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Participation Guidelines
• Please place your cell phone on silent or vibrate.

• There will be Q&A at the end of the session.

• To receive PDH credit for attending:

• Be sure to have your badge scanned by a room monitor so a 
complete attendee list can be generated.

• You must be present for the entire session and complete a post-
session online evaluation.  Partial credit cannot be given for 
anyone who arrives late, leaves early or does not complete the 
evaluation.

• There will be a QR code for the survey on screen at the end of the 
presentation, and a link will be emailed to everyone within 2 
weeks.  The survey must be completed to qualify for today’s PDH 
credit.  If you do not want PDH credit, completing the survey is 
optional, and your feedback is greatly appreciated.



www.amca.orgwww.amca.org

AMCA International has met the standards and 
requirements of the Registered Continuing Education 
Program.  Credit earned on completion of this program will 
be reported to RCEP at RCEP.net.  A certificate of 
completion will be issued to each participant.  As such, it 
does not include content that may be deemed or construed 
to be an approval or endorsement by the RCEP.

Attendance for the entire presentation 

AND a completed evaluation are required 

for PDH credit to be issued.
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DISCLAIMER

The information contained in this education session is provided by
AMCA International as an educational service and is not intended
to serve as professional engineering and/or manufacturing advice.
The views and/or opinions expressed in this educational activity
are those of the speaker(s) and do not necessarily represent the
views of AMCA International. In making this educational activity
available AMCA International is not endorsing, sponsoring or
recommending a particular company, product or application. Under
no circumstances, including negligence, shall AMCA International
be liable for any damages arising out of a party’s reliance upon or
use of the content contained in this education session.
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COPYRIGHT MATERIALS

This educational activity is protected by U.S. 
and International copyright laws. 

Reproduction, distribution, display and use of 
the educational activity without written 

permission of the presenter is prohibited.

© AMCA International 2023
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Environmental Benefits of Use of Circulating Fans
Purpose and Learning Objectives

The purpose of this presentation is to explore the use of circulating fans to reduce 

building energy use, increase thermal comfort, and provide improved comfort during 

extreme events.

At the end of this presentation, you will be able to: 

1. Explain what a Large Diameter Ceiling Fan (LDCF) is and its typical 

characteristics.

2. Outline how LDCFs contribute to thermal comfort and building energy savings.

3. Lists the ways LDCFs increase resilience to extreme events and climate 

change. 

4. Identify the organizations that are involved in establishing LDCF 

specifications.
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Presentation Outline

• LDCF Fan Basics

• Thermal Comfort

• Energy Savings

• Increasing Resilience

• Specifications to Achieve Project Goals
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Large Diameter Ceiling Fans 101
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Defining Large-Diameter Ceiling Fans (LDCF)

●Ceiling fan - “a non portable device that is suspended from 
a ceiling for circulating air via the rotation of fan blades.” 

- 42 U.S.C § 6291.Definitions

●Large-diameter ceiling fan – “a ceiling fan that is greater 
than seven feet in diameter.”

- 10 CFR 430, Appendix U to Subpart B
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Design Standards / Typical Characteristics

●42 U.S. Code § 6295.Energy 
conservation standards (ff)

○ Fan speed control separate from lighting 
control

○ Adjustable speed control
○ Capability of reversible fan action*

●Typical Characteristics
○ Impeller diameter 7-24 ft (2.1-7.3m)
○ Airfoil shaped blades
○ 2 to 8 blades
○ Tip speeds 1100-5500 fpm (5-28m/s)

Figure A.37 AMCA 211-13 (Rev. 10-18)
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What is an HVLS Fan

• Air circulating fan 

– Ceiling fan

• Large = >7’ (2.1m) Diameter

• Low RPM - 24’ (7.3m) Fan 

~60 RPM

• Low HP - ≤2.5 hp (1.85kW) 

motor

• 2 to 8 blades

• Tip speeds 1,100-5,500 fpm 

(5.6-28m/s)
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What Does an HVLS Fan Do?

Intake 

Air

Outlet Air 

Column 

(Primary Jet)

Floor Jet

Return 

Air

Fan Rotation
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Visualizing LDCF/HVLS Fan Performance
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LDCF Applications Overview

• Indoor Environmental Quality

– Occupant thermal comfort

– Indoor air quality (IAQ)

– Acoustical performance

• Energy savings

– Heating

– Cooling

– Innovative HVAC Systems
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Common Real-World Applications



www.amca.orgwww.amca.org

Using LDCF to:

Improve Thermal Comfort
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Thermal Comfort – Elevated Air Speed

• Most common comfort application for fans

• Increased heat transfer from the human body

• Sensible & latent heat transfer

– Sensible at < ~99 °F (37 °C)

– Latent at < 100% RH
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Thermal Comfort – Average Air Speed

• ANSI/ASHRAE Standard 55-2020

– Average air speed
• Seated – 4”, 24”, and 43” AFF (0.1, 0.6, and 1.1m)

• Standing – 4”, 43”, and 67” AFF (0.1, 1.1, and 1.7m)

– Standard Effective Temperature (SET)

– Cooling effect calculated using average 

air speed

– CBE Thermal Comfort Tool
• Quantify comfort impact

• Determine target average air speeds

• Evaluate different design scenarios
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Cooling Effect of Elevated Air Speed

Note: 100 fpm = 0.5 m/s
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Thermal Comfort – Additional Information

●ANSI/ASHRAE Standard 55-2020

●Thermal Comfort in Heated-and-
Ventilated-Only Warehouses, 

●ASHRAE Journal, Dec 2018

●Center for the Built Environment 

●Numerous Publications
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Using LDCF to:

Decrease Building Energy Use
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Thermal Mixing (Destratification)

• Most common energy saving application

• Mixing stratified layers of air

• High ceilings, overhead supply/return ideal
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Thermal Mixing – Floor to Ceiling Temps

Impact of HVLS Fans on Airplane Hangar Air Destratification, ASHRAE Journal, April 2020
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Heating Savings - Additional Information

●Impact of HVLS Fans on Airplane 
Hangar Air Destratification

●ASHRAE Journal, April 2020

●Optimizing Winter Heating: Is 
reversing the direction of your ceiling 
fan the best way to achieve thermal 
destratification?, 

●Sonya Milonova, Harvard School of 
Public Health
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Cooling Energy Savings

• What does it do
– Increase convective & evaporative heat loss

– Distribution and mixing

• What is the design criteria
– Spaces with AC - 100 fpm to 200 fpm

• What is the result
– Equal comfort at higher dry bulb 

temperatures

– Reduced cooling energy use

– Reduced duct work

– Redundancy for increased resiliency

– Reduced AC capacity OR

– Excess capacity for future climate

CEC - EPIC Project 16-013

Note: 100 fpm = 0.5 m/s
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Innovative HVAC Systems

• What does it do
– Reduce required materials

– Increases heat transfer

• What is the design criteria
– Increased air speed

• What is the result
– Instant cooling of occupants 

(forward)

– Increased system capacity 
(forward and reverse)

– Increased air distribution 
(forward and reverse)



www.amca.orgwww.amca.org

Example System: Overhead Radiant + Fans

Image Source: ASHRAE GLOBAL HEADQUARTERS TRANSFORMING BUILDINGS FOR A SUSTAINABLE FUTURE
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Additional Information

• ANSI/ASHRAE Standard 55-2020

• Center for the Built Environment Case Studies

• Integrating Smart Ceiling Fans and Communicating 

Thermostats to Provide Energy-Efficient Comfort

– CEC Final Report

• ASHRAE Global Headquarters

– Transforming Buildings for a Sustainable Future
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Using LDCF to:

Increase Resilience During Extreme Events
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Local Extreme Events – Heatwave Examples

Image Source: Yale Climate Connections, The Washington Post

Heat waves: increasing in frequency, magnitude, and often the most memorable and 
wide-spread resilience events, more than 15,000 deaths in 2022 attributed to heat (1)

(1) SOURCE: World Health Organization: Statement – Climate change is 

already killing us, but strong action now can prevent more deaths
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Global Climatic Changes

Image Source: ETH Zurich, Crowther Lab: Cities of the Future, Visualizing Climate Change to Inspire Action
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Demand for Cooling, Industry Changes

Image Source: IEA, Crosscut - Hannah Weinberger
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Fans and Heat – Common Misconceptions

Image Source: NY State Dept of Health, Center for the Built Environment, UC Berkley

Above: an example of incorrect heat stress mitigation 
guidance from a health department.

Right: CBE research showing fans provide beneficial heat 
rejection at operative temperatures up to 104 deg F 
regardless of humidity conditions (0.5 Clo, 1.2 Met, 150 fpm) 
(1)

(1) Tartarini, F., Schiavon, S., Cheung, T., Hoyt, T., 2020. CBE Thermal Comfort Tool : 

online tool for thermal comfort calculations and visualizations. SoftwareX 12, 100563. 

https://doi.org/10.1016/j.softx.2020.100563
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Mitigating Effects of Climate Change with Fans
• Unconditioned Warehouse Environment

– Can fans mitigate occupant heat stress increases 

in future conditions?

– Methods: Energy modeling and analysis of a DOE 

warehouse reference building

– Tools: Commercially available building energy 

simulation software, TMY3 data, CBE Python thermal 

comfort code, NWS heat index tool.

• Conditioned Office Environment

– Can fans mitigate increase in peak cooling load 

and energy use in future conditions?

– Methods: Energy modeling and analysis of a DOE 

medium office reference building

– Tools: Commercially available building energy 

simulation software, TMY3 data, CBE Python thermal 

comfort code.

Image Source: AMCA In-Motion 2022, Reducing Climate Change … With Circulating Fans
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Heat Stress Resilience – Typical Warehouse

Image Source: AMCA In-Motion 2022, Reducing Climate Change … With Circulating Fans
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HVAC Performance Loss – Typical Office

Image Source: AMCA In-Motion 2022, Reducing Climate Change … With Circulating Fans

Without fans: significant increases in both peak load and annual energy consumption.

With Fans: Reduced or significant mitigations in anticipated peak load and annual 

energy consumption
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Specifying LDCF for:

Thermal Comfort, Efficiency, & Resilience



www.amca.org

Fan Safety Standards - UL 507 & CSA Standard 22.2 No. 113

• Third party safety standard for fans
– Provides a minimum safety level, but does not cover industrial impact testing

– Requires blades have smooth/rounded leading edges, safe electrical systems, etc.

• Designates ceiling fans into two categories 
– Safe to mount with blades ≥7 ft (2.1m) blade height - “Residential”

– Safe to mount with blades ≥10 ft (3.05m) blade height - “Non-residential”

– Classification based on blade thickness and tip speed
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NFPA 13 (11.1.7 & 12.1.4) & 72

NFPA 13
11.1.7 High Volume Low Speed (HVLS) Fans. The installation of HVLS fans in buildings equipped with sprinklers, including 

ESFR sprinklers, shall comply with the following:

(1) The maximum fan diameter shall be 24 ft (7.3 m).

(2) The HVLS fan shall be centered approximately between four adjacent sprinklers.

(3) The vertical clearance from the HVLS fan to sprinkler deflector shall be a minimum of 3 ft (0.9 m).

(4) All HVLS fans shall be interlocked to shut down immediately upon receiving a waterflow signal from the alarm 

system in accordance with the requirements of NFPA 72.

NFPA 72
Where required by NFPA 13, all HVLS large-diameter ceiling fans shall be interlocked to shut down upon

actuation of a sprinkler waterflow switch that indicates waterflow in the area served by the fans.
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Installation for Safety

• HVLS blade clearances
– ≥ 2 ft (610mm) from objects

– ≥ 3 ft (914mm) below sprinkler head

– To wall ≥ diameter x 0.5

– ≥ 2.5x diameter center to center

– ~To ceiling ≥ diameter / 4 + 2 ft

• HVLS Blade Height
– 10 ft above floor (UL 507)

– ≥ diameter x 0.75 
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US DOE- Ceiling Fan Regulations

• 10 CFR Part 430, Appendix U to Subpart B
– Product classes

– Test procedures (AMCA 230 for LDCF)

– Efficiency metric

– Performance representations (CFM, W)

– Effective 1/23/17, Updated 9/15/22

• 10 CFR 430.32 Energy and water conservation standards and their compliance dates
– Minimum efficiency by product class

– Effective 1/21/2020 (modified 12/27/2020)

– Added to next revision of ASHRAE 90.1 and IECC

• 10 CFR Part 429 - Certification, compliance and enforcement
– Requirements for submission of products to US DOE CCMS database
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Air Movement and Control Association International (AMCA)

• Not-for-profit international association of the world's manufacturers 

of fans, louvers, dampers, air curtains, airflow measurement 

stations, acoustic attenuators, and other air system components.

– Publishes and distributes standards, references, and application manuals

– Provides third party certification of HVLS Fan performance

– AMCA Publications 11 & 211 - Details of the Certified Ratings Program

– AMCA 230 - Method of test for airflow and power

– AMCA 208 - FEI (CFEI) efficiency metric

– AMCA 340 - Method of test for sound performance (coming soon)
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Additional Requirements - ASHRAE 90.1-2019

• Definition
– ceiling fan, large-diameter: a ceiling fan that is greater than or equal to 84.5 

inches (2.15 m) in diameter.

• Section 6 - 6 HEATING, VENTILATING, AND AIR CONDITIONING
Section 6.4 - MANDATORY PROVISIONS

6.4.1.3       Ceiling Fans

Large-diameter ceiling fans shall be rated in accordance with 10 CFR 430 Appendix U or AMCA 230. The 
following data shall be provided:

a.      Blade span (blade tip diameter).

b.      Rated airflow and power consumption at the maximum speed.

6.4.1.3.1 The data provided shall meet one of the following requirements:

1.      is determined by an independent laboratory; or

2.     is included in a database published by the U.S. DOE; or

3.     is certified under a program meeting the requirements of Section 6.4.1.5.
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Additional Requirements - International Mechanical 

Code 2018 & 2021

• Definition

– High-volume, large-diameter fans: a lowspeed ceiling fan that 
circulates large volumes of air and is greater than 7 feet 
(2134mm) in diameter.

• Section 929 High-Volume Large-Diameter Fans
929.1 General

When provided, high-volume large-diameter fans shall be tested and labeled in 
accordance with AMCA 230, listed and labeled in accordance with UL 507, and 
installed in accordance with the manufacturer’s instructions.
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Fan Specifications - Minimum Specifications
1. Ceiling fans greater than 7 feet in diameter shall be tested and performance data determined in 

accordance with 10 CFR Appendix U to Subpart B of Part 430 - Uniform Test Method for Measuring 

the Energy Consumption of Ceiling Fans and shall be listed in the US DOE Compliance Certification 

Management Ceiling (CCMS) Fan Database.

2. Ceiling fans greater than 7 feet in diameter shall exceed the US DOE minimum-efficiency 

requirement of CFEI 1.00 at high speed and CFEI 1.31 at 40 percent speed or the nearest speed 

that is not less than 40 percent speed.  

3. Large-diameter ceiling fans must comply with AMCA Publication 211 and be certified to bear the 

AMCA Certified Ratings Program seal. They shall be tested for air performance in accordance with 

ANSI/AMCA Standard 230.

4. The fan assembly, as a system (with and without light kit), shall be Intertek/ETL-certified and built 

pursuant to the guidelines set forth by UL standard 507 and CSA standard 22.2 No. 113.

5. Large-diameter ceiling fans shall be installed per the requirements of NFPA 13 & NFPA 72.

6. Fans shall be installed in accordance with manufacturer’s instructions.

Stated directly - LDCF shall comply with the relevant requirements found in the IMC, 90.1, and the US CFR.
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Fan Specifications – Performance Based

• Ceiling fan sizing, placement, and performance shall be verified using computational fluid 

dynamics (CFD) analysis.  At a minimum, the input data for the CFD analysis shall include the 

ceiling fan(s), significant obstructions to airflow at the floor level, and the actual space 

dimensions.    As verification of cooling performance, the submittal shall include results of the 

CFD analysis including, at a minimum, the following performance metrics determined in 

accordance with ANSI/ASHRAE Standard 55: average air speed, average cooling effect from 

elevated air speed, Predicted Mean Vote, and Predicted Percentage Dissatisfied for seated 

and/or standing occupants in each occupied zone.

• Ceiling fan sizing, placement, and performance shall be verified using computational fluid 

dynamics (CFD) analysis.  At a minimum, the input data for the CFD analysis shall include the 

ceiling fan(s), air speed at the floor level, and the actual space dimensions.    As verification of 

destratification performance, the submittal shall include demonstration of the fan jet reaching 

the floor level and verification of a minimum of two air turnovers per hour at a fan operating 

speed that does not generate a draft over a significant portion of the occupied floor area.
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Q & A

Survey QR Code:
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Thank you for your time!

To receive PDH credit for today’s educational session, you must complete 

the online evaluation, either via the QR code or a link, which will be 

emailed to you 2 weeks of this program.

PDH credits and participation certificates will be issued electronically 

within 30 days, once all attendance records are checked and the completed 

online evaluations are received.

Attendees will receive an email at the address provided on your 2023 AHR 

Expo registration, listing the total credit hours awarded and a link to a 

printable certificate of completion. 

If you have any questions, please contact Lisa Cherney, Education 

Manager, at AMCA International (lcherney@amca.org).
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