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Objectives 

1. Understand the importance of AHRI 1060 and 
independent certification 

2. Grasp the concepts of EATR and OACF its implications 
with respect to different air-to-air energy recovery 
technologies and applications 

3. Realize the impact  of OACF on system design and 
energy consumption 

4. Learn how to build performance-based specifications with 
not to exceed values for OACF to ensure that you are 
meeting project requirements 
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AHRI Standard 1060-2005 
 
PURPOSE: 
To establish definitions, test requirements, 
rating requirements, minimum data 
requirements for Published Ratings, 
marking and nameplate data and 
conformance conditions for Air-to-Air Heat 
Exchangers intended for use in Air-to-Air 
Energy Recovery Ventilation Equipment 

 
ARI Certification Program started in Q1 
2001 
 Old New 

= 
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EATR Definition 
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Exhaust Air Transfer Ratio 
(EATR).  The tracer gas 
concentration difference between 
the Leaving Supply Airflow  and the 
Entering Supply Airflow divided by 
the tracer gas concentration 
difference between the Entering 
Exhaust Airflow and the Entering. 
Supply Airflow  at the 100% rated 
airflows, expressed as a 
percentage. 

 

 

Figure 1.  Generic Configuration of an Air-to-Air Heat Exchanger Used for Energy  
Recovery in Ventilation Applications 
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OACF Definition 
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 Outdoor Air Correction Factor 
(OACF). The Entering Supply 
Airflow  divided by the measured 
(gross) Leaving Supply Airflow 
 

 OACF greater than 1.0 
•  leakage from supply to exhaust 
• Example 

 Q1/Q2 = 5000/4800 = 1.04 

 OACF less that 1.0 
• Leakage from exhaust to supply 
• Example 

 Q1/Q2 = 4800/5000 = 0.96 
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Impact of pressure differential 

 Pressure differential impacts 
leakage (OACF & EATR) 

 AHRI Performance rating at ZERO 
pressure differential between S3 & 
S2 
• Sensible, Latent, Total Effectiveness 
• Pressure Drop 
• EATR & OACF 

 Certification test for EATR & OACF 
• Optional pressure differentials 

between S3 & S2 
 -5.00, -3.00, -1.00, -0.50, 0.50, 1.00, 

3.00, 5.00 in H2O 
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Figure 1.  Generic Configuration of an Air-to-Air Heat Exchanger Used for Energy  
Recovery in Ventilation Applications 
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Leakage with air to air exchangers 

 Wheels 
• Leakage between 

airstreams impacted 
primarily by face seal 

 
 
 

 Plates 
• Leakage impacted by 

Pittsburg crimps or 
banked assemblies 
 

 Pipes 
• Leakage potential only 

at center partition 
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Technology by Application 
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Presenter
Presentation Notes
NOTE for this slide:  For source control applications, CLASS IV, wheels are likely not a good idea.  However if we keep a positive pressure air tunnel on the supply side (ex Blow thru) and we have minimal leakage through a purge, it may be desireable to have this option for CLASS III applications or smoking applications (not rated by Standard 62)
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EATR allowance by Application  
Standard 62 - 5.17.2 
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Class 2: 
Moderate 
contaminants 
(ex. Toilet exhaust) 

Class 3: Significant 
contaminants 

(ex. Parking garage) 

Class 4:  Highly 
objectionable fumes 

(ex. Lab hood 
exhaust)  

 Managing return air:  A mixture of any Class of air is classified with the 
      highest class of its constituents. 
Exception: Energy recovery resulting in 10% or less EATR from Class 2 or 
5% or less from Class 3 does not affect the classification of Class 1 air. 

Class 1: Low 
contaminants (ex. 
Classroom exhaust) 

Return 

Return 

Supply Exhaust 

Supply 

EATR ≤ 10% 

Supply Exhaust 

EATR ≤ 5% 
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The need for a wheel purge? 
 

 Purge significantly increases 
OACF, increasing energy costs 

 Majority of applications 
• Dilution ventilation, Class I 

EATR is not critical 
• Class II air ≤10% EATR 
• Class III air ≤ 5% EATR 

 
 Source Control – Class IV 

• Mechanical seals minimize 
leakage; wear over time? 

• For wheel, consider blow thru 
draw through, but watch OACF 

• Plates & Heat Pipes, peace of 
mind 
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Fan Placement and EATR 
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Factors Effecting EATR & OACF 
Fan Placement and the effect on EATR & OACF 

Minimizes OACF Maximizes OACF 
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OACF Impacts 
System Effectiveness 

 Additional air to move at stations 1 
and 4 

 Blower power consumption… 
• OACF Impact – Blow / Draw 

 S/A & E/A fans impacted 
• OACF Impact – Draw / Draw 

 E/A fan impacted 

Presenter
Presentation Notes
 OACF causes additional air movement at stations 1 and 4
 This mpacts fan power
 Depending on config (blow/draw or draw/draw), impacts either on S/A and E/A fans, or E/A fan only.
 Purge is amongst the factors increasing OACF
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 Seal wearing on wheels 
• Increases flow crossing at given pressure differential 

 Filter clogging / other components where pressure drop may 
increase over time 
• Modifies Pressure Differentials 

 Air tunnel in Stations 1 & 4 – sized properly? 
 …energy penalty if preheat   
 …balancing issues? 
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Conditions that impact OACF 
Life Cycle & Other Considerations 

Presenter
Presentation Notes
Important: good seals will provide long-lasting, unchanged sealing efficiency
Seals which wear can cause OACF / EATR increase over time.

Impacts of OACF increase:
   1) reducing ventilation (net fresh air to building)
   2) blower power increasing

Talk about stations 1 & 4 sizing (does it take OACF into account??)
Impact if not sizing properly (statics)

Talk about preheat frost control, all the heat dumped in the exhaust…

Blancing issues…
 Did you ever face a situation where the balancer just couldn’t meet design airflow…?
 Fans tripping on amp draw...?
 Guess what could be behind that…
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 1.03 OACF vs 1.48 OACF 
 20-Year energy model (8,000 CFM) 

• 5 day/week / 9 h/day operation 
• $ 0.11 /kWh 
• 2% annual utility inflation 

 1.03 OACF 
• 261 kWh life cycle energy use 
• $ 697 life cycle energy cost 

 1.48 OACF 
• 4,170 kWh life cycle energy use 
• $ 11,145 life cycle energy cost 

14 

Energy Modeling: OACF vs Fan Power 
Example: Wheel @ 8,000 CFM 

8,240 CFM        8,000 CFM 
 
 
8,240 CFM        8,000 CFM 

11,840 CFM      8,000 CFM 
 
 
11,840 CFM      8,000 CFM 

Presenter
Presentation Notes
Show dollar figures associated to the above, based on 8,000 CFM and a ‘typical’ application.

OACF life cycle cost is about half the equipment first cost.

This is just for moving the air… if preheat, additional energy is dumped in the exhaust.
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AHRI Certified Components 
http://www.ahridirectory.org 
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Presenter
Presentation Notes
Important to show them EATR, OACF, Effectiveness, and Net Effectiveness, all of which will be explained during this session.

http://www.ahridirectory.org/


© Venmar CES Inc. 2011 16 

Certified Performance 
Heat Pipes / Plate Heat Exchangers 

Presenter
Presentation Notes
Highlight basically no EATR and flat 1.00 OACF on plates / heat pipes.

Innergytech heat pipes are only heat pipes on the market part of AHRI-1060.

Membrane plate only exception.
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Certified Performance  
Wheels 

 Wheel Certification Numbers 
 Venmar Wheel Example 

 

Presenter
Presentation Notes
Show low OACF in Venmar wheels
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 Competitor Wheel Numbers 
 Some Wheel Types Are Sensible 

to Pressure Differentials (OACF 
Can Result) 

 Wheel / Seal Design Importance 

18 

OACF / EATR Impacts 
Certification numbers 

Presenter
Presentation Notes
Show very high OACF on competitor wheels
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OACF / EATR Impacts 
Certification numbers 

 Competitor Wheel Numbers 
 Some Wheel Types Are Sensible 

to Pressure Differentials (OACF 
Can Result) 

 Wheel / Seal Design Importance 

Consult the directory: 
www.ahrinet.org 

Presenter
Presentation Notes
Show very high OACF on competitor wheels



© Venmar CES Inc. 2011 20 

Pressure Differentials 
Configuration Examples 

Presenter
Presentation Notes
Show how typical configs shake out in terms of OACF, impacts of higher R/A static / high eff. filtration, etc.

Dual HX: 
 blow-draw Dual Wheel (Semco PVS typical) = extreme pressure differentials
 draw-draw Wheel & Alpha (our alternate to PVS) = much better setup in terms of press. diff.
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OACF Impacts On System Efficiency 
19,000 CFM  Building Example 

 Application example: 
• 19,000 CFM 
• 4 x ERV5000e @ 4,500 CFM 
• 0.8 inwg ESP (S/A & R/A) 
• Standard filtration 
• C/W & H/W coils 
• Atlanta, GA weather conditions 
 

 

Presenter
Presentation Notes
Intro to case study, typical elementary school setup

Show first cost & op cost

Important: op cost is at OACF = 1.00
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OACF Impacts On System Efficiency  
19,000 CFM  Building Example 

 OACF impact: 
 

 1) Design BHP at… 
 

             S/A & E/A BHP      TOTAL BHP         VARIATION 
 

• 1.00 OACF:      3.77 + 3.09        |     27.44 total BHP     |   baseline 
• 1.03 OACF:      3.77 + 3.24        |     28.04 total BHP     |     +2% 
• 1.11 OACF:      3.77 + 3.67        |     29.76 total BHP     |     +8% 
• 1.25 OACF:      3.77 + 3.94        |     30.84 total BHP     |     +12% 
• 1.50 OACF:      3.77 + 4.71        |     33.92 total BHP     |     +24% 

 
 

Presenter
Presentation Notes
 Show OACF impact on BHP
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OACF Impacts On System Efficiency  
19,000 CFM  Building Example 

 OACF impact: 
 

 2) Operation cost: additional cost due to OACF at… 
 

        ANNUAL COST 20-YEAR COST* 
 

• 1.00 OACF:         $ 0                             $ 0 
• 1.03 OACF:         $ 70                           $ 1,694 
• 1.11 OACF:         $ 256                         $ 6,212 
• 1.25 OACF:         $ 581                         $ 14,119 
• 1.50 OACF:         $ 1,162                      $ 28,237 
 
 
 
 
                       * with 2% utility inflation 

 
 
 

Presenter
Presentation Notes
 Show OACF impact on operation costs

 Bring back first cost / op cost in perspective
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Recap 
Early Signs in Design to Dig Deeper  

 High return / exhaust duct static pressure (because it can increase 
pressure differential) 

 Standard Filtration 
 Does high supply fan esp create high OACF? No, but configuration 

fan placement, BT does. 
• Therefore, with design of BT supply fan 

 Design (i.e. motor heat) 
 Odor control (locker, toilet, general class 2) 
 Footprint 
 Sound 

 Pre-heat defrost 
 

 SMACMA…most ductwork is specified with a not to exceed value 
(less than 1% up to 4%) why should an energy recovery device 
have more given the greater impact on energy consumption? 
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Presenter
Presentation Notes
This is our checklist or cheat sheet – in your discovery process with the engr discussing the design requirements format config you’ll  hone in on these topics that point you towards a case of possible hi OACF to further exploit 

Higher static systems alone typically tosses out gheck as a viable mfg.
MENTION VERBALLY GREENHECK AAON WOUND MOTORS

All of the above indicate P2 – P3 being absolute positive 
As we go negstive then OACF goes way down and EATR is high with bleed rate going from exh to supply – what makes this occur? Low return static, hi eff supply filters
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Case Study – Winston Salem ES 

• SAF 9000 cfm @ 4.2 inwg tsp – 8.3 bhp 
• Exh Fan 9000 cfm @ 3.5“ tsp – 6.7bhp 
 
Qty (2) units centrally located 
Fluted wheel, ERV 
 
 
Summary: P2-P3 = 1.18  

• AEDG K-12 Primary level school 
• Required Ventilation Air 18,000 cfm 
• 2 pipe system 
• Standard Filtration, MERV 8  
 

2.0 esp 

Presenter
Presentation Notes
Common school arrangement we see where larger OA unit centrally located on the roof to feed at least two wings of the school. In this case being chilled water the Classroom units being fed could be fan coil units. 

Hence the higher external static on the return duct system and finalizing on the P2-P3 of 1.18
This high positive press differential will also yield a proportionate OACF that we’ll take a look at in a moment.
 
In regard to impacts to OACF, in this case , we have typical merv 7 filters, but even had we applied min merv13 for LEED point the we end up with a positveP2 P3 result albeit less

  

Concluding  note: see airflow difference for positive pressurization, in correcting for OACF  this can largely affect what the exhaust fan will be operating at – a new point due to the added airflow bleeding over.
As a result, sheave changeout very likely req’d in those circumstances and in some cases where positive pressurization is important ie chilled beam applications to minimize infltration  it’s important that the exh fan op requirement is not overlooked  
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Estimated Annual Increase in Fan Operating Cost 

Op Cost LCC LCC % of First 
Cost Equip 

San Francisco, CA ($0.13 kWh) $264 $6413 11% 

NYC ($0.19/kWh) $386 $9372 16% 

Burlington, VT ($0.12/kWh) $243 $5919 10% 

Seattle, WA ($0.06/kWh) $122 $2959 5% 

CFM OACF CFM Exhaust 
BHP 

Exhaust    
kWh 

Venmar CES  18000 1.01 18180 6.7/per 290 
Brand X 18000 1.08 19440 7.1/per 2320 

Case Study – Winston Salem Middle School  

Presenter
Presentation Notes

Selling points:
 OACF or bleed rate on the wound wheel definitely bordering on the tolerance limits of test and balancing for proper OA volume if uncorrected
So gheck or Aaon would be 1440 cfm short and not in compliance with ASHRAE std 62 for the zones served and occupants
Corrected for the proper amount of OA (btw gheck uses 2 wheels in parallel) and the exhaust side fan power increaes for Gheck and Aaon as shown above.  A side notes if properly designed for upfront with the corrected air flow -  ‘could be’ a different fan wheel used for right efficiency and diff op point. what else?

Power – obvious more of an impact in op cost with higher cost per kwh 
 
Based on constant volume system 
Op cost based on school op hours 8 hours day / 5 days week – year round per ASHRAE occupancy schedules
LCC – 18 year life
Capital cost – 10000 cfm housed fans $60,000, includes rep mark up

Does not include applicabel demand costs




© Venmar CES Inc. 2011 

Fan Placement and EATR Case Study – Turning Stone Casino 

SAF 20,000 cfm @ 5.5 TSP = 28 BHP 
Exh fan 19,000 cfm @ 3.9 TSP = 20 BHP 

-2.6 

27 

Presenter
Presentation Notes
Blow represented in casino to contain smoke . While smoke is not an odor or particulate to contain per code we’ll often see this BT config to minimize smoking odors transferred over from exhaust to supply thru a BT positivie pressure OA tunnel
Other applications where you might see this – definitely to contain Class 2 (toilet or locker room) or 3 air from entering over / might also be sim
ply to shorten overall unit length due to space    as fan are now on same side as shown above and obsoleting the fan air way length that otherwise be added if in DT location
Use the config when necessary and to your advantage – gheck and aaon cannot provide
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Case Study – Turning Stone Casino 
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CFM OACF CFM BHP per 
motor 

kWh per 
motor 

Venmar CES 20000 1.10 22000 20.0 9495 
Brand X 20000 1.48 29600 24.4 45578 

Estimated Annual Increase in Fan Operating Cost 

Op Cost  LCC LCC % of First 
Cost Equip 

San Francisco, CA ($0.13 kWh) $4,691 $113.9 K 91% 

NYC ($0.19/kWh) $6,856 $166.6 K 133% 

Burlington, VT ($0.12/kWh) $4,330 $105.2 K 84% 

Seattle, WA ($0.06/kWh) $2,165 $52.6 K 42% 

Presenter
Presentation Notes
Venmar seal development yielding max of approx 10% at 5” press diff in comparison to other similair fluted wheels but with OACF upwards of 48% air rotor.

Dri -35% at 3 inches
Novelaire pretty solid from 3-5 pf upwards of 20% oacf
And while ‘high’ it can be corrected for having the information upfront. This stresses the point of AHRI cert for wheels required as you can imagine the slop of a non AHRI cert wheel used.


Op cost based on school op hours 18 hours day / 7 days week – 
LCC – 18 year life
Capital cost –  Epack $125,000 – includes rep mark up
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Specification Verbiage 

Manufacturer 
 
Energy transfer ratings shall be 
ARI Certified to Standard 1060 
and bear the ARI certification seal 
for ARI Air-to-Air Energy 
Recovery Ventilation Equipment 
Program based on ARI 1060. 
Ratings "in accordance with 1060" 
without certification shall be 
deemed unacceptable.  

 

Non-ARI Certified 
Manufacturer 

 
The manufacturer shall provide 
certified performance data in 
accordance with ASHRAE 
Standard 84 and ARI 1060. 
Independent performance test 
results shall be used to rate the 
product in accordance with the 
ARI Air-to-Air Energy Recovery 
Ventilation Equipment Program .  

29 
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Equipment Schedules 

 
 Specify maximum OACF 

5% at 1in PD and 10% at 3 
and 5 in PD 

 Specify maximum EATR 
values of 5 or 10% at 
design differential 
pressures based on 
ASHRAE  62 - 5.17.2 

 Specify AHRI Certified air-
to-air energy recovery 
components in schedules 
AND specifications 
 

 30 
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Beyond this Presentation 
Useful References 

 
AHRI Certification:  
http://www.ahridirectory.org 
 
AHRI Publications:  
http://www.ahrinet.org/standards.aspx 
http://www.ahrinet.org/hvacr+industry

+guidelines.aspx 
 

ARI Guideline V: ARI Guideline V: Calculating the Efficiency of Energy 
Recovery Ventilation and Its Effect on Efficiency and Sizing of Building HVAC 
Systems 

ARI Guideline W: Selecting, Sizing, & Specifying Packaged Air-To-Air Energy 
Recovery Ventilation Equipment (2005) 

31 
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Dedicated Outside Air SolutionsTM 

Doug Branger 
Sales Manager, Venmar CES Inc. 

Questions? 
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