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1. Introduction

Heat pump performance is a function of several interactive factors dependent on both the initial efficiency of the equipment, decisions made at the time of installation, and ongoing maintenance.  These decisions affect both the heating and cooling efficiency and capacity.   The manufacturers’ printed ratings assume the initial system installation instructions are followed carefully, and that controls are set so that the system is optimized to provide as much output as possible from the refrigeration cycle.   

It is the purpose of this review to quantify the levels of performance that might be expected with “typical” installation practices and the impact of a utility program that requires optimized installation procedures, quality control, and regular, documented maintenance.  

On the heating side, the nature of heat pump performance lends itself to many installation decisions that can result in reduced performance, even though they may improve the comfort of the occupant.  These installation decisions should be considered apart from problems having to do with incorrect refrigerant charge or system airflow, which are also serious maintenance matters with large energy consequences.   

Installation decisions in this regard have to do with how the heat pump is controlled.  The primary way the manufacturer’s rating is undermined is the result of excessive use of supplemental (electric resistance) heat through sub-optimal programming or manual override of the indoor thermostat, lack of outdoor (cut-out) thermostat, un-optimized defrost controls, and improper staging/sizing of the back-up elements. 

Various combinations of the above factors result in energy waste.  Some amount of supplemental heat is necessary to ensure the setpoint is met and occupant comfort is assured, but most control strategies, observed in the field, result in unnecessary use of supplemental heat.   Supplemental heat operates at a COP of 1.0, and so the overall system COP is degraded during times when the electric heat is used either to supplement of supplant the compressor.  

Almost all of the discussion in this report focuses on the heating performance of the heat pump.  Cooling efficiency ratings (SEER) are based on system sensible and latent cooling output at specified outdoor temperature and indoor relative humidity.  These assumptions do not reflect typical cooling conditions in any Northwest climate and performance estimates should be modified to reflect the local conditions in our climate zones.  This work remains to be done.  Initial review of part load curves for cooling temperatures indicated a large and systematic adjustment was necessary to correct rating efficiencies to predict actual compressor performance in cooling mode. 

The following sections present results of successive adjustments to the heating season performance ratings for heat pumps operated in various Pacific Northwest climates.  These adjustments incorporate the effects of sub-optimal use of supplemental heat, unoptimized defrost systems, and deferred maintenance.  Appendix A includes a listing and discussion of the installation specifications that must be followed to ensure optimal efficiency.  These specifications assume a utility of contractor sponsored quality control service that insures the proper installation and set-up of the heat pump.

2.  Heat Pump Ratings, Climate Adjustments

Heat pumps are rated according to the protocols of the American Refrigeration Institute (ARI).  For heating performance, the equipment is rated using a Heating Seasonal Performance Factor (HSPF), which expresses the output of the heat pump in BTUs versus the kWh of electricity needed to run the system (compressor, fans, etc.)

The HSPF rating process uses is a weighted average of the output of the heat pump over a range of temperatures between 17° and 47°.  The weighting scheme utilizes an average of the heating climates in the country. 

In most of the colder Pacific Northwest climates, the ARI HSPF provides a very optimistic performance assessment.  This effect is the result of a combination of electric resistance heat required to maintain heat pump capacity in lower temperature bins (below 17°), and reduced heating output capacity in the heat pump itself.  The assumption in the ARI ratings and in the adaptation of these rating to Pacific Northwest climates is that as outdoor temperatures drop, just enough supplemental heat is added to the compressor capacity to maintain thermostat setpoint.  This analytic approach is somewhat different from what happens in an actual installation (where backup heat is provided by elements that normally are brought on in increments of 4-6 kW). Conversely, in warmer Pacific Northwest climates, the ARI ratings actually under-predict the performance of an optimized heat pump installation.   

When the heat pump part load curves (as generated by the manufacturer) are examined over the range of temperatures in actual climate conditions, a reduction in HSPF of about 10% in the colder areas of the Pacific Northwest and an increase of about 5% in the Portland and Seattle climates is seen.  

In any climate, the refrigerant charge, evaporator airflow, and defrost cycle all have to be at manufacturers’ specified levels for the system to have a chance of meeting the HSPF target.  

Table 1: HSPF Adjustments (based on climate only) 

	
	HSPF

	ARI Rating
	6.8
	7.1
	8.0
	8.1
	8.3

	Climate
	
	
	
	
	

	Portland
	7.1
	7.4
	8.3
	8.4
	8.6

	Seattle
	7.1
	7.4
	8.4
	8.5
	8.7

	Boise
	6.3
	6.5
	7.4
	7.5
	7.6

	Spokane
	6.2
	6.5
	7.3
	7.4
	7.6

	Missoula
	6.1
	6.3
	7.1
	7.2
	7.4


Figure 1 shows the relationship between heat pump capacity and outdoor temperature.    The “integrated” capacity line shows the impact of defrost cycles on system output.  During defrost, supplemental heat is needed to keep the house at the thermostat setpoint.  The defrost cycle is discussed further in Section 3. 

As Figure 1 illustrates, the capacity of the heat pump is reduced by more than 60% as the outdoor temperature drops from 45º F to 0º F.   The two climates shown in the figure are the extremes of the regional climate zones.  The bars show the degree days associated with each temperature bin.  As can be seen, the temperatures in Missoula result in a very large portion of the heating load occurring when ambient temperatures drop below 30º.  In Portland, on the other hand, only a small fraction of the heating load is below 30º, thus the heat pump operates most of the time near its rated capacity.  

	Missoula
	Portland
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Figure 1  Heat Pump Heating Capacity vs. Ambient Temperature

3. Control-Related Heating Season Performance Penalties

There are several performance penalties that result from common installation practices.  Most of these penalties have to do with unnecessary usage of supplemental resistance heat.  

3.1. Indoor Thermostat Setback and Outdoor Thermostats

Residential heat pumps are commonly installed with a digital programmable thermostat which allows scheduling of equipment operation.   When these thermostats are set up with an aggressive setback (of 5( F or more), the heat pump can be forced to make up a substantial load in a short time.  When the heat pump is asked to perform in this manner, it will use electric resistance heat as a major component of the warm-up cycle (sometimes with the compressor, and sometimes instead of the compressor).  In the first hour of warm-up after the set back is removed, this can result in an efficiency reduction of up to 50%.

Higher end thermostats can counteract this problem by providing a gradual “soft” start beginning several hours before the home needs to be at a specified temperature.   This feature will work as long as the occupant does not interrupt the long warm up period by increasing the setpoint more than 1 F over the sensed indoor temperature.  If the interruption occurs, supplemental heat will be brought on for some amount of time, and this will cut into the compressor efficiency.  Many homeowners, even though they understand the purpose of the soft start, still want their heat pump to perform like a gas furnace (or they do not like hearing it run in the early morning hours), so they defeat the incremental recovery feature by asking for quicker recovery.   

A sure way to keep supplemental heat off (regardless of the type of indoor thermostat used and occupant behavior) is to install and outdoor (cut-out) thermostat.  This device is wired in series with the supplemental heat, and keeps the supplemental heat off until the outdoor temperature drops below a specified point (usually between 35( and 45( F).  If this device is not installed, or if it is set to a high temperature, then the energy used in the warm up cycle is delivered by electric resistance heat.  

3.2. The Defrost Cycle

The defrost cycle on a heat pump is designed to remove ice that forms on the coil at low ambient temperatures.  As the refrigerant gathers heat from the air through phase change in the outdoor coil, its boiling temperature is often below the outdoor dew point and cold enough to turn condensed water into ice.  Ice formation hampers heat transfer and reduces the efficiency of the system.  

Manufacturers provide a defrost cycle, which uses some combinations of sensor and timer, to send a signal which causes the reversing valve to route hot gas to the outdoor coil and melt the ice.   With the coils reversed, the system works as an air conditioner during defrost, and the supplemental resistance heat must come on to keep the house comfortable.   Depending on the sophistication of the defrost control system, the heat pump can end up using more energy for defrost than is necessary to ensure its rated efficiency.

Older time/temperature defrost controls typically rely on a coil temperature sensor (or a pressure sensor which measures pressure drop across the outdoor coil), to initiate defrost.  The system then remains in defrost for a set amount of time (typically 10 minutes) or until the coil sensor detects a temperature above a certain point.  Other systems go into defrost at set time intervals, even if there is no ice on the coil.  Obviously, this wastes energy.  

Newer control strategies, (so-called “demand defrost” systems), use a combination of coil and outdoor air sensor to check for ice.  The system stays in defrost only long enough to bring the coil temperature up to the necessary point then the system returns to normal heating mode.   The American Air Conditioning Association’s (ACCA) review of demand defrost control in Manual suggests there can be an order of magnitude reduction in the number of defrost cycles needed to keep the coil de-iced compared with the time/temperature controls; this can result in a noticeable reduction in heating season energy use.   

In the majority of warmer climates in the Pacific Northwest (such as Portland), defrost is a significant issue, since frost is likely to occur most often when outside temperatures are 20° to 30°.  When outdoor temperatures fall below 15º  (common in Missoula, for example), the build-up of ice is much less significant.  Typically the defrost cycle is unnecessary below that temperature.  If a simple timed defrost is used, the heat pump will require much more energy to defrost, and rely very heavily on the electric elements in addition to the problems of reduced capacity. On the other hand, the demand defrost option allows the defrost cycle to be stopped once the ice build-up ceases.  

3.3. Low Ambient Cut Out Controls

The low ambient compressor cut out feature is commonly used, particularly in colder climates.   The purpose of this control is to restrict the operation of the compressor when outdoor temperatures result in substantial compressor capacity reductions.  As the capacity is reduced, air temperature delivered by the heat pump is also reduced.  This can cause occupant discomfort even if the air is warm enough to actually add heat to the house.  In colder climates the low ambient cut out control option is typically set at 20º-30° F, although standard practice may be somewhat below that.  

The low ambient cut out sets the temperature below which the compressor will not operate, causing the electric resistance elements to handle the entire heating load.  In colder climates, this has a huge effect on system efficiency, because there are is a substantial number of hours where the heating system is no longer using the refrigeration cycle but acting purely as a forced-air electric resistance furnace.   Some attempt at intelligent supplemental heat control can greatly improve system efficiency while maintaining occupant comfort.

3.4. Supplemental Heating Element Sequencing

Heat pumps operating under normal winter temperatures west of the mountains typically produce supply air temperatures of at least 90° F.   In colder climates, capacity falls by up to 60%, and the resulting air delivery temperature is uncomfortable to any occupant.  

Typically the solution for this is to introduce additional electric heat, even at temperatures where the compressor performance is adequate to deliver heat to the house.  This strategy reduces the COP of the overall system at almost any temperature, especially if a large amount of supplemental heat is brought on all at once.  

Ordinarily, the use of these elements in warmer climates can result in a 15% reduction in performance (even when all the parts are working correctly).  The morning warm-up time represents a high fraction of the total amount of electric resistance heating required in these climates.  In the colder climates, this problem is not as severe since a very large amount of electric resistance heat is required no matter what the installation regime. 

In either case, a careful matching of overall supplemental heating capacity and intelligent sequencing of element operation results in improvements in system efficiency.   There are a variety of control schemes that can be used to attain better sequencing, including outdoor temperature sensors, solid state sequencing controls, and so forth.  These controls represent a low or no-cost option on new heat pump installations since the circuitry is already present in the standard control packages.

3.5. Summary of Control Effects

Almost all installers have preferential control settings designed to ensure occupant comfort.  These settings can be fairly subtle, with almost all of them resulting in some combination of electric resistance elements offsetting compressor function, either directly or indirectly.  The installation guidelines presented in Appendix A provide specific and verifiable measures to assess the efficiency of the heat pump as installed.  When used in a combination, these control functions result in a substantial reduction of heat pump performance.  Table 2 illustrates the reduced function associated with these potential control decisions.  

Table 2.  Combined Control Effects* on HSPF 

	
	HSPF

	ARI Rating
	6.8
	7.1
	8.0
	8.1
	8.3

	Climate
	
	
	
	
	

	Portland
	6.4
	6.7
	7.5
	7.7
	7.8

	Seattle
	6.6
	6.9
	7.8
	7.9
	8.1

	Boise
	4.6
	4.8
	5.4
	5.4
	5.6

	Spokane
	4.4
	4.6
	5.2
	5.3
	5.4

	Missoula
	4.2
	4.4
	4.9
	5.0
	5.1


*Defrost setting, operation of indoor and outdoor thermostats, low ambient cutout.

Individual cases will vary substantially, depending on the decisions made by the installer and/or the occupant.  This table is calculated assuming electric resistance heat in virtually all temperature bins, but without taking serious penalties for timed defrost or outdoor reset.  

4. Maintenance-Related Heating Season Penalties

The assessment of heat pump performance in the previous sections has assumed regular maintenance of the components in a functioning heat pump.  Assuming the system is running and has no critical problems, the most important maintenance items are ensuring refrigerant charge and evaporator airflow stay at the manufacturers’ recommended level.  

Proctor Engineering in California has collected the most significant data addressing the performance impacts of these regular maintenance issues.  These data suggest an average 10% reduction in compressor efficiency due to refrigerant charge and evaporator airflow being different from the manufacturer’s recommendation. Observations made by Ecotope, Inc within Puget Sound Energy’s service territory (in Seattle and surrounding areas) suggest an 8% reduction in functionality as a result of compressor charge or other maintenance difficulties.  

Only the Proctor datasets address the impact of the maintenance issues alone.  Thus, those estimates are the basis of the estimates of the impact of quality control-based maintenance program on heat pumps.  The specifications associated with these measures are included in Appendix A.  

The reduction in system efficiency is independent of the performance penalties associated with climate and controls.   Table 3 illustrates the impact of these regular maintenance difficulties on overall heat pump HSPF in each of the climates.  When these values are compared to the values in Table 1, the impact of deferred maintenance can be seen.

Table 3.  Effect of Deferred Maintenance 

	 
	HSPF

	ARI Rating
	6.8
	7.1
	8.0
	8.12
	8.3

	Climate
	
	
	
	
	

	Portland
	6.4
	6.6
	7.5
	7.6
	7.8

	Seattle
	6.4
	6.7
	7.6
	7.7
	7.8

	Boise
	5.6
	5.9
	6.6
	6.7
	6.9

	Spokane
	5.6
	5.8
	6.6
	6.7
	6.8

	Missoula
	5.4
	5.7
	6.4
	6.5
	6.6


5. Combined Effects on System Efficiency 

Table 4 combines the adjustments from the preceding analyses.  The climate adjustment, controls adjustment, and maintenance adjustment show an estimate of heat pump performance degraded when there is not proper attention to installation, controls and maintenance.

Table 4.  Combined HSPF Effects from Climate, Controls and 
Maintenance 

	 
	HSPF

	ARI Rating
	6.8
	7.1
	8.0
	8.12
	8.3

	Climate
	
	
	
	
	

	Portland
	5.8
	6.0
	6.8
	6.9
	7.0

	Seattle
	6.0
	6.2
	7.0
	7.1
	7.3

	Boise
	4.1
	4.3
	4.8
	4.9
	5.0

	Spokane
	4.0
	4.2
	4.7
	4.8
	4.9

	Missoula
	3.8
	4.0
	4.5
	4.5
	4.6


The reduction in performance in colder climates approaches 50%.  Even in warmer climates, there is at least a 10% reduction in the HSPF.   In the RCDP Cycle 2 research for BPA, several heat pumps were monitored with electrical panel sub-meters.  The study found an average 25% reduction in HSPF.   These heat pumps were working almost exclusively in Climate Zone 1 (Portland and Seattle).  Based on this observation, the values reported in Table 4 may be conservative.  It should be noted, though, that in the RCDP study, the average was largely the result of extremely poor performance in about a third of the cases.  

While additional research might focus on the combination of installation errors and control deficiencies that are routine in any particular market, it is unmistakable that when manufacturers’ installation specifications are partially or fully disregarded, and when systems are not regularly maintained, the functionality of the heat pump can be compromised severely.  These tables suggest that any utility program designed around energy savings from heat pump applications should not only include detailed installation specifications, but should include quality control to insure that these standards are met.   

It must be stressed that this analysis has not included any negative effects from distribution system losses.  Duct systems lose heat through conduction and air leakage, and these penalties also affect energy usage, homeowner comfort, and (at times) homeowner health.  These issues are discussed in a companion document.

6. Cooling Season Performance

Developing estimates of cooling function and efficiency in the Pacific Northwest has lagged considerably, both for heat pumps and central air conditioning.  For the most part, energy estimates for cooling have been based on observed or simulated cooling loads, with a SEER rating applied.  The SEER ratings system is based on the performance of a heat pump and three distinct test conditions.  These conditions are set at an average outdoor dry bulb temperature of about 10° above the indoor setpoint and 50% indoor relative humidity.   

It is not clear that these conditions are directly applicable to the Pacific Northwest, so a part load analysis similar to that done for heating was conducted on a small selection of cooling equipment, one unit that meets the Energy Star standard (SEER 14), and one unit that meets the current federal appliance standard (SEER 10).  The result of this analysis, while representing a limited set of equipment, is that cooling equipment in virtually all of the Pacific Northwest operates at an average COP between 2.1 and 2.6.   This implies a reduction in overall efficiency of approximately 35% over the impact of what would be estimated using the SEER value alone.  This reduction was similar over the number of cases reviewed and in all the cooling climates in the Pacific Northwest no matter what the initial SEER of the equipment is.  

We suspect this discrepancy is in part due to a relatively low humidity in any of the Pacific Northwest cooling climates.  The portion of the SEER rating that reflects dehumidification does not impact energy use in our climates.  Its quite clear more work needs to be done to establish the nature and the size of the adjustment for cooling equipment operating in this region and the range of adjustments appropriate to a wide variety of manufacturers and equipment ratings.   This work could probably be based on part load engineering with minimal field observation.  

7. Specification Revisions and Conclusion

The current guidelines for heat pump installation under the regional energy efficiency programs are included in the Regional Technical Forum (RTF) program guidelines for use by member utilities.  These utilities would use these guidelines to develop a heat pump installation program as part of a conservation program in their particular locality.  Appendix A discusses and details the purposed changes to these specification so that savings can be realized from such programs that are consistent with the performance summarized in Table 1 of this report.  ClimateCrafters (CC) has been a regional organization with goals to establish the protocols, training and installation guidelines that can be certified.  The goal here is to provide customers and utilities with the assurance that the efficiency of a particular installation meets the highest possible standards. 

The primary differences between the proposed revisions to the purposed RTF specifications and the purposed CC specifications have to do with documentation of design and field-testing.  Two levels of net billing incentives are available for installations that conform to the two specifications.   Some of the tools and techniques needed to meet this specification will be new to installers, but, for the most part, they are already part of equipment manufacturers recommendations (for example, air flow testing).  Climate Crafters’ mission is, in part, to train installers in use of these techniques and provide quality control.  A detailed discussion of the proposed revisions to the RTF and CC specifications  is included in Appendix A. These revisions are designed to insure that a particular installation and a particular program meet performance assumptions used to develop the savings estimates.

By themselves, nameplate HSPF ratings do not necessarily provide adequate efficiency and performance.  However, with the suggested improvements and adequate installer training, the RTF and CC specifications can greatly improve the expected performance of heat pumps in the Pacific Northwest.

Appendix A

Explanation of Suggested Changes to RTF and Climate Crafters Air-Source Heat Pump Specifications

1. Introduction

As part of ongoing technical consulting to Bonneville Power Administration’s Regional Technical Forum (RTF), Ecotope has suggested changes to the existing RTF heat pump installation and performance specifications.  Ecotope has also proposed Climate Crafters (CC) heat pump specifications.  These specifications would be applied to systems, which are installed with the intent of garnering BPA-provided utility billing credits.

2. Unit Nameplate (HSPF/SEER) Requirements

Nameplate requirements (HSPF, SEER) have some importance in heat pump performance, but other factors (unit size, backup up lockouts, duct design/sealing) are equally important and must be attended to during the design and installation stages.  If a system is not sized, ducted, and controlled properly, it will not deliver the expected amount of heating or cooling at the expected efficiency.  

The path of least resistance on nameplate requirements heads through Energy Star(rating program.  This program requires that a split system heat pump installed in single-family residences have an HSPF of 8.0 or better and a SEER of 13.0 or better.   Requirements for packaged units are slightly less stringent (HSPF of at least 7.6/SEER of at least 12.0).  

To meet these requirements, almost all systems will have thermostatic expansion valves (TXVs) on both indoor and outdoor coils and many will include variable speed air handlers.  This hardware is helpful in maintaining capacity and efficiency over a wide range of field conditions.

	Table A-1.  Nameplate Air-to-Air Heat Pump Requirements*

	 
	Split system HSPF
	Split system SEER

	Current RTF
	8
	13

	Proposed revised RTF
	Oct 1, 2002 EStar(
	Oct 1, 2002 EStar(

	Proposed Climate Crafters 
	Oct 1, 2002 EStar(
	Oct 1, 2002 EStar(

	*all equipment and equipment combinations shall be 
	ARI-rated


3. Heat Pump Sizing, System Protection, and Controls

Sizing heat pumps in the Northwest is confusing because most of the region is dominated by heating load, with minimal cooling required in the most temperate climates.  Most of the detailed sizing procedures described by ACCA have to do with the cooling season.   Investigation and field experience in the Northwest have suggested a reasonable sizing guideline is to use 75% of the Design Heating Load (DHL) as the target for the nominal tonnage of the heat pump.  The DHL should be based on the ASHRAE 97.5% heating design temperature.  Supplemental heating can be sized up to 150% of the DHL.  Standard heat loss factors (U-values) found in ASHRAE or computer programs such as Right-J should be used in sizing calculations. A duct loss factor of 20% should be used in all sizing calculations.  In the future, detailed supplemental heating sequencing specifications will be provided (which will more exactly match staging of elements with load conditions).

Critical to accurate sizing is a solid estimate of air leakage.  Defaults are sometimes adequate, but a blower door test is much more helpful.  Although a blower door test is not required by RTF, it is by Climate Crafters.  Correction factors for the blower door test (to adjust to average/peak heating season natural infiltration) can be provided by Ecotope.

Documentation is very important for equipment selection and system design. Overall heat loss/gain calculations must be provided in writing in all cases.  A room-by-room heat loss/gain is recommended for RTF submittals and required for Climate Crafters jobs.  Room-by-room calculations are provided in commonly used sizing programs such as Right-J.

Table A-2.  Heat Pump Sizing

	 
	Heating sizing*
	Supplemental heating sizing
	Infiltration
	Cooling sizing
	Room-by- room heat loss/gain

	Current RTF
	ACCA
	up to 150% DHL
	no guidance
	125% DCL
	not req'd

	Proposed revised RTF
	75% of DHL
	up to 150% DHL
	no guidance
	125% DCL
	optional

	Proposed Climate Crafters
	75% of DHL
	up to 150% DHL
	blower door test
	125% DCL
	required


*use 20% duct loss factor in all cases 

Basic compressor and air handler protection devices are required in all specifications.  A suction side accumulator is required in all installations to protect the compressor from liquid slugging.  The current RTF specification does not allow air filters to be installed in crawlspaces and establishes a maximum static pressure drop across the system filter.  These limitations are unrealistic in some applications and have been removed.  The proposed Climate Crafter specification for the system air filter includes a test of system airflow using an approved method (TrueFlow( airflow meter, discussed below).  The definition of a “readily accessible” system filter has not been established, but, in general, this should mean the filter could be accessed, removed, and replaced through a permanent, securable access panel.

During installation, all service clearances, piping materials, piping insulation, evacuation/pressure testing and equipment placement/support devices/procedures shall meet the manufacturer and ARI’s requirements.

Table A-3. System Protection

	 
	Basic safety devices*
	Suction Side Accumulator
	System air filter

	Current RTF
	required
	suggested
	readily accessible, max. 0.22 WC" delta P;

 no filter in crawl

	Proposed revised RTF
	required
	required
	readily accessible

	Proposed Climate Crafters 
	required
	required
	readily accessible; test system airflow

	*crankcase heater, liquid line filter dryer, compressor delay/overload protection


Use of an outdoor lockout thermostat can provide substantial savings, depending on the temperature at which the lockout is set.  Ecotope recommends 35( F, but local utilities should allow installers some leeway.  Demand defrost can also add to savings by limiting actual defrost time.  For systems equipped with time/temperature defrost controls, the time between possible defrost cycles is recommended at 45 minutes or longer.

	Table A-4.  System Controls
	
	

	 
	Outdoor (lockout) 

thermostat
	Defrost setting

	Current RTF
	not required
	no guidance

	Proposed Revised RTF
	required
	45 mins or longer*

	Proposed Climate Crafters
	required
	45 mins or longer*

	* or demand defrost control
	
	


4. Duct Sizing and Installation Requirements

Duct sizing is straightforward if valid room-by-room heat loss/gain calculations are performed.  This is most easily accomplished with a computer program such as WrightSoft’s Manual J and D.  If this procedure isn’t used, it is acceptable to size systems using the frictional loss method.  Systems should be sized to a maximum frictional loss rate of 0.1 water column inches per 100’ of total equivalent duct length (TEL) on the supply side and 0.08 water column inches on the return side.  Documentation of duct sizes and target airflow rates is required.

No building cavities can be used as ducts.  Pressure relief ducts or grilles are recommended for the revised RTF specs; they are required by Climate Crafters.  Differential pressurization/depressurization of buildings causes increased infiltration/exfiltration, increased homeowner discomfort, and increased energy costs.

Duct insulation is required in all non-conditioned or buffer spaces where ducts are located. Insulation must provide resistivity of at least R-8 when installed.  Duct tape may not be used to secure duct insulation.  

Approved mastic must be used for in-field sealing in the new requirements.  Butyl-adhesive backed tape can be used for sealing joints in plenums, but no other tape of any kind is allowed by RTF or Climate Crafters.  The main purpose of this is to prevent use of tape for mechanical fastening.  Mechanical fastening must be done with sheet metal screws, cable ties, and metal or nylon duct strapping.

   Table A-5.  Duct System Sizing

	 

	Duct sizing method

	Documentation


	Current RTF

	ACCA Man. D or 0.1/0.08*

	not required


	Proposed revised RTF

	ACCA Man. D or 0.1/0.08*

	required


	Proposed CC

	ACCA Man. D or 0.1/0.08*  **

	required


	*0.1/0.08 refers to maximum frictional loss per 100 feet of total equivalent length (in water column inches) on supply/return sides, respectively.


	** A Manual D worksheet may be submitted showing the calculated friction rate.

Table A-6. Duct Installation Requirements


	

	 

Duct materials

Duct tape

Insulation*

Insulation installation specs

Bldg cavities

as ducts? 

 Pressure relief***

Current RTF

rigid/flex

UL-181 ok

R-11/R-8**

not spec'd

not spec'd

Not spec'd

Proposed revised RTF

rigid/flex

not allowed

R-8

no tape

not allowed

suggested

Proposed CC

rigid/flex

not allowed

R-8

no tape

not allowed

required



	*For Proposed revised RTF and Climate Crafters, R-value refers to installed R-value, not nominal R-value

**first value is insulation installed exterior to ducts; second is for interior insulation (“sound” insulation in plenums, etc.)

***transfer vents/grilles installed to limit pressurization of axial zones (bedrooms, etc) to 3 Pa or less WRT main house.

Table A-7.  Duct Sealing Requirements

 

Mechanical fastening*

Seal longitudinal seams

Metal tape at plenums

Current RTF

required

required

ok

Proposed revised RTF

required

not required

ok

Proposed Climate Crafters

required

not required

ok

*screws, strapping

Mastic that meets NFPA Class 1 requirements and that is UL-181 listed shall be used for sealing.  Gaps larger than ¼” require use of fiberglass mesh tape.




5. Testing Requirements

The suggested changes to the RTF specifications stop short of requiring detailed testing.  Most of the suggested changes have to do with hardware (such as outdoor thermostats) or documentation (submitting Manual J or D paperwork, etc).  The Climate Crafters program, by contrast, requires detailed testing of heat pump performance, house air leakage, and duct leakage.  Unless these items are actually tested, it is difficult to accurately gauge system performance in advance, and to predict whether the efficiency that is expected will be obtained. 

The two main determinants of heat pump system performance are refrigerant charge and airflow across the evaporator.  Climate Crafters requires these elements be tested using either the CheckMe!( process or the ACRx Handtool (distributed by Honeywell).  Both processes require operating temperatures and pressures to be measured and recorded; each provides an indirect assessment of evaporator airflow based on cooling conditions and sensible temperature split.  Climate Crafters requires use of the TrueFlow( device to obtain actual cubic feet per minute (CFM) of air moving across the evaporator.  This device is placed in the airstream and delivers actual CFM airflow through the indoor unit.  

As already discussed in the sizing section, a blower door test is required by Climate Crafters to aid in calculating the infiltration portion of the heating load.  A blower door test would not be required in the revised RTF specs, but it is recommended.  A duct leakage test is required for Climate Crafters certification.  The test will conform to current requirements for duct tightness (combined supply/return leakage at 6% of floor area when using a 50 Pa test pressure). 

To ensure comfort, Climate Crafter specifications would also require a room-by-room measurement of supply register flows.  This requirement could be problematic depending on the type of registers/grilles installed and the flow hood used.  It may be necessary to relax this requirement until better tools are made available to the HVAC trade.

Table A-8.  HP/Duct Testing

	 
	Refrigerant charge 
	Evaporator airflow
	Room-by-room flows
	Blower door test
	Duct leakage test

	Current RTF
	Mfr's rec*
	multiple options
	not required
	not required
	not required

	Proposed revised RTF
	Mfr's rec*
	multiple options
	not required
	not required
	not required

	Proposed CC
	CheckMe or ACRx
	TrueFlow plate
	required
	required
	current CC reqs**


*no documentation required




**supply and return combined at 6% of floor area (50 Pa test pressure) for new ducts
________________________________________
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