NEBs provide the greatest  potent ial 
for prom ot ion and quant ificat ion? By ut ilit ies? 
By m anufacturers?

• Which benefits need com m on term inology to 
reduce m arket  confusion?

• What  help do m anufacturers need, can they 
cooperate, what  collaborat ions are needed to 
support / prom ote this bet ter?

70



Topics and Facilitators
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Program  
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Sm all Group Brainstorm

Results 

72



Program  Ease of Use

Background

• Ut ilico is looking to design an easy-
to-part icipate program for 
Networked Light ing Cont rols

• Ut ilico must  st r ike a balance 
between ease of use and being able 
to accurately predict  or measure 
energy savings. 

• Custom programs reduce ut ilit y 
r isk, but  can be more cost ly, 
complex, unpredictable for 
part icipants. 

• Prescript ive programs are more 
simple and predictable, but  use 
broad assumpt ions for energy 
savings and may have other t rade-
offs. 

Assignm ent

Answer the following quest ions to assist  Ut ilico in 
designing their  program

• How can you make this program easier for 
part icipants to engage in? What  are 3 
character ist ics of an easy- to-part icipate program ?

• Which aspects of the custom models pose the 
greatest  barr iers to part icipat ion, and why?

• What  is needed to adopt  a more easy- to-
part icipate program? (ex:  more data, 
standardizat ion across systems, etc.)
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Ease
of Use

W hat  are 3  characterist ics of an 
easy- to- part icipate program ?

• Prescript ive, m id-st ream  or up-st ream programs with predictable 
incent ive levels. However, savings assumpt ions are more 
conservat ive. 

• Having a ut ility port folio that  provides an incent ive for everyone, 
Small-Medium Business and Large Commercial. 

• Receiving incent ive up front  ( ideally by SKU, not  sqf ) .

• Using Norm alized Meter Energy Concept ion (NMEC)  approach –
looking at  m eter data/  progression analysis could help ut ilit ies 
make bet ter savings assumpt ions. 
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W hich aspects of the custom  m odels 
pose the greatest  barr iers to 
part icipat ion, and w hy?
• Reluctance of custom ers and cont ractors to part icipate due to previous bad experience with 

cont rols or due to lack of understanding of the technology. Cont ractors lack t raining

• Com plicated st ructure scares away custom ers and causes increased adm inist rat ive cost  for 
ut ilit ies to handhold part icipants through the process of com plex custom  incent ive program s.

• Custom  program s are not  necessarily cost  effect ive for ut ilit ies. Lack of access to data to assess 
savings leads to lack of granular ity in current  savings assessm ents

• Lack of certainty up- front  leads to custom ers not  going after rebates for new const ruct ion. For 
ret rofit  projects, custom ers also need certainty of savings and incent ives. I f incent ives don’t  com e 
through, custom ers m ay face increased cost  and m ay not  part icipate in the future. 

• Uncertainty of com m issioning can lead to unsat isfied custom ers.

75

Ease
of Use



W hat  is needed to adopt  a  m ore 
easy- to- part icipate program ?  

• Ut ility could pay for energy studies to gather larger data set  through pilots to 
get  bet ter savings est im ates. All pilots from  across the count ry could be 
com piled into a m ega study.

• A plan or guidance for how to com m ission system s is needed.

• Require proposal from  m anufacturers that  includes clear descript ion of 
sequence of operat ions, what- if scenarios, 1-800 num ber, etc. to provide 
cont ractors and end-users with as m uch up- front  inform at ion as possible. 

• Provide educat ion for custom ers and installers with clear m easurable goal such 
as a cert ificat ion that  ut ilit ies could require for incent ive program s.

• Provide an incent ive upfront  and a kicker or bonus after som e t im e. 

• DLC could standardize data collect ion and report ing (need before and after) .
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3  Most  I m portant  I deas/ Findings/ Takeaw ays from  the 
Group:

1. Prescript ive, m id-st ream  or up-st ream

– Receive m oney before custom er has to pay ( ideally by SKU, not  by sq ft )

– I ncent ive up- front  +  kicker at  end (hybrid)

2. Tighten window of uncertainty with tem plates and default  
set t ings

- Mandate as part  of NLC spec

3. DLC to standardize data collect ion and report ing

- Need before and after
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Ease
of Use

W hat  are 3  characterist ics of an 
easy- to- part icipate program ?

• Has to be understandable to everyone, not  just  the ut ility program

– The example was given of a turbo tax like program with binary quest ions that  shows 
what  you qualify for online and carr ies you through the process through qualificat ion by 
answering yes or no quest ions about  what  applied to you. This would be easy for owner 
to subm it , etc. 

• Must  be accurate- the ut ility can’t  afford inaccuracy in the savings. 

– The program must  meet  overarching set  of goals for the ent ire select ion. The accuracy 
of savings for the incent ives must  be high level to report  to the commissioners, the 
ent ire program will be penalized if the savings are inaccurate. 

• Equal access for sm all and large custom ers, the program  should allow for 
custom ers with fewer resources to have access to the sam e inform at ion

– Often, smaller customers don’t  know about  programs because cont ractors don’t  
approach them due to the smaller payoff
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W hat  are 3  characterist ics of an easy-
to- part icipate program ? ( cont inued)

• I ncludes t raining-Part  of the online portal, however there does 
not  need to be a huge t raining focus beyond the init ial 
int roduct ion to the program  if the program  is not  changing 
radically over t im e. 

• The program must  be lucrat ive to everyone

– The value m ust  be significant ly high for all stakeholders, doesn’t  
necessarily m ean high incent ives, but  the savings need to be high for 
ut ilit ies, incent ives high enough for end users/ m anufacturers- the program  
m ust  be worth part icipat ing in 
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W hich aspects of the custom  m odels 
pose the greatest  barr iers to 
part icipat ion, and w hy?

• M&V (m easurem ent  and verificat ion) - why is it  not  scalable or cost  
effect ive? Because you don’t  get  your m oney unt il a year later. I t ’s a 
pain logist ically, unless the product  does it  it self,  which is not  usually 
the case. I n addit ion, the data m ust  be logged through 4 seasons, 
sum m er doesn’t  provide heat  value. At  m inimum, program s require 
m easurem ent  and verificat ion for two shoulder m onths ( in the spring 
and autum n)

• Does self m onitor ing help with baseline? With NC the baseline is code. 
With ret rofits, the baseline depends on what  is being changed. 

• Can m ake assum pt ions with light ing, claim ing hours of operat ion but  
it s st ill a pain with delay
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• For a custom  program , have to validate the to 90 percent ile 
range because it  is custom. I t ’s easier with prescript ive, custom  
costs everyone more money

• Modified M&V program s (hybrid m odels)  alleviate the barr ier of 
the M&V

– These program s take conservat ive view of the savings, pay up front  for the 
first  70% , hybrid m odel, have to do M&V for the course of the year to get  
up to 25%  greater than 100% - like a bonus. Puts owness on the building 
to perform . Downside of them  not  saving the 70%  but  it ’s a conservat ive 
look so is generally safe. 
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W hat  is needed to adopt  a  m ore 
easy- to- part icipate program ?  

• Unlikely to get  away from  custom  on som e of the products. 
Prescript ive for sm all business plug and play, custom  for com plex 
larger products that  t ie to HVAC and plug load, etc.  

• Small up front  costs helps customers see value 

• Don’t  pay for dum b fixtures anym ore- results in relegat ing that  
building to be dum b for 15-20 years 

• Shared savings- less upfront  cost  for ut ility as the savings is 
proven, front  loading for the ut ility. Ut ility would rather deal with 
up front  vs custom  or m odified, then they don’t  have to follow up
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• Not  m anufacturer specific, m ust  be agnost ic get  yourself away 
from  m anufacturer and specific types of technology for m aterial 
costs payback, create a percentage based approach

• Percentages are more of a custom path and can be more difficult  
than fixed dollar to cont rol paths. However, custom  paths can be 
good, for exam ple the hybrid approach. Over the year, proves 
persistence of savings that  you’re claim ing for 15 years, need to 
cont inue for 15 years at  current  depreciat ion value. 
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3  Most  I m portant  I deas/ Findings/ Takeaw ays from  the Group:

• Three character ist ics of an easy to use ut ility program  are

– understandability/ accessibility to all part icipants

– accuracy

– the program is lucrat ive/  has value realized for all part icipants 

• M&V poses a large barr ier to custom  program s- solut ions include 
hybrid m odels 

• A way to m ake program s easier include using prescript ive program s for 
less com plex, plug and play cont rols used in sm aller projects and 
custom  or hybrid paths for larger, m ore com plex projects that  connect  
with HVAC and other system s. Move towards requir ing cont rols for 
incent ives.  
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Preparing for  Full Scale Adopt ion  -

New  Construct ion

Background

• A ut ilit y needs to increase their  
light ing program  savings to meet  
their  efficiency program goals. 

• Analysis shows that  part icipants are 
not  installing cont rols – a significant  
lost  savings opportunity. I f the 
cont rols are installed, the ut ilit y can 
achieve their  savings goals.

• To address, the ut ilit y plans to 
require NLCs to be installed on all 
projects beginning in 2019 in order 
to access any light ing rebates.  

• Consider from  a New Const ruct ion 
Program Perspect ive 

Assignm ent

Brainstorm  as a group and record 3 bullets in 
response to each of the following quest ions:

• How does the ut ilit y prepare for this change? What  
are the 3 most  important  things they need to do to 
be successful with this change?

• What  are the market  character ist ics needed to be 
successful? This may include character ist ics such 
as educat ion of the supply chain, 
availability/ stocking, average payback, etc. 

• What  are the technology character ist ics needed to 
be successful? This may include character ist ics 
such as technology performance, simplicity, 
standardizat ion, scalability, schemat ic, etc. 
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W hat  are the 3  m ost  im portant  things 
the ut ility needs to do to be successful 
w ith this change?

1. Efficiency program s m ust  quant ify expected energy savings  
beforehand, and then measure and verify (M&V)  the results 
after installat ion. When perform ance is not  well known, 100%  
of all projects need M&V.  When perform ance is very 
predictable, st ill M&V is needed on a sample of 5%  or 10%  of 
projects.  So:  data is essent ial.

2. Get  at  least  50%  of t rade allies ( installat ion cont ractors)  
onboard with the new tech

3. Plug and play tech, to support  # 2
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W hat  are the m arket  character ist ics 
needed to be successful?

• Get  an early adopter t rade ally as advocate for the program .

• Have at  least  half of t rade allies, using NLC.  Keep it  sim ple for a 
cont ractor.  1 page info about  the program ,  no m ore.  

• Make the NLC system  sim ple to buy with the rebate.  For 
instance, the cont ractor gets $50 discount  at  the dist r ibuter ’s 
counter—rebate applied at  Point  of Sale.  The only paperwork for 
cont ractor is a piece of paper to sign at  the counter

• Need educat ion.  Ut ility can sponsor—training is a “prudent ”  use 
of m oney accepted by regulators. 
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W hat  are the technology character ist ics 
needed to be successful?

• Easy monitor ing.  For instance, a box with no programming.  Just  plug it  in, and see a  
green light  if it ’s working red light  if not .  The simple case would be 1-way communicat ion of 
energy data from  the site to the ut ilit y—the ut ilit y has no cont rol, just  received data.  You 
buy the box now for $50.  After sending data for a year, you get  a $75 refund.

• How will ut ilit ies process the data?  Ut ilit ies with smart  meters may already have capacity to 
process data. Others may need a 3 rd party service

– A standard data form at  is needed.    Could send data various ways—cellular, em ail ,however.

• Main quest ions for data:   Did the usage pat tern change over t ime?  What  is the baseline, 
since there is no pre- installat ion data?    For New Const ruct ion, compare to segmented 
data, showing typical energy usage for var ious building types that  barely meet  code.  For 
instance, Georgia Power runs regression pat terns, from  M&V pre-post  they have done on 
many projects, to est imate a code baseline for each type of building.  I deally, mult iple 
ut ilit ies would cont r ibute to an aggregated database, to say that  building of this type, in this 
climate zone, with this building code, uses this amount  of energy. 

• need plug and play tech, for POS rebate.

– This would be sim pler without  m anual setup of networking.  Just  sm art  fixtures, no zoning..
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3  Most  I m portant  I deas/ Findings/ Takeaw ays from  the Group:

1. I deal:   Point  of Sale, fixed rebate.  

2. Ut ility needs confirm at ion of savings. 100%  of projects early, 
gradually reduce to 10%  or 5% , but  always necessary.

1. For each project  (or som e, with ext ra rebate) , send data to ut ility, to confirm  
savings.  

2. Comm box with cellular output  to ut ility, and wireless communicat ion with 
wireless lum inaires

3. Need a standard data form at

4. Can ut ility process data? (Som e already have 99%  sm art  meters)

3. Plug and Play is essent ial.  Zoning m akes it  com plicated.  Consider 
start ing with per- fixture cont rols that  are not  networked /  flexibly 
zoned.
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W hat  are the 3  m ost  im portant  things 
the ut ility needs to do to be successful 
w ith this change?

• Educat ing engineers/ arch that  light ing cont rols are not  just  a 
panel in the back of the house

• Educat ing designers, elect r icians, and ut ility engineers what  is 
required for incent ives;  they need to know up front

– I ALD and other t rade organizat ions

• Ut ilit ies need ways to est im ate savings that  is not  based on size 
for prescript ive offer ings

• Bundling with other program s (e.g. Dem and Response)
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W hat  are the m arket  character ist ics 
needed to be successful?

• I nform  upst ream  actors ( in const ruct ion plan)  that  NLC is a 
requirem ent

• Lum inaires leave the factory with standardized cont rols so 
ut ilit ies know what  savings they can expect

– Som e guaranteed savings would allow ut ilit ies to t reat  light ing and cont rols 
as a system

91

Full Scale 
Adopt ion 

NC



W hat  are the technology character ist ics 
needed to be successful?

• Standardized report ing form at

• Accuracy (2% )  in metered energy use

– Need to be careful what  the accuracy m et r ic is

– Accuracy goes up, cost  goes up

– What  does it  cost  for accuracy, and what  is the ut ility willing to pay?

• ANSI  standard not  get t ing enough part icipat ion

– Ut ilit ies need to get  involved, express their needs

– Specific standards for applicat ion (parking, office)
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3  Most  I m portant  I deas/ Findings/ Takeaw ays from  the 
Group:

• Bundle NLC with other energy efficiency st rategies/ program s

– E.g. Autom at ic Dem and Response

• Lum inaires (LLLC)  shipped from  factory with standard cont rol 
st rategies;  m ay allow ut ilit ies to look at  SSL+ NLC as a system

• Agreement  between regulators, ut ilit ies, orgs set t ing standards 
of m eter m easurem ent  accuracy requirem ents/ feasibility
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Non- Energy Benefits

Background

• Non-Energy Benefits (NEBs)  
benefits beyond energy 
savings

• When value of NEBs can be 
clearly com m unicated or 
quant ified, they can be 
leveraged to increase sales 
and adopt ion

• I n som e cases, quant ified 
NEBs can be incorporated into 
ut ility cost-effect iveness 
calculat ions enabling them  to 
offer higher incent ives or 
rebates. 

Assignm ent

Brainstorm  as a group and record a br ief 
answer for each of the following quest ions:

• Which 3 NEBs provide the greatest  potent ial 
for prom ot ion and quant ificat ion?

• Which benefits need com m on term inology to 
reduce m arket  confusion?

• What  help do m anufacturers need, can they 
cooperate, what  collaborat ions are needed to 
support / prom ote this bet ter?
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NEBs

W hich 3  NEBs provide the greatest  
potent ia l for  prom ot ion and 
quant ificat ion? By ut ilit ies? By 
m anufacturers? 

1. HVAC I ntegrat ion

2. Package Remote Diagnost ic & Maintenance together

3. Circadian (but  revised to encompass broader related 
opportunit ies/ features I E. Task tuning)
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W hich NEBs need com m on term inology 
to reduce m arket  confusion? 

Start  w ith actually replacing “NEB” w ith alternat ive 
term inology (NEB  is not  accurate and does not  describe the t rue 
scope of sub categories) .

- -Such as  “user sat isfact ion”

 Not  com m on term inology but  rather ..standardize  Calculators

 Not  com m on term inology but  rather ..standardize Databases
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W hat  help do m anufacturers need, can 
they cooperate, w hat  collaborat ions are 
needed to support / prom ote this bet ter?

More and bet ter  case studies that  ...

– Relate NEB, or user sat isfact ion technologies or features back 
into energy design discussions. 

– Relate NEB, or user sat isfact ion technologies or features back 
into user energy savings quant ificat ions. 

(Must  be substant ive) .
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3  Most  I m portant  Takeaw ays from  the Group:

1. Rebrand “NEB”  itself and bet ter refine/  ident ify sub-categories

– Som e have varied types benefits 

– Som e also  include energy savings

– Consider how m ult iple benefits can be quant ified separately on the data side

2. “More”  and “bet ter ”  science based, technical reference data

– Em pir ical case studies

– Cross indust ry research

Both goals developed in support of balancing out the design and
sales discussion on the front end w ith outcom es that can be
incent ivized w ell.
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NEBs

W hich 3  NEBs provide the greatest  
potent ia l for  prom ot ion and 
quant ificat ion? By ut ilit ies? By 
m anufacturers? 

• Recom m end prior it izing NEBs by m arket  segm ent

– Healthcare and educat ion (circadian)

– I ndust r ial (safety) , 

– office (comfort , space ut ilizat ion) , 

– retail (asset  t racking)

• General recom m endat ions on end user NEBs:

1. Decreased Maintenance and Opt im izat ion costs - all

• Remote diagnost ics

2. Personal/ Locat ion Safety – all ( safety is key issue for ut ilit ies and convey safety 
messages regular ly)

3. Security (cyber)  – different iator among manufacturers
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W hich NEBs need com m on term inology 
to reduce m arket  confusion? 

• NEBs – lets define the Non Energy Benefit

Some terms considered to be NEBs should be reconsidered and 
defined (examples) :

– People Tracking (sounds creepy)

– Occupant  Opt im izat ion can this be characterized as Space Ut ilizat ion

– Circadian Cont rols versus Hum an Cent r ic light ing – hum an cent r ic can be 
too m any things

– I ncreasing Product ivity versus m ood and personalizat ion
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W hat  help do m anufacturers need, can 
they cooperate, w hat  collaborat ions are 
needed to support / prom ote this bet ter?

• Manufacturers understand the pr ior ity for the end user

– Com m unicate those prior it ies to ut ility/ program  m anagers

• Knowing which states can even approach NEBs

1. Regulatory environm ents vary in acceptance of NEBs for cost  benefit  
analysis

2. Which NEBs are act ionable in program  design

• Set  up working group to lay out  the term s, regulatory areas, 
m arket  segm entat ion of NEBs for clar ity and indust ry alignm ent
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3  Most  I m portant  I deas/ Findings/ Takeaw ays from  the 
Group:

1. I dent ify the NEBs m ost  likely to have m et r ics associated

2. Prior it ize those NEBs in the DLC NLC spec in Reported versus 
Required capabilit ies

3. Working group, anyone?
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Preparing for  Full Scale Adopt ion  -

Retrofit

Background

• A ut ilit y needs to increase their  
light ing program  savings to meet  
their  efficiency program goals. 

• Analysis shows that  part icipants are 
not  installing cont rols – a significant  
lost  savings opportunity. I f the 
cont rols are installed, the ut ilit y can 
achieve their  savings goals.

• To address, the ut ilit y plans to 
require NLCs to be installed on all 
projects beginning in 2019 in order 
to access any light ing rebates.  

• Consider from  a Ret rofit  Program 
Perspect ive 

Assignm ent

Brainstorm  as a group and record 3 bullets in 
response to each of the following quest ions:

• How does the ut ilit y prepare for this change? What  
are the 3 most  important  things they need to do to 
be successful with this change?

• What  are the market  character ist ics needed to be 
successful? This may include character ist ics such 
as educat ion of the supply chain, 
availability/ stocking, average payback, etc. 

• What  are the technology character ist ics needed to 
be successful? This may include character ist ics 
such as technology performance, simplicity, 
standardizat ion, scalability, schemat ic, etc. 
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Full Scale 
Adopt ion 
Retrofit

W hat  are the 3  m ost  im portant  things 
the ut ility needs to do to be successful 
w ith this change?

• Highly incent ivize projects early on in the program

– Will accelerate the adopt ion of NLCs

– Enables program  to collect  data early on

– Publicizing early wins will increase program  awareness

• Training, t raining, t raining

- I dent ify appropriate m em bers of the value chain to perform  this t raining

- Without  proper educat ion early adopt ion will be lim ited

• Sim plify the incent ives

– Easy to understand incent ives likely to accelerate adopt ion

– I ncent ives should align with project  costs to ensure short  ROI
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W hat  are the m arket  character ist ics 
needed to be successful?

• Product  availability

– Diverse select ion of different  products cr it ical

– Technology m ust  be easy to understand for installers and end users

• Return on investm ent  is cr it ical

– I f payback does not  m ake sense projects wont  m ove forward

– Highly incent ivize early to accelerate

• Collaborat ion within the ent ire value chain

– Will reduce confusion in the m arketplace
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W hat  are the technology character ist ics 
needed to be successful?

• System s need to be sim ple to install,  configure, and use

• Accurate validat ions need to be in place to confirm  that  system s 
are perform ing as expected

• Products need to have som e standardizat ion 

– Without  a com m on plat form  adopt ion m ay be lim ited
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3  Most  I m portant  I deas/ Findings/ Takeaw ays from  the Group:

• Return on I nvestm ent

– I f the ROI  is too far out , program will not  gain t ract ion

– Highly incent ivize early on 

– Provides an opportunity to collect  data

• Training, t raining, t raining

– Need to explore best  methods to t rain high volumes of people effect ively

– I dent ify the appropriate members of the value chain to perform  this t raining

• Sim plicity of NLC system s

– Need to get  to the point  where NLCs are like cell phones.  Regardless of manufacturer 
and plat form  the technology is easy adapted to

– Simplicity in the systems will help accelerate adopt ion
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Full Scale 
Adopt ion 
Retrofit

W hat  are the 3  m ost  im portant  things 
the ut ility needs to do to be successful 
w ith this change?

• Com prehensive: A m ore holist ic approach to the whole system . 
• Greater incent ives that  m atch percentage- w ise som e older rebate 

program s( covering the increm ental cost  from  t radit ional controls to NLCs:
– Larger rebate incent ives, possibly incent ives that  are for below code ( for states that  

don’t  allow rebates for going to code and have st r icter requirem ents ( i.e. California 
Tit le 24 Part  6) ) . 

– I ncent ivize to light ing cont ractor as an opt ion over account  holder. (sim ilar to East  
Bay Energy Watch in California)

– Open to rebat ing non-LLC 

• Capturing savings is a m ust : Not  enough to install,  ut ilit ies need to have confidence 
that  cont rols will be used consistent ly. Possibly incorporate with DR program , Tying the 
pathways of ut ility rebate with future possible DR revenue

– This m ay exclude system s that  don’t  have direct  DR capability.

• Educat ion: Contractors and sales reps on rebate resources. Educate Sales Reps of 
exist ing businesses to feel com fortable explaining NLCs and their benefits
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W hat  are the m arket  character ist ics 
needed to be successful?

• New revenue branch

• Open to m ore m id-st ream rebate program s

• Consider, revenue of software, for storage data, support , 
m onitor ing

• Rebate for cont rols going beyond code.

• Easier specificat ion for ret rofit

• Market  being educated on rebate program s

• Consistency with LLC types. Supply more accessible. I f an NLC-
com ponent  fails early then replacing that  part  m eans an order, 
not  just  “a run to the hardware store”.109

Full Scale 
Adopt ion 
Retrofit



W hat  are the technology characterist ics 
needed to be successful?

• St ill open to accept ing non-NLC projects

• Adapt ive legacy support .

• Fully backward com pat ible, especially with 0-10V systems. No  
need for all to becom e digital system s

• Simple adaptat ions

• Developed writ ten and recognized standard

• I ntegrat ion with any non- ret rofit ted areas of building
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3  Most  I m portant  I deas/ Findings/ Takeaw ays from  the 
Group:

• 1 A m ore holist ic approach for light  system  approach. Possible 
incorporat ion with DR light ing program  and incent ivizes beyond 
code.

• 2 Educat ion to Cont ractors and Market  to be able st ream lined to 
easily inform  custom ers about  obtaining rebates.

• 3 Ret rofit  custom ers need to be ensured that  NLC will be fully 
backwards com pat ible with exist ing technology and useable for 
years in the future.
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Ut ility I ncent ives 

Background

Ut ilit ies would like to increase 
their incent ives for networked 
light ing cont rols but  are 
concerned about  the cost-
effect iveness and r isk of not  
realizing the savings they 
predict .

How do they just ify higher 
incent ives and m it igate r isk? 

Assignm ent

Brainstorm  as a group and record 3 bullets in 
response to each of the following quest ions. 
Please be as detailed as possible. 

• What  are 3 convincing argum ents that  can 
be m ade, or analysis that  can be done, to 
convince senior level m anagem ent  and/ or 
regulators to offer higher than norm al 
incent ives for networked light ing cont rols?

• What  are 3 st rategies the ut ility can use to 
m it igate r isk and help ensure they realize 
high levels of savings for the high levels of 
incent ives they offer?
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W hat  are 3  convincing argum ents to 
analysis to convince m anagem ent  or 
regulators to offer  higher than norm al 
incent ives for  NLCs?

• Three key factors are squeezing programs:  

– rising baselines, increased goals and TRMs that  reduce hours of operat ion 
beyond what  is actually occurr ing reduce the savings opportunity. 

– NLCs create an opportunity to address those r isks by providing deeper 
savings and m onitor ing to actually docum ent  hours of operat ion.

• Rest ructure savings program s so there is a higher pr ior ity on 
cont rols. Designs should m axim ize the behavior that  encourages 
NLCs. 

• By com bining cont rols and light ing would m inim ize evaluat ion 
r isk, it  creates a bet ter custom er lifecycle cost  and com bining 
them  would im prove project  econom ics and savings.  
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W hat  are 3  st rategies the ut ility can use 
to m it igate r isk and help ensure they 
realize high levels of savings for  the high 
levels of incent ives they offer?

• Because energy savings vary so widely by project , the biggest  
r isk for ut ilit ies to a poor evaluat ion from  a few single sites. 

– Develop a standard sequence of operat ions (occupancy sensing, task 
tuning, t im eouts, etc, is it  ready to support  start-up) , which will im prove 
standardizat ion of installat ion and start-up.  

– Use m onitor ing data to develop and preponderance of evidence, so that  
projects  port folios aren’t  j udged by a sm all sam ple size. This could involve 
a standardized report ing m ethod and evaluat ion approach such as I PMVP 
Opt ion B. 

• Using energy m onitor ing, ut ilit ies can offer ret ro-com m issioning 
services for projects that  do not  m eet  expectat ions to reduce the 
r isk from  evaluat ion
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3  Most  I m portant  I deas/ Findings/ Takeaw ays from  the 
Group:

• 1 – Monitor ing really can help reduce r isk

• 2 – standardizat ion is key

• 3 – Prior it ize cont rols in your port folio st ructure
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W hat  are 3  convincing argum ents or 
analysis to convince m anagem ent  or 
regulators to offer  higher than norm al 
incent ives for  NLCs?

• Arguments for higher incent ives for NLCs

– Program redesign to make it  more systemat ic (custom )

• I ntegrate the light ing & NLC into one system and incent  the whole system (don’t  t reat  the components as separate elements)

• Design new programs based upon ent ire systems (NLC and beyond – e.g. BMS, etc)  enlarge the pool of energy benefits as a means of enlarging the 
incent ive funding

 Program s are custom  but  ‘The New Custom ’ accessible, verifiable, and always the m ost  generous

• Develop dedicated market ing programs & related collateral specific for NLCs

 Address the regulatory and inter-ut ilit y barr iers/ const raints that  lim it / cap project  incent ives

 Leverage inform at ion technology to reduce overhead costs of program  adm inist rat ion.

– Require energy data for NLC incented projects to provide verificat ion of realized addit ional energy savings

– Build incent ives based upon long- term / lifecycle energy savings and operat ing expenses

 Total costs over the expected or econom ic life of the system

• Analysis that  can be done for higher incent ives for NLCs

– What  is the market  cost  for NLCs integrated into light ing system s? 

 The DLC study focused on the delta of increased energy savings.

 What  is the delta for the increased installed cost  (m aterials & labor)116
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W hat  are 3  st rategies the ut ility can use 
to m it igate r isk and help ensure they 
realize high levels of savings for  the high 
levels of incent ives they offer?

• St rategies that  ut ilit ies can use to m it igate r isk

– Require energy data for all NLC projects

– Delayed/ withheld incent ives paid based upon realized energy savings

 %  of incent ives withheld and paid out  periodically based upon m easured & 
verified energy savings 

– I ncrease the pool of qualified NLC professionals (sales >  design >  engineer 
>  install >  program  >  com m ission >  use)

 Training & designat ion/ cert ificat ion program s for every role in the channels

• New Const ruct ion & Ret rofit  channels differ and t raining program s developed for 
each.
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3  Most  I m portant  I deas/ Findings/ Takeaw ays from  the Group:

• 1 Arguments for higher incent ives for NLCs

– Program  redesign to m ake it  m ore system at ic (custom )
• Based upon ent ire system s (NLC and beyond – e.g. BMS, etc)  

• enlarge the pool of energy benefits ≈ >incentive funding
 ‘The New Custom ’ accessible, ver ifiable, & always the most  generous

 Address the regulatory and inter-ut ility barr iers/ const raints that  lim it / cap project  incent ives

– Require energy data for NLC incented projects to provide verificat ion of realized addit ional energy savings

– Build incent ives based upon long- term / lifecycle energy savings

• 2 Analysis that  can be done for higher incent ives for NLCs

– What  is the m arket  cost  for NLCs integrated into light ing system s? 

 The DLC study focused on the delta of increased energy savings. What  is the delta for the increased installed cost  
(m aterials & labor)?

• 3 Means of m it igat ing r isk

– Require energy data

– Delayed/ withheld incent ives paid based upon realized energy savings

– I ncrease the pool of qualified NLC professionals (sale >  design >  engineer >  install >  program  >  com m ission >  use)118
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W hat  are 3  convincing argum ents of 
analysis to convince m anagem ent  or 
regulators to offer  higher than norm al 
incent ives for  NLCs?

• Provide Test im onials (co-branded with ut ilit ies)  from  custom ers 
with successful NLC systems.

• Prom ote the value and capability of NLC to provide 
Comprehensiveness – can cont rol m ore (plug load, pum ps & 
m otors, etc.)  – X%  of savings is not  light ing anym ore. 
I nvestm ent  in NLC interoperability can add to other connected 
building system efficiencies.

• I nit iate pilot  program s to show interoperability capability.

• Use third-party validat ion of NLC project  data to illust rate 
potent ial for reducing com plexity and im plem entat ion costs of 
program s.
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W hat  are 3  st rategies the ut ility can use 
to m it igate r isk and help ensure they 
realize high levels of savings for  the high 
levels of incent ives they offer?

Reduce t im e and cost  by energy m onitor ing – can verify 
persistence for those program s with lifet im e goals. Require M&V as 
part  of the program  requirem ents.

Recom m end post- install recom m issioning opportunity for deeper 
customer engagement  and deeper savings.

Validate savings project ions w/ data loggers, to allow credible use 
of m anufacturer project  savings data. Have DLC require a third-
party verificat ion to be on the QPL.
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3  Most  I m portant  I deas/ Findings/ Takeaw ays from  the 
Group:

• Need to allow future r isk m it igat ion by encouraging t raining.

– Proper t raining will clar ify m arket  capabilit ies and costs

– Coordinat ion of indust ry approach to t raining will facilitate adopt ion

• Need to invest  in pilots that  show comprehensiveness.

– NLC can augm ent  efficiency of other connected building system s

• Need third party validat ion of savings project ions.

– Will allow use of m anufacturer data to com plim ent  pilot  studies
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Program  Approach and Market ing 

Background

• Efficiency programs, serving as brand-
neut ral advocates, are invaluable in 
support ing the educat ion, awareness, 
and credibility of emerging technology 
such as NLC.  

• NLC adopt ion is hindered by lim ited 
awareness of it s benefits, and of 
available rebates and incent ives.  
Different  types of NLC systems (sim ple 
vs. comprehensive)  are appropriate for 
different  types of custom ers.  

• Some vert ical markets, such as 
commercial office space, cam puses, 
retail,  warehouse, and healthcare m ay 
benefit  from  custom ized prom ot ions. 

Assignm ent

Answer the following quest ions:

• I s it  bet ter to have a single program  offer ing for all 
customers or should it  be tailored by vert ical market?

• Which vert icals would provide the greatest  benefit  of a 
custom ized program and market ing approach?

• What  elements should a custom ized approach include?

– Custom ized literature by vert ical?

– Custom ized rebates/ incent ives by vert ical?

– Case studies by vert ical?

– NEBs prom ot ion by vert ical?

– Etc.
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Market ing

I s it  bet ter  to have a single program  
offer ing for  a ll custom ers or should it  be 
ta ilored by vert ical m arket?   
• Both – single broad offer for all,  but  targeted  offers for some markets

• Depend on ut ilit y resources, and need to balance incent ives

• Use based on power density, several vert icals could work (segment  by use:  indust r ial vs 
office)

– I ncent ives could be different , but  not  too deep into m ult iple different  m arkets/ offers

• Hours of use are more important  than power density when LPDs are plummet ing

– Need to be cost  effect ive, (designing to .4 w/ ft2 in Tit le24)

– Percept ion is that  we won’t  see big delta in savings between with or without  NLC

– Need to offer other benefits, beyond energy benefits 

– Designer/ arch/ client  sells to end user

 Needs to be required by end user or cont ractors will com e in with least  cost  opt ion

• Need to know r ight  system for applicat ion

• This is Market  educat ion rather than “market ing”
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W hich vert icals w ould provide the 
greatest  benefit  of a  custom ized 
program  and m arket ing approach?
• Broad program  highest  rate (sm ud)

• Office – sm all to m idsize especially ( t ransit ion during fit  out )

– Property managem ent  com panies, com pet it ive advantage 

• Warehouse space types

• University cam pus 

• Possibly healthcare, but  challenges in int r icacies of design

• Price tag turns custom ers off,  how to pay for that? I ncent ives help go 
beyond code

• Hum an cent r ic – t im ing and custom izability (need standardizat ion 

– Healthcare and educat ion
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W hat  elem ents should a custom ized 
approach include?
• I ncent ive adders are easiest  m odel to use (but   r isk not  get t ing savings)

• Higher incent ive rate based on kwh/ sq ft

• Need research on system s, proven m odels

• Need data on case studies, show im pact  and benefits, custom izability

– Paybacks, evidence 

• Light ing cost  models, energy m odels, showing im pacts of cont rols, metering before project

• Case studies on installat ion success – for facility m anagers

• Ability to modulate, custom ize system

• Human cent r ic effects benefits

• Mandates or m ot ivated by reducing carbon footpr int

• Target  benefit  by user interest-Financial vs non energy 

– University may be more interested in non-energy benefits

– Corporate m ay be m ost ly bot tom  line – at t ract  retain employees, opt im ize space

– Tenant  space may find green and energy benefits will give com pet it ive advantage
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3  Most  I m portant  I deas/ Findings/ Takeaw ays from  the Group:

• 1 Single broad offer with targeted offers for som e m arkets that  have 
very different  hours of use and end user needs (warehouse, office, 
university, healthcare)  but  not  too m any different  offers

• 2 Need to include verified successful installat ions, tailored for given 
m arket  (not  always energy benefit )

– Corporate:  financial analysis, employee recruitment  retent ion, space 
opt im izat ion

– University:  financial, non-energy benefits

– Mid size office:  tenant  fit  out  opportunity to be more compet it ive 

• 3 Addit ional selling point :  Connect ion to I nternet  of things through the 
NLC system  separated/ isolated from  building I T system
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Program  Approach and Market ing 

Background

• Efficiency programs, serving as brand-
neut ral advocates, are invaluable in 
support ing the educat ion, awareness, 
and credibility of emerging technology 
such as NLC.  

• NLC adopt ion is hindered by lim ited 
awareness of it s benefits, and of 
available rebates and incent ives.  
Different  types of NLC systems (sim ple 
vs. comprehensive)  are appropriate for 
different  types of custom ers.  

• Some vert ical markets, such as 
commercial office space, cam puses, 
retail,  warehouse, and healthcare m ay 
benefit  from  custom ized prom ot ions. 

Assignm ent

Answer the following quest ions:

• I s it  bet ter to have a single program  offer ing for all 
customers or should it  be tailored by vert ical market?

• Which vert icals would provide the greatest  benefit  of a 
custom ized program and market ing approach?

• What  elements should a custom ized approach include?

– Custom ized literature by vert ical?

– Custom ized rebates/ incent ives by vert ical?

– Case studies by vert ical?

– NEBs prom ot ion by vert ical?

– Etc.
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I s it  bet ter  to have a single program  
offer ing for  a ll custom ers or should it  be 
ta ilored by vert ical m arket?   

• Start  broad:  think billboards and m ailers with a generic m essage 
that ’s applicable to everyone.

• Then segm ent  by building size. This correlates decent ly to fixture 
types and power classes.  Slight ly more specific market ing 
messages.

• Then segm ent  by vert ical.  This give you LPD and ability to use 
cont rols.  Manufactur ing and warehouses are both 35’ highbay, 
with very different  light ing power fingerprints.  Vert ical-specific 
market ing messages, sensit ive to different  fiscal cycles, 
ownership pat terns.
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W hich vert icals w ould provide the 
greatest  benefit  of a  custom ized 
program  and m arket ing approach?
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W hat  elem ents should a custom ized 
approach include?
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Program  
Approach 
Market ing

I tem Do w e need it?

Custom ized literature by vert ical? Yes

Custom ized rebates/ incent ives by vert ical? Yes

Case studies by vert ical? Yes

NEBs prom ot ion by vert ical? Yes, with caveats



3  Most  I m portant  I deas/ Findings/ Takeaw ays from  the 
Group:

• Prep the market  with a broad, universal message

• When custom ers begin to knock on the door, have m ore specific 
messages ready for them .

• With the com plexity of the delivery chain, is there a role for 
upst ream  rebates with NLCs to pr im e the pum p?
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Training Needs

Background

• Perceived and real difficulty of 
installing and commissioning 
networked light ing cont rols 
increases installat ion costs and 
creates disincent ives to promote 
them to customers. 

• DLC and member ut ilit ies have 
been developing t raining with 
the goal to de-myst ify NLCs and 
increase their use, especially in 
the small C&I  spaces that  
legacy cont rols have largely 
bypassed

• How do we get  the m arket  well-
t rained and inform ed – at  scale 
– on this technology?

Assignm ent

Brainstorm  as a group and record a brief answer 
for each of the following quest ions:

• What  kind of t raining is needed?  

– Foundat ional or Product-specific?  A m ixture?  

– Single sessions or a series?  

– Code-based or feature-based?

• When DLC's NLC t raining goes online, what  
m ight  an in-person system specific supplement  
look like?

• What  incent ives should there be for receiving 
this t raining? CEU/ licensure? Requirement  for 
incent ive part icipat ion?  General market ing 
compet it iveness?
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Training 
NeedsW hat  k ind of Training is Needed?

• Som e product-specific t raining is definitely worthwhile.

• Foundat ional t raining is necessary.

• Som e m inim um  system -specific t raining (but  taught  by 
independent  t rainer) .

• Then manufacturers can help by providing system -specific 
t raining.  Worthwhile to have som e fram ework for the type of 
t raining they m ight  offer?
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Training 
NeedsW ho needs the Training?

• I nstallers

• Ut ility EE “salespeople”

• Dist r ibutors
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W hen DLC’s Training goes Online, w hat  
m ight  an in- person system - specific 
supplem ent  look like? 

• Foundat ional m aterial from  an on- line class should be repeated 
at  the in-person class ( to reinforce the basics) .

• Applicat ion workshop – how to select  a system for a specific 
project

• Hands-on t raining led by independent  t rainer?

• Hands-on t raining with (hopefully)  m ult iple vendors?

• Mini- t rade show with m ult iple vendors?
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W hat  incent ives should there be for  
receiving this t ra ining?

• Specifier incent ive (a la Efficiency Verm ont ’s RELI GHT program )

• I nstaller incent ive

• Work with I BEW (or other groups)  to m ake this part  of their  
t raining curr iculum ?
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3  Most  I m portant  I deas/ Findings/ Takeaw ays from  the 
Group:

• 1 – Beneficial to have different  areas of focus in different  types 
of t raining classes/ offer ings (on- line?)

• 2 – Prom ote the availability of t raining classes and other 
educat ional offer ings! ! !

• 3 – TRAI N THE TRAI NERS! !
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3  Most  I m portant  I deas/ Findings/ Takeaw ays from  the 
Group:

• Solid foundat ional online t raining with refreshers as technology 
changes

• Supplem ental in person t raining is crucial

– Applicat ion specific and product  specific

• “ I nteroperability of language” :  I f we’re not  using the sam e 
vernacular, that  kills the whole NLC process.

• Everyone needs to be touched by some t raining ( regardless of 
incent ives available to that  group)
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Training 
NeedsW hat  k ind of Training is Needed?

• Foundat ional online t raining first  and then m ove to product  specific afterwards, likely mult iple t imes

• Different  level/ depth of t raining for different  user groups

– For example:  high level/ broad for ut ilit ies, and product  specific for installers

• Different iate ret rofit  vs. new const ruct ion

– Might  be ent irely different  solut ions, and doing a single t raining can m uddle the issue.

– Often different  codes apply

• “Two-way t raining”  so that  the expected outcom es can be balanced by what  the manufacturers can 
deliver.

– Speed dat ing in Vermont !  An event  to match manufacturers and cont ractors/ designers.

– Single event  made it  easier for cont ractors to make it  instead of host ing new m anufacturers week after week.

• How- to videos for installing system s

– Cont ractors can reference as needed ( in the field or at  their  desk as a refresher)
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W hen DLC’s Training goes Online, w hat  
m ight  an in- person system - specific 
supplem ent  look like? 

• Prim arily for cont ractors

– Physically having their hands on the product  is the m ost  im portant

– Builds fam iliar ity before they’re in front  of a custom er

– Helps relate to a product  dem o that  they m ight  have seen prior/ online

– Com m on applicat ions in the field - show different  scenarios so it  can be 
direct ly applied into projects

– Being able to relate and reinforce how different  NLC features look between 
system s (understanding of com m on language is im portant )

• Have in person t rainers give contact  info for local reps who 
cont ractors can follow up with afterwards to t roubleshoot , etc.
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W hat  incent ives should there be for  
receiving this t ra ining?

• Preferred provider groups can allow for m ore incent ives to go to highly t rained 
cont ractors/ vendors

– Can lim it  certain incent ives to ONLY this group of preferred provider group

– Can be based off of exist ing t raining framework that  ut ilit y employs (which allows 
int roduct ion of new t raining programs)

• “Prem ium ”  concept  based on people rather than product

• Cert ified network based on system s where people are constant ly updat ing 
with changing technology

• General m arket  com pet it iveness is not  enough. Market ing for “qualified”  
groups is not  enough.

– Money talks!  Somet imes people will specify SSL products with NLCs because they know 
it ’ll get  a higher rebate, even if it  doesn’t  go direct ly to them (eg. to a t rained designer)
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W ho needs the t ra ining?

• Whoever is im plement ing at  the end of the process

• Anyone in supply chain

– Designers

– Cont ractors

– Suppliers

– Sales at  manufacturers

• Ut ility staff

– Engineers who are talking on the phone with customers

– Account  managers selling the customers
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NLC V3 .0  Specificat ion 

Feedback and Discussion
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Netw orked Controls Revision Cycle

Technical Requirem ent         
Revised Annually every June 1

Revision process begins every 
January to allow t im e for 
stakeholder input

One Year Grace Period:  

re-apply under last  year ’s version.



Tim eline for  V3 .0  Controls Spec
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1/ 22 

Draft  1

2/ 26 
Com m ents 

due

3/ 15 
Sum m it

4/ 13 

Draft  2

5/ 10 
Com m ents 

due

6/ 1 

Final 
release



Com m ent  Sum m ary

• 86 comments from :

– 12 Manufacturers 

– 1 Trade Associat ion

– 1 Lab

– Thought ful, generally posit ive tone

147



Session Logist ics

• Panel to open each session

• Open discussion

• Live polling
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3 Sessions

• Energy Monitor ing:  Opportunity

• Cybersecurity:  Risk

(Break)

• Misc.



Energy Monitor ing
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Projected first-year energy savings



Energy Monitoring: 3  Approaches 

1 . Direct  Measurem ent  – Light ing system  
measures energy use with integrated meters in 
devices and/ or circuit  level cont rollers

2 . Calculated – Light ing system calculates 
energy use from  dim m ing signal and factory-
program m ed wat tage 

3 . Calculated w ith Manual I nput – Light ing 
system calculates energy use from  dimm ing 
signal and fixture wat tage input  into system  by 
installer or com m issioning agent
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Energy Monitor ing: 
First  Draft  Proposal

152

June 2 0 1 8  V3

• The Energy Monitor ing capability is Reported ,  
not  Required.  

• This opt ional capability can only be claim ed if 
Direct  Energy Measurem ent is used. 
Calculated m ethodologies will not  be accepted. 

June 2 0 1 9  V4

• The Energy Monitor ing capability is Required .  
I n order to qualify, a system  m ust  be capable 
of Energy Monitor ing.  



Stakeholder Com m ent  Sum m ary

Standards

DLC should not  disallow “calculated”  m ethods. Som e “calculated”  system s 
m ight  theoret ically be able to achieve an accuracy standard. Rather DLC should 
require an accuracy standard, and not  specify the m eans to achieve it .  

Granular ity of Measurem ent

Confirm  that  circuit- level m etering is an opt ion and fixture level is not  required. 

Tim ing

2019 is too soon to require Energy Monitor ing and no longer allow “calculated”  
m ethods. 2020 m ay be acceptable. 
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Clarificat ions

• Circuit  level m etering is acceptable. DLC will revise definit ion.

• Grace Period Policy:  The 1-year grace period enables a qualified 
system  to re-apply in 2019 under V3, to rem ain qualified unt il 
June 2020, 2 years from  now. 
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June 2018

EM is Reported in V3

June 2019

EM is Required in V4

Qualified system s can re-
apply once under V3

June 2020

EM is Required



Energy Monitor ing: 
Revised Proposal

155

June 2 0 1 8  V3

• The Energy Monitor ing type is Reported ,  
whether “Direct  Measurem ent ”, or “Calculated”.  

June 2 0 1 9  V4

• Energy Monitor ing Capability is Required & m ust  
com ply with forthcom ing ANSI  accuracy standard.

• I f ANSI  standard is not  available yet , then 
calculated m ethodologies will not  be accepted. 
Manufacturers will self- report  accuracy of direct  
m easurem ent  m ethods. 

• Opt ion to reapply under V3 with 1-year grace period.  

June 2 0 2 0  V5

• Energy Monitor ing Capability is Required



Energy Measurement:
Updates on the Puzzle Solution

15 March 2018 - San Ramon, CA

Jeremy Yon - jeremy.yon@ge.com



Energy Measurement:  WHY?

• Building Management

• Evaluation and Verification

• Regulatory

• Financial

• System Management

• Electric Grid

• System Efficiency Initiative 

(Alliance to Save Energy)

– www.ase.org/SEI

Energy Measurement: Updates| 15 March 2018 157



Energy Measurement:  Four-Part Puzzle

Energy Measurement: Updates| 15 March 2018 158

TBD (Multiple)

ANSI C136 (Roadway/Area)

NEMA

ANSI C137ANSI C136 (Roadway/Area)

ANSI C12 (Revenue)

Testing 
Method

Use Case 
Research

Product/ 
Capability

Standards

Statistical 
Justification



Part One: Testing Method

Draft-ANSI C136.50 – For Roadway and Area Lighting Equipment –

Revenue Grade Energy Measurement within a Locking type Control Device

Draft-ANSI C136.52 – For Roadway and Area Lighting Equipment –

LED Drivers with integral Revenue Grade Energy Measurement Means

159Energy Measurement: Updates| 15 March 2018

• 30 Member Organizations NEMA 

acts as Secretariat

• Expected 2019          (Roadway & 

Area)

• Test Conditions

• Accuracy Tests

• Watts & impacts of parameter changes

• Operational Performance Verification

• External Influences Performance Verification



Part Two: Use Case Research

ANSI C137 Ad-Hoc Committee: Energy Prediction and Measurement

160Energy Measurement: Updates| 15 March 2018

• 34 Member Organizations

• NEMA acts as Secretariat

• Identified Targeted Use Cases

• Performance contracting

• Utility EE programs

• System Energy Management

• Distributed Performance

• System Performance

• Codes/Standards/Certifications

• Progress: Surveys completed and being 

reported to Committee this Month

• Energy Solutions under contract to the DLC
• 2 Surveys on Performance Contracting

• 6 Surveys on Energy Performance Verification

• 1 Survey on System Energy Management

• Next Steps:

• Creating a proposed Use-Case definition 

and identifying the most appropriate 

Standardization vehicle



Part Three: Statistical Justification

NEMA Lighting Systems Division: Lighting Controls Section: 

Evaluation Grade Classification AD HOC

161Energy Measurement: Updates| 15 March 2018

• 7 Members

• Administered by NEMA

• Completing initial framework 

for publication or transference

• Collaborating with evaluation 

experts

• Expected Late 2018

• Documenting strengths and limitations of 

existing industry references

• Researching stakeholder sensitivities to 

Accuracy and Precision of distributed data

• Documenting statistical proofs of 

comparability and guidelines

• Working toward a list of requirements to 

enable equivalency of different data sampling



Part Four: Product/Capability Standards

APPLICATION/USE CASE SPECIFIC

162Energy Measurement: Updates| 15 March 2018

• Define Reporting Parameters

• Define Accuracy/Precision

• Define Acceptance Criteria

• Roadway and Area Lighting Equipment

• Draft-ANSI C136.48 – Networked Lighting Controllers (NLC)

• Locking-type socket controller

• Expected Q4 2018 (Roadway & Area)

• Other Use Cases– TBD

• Indoor Commercial Distributed systems {{xxxx standard}}
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Takeaways
• Many experts working in parallel coming 

up with the puzzle pieces 

• Minimizing overlap!

• Always room for more expertise

• Time is needed for good execution

• Execution requirements will be tailored to 

application/use case

• Engagement with various “consumer-

approver” critical for adoption

• Outcome target is a range of scalable 

system solutions

• ANSI committees are open to all interested 

parties and are particularly in need of those in 

the underrepresented categories of ‘End User’ 

and ‘General Interest’.

Questions/thoughts:

Jeremy Yon

jeremy.yon@ge.com





Advanced Light ing Controls in 
New  &  Exist ing Buildings –
Energy Monitor ing & Report ing

Peter Schwartz, Principal I nvest igator, LBNL



Agenda 

Present  an overview of LBNL research results, detailing the 
difference in accuracy between calculated vs. m etered energy

 Methodology

 Results

 Summary of I ssues 
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Methodology
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FLEXLAB
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LBNL's FLEXLAB facility. 
Experim ent  ut ilized one of two 
rotat ional test  cells in photo.



Advanced Light ing Controls 

 FLEXLAB Test
• Monitor Energy Savings & 

Perform ance of various light ing 
cont rols st rategies is cont rolled, 
highly m onitored environm ent

 CARB Field Test
• Explore som e of sam e cont rolled 

st rategies in a Chinese office 
environm ent

169

Sensors in 
China ‘Drive’ 

FLEXLAB



FLEXLAB Test  Cells
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Advanced Light ing Controls 
Schemat ic FLEXLAB Experim ent  Overview 

171

 Top schem at ic sum m arized test ing between 2/ 12/ 15 & 3/ 8/ 15, while bot tom  schem at ic 
sum m arizes test ing between 3/ 8/ 15 & 4/ 1/ 15. 



Results
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Advanced Light ing Controls
Cont rols Scenarios:  Step-Dimming  

173

 Reported vs. m easured power values for fluorescent  ( left)  & LED 
fixtures ( r ight)  during stepped dim m ing;  lower plot  shows difference

Under- report ing Over- report ing



Advanced Light ing Controls
Cont rols Scenarios:  Daylight  Harvest ing

174

 Reported vs. m easured power values for fluorescent  ( left)  & LED fixtures ( r ight)  during 
daylight  harvest ing;  lower plot  shows difference

Over- report ing due 
to change- of- state



Advanced Light ing Controls
Cont rols Scenarios:  Occupancy Sensor
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 Reported vs. m easured power values for fluorescent  ( left)  & LED 
fixtures ( r ight)  during occupancy sensing;  lower plot  shows difference



Controls Scenarios
Occupancy Sensor & Daylight  Harvest ing
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 Reported vs. m easured power values for fluorescent  ( left)  & LED fixtures ( r ight)  during 
occupancy sensing & daylight  harvest ing;  lower plot  shows difference



Advanced Light ing Controls
Baseline Power Measurements
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 Baseline reported & m easured FLEXLAB lum inaires’ power 
averaged for 10 days running at  full power for 12 hours/ day, 
& %  difference between m easured & reported values



Advanced Light ing Controls
Step Dimming
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 Reported & m easured FLEXLAB lum inaires’ power, & difference between m easured & reported 
values



Advanced Light ing Controls
Step Dimming—LED Calibrat ion
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 Reported & m easured (FLEXLAB)  power for LED lum inaires;  after reported power 
correct ion;  clearly illust rates issues related to im proper dim m ing curves & im pacts 
these have on reported wat tages 



Advanced Light ing Controls
Daylight  Harvest ing
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 Daylight  harvest ing reported & m easured m ean power & %  difference 
between m easured & reported values, for all lum inaires:



Advanced Light ing Controls
Occupancy Sensing
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 Occupancy sensing reported & m easured m ean power & %  difference 
between m easured & reported values, for all lum inaires:



Advanced Light ing Controls
Occupancy Sensing plus Daylight  Harvest ing 
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 Occupancy sensing plus daylight  harvest ing, reported & m easured m ean 
power & %  difference between m easured & reported values, for all 
lum inaires:



Advanced Light ing Controls – Energy 
Savings from  Different  Cont rols St rategies
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 Average FLEXLAB- reported power, under all lum inaires’ cont rol st rategies:



Advanced Light ing Controls – Energy 
Savings from  Different  Cont rols St rategies
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 Average power as reported by light ing control system ,  under all cont rol 
st rategies, for all lum inaires:



Sum m ary of I ssues
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Sum m ary of I ssues

 Energy monitor ing using Advanced Light ing Cont rols that  employ fixture- lamp-

ballast  lookup tables dictate energy report ing accuracy 

 Default  tables are typically highly inaccurate

 At  the boundaries (Full-on/ Full-off ) , cont rols either over- or under- report  energy 

levels

 No one pays cont ractors or cont rols manufacturers/ commissioning agents to 

update resident  lookup tables to what  is ult imately installed in the field

 Lamps & ballasts change over t im e due to replacement  upon burnout  or during 

tenant  improvem ents or renovat ions

 Cont rols manufacturers can provide m ore accurate report ing if provided accurate 

fixture- lamp-ballast  operat ional data for various cont rol st rategies – Rarely 

happens!
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I ssues: Market  Discont inuity Areas★
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Key players 
im pact ing look- up 
table accuracy

★ ★



Advanced Light ing Controls 
Verifying Deep EE Savings – Data Value

 This type of data has been m issing unt il recent ly & m ay have value in a variety of 
ways:

• Building m anagers can see exact ly how m uch energy their  system s are using & explore 
st rategies for achieving deeper savings.

• Light ing cont rols m anufactures can bet ter m arket  their  system s by showing potent ial 
custom ers verified savings reports for sim ilar custom ers’ applicat ions.

• EE program  designers m ay be m ore interested in prom ot ing light ing cont rols system s 
investm ents when the r isks associated with variable and/ or unverified savings are m it igated.

• Regulators with an interest  in reducing overall building energy use ( rather than sim ply reducing 

light ing power density) can use this data for com pliance verificat ion for next  generat ion 
“outcom e-based”  codes. 

188

Increasingly sophisticated and “connected” lighting controls systems are starting to address the dilemma of 

how to estimate energy use & savings down to the individual luminaire level & estimate how much energy 

the system is saving from each control strategy (e.g., daylight harvesting, occupancy sensing, etc.) to 

establish the foundation to move towards verifiable “outcome-based” code compliance.



Advanced Light ing Controls 
Verifying Deep EE Savings – Energy Report ing

 No exist ing standards or test  procedures that  describe how light ing cont rols 
system s should m easure, est im ate, record or report  energy use or at t r ibute energy 
savings. 

 Num erous factors m ay lead to inaccuracies in collect ing these data, including:

• Poorly calibrated power meters

• I naccurate look-up tables

• I naccurate savings at t r ibut ion algorithms

• I nsufficient ly programmed ‘change-of-state’ levels & t ime steps

189

This project  direct ly addresses this issue by m easuring light ing system  perform ance over a broad 
range of condit ions & cont rols set t ings, & then com paring reported lum inaire- level energy use to 
m easured energy use. While the test  described in this report  presents the reported-versus-
m easured results for a specific light ing system , the m ethodologies developed can be applied m ore 
broadly to light ing cont rols system s generally. Ult im ately these m ethods m ay lead to test  
procedures and codes for light ing cont rols system s that  ensure accurate and uniform  energy use 
report ing. 



Advanced Light ing Controls 
Verifying Deep EE Savings

 LBNL has for the first  t im e direct ly addressed this issue by:

 Measuring light ing system performance over a broad range of condit ions & 
cont rols set t ings in a highly cont rolled FLEXLAB environment

 Comparing reported lum inaire- level energy use to measured energy use
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While the test  described in this report  presents the reported-versus-m easured results 
for a specific light ing system , the m ethodologies developed can be applied m ore 
broadly to light ing cont rols system s generally. Ult im ately these m ethods m ay lead to 
test  procedures and codes for light ing cont rols system s that  ensure accurate and 
uniform  energy use report ing. 



Contact  I nform at ion

 Peter M. Schwartz, LBNL
 pm schwartz@lbnl.gov
 + 1(510)  486-6926
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LBNL FLEXLAB 

Facility



Energy Monitor ing: 
Revised Proposal

192

June 2 0 1 8  V3

• The Energy Monitor ing type is Reported ,  
whether “Direct  Measurem ent ”, or “Calculated”.  

June 2 0 1 9  V4

• Energy Monitor ing Capability is Required & m ust  
com ply with forthcom ing ANSI  accuracy standard.

• I f ANSI  standard is not  available yet , then 
calculated m ethodologies will not  be accepted. 
Manufacturers will self- report  accuracy of direct  
m easurem ent  m ethods. 

• Opt ion to reapply under V3 with 1-year grace period.  

June 2 0 2 0  V5

• Energy Monitor ing Capability is Required



Live Poll: Energy Monitoring 
Quest ion 1

Do you approve of the general 
direct ion of DLC’s Revised Proposal?

a. St rongly support

b. Support

c. Neut ral

d. Object

e. St rongly object
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Energy Monitoring: 
Quest ion 1

Do you approve of the general 
direct ion of DLC’s Revised Proposal?
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Energy Monitoring: 
Quest ion 2

How is DLC’s t im ing?

a. Much too fast

b. A bit  fast

c. Acceptable

d. A bit  slow

e. Much too slow
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Energy Monitoring: 
Quest ion 2

How is DLC’s t im ing?
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Cybersecurity



W hat ’s so im portant  about  cybersecurity?

198 wikim edia com m ons goodfreephotos.com



Cybersecurity: 
First  Draft  Proposal

199

June 2 0 1 8  V3

Cybersecurity is reported for com ponents 
that  com ply with ANSI  UL 2900-1: 2017 

June 2 0 1 9  V4

Com pliance with ANSI  UL 2900-1: 2017 is 
required, or with other standards as 
available.



Cybersecurity: Com m ent  Sum m ary

• Consider alternat ives to UL 2900-1.  

– Concerns about  I P in subm it t ing to UL

– Other standards exist  that  should be considered (NERC-CI P, NI ST SP800-
82, I SO 27000, I EC 62433 etc.)

– There should be other providers besides UL

– Current  UL-2900-1 if applied in full to all com ponents is very expensive

• Clar ify requirem ents regarding endpoints, internet-connect ion vs. 
freestanding, components vs. whole systems 

• 2019 is too soon, but  2020 m ight  be acceptable
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Clarificat ions

• DLC is looking for equipm ent  level tests and standards that  can 
address cybersecurity aspects of devices

• DLC may also consider cybersecurity standards and cert ificat ions 
that  can be applied to the manufacturer or vendor

• Cybersecurity pract ices im plem ented at  custom er installat ion 
sites by the custom er and/ or installer are im portant  – but  
outside DLC’s purview 
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Cybersecurity: Overview  of Standards

Standard Applies to
Com pliance audit  

available?
Relevant  to 

report  on QPL?

NERC-CI P Large ut ilit ies
Only for ut ilit ies by 

regulators
No

I EC 62443 
I ndust r ial cont rol 

system s
Only for autom ated 

factories ($$$)
No

NI ST SP800-82
I ndust r ial cont rol 

system s
No No

NI ST 
Cybersecurity 

Fram ew ork
I T best  pract ices

Yes but  
nonstandard

?

I SO/ I EC 2 7 ,0 0 1 I T best  pract ices Yes Yes

ANSI  UL 2 9 0 0 Products Yes Yes
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Copyright© 2018 UL LLC. All rights reserved. No portion of this material may be reprinted 
in any form without the express written permission of UL LLC. or as otherwise provided in writing.

JOINT CANADA-UNITED 
STATES NATIONAL STANDARD
ANSI/CAN/UL 2900-1:2017

Software Cybersecurity for 
Network-Connectable
Products, Part 1: General 
Requirements
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The Problem

With the growth of IIoT in the Lighting space, 

there is a need for cybersecurity testing of 

• Components

• Products

• Systems 

to mitigate the risk of cyber incidents in 

operational networks.
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The Problem

While many specifications and guidance 

documents provide information on secure 

product development principles, 

there is still a need to test and measure the 

security posture of products using 

comprehensive testing criteria and an 

important certification management process 

throughout the life of a component.
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The Problem

What should the security testing include and 

what are important attributes to measure and 

evaluate?

What are supply chain considerations? 

How do you maintain certified status in the age 

of lighting system vulnerabilities?



Testing and 

Certifying 

Products 

and Systems
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How to Measure Security

Component Security

• Device Security

• Device Configuration

• Device Implementation

System Security

• Implemented Security Controls

• Site Policies

• Site Continuous   Assessment and 
Monitoring

Evaluate Service Suppliers

• Supply Chain Logistics

• Service Suppliers Competency

• Service Suppliers Security Risks

Vendor

• Security Practices

• Secure Development Cycle

• Suppliers Security Risks

Implementation

• Security Practices

• Risk Assessment

• Monitoring



70% of IoT devices are vulnerable 
to attack (Source:HP)

The IoT Cyber Threat

28% to 47% of organizations have 
experienced IoT-related breaches 

(Source: Forrester/CISCO)

By 2018, 66% of networks will have 
experienced an IoT security breach 

(Source: IDC Research)

In 2016, the average consolidated total 
cost of a data breach was $4M USD 

(Source: 2016 Ponemon Study)

70% 66%

28% to

47%

3
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WHAT EXISTS TODAY

STANDARDS LANDSCAPE Security Standards and Guidance 
Documents

• ANSI/CAN/UL 2900-1

• FISMA

• HIPAA

• PCI

• IEC 80001

• ISO/IEC TR 15443

• ISO/IEC 15408

• DHS C3 VP & CRR

• SANS 20 CSC

• ISO/IEC 27000 Series

• SAE AS5553 & 6174

• Cyber Essentials (UK)

• Top 35 Mitigation Strategies (AU)

• ISO/IEC DIS 20243 / O-TTPS

• NIST Cybersecurity Framework & SP 800-53r4 
Security Controls

• ITU-T CYBEX 1500 Series

With so many standards, specifications and guidance documents, 
manufacturers are asking WHICH ONE IS RIGHT FOR ME
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Standards

Standards Vendor Organization 

Assessment and Audit

Regulatory Product, Device and 

System Testing

NIST SP 800-53 General guidance audit 

standard for facilities

Used in some federal facilities 

for guidance. 

There is no product testing 

or certification programs 

associated

NIST SP 800-82 General guidance for 

industrial control systems 

and cybersecurity

As a guidance document, 

there is no specifications 

for testing

NERC CIP consists of 9 standards and 45 

requirements covering the 

security of electronic 

perimeters and the protection 

of critical cyber assets as well 

as personnel and training, 

security management and 

disaster recovery planning. 

ANSI C137.2 General guidance standard 

for parking lot lighting 

systems purchase and 

installation

IEC 62443 Primary target is industrial 

control systems with 

Organization Assessment 

standards

Primary target is industrial 

control systems and asset 

owners and procurement 

requirements



Testable Criteria
Repeatable and Reproducible
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Content of ANSI/CAN/UL 2900-1 

CONTENTS

STRUCTURED PENETRATION TESTING
Risk 

ManagementProduct Assessment

Software 
Composition 

Analysis

Fuzzing Static Code 
Analysis*

Risk 
Management 

Process

Security 
Controls

STRUCTURED PENETRATION TESTING

*Access to Code IS NOT REQUIRED. The 
vendor performs their code analysis and 
provides the results to UL



YOUR REPORT AND/OR 
CERTIFICATION

What any Laboratory can do

TESTING

YOUR NETWORK 
CONNECTABLE PRODUCT 

AND/OR SYSTEM

AUTOMOTIVE LIGHTINGSMART HOME HVACBUILDING 
AUTOMATION

APPLIANCES ALARM 
SYSTEMS

SMART 
METERS

MEDICAL
DEVICES

FIRE 
SYSTEMS

INDUSTRIAL 
CONTROL SYSTEMS

loT

NETWORK-CONNECTABLE PRODUCTS & SYSTEMS  

ANSI/CAN/UL Services

TRAINING SERVICES

ADVISORY SERVICES

REVIEW SERVICES

Submit product or system 
for discrete testing

(One or more individual tests)

Submit product or system 
for certification testing 

(All tests)

RISK MANAGEMENT

Test 
Report

Certificate

KEY TAKEAWAYS: RISK MITIGATION INNOVATION COMPETITIVE ADVANTAGE

• Known Vulnerabilities

• Fuzz Testing

• Code & Binary Analysis

• Access Control & Authentication

• Cryptography

• Remote Communication

• Software Updates

• Structured Penetration Testing



ANSI/CAN/UL 2900 Standards

General Product 
Requirements

Industry Product 
Requirements

General Process 
Requirements

2900-1
Software Cybersecurity

2900-2-1
Healthcare Systems

UL 2900-3-1
General Process

Requirements

2900-2-2
Industrial Control Systems

2900-2-3
Building Security Controls

UL 2900-3-2
SDL

2900-2-4
New Initiatives

LEGEND:

Published

Not Yet Published

2900-2-5
New Initiatives

2900-3-1
General Process

Requirements

2900-3-2
SDL



Options to move forward

Option 1

Use the ANSI/CAN/UL 2900-1 standard

Option 2

Create a ANSI/CAN/ 2900-2-X standard for lighting 

based on the 2900-1 standard



ANSI/CAN/UL 2900 Standards

General Product 
Requirements

Industry Product 
Requirements

General Process 
Requirements

ANSI/CAN/UL 2900-1
Software Cybersecurity

ANSI/CAN/UL 2900-2-1
Healthcare Systems

UL 2900-3-1
General Process

Requirements

2900-2-2
Industrial Control Systems

2900-2-3
Building Security Controls

UL 2900-3-2
SDL

ANSI/CAN/UL  2900-2-X
Lighting

ANSI/CAN/UL 2900-3-1
General Process

Requirements

ANSI/CAN/UL 2900-3-2
SDL



If a different lighting standard is needed

UL takes the ANSI/CAN/UL 2900-1 standard as a starting point

• Form an Industry Advisory Group(IAG) based on industry vendors, experts and asset 

owners

• IAG meets and provides guidance on what requirements are needed

• Time to test

• Complexity of Requirements

• Cost of standard testing

• ETC..

• 3-6 month window

• A DRAFT IS CREATED BY THE IAG BASED ON 2900-1 REMOVING AND ADDING 

REQUIREMENTS

• UL works with IAG to develop and publish changes as a 2900-2-X that references UL 

2900-1 and includes additions and deletions

• UL publishes 2900-2-X and works through the ANSI process (6-9 month window)
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Q&A



Cybersecurity: Revised Proposal

220

June 2 0 1 8  V3

Cybersecurity is reported for com ponents (UL 2900-1: 2017;  etc.?)  & for 
m anufacturers ( I SO 27001-1, NI ST Cybersecurity Fram ework;  etc.?) . 

June 2 0 1 9  V4

With m arket  research and stakeholder input , ident ify a set  of cybersecurity standards 
that  includes UL 2900-1.  Only products that  com ply with one of those standards m ay 
declare the opt ional cybersecurity capability.

June 2 0 2 0  V5

Cybersecurity is Required .   Products m ust  com ply with at  least  one standard 
ident ified in V4 (or reapply under V4 with the 1-year grace period) . 

June 2 0 2 1  V6

Cybersecurity is Required .



Cybersecurity: Quest ion 1

Do you approve of the general 
direct ion of DLC’s Revised Proposal?

a. St rongly support

b. Support

c. Neut ral

d. Object

e. St rongly object
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Cybersecurity: Quest ion 1

Do you approve of the general 
direct ion of DLC’s Revised Proposal?
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Cybersecurity: Quest ion 2

How is DLC’s t im ing?

a. Much too fast

b. A bit  fast

c. Acceptable

d. A bit  slow

e. Much too slow
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Cybersecurity: Quest ion 2

How is DLC’s t im ing?
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Other Proposed Changes in 
V3 .0  Technical Requirem ents



Agenda p.1 :   Quick Report  Out  

226

Topic Plan

Presentat ions Reuse for reapplicat ions

Scene Cont rol New reported capability

Em ergency Light ing Revise the definit ion

Zoning Revise the name

DC /  PoE Accept , t imed with SSL 9/ 2018

I nteroperability No m ajor changes unt il V4

Building Code Add disclaimer: follow code

Report  More Sensors Revise applicat ion details



Agenda p.2 :   Discussion Topics
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Topic Discussion

Phased Approach to Major Changes What ’s Next?

Publicly Available I nform at ion Require for 22 capabilit ies
(not  500+  detailed answers)



Topic: Presentat ions

W hat  w e proposed

Com m ents

Unanim ous support
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Proposed Change in NLC 

Technical Requirements
Explanation by DLC

Presentations
For re-applications without major product updates, accept a 

recording of the presentation from last year.



Topic: Scene Control

W hat  w e proposed

Com m ents

General support .  

One concern that  som e Outdoor applicat ions 
do not  use scene cont rol.  

229

Proposed Change in NLC 

Technical Requirements
Explanation by DLC

Scenes Add Scene Control as a reported capability



Topic: Em ergency Light ing

W hat  w e proposed

Com m ents

General support .  

Em phasize “physically”  connected
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Proposed Change in NLC 

Technical Requirements
Explanation by DLC

Clarify description

Shorten, and replace "Interact" with "Connect", to more 

accurately describe the physical connections shown in a 

wiring diagram. 



Topic: Em ergency Light ing

Response

”Publicly available docum entat ion illust rat ing how a system ’s 
lum inaires physically connect  with an emergency power source.

The QPL will provide the URL(s)  for online docum entat ion provided 
by m anufacturers for system  designers to refer to.  This 
docum entat ion will ident ify wir ing diagram s, required com ponents, 
and/ or applicat ion guides needed to understand design 
considerat ions for integrat ing the system  into an em ergency 
light ing system .”
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Topic: Zoning

232

Change proposed by review er

• Renam e the “Zoning”  capability, to em phasize that  flexibility is 
required.

Explanat ion

• The purpose of this requirement  is to support  flexible rezoning without  
rewir ing.  Hardwired zoning does not  qualify.

Current  Definit ion ( 1 st of 3  paragraphs)

• “The capability to group lum inaires and form  unique light ing cont rol 
zones for a cont rol st rategy via softw are- defined m eans,  and not  
via physical configurat ion of m echanical or elect r ical installat ion details 
(e.g. wir ing) .”  



Topic: Accept  DC/ PoE Control System s
( Direct  Current  &  Pow er over Ethernet )

Com m ent  Sum m ary

• Unanim ous support  for DLC to 
cover this product  category

• A quest ion about  DC voltage 
classes as defined in UL 1310, to 
be addressed in SSL policy
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Topic: DC/ PoE

234

Next  Steps

• DLC will accept  SSL applicat ions 
beginning in Septem ber 2019

• DLC will accept  and begin processing 
Cont rol applicat ions beginning in June 
2019

• To avoid confusion with rebate/ incent ive 
program s, DLC will not  publicly qualify 
and list  DC/ PoE Cont rol System s unt il the 
corresponding SSL applicat ion process is 
available in September.



Topic:  I nteroperability

Background

DLC m ade a com m ent  in the Draft  1 webinar that  we were working on 
interoperability requirem ents that  m ay be proposed in Draft  2

Com m ents Received:  

DLC should not  incorporate significant  new requirem ents in Draft  2 if they were 
not  in Draft  1

Response

• Changes for interoperability, if any, will be m inor adjustm ents to the 
Applicat ion and QPL, to focus on m ult iple-choice answers that  are m ost  
relevant  to interoperability

• Any significant  new requirem ents for I nteroperability would be proposed for 
V4 in 2019.
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Topic:  Building Code

Com m ent

How does DLC’s requirem ent  relate to building code?

Response

Add a paragraph:  “This Technical Requirement  describes a 
system ’s capabilit ies, but  does not  describe how these capabilit ies 
can be used to meet  various building code requirements.  The 
local building code should be followed when configuring a NLC 
system.”
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Topic:  Report  m ore sensors

Changed proposed by review er:  
Opt ional report ing fie lds for  m ore sensors

• Fixture- level closed- loop 

• Tunable white or full color

• Environm ental sensing (hum idity, CO2, I AQ, RF sniffer, etc)

Response

• No change in Technical Requirem ent

• Consider m odifing Applicat ion and QPL
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Discussion Topic:  
Phased Approach to Major Changes

Com m ents

Commenters appreciated the mult i-year phased approach to 
Security and Energy Monitor ing, allowing for t im e to m ake 
adjustm ents to products and roadm aps. 

Discussion

DLC will consider a phased approach to future interoperability 
requirements. I n what  other topic areas m ight  a phased approach 
make sense?

238

June 2019 V4 June 2020 V5 June 2021 V6



Publicly Available I nform at ion:  
First  Draft
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Proposed Change

• I n order for an applicant  to claim  a capability, a reference to that  
capability m ust  be available in public docum entat ion. 

Goals

• To assist  specifiers in product  select ion

• To encourage qualified products that  are well docum ented

• To address m ajor m arket  barr iers:   confusion and unfam iliar ity



Publicly Available I nform at ion: 
Com m ents
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Com m ent  Sum m ary

• Som e details are only available to custom ers in cont ract  
docum entat ion

• Propose “available direct ly to custom er, or m ade available upon 
request  of a customer”

• Require descript ion and/ or operat ional inst ruct ions, beyond 
m erely the nam e of the capability

• 500+  answers are too many for public references

• Remove “some except ions”.  Transparency is needed for 
interoperability
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Networking of Lum inaires & Devices

Occupancy Sensing

Daylight  Harvest ing/ Photocell Cont rol

High-End Trim

Zoning

Lum inaire and Device Addressability

Cont inuous Dim m ing

Cont rol Persistence

Scheduling

Energy Monitor ing

Device Monitor ing /  Rem ote Diagnost ics

Type of User I nterface

Lum inaire Level Light ing Cont rol 

(LLLC, integrated)

Personal Cont rol

Load Shedding (DR)

Plug Load Cont rol

External System s I ntegrat ion 

(e.g. BMS, EMS, HVAC, Light ing, API )

Em ergency Light ing

Security

Color Changing /  Tuning

Start-Up and Configurat ion Party

Scene Cont rol

Required I nter ior  Capabilit ies

Reported I nter ior  Capabilit ies

Publicly Available I nform at ion: 

Clarificat ion

20 topics, not  500



Publicly Available I nform at ion:
Revised Proposal
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For a m anufacturer to claim  a capability and be listed as having it  
on the QPL, (except  for “Cont inuous Dim m ing”, and “Startup and 
Configurat ion Party” ) , a descript ion and/ or inst ruct ions for the 
capability m ust  be in a public- facing document  such as a brochure, 
specificat ion sheet , inst ruct ion m anual, or video clip. “Public-
facing”  docum entat ion is a finished product  available to the 
custom er or m ade available upon request  by a custom er. I t  should 
not  be a docum ent  produced for the sole purpose of obtaining DLC 
qualificat ion without  further use for custom ers. DLC reserves the 
r ight  to accept , reject , or require changes to docum entat ion to 
sat isfy this requirem ent . 



Publicly Available I nfo: 
Quest ion

Do you approve of the general 
direct ion of DLC’s Revised Proposal?

a. St rongly support

b. Support

c. Neut ral

d. Object

e. St rongly object
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ht tp: / / etc.ch/ NctR



Publicly Available I nfo: 
Quest ion

Do you approve of the general 
direct ion of DLC’s Revised Proposal?
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ht tp: / / etc.ch/ NctR

0% 10% 20% 30% 40%

Strongly support

Support

Neut ral

Object

St rongly object



Next  Steps and Other Updates



Next  Steps

• Todays’ presentat ion will be 
posted to the DLC website

• Findings/ I deas/ Takeaways from  
m orning brainstorm s will be used 
to develop resources to support  
energy efficiency adm inist rators 

• Draft  2 of NLC V3.0 Spec will be 
issued April 13

• Standardizat ion Efforts for Energy 
Monitor ing and Security…
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Other NLC V3 .0  Spec +  QPL Updates

• St ream line re-applicat ion process com ing this June

• Develop and refine policies for fam ilies of NLC products and 
pr ivate label products 
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– Docum entat ion requirem ents, fee 
st ructure, applicat ion process, QPL 
designat ion

• Change from  Excel-based QPL to 
Online QPL in late 2018
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Visit  the DLC’s Hom etow n!
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Day Agenda

Day 1  – m orning I n-person Mem ber m eet ing

Day 1  – afternoon Pre-conference workshops & CEU 
courses
Opening Recept ion

Day 2 Full day conference
Panels
Breakout  sessions
St ructured Networking
Off-site Recept ion 

Day 3 Full day conference
Panels
Discussion Sessions
Breakout  Sessions
St ructured Networking



Panels

• The Future of Light ing 

• Outdoor Light ing

• DLC SSL V5.0

• Data Standardizat ion 

• Hort icultural Light ing

250

Discussion- and Breakout  sessions

• Applicat ion Level Efficacy

• Glare Met r ics

• Hort icultural Met r ics

• I nteroperability

• SSL 5.0 Control Requirem ents

• And m ore!

Topics



Details

Conference Hotel:  Boston Park Plaza Hotel

Make your hotel reservat ions online!

Register Today!

ht tps: / / www.regonline.com ?event I D= 2223698&rT
ypeI D= 1186245

https://www.designlights.org/news-events/events/2018-dlc-stakeholder-meeting/hotel-lodging/
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Thank you!

Hosted by:  
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