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Learning Objectives

• Recognize key challenges with lighting controls.

• Apply best practices for designing controls.

• Apply best practices for implementing controls.

• Identify winning approaches for Return on Controls.



Today’s Presentation

• DOE’s Interest in Lighting 
Controls

• The Impact of Design

• Implementation

• What we know about 
Return on Controls

Lighting Controls and the Bottom Line
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Slow adoption of controls
and disappointing results



Finding Solutions

NGLS Living Lab 
Partners

Ongoing PNNL Research Activities:

• DOE NGLS Living Labs (2017-2023)

• DOE CBI Field Validations (ongoing)

• Guidehouse CLS Stakeholder Research Study (2021)

• DOE Realistic Settings Research (ongoing)

• Industry Interviews (late 2021)

NGLS seeks to provide robust input to those who make 
the products and those who use them, with the goal of 
improving the human and energy performance of the 
next generation of lighting systems.



The Issues: Products, Process, People

66% of buildings don’t 
have lighting controls!

Many others don’t use all 
installed capabilities.

Key Challenges Observed in the Industry:

Uncertain ROI – dampens 
demand and interest in 
getting it right.

Slow adoption despite 
increasing code 
requirements.

Unsatisfactory operation 
and end user frustration. 

Cost – product and 
implementation.
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At the root of the issues?

COMPLEXITY



PROFIT LOSS

Lighting controls provide 
knowledge- and skill-based 

opportunities for profit.

Successful installations 
offer energy savings and 
may enhance the space.



PROFIT LOSS

Problems during the 
design, installation, and 

startup can erode profit. 

Systems that don’t meet 
requirements rarely 

provide expected benefits.



Design is Critical
(even if you don’t do it)



Role of the Designer

Who is the lighting controls designer?

Critical decisions are made throughout the design process that 
directly influence installation and operation. 

Control intent narrative is a plain language document to share with 
owner and all project team members to clearly communicate design 
intent and expectations for the system.

The designer translates owner requests into a functional lighting control 

system, the first step in defining expectations.



Good Outcomes Require Understanding Expectations

“Let’s talk about lighting controls for this room”



Energy Code Compliance Misconceptions

• Energy codes are 
requiring more capabilities, 
often beyond what 
owner’s are asking for.

• Communicate the 
capabilities that are 
necessary to meet code.



Wanna Do vs. Gotta Do

Promise of business 
benefits rely on owner 
motivation and resources.

Advanced capability 
requirements may limit 
system choices.



Can Do vs. Should Do

Seller’s rarely say “No” and may 
provide a workaround or suboptimal 

solution to sell.

Control systems often offer a 
“bundle” of capabilities – you might 

not need everything.

CAPABILITY

C
O

M
P

L
E

X
IT

Y



Ask the Right Questions

• Understanding expectations 
is key.

• Many issues are rooted in 
inadequate communication 
and inconsistent or 
incomplete documentation.



Example - Ways to Think About ‘Consistency’

Compatibility

Devices coexist in the 
same environment.

Interoperability

Devices exchange and 
readily use defined 

data.

Interchangeability

Devices can be 
physically exchanged 

with identical operation.



Bridging the Gap 
Between Expectations 
and Risks

• Some controls decisions 
introduce more complexity 
and risk than others.

• Understanding what 
contributes to the bottom line 
is important.



Consider System Capabilities in Terms of 
Owners’ Requirements

Energy Code 
Compliance

Code compliance 
represents the 

minimum 
requirement for 

most projects and is 
generally the least 

costly.

Enhanced Lighting 
Performance

Improving 
workforce 

productivity, 
wellness, 

satisfaction, and 
facility appeal. 

Enhanced Energy 
Management

Energy conservation 
and management 
beyond minimal 

code compliance.

Enhanced Facility 
Productivity

Greater spatial and 
asset efficiency, 
improved retail 

performance, and 
increased 

engagement, safety, 
and security. 



Networked Lighting Control Systems are Highly 
Capable

Asset Tracking

Indoor Positioning
Plug Load Control

Daylight-Responsive
 Control

Energy Measurement and Reporting

Occupant 
CountingSwitching/Local Control

Occupancy Sensing
Task Tuning

Dimming

Motorized System Control

Demand Response

Scene Control

External System Integration
Time 

Scheduling
Tunable White

Lumen 
Maintenance

System Diagnostics 
and Reporting



Connect Control System Capabilities to Owner Requests



Color Tuning
Slight fixture cost increase. 
Compatibility matters. May increase 
troubleshooting time on site.

Consider Risks

External Communication and 
System Integration
Consider working with a system 
integrator.

“Thin” Contracts
Lead to trouble down the road. 
Details matter with lighting controls!



Not Everything is a Risk

NLCs and Advanced Capabilities
Digital systems and NLCs are 
gaining traction due to increasing 
code requirements, don’t be 
alarmed!

Unfamiliar Systems
Digital systems often offer 
installation cost savings, do your 
due diligence. 



Assess Risk and Cost of Capabilities Up Front

• Recognize the risks.

• Late changes tend to cost more than they should and reduce options.

• Limit capabilities that don’t align with owner’s objectives.

• Hire a knowledgeable team.

Bidding controls is 
challenging if the 
design lacks detail. A conservative, high bid may 

lose the job.

An aggressive, low bid may lead 
to a $-losing proposition.



What’s a Sequence of Operations (SOO)?

• Prepared during design by an electrical 
engineer or controls designer. 

• Important for bidding, essential for set-up.

• Complements drawings, schedules, and 
specifications.

• Lack of clarity leaves room for 
interpretation. 

• A good SOO is a legally enforceable 
document.

• Includes device descriptions, space-by-
space control requirements and special 
features.

Take advantage of new IES 
LP-16 document.

Interested in learning more? Check out the latest 
EC&M article.



Sequence of 
Operations Details 
the System

• Specifies how the system is 
supposed to operate . . . in 
detail. 

• Provides information you may 
not see otherwise.

• Ask for it during bidding and 
before coming on site.



Implementation is Critical



Handover

Loss in These Steps can Erode or Erase Profit 

Profits are reduced by mistakes, rework, and delays.

CommissioningProgramming
Construction/

Installation
Procurement

Submittal 
Review

Bid

Develop repeatable procedures and checklists to reduce risk.  

• Find out who is doing what.
 
• Request and review documentation ahead of 

time.

• Manage on-site time and resources.
 
• Invest in training.



Who’s Responsible? 

• SOO & Documentation
• Fixture Specification
• Procurement
• Relationship to Client/Owner
• Installation
• Initial Setup
• Programming

• Will you need to be on site during 
programming or commissioning?

G  A  P

OVERLAP



Contradictory Documentation Causes Confusion

• Incomplete or inconsistent 
information from drawings, 
schedules, and 
specifications slows 
installation, creates errors, 
and causes delays.

• Create a shortlist of key 
information for your role. 
Thoroughly review 
documents and resolve 
issues ahead of time.



Manufacturer Resources Can be Confusing

• Documentation can be too long or out of date.

• Observed installers found videos to be the most 
helpful resource.

Would You Rather?

Spend 3 days troubleshooting 
onsite

OR

Spend 3 hours on the phone 
with manufacturer support

So it’s not working?

Read the materials before diving in.



Proprietary Products are Confusing

Non standardized systems have produced a highly varied landscape. 

Startup procedures, equipment, 
and level of involvement may vary. 

Become familiar with the basic 
structures of control systems. 

Is it a node, a gateway, 
a hub, or an interface?

Training for one system may 
not be applicable to another.



Use your Resources

• Resources may vary depending on project size, 
complexity, and budget.

• Ask for clarification when you don’t know, talk to controls 
specialists.

• Have an organized process for implementation with a 
controls specific checklist.

• Invest in training.

• Hire an experienced team.

• Consider a system integrator for high risk, complex 
projects, and budget accordingly.



Gauging Return on Lighting Controls



Return on Lighting Controls – What Do We Know?

Energy Cost Savings (Non-energy) Business Benefits

Benefits generally fall into two categories:



NLC Energy Cost Savings – New Studies

• NEEA/DLC 2020 study analyzed time series energy consumption data

• 194 buildings with networked lighting controls (50% NLC / 50% NLC with LLLC)

• 8 building types (Office, Warehouse, Manufacturing, Healthcare, etc.)

• 12 different manufacturers

• Large variation within buildings of the same type. 

• Proper programming and commissioning are critical 
to achieving energy savings.

• Time series data suggests that many sites are not 
using all NLC features, such as occupancy sensing 
or daylight-responsive controls.



49% Average Savings

27% High-end Trim

32% Other Control Strategies

Across the 194 
buildings included 
in the study, NLC 
reduced lighting 

energy use by half.



Understanding Luminaire Level Lighting Control (LLLC)

• Integrated sensors that enable luminaire-to-luminaire communication and granular 
control. 

• Luminaires can respond to occupancy, daylight and other input signals individually or as 
flexible zones.



LLLC Offers Additional Savings

• 63% Average Savings
 

• 37% High-end Trim; 41% Other Strategies
 

• More study needed on best-suited applications and user acceptance.



LLLC Installation and Operation

• Integral sensors reduce installation time and 
complexity. 

• Initial setup/programming is complex and 
typically requires a specialist.

• Flexibility and granularity increase 
programming complexity and field adjustable 
settings.

• Miscommunication during programming can 
cause the owner to miss out on savings and 
can lead to dissatisfaction.



Speculative Business Benefits

• ROI could be high IF system works and assumptions are realized.

• People counting, wayfinding, hoteling

• Success depends on owner’s commitment.



Essential Business Benefits

• Controls are critical in many 
applications.

• Needed to establish brand/ 
atmosphere.

• Essential for the functional support of 
the space.

• Proven cost savings.

Simple dimming strategies 
can go a long way!



The Bottom Line

Lack of consistency and best practice in 
design adds cost and reduces profit.

Causal pricing and implementation 
reduces profit.

Lighting controls can save $, provided 
they focus on owner needs, are relatively 
simple, and well implemented.

Consistent Practices

Informed Processes

People-focused



NGLS Resources
• An Observational Understanding of 

Connected Lighting Systems 

• The Impact of Wall Control Performance on 
Connected Lighting Systems

• The Influence of Communication on the 
Complexity of Connected Lighting Systems

• Overview video – Inside the NGLS Living Labs

• Presence Detection in Connected Lighting 
Systems

• Characterizing Connected Lighting Systems 

• A case Study of Luminaire-Level Lighting 
Control

https://www.pnnl.gov/projects/observational-

research/research-and-publications

https://www.pnnl.gov/projects/observational-research/research-and-publications
https://www.pnnl.gov/projects/observational-research/research-and-publications
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System Selection 
Resources

https://www.pnnl.gov/projects/

observational-

research/research-and-

publications

https://www.pnnl.gov/projects/observational-research/research-and-publications
https://www.pnnl.gov/projects/observational-research/research-and-publications
https://www.pnnl.gov/projects/observational-research/research-and-publications
https://www.pnnl.gov/projects/observational-research/research-and-publications


Thank you
Questions? 
Comments?

Ruth.Taylor@pnnl.gov
Jessica.Kelly@pnnl.gov

Thank you!
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