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Proposal to Assess Performance of Newer Heat Pump Installations 

in the Pacific Northwest

Regional utilities are now paying substantial incentives to promote the installation of heat pumps as energy efficiency resources.  Under these circumstances these utilities and, indeed, the region as a whole, expects that heat pumps will perform to reduce space heating load in residential applications.  But it is a fact that many heat pumps never perform to their potential.  Homeowners pay more than they should and are often uncomfortable in homes heated and cooled by heat pumps.    

The goal of this scope of work would be to evaluate regional sample of heat pumps to assess the installation and specifications practiced in various local markets and to assess the impact on consumption and performance of these practices.  The Regional Technical Forum (RTF) has sponsored the development of a detailed model of heat pump performance that identifies the determinants of consumption for their application to Pacific Northwest heating climates.   This work would attempt to address the primary factors in determining overall heat pump efficiency and establish the installation practices that affect these components. 

The detailed model results suggest that this list includes:

· Duct leakage and duct heat losses particularly to buffer spaces (e.g. attics, crawlspaces);

· Compressor sizing;

· Compressor rating (HSPF, SEER);

· Auxiliary element control at low outside temperatures;

· Temperature and fan control during defrost cycles;

· Low ambient compressor control;

· Adaptive recovery and auxiliary element control at morning warm-up;

· Installation practice to control “cold blow” and other capacity problems;

· Impact of flow and refrigerant charge diagnostics (Checkme!™).

These are critical issues that should be addressed in a regional review of heat pump performance.  These elements are crucial to ensuring systems perform to their potential and assuring regional ratepayers they are getting cost effective heat pump installations. 

Field assessment, including a review of heat pump size, house heating load, heat pump controls, and the duct system, along with a billing analysis and also survey of HVAC installers in key regional markets, will provide regional policy makers with information needed to assess the current state of heat pumps and the reasonableness of new installation specifications.  For example, depending on the combination of control strategies, (which include the indoor thermostat, outdoor thermostat, defrost system, and low ambient cutout control), a heat pump’s HSPF can be reduced by as much as 50%.  A review of prevailing installation practice is critical to knowing what is out there and what needs to be changed in order to meet the expectations of regional utilities and homeowners.  

Phase 1 Activities

Survey of Installation and Control Strategies

The control strategies used by heat pump contractors combine manufacturer's guidelines with contractor experience of client comfort complaints.   The comfort complaints routinely result in abandonment of the outdoor thermostat or setting the compressor cut-out temperature so high that backup heat usage is common even dominant.  For standard time/temperature defrost controls, the timer may be set on a shorter interval so that very little ice is allowed to form (even though moderate icing typically results in very little capacity penalty).  

A structured interview with an installer would be very instructive. When an informed interviewer asks detailed questions of the contractor, we expect the contractor will explain not only their strategy for controlling heat pumps, but also their reasoning.    

Contractor groups are linked to particular markets and thus a sample of contractors in the major heat pump markets in the Pacific Northwest (Portland, Seattle, Eugene and Spokane) would be desirable.  Some review of practice in the Bend/Redmond area of central Oregon is desirable, as well, since the colder climate likely results in different installation practice.  In the Boise and Missoula markets, where installation of air source heat pumps is relatively rare, installation practices probably differ substantially from the major markets, and are less likely to yield useful results. 

Detailed Field Review

A detailed assessment of key system components and settings is critical to understanding heat pump performance.  The most critical component is the indoor thermostat and its associated controls (outdoor thermostat and low ambient cut out).  The most common thermostats now installed uses some form of adaptive recovery, which has meant to prioritize compressor operation and minimize use of back up heat.  Depending on homeowner behavior and specific thermostat engineering, more backup heat may be used than strictly needed.  Field assessment of thermostat type, settings, and interaction with various element-limiting components is the aim of this part of the study.  Monitoring equipment would be installed on about 20 heat pumps as part of this step to confirm control commands and monitor energy usage. 

The selection of particular heat pumps would be guided by the contractors experience derived from both various utility and other heat pump programs and from information gleaned from contractor interviews as to the nature of various control and installation strategies that were typical for their markets.  

In addition to the controls review, the field visit would also determine the house heat loss rate (including the duct contribution) and gather additional information about the heat pump important to its performance (e.g. outdoor thermostat setting, defrost control, etc).  

The field review would include short term metering of several of the principle components of the load.  The most important issues would revolve about the interaction of the thermostat and the compressor and auxiliary control.  This should include metering both control voltage circuits and line voltage circuits including the compressor and resistance elements.  The metering period would be approximately a week during the heating season at the particular locality.

The results of this step should suggest the distribution of different control strategies and the actual meaning of those control strategies relative to modeling and energy use assumptions developed in the RTF spreadsheets.

Phase 2 -Additional Field Audits
This phase would involve additional field review, but not at the level of detail in Phase 1.   The goal of this step would be to gather enough information about the crucial components of system performance to be able to generalize using the detailed information gathered in Phase 1.

This step would be conducted by field technicians who would not be expected to perform an in-depth review of the heat pump, but who could inventory important details about the house and heat pump system (including house heat loss rate, nominal tonnage and HSPF of the system, duct leakage and insulation, thermostat type and settings, etc.) in a ½ day audit.   We anticipate that the audit would include discussion with the homeowner about their use of the thermostat and overall satisfaction with the heat pump system.  


The size of this sample should be representative of at least the target markets to be reviewed.  During this phase we anticipate three such markets:  Seattle, Portland, and Spokane.  Each market would have a sample of approximately 50 homes and would be substantial enough to handle standard errors and be of the size necessary to produce an approximate 90% competence interval.  


As with the survey of contractors, markets with relatively little heat pump activity, like in Missoula and Boise, would be avoided.  On the other hand, a supplemental market in central Oregon may need to be developed.  Though the Eugene market is an extremely important one for heat pumps it would be avoided because a special study would be designed it alone (Phase 3).  


Phase 3 – Billing Analysis
This phase of the program would differ from the other phases in that it will look directly at energy savings resulting from refrigerant charge and airflow and other tune-up adjustments done in concert with the CheckMe!( program developed by Proctor Engineering Group.  No large-scale billing analysis (focusing on heating energy usage) has been done on heat pumps that have been affected by this program in the Pacific Northwest.  

At this point, we believe that the only market in this region in which this type of analysis can be conducted is in Eugene, Oregon area where the Eugene Water and Electric Board has enthusiastically supported CheckMe!(  by providing consumer and contractor incentives over the past 3 years.  A large number of records are needed for this analysis, on the order of 400 treatment and 400 control cases.  We estimate that this sample would be exhaustive of the current EWEB program. The size should be sufficient to see the effects of this sort of heat pump repair if the savings are similar to those predicted.   The CheckMe!( data will indicate where systems received adjustments to refrigerant charge and airflow; the refrigerant adjustment is a discreet figure, whereas the airflow adjustment is not quantified (but usually is expected to improve system capacity if not necessarily system efficiency). In this program some additional repairs were made on a small percentage of the homes but we believe that these can be separated out without compromising the billing analysis.

Billing records must span approximately a three year period including one complete heating season after the CheckMe!(  run was completed.  There would need to be an appropriate control group with records from a similar period.   We expect to do a regression-based billing analysis using variable-base heating degree days or a conditional demand analysis to establish the components of any observed changes in consumption.  Particular efforts would be made to make sure that biases associated with changes in occupancy, changes in billing cycles, and inaccuracies in billing records are corrected or removed from the data sets.  

The overall goal would be to establish energy saving associated with the CheckMe!( and estimate the overall probability of a CheckMe!(  repair resulting in a significant change in system efficiency.

Budget

Phase 1 

Interviews

25 interviews with recruitment




$  4000

Compilation and report. 




     2000


Field review (detailed)



20 homes






  40000



Instrumentation





     4000



Data analysis 






  30000

     Phase 2


Field review



150 homes with recruitment and incentives


80000



Database entry and analysis




25000


Report








10000

Phase 3

 
Billing Analysis






35000


Report








10000

Total 








         $240000
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