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Purpose and Learning Objectives
Purpose: 
Effective lighting in education environments can, and does, contribute to improved student 
performance, as well as improved safety.  Lighting solutions for education facilities must 
maximize energy efficiency, occupy less space, be flexible and adaptable to different 
environments, meet life safety requirements, and meet the needs of teaching staff, and 
students. This course discusses current lighting trends, energy management and 
education requirements, human centric lighting needs and current legislation affecting lighting 
design considerations for education facilities. This course will also discuss how the latest IoT 
trends can be an asset to lighting design in the education space by including Asset tracking and 
other RTLS technologies.  As well as how GUV solutions can help disinfect education spaces 
and as part of the lighting system be used as a tool to audit disinfection times and contact 
tracing between disinfection cleanings.



Learning
Objectives

1. Describe current lighting and controls trends for education facilities
2. Discuss current regulations and standards impacting building 

codes and affecting lighting design in education facilities
3. Evaluate GUV solutions for disinfection of education space
4. Evaluate energy savings through controls and current safety 

trends improve education facilities through implementing IoT and 
RTLS solutions through connected lighting

At the end of this course, participants will be able to:



Education Facilities Lighting Trends and
Requirements



Introduction
The education facility has changed significantly over the past few years.  Not only had the 
teaching methods evolved over this time but also the tools needed to educate the 
students has evolved.   
Lighting is a critical element in the school environment, it can influence behavior, task 
performance and psychological and emotional responses in the space.  Lighting also help 
with communications, visual comfort and safety and security.
Classroom lighting should support the educational experience and goals by providing 
and attractive environment that is comfortable and maintains the target illuminances for 
different task surfaces.



Lighting Solutions
For Education Spaces

Lighting solutions in education facilities must:
• Meet specific, unique to education and energy code 

requirements
• Be flexible and adaptable to different types of spaces
• Meet the needs of teachers and students
• Include IoT capabilities
A Merger between Art and Science of lighting for education facilities



Regulations and Standards 
Affecting Lighting Design

• ASHRAE – American Society of Heating, Refrigerating, and Air-
Conditioning Engineers, www.ashrae.org

• ANSI – American National Standards Institute, www.ansi.org

• IESNA – Illuminating Engineering Society of North America, 
www.ies.org

• IECC – International Energy Conservation Code, www.iccsafe.org

• International Dark-Sky Association, www.darksky.org

ASHRAE/ANSI/IESNA 90.1-2019
• Minimum DOE standard
• Defines mandatory controls and LPD requirements in Table 

9.6.1

IECC 2021
• IECC is more commonly used than ASHRAE
• Defines mandatory controls requirements or Luminaire 

Level Lighting Controls (LLLC) as methods to meet code

ANSI/IESNA RP-3-20 Lighting Education Facilities
• Offers guidelines for good lighting in those areas unique to 

educations facilities, and is intended for lighting designers

http://www.ashrae.org/
http://www.ansi.org/
http://www.ies.org/
http://www.iccsafe.org/
http://www.darksky.org/


ASHRAE/ANSI/IESNA 90.1 – 2019
Education specific areas

1) Automatic Receptacle Control [8.4.2] Power Section
2) Simplified Building Method for School Buildings [9.3.1-3]
3) Automatic full off – Laboratory exception [9.4.1.1(h)]
4) Minimum Control Requirements [Table 9.6.1]
5) Additional Interior Lighting Power Allowances [Table 9.6.3]



ASHRAE/ANSI/IESNA 90.1 – 2019



IECC 2021: Energy code requirements

C405.2 Lighting controls (Mandatory). 
Lighting systems shall be provided with 
controls that comply with one of the 
following:

– Lighting controls as specified in Sections 
C405.2.1 through C405.2.7.
• Occupancy Sensor
• Time switch
• Daylight Responsive controls
• Specific Application Controls
• Manual Controls
• Exterior Lighting Controls

OR
– Luminaire level lighting controls (LLLC) and 

lighting controls as specified in Sections 
C405.2.1, and C405.2.6.

BUILDING TYPE SPECIFIC SPACE 
TYPES

LPD 
(watts/sq.ft) 

Education Facility

Classroom/lecture hall/training 
room

0.71

Computer room 0.94

Corridor 0.41

Cafeteria or fast food dining 0.40

Laboratory classroom 1.11

Locker room 0.52

Restroom 0.63

Gymnasium/ fitness center 0.85



IECC - 2021: Luminaire Level Lighting Controls (LLLC)

LLLC shall be independently capable of:
– Monitoring occupant activity to brighten or dim with occupancy sensor
– Monitoring ambient light (electric and daylight) to maintain desired light level
– Ability for configuration and reconfiguration of performance parameters 

including:

• Bright/dim set points
• Timeouts
• Dimming fade rates
• Sensor sensitivity
• Wireless zoning configurations



ANSI/IESNA RP-3-20:Design Considerations



ANSI/IESNA RP-3-20: 
Design Considerations

General Considerations Lighting Criteria Design Guidance

Communications Illuminance All classrooms are computerized environments

Wall-mounted teaching boards Task locations Combination of direct/indirect (based on ceiling 
height)

Projected images Uniformity Indirect should have a wide “batwing” 
distribution to increase uniformity

Light distribution on surfaces Luminance, brightness and 
adaptation

Avoid veiling reflections and discomfort glare

Visual comfort Room surface luminance Appropriate lighting/controls for special needs 
classrooms

Lighting for safety and security Luminance ratio limits Speaker’s face must be properly illuminated 
(hearing & visually impaired)

Wayfinding White-tunable to help with behavioral cues

Continuous dimming

Daylighting

Auto On to 50% or Manual On



Concepts



ANSI/IESNA RP-3-20: 
Quality of Light

Source: RP-3-20 Lighting Education Facilities



ANSI/IESNA RP-3-20: 
Daylighting

Why is daylighting important?
• Impacts people in the space
• Provides connection to nature, time and weather information
• Provides wall and ceiling washing effects

Considerations?
• Views vs daylight (customer expectations)
• Discomfort glare
• Reflection from surrounding buildings, ground, parking

Controls?
• Yes
• Automatic daylighting to raise/lower electric light in response to daylighting
• Open vs closed loop daylighting
• Manual dimming by multiple switches/dimmers limits teachers' ability to adjust lighting (may also violate 

energy code depending upon location



ANSI/IESNA RP-3-20: 
Controls

They are not just for energy savings anymore…
• Controls have traditionally been an energy savings ROI calculation study
• Comfort, flexibility, human needs security all play a factor now

Considerations?
• Minimum dimming levels for each space (0%, 1% or 10%)
• Zoning for daylighting areas
• Use of occupancy or vacancy sensors

• Auto On to 50%
• Partial Off 
• Auto Off

• Time schedules vs Sensors
• Check local energy/building codes



Education Spaces



General Purpose Classroom
Design Considerations

• Every classroom should be considered a 
computerized environment today.

• Screen visibility is primary concern
• Most similar to office environments
• General lighting is best with direct/indirect 

determined by ceiling height.
• Use wide “batwing” distribution to increase 

uniformity in indirect luminaires.
• Direct troffer can be more efficient but 

products more discomfort glare and veiling 
reflections.

• Horizontal 
– 30fc (elementary)
– 40fc (middle/high school)

• Vertical
– 15fc @ 4’



Special Needs Classroom
Design Considerations

• May need high quality and appropriate quantity of 
lighting for those with hearing or vision needs

• Speaker’s face should be properly illuminated.  May 
need higher illuminances.

• Avoid flicker, glare and use light source with SPD 
similar to daylight

• White-tunable can have benefits for behavioral cues
• General lighting is best with indirect determined 

by ceiling height.
• Use wide “batwing” distribution to increase 

uniformity in indirect luminaires.
• Direct troffer can be more efficient but products 

more discomfort glare and veiling reflections.
• Horizontal 

– 30fc (elementary)
– 40fc (middle/high school)

• Vertical
– 15fc @ 4’



Lecture Halls
Design Considerations

• Typically, larger spaces with more complex lighting and fixed 
learning environment.  More instructional and less personal

• May have sloped or tiered floors requiring walkway/step 
lighting

• Multiple illuminance levels (A/V, paper-tasks, lectures, etc)
• Dimming required for flexibility
• Downlighting should be carefully designed to avoid glare, 

veiling reflections and shadows
• Directional downlights & track should be positioned to 

minimized glare and highlight speaker’s face
• Horizontal 

– 5fc (audience A/V)
– 1fc (audience presentation
– 30fc (speaker)

• Vertical
– 1.5fc @ 4’ (audience)
– 20fc @ 5’ (speaker)

Source: RP-3-20 Lighting Education Facilities



Cafegymatorium
Design Considerations

• Common in K-8 educational facilities, they are large 
spaces used in multiple ways.

• Full-range dimming to 0% is recommended.
• Careful consideration of theatrical lighting location as it 

can effect the design of the space.
• Coordinate controls with staff
• If the space is a gym consider luminaire housing and 

lensing to reduce likelihood of damage
• Horizontal 

– 30fc 

• Vertical
– N/A



Auditoriums
Design Considerations

• Lighting should be planned for audience assembly, 
intermission and tasks.  

• Dimming to 0% to create smooth transitions.
• Window-darkening devices if needed
• Aisle lights mounted on or in seats, should be controlled 

separately provides adjustable illuminance levels 
• Stage lighting embraces the art of lighting with color, shading 

and 3D composition
• Multiple systems are needed for stage lighting (work lighting, 

moveable/flexible theatrical lighting, front, side and back 
lighting) are all critical to the show

• All lighting should be included into a single system for easy 
operation

• Horizontal 
– 1fc (audience presentation)
– 30fc (speaker)

• Vertical
– 1.5fc @ 4’ (audience)
– 20fc @ 5’ (speaker)



Science Labs
Design Considerations

• Higher illuminance levels are needed
• High CRI >85 is needed to discern different chemicals
• May need wet location luminaires
• General lighting is best with direct/indirect 

determined by ceiling height.
• Use wide “batwing” distribution to increase 

uniformity in indirect luminaires.
• Task lighting at work stations
• Horizontal 

– 50fc (@ bench)
– 75fc (in Demonstration area)

• Vertical
– 30fc @ 4.5’ (@ bench)
– 50fc @ 4.5’ (in Demonstration area)



Shop & Art Rooms
Design ConsiderationsArt Rooms

• Luminaires need high CRI >90
• Adjustable lighting may be needed for task or display lighting
• Adjustability and flexibility is preferred as spaces and usage 

varies
• Horizontal 

– 50fc @ 2.5’ 

• Vertical
– 30fc @ 4’

Shop
• General lighting should be supplemented with fixed and 

portable task lighting
• Avoid flicker when rotating machinery is in use, this could 

produce a stroboscopic effect
• Provide lighting from multiple sources when machinery is in 

use
• Horizontal 

– 100fc @ Task Surface

• Vertical
– 50fc @ Task Surface



Life Safety 
Design Considerations

• Emergency lighting must be provided throughout the entire building 
and property. 

• The use of LEDs in today's exit signage ensures long life and low 
maintenance to these wayfinding products.

• An illuminated path of egress that directs occupants a safe 
distance away from the facility is required. 



Exterior Spaces



Outdoor Lighting
Design Considerations

• Enable wayfinding, safety and perception of 
security with well designed outdoor lighting

• Pedestrians should feel comfortable walking 
around the site at night

• Pedestrians should recognize facial features and 
body language

• Plan for vertical surface illuminance around 5ft
above ground level

• Uniformity ratios should be calculated using 
minimum maintained FC/LUX

• Uniform lighting perceptions of how good 
lighting is and how safe people feel reach high 
ratings at a much lower light level than non-
uniform lighting

• RP-20-9* recommendations
– Min light level 2lux 
– Uniformity ratio (max/min) of 20:1

• RP-8-18 recommendations
– Min light level >4.5lux
– Uniformity ratio (max/min) of 3:1



Facility Site and Area 
Design Considerations

Energy Code Requirements
• Lighting zones are the same MLO (Model 

Lighting Ordinance) zones used in ASHRAE
• Automatically off during daylight hours
• Façade and landscape lighting auto off 1 hour after 

closing to 1 hour before opening 
OR

• Reduce connected lighting power
by at least 30%

• from not later than midnight to 6am
• or one hour after business closing to one 

hour prior to opening
• or when no activity is detected for longer 

than 15 minutes



Parking Garage 
Design Considerations

Energy Code Requirements
• Parking garage lighting must be automatically controlled 

including daylighting
• Reduce lighting power by 30% or more when no 

occupancy detected in a lighting zone (<3,600 sf) for 
20 mins.

• Daylighting transition zone lighting (66’ wide by 50’) must 
be separately controlled for eye adaptation (auto ON 
at daylight, 50% reduction from sunset to sunrise)

• Daylight control required for lights within 20’ of perimeter wall 
with net opening to wall ratio of 40%

• Exceptions apply



Germicidal UV (GUV) 
light as a disinfectant 



How does it work?
Complex science, simple answer
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Upper Air
Surface

Occupied Spaces 
4 GUV Lighting Strategies

7’ and 
higher

Air pushed through 
HVAC

Air circulated in 
the space

HVAC

Portable
Mobile, surfaces

Cleans air and surface 
at same time



What about UL Certification?
The NEC requires that all items permanently installed be tested by a NRTL



Look for the 
“Enhanced Mark” for 
UL Certified Safety

Room Disinfection = UL8802     
Unoccupied spaces with site 

safeguards

Upper Air GUV = UL 1598 Risk Group 0
Optical design and onsite confirmation



Smart IoT Education Facility
RTLS Opportunities



Smart School
Connected Lighting

Upgrade to LED lighting 
with integrated sensing
• Future proof 
• Code compliant
• Up to 70% energy 

savings
• Dense network
• ROI <2 years

Use data from sensors to 
make impactful changes
• Student location 

safety/ security
• Improved asset 

utilization
• Contact tracing

Use sensor network to 
activate
• Real-Time Location
• Space utilization
• Lighting control
• Energy optimization



The Connected Problem
Operational Costs key to better ROI

41

Designed to be paid for by energy savingsProvides security with cybersecurity 
features
Adds value with Asset Tracking, 
Contact Tracking, etc
Helps with space calculation through Space 
Utilization or Occupancy Dashboards

Integrated Sensors

Solve $30, $300, $3000 problems with 
the same  $3/f2 hardware solution



What is UL2900?

42

American National Standards Institute (ANSI) and USFDA adoption

• UL2900 is a series of standards published by UL (formerly 
Underwriters Laboratories), a global safety consulting and 
certification company. 

• The standards present general software cyber security 
requirements for:

– UL2900-1 Network-connectable products

– UL2900-2-1 medical and healthcare systems

– UL2900-2-2 industrial control systems

– UL2900-2-3 security and life safety signaling systems



Subtle wording – major differences?

“Our products fully adhere to the 
requirements of the standard.”

“Our products were designed to 
the standard which entails 
requirements from design to 
testing.”

43

CompliantCompliant

Demand CERTIFICATION



Legacy indoor positioning/RTLS
New approach needs for location services in schools

Traditional RTLS Systems pose difficult tradeoffs
• Accuracy and data reliability
• High Costs 
• Purpose-built for specific use cases
• Require significant ongoing battery maintenance
• Do not meet the latest cyber security standards

Schools



Legacy indoor positioning/RTLS
New approach needs for Location services

RFID
• Gated

Wi-Fi
• Low Density

Independent BLE Beacons
• Batteries & Maintenance



Connected lighting indoor positioning/RTLS
Scalable Location services

Powered by infrastructure, Ubiquitous, Scalable location services



Connected lighting indoor positioning/RTLS
Scalable Location services

School safety is a 
paramount issue in 
education. Real-time 
location systems are key 
to any emergency 
preparedness plan.



Course Summary
• Describe current lighting and controls trends for education facilities.

• Daylighting, white-tuning, indirect lighting, low glare, RTLS

• Discuss current regulations and standards impacting building codes and affecting lighting design 
in education facilities
• ASHRAE, IECC
• Make life easy but using LLLC

• Evaluate GUV solutions for disinfection of education space
• Upper Air use is best along with HVAC updates

• Evaluate energy savings through controls and current safety trends improve education facilities 
through implementing IoT and RTLS solutions through connected lighting
• LLLC allows you to gain the benefits without extra cost



Questions? 



This concludes The American Institute of Architects Continuing 
Education Systems Course


