
Energy Wheel Operation 

Supply Air Ventilation Air 

Return Air Exhaust Air 

55 to 90% total (sensible 
+ latent) effectiveness 

10 and 60 rev/
min 



Technology 
Comparison 

 

5000 CFM and equal face velocities 
 



•  Cost effective method of 
providing a RTU with an 
ERV 

•  Retro-fit or factory install 
•  Optional economizer and 

power exhaust function 

RTU Integrated ERV 



RTU Combination Curb 



Why Correct Humidity Is Important 



Humidity Buildup at Part Load 



Reduced Operating Range 
•  Range of ventilation air 

conditions introduced to the 
HVAC unit is significantly 
reduced 

•  HVAC unit cooling system can 
be downsized and will operate at 
a higher sensible heat ratio (less 
dehumidification required), which 
is typical of most packaged DX 
rooftop units 

•  HVAC unit heating system can 
be downsized or possibly even 
eliminated 

“Weather Compressor” 

Airxchange catalog, January 2006 



IECC 2012: Requirement for Energy Recovery 

Required in many high 
population areas (gyms, 

theaters, etc.)  
 

Check map for climate 
zone 

 
Look up supply fan CFM 

and OA fraction 
 

Note: IECC 2006 and 
2009 only required ERVs 
above 70% OA on a 5,000 

supply CFM system 
(regardless of climate) 



Miami FL

Houston, TX

Phoenix, AZ

San Francisco CA

Baltimore MD

Salem, OR

Chicago, IL
Boise, ID

Burlington, VT

Helena MT
Duluth, MN

El Paso, TX

Albuquerque, NM

Memphis TN





Energy Savings Software 
Programs 

•  Many manufacturers have free 
performance software available 
– Determine the conditions of the 

ventilation air 
– Economic report for operating savings 
– ERV System Effect – combined efficiency 

of packaged RTU and ERV 











Example Rebates for ERVs 

•  Minnesota Power 
•  $0.75 per CFM 

•  Focus on Energy in Wisconsin 
•  $0.75 per CFM 

•  Minnesota Xcel 
•  $1.00 per CFM 

•  Peoples Gas and North Shore Gas in Illinois 
•  $0.75 per CFM 

•  All other Midwestern utilities use custom rebate programs 

Please read all rules 
and qualifications for 
each incentive.  



Staged Air Volume (SAV) 
…or Single Zone VAV 

…or Multi-stage Air Volume (MSAV) 
…or Adaptive Fan Control 



Industry 
Acronym  Definition Application Need 

VAV Variable Air 
Volume 

Typically multi-zone, 
large applied systems 

SAV Staged Air 
Volume 

Single zone VAV, 
simple, saves energy! 

CAV Constant Air 
Volume Traditional System 

Indoor Fan Motor 
Belt Drive 2 Speed 

1st Stage Cooling = Fan at 67% 

1st and 2nd Stage Cooling = Fan at 100%  

Any Heating = Fan at 100%  

(VFD) 
Speed Controller 

Fan Automatically Adjusts To Unit 
Operation Per New Standard 

Ventilation Only  = Fan at 67%  

Standard and High Efficiency units 

Electro-mechanical or Digital Controls 

VFD: pre-configured and adjustable  

Adaptive Integrated Economizer Control: 

 Prevents over/under ventilation  

SAVTM System 
Overview 
 
 



Why Two Speed  
Fan Control? 



•  A two speed (two winding) indoor fan motor would require the 
next size motor frame in order to achieve the same CFM.   
The VFD system can use the smaller standard motor frame. 

•  VFDs can also provide advanced options for special 
application including soft start capabilities, higher power 
factors, and lower full load KVA values 

•  VFDs also allow programming to meet very specific 
applications, and to adjust the speed of the powered motor. 

SAVTM SYSTEM DESIGN 
Why a VFD? 
 
 



Variable Frequency Drives (VFDs) 

•  Retro-fit to fans 
•  Varies the power input to motor 
•  On average building fan systems in the US 

are oversized by 60%* 

•  If a motor running at 100% speed costs 
$1,000/month, what about: 

–  Running at 75% speed =  
–  Running at 50% speed = 
–  Due to the Affinity Laws  

•  Soft start means less wear & tear on 
couplings, belts, and motors 

•  Payback less than 18 months 

$420 
$125 

*John Hopkins Univ. AICGS Policy Report 



FAN LAW BASICS 
Energy saved... 
 Let’s quickly re-visit the third fan law: 

  

Brake horsepower (BHP) varies as 
the cube of the fan speed: 

For simplicity, if we assume 
RPM1 = 1000, BHP1 = 2.0, 
and then decrease fan speed 
to 677 RPM (or 67%) 
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Third Fan Law 
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•  Improves humidity control and saves energy 
•  Saves about 25-30% electrical energy in Midwest climate 
•  Minimum OA needs means of automatic adjustment when fan slows 
•  Similar logic could potentially be applied to heating mode if RTU has multiple stage 

heat, but pay attention to heat exchanger airflow needs 

Staged Air Volume (SAV) 



•  All manufacturers offer (or will) SAV on 10 ton RTUs and up…several offer on smaller 
sizes also 

•  Note: this is a requirement of ASHRAE 90.1-2010 and 2013, but is not currently 
included in IECC 2012 (probable for IECC 2015 when published) 

ASHRAE 90.1-2010 Fan Power Limitation 



Example Manufacture Product Offering w/ SAV 
Option 

Values are averaged 
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High Efficiency 
Tier 

Mid-Efficiency 
Tier 

Code 
Minimum RTU 



Operating Cooling Cost Comparison 

**Building Profile: 
Memphis, TN (Single Story Office Building 
Simulated 10, 15 and 20 ton Models 
Using DOE Energy Plus software 
.10 kWh  

10 Ton 15 Ton 20 Ton 

Mid Tier 
w/ SAV 

$ 359 
39% 

$ 320 
27% 

$ 523 
35% 

Mid Tier $ 596 
51% 

$ 655 
43% 

$ 842 
46% 

Entry 
Level w/ 

SAV 

$ 454 
45% 

$ 558 
39% 

$ 834 
46% 

Entry 
Level 

$ 709 
56% 

$ 916 
51% 

$ 1,217 
55% 

Annual Energy Savings ($, %) In 
Using High Efficiency RTUs* 

* These models use three stages of cooling 
capacity control and matching fan speed 
controls 

Savings between 
27% to 56% - WOW! 

$ 



Operating Cooling Cost Comparison 



Chicago Cooling Cost Comparison 



Chicago Cooling Cost Comparison 



Madison Cooling Cost Comparison 



Madison Cooling Cost Comparison 



Eau Claire Cooling Cost Comparison 



Eau Claire Cooling Cost Comparison 



Duluth Cooling Cost Comparison 



Duluth Cooling Cost Comparison 



South Bend Cooling Cost Comparison 



South Bend Cooling Cost Comparison 



- Saves Energy 
 
- Greater Comfort 
 
- Better Match, 
  Typical Building 
   Profiles 
 
- Greater IEER’s  
 
- Simple Design 
 

High Efficiency RTU w/ SAV 
Product Design Strategy 

Benefits 

Typical office – Memphis TN 
Sizes 07-09 use two speed indoor fan motor, all other use three speed 



SAVTM SYSTEM DESIGN 
Key components (DDC Controls) 
 
 Space 

Sensor 
(Field 

Provided) 
 

Central Terminal 
Board (CTB) 

Fan Relay 
Board Variable Frequency 

Drive (VFD) 

Inverter 
Duty Rated 

Motor 

Designed factory logic automatically adjusts fan speed 

VFD is factory programmed for 67% and 100% 

Unit Internal Components 
Belimo Economizer 
Actuator (if installed) 

RTU Open 
Controller 



SAVTM SYSTEM DESIGN 
Key components (electro-mechanical unit) 
 
 

Thermostat 
(Field Provided) 

 

Central Terminal 
Board (CTB) 

Fan Relay 
Board 

Variable Frequency 
Drive (VFD) 

Inverter 
Duty Rated 

Motor 

Designed factory logic automatically adjusts fan speed 

VFD is factory programmed for 67% and 100% 

Unit Internal Components 
Honeywell W7220 

Economizer Controller 
(if installed) 

Honeywell MS3103 
Economizer Actuator  

(if installed) 



Compatible Economizer for SAV 
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100%
 

Full Speed (100%) Blower: 
4000 CFM SA (100%) with 800 CFM OA ventilation (20% SA) 
Low Speed (67%) Blower: 
2680 CFM SA (now 67%) 

67
%

 

67%
 

Low Speed (67%) Blower without adaptive economizer operation: 
2680 CFM SA (67%), economizer at original position, now ventilating 520 CFM 
Low Speed (67%) Blower with adaptive economizer operation: 
2680 CFM SA (67%), economizer opens more, à now ventilation back to 800 CFM  

100% 67% 

Entering Assumptions: 
10 ton 2-speed fan unit with 400 CFM/ton (4000 CFM SA) 
800 CFM ventilation requirement (20% SA) 

ECONOMIZER IMPACT  
Why TWO minimum economizer positions? 
 
 

Notice the change 
in ventilation airflow  
without an adaptive 

economizer 



Example Rebates for VFDs 

•  Minnesota Power 
•  $40-60 per HP 

•  Focus on Energy in Wisconsin 
•  $50 per HP 

•  Minnesota Xcel 
•  $400+ … see side >>> 

•  ComEd Electric in Illinois 
•  $60 per HP 
•  Or as part of new ARC 
•  $92 per HP (DCEO for public bldgs) 

•  Energizing Indiana 
•  $40 per HP 

•  Efficiency United in Michigan 
•  $60 per HP 

Please read a l l ru les and 
qualifications for each incentive.  



Choices for SAV 

New RTUs 
•  Carrier/Bryant 
•  Daikin/McQuay 
•  Lennox 
•  Trane 

Retro-fit Kits 
•  CATALYST 
•  Enerfit 
•  Digi-RTU 
•  Honeywell ??? 



Gas Heat / Electric Cooling Models 
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Carrier from product catalogs (April 2012 and March 2013) 
McQuay from catalog 256-6 (March 2013) and website (Jan 2014) 
Lennox data not published with SAV included in IEER 
Trane data not available 

Carrier WeatherExpert vs McQuay Rebel™ - Efficiency 



•  Is the RTU or Retrofit kit available with adaptive integrated 
economizer control (aka dual minimum setpoints) to ensure 
minimum ventilation rate is not impacted? 

•  Is knowledge of a specific brand of DDC controls required? 

•  Is the SAV option available on their high-end and entry level 
units or must you get all the bells and whistles just to get SAV? 

• Are other advanced options, such as ERV or dehumidification 
systems available on the same RTU? 

•  Is VFD field programming required or is it factory set? 

Items to Consider When Choosing 
 
 



Ø Adds	  4-‐5	  new	  sensors	  and	  a	  
variable	  frequency	  drive.	  
Ø Provides	  CO2-‐based	  demand	  
control	  ventilation	  
Ø Advanced	  	  economization	  
control	  sequence.	  
Ø Variable	  speed	  supply	  fan	  control	  
Ø Remote	  web-‐based	  
communications	  via	  smart	  phone,	  
tablet,	  or	  browser.	  

The	  CATALYST	  is	  a	  complete	  retrofit	  
solution	  for	  existing	  RTUs	  



The	  CATALYST	  is	  a	  complete	  retrofit	  
solution	  for	  existing	  RTUs	  

Ø Proven	  track	  record	  of	  reducing	  
overall	  energy	  use	  by	  25%-‐50%	  
Ø Maintains	  comfort	  &	  IAQ	  
Ø Automatic	  air	  flow	  adjustments	  
to	  protect	  equipment.	  
Ø Solves	  Power	  Exhaust	  problem	  
Ø Upgrade	  option	  replaces	  
thermostats	  	  with	  Tridium	  BMS	  
control	  via	  the	  web.	  
Ø Demand-‐Response	  capable	  



Ø Units	  5-‐tons	  and	  up	  
Ø 1	  hp	  	  fan	  motors	  and	  up	  

Ø All	  brands	  and	  ages	  
Ø Fan-‐only	  =	  OK	  

The	  Most	  Potential:	  

Constant	  Volume	  RTUs	  



Other 46% Packaged 
Units 54% 

Pre-‐engineered,	  pre-‐programmed,	  and	  can	  be	  installed	  in	  only	  a	  few	  hours.	  	  	  
Produces	  a	  repeatable	  and	  scalable	  process	  with	  predictable	  results.	  	  	  

The	  CATALYST	  is	  delivered	  as	  a	  
complete	  retrofit	  “kit”	  



Integrated	  Economizer	  with	  Differential	  	  
Changeover	  Control	  	  

Variable	  Speed	  Fan	  Control	  to	  Match	  the	  	  
Needs	  of	  the	  Space	  Served	  

Elimination	  of	  Over-‐Ventilation	  via	  	  
Demand	  Control	  Ventilation	  (DCV)	  

Remediation	  of	  Service	  and	  Operational	  Issues	  

Energy	  Savings	  Strategies	  



ECONOMIZER	  PERFORMANCE	  
VERIFICATION	  

Fault	  detection	  
monitors	  for	  

numerous	  conditions	  
including	  economizer	  
damper	  failure	  and	  
sensor	  failures.	  



Other 46% Packaged 
Units 54% 

• 	  A	  mul&-‐posi&on	  selectable	  switch	  for	  
service	  personnel	  use.	  	  This	  will	  enable	  
techs	  to	  operate	  the	  system	  in	  any	  mode	  
of	  opera&on	  for	  maintenance	  purposes.	  
• 	  The	  use	  of	  the	  service	  switch	  will	  
suppress	  data	  collec&on	  by	  the	  eIQ	  
Pla>orm	  to	  avoid	  nega&ve	  impact	  on	  fault	  
detec&on	  and	  analy&cs.	  

CATALYST	  Service	  Switch	  

Empowers	  contractors	  to	  easily	  perform	  preventative	  
maintenance	  and	  verify	  economizer	  functions	  without	  

undermining	  the	  CATALYST	  installation.	  	  



Department	  of	  Energy	  

New	  study	  by	  PNNL	  shows	  CATALYST	  
saved	  an	  average	  energy	  savings	  of	  57%	  on	  

66	  RTUs	  across	  4	  US	  climate	  zones.	  	  



Department	  of	  Energy	  

The	  DOE	  chose	  to	  work	  with	  
Transformative	  Wave’s	  CATALYST	  based	  
on	  “its	  features	  &	  product	  maturity”	  



1 2 3 
optimize upgrade perpetuate 

RTU	  EFFICIENCY	  STRATEGY	  



Performance	  Monitoring	  

Unit	  sub-‐metering	   Remote	  Troubleshooting	  

Predictive	  Maintenance	  

Demand	  Management	  

Perpetual	  Trending	  

HVAC	  Asset	  Management	  Tools	  

Icon-‐based	  Status	  Indications	  

Visual	  Fault	  Reporting	  

Life	  Cycle	  Extension	  
Advanced	  Fault	  Detection	  and	  Diagnostic	  Routines	  

Portfolio	  Energy	  &	  Performance	  Management	  

Outlier	  Identification	  

Fault	  Prioritization	  







This	  screenshot	  from	  the	  eIQ	  summary	  view	  of	  the	  store	  shows	  the	  
various	  aspects	  of	  the	  eIQ	  web	  interface	  that	  can	  be	  customized	  for	  
each	  client.	  	  Humidity	  is	  controlled	  based	  on	  dew	  point.	  	  Lower	  fan	  

speed	  allows	  for	  more	  effective	  dehumidification	  by	  the	  HVAC	  system.	  



Fault	  Detection	  has	  identified	  fan	  belts	  slipping	  on	  Units	  1-‐3.	  	  
Humidity	  has	  historically	  been	  an	  issue	  at	  this	  store	  during	  the	  

“monsoon”	  season.	  	  The	  CATALYST	  supermarket	  control	  sequence	  
has	  enabled	  us	  to	  get	  the	  store	  humidity	  issues	  under	  control.	  



The	  CATALYST	  has	  a	  four-‐year	  track	  
record	  of	  proven	  results.	  

The	  product	  is	  mature	  and	  fully	  
commercialized	  with	  almost	  1,000	  

installations.	  	  




