Explanation of Suggested Changes to RTF and PTCS Air-Source Heat Pump Specifications
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Bob Davis, Ecotope, Inc.

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 prepared suggested Performance Tested Comfort Systems (PTCS) heat pump specifications, including a detailed installation outline and in-field data entry form (see attached).  These specifications will be applied to systems which are installed with the intent of garnering BPA-provided utility billing credits.

Nameplate requirements (HSPF, SEER) have some importance in heat pump importance, but other factors (unit size, backup up lockouts, duct design/sealing) are equally important and must be attended to during the planning 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 primary differences between the suggested RTF specs and PTCS 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.  The PTCS specification requires more documentation and field testing but offers more incentives to the installer.  Some of the tools and techniques needed to meet this specification will be new to installers, but they are already suggested by equipment manufacturers (for example, air flow testing).  The PTCS mission is, in part, to train installers in use of these techniques and check their work.

Unit Nameplate (HSPF/SEER) Requirements

The path of least resistance on nameplate requirements heads through Energy Star(.  This means split system heat pumps installed in single-family residences must 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).  

Almost all systems meeting these requirements 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 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 PTCS 
	Oct 1, 2002 Estar(
	Oct 1, 2002 Estar(

	*all equipment and equipment combinations shall be 
	ARI-rated

	


Heat Pump Sizing, System Protection, and Controls

Sizing heat pumps in the Northwest is confusing because most of the region is heating –dominated.  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 80% of the Design Heating Load (DHL) as the target for the nominal tonnage of the heat pump for houses in Climate Zone 1, and to use the size that meets at 30º F balance point in colder sites.   The DHL should be based on the ASHRAE 97.5% 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% shall be used in all sizing calculations.  

Critical to getting sizing right 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 PTCS.  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 PTCS.  Room-by-room calculations are provided in commonly used sizing programs such as Right-J.  

Table 3.  Heat Pump Sizing

	 
	Tonnage sizing*
	Supple-

mental heat
	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
	80% of DHL in Zone 1; 

30º F balance pt elsewhere
	up to 150%

 DHL
	no guidance
	125% DCL
	optional

	Proposed PTCS
	80% of DHL in Zone 1; 

30º F balance pt elsewhere
	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 highly recommended 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 puts a maximum static pressure drop across a filter.  These limitations are unrealistic in some applications and have been removed.  The proposed PTCS specification for the system air filter includes a test of system airflow using an approved method (TrueFlow( measurement device).  The definition of a “readily accessible” system filter has not been established, but, in general, this should mean the filter can be accessed, removed without damage, 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.  See the attached detailed installation procedure.

Table 2. 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
	Suggested
	readily accessible

	Proposed PTCS
	required
	Suggested
	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 but limiting actual defrost time.  For systems equipped with time/temperature defrost controls, the time between possible defrost cycles is recommended at 60 minutes in all but Climate Zone 1, where installers must be able to use their discretion.

	Table 3.  System Controls
	
	

	 
	Outdoor (lockout) 

thermostat
	 Defrost type
	Defrost setting  

	Current RTF
	not required
	No guidance
	No guidance

	Proposed Revised RTF
	required
	Demand rec’d
	60 mins*

	Proposed PTCS
	required
	Demand rec’d
	60 mins


*no check for outdoor coil temperature until at least 60 minutes of compressor run-time have elapsed.  West of the mountains, a shorter interval is probably needed.



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 on the supply side and 0.08 water column inches on the return side.  Documentation of duct sizes and target airflow rates is required.

Pressure relief ducts or grilles are recommended for the revised RTF specs; they are required by PTCS.  Differential pressurization/depressurization of buildings causes increased infiltration/exfiltration, increased homeowner discomfort, and increased energy costs.

No building cavities can be used as ducts in the new specifications.  Important duct insulation requirements are that the insulation must provide resistivity of at least R-8 when installed, and that duct tape cannot be used to secure duct insulation.  

Approved mastic must be used for in-field sealing in the new requirements.  Approved butyl-adhesive backed tape can be used for sealing joints in plenums, but no other tape of any kind is allowed by RTF or PTCS.  The main purpose of this prohibition 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 4.  Duct System Sizing

	 

	Duct sizing method

	Documentation


	Current RTF

	ACCA Man. D or 0.1/0.08*

	not req'd


	P Proposed revised RTF

	ACCA Man. D or 0.1/0.08*

	required


	P Proposed PTCS

	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) inches) on supply/return sides, respectively.

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

Table 5. Duct Installation Requirements


	

	 

Duct materials

Duct tape

Insulation*

Insulation installation

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 PTCS

rigid/flex

not allowed

R-8

no tape

not allowed

required



	*For Proposed revised RTF and PTCS, 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 6.  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 PTCS

required

not required

ok

*screws, strapping

**must be approved tape
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.



PTCS Installation Procedure for Heat Pumps

Note:  any detailed mfr’s procedure (American Standard, Lennox, Carrier, Rheem, etc) will contain all the information needed to successfully install an air-to-air heat pump.   This guideline is meant to summarize the salient points concisely and list documentation steps needed for PTCS certification.

Equipment ratings (for outdoor and indoor unit) and duct sizing documentation must be provided as part of the installation process.  This documentation is described fully in the RTF and PTCS heat pump specifications.   

Outdoor unit 

· Level/stable pad; make provisions for condensate runoff and snow depth

· No overhangs, vegetation, etc. should impinge on airflow

· Make sure line wiring and service disconnect are properly sized

· Maintain code-required clearances to electrical panels

· Make sure service ports/valves are readily accessible after installation

· Ensure compressor protection devices are installed and operational

Refrigerant piping specifications/procedures 

· Use the right type of piping  (Type K or L; Type M not allowed).

· Use right pipe size: check mfr’s tables; keep suction line drop to an equiv of 2( F (approx 3 PSI for R-22); keep discharge drop to between 5-10 psig)).  If in doubt, slightly oversize liquid line and undersize suction line.  Keep track of the amount of vertical rise in sizing lines.

· Use care in handling, cutting, flaring, deburring, and brazing copper tubing

· Blow out tubing with dry nitrogen if there is a concern of contamination

· Use care in working with service valves 

· Install piping with as few bends as possible; use tube bender

· Support lines every 6-10 feet; supports needed within 2 feet of bends

· Use oil traps as needed (e.g. indoor coil below compressor and more than 3 feet of vertical displacement)

· Horizontal lines should have a downward pitch of at least ½ inch in 10 feet to aid in oil drainage

· Use proper insulation for vapor line, typically 3/8” closed cell insulation

· Do not insulate liquid and vapor line together.  

Pressure Test/Evacuation procedure    

· Once all brazing complete, purge dry nitrogen through piping to prevent oxidation.  

· Pressurize system to 150 psig with all valves open; check for leaks with soap solution.  Repair leaks (after removing nitrogen) and retest.  

· When no leaks found, pressurize R-22 system to 360 psig with dry nitrogen and leave for 24 hrs to confirm system holds pressure. Systems using R-410A should be pressurized to 450 psig for 24 hrs.  Record system has passed pressure test.
Evacuation Procedure (new installation)

· Make sure manifold set is air tight

· Evacuate field-assembled piping to 500 microns or as directed by mfr.  (Fastest evacuation occurs with short, bigger diameter hoses and with Schrader cores removed; evacuate through both sides of the system. Analog micron gauge is preferred because needle action can be observed to evaluate presence of moisture or leak. Make sure vacuum pump has clean oil at start.)

· Close valve to vacuum pump; look at gauge.  Gauge should rise no more than 200 microns in 3 minutes.

· When satisfied system is tight (see above pressure-testing procedure), release refrigerant into system.
Required/Recommended Brazed-In Components

· Use correct metering device (double check mfr’s specifications) 

· Follow manufacturers’ procedures carefully in installing metering device (positioning, attachment of sensing bulb)

· Ensure oil is of the proper type for the refrigerant used (note oil compatibilities change as more information is found)

· Install new liquid line filter-drier and record you have done so.

· Install crankcase heater if part of package or if there are excessively long (over 36 inch) runs in colder spots

· Protect metering devices, valve seats, etc from excessive heat when brazing (use heat sink or wrap lines with wet cloths, etc.  Do not allow water to enter the system during this process.)

· Install suction-side accumulator if standard manufacturer option

Airflow and Charging Checks

· Weigh in charge; make proper adjustments for line set length if field-assembled (standard line set length is 25 feet (R-22) or 15 feet (R-410A):

· Verify evaporator airflow is within mfr’s recommended levels; adjust fan speed, use different filter, and/or adjust duct damper positions as needed; document flow with TrueFlow or other approved method.
· Run system for at least 15 minutes in cooling mode and check superheat or subcooling (for systems with TXV on indoor coil).  
· Use approved digital thermometer with wet bulb capability to accurately assess cooling load.  Use approved, properly connected thermocouple or thermistor to check line temps, use calibrated manifold gauges to check operating pressures.  
· Document superheat/subcooling figures, operating temps/pressures, ambient temp, return/supply temps.  Compare measured superheat/subcooling with expected value.

· Adjust charge as needed; retest and record results.

Electrical/Mechanical/Indoor Unit 

· Make sure all breakers/fuses/conductors are of the proper type and size.

· Check line and control voltage under normal operation; record
· Check temperature split across reversing valve; if more than 10( F, valve must be examined for repair or replacement (solenoid or other part is to blame)

· Check discharge temperature 6” from compressor outlet with approved, properly connected thermocouple.  If temperature is over 225( F, re-run charge test to make sure it is correct.

· Check start/run capacitor; replace if problem suggested.  Install soft start kit if required by local utility.

· Make sure outdoor fan rotation is correct

· Check running amps of compressor, indoor fan, outdoor fan; record.  If values are more than 10% above manufacturer’s recommendations, troubleshoot problem and repair/replace faulty component(s).

· Check operation of back-up elements

· Plumb condensate line to permanent drain.  Install trap on primary drain.  Run secondary drain to an obvious, visible, non-destructive location if indoor unit installed in attic.  If condensate pump used, verify operation and adequate removal of liquid from drain reservoir.  Record system has been checked.

Controls

· Make sure thermostat is intended for heat pump control.

· Install indoor thermostat according to manufacturer’s specifications and check operation. 

· Install outdoor thermostat or enable this feature at indoor thermostat if there is an outdoor temperature sensor/lockout option in installer’s setup.  An aggressive setting (35º F) is recommended.  Record setting.  Confirm elements are locked out at warmer temperatures.  Make sure elements come on when indoor thermostat calls for emergency heat.

· Check operation of defrost system using manufacturers’ procedure; pay careful attention to location of outdoor and coil sensors.

· Set defrost interval (60 min or longer if not demand defrost) and check operation using test pins or ice. Record system works okay.

Explain operation of system to homeowner 

· Indoor thermostat (programming periods, “smart recovery” etc)

· Outdoor thermostat (effect on air temperature plus savings)

· Defrost (causes steam, puddles)

· Filter location/type/change schedule

· Keep outdoor coil free of vegetation and other debris; explain need to keep clean

· Duct/register management (including the return side – keep system open as much as possible)

· Put sticker on system

· ________________________________________

· r:\te\rtf\specifications\fy04 revisions\proposed heat pump revisions\ptcshpspecchangerationale.doc
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