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The gist of my message
 
•	 Fixed capacity AC systems generally provide good
RH control in typical residences. 

•	 In low‐load homes, they may be less effective in
achieving good RH control. 

•	 On the other hand, variable capacity AC systems
have several characteristics which can provide
improved RH control in homes. 
– Both Nordyne and Carrier have variable capacity units,
varying from about 40% to 100% of nominal full
capacity. 

– What is variable capacity? ‐‐ condenser fan,
 
compressor speed, and AHU fan speed.
 



   

           
               
             
       

             
          

The gist, continued
 

•	 As homes become more energy efficient, 
latent load (water vapor) can become a larger 
fraction of the total load, especially when 
higher ventilation rates are introduced. 

•	 CHALLENGE: how to meet both sensible and 
latent loads efficiently and effectively. 





               
       

               
           

               

               
         
               

Context
 

•	 Space cooling is typically controlled based solely on 
sensible load (temperature set‐point). 
–	 The resulting RH is just what you get. 
–	 Some systems allow an RH set point. 

•	 AC systems can be optimized for improved latent 
removal. 
– Various technologies can be added, such as heat 
pipes, subcool/reheat, and enthalpy exchange 
between supply and return air streams to lower SHR. 











 

           
           
     

             
           

           
         
               
         

Technical Approach
 

•	 Low sensible cooling load environments exist 
in some high efficiency single‐family homes 
and many multi‐family residences. 

• Traditionally, AC systems are sized to meet
 
peak cooling events plus a safety margin.
 
– Therefore, AC systems are substantially oversized 
for most hours of the year. 

– This can lead to short‐cycling which can diminish 
overall cooling efficiency and latent performance. 







   
                   
                   
             

                 
                 
       

               
             

         
                   

                     
             

The ideal system
 

•	 The ideal AC system would then be able to modulate
its total capacity to meet variable loads and to adjust
SHR to meet a variable latent load ratio. 

•	 A 2‐ton Nordyne AC, for example, can operate at 0.8‐
ton capacity at low speed. Therefore, the unit will
operate continuously for extended periods. 

•	 The coil remains cold for extended periods providing
enhanced latent cooling and avoiding evaporation from
the coil that occurs between cycles. 

•	 Furthermore, this AC unit can also modulate air flow in 
response to an RH set‐point, reducing air flow to as low
as 180 cfm/ton and achieving low SHR values. 



 

             
                 
   

               
             

               
             

                 
                 

     
               
                 
             

Technical Approach
 

•	 Optimization of the AC system may allow low‐
load homes to achieve good RH control most of
the time. 
– During some hours of the year, dehumidifiers (or

similar) may be required to meet latent loads.
 

•	 It should be recognized that efforts to reduce
envelope‐related sensible loads to very low levels
may not be cost‐effective or may not even save
energy if they result in the use of dehumidifiers
on a consistent basis. 
– Keep in mind that dehumidifiers are fairly efficient
space heating appliances (i.e., heating COP ~2 to 2.9)
that also remove moisture from the room air. 





 

               
           
               
               
   

               
               
 

                   

Recommended Guidance
 

• Variable capacity AC systems are available which can
 
meet variable sensible and latent control targets.
 

•	 Nordyne and Carrier offer AC systems which vary 
cooling capacity from approximately 40% to 100% of 
nominal capacity. 
– By modulating cooling capacity, frequent on/off cycling is 
avoided, which in turn improves efficiency and latent 
cooling performance. 

– By modulating cfm/ton, SHR is reduced and RH control is 
enhanced. 



   

                 
                 

         
                     
           
       
                     
           
                   

                   
                     
             

Recommended Guidance (cont’d)
 

•	 Indoor ductwork is an ideal compliment to these variable 
capacity systems because the hours of operation are typically 
twice that of fixed capacity systems. 

•	 As sensible loads decline, the number of hours per year when 
heat producing conditioning appliances (e.g., dehumidifiers) 
are needed will potentially increase. 
–	 On the other hand, optimized AC systems may meet the latent 

load requirement in moderately low‐load homes. 
•	 In extremely low‐load homes, some operation of dehumidifiers may be 
necessary. 

–	 It should be a Building America research objective to investigate 
ways to limit the hours per year that dehumidifiers are used, 
because they are very inefficient space cooling devices. 



                     
                 

                     
                   

             
                     
             

 
               
               
                   

         

Value
 

•	 These variable capacity systems typically cost twice that of a SEER 
13 fixed capacity system, but they have higher efficiency. 
–	 While a 3‐ton fixed capacity SEER 13 heat pump might cost 

$4000, a 3‐ton variable capacity SEER 21 might cost $8000. 
•	 Value is provided by these high SEER systems 

–	 Because they can more readily meet the latent load in low 
sensible‐load residences, thus providing better humidity and 
comfort control. 

–	 Because they provide 35 to 40% cooling energy savings. 
–	 Because they provide large peak demand energy savings, 

especially when the units are oversized. As such, electric utilities 
may be motivated to provide incentives. 







           
     

SEER 21 cooling efficiency versus outdoor
 
temperature and capacity factor
 



 

                 
           

                   
                         
 
                       
 
                   

                     
                       

                   
             

 

Market Readiness
 

•	 The Nordyne and Carrier products are currently on the market. 
•	 Cost is a barrier to market penetration. 

–	 Improved humidity control and comfort can be a selling point. 
–	 Energy savings can help to pay for some or much of the additional up‐

front cost. 
–	 Utility incentives of $1000 to $2000 can be justified based on robust 

demand savings. 
–	 Government incentives can be used to account for environmental and 

other externalities not accounted for in electricity rates (e.g., coal mining 
mountain top removal, elevated death rates from air and water contamination, national security). 

–	 Avoiding the first cost, maintenance cost, and energy costs of 
dehumidifiers can yield more cost‐effective and energy‐efficient 
homes. 



   
       

                   
             
     

             
     
                   

       

           
           

Pros and Cons
 
of variable capacity AC systems 

• Pros 
– Able to meet a wide variety of sensible and latent loads. 
– Provide improved humidity control without the unwanted 
energy use of dehumidifiers. 

– Provids very high efficiency operation, for large seasonal 
and peak demand savings. 

– High initial cost can be offset by seasonal energy savings, 
government incentives, and utility incentives. 

• Cons 
– New technology with limited reliability track record. 
– High initial cost may limit market penetration. 
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