
Air System Engineering & Technology (ASET) Conference–US
San Antonio, TX  •  Hyatt Regency San Antonio Riverwalk • March 6 - 7, 2018

AMCA International

Fan Power in 90.1 & IECC

Copyright 
AMCA International • www.amca.org

Jeff Boldt, Principal IMEG Corp
Jeff.G.Boldt@IMEGcorp.com



Professional Development 
Hours (PDH) Certificates

The Air Movement and Control Association International (AMCA), has met the 
standards and requirements of the Registered Continuing Education Providers 
Program. Credit earned on completion of this program will be reported to the RCEP. 
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 NCEES or RCEP.

2



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 

3



Learning Objectives

• Understand the Fan Power Requirements of 90.1 
• Understand differences between the Fan Power Requirements of 90.1 

and IECC
• Learn techniques to verify compliance prior to design completion (no 

redesign)
• Understand how FEG and FEI affect compliance now and may in 

future editions of the codes
• Session 2, Track 2 will delve deeper into this topic

• Learn tips to help comply early in your projects without alienating your 
architect or client
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What’s Required by 90.1?  Prescriptive Path Only. 

•2007 & 2010 & 2013 & 2016
6.5.3 Air System Design and Control. Each HVAC system having a total fan 
system motor nameplate hp exceeding 5 hp shall meet the provisions of 
Sections 6.5.3.1 through 6.5.3.2. (.4 in 2010) (.5 in 2013) (merged into 
6.5.3.1 in 2016)
6.5.3.1 Fan System Power Limitation (Power & Efficiency in 2013)
6.5.3.1.1 Each HVAC system at fan system design conditions shall not 
exceed the allowable fan system motor nameplate hp (Option 1) or fan 
system bhp (Option 2) as shown in Table 6.5.3.1.1A. This includes supply 
fans, return/relief fans, exhaust fans, and fan-powered terminal units 
associated with systems providing heating or cooling capability. 
(2010+) Single zone variable-air-volume systems shall comply with the 
constant volume fan power limitation. 



Not All Fans Count

•6.5.3.1.1 Each … at fan system design conditions ….
–Relief fans often don’t count and can be very inefficient

• Something I’d like to work on in 90.1

–Cabinet heater fans
• Shaded pole, PSC, ECM

–Parallel (heating) fan powered boxes don’t count
• Some controversy about this
• IMO - takeaway from RP-1292 should be that parallel boxes should have 

better backdraft dampers, not that series boxes save energy
• Some believe the message is that series boxes are more efficient
• Also IMO – series may be good on critical branches – depends on time of day 

and hours/week in critical branch



What’s Required by 90.1?

•2007, 2010, 2013, & 2016
Exceptions:

a. Hospital, vivarium, and laboratory systems that utilize flow control devices on 
exhaust and/or return to maintain space pressure relationships necessary for 
occupant health and safety or environmental control may use variable-volume 
fan power limitation.

b. Individual exhaust fans with motor nameplate ≤1 hp.
c. Fans exhausting air from fume hoods. Note: If this exception is taken, no 

related exhaust side credits shall be taken from Table 6.5.3.1.1B and the Fume 
Hood Exhaust Exception Deduction must be taken from Table 6.5.3.1.1B. 
(deleted in 2010, 13, & 16)



What’s Required by 90.1?

•6.5.3.1.2 Motor Nameplate Horsepower. For each fan, the selected 
fan motor shall be no larger than the first available motor size 
greater than the bhp. The fan bhp must be indicated on the design 
documents to allow for compliance verification by the code official 
(2016 building official). (2019 Update?)

•Which bhp? Fans are rated without including belt losses. 

•Amps ≠ Energy!



3-Phase Motor Performance – Very Different for Single-Phase!



Fan Motor Sizing

Exceptions:
1. For fans less than 6 bhp, where the first available motor larger than the brake 
horsepower has a name-plate rating within 50% of the bhp, the next larger 
nameplate motor size may be selected.
2. For fans 6 bhp and larger, where the first available motor larger than the bhp 
has a nameplate rating within 30% of the bhp, the next larger nameplate motor 
size may be selected. 
3. Systems complying with Section 6.5.3.1.1, Option 1. (2013)
4. Fans with motor nameplate horsepower of less than 1 hp. (2016)



Is the BHP Method a Loophole?

•Normally the method we use
•We don’t spec over 90% motor loading

–Possibly 90.1 violation for us for a 9.5 BHP load
•Do some practitioners or companies oversize motors 
because it’s needed for the actual BHP?
–I don’t know whether this is widespread



What’s Required by 90.1?



Table 6.5.3.1-2 Fan Power Limitation Pressure Drop Adjustment Device A - 2016

2016Δ

2010>>
2010Δ

2013Δ
2007-1”

2016
“
“



IECC-2015 is Similar to 90.1-2016

•Because fan power addenda occurred early in the cycle 
they were in time for the ICC hearings

•In the early 2000’s there was no fan power limit in the IECC



FEG & FEI

•Fan Efficiency Grade (FEG)
–Entered 90.1 in 2013
–Required FEG ≥67  & within 15 points of maximum efficiency per 

AMCA 205 at design condition
–Exceptions:

• <5HP – single fans or arrays
• Equipment covered by 6.4.1.1
• Equipment where fans are included in energy ratings
• PRVs
• Fans outside scope of AMCA 205
• Emergency fans



FEI

•Fan Efficiency Index (FEI)
–Improvement over FEG
–FEG almost surely being removed from 90.1-2019
–Debate about replacing it with FEI

• I’m betting YES
• Limit on the worst efficiency fans

–Relief fans
–Return fans in packaged equipment
–Systems that have no trouble meeting fan power limits



How to Comply? 

•Rule of Thumb
–5” SP supply fan should use ~1BHP/1,000 cfm



SD/DD Measures

•A method is provided to estimate 
where the project stands

•Much cheaper to get it right now than 
at CD stage! 



Step 1 – Airflow and Equipment

•Estimate cfm
–Often 0.8-1.2 cfm/SF
–Healthcare ~1.2-1.5 cfm/SF

•More AHU’s serving smaller areas with shorter duct runs = 
easier to make comply with fan power limits

•Coordinate with Architect



Step 2 – Determine AHU Configuration

•Project type often determines the AHU configuration
–E.g. Blow-thru in healthcare possible power savings but nearly 

also always = wet final filters
•Variable volume allows ~30% more motor horsepower
•Include all sections and components of the AHU
•Determine AHU internal ΔP 

–Typically AHU ΔP is ~ 50% of total system ΔP
–Often cheaper to increase AHU size than to increase duct sizes
–Low ΔP filters can help
–Can label when to change filters

• Rule of thumb – lowest LCC is at twice clean pressure drop



Step 3 – Determine Allowable System TSP

•Table 6.5.3.1.1A provides the equation for allowable brake 
HP for variable volume systems
–𝐵𝐵𝐵𝐵𝐵𝐵 ≤ 𝐶𝐶𝐶𝐶𝐶𝐶𝑆𝑆 × 0.0013 + 𝐴𝐴

•Substituting and solving for TSP gives

–𝑇𝑇𝑇𝑇𝑇𝑇 ≤ 0.0013×𝜂𝜂𝐸𝐸𝐸𝐸𝐸𝐸
0.000157

+ 𝐴𝐴×𝜂𝜂𝐸𝐸𝐸𝐸𝐸𝐸
𝐶𝐶𝐶𝐶𝐶𝐶𝑆𝑆×0.000157

•Calculate A from Table 6.5.3.1.1B 

–A = ∑(𝑃𝑃𝑃𝑃 × 𝐶𝐶𝐶𝐶𝐶𝐶𝐷𝐷
4131

)



Step 3 – Continued - Reminder



Step 4 – Determine Total Ductwork ΔP

•Subtract AHU component SP from system TSP
–If you later fail, resize the AHU

•Total Ductwork ΔP is the total allowable external ΔP 
associated with total system of supply, return, relief (if 
operating at peak cooling load), and exhaust ducts 
associated with the air handling system, including TABs and 
air devices

•Exhaust fans with nameplate 𝐻𝐻𝐻𝐻 ≤ 1.0 are exceptions and 
are not included



Step 5 – Determine Static Pressure Setting

•Static pressure setting upstream of terminal air boxes 
usually falls between 0.70” and 1.0” w.g.
–Question balancing reports saying that 1.5” is needed
–90.1 now requires resetting this, but that won’t help with the 

initial compliance documents
•Terminal air boxes with reheat coils must not require more 
than 0.5” W.C. by IMEG specifications
–Soap Box: This is mostly coil ΔP, when we do energy recovery 

chillers we use boxes with larger coil face area, e.g. a 6” damper 
with the coil & box that goes in a normal 8” box

•Air devices typically require approximately 0.1” w.g.
•Ductwork ΔP usually is low downstream of TABs



Step 6 – Determine Allowable Duct ΔP

•Subtract Static Pressure Setting (TAB and downstream 
pressure drop found in Step 5) from Total Ductwork ΔP 
from Step 4.

•This allowable duct ΔP includes supply ductwork upstream 
of TAB’s, return ductwork, and applicable exhaust ductwork 
(serving fans ≥1hp)
–Need to fix that exemption in 90.1 IMO



Step 7 – Estimate Actual Duct System ΔP

•Review floor plan and sketch a single-line layout from AHU 
to TABs and AHU to critical return inlet

•Don’t need to include TAB or downstream duct & air 
devices (already accounted for)

•Sketch single-line ductwork layouts for return and 
applicable exhaust systems 

•Complete preliminary duct pressure drop calculations for 
each system using spreadsheet or your company’s tool



Step 8 – Compare Pressure Drops

•Compare Estimated Duct ΔP to Allowable Duct ΔP 
•If Actual ΔP is too large, revise duct design

–Friction factors, duct sizes, fittings, etc.
–Consider duct routing, number, and size of AHU’s (cross 

sectional area)
•Discuss options for reducing total pressure with 
Architect/Owner



Step 8 – Maybe Step 1!

•Explain to architect WHY your mechanical room should be 
central to the areas served
–Shorter ducts are cheaper (pay for the marble entry?)
–Shorter ducts use less energy
–Shorter ducts need less fan power and cause less noise
–Shorter ducts use less volume in the building, so some ceilings 

can be higher, especially at the perimeter
–Possibly avoid an energy model that the owner might not pay 

for
•In my experience, if you have reasons architects give you 
what is right for the project



Example Calculations – Step 1

•Step 1 – Airflow and Equipment
–4-story MOB, 15,000 SF per floor

• Assume 1.2 cfm/sf
• CFM = 4 floors x 15,000 SF x 1.2 CFM/SF
• CFM = 72,000 cfm (estimated)

–Number of AHU’s
• Based on building geometry, etc., assume 2 AHU’s
• CFM = 36,000 cfm per AHU



Example Calc – Step 2

•Step 2 – AHU Configuration
–VAV w/ RF, Heat Wheel, Blender, HW/CW coils

• RA damper 0.15”
• OA damper 0.10”
• 30% Filter 0.21”
• Heat Wheel 1.00” (air passes through 2x) Keep ΔP low
• Air Blender 0.30”
• HW Coil 0.30”
• CW Coil 0.60”
• Total ΔP 2.66” w.g.



Example Calc – Step 3

•Step 3 – Calculate Allowable System TSP
–Determine exceptions for A

• Ducted Return 0.5” w.g. (if allowed)
• Heat Wheel 2.2x%eff - 1.0” = 0.76” w.g.

• A = ∑(𝑃𝑃𝑃𝑃 × 𝐶𝐶𝐶𝐶𝐶𝐶𝐷𝐷
4131

)

• A = 0.5 x 36,000 / 4131 + 0.76 x 18,000 / 4131= 7.66

–Assume 65% efficient fan
• 𝑇𝑇𝑇𝑇𝑇𝑇 ≤ 0.0013×𝜂𝜂𝐸𝐸𝐸𝐸𝐸𝐸

0.000157
+ 𝐴𝐴×𝜂𝜂𝐸𝐸𝐸𝐸𝐸𝐸

𝐶𝐶𝐶𝐶𝐶𝐶𝑆𝑆×0.000157

• TSP = 5.382” + 0.88” = 6.262” w.g.
• Verify fan efficiency later (higher efficiency is good!)



Example Calc – Step 4

•Step 4 – Calculate Total Ductwork ΔP
–Subtract AHU SP  from System TSP

• Duct ΔP =6.262” – 2.66”
• Duct ΔP =3.602” w.g.

–If this is a problem, study duct fitting C-factors!



Example Calc – Step 5

•Step 5 – Determine Static Pressure Setting
–Calculate ΔP of Downstream Devices

• Terminal Air Box ΔP 0.5”
• Assume Ductwork ΔP 0.4”
• Assume Diffuser ΔP 0.1”
• Static Pressure Setpoint 1.0” w.c.



Example Calc – Step 6

•Step 6 – Allowable Ductwork ΔP
–Subtract Static Pressure Setpoint from Allowable Total Ductwork 

ΔP
–ΔP  = 3.60” – 1.0” = 2.60” w.c.



Example Calk – Step 7

•Step 7 – Actual Ductwork ΔP
–Sketch one-line ductwork layouts
–Complete Pressure Drop calc for each duct system
–Add up Supply, Return, and applicable Exhaust pressure drop 

calculations
–Compare Allowable and Actual ΔP



Think About Belts



Basic Workbook – 4 Worksheets



B Occupancy Example 
•Plenum return
•MERV 7 filtration
•No heat recovery 
•Ducted exhaust system is only credit
•Option 1

–Motor HP ≤ CFMs * 0.0015 = 15 HP of motors
•Option 2

–BHP ≤CFMs*0.0013 + 1000*0.5/4131 = 13.1 BHP 



Exhaust Fan BHP

•Assume
–EF has 0.75” of static pressure
–EF requires ~0.3 BHP
–This leaves 12.8 BHP for the supply fan and the return or 

exhaust fan 



Return Fan BHP

•Plenum return should have ~1” SP
•More if several floors and/or fittings 
•Assume 1.5” SP and 9,000 cfm 
•If our AHU is a Trane M-30 (yes, this is a 333 fpm coil 
selection) the most efficient fan pick is the AF, which will 
require 3.7 BHP 



Supply Fan BHP

•We have 9.1 BHP remaining
•The most efficient option is the 22” AF fan, which can 
deliver 10,000 cfm at up to 4” SP with this amount of input 
power



Summary – for Office Buildings

•Select efficient fans
•Design for a total supply fan static pressure of ≤4”
•Design for a total return/relief system static of ≤1.5”
•You can probably trade SP between the supply and return fan. 
The supply fan has more flow, but it is also a more efficient fan

•These rules put you right on the edge of compliance – don’t get 
caught short



AHU Thoughts

•The AHU should not consume more than 40% of the total SF 
allowance = 4” * 40% = 1.6”
–This will typically require the AHU to be selected for ≤400 FPM coil 

velocity (e.g. a size 30 unit for 10,000 CFM).
–Blenders will need bypass dampers that open when OA temperature is 

≥40°F
–Supply fans should be oriented to take advantage of their velocity 

pressure
–AH Equipment committee will expand improve this list.



Ductwork Thoughts

•No more than 5 turns should be needed to any VAV box
•No fittings with C-factors >0.38 should be used in main ducts
•No duct velocity should exceed 2000 FPM unless all fittings will 
have C-factors <0.20.



Tips to Design Low ΔP Systems

•Good Fittings!
–Get cozy with the fitting C-factors in the ASHRAE duct fitting 

database, ASHRAE handbooks, and SMACNA Duct Design 
Manual

–Bad fittings are the #1 reason that systems don’t comply
–Use radius elbows when they fit

• Even R/d=1.0 elbows have less ΔP than turning vane elbows (and duct liner 
never gets stuck in them)



Good Fittings!

•Design shafts with efficient outlet fittings
–Fight for space















System Effect

•AMCA TECHSPECS VOL 1 – No. 1 Has more info
•Vol 11 – No1 has evase system effect factors



System Effect from Real Project

•Inline fan system effect





















Louvers & Gratings

•Drainable blade, also 
newer designs

•Welded bar gratings



Elbows



Proper Elbow Construction







Think About Big Fittings





A Few Good Fittings





























Questions / Discussion

Did I say that?!
Jeff.G.Boldt@IMEGcorp.com
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