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Learning Objectives

1. Define the different types of energy instrumentation and metering 

technologies used in smart buildings and explain their use for 

supporting smart building operations

2. Explain how the various metering, data, and reporting can support 

new and coming regulatory reporting for various sustainability metrics 

like EUI, carbon reporting, etc.

3. Define luminaire-level lighting controls (LLLC) and how its use 

supports providing a range of building-level insights, such as space 

utilization, operator asset tracking in healthcare or retail buildings, 

and other use cases 

4. Explain what can be done when data collected from meters, sensors, 

and/or instrumentation has missing data, in order for the data to still 

be usable for providing building insights 
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Agenda

1. What are integrated 

controls?

2. Our pilot sites

3. Best practices

4. Preliminary

conclusions



Traditional Energy Retrofit

~50% lighting 

savings

3-8% total 

building energy 

savings



Luminaire Level Lighting Controls 



Fully Integrated Controls 

15-32% total 

building 

energy savings



Energy Savings

Type Measure

Traditional Lighting Retrofit Efficient LED Lighting

Advanced Lighting Control

Occupancy / Vacancy

Daylighting

Task Tuning

Personal Tuning

Integrated Control - Plug
Workstation Plug Load Control

Common Area Equipment Control

Integrated Control - HVAC

Thermostat Setback (Airside, Waterside, Baseboard)

VAV Box Turndown (including off)

Aggressive Pressure/Temperature Reset

Ventilation Reset

Demand Control Ventilation



HVAC Control: Guideline 36



HVAC Control: Basic single zone equipment



Next Big Thing(s)

Paybacks are currently a challenge

• HVAC and plug load integration help (current project)

• Capturing additional non-energy benefits will improve 

economics through value stacking (proposed) …



Other functions

1. Asset Tracking

2. Space Utilization

3. Security and Smart Systems

4. Demand Response and Load Shedding

5. More IoT capabilities…



Non-Energy Benefits

• Occupant satisfaction

• Improved IEQ and health

• Simplified maintenance

• Better space utilization



Retrofit Pilot



Retrofit Sites: MN DoT truck facility

Pre-
retrofit



Retrofit Sites: CentraCare clinic

Pre-
retrofit



Retrofit Sites: City of St. Paul office

Pre-
retrofit



Retrofit Sites: Hennepin County 
fitness center + clinic

Pre-
retrofit



Retrofit Sites: Univ. MN

Pre-
retrofit



Post-retrofit



Best Practices



Design



Design



Design and Integration – Lessons Learned

• Work with controls contractor familiar with building
▪ Gauge cost-optimal level of control sophistication 

• Maintain one-for-one fixture replacement
▪ Hard and soft cost savings

• Many critical steps in system integration 
▪ Developing a template checklist as DOE project deliverable



Integration: Plug Loads

IT Needs: None

Additional lighting-

side currently 

device needed for 

wireless



Integration: HVAC

IT Needs: BAS controller port and network support?

Optional

?

Added

USER INTERFACE



Integration – More Lessons Learned

• Create a control parameter plan 

together with office manager

• Time the commissioning of 

lighting to avoid long 

uncontrolled periods

• Educating occupants is 

important
▪ Reduce complaints, disabled systems; 

office manager is important resource



Other Conclusions



Design and Integration - Challenges

• Complexity

• HVAC: system specific, contractor sophistication (Guideline 36 limitations)

• Open Office: plug load circuits, associating lighting occupancy zones

• Contractor familiarity with these systems

• Affects install quality and cost

• Plug load savings comparatively small, need better integration 

• Care needed to ensure occupant satisfaction

• Light levels, computer/printer availability, temperature recovery

• Cybersecurity



Cost: Preliminary Data

Total 

Base 

Cost
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Scott Hackel
shackel@slipstreaminc.org


