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Auxiliary Power:  Why Awareness is So Low 
 

Hopefully it is not trademark infringement to use Big Ass 
Pump and Fan Energy (BAPFE) to describe auxiliary energy 
use and demand of many HVAC systems.  The reasons so 
many in the industry are unaware of BAPFE may include: 
 Equipment efficiency standards grossly under predict the 

contribution of auxiliary power demand and energy use. 
 Regulations and standards are developed based on rated 

equipment performance and computer simulations. 
Measured performance data is largely ignored. 

 Involvement in building efficiency standards development 
is a time-intensive activity.  This results in an imbalance in 
committee membership since few design engineers have 
the time and financial resources to participate, especially 
those from small businesses. 

 Competent engineers have less time to do optimal design 
because so much effort is required to comply with complex 
and frequently changing standards, conduct computer 
simulations, obtain information from vendors, negotiate 
with architects, and become certified to perform tasks that 
formerly 8+ years of study and practice to become a PE 
was sufficient. [Now it only takes 3 days and no PE to be 
certified to design ground source heat pumps (GSHPs.)] 

 

Table 1 below is a screen shot from SystemKWperTon.xls 
which is an example of system with two 0.5 kW/ton (EER=24) 
chillers with a resulting system kW/ton of 1.4 (EER=8.6). The 
net cooling capacity is also reduced from 400 to 337 tons.  It 
complies with the ASHRAE 90.1 fan power limit.  Please use 
(and verify) the program to avoid being like the guy in Figure 
1.  The program is included with this edition of OTL. 

 
Figure 1.  Government Regulators’ and Energy Standards 
Committee Members’ Position on Auxiliary Energy Use

 

Qty. kW/ton Total Cap. Each (Tons) Total TC (Tons) Total kW

2 0.5 200 400 200

400 200

Qty. Q (cfm) TP (inches of water) Fan Eff. Motor Eff. hp (each) kW(each) Aux Heat  Aux Power 

6 20000 4 70.0% 90.0% 18.00 14.92 ‐25.5 89.5

4 10000 3 70.0% 88.0% 6.75 5.72 ‐6.5 22.9

0 0

Supply Fan Total 160000 cfm ‐32.0 112.4

Qty. Q (cfm) TP (inches of water) Fan Eff. Motor Eff. hp (each) kW(each)

6 20000 1.5 70.0% 88.0% 6.75 5.72 ‐9.8 34.3

6 5000 1.5 70.0% 84.0% 1.69 1.50 ‐2.6 9.0

0 0

150000 cfm ‐12.3 43.3

Qty. Q (cfm) Mtr. Power (Fraction) Type Wire‐Air Eff. % Load kW(each)

40 1200 1/3 ECM 32.0% 75.0% 0.58 ‐6.6 23.3

40 800 1/4 Hi Eff PSC 28.0% 75.0% 0.50 ‐5.7 20.0

0

80000 cfm ‐12.3 43.3

Qty. Q (gpm) Head (Feet of water) Pump Eff. Motor Eff. hp (each) kW(each)

2 500 80 70.0% 92.0% 14.43 11.70 ‐6.7 23.4

1000 gpm ‐6.7 23.4

Qty. Q (gpm) Head (Ft. wtr.) Pump Eff. Motor Eff. hp (each) kW(each)

2 600 80 70.0% 92.0% 17.32 14.04 28.1

1200 gpm 28.1

Qty. Nameplate hp (each) %Load Motor Eff. hp (each) kW(each)

2 15 80.0% 90.0% 12.00 9.95 19.9

203.0 336.8 Tons

1.27 470.4 kW

1.40 System EER = 8.6 Btu/Wh 2.52 W/W

Fan hp/1000 cfm=

Fan hp=

Terminal Fan Total Terminal Fans Total

Return Fans TotalReturn Fan Total

kW/ton Usually Only Includes Chiller/Compressor Power ‐ This Program Computes kW/ton, EER and COP for theTotal HVAC System

Table 1.  HVAC Cooling System Efficiency Calculator ‐ Use Yellow Cells for Input

System COP =System kW/Ton =

Net Capacity (includes heat deduction for indoor fans and CW pumps) =

System kW (includes power for chillers, compressors, fans and pumps) =

Chilled Water Pumps 

Chilled Water Pump TotalChilled Water Pump Total

Cond. Water Pumps  

Cond. Water Pump Total Cond. Water Pump Total

Supply Fan Totals

Cooling Tower Fans

Chillers/Compressors

Supply Fans (<1.0 hp)

Chiller/Compressor Totals

Return Fans (<1.0 hp)

Terminal Fans 

System Description: 2 Water Cooled 200 ton ‐ 0.5 kW/ton Chillers, 10 Supply Air Handlers, 80 Fan Powered VAV terminals, 12 Return Fans

See verification of this 

calculation on page 4. 



Outside the Loop is a revival of a newsletter originally devoted to ground 
source heat pumps This version is expanded to the larger HVAC industry to 
provide alternative perspectives to publications that depend on advertisement 
for financial support. The editor is a frequent contributor to the ASHRAE 
Journal and is author and co-author of two widely sold ASHRAE publications, 
HVAC Simplified (2006) and Geothermal Heating and Cooling (2014).  
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Previous issues available at www.geokiss.com. 
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Filter Losses & Energy Use: Small Print in AHRI 210/240 
 

The good news is that air filters with higher Minimum 
Efficiency Reporting Values (MERVs) of 11 and 13 have the 
same pressures losses as MERV 6 and 7 filters.  Testing by the 
staff of the California Energy Commission (CEC) confirmed 
that test results generally match manufacturers’ data for clean 
filters (CASE Report #2019-RES-IAQ-F).  In some cases 1-
inch pleated MERV 13 filters had lower pressure losses than 
1-inch pleated MERV 7 filters from the same manufacturer.  
The average loss for 1-inch filters at a face velocity of 295 
fpm was 0.25 inches of water gauge (in.w.g.) and the average 
for 2-inch filters was 0.18 (in.w.g.). 
 

Manufacturers report data for clean 1-inch and 2-inch filters at 
various face velocities (i.e. 300, 350, 500 fpm) or plots of 
initial resistance (in.w.g.) vs face velocity (fpm). Figure 2 is 
an example of a specification for a 1-inch pleated filter which 
calls for a final resistance (when the filter is fully loaded and 
should be changed) of 1.0 inches of water. 
 

 
Table 1  Example Specification of 1‐inch pleated filter 

 

It is disconcerting that a recommended filter change for 
unitary equipment would be 1.0 inches which would exceed 
the total fan pressure available in most cases.  However, this 
loss is the final resistance at 500 fpm face velocity (see 
American Air Filter Product Catalog, p. 9).  Using the pressure 
loss variation as a function of velocity squared results in a 
lower final resistance of 0.35 in. w.g. [1.0×(295/500)2]. 

 

Table 11 from ANSI/AHRI Standard 210/240-2017 sets the 
external static pressure (ESP) for rating unitary air-
conditioners and heat pumps.  The values of 0.1 to 0.2 inches 
of water are well below losses for properly installed ducted 
systems (0.4 to 0.7 in.).  Note 3 in the table calls for an added 
0.08 inches of water if the unit is tested without a filter.  As 
noted previously, this value is also well below the losses for 1-
inch filters  The standard calls for total losses of only 0.18 to 
0.28 inches of water gage across the filter and ductwork. 
  
Consider a 3-ton (36,000 Btu/h) unit with a partially loaded 1-
inch filter (0.3in.w.g.), internal pressure static (ISP) loss of 0.3 
in. w.g, and a quality duct system with loss of 0.5 in.w.g..  
Therefore, the total pressure (TP) would be 1.1 in. w.g. which 
is over twice the value designated by the rating standard. 
Furthermore, if the filter was sized at 400 fpm and dirty then 
the loss would be 3 times the standard rating value. 

 
 

Energy Standards that Sanction Cheap Little Fans 
 
My younger brother’s best friend Mike wanted to put chrome 
wheels on his faded pink 1957 Ford. His dad told him “… 
that’d be like putting a $5,000 saddle on a jackass”.  

 
Figure 2 Analogy of a Misfit Combination 

 
This analogy could be applied to the small fan-motor 
combinations that are used in unitary air-conditioners, heat 
pumps and furnaces. Results from an AHRI study indicate 
direct-drive forward curve fans have peak full-load, wire-to-
air efficiencies near 30% even with electronically commutated 
motors (ECMs). Some fans driven by lower cost permanent 
split capacitor (PSC) motors had slightly better efficiencies at 
higher total pressures (TPs) than those with ECMs (Figure 3). 

 
Figure 3  Fan‐Motor Efficiency @ 1.0 in. w.g. 

 

Figure 4 provides a more detailed portion of the research 
project results published in the ASHRAE Transactions.  For a 
¾-hp ECM, the low-speed efficiency was over 35%.  At high-
speed the efficiency was actually lower than the fans with PSC 
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Energy Standards that Sanction Cheap Little Fans (cont’d) 
 

motors and efficiency declined significantly at lower TP.  The 
1/3-hp ECM had 25% to 30% efficiencies at high-speed but 
poor efficiency at low-speed.  The PSC motor driven fans had 
efficiencies between 25% and 33% at higher TPs but also 
declined significantly at low TP (i.e. part-load). 
 

ECMs do have advantages over PSC motors in multi-capacity 
and variable-speed equipment (high part-load efficiency, soft 
start, higher EER/SEER ratings due to low TP test conditions).  
The efficiency improvements at higher TPs characteristic of 
actual installations are modest or non-existent.   
 

 
Figure 4 Measured Efficiency of ECM and PSC Motor Fans 

 

This raises the question of why high quality and expensive 
ECMs (or high efficiency PSC motors) are allowed to be 
coupled to low efficiency impellers. Why replace things that 
are good and ignore the components that are inferior? 
 
The answer may lie in the fact that rating conditions for indoor 
fans are so small compared to actual field conditions for 
unitary equipment that high efficiency direct-drive fans will 
have marginal impact on rated efficiencies. 
 The least egregious of the three primary unitary standards 

is the previously mentioned ANSI/AHRI Standard 210/240 
for air-source air-conditioners and heat pumps.  The rated 
conditions for duct plus filter loss is 0.18 to 0.28 inches of 
water compared to realistic losses of 0.7 to 0.8 inches (if 
filters are clean with face velocities near 300 fpm). 

 ANSI/ASHRAE Standard 103 for furnaces does not 
include fan power for the indoor fans and combustion air 
fans in rated efficiency.  It also seems lower efficiency fans 
generate more heat and boost actual furnace output. 

 ANSI/AHRI/ASHRAE ISO Standard 13256-1 for water-
to-air/brine heat pumps sets the external static pressure at 
0.0 inches of water and contains no mention of adjusting 
the value upward to include filter losses. Since it is 
impossible to circulate air through a test chamber with no 
external pressure, the fan power required to do this is 
deducted using an equation that assumes a fan wire-to-air 
efficiency of 30% (Section 4.1.3.2). Additionally, the 
external head requirement of the pump is set at 0.0 feet of 
water and the required pump power is deducted using a 
pump wire-to-water efficiency of 30% (Section 4.1.4.2). 
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Technology is currently available to couple improved fan 
impeller designs with high efficiency direct drive motors.  
Figure 5 is a fan curve for a motorized impeller with an (½ hp) 
ECM. Full-load efficiencies are significantly greater than 
ECM driven fans with forward curve blades.  These designs 
are optimized for confined spaces without scroll housings. 
They are not ideal drop-in replacements for unitary ACs, heat 
pumps and furnaces due to the larger diameters, higher speeds 
and are often optimized for higher TPs.  Backward curve 
impellers with smaller diameters, wider blades, and lower 
RPMs could likely double the efficiency of current designs at 
actual operating conditions (TP ≈ 1.0 in. w.g.). 
 

 
 

Current DOE mandates and the industry’s move toward 
using more efficient motors on inefficient impellers is like 
“…putting a $5,000 saddle on a jackass”. Furthermore, the 
economic justification for mandating the use of ECMs 
assumes they are as durable and long lasting as high efficiency 
PSC motors.  Will ECMs be off-the-shelf-same-day-available 
or proprietary items shipped from the factory in 2-3 days? 
Will ECMs last as long as PSC motors?  If they don’t, the 
modest energy savings will be lost with one extra replacement. 
https://www.thumbtack.com/p/furnace-blower-motor-replacement-cost 
www.contractingbusiness.com/residential-hvac/ecm-motors-good-bad-and-ugly 

The solution to moving the industry toward reduced unitary 
equipment fan energy is to focus on the system (which 
includes the fan impeller).  If realistic conditions for filter and 
air distribution system losses are included in the full-load 
unitary equipment ratings, manufacturers would have 
incentives to improve impeller designs. 
 

In defense of the DOE it should be noted that the AHRI 
210/240 ESP test condition may be raised to 0.5 in. w.g. for 
ducted systems in 2023 (adjustments to non-ducted equipment 
will be made but not to small duct, high velocity systems). It is 
not clear if the filter losses will be higher. If these changes 
happen, furnace and water-to-air heat pump manufacturers 
should test at these conditions and adjust ratings. 
 

There are many other loopholes in the rating conditions that 
are complex, confusing, and deceptive. The move to improved 
fan impellers would be relatively simple.  Hopefully, the shift 
toward realistic ESP values will be accompanied higher filter 
loss values and less deceptive furnace AFUE and GSHP 
efficiency ratings. At a minimum, values for fan power should 
be calculated for unitary equipment near 1.0 in. w.g. TP rather 
than the current value of 0 (for furnaces) to 0.5 in. w.g. for 
ducted air source air-conditioners and heat pumps. 
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Standard 90.1: Is 40 feet of head loss/100 feet of pipe OK? 
 

The ASHRAE Handbook – Fundamentals states: “The general 
range of pipe friction loss used for design of hydronic systems 
is between 1and 4 ft. of water per 100 ft. of pipe.” Apparently, 
the ASHRAE SSPC 90.1-Mechanical Subcommittee ignores 
fundamental design concepts when applying variable-flow 
(VF) and variable-speed drive (VSD) pumps. 
 

Table 6.5.4.6 in Standard 90.1-2016 allows 270 gpm in 3-inch 
“nominal size” pipe if a VF or VSD pump is used.  If VF or 
VSDs are not used, only 180 gpm is allowed for a system that 
operates less than 2000 hours per year. 
 

Have you ever heard VSD vendors say, “…the power declines 
by the cube of the flow ratio, so at 50% flow rate the pump 
power consumed is only 12.5% of full-load power”?  (This 
only happens if no valves are closed to change the system 
curve and pump-motor efficiency is constant).  When the same 
concept is used, the increase in pump power due to loss in a 3-
inch pipe with 270 gpm vs. 180 would be 337.5% (270/180)3. 
The head loss increase at 270 gpm would be 225% (270/180)2. 
No big deal, the pump is usually way oversized anyway, right? 
 

Maybe no one on the SSPC 90.1 Mechanical Subcommittee 
realizes that there are a lot of different “nominal” 3-inch pipe 
diameters. Pop Quiz: What is the inside diameter of 3-inch 
cross-linked polyethylene (PEX)? Hint: PEX for hydronic 
applications is typically based on CTS dimensions and DR 9.  
    
 
This will result in a head loss of over 40 ft. of water per 100 ft 
of pipe. (Uponor: Commercial Piping Systems Engineer 
Reference Guide, p.12).  This is 10 times the amount 
recommended in the ASHRAE Handbook – Fundamentals. 
Even for Schedule 40 new steel pipe the loss would be 17 ft. 
of water per 100 ft, over four times the recommended loss. 
 

This must be a mistake, right? How could a critical standard 
deviate so radically from the Fundamentals Handbook?  When 
I wrote the ASHRAE publication HVAC Simplified there were 
47 technical reviewers.  They found a lot of mistakes.  While I 
think this book is a great document, it has nowhere near the 
importance of ASHRAE 90.1.  Why are there no reviewers for 
a document that advocates such poor engineering practice? 
 

The customary answer is to get involved with the public 
review process. It doesn’t work well for ASHRAE peon 
members with limited influence like me.  See next article. 
 

Why Gave I Up Commenting on Standard 90.1 Revisions 
 

Several years ago we received an EPA Energy Star grant to 
address a concern that in some cases the energy use of high 
performance buildings did not correlate well with predictions. 
The project results and recommendations appeared in the 
ASHRAE Journal (“HVAC Power Density”, December 2006). 
It was noted that Standard 90.1-2004 regulated individual 
component efficiencies but did not address the net system 
efficiency. However, the lighting section approach seemed to 
be very effective. The Lighting Power Density (LPD) method 
of limiting demand per unit area (W/ft2) was developed for 
mechanical systems for the various building types. 
 

In a naïve attempt, comments were submitted to replace many 
of the Standard 90.1-2004 mechanical sections with an HVAC 
Power Density (HvacPD) procedure similar to the LPD 
practice. Correspondence went back and forth a few times and 
it became obvious the suggestions were not well received. Just 
as I was about to give up, the chair of the mechanical section 
invited me to present my ideas to the subcommittee. 
 

The majority of the attendees (or at least the vocal ones) at the 
presentation were representatives of equipment manufacturers.  
Needless to say the suggestions were rejected for many 
reasons.  Although it was never mentioned during the debate, 
some of the pushback was likely from the fact that a most 
effective method of lowering energy use is to reduce the 
number of power consuming HVAC devices in the building.   
 

The next move was to approach the ASHRAE Board (twice) 
at the annual meeting when they listen to member comments. 
Examples were presented of Standard 90.1-2010 compliant 
central chilled water systems with EERs below 6.0 Btu/W-h. 
A procedure similar to LPDs was suggested for the HVAC 
section.  This fell on deaf ears and I was beginning to feel like 
a slightly younger version of the guy who complains so often 
at ASHRAE meetings (you know who I’m talking about). 
 

My last, and probably final, comment to the SSPC 90.1 
committee was to request a limit on pump power.  In very 
efficient systems like unitary GSHPs, oversized pumps have a 
significant negative impact on system efficiency. There is no 
limit other than the dictate that power demand is to be less 
than 30% of full-load demand at 50% of design flow (Std. 
90.1-Section 6.5.4.2).  It seems illogical to regulate part-load 
demand based on 30% of a limitless full-load demand (unless 
VSDs on pumps can override very poor pipe sizing design). 
 

The response received from the committee was that they 
would be interested in hearing my views but, “…we toyed 
with the idea of a transport energy limit similar to the one we 
have for fans, but the calculation showed that a pump would 
need some ridiculous amount of head (like 1000 feet) to be as 
inefficient at transferring heat as we allow fans to be”. 

            
The subcommittee admits a huge amount of fan power is 
permitted.  It is so large that limiting pump power would have 
little impact.  This is very poor engineer practice and the 
Fundamentals Handbook has been rendered obsolete. Maybe 
I’m obsolete too but I suggest that engineers try the program 
SystemKWperTon.xls on page 1 to verify system efficiency.  
 

Verification of Table 1 supply fan power and heat penalty 
20,000 4.0 . .

6350	 70%
18.0	 	 	  

0.746	 	 18.0	

90%
14.92	 	 	  

14.92	 	3.412	 50.9	

4.242	  

For six supply fans, 
W = 6 × 14.92 kW = 89.5 kW 
 qFanHeat = 6 × 4.242 tons = 25.25 tons 
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ID = OD (1-2/DR) = 3.125 in.× (1-2/9) = 2.43 in. 


