
 

 

 

  
 
July 25, 2016 
 
Building Technologies Office 
U.S. Department of Energy 
Washington, DC 20585 
 
Re: Department of Energy’s (DOE) Request for Information (RFI) for Advanced 
HVAC&R Research and Development (R&D) 
[Docket Number DE-FOA-0001590] 
 
 
To Whom It May Concern: 
 
These comments are submitted by the Air-Conditioning, Heating, and Refrigeration 
Institute (AHRI) in response to the U.S. Department of Energy (DOE) Building 
Technologies Office’s (BTO) June 20, 2016, request for information (RFI) regarding 
advanced HVACR research and development (R&D).   
 
AHRI is the trade association representing manufacturers of heating, cooling, water 
heating, and commercial refrigeration equipment. More than 300 members strong, AHRI 
is an internationally recognized advocate for the industry, and develops standards for and 
certifies the performance of many of the products manufactured by our members. In North 
America, the annual output of the HVACR industry is worth more than $20 billion. In the 
United States alone, our members employ approximately 130,000 people, and support 
some 800,000 dealers, contractors, and technicians. 
 
AHRI appreciates the opportunity to comment on issues in which the DOE has expressed 
interest. 
 
Category 1: Overall structure and approach for effort 
 

 DOE requests feedback on its near-term goals and focus. 
 

AHRI Response: The RFI identifies five near-term technology areas only. Some 
of them are ongoing DOE efforts, and are focused on heat pumps only. 
Technologies for refrigeration products are excluded from Table 1 of the RFI. In 
addition, HVAC equipment in buildings works as a system, and components are 
interrelated. Research areas aimed at reducing energy consumption at a system 
level as opposed to individual component level should also be included to the 
scope.    
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One of DOE’s near-term goals is to introduce advanced vapor compression low 
GWP solutions. However, most low GWP solutions are mildly flammable or 
flammable refrigerants. The safe implementation of these refrigerants in the field 
should be studied as a vital near-term task. Furthermore, as these refrigerants are 
introduced into the marketplace, their material and lubricant compatibility, and 
thermophysical properties need to be further studied to help DOE achieve its 
energy consumption targets.   

 

 DOE requests feedback on its plan of collaborating with non-DOE domestic 
partners. 

 
AHRI Response: It is critical for a successful completion of this effort that DOE 
collaborates with industry through trade associations such as AHRI. We 
recommend that DOE partner with AHRI’s public research arm – The Air-
conditioning, Heating, and Refrigeration Technology Institute (AHRTI) – and award 
AHRTI the management of the research efforts for the implementation of low GWP 
refrigerants and the integration of system efficiency technologies. A committee 
structure should be established to guide and monitor the undertaken research.  
The committee membership should comprise authorities in the research area 
drawn from industry, research organizations, universities, and government.  The 
overall goal of including individuals from a broad spectrum is to ensure that the 
appropriate strategic technologies are addressed, and to increase the benefits of 
the resultant research to the industry and the public. The industry experts’ active 
involvement will assure both the relevance of the work, relative to industry needs, 
and access to necessary information and support.      

 
 
Category 2: Metrics with targets 

 DOE requests feedback on its plan of limiting the 100-year GWP of the 
working fluids in all proposed technology solutions to less than ten (10). 

 
AHRI Response: Limiting the refrigerant GWP in all proposed technology 
solutions to less than ten is a narrowly focused effort that has not been 
substantiated by DOE.  The refrigerant GWP is just one factor that should be 
considered when selecting technology solutions.  The other, and more important 
factor, is energy efficiency.  The emissions over the life of most HVACR equipment 
(with the exception of supermarket refrigeration) is over 90% due to the energy 
consumption of the product.  The refrigerant GWP makes a very small contribution 
to the overall emissions.  Consequently, DOE should set a limit on the Life Cycle 
Climate Performance (LCCP) of the technology solutions and not the GWP of the 
refrigerants.  In fact, setting the GWP limit at 10 will eliminate most promising 
alternative refrigerants that were identified over the past few years. Industry has 
conducted two rounds of low GWP refrigerants performance testing and found 
several promising alternatives with GWP values less than 750. Additional research 
done by NIST has clearly demonstrated that there are very few viable alternatives.   
Nevertheless, we take the significant risk of missing optimal climate solutions by 
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imposing an arbitrarily low GWP of 10.  The reason is that there can be refrigerants 
with somewhat higher GWP that will facilitate significantly lower actual climate 
impact due to either their superior thermodynamic performance or their more 
favorable safety classification, or both.   These alternatives have real potential to 
cost-effectively meet DOE BTO’s reduced energy consumption targets and 
societal needs for low climate impact.  
 
In 2011, AHRTI commissioned the University of Maryland to develop a simulation 
program to model the climate impact (measured as LCCP) for residential unitary 
air conditioners.  (There are LCCP calculators for refrigeration and commercial air 
conditioning available too.)  Figure 1 assesses the relative life-time equivalent 
atmospheric carbon loading of a group of hypothetical unitary split-system air 
conditioners. The numerical outputs of the emissions are shown in Figure 2. It is 
assumed that the realized efficiency is the same so that easy comparisons can be 
made. The variable that has been adjusted for each simulation is the 100 year 
equivalent GWP of the refrigerant working fluid.  Whenever these simulations are 
performed, it is important to provide a laundry-list of assumptions that have been 
made.  For compactness, this list is provided in tabular format with comments, 
shown in Table-1. These results indisputably overestimate the contribution to GWP 
from direct refrigerant emissions because we are using some input values with 
which we disagree (see comments in Table 1). Nevertheless, the argument still 
holds even for this data set. While these results were calculated for a residential 
air conditioner, commercial unitary air conditioning results would be similar or show 
lower direct contribution because the run-hours per year are higher in many 
commercial applications. 
 
R-410 is the benchmark: direct contribution to CO2 equivalent emissions is 30%.  
Soon R-410A will be phased-down and some alternative refrigerants with a GWP 
at the 600~750 level will come into use.  Direct contribution will drop to 12%.   This 
fleet of air conditioners will be more efficient and have less LCCP than either an 
indirectly coupled propane (R-290, GWP = 0) or a carbon dioxide transcritical cycle 
(CO2, GWP = 1). This is because of the additional indirect CO2 emissions of these 
two very-low GWP systems. If the cut-off for the GWP level of refrigerants included 
in the research program were set to 300 or 150, the percentage of direct 
contribution would fall to 6% or 3%, respectively.  The upshot is that, it is very likely 
that safe, economical air conditioning technologies can be developed with lower 
ultimate climate impact if the universe of refrigerants is expanded to include 
compounds with these higher GWP values.  This is because the properties of the 
fluids may be better and/or the cost to apply them is less than refrigerants with 
GWP equal to or less than 10. Similar arguments can be made for refrigeration 
equipment. 
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Figure 1. Graphical Representation of Results from LCCP Calculations 

 

 
Figure 2.  A Screenshot of Numeric Output from LCCP Calculations 

 
Table 1.  Assumptions Used in Simulations of Residential Unitary AC Equipment 

Assumption Source Comments 

AC Unit Size = 3 Ton AHRI Median Residential AC Unit Size (USA) 

Ref. Charge = 3.5 kg. EPA Vintaging Model This translates to 7.72 lbs. 

Location: Atlanta N/A Good compromise location: 1300 CLH* 

Utility Average CO2 
Emission Rate = 0.788 NREL TP 550-38617 

Population-weighted highest power plant 
kg CO2/kWhr 

AC Unit Eff.= 14SEER DOE  Minimum Eff. 12 EERA, 14 EERB 

Emissions from Mfg. Univ. of Maryland LCCP program default values 

System Lifetime = 15 EPA Vintaging Model Widely accepted lifetime in years 

Annual Ref. Leakage = 
11.8% EPA 430-R-14-03 

We dispute this value.  It is too high. It is 
used here to avoid underestimation.  
(IPCC 2005 report p. 275 says 2-5%) 

Ref. Loss at End-Of-Life 
= 97% EPA (reference?) 

We dispute this value.  It is too high. It is 
used here to avoid underestimation. 

 *CLH is Cooling Load Hours per year 
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Summary 
 
AHRI recommends that DOE expand its near-term technology areas to include 
commercial refrigeration applications, integrated system efficiency, and life cycle climate 
performance as a criterion to select alternative technologies. These technology areas are 
recommended to be carried out through a joint collaboration between DOE and the 
industry.  
 
Setting a GWP limit of 10 will exclude the vast majority of promising low GWP alternative 
refrigerants. These alternatives have a great potential to meet DOE BTO’s reduced 
energy consumption target in a timely and less costly manner. 
 
AHRI appreciates the opportunity to provide these comments. If you have any questions 
regarding this submission, please do not hesitate to contact me. 
 
Sincerely, 
 
 
Xudong Wang 
Director, Research 
Direct: (703) 600-0305  
Email: xwang@ahrinet.org 
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