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Introductions & Guidelines
• Participation Guidelines:

• Audience will be muted during the webinar.

• Questions can be submitted anytime via the GoToWebinar 
platform and will be addressed at the end of the presentation.

• Reminder: This webinar is being recorded!

• The PowerPoint PDF & resource documents are available in the 
Handouts section of the control panel.

• To earn PDH credit for today, please stay clicked onto the webinar 
for the entire webinar.

• A post-webinar evaluation will be emailed to everyone within one 
day, and it must be completed to qualify for today’s PDH credit.



Q & A
To submit questions:

- From the attendee panel on the side of the screen, select the “Questions” drop 
down option.

- Type your question in the box, 
and please include which presenter your question is directed to.

- Click “Send”.

- Questions will be answered at the end of the program.

- Unanswered questions will be responded to via email.



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 
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Saving Energy and Reducing COVID Exposure Using 

HVLS Fans

Abstract

Part 1 of this webinar will describe a new energy-efficiency metric for high-
volume, low-speed (HVLS) ceiling fans that are used in commercial and industrial 
applications. The metric is called Ceiling Fan Energy Index (CFEI). 

Part 2 of this webinar will describe how to operate HVLS ceiling fans in large 
open spaces with sparse occupancy during heating and cooling seasons to help 
reduce potential exposure to airborne particles that are contaminated with a virus 
such as COVID-19. 



Saving Energy and Reducing COVID Exporure Using 

HVLS Fans

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

1. Describe how HVLS fans are tested 

2. How HVLS fans are rated for energy efficiency using efficiency metric, Ceiling 
Fan Energy Index (CFEI).

3. How HVLS fans can help reduce potential COVID exposure in warehouses.



Today’s Presenters

• Michael Ivanovich: 
HVLS Fan Research Results for Reducing Potential 
COVID-19 Exposure in Warehouses

• Christian Taber: 
New Metric for LDCF Efficiency Regulations: 
Ceiling Fan Energy Index (CFEI)



Welcome and Thank You!!

• Countries
• China 

• India

• Malaysia

• Philippines

• Republic of Korea

• Singapore

• Taiwan

• United States

• Vietnam

• Applications
• Manufacturers

• Property Managers

• Hospitals

• Government Agencies

• Education

• Consulting and Design Engineering

• Energy – Chemical – Utilities

• Transportation & Distribution



Handouts for This Webinar

• PDF of the presentation

• AMCA inmotion magazine article on COVID research for HVLS 
Fans 

• AMCA white paper on Ceiling Fan Energy Index
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New Metric for LDCF 
Efficiency Regulations: 
Ceiling Fan Energy Index 
(CFEI)



U.S. Large Diameter Ceiling Fan Regulation

• Prior to the U.S. DOE regulation ceiling fan regulations were 
state-by-state, leading to a variety of efficiency metrics and 
test standards.

• The DOE regulation preempted state regulations and 
established uniform test methods, metrics, and requirements

• DOE ”product” regulations are legally enforceable provisions 
of the U.S. Code of Federal Regulations

• Developed and enforced by the U.S. DOE Appliance and 
Equipment Standards Program



U.S. Large Diameter Ceiling Fan Regulation

• Basics
• A federal energy efficiency regulation has two main parts:

• Test Procedure

• Energy Conservation Standard

• Test procedure is a regulation that defines 
• Regulatory metric and method(s) of test, including start date

• Product classes

• Scope - covered and excluded products

• Energy conservation standard establishes 
• Design criteria

• Minimum efficiency performance standard (MEPS) by product class

• Compliance filing requirements, including start date of enforcement

• Enforcement provisions (surveillance), including testing, penalties

• Administrative laws such as these are published in the U.S. Code of 
Federal Regulations (CFR)

https://www.ecfr.gov/cgi-bin/text-idx?SID=9630460a5b59e8f0b16d3b0411a98094&mc=true&node=ap10.3.430_127.u&rgn=div9
https://www.ecfr.gov/cgi-bin/text-idx?rgn=div8&node=10:3.0.1.4.18.3.9.2


U.S. LDCF Regulation

• Basics
• Test Procedure

• Use “definitions” to establish product classes and regulatory metrics

• Establishes a uniform test procedure for all covered products

• DOE will consider industry test standards and not use, use, or refine

• Ceiling fan test procedures published July 24, 2016

• LDCF use ANSI/AMCA 230-15

• Other product classes use a different procedure

• “On or after January 23, 2017, manufacturers of ceiling fans…must make any 
representations with respect to energy use or efficiency in accordance with the 
results of testing pursuant to this appendix.”



Exempt Fans

Highly Decorative

Belt Driven

Large Diameter Small Diameter

HSSD LSSD

Hugger Very SmallStandard

Centrifugal

Oscillating

Multi-mount

Product Classes
All product classes that are covered or exempt must 
be explicitly defined.



U.S. LDCF Regulation
• Establishment of the LDCF Product Class:

• (10 CFR 430.2 – Definitions). The term “ceiling fan” means a nonportable 
device that is suspended from a ceiling for circulating air via the rotation 
of fan blades.

• (10 CFR 430, Appendix U to Subpart B (1.11)). Large-diameter ceiling fan 
means a ceiling fan that is greater than seven feet in diameter.  (2.14m)

• …

• Establishment of the LDCF Test Procedure:
• (10 CFR 430, Appendix U to Subpart B (3.4)). The test apparatus and 

instructions for testing large-diameter ceiling fans must conform to the 
requirements specified in sections 3 through 7 of AMCA 230-15 …with 
the following modifications:

• 3.4.1. The test procedure is applicable to large-diameter ceiling fans up to 24 feet in 
diameter. (7.32m) 

• Etc.



U.S. Ceiling Fan Regulation

• Basics
• Energy conservation standard establishes 

• Design criteria

• Minimum efficiency performance standard (MEPS)

• Exempt product classes

• Compliance filing requirements, including start-date of enforcement

• Enforcement provisions (surveillance), including testing, penalties

• Final rule published January 19, 2017; effective January 20, 2020

• Updated May 27, 2021 for Ceiling Fan Energy Index

• Became immediately enforceable



U.S. LDCF Regulation

• Establishment of Energy Standard (Efficiency Requirement)
• (10 CFR 430.32(s)(2)). Large-diameter ceiling fans manufactured on 

or after January 21, 2020, shall have a CFEI greater than or equal to 

(A) 1.00 at high speed; and

(B) 1.31 at 40 percent speed or the nearest speed that is 
not less than 40 percent speed. 



U.S. LDCF Regulation
• Establishment of Energy Standard (Efficiency Requirement)

…

• 430.32(s)(2)(ii). 5. Calculation of Ceiling Fan Energy Index (CFEI) 
From the Test Results for Large-Diameter Ceiling Fans:

• Calculate CFEI, which is the FEI for large-diameter ceiling fans, at the speeds 
specified in section 3.5 of this appendix according to ANSI/AMCA 208-18, 
(incorporated by reference, see § 430.3), with the following modifications:

• (1) Using an Airflow Constant (Q0) of 26,500 cubic feet per minute 

(12.507m3/s);

• (2) Using a Pressure Constant (P0) of 0.0027 inches water gauge (0.6719 Pa); 
and

• (3) Using a Fan Efficiency Constant (η0) of 42 percent. 



Canada…

• U.S. Dept. of Energy and Natural Resources Canada (NR Canada) 
have a working relationship formalized in a memorandum of 
understanding 

• Generally, U.S. appliance/equipment efficiency regulations are 
adopted into Canadian regulations

• As of July 19, 2021, NR Canada specifies “ceiling fan efficiency” for 
LDCF, and DOE still defines “ceiling fan efficiency” using cfm/w

• Ceiling fan efficiency means the ratio of the total airflow to the total power 
consumption, in units of cubic feet per minute per watt (CFM/W).

• Therefore, CFEI not yet applicable to Canadian efficiency regulation



Extract From NR Canada Website



New Metric for LDCF Efficiency Regulations

• Ceiling Fan Energy Index (CFEI)
• Calculated at two speeds – 100% and 40% of max 

RPM
• Intended as a regulatory metric
• Allows for high utility (airflow) products
• More difficult to “game” than “airflow rate/power” based 

metrics
• Very similar to AMCA 208’s FEI, except different 

constants



New Metric for LDCF Efficiency Regulations



How To Calculate CFEI

• Use AMCA Standard 208-18
• FEI equation for total pressure

• Airflow Constant: Q0 = 26,500 cfm

• Pressure Constant P0 = 0.0027 in. WG

• Fan Efficiency Constant h0 = 42 percent

• Metric Equivalents (from AMCA 211 draft)

• Airflow Constant: Q0 = 12.507 m3/s

• Pressure Constant P0 = 0.6719 pascals



Ceiling Fan Efficiency - Wire-to-Air 



Calculating Reference Fan Electrical Input Power



Example CFEI – LDCF 100% RPM

• Actual 24’ LDCF
• 235,000 CFM (110.9m3/s) (~600W of Air Power)

• 1,530 W input power

• Reference 24’ LDCF
• 235,000 CFM (110.9m3/s) 

• 600W Air Power / 42% / 93% / 87% / 100% ≅ 1,770 W

• 1,770 W input power

CFEI = 1,770 W / 1,530 W = 1.16



CFEI Calculation – Step by Step



CFEI Requirements
• Using DOE test procedure (AMCA 230-15), LDCF tested at 100% and 

40% speeds only

• High Speed: 100%

• At 40% or speed closest to 40% without going under 40%

• Using “modified” AMCA 208-18, calculate CFEI

• CFEI > 1.00 at high speed (100%)

• CFEI > 1.31 at 40% speed or speed closest to 40% without going lower

• Optional measure standby power 

• Not included in CFEI

• May be required in future DOE regulations



50k CFM = 23.6 m3/s

234 cfm/W = 0.11 m3/s / W



Power vs. Airflow and CFEI

• Previous slide shows input power versus airflow for four fans.

• Fans 1-4 all have the same cfm/W.

• For a given airflow, the lower the curve is on the chart, the more 
efficient the fan.

• Lowest curve: Fan 2 has a CFEI of 1.72 at 100%

• Highest curve: Fan 4 has a CFEI of 0.63 at 100%.

• Illustrates how a bad fan can be pass with cfm/W metric but not 
with a low CFEI



AMCA Lab Data for LDCF Compliance Rate
cfm/Watt vs CFEI



AMCA Lab Data for LDCF Compliance Rate
cfm/Watt vs CFEI
• Previous slide shows an index for cfm/W vs. CFEI

• Index (red dots) are very close to 1.00 at highest airflows

• Below 1.00 is non-compliant

• Indicates that future fans will have harder time being compliant

• Blue dots (100% airflow CFEI) at these dots trend higher than 1.00

• Indicates that CFEI provides cushion for higher-performance/utility fans



HVLS Fan Research 
Results for Reducing 
Potential COVID-19 
Exposure in Warehouses





Purpose of Study

• Some COVID-19 guidance includes operation of ceiling fans

• Guidance does not seem to apply to HVLS fans or warehouses

• To contribute to the body of COVID-19 guidance for commercial and 
industrial facilities, with focus on the role of high-volume, low-
speed (HVLS) fans without supplemental air treatment

• U.S. only because of regional construction and occupancy characteristics

• Some slides to not have metric equivalents

• Concordia Univ. can replicate study for different climates, warehouse 
characteristics



Purpose of Study

• Warehouses selected as subject building type/application

• Warehouses are critical to supply chain, and increasingly so
• Second largest building type in USA based on square footage (office 

bldg. #1)

• COVID outbreaks happen in warehouses
• Supply chains have enough problems.



Purpose of Study

• Examples of Current Guidance
• Centers for Disease Control, USA
• https://www.cdc.gov/coronavirus/2019-ncov/community/ventilation.html

• “Use ceiling fans at low velocity and potentially in the reverse-flow direction (so that air is 
pulled up toward the ceiling)”

• Problem: Running HVLS fans in reverse direction diminishes performance, 
especially in warmer temperatures

• World Health Organization
• https://www.who.int/news-room/q-a-detail/coronavirus-disease-covid-19-ventilation-and-air-conditioning

• The use of ceiling fans can improve the circulation of air from outside and avoid pockets of 
stagnant air forming indoors. However, it is critical to bring in air from outside when using 
ceiling fans, such as by opening windows

• Problem: In warehouses, opening windows and loading-dock doors in winter is not 
possible in cold-weather climates

https://www.cdc.gov/coronavirus/2019-ncov/community/ventilation.html
https://www.who.int/news-room/q-a-detail/coronavirus-disease-covid-19-ventilation-and-air-conditioning


Structure of Study

• Assembled an international team of experts on building science, IAQ 
science, infectious diseases, modeling

• Assembled an industry team of experts to provide HVLS expertise and 
funding

• Goal was to peer review the study from start to finish

• Science team governed research design, modeling, interpretation of 
results, and final report

• Industry team helped tune the fan model and operationalize guidance

• Winter and summer conditions were modeled; emphasis on summer 
conditions

• Summer conditions are the focus for this Webinar for Asia



Project Team

Project funded by:
AMCA International
• Big Ass Fans
• Greenheck
• Hunter Industrial
• MacroAir

Principal Investigator: 
• Leon Wang, PhD, Peng

Science Team Leader:
• William P. Bahnfleth, PhD, PE

Project Manager:
• Michael Ivanovich



This is the type of space we modeled



Polling Question #1



Warehouse - Building Overview 
● Based on U.S. Department of Energy commercial reference building for 

warehouses
● Dimensions - 100m (330 ft) x 46m (150ft) x 8.5m (28ft)
● Chicago, IL USA



Warehouse Bulk Storage
● Dimensions

○ 70-m (230-ft) x 46-m (150-ft) x 8.5-m (28-ft)

● Mechanical System
○ Heating - Unit heaters, constant volume, 

55-F setpoint
○ Ventilation - Exhaust fans, 85F on-point
○ Air Conditioning - None

● Envelope
○ Based on ASHRAE 90.1 - 2016
○ Six dock doors, Three standard doors

● Thermal conditions modeled using 
EnergyPlus

● Occupancy is very low-density



Bulk Storage - Airflows

● Ventilation
○ Minimum = 2,907 cfm
○ Comfort = 24,150 cfm (1.5 ach)

● Infiltration
○ 5,228 cfm

● HVLS Fans
○ Two 6.1-m (20-ft) impeller diameter
○ AMCA-certified performance data

■ 91 m3/s (192,000 cfm)
■ Test procedure in accordance with U.S. 

Code of Federal Regulations 10 CFR 430 
Appendix U

○ 6.1-m (20-ft) blade height



Comparison of Air Volumes & Dilution Airflow Rates

Assumptions: 3,000 ft2 per space type, 10-ft ceiling in office and breakroom, 28-ft ceiling in warehouse
Source: ASHRAE Standard 62.1-2019 Table 6-1, ASHRAE AEDG Warehouses & Small Office Buildings

Office 
Space

Breakroom
Warehouse -

Winter
Warehouse -

Summer

Outdoor Air (cfm/person) 5 5 10

0.7 cfm/ft2
Outdoor Air (cfm/ft2) 0.06 0.12 0.06

Infiltration (cfm/ft2) 0.054 0.054 0.152

Occupants (person/1k ft2) 5 50 0.333 0.333

Room Air Volume (ft3/person) 2,000 200 84,000 84,000

OA + Infil (cfm/person) 27.8 8.5 646 2,100



Packing Line Scenarios



Fan, Packing Line Location Definitions

S - 6

S - 3

D - 6

D - 3

L- V

L - H

M - V

U - H

Packing line location Worker location
M=Middle L=Left U=under V=Vertical H=Horizontal D=double row S=single row 6=6 ft 3=3 ft



Fan Speeds Nomenclature

Fan speeds to focus on::
• FS-0 = Fan Not Running
• FS-0.6 = 0.6 m/s (118 fpm)
• FS -3.0 = 3.0 m/s (591 fpm)



Fan Parameters for Design Guidance

Note: Figure from AMCA inmotion article at www.amca.org/inmotion



Polling Question #2



Result Zone Definitions
Whole-warehouse Breathing Zone Working Zone

Height: 1.7 m(5.6 ft)



Whole-warehouse 
breathing zone 
concentration, FS-0, 
counts/m3 (8 hr)

Airflow/particle 
moving West to East

L-V

L-H

M-V

U-H

S-6 S-3 D-6 D-3 Max = 52 
counts/m3



L-V

L-H

M-V

U-H

S-6 S-3 D-6 D-3

L-H-S-3 
(highest
)

U-H-D-
3

(lowest
)

Whole-warehouse 
breathing zone 
concentration, FS-3, 
counts/m3 (8 hr)

Fan at high speed

Max = 52 
counts/m3



Investigate the Case (U-H-D-3) 
Summer Conditions 

D-3

U-H

because it results in lowest whole-warehouse beathing zone concentration

Packing line Under the fan 
Horizontal placement

Double line workers with 3
feet apart



Compare Fan Operations 
(U-H-D-3) – Horizonal Plane

10 min, FS-3

10 min, FS-0.6

10 min, FS-0

1 hr, FS-3

1 hr, FS-0.6

1 hr, FS-0

8 hr, FS-0.6

8 hr, FS-0

8 hr, FS-3
D-3

U-H

8 hr, FS-3



10 min, FS-3

10 min, FS-0.6

10 min, FS-0

1hr, FS-3

1hr, FS-0.6

1hr, FS-0

8hr, FS-3

8hr, FS-0.6

8hr, FS-0

Compare Fan Operations (U-H-D-3) – Vertical Plane

Max = 260 counts/m3



U-H-D-3 – Whole warehouse breathing zone and working zone 
concentration at different fan speeds
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Results: Simplified guidance
• Guidance based on season and worker-location with respect to fans:

• Operate fans at the highest feasible speed while maintaining occupant comfort in 
the space.

• Where possible, avoid locating occupants immediately downstream of each other 
for extended periods of time.

• At high fan speeds (e.g. warm-temperature conditions) the simulations show a 
notable reduction in concentrations.

• At low fan speeds (e.g. cold-temperature conditions) the simulations show a 
slight reduction in concentration in the region close to the fan (e.g. within three 
fan diameters), and no practical difference outside that region.



Results: Logic behind the guidance

Notes: Green/yellow/red color coding is an approximate indicator of how clear the effect was in the scenarios we simulated.
1: Simulations show slightly lower concentrations with reverse flow than with forward flow at a given low speed, but this is based on a 
much smaller number of simulated scenarios (two as opposed to the 16 for a typical forward-direction scenario) and is a small effect 
given simplifications and assumptions in the model. For simplicity, retaining the pre-pandemic direction is advised—unless reversing the 
fan allows for substantially higher fan speeds while avoiding draft at the occupied level.
2:  Although simulations show a slight increase in average warehouse breathing concentration for fans at low-speed vs off, the 
distribution is far more uniform across the entire warehouse (i.e. no ‘hot spots’). Based on feedback from the science team, overall this 
homogeneity is a net advantage as more mixing (i.e., dilution) is beneficial for times when workers who may be far apart for much of
the workday meet and interact more closely. Lastly, the still-air results depend highly on model assumptions and simplifications (e.g., 
plume effectiveness, lack of local mixing, the presence of racks, etc.), and this small difference could be an artifact of those.
3: e.g. Most occupants located more than 3 fan diameters from the center of a fan for the majority of the day.

Where are most occupants 
located?

Summer conditions Winter conditions

Close to the fan(s) Operate fans downwards, at high 
speed

Operate fans at highest feasible speed that does not cause discomfort 
in either forward or reverse direction, whichever approach was used 
pre-pandemic1

Far from the fan(s)3 Operate fans downwards, at high 
speed

Operate fans at highest speed in either forward or reverse, whichever 
approach was used pre-pandemic2



Resources and Hyperlinks

• Project Final Report: 

• AMCA COVID Guidance for Unducted Fans –
Modeling Ceiling Fans, https://bit.ly/COVID_LDCF

• AMCA inmotion magazine article 
https://tinyurl.com/yc3ubhzy

• AMCA Web Page for HVLS fans

• www.amca.org/LDCF

https://bit.ly/COVID_LDCF
https://tinyurl.com/yc3ubhzy
http://www.amca.org/LDCF


Thank you for your time!

To receive PDH credit for today’s program, you must
complete the online evaluation, which will be sent via 

email 1 hour after this webinar.

PDH credits and participation certificates will be issued electronically 
within 30 days, once all attendance records are checked and online 

evaluations are received.

Attendees will receive an email at the address provided on your 
registration, listing the credit hours awarded and a link to a printable 

certificate of completion. 



Questions?



Presenters

Michael Ivanovich Christian Taber


