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1. Executive Summary

This study evaluated the pilot program implementation of Ductless Split Heat Pumps (DSHP) by Connecticut Light and Power, United Illuminated, NSTAR and National Grid.   The Connecticut utilities installed DSHP units at about 95 sites and the Massachusetts utilities installed DSHPs at about 50 sites.  A representative sample of 40 sites (22 in CT and 18 in MA) was selected for on-site metering to measure the operating profiles of the units.  The energy and demand impacts were evaluated using on-site metering to capture the interval power of the whole premise, the DSHP and the baseline electric heaters. The baseline cooling equipment was not available for direct metering and the cooling energy and demand impacts were developed using the operation of the installed DSHP in cooling mode.  Additionally interval temperature metering was installed to monitor the indoor space temperatures so that performance characteristics of the DSHPs could be more accurately defined.   

A parallel evaluation effort was conducted to determine customer and contractor perspectives on the DSHP systems with respect to the quality of the equipment and installations, satisfaction with the units, willingness to pay for the units and heating and cooling effectiveness, among other things. The data collection effort included a customer satisfaction survey that was implemented during the on-site visit and three customer focus groups that addressed a myriad of issues about the customer acceptance of the DSHP systems.  The following sections will first summarize the energy efficiency impacts the DSHP units and then the customer and contractor perspective issues will be presented.   

1.1 Impact Evaluation Overview

The DSHPs have variable power usage and output capacity that vary as a function of Indoor Wet Bulb Temperature  (WBT) and outdoor Dry Bulb Temperature (DBT) while in cooling mode.  The reverse is true for heating mode where the power usage and output capacity vary as a function of indoor DBT and outdoor WBT. For this evaluation, outdoor ambient conditions were defined using real year hourly weather files from four weather stations (Boston and Worcester in Massachusetts, and Bridgeport and Hartford in Connecticut).

Additionally once the regression models were created the savings were calculated by running the models with Typical Meteorological Year (TMY2) weather files to simulate the impacts for a typical year.  The savings outputs were provided for five weather files, the four listed above and Providence, Rhode Island.   

The DSHP units that were installed were predominantly Mitsubishi Mr. Slim units that were equipped with inverter units on the compressor and that utilized R-410A, which allows the unit to provide heating down to about 17°F outdoor Dry Bulb Temperature (DBT).  There were essentially two basic types of compressor/condenser units installed, MUZ units that were paired with a single evaporator unit and MXZ units that could power two or more evaporator units.  In Connecticut, all of the installations consisted of units with a nominal capacity of 24,000 BTU (2 Tons), which typically did not meet the entire heating or cooling load of the home.  The Massachusetts utilities installed larger multiple unit systems that were designed to meet the entire heating and cooling load of the home.

The savings analysis procedure utilized interval metered power data along with indoor interval temperature data and hourly real year weather data to calculate the usage of the DSHP using linear regression analysis.  Since the sizes of the systems varied, the savings and demand impacts were normalized to kWh input per MBTU of capacity and kW input per MBTU of capacity, respectively.   HVAC engineers define MBTU as being equal to 1,000 BTU and this definition will be utilized throughout the report.  The normal capacity values of the DSHP vary slightly depending on whether the unit is operating in heating or cooling mode.  For example the MUZ-A24NA (nominal capacity 24,000 BTU) has a normal heating capacity of 23.2 MBTU, and a normal cooling capacity of 22.0 MBTU.   When an MXZ-2A20NA condenser unit is installed with two evaporator units then the normal capacity of the evaporator units should be summed to calculate the capacity of the system.

1.2 Heating Savings Analysis Methods and Results

The heating savings analysis utilized three different methods to calculate the savings because the baseline heating systems remained installed at the pilot sites.  All of these evaluation methods utilized linear regression techniques to calculate both the baseline and existing electrical energy usage as a function of outside air temperature.  The following regression methods were used to estimate the heating energy savings impacts:

· Total Heat Regression – using interval metered data for electric heat,

· Whole Premise Regression – using interval whole premise metered data, and
· Billing Analysis Regression – using monthly billing data.

The two hourly heating savings regression models used an experimental design procedure, which utilized the fact that most of the baseline heating systems were still installed and functional to recreate the baseline operation.  The sample participants were asked to turn off their DSHP for a period of about two to four weeks and operate their existing heating system as they had before the DSHP was installed.  Total Heat and Whole Premise hourly regression models were constructed for each customer using the interval power data and the temperature data from the closest weather station.  The Whole Premise variable was defined simply as the entire electrical load at the home and these data were collected for 37 of the 40 sample points. There was one meter that was damaged by excessive rain water in the participant’s electrical panel and an additional five customers that did not shut off their DSHP to simulate baseline conditions, resulting in 31 sample points being available for the pre/post whole premise regression analysis.  

The Total Heat variable was defined as the DSHP interval power plus the interval power of the baseline electric heat monitored at the site.  At 27 of the sites all of the baseline electric heat was monitored, and at eleven of the remaining thirteen sites only the baseline heat in the DSHP heated spaces were monitored. Once again there were five sites that did not shut off their DSHP system, one site where the meter was damaged by water and five additional sites where the baseline electric heat data was unreliable and could not be used in the analysis, resulting in a total of 29 sample points being available for pre/post total heat regression analysis. 
    

The billing analysis of all the program participants with available pre and post monthly billing data was conducted to estimate the normal annual heating savings for the population of program participants.  There were a total of 139 participants with billing data provided and 124 pre and post PRISM type regression models created to estimate the annual savings.    Table ES i provides the normalized annual heating savings estimates using TMY 2 weather data for the three regression models.  Generally speaking each model provides similar results, although the hourly models tend to predict lower savings for the colder temperature sites like Worcester, MA and the Billing analysis predicts higher savings.
 
Table ES i: Normalized Annual Heating Savings Estimates Using TMY2 Weather
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Analysis Type n (kWh/MBTU) (kWh/MBTU) (kWh/MBTU) (kWh/MBTU) (kWh/MBTU)

Total Heat 29 98 91 93 98 94

Whole Premise 31 101 95 90 102 99

Billing Analysis 124 107 108 123 103 104


In general, the “Total Heat” regressions represent the most direct estimate of savings because they are based on pre/post interval metered data from the heating system.  The whole premise regressions are indirect because they are based on changes to the whole premise load, which could be influenced by changes to other loads during the metering period. 
The Total Heat hourly regression models were used to estimate winter On-Peak normalized Demand Reduction Value (DRV) using the five TMY 2 weather files.  The winter On-Peak performance period for the ISO-NE Forward Capacity Market (FCM) is defined as non-holiday weekday hours between 5:00 PM and 7:00 PM during December and January.  

Seasonal demand performance hours for ISO-NE FCM are defined as hours when the real time ISO-NE system load meets or exceeds 90% of the predicted seasonal peak from the most recent Capacity, Electricity, Load and Transmission Report (CELT report).  The peak load forecast for the winter 2007/2008 season was 23,070 kW, 90% of which was 20,763 kW.  There were a total of seven hours during the winter 2007/2008 season when the load was 20,763 kW or greater.  The system load data for the winter 2007/2008 season was analyzed to determine  when the winter seasonal peak hours occurred  and what the temperatures were at the five weather sites during the those hours.  A regression of the percent of system peak load as a function of DBT was performed for each of the weather sites to guide the selection of seasonal peak hours within each of the TMY2 weather files. The analysis focused on low temperature periods in December and January during hours ending 18, 19 and to a lesser extent hour ending 20 as ISO-NE staff indicated that these are the hours when seasonal peak performance hours occur.

Table ES ii provides the normalized On-Peak and Seasonal Peak winter demand savings that were calculated using the “Total Heat” hourly regression models, which shows that the On-Peak demand savings range from 0.021 kW/MBTU (0.486 kW for an MUZ-A24NA) using Worcester weather, to 0.024 kW/MBTU (0.553 kW for an MUZ-A24NA) using Bridgeport weather.

Table ES ii: Normalized On-Peak and Seasonal Peak Heating Demand Savings
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Savings Type (kW/MBTU) (kW/MBTU) (kW/MBTU) (kW/MBTU) (kW/MBTU)

On-Peak 0.024 0.022 0.021 0.024 0.023

Seasonal Peak 0.018 0.012 0.013 0.020 0.014


As expected, the Seasonal Peak normalized Demand Reduction Values (DRVs) were lower than the On-peak for each regression model and data type due to the fact that these hours were the lowest temperature hours.  The DSHPs lose capacity and efficiency as the temperature drops, and the probability that baseline electric resistance heating systems will have to operate increases.  Additionally, the DSHPs cannot operate below about 17°F and therefore the savings are set to zero below that point.  The Total Heat regression results using all good data represent the best estimate of the seasonal peak savings of the pilot as currently implemented and they range from a low of 0.012 kW/MBTU using Hartford, CT weather to a high of 0.020 kW/MBTU using Bridgeport, CT weather. 

1.3 Cooling Savings Analysis Methods and Results

The analysis method for the cooling savings was more challenging than the heating savings because the baseline cooling systems were not installed and operational so the baseline operation could not be evaluated experimentally.  Another complication was that for some homes the installation of the DSHP’s represented a significant increase in cooling capacity, and in some case there was no baseline cooling at all.  Under these circumstances, the installation of the DSHP actually represented an increase in electrical cooling usage.  Still another evaluation challenge was establishing the appropriate baseline AC system type, Central Air Conditioning (CAC) or Room Air Conditioner (RAC), and determining the appropriate efficiency of the system.  When available, unit specific data were collected at the site; however that was not always an option, so default efficiency values were developed based upon the customer reported vintage of the baseline AC system.      

The cooling savings analysis was developed utilizing the interval power data of the installed DSHPs and manufacturers performance data to develop 38 individual hourly cooling load models.  The Cooling load models were analyzed using eight different baseline scenarios and three separate demand reduction estimates, and were calculated as follows;

1. Initial Savings - that assumes all DSHP cooling loads were met by baseline AC equipment,

2. The Adjusted Savings - that accounts for the 22.5% rate of 100% cooling capacity expansion observed in the sample, and

3. The Fully Adjusted Savings - that account for both 100% cooling capacity increases and for incremental hourly cooling capacity increases over the baseline AC units.

The Adjusted savings were developed by subtracting 22.5% of the Summer DSHP usage from the initial savings to account for the increase in electrical cooling that did not exist in the baseline.  The Fully Adjusted savings utilized a realization rate that was calculated assuming that baseline AC system could only operate at its maximum capacity (under the hourly indoor and ambient conditions).  The hourly savings were than calculated based upon the difference between the baseline AC system operating at maximum capacity and the DSHP power during that hour.   

The baseline AC efficiencies for the pilot program were identified as consisting of 80% Room AC units with an average 8.86 EER and 20% Central AC systems with an average 8.6 EER.  Virtually all of the CAC units came into the pilot from an elderly housing community that was one of the primary pilot implementation locations in Connecticut.  RAC units should be the dominant baseline equipment type for the DSHPs with a few older CAC units sprinkled into the mix.  In order to streamline the discussion we have selected one baseline equipment type RAC and have rounded up the observed RAC efficiency to 9.0 EER.  We recommend that this baseline be utilized for cost effectiveness screening of the cooling savings component for this measure.    
The incidence of 100% cooling expansion was determined to be 22.5% (9/40) and the average realization rate for increased cooling capacity was determined to be 84.5%.
   Table ES iii provides the Cooling savings for the pilot baseline efficiencies under the three different analysis scenarios as well as the normalized average summer usage.  The Fully Adjusted Savings represents the savings estimate for the pilot as implemented, while the Initial Savings represents the maximum savings that could be achieved if all of the participants had adequately sized baseline AC systems installed in the spaces cooled by the DSHP.  The Fully Adjusted Savings are about 46% of the initial savings.  Most of this reduction is due to the initial savings adjustment, which accounts for cases where there was no baseline cooling system. 
Table ES iii: Cooling Savings for Pilot Program using TMY2 Weather
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Analysis Type Data Type n (kWh/MBTU) (kWh/MBTU) (kWh/MBTU) (kWh/MBTU) (kWh/MBTU)

Initial Savings All Customers RAC 9.0 EER 38 6.6 7.6 4.9 7.6 6.8

Adjusted Savings All Customers RAC 9.0 EER 38 3.3 3.7 2.5 3.7 3.3

Fully Adjusted All Customers RAC 9.0 EER 38 2.8 3.1 2.1 3.2 2.8

Summer Usage DSHPAverage Summer Usage 38 14.7 17.5 10.9 17.2 15.3


The Summer On-Peak and Summer Seasonal Peak demand impacts were also calculated for the pilot program baseline using the three analysis methods. Table ES iv provides the Summer On-Peak demand impacts using the baseline RAC system with a 9.0 EER, which shows that the Fully Adjusted demand impacts are between 38% and 43% of the Initial On-Peak demand impacts.

Table ES iv: Summer On-Peak Demand Impacts for Pilot Program
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Data Type n (kW/MBTU) (kW/MBTU) (kW/MBTU) (kW/MBTU) (kW/MBTU)

Initial RAC 9.0 EER  Demand Red. 38 0.0035 0.0041 0.0031 0.0038 0.0038

Adjusted RAC 9.0 EER Demand Red. 38 0.0017 0.0018 0.0016 0.0017 0.0019

50% 44% 52% 45% 49%

Fully Adjusted 9.0 EER Demand Red. 38 0.0013 0.0014 0.0012 0.0013 0.0014

38% 34% 40% 34% 38%

Realization Rate

Realization Rate


Table ES v provides the Summer Seasonal Peak demand impacts for the pilot program using the baseline of an RAC system with a 9.0 EER, which shows that the Initial Season Peak demand savings are significantly higher than the On-Peak demand savings.  This was due to the fact that the Summer Seasonal Peak performance hours are few and only occur during the hottest hours when cooling loads are the highest.  However, the Fully Adjusted Summer Seasonal Peak savings are only slightly higher than the Fully Adjusted On-Peak demand savings.  This is due to the fact that the second adjustment for the incremental increase in cooling capacity was much greater because savings reduction during the Seasonal Peak performance hours was also much greater.      
Table ES v: Summer Seasonal Peak Demand Impacts for Pilot Program
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Data Type n (kW/MBTU) (kW/MBTU) (kW/MBTU) (kW/MBTU) (kW/MBTU)

Initial RAC 9.0 EER  Demand Red. 38 0.0060 0.0075 0.0065 0.0060 0.0067

Adjusted RAC 9.0 EER Demand Red. 38 0.0026 0.0032 0.0029 0.0027 0.0025

44.0% 43.1% 44.4% 44.1% 37.7%

Fully Adjusted 9.0 EER Demand Red. 38 0.0014 0.0017 0.0015 0.0014 0.0013

22.5% 22.0% 22.7% 22.5% 19.2%

Realization Rate

Realization Rate


The variability in the cooling models was actually much less than for the heating models, because they were built solely from the operation of the DSHP.   The number of usable sample points was also greater than for the heating models and as a result the relative precision of the model output data was much better than for the heating models.  Table ES vi provides the relative precision estimates for the Initial On-Peak and Seasonal Demand Impacts, which range from ±15.4% for Hartford Seasonal Peak demand to ±21.4% for Worcester On-Peak Demand.  These relative precisions were only calculated for the Initial Pilot Program Demand Impacts.  The relative precisions for the other two savings calculations would be higher (worse). 

Table ES vi: Relative Precision for On-Peak and Seasonal Peak Model Results
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Data Type n Rel. Prec. Rel. Prec. Rel. Prec. Rel. Prec. Rel. Prec.

On-Peak Demand 38 ±20.1% ±18.6% ±19.2% ±21.4% ±19.3%

Seasonal Peak Demand 38 ±16.2% ±15.4% ±15.8% ±15.9% ±16.2%


1.4 Customer/Contractor Feedback Methods and Results
Another key objective of this study was to gather feedback from customers and contractors on the installation of the DHSP equipment.  To fulfill this task, a total of eleven in-depth telephone interviews were conducted with contractors representing eight of the ten companies that installed the ductless mini-split heat pump systems.  The interviews included two types of employees: the individual in charge of sales and system installers.  The purpose of the interviews was to obtain contractor perceptions of equipment installation in the residential homes, among other things.  In addition, 40 surveys were performed with participants visited as part of the on-sites.  All of the surveys focused on the customers’ perceptions of and satisfaction with the DSHP equipment, their overall experience with the pilot program, and their willingness to pay for the technology.

Program Enrollment

The pilot DSHP program effort targeted specific home types in its marketing and installations. The MA utilities targeted the pilot specifically to electrically heated homes with Room AC. The Connecticut program varied somewhat and included condo units with electric baseboard heat, some of which had central air and some with radiant heating panels.  Sponsors and contractors enrolled participants into the pilot programs in various ways that included working with the manufacturer, homeowner informational meetings, mailings, and providing contractors with contact information for customers with electric heating systems in their homes.  Most participants reported that it was very easy to enroll in the program.  

Installation Process

The ideal size and number of indoor air handlers and outdoor condensers were reported by the contractors as contingent upon the heating and cooling loads as well as the layout of the house.  Because the indoor and outdoor air handlers have different capacities, the indoor units are chosen based on the heating and cooling loads of the zones and then the outdoor units are matched accordingly. The ductless systems are normally sized upwards to meet the heating loads although the cooling power of the larger units are not required. 

The decision regarding whether to tie multiple indoor air handlers to a single outdoor condenser versus pairing each indoor air handler to its own outdoor condenser was reported by contractors to depend primarily upon the proximity of the indoor air units in relation to the outdoor one(s). Most contractors report that both configurations perform equally well and neither is more energy efficient than the other.  Almost all the contractors rate the installation process of the ductless mini-split heat pump system to be much easier than ducted central air conditioning systems.  

Satisfaction with the Equipment, Contractors, and Energy Savings

Overall satisfaction with the ductless mini-split heat pump system is very high, with 38 of the 40 participants surveyed rating their satisfaction with a four or five on a one-to-five scale, where one is not at all satisfied and five is very satisfied.  Thirty-one of the customers indicate that their new system works better than the old one.  Most participants are also satisfied with how well the system works overall and with both its cooling and heating capabilities.  However, respondents are more strongly satisfied with the system’s cooling ability (28 of 35 who responded give a rating of five) than its heating ability (11 of 36 who responded give a rating of five).  

Problems cited with the unit include one defective system that Mitsubishi replaced, the confusing nature of the remote control, concerns about and the aesthetics of units protruding from walls and of wiring and refrigerant pipes running along the outside of the home.  Some customers and contractors also note difficulties with temperature control.  In addition, one of the customers who was contacted for recruitment refused to participate in the on-site visit (and therefore did not have a survey performed) and expressed a great deal of disappointment with the location and limitations of the ductless heat pump system and decided against using all of the three installed units. 

Most participants (30 of 37 that responded) reported that the contractors installed their systems within four weeks of signing the agreement.  And overall, customers were pleased by the expertise shown by the contractors during the installation process.  Nearly all (33 of 37 that responded) of the participants indicate being ‘very satisfied’ by the knowledge and professionalism shown by the installation staff.  However, some contractors and participants claim that the promised energy savings have not been realized from the use of the ductless mini-split heat pumps.  Only five of the 32 participants that responded, claim their electricity bills have ‘decreased a lot’ following the installation and use of the ductless heat pump system and another 16 say their bills have ‘decreased somewhat’.  
Willingness to Pay

Twenty-six of the 40 participants interviewed installed only the equipment covered by the pilot programs.  In some cases this reflects the fact that the programs covered all the equipment the contractors proposed to the customer.  In other cases, however, the customers chose to install only what they could get for free instead of installing additional equipment the contractors included in the proposal to fully cover heating and cooling loads. The total installed cost of these 26 systems averaged $4,926. Fourteen survey respondents paid extra to have additional units installed, at a total average installed cost of $12,267 of which the customers paid an average of $5,767. Despite being satisfied with the equipment, most customers regarded the market price of the ductless mini-split heat pump systems to be too high to afford on their own without the existing incentive.  

When asked to rate on a zero-to-ten scale their likelihood to choose the ductless heat pump if they had to pay for the entire system, ten of the 40 respondents said they would have kept their pre-existing system (0-3), six were not sure (4-6), and eleven of the 40 respondents said they were likely to have paid the full price (7-10) for the ductless system on their own.

1.5 Customer Perspectives Methods and Results
This study also sought to assess perceived benefits, drawbacks, and costs of the DSHP among customers who have installed them.  A total of three focus groups with participating customers were performed near the end of the summer season of 2008 (after they had seen some electric bills reflecting summer cooling costs).  Customers were randomly recruited for this effort and were offered a $75 incentive to attend.  Ten to 12 individuals took part in each group who were able to recall taking part in the program and had the equipment installed prior to 2008 (so as to have some opinion on both the heating and cooling operation of the system). 

Prior Awareness of DSHP and Reasons for Participation

Prior awareness of the DSHP systems varies by state. In Connecticut, most focus group participants were not aware of the system prior to the pilot program, while in Massachusetts, many had seen the systems in home expositions or in television commercials. Those who were aware of the systems either just did not take action to adopt the technology or felt that initial installation costs were too high, so they did not install them on their own. When asked why attendees participated in the program, most named the savings on the electric bill as the primary reason, followed by prospects for more even heat and a substitute for their prior AC systems. 

Satisfaction with the DSHP

Focus group attendees were generally satisfied or very satisfied with the system. Only a few participants indicated that they are dissatisfied or not at all satisfied.  Attendees were more strongly satisfied with the cooling functions versus the heating functions of the DSHP.

Perceived Drawbacks of the DSHP

Key perceived drawbacks with the system include difficulties with understanding the remote control, technical problems after initial installation, and aesthetics. Technical problems identified after installation included electric problems that limited communication between the indoor and outdoor units, excessively noisy systems, leakage of condensed water, an inability to hold a consistent temperature, and the fact that the air blows sometimes directly on where people sit or sleep. The problems had generally been resolved to the participants’ satisfaction by the time of the focus groups. Attendees voiced mixed opinions about the aesthetics of the system. 

Attendees also desired more training on the use of the DSHP. Although there was general agreement among participants that the system was easy to use once they got the hang of it, most of them found the education and training provided by the contractors or available via the user’s manual and other materials to be inadequate or confusing. 

Perceived Benefits of the DSHP

Despite some complaints to the contrary, most attendees named increased comfort from both heating and cooling as well as a steady temperature among the key benefits of the DSHP. The respondents noted that the noise level was comparable to that of the previous baseboard and ceiling panel electric heat and superior to that produced by most air conditioning units. They also stated that the level of maintenance was minimal. Participants had mostly good experiences with the contractors and the initial installation.  

Use of the DSHP

Focus group attendees typically used the DSHP as their primary heating system. However, as designed, some supplemented the DSHP heating with their old heating systems during cold winter days or if the DSHP did not serve the entire home. Participants also use the DSHP as their primary cooling system. The cooling function was perceived to be superior to the previous systems. DSHP cooling was reportedly faster, steadier, and less noisy than cooling produced by window units. Participants sometimes supplemented DSHP cooling with room air conditioning if the DSHP did not serve the whole house. 

Savings, Willingness to Pay Full Price, Willingness to Recommend

Participants found it difficult to judge the impacts of the systems on electricity usage and bills. While most felt that they were saving, only a few actually compared their bills and said they were lower after the system was installed. Some participants, however, believed the system had neutral or negative impacts on their bills, but even most of these still preferred the DSHP for its other attributes.  Not many participants were willing to pay for the system at full market price, because the installation costs would be too high. However, attendees felt that the DSHP is superior to their old systems and that it would be worthwhile if prices decreased enough to allow for installation for a whole house.  Many participants would recommend and had recommended the system to others, despite the initial high cost of the system. 

1.6 Costs
Table ES vii provides information on all pilot program installation costs as well as the average sizes installed and the cost per nominal ton by sponsor.  Customers participating in the CL&P pilot program were provided systems free of charge if they had only one or two zones – which all of them did.  If a CL&P customer wanted additional features, they were paid for out of pocket and were handled directly between the customer and the contractor.  UI similarly covered the entire cost of the installation.  National Grid and NSTAR customers often did DSHP system installations that exceeded the maximum incentive covered by the sponsor ($6,500 incentive).  While the average cost for NSTAR and National Grid were around the same by pilot design, NSTAR customers paid an additional $3,069 per customer on average and National Grid customers paid an additional $2,333 on average. The last column shows that the overall cost (equipment and Installation) per ton is $2,715, ranging from a low of $2,100 for CL&P to a high of $4,104 among the sponsors.   CL&P was able to achieve the low installation costs because they selected only one vendor for all the installations and limited the equipment type to two options. Their costs reflect a quantity discount that could probably be achieved by all the sponsors once this technology is more broadly implemented. 
Table ES vii: Cost per Ton of Installed Units
[image: image8.emf]# of  Avg Cost Avg Utility  Avg Customer Avg Size Cost

Utility Customers  per Customer Incentive Cost (Nom. Tons) per Ton

CL&P 85 $4,200 $4,200 $0 2 $2,100

UI 10 $6,061 $6,061 $0 1.9 $3,190

National Grid 25 $8,637 $6,304 $2,333 2.7 $3,199

NSTAR 24 $9,440 $6,371 $3,069 2.3 $4,104

All 144 $5,973 $5,056 $917 2.2 $2,715

Connecticut Pilot Population

Massachusetts Pilot Population

Total Pilot Population


2. Introduction

This report summarizes activities associated with a study of the ductless split heat pump (DSHP) pilot program.  This study is being performed with several Massachusetts and Connecticut pilot sponsors and other interested parties including the Connecticut Energy Management Board (ECMB).  KEMA, Inc. (KEMA) and its teaming partner, Nexus Market Research (NMR) began this study in December of 2007.  The goal of this study is to provide the sponsors with estimates of demand and energy impacts, an increased understanding of customer perspectives on DSHP savings, comfort, aesthetics and noise, and to gather information on contractor perceptions of equipment installation.  It is anticipated that this report will assist the sponsors in assessing whether to scale the pilot effort into a full program.
2.1 Program Overview

Both Connecticut and Massachusetts sponsors have piloted Ductless Mini Split initiatives that are of interest to this study.  Ductless heat pumps are sometimes called a “minisplit” heat pump and consist of an outside compressor unit and one or more inside “heads” that deliver conditioned air to the room or rooms. The inside and outside units are connected by refrigerant lines, usually concealed in the walls or ceilings or under a cover on the outside of the house.

Some models allow several indoor heads to be connected to a single outside compressor.  

These systems were installed primarily in homes with electric strip or radiant heat and air conditioning.  The Connecticut effort began on October 2, 2006 when the Connecticut Light and Power Company, the United Illuminating Company, and ECMB started investigating the feasibility of using inverter-driven ductless mini-split heat pumps. According to program tracking data from CL&P and UI, the Ductless Split Heat Pump Pilot installed approximately 85 Mitsubishi ductless heat pumps into homes with electric heat in the CL&P territory and 10 in the UI territory.  CL&P and UI provided the installation of a standard one or two zone system free of charge to customers while providing the option for customers to pay above and beyond a standard installation for a customized install.
The Massachusetts (MA) Sponsors installed a combined total of 49 Mitsubishi Electric – Mr. Slim—Dustless Split Heat Pump systems according to program tracking data. National Grid and NSTAR provided an incentive up to $6,500 to the HVAC installation contractor upon the delivery and installation of qualifying equipment within their territory. WMECO was planning on paying a licensed HVAC contractor 100% of the labor and materials for installation of units within its territory; however, tracking data on system installations were not available for WMECO. NSTAR’s and National Grid’s pilot program efforts can be summarized as follows:

· NSTAR Electric targeted the installation of 24 systems throughout its service territory in electrically heated homes with room air conditioners.  Customers were recruited through a direct mail campaign within each service territory, supplying contractor information to those customers who were interested in and qualified for the pilot.  Those customers then contacted one of the four eligible contractors directly.

· Four contractors oversaw the recruitment of 25 National Grid customers, targeting those that had electrically heated homes and at least one window AC unit via newspaper ads and direct mail.

2.2 Evaluation Objectives

In general, this study seeks to provide information for the study sponsors to guide the future direction of its Ductless Mini Split pilot program efforts.   This technology presents a potential energy and demand saving opportunity that is receiving positive current press
 among market actors and is unique in its ability to provide energy savings as a result of its HVAC technology and more efficient electric heating capability (as opposed to other HVAC equipment that is further dependent upon proper installation and regular maintenance for its savings).

An early phase of this study assisted the Massachusetts sponsors in meeting a regulatory program metric.  That study activity was to provide a memo by March 31, 2008 to all project sponsors that provide the costs, deemed estimated savings, and anecdotal customer and contractor feedback on equipment installations.  This memo was finalized and delivered to all sponsors on March 28, 2008.  This report summarizes all previous deliverables and provides the following information to the sponsors: 

· An estimate of demand and energy impacts, including;

· Energy savings throughout the year for installed units.

· Demand savings coincident with summer and winter seasonal peak and critical peak periods and on-peak periods.

· Load shapes throughout the year. 

· Operational SEER of the units. 

· An understanding of customer perspectives concerning factors such as savings, comfort, aesthetics and noise. 

· An understanding of customer and contractor experiences with measure installation.

· Any other information that might be useful to determine the technology costs and benefits and to scale the program into full operation.

2.3 Key Evaluation Components


There are several activities associated with this study, including:
· An efficient sample plan for the selection of pilot participants for on-site surveys and metering with a base quantity of 40 homes.  The sample selection designed for this study was intended to represent DSHP units of various size and zone configurations;

· Customer surveys at each on-site to gather feedback on the installation and satisfaction with the equipment, among other things;

· Interviews with 11 contractors (representing 8 different companies) of the new equipment regarding their experience with installing the systems and satisfaction with them, among other things;

· The performance of 3 focus groups to assess perceived benefits, drawbacks, expectations and costs of the DSHP among participating customers.  

· Development of pre installation load profiles through use of data on previous heating and cooling systems gathered on-site along with pre-installation billing data. The pre installation heating profiles will also be established by monitoring the pre-installation heating system for a period of no less than two weeks.
  The cooling pre installation load profiles were developed using the interval power data from the installed DSHP along with manufacturer’s performance data to calculate hourly cooling loads.  The pre installation cooling load profiles were then calculated by using multiple baseline efficiency and equipment type assumptions to meet the cooling loads.   
· The load profiles will be developed from hourly regression models that will calculate Heating and Cooling loads as a function of real year ambient weather variables.  Once created the models can then be run with Typical Meteorological Year (TMY2) weather data so that “typical” year results can be estimated.    

· Computation of all results including weather-adjusted energy, demand, and billing savings, which will be used to inform seasonal and monthly load shapes.   All analyses will result in our best estimate of demand and energy savings from the pilot effort. 

3. Methodology

This section of the work plan outlines the approach taken for each of the tasks in this study.

3.1 Customer/Contractor Feedback on Equipment Installations

The objective of this task is to provide feedback from customers and contractors on the installation of the equipment.  To fulfill this task, NMR conducted a total of eleven in-depth telephone interviews with contractors representing eight of the ten companies that installed the ductless mini-split heat pump systems.  The final survey guide is provided as Appendix C to this document.  The interviews included two types of employees: the individual in charge of sales and system installers.  In some cases, one individual fulfilled both roles, but in other cases, two separate individuals from the same contracting company were interviewed to secure knowledgeable responses to all of our questions.  The purpose of the interviews was to obtain contractor perceptions of equipment installation in the residential homes, in addition to information bulleted below. 

· Whether the installation was completed as planned, and if not why not

· Whether the installation was completed in accordance with the contractor proposal, and if not why not

· Whether the installations were done in the manner discussed with sponsors, and if not, why not

· How they marketed the program to potential customers and how contact was initiated

· How they decided upon specific combinations of indoor/outdoor units for individual households

· Whether they encountered any structural issues in the homes where the systems were installed, and if so how they dealt with them

· Whether they encountered any equipment-related issues in the installations, and if so how they dealt with them

· Whether they encountered any customer-related issues with the installations, and if so how they dealt with them

· How they would rate the difficultly involved with the installation compared to installing a central air conditioning system

· What kind of training or instructions they provided to the customers about using the system

· How well the equipment was functioning

· What improvements they recommend in the design and performance of the system

· What barriers they see in marketing the system and how they can be overcome
KEMA conducted 40 surveys with participants in the pilot studies.  The final survey guide is provided as Appendix D to this document.  These interviews were integrated with the on-site activities and were performed at the time of the metering installation visit in the winter of 2008.  A total of 19 of the 40 completed interviews were with participants in the CL&P pilot program, three in the UI pilot program, and nine with both the NSTAR and National Grid Programs. All of the surveys focused on the customers’ perceptions of and satisfaction with the Mitsubishi equipment, their overall experience with the program, and their willingness to pay for the technology.

· Whether the installation was completed as planned

· Whether the installation was completed in accordance with the contractor proposal

· Satisfaction with:

· The quality of the equipment itself

· The quality of work done by the installer

· How well the system is working

· The written information about the system

· The ease of participation in the program

· The courtesy of the installer’s staff

· The knowledge and professionalism of the installer’s staff

· The time required to receive the rebate (if applicable)

· The appearance of the system—that is, the way it looks

· The ease of scheduling an appointment with the installer

· The total elapsed time between contacting an installer for the first time and having a working system

· Post-installation cleanup by the installer

· What they are willing to pay if they had to purchase the system on their own

· Household demographics 

· Physical characteristics of the home
3.2 Customer Perspectives 

The objective of this task is to assess perceived benefits, drawbacks, and costs of the DSHP among customers who have installed them.  A total of three groups with participating customers were performed near the end of the summer season of 2008 (after they had seen some electric bills reflecting summer cooling costs), as follows:

· Participants in Heritage Village and Southwest Connecticut were targeted for a group performed in North Haven.  

· Participants in Central Connecticut were targeted for a group performed in Wethersfield.  

· Participants in Massachusetts were targeted for a group performed in Framingham. 
Participants were recruited based on lists of customers provided by the Sponsors who took part in the DSHP pilot programs from 2006 to 2007. We called these customers in random order to ask for their participation in the focus group. During these phone calls, the potential attendees were informed about the $75 incentives for participating
 as well as the fact that we would provide them with a meal prior to the group. To assure adequate attendance in each focus group, 13 participants were recruited, although 10 to 12 individuals actually took part in each group. In order to secure these 13 volunteers per group, the recruiters had to call every participant on the lists for UI (nine participants), National Grid (25 participants), and NSTAR (24 participants) programs and most of the 85 participants on the CL&P list. In addition to taking part in one of the pilot programs from 2006 to 2007, participants also had to meet the following criteria: 

· They had to recall taking part in the program

· They had to be willing to travel to one of the focus group facilities.
 

· They had to be available for the focus groups near the end of the summer season (August 18 for UI and CL&P participants, August 19 for CL&P participants, and August 26 for NSTAR and National Grid participants). 

· They had the equipment installed prior to 2008 so as to have some opinion on both the heating and cooling operation of the system. 
Please note that participants meeting all the selection criteria and willing to attend the focus group may not be representative of all program participants. Their answers cannot be generalized to all program participants.

Table 1 summarizes key characteristics of each of the focus groups. As shown, more men than women attended the group, and a larger proportion of attendees are customers of CL&P in Connecticut and of NGRID in Massachusetts. These demographics largely reflect the distribution by gender and utility of the population of participants.  
Table 1: Key Focus Group Characteristics

	Characteristic
	North Haven*
	Wethersfield
	Framingham

	Focus Group Date
	8/18/2008
	8/19/2008
	8/26/2008

	Number of Participants
	10
	12
	10

	Gender
	Male
	7
	9
	6

	
	Female
	3
	3
	4

	Utility
	CL&P
	8
	12
	0

	
	UI
	2
	0
	0

	
	NGRID
	0
	0
	8

	
	NSTAR**
	0
	0
	2


* This group consisted mostly of residents from a retirement community

** We did not set quotas for focus group participation by utility; the location of the facilities coupled with the 6:00 PM start time, however, contributed to greater participation among CL&P and National Grid customers.

The focus groups were conducted in the evening and lasted approximately 90 minutes. The moderator named the Sponsors of the focus groups and informed focus group attendees about the general procedures, rules, and guidelines of the groups. Key questions centered on:

· General perceptions about the DSHP

· Reasons for taking part in the program 

· Problems with the new systems and the contractors, if any

· Changes in thermostat settings

· Specific questions about the heating function and the cooling function

· Comparisons of the new system with the old ones used by the attendees

· Impacts on electricity usage and electric bills

· Whether attendees would be willing to get the system if they had to pay the market price (with price points specific to each state and developed from data provided by the Sponsors to KEMA and NMR prior to on-site customer survey portion of this study conducted in the Winter of 2008)

· Whether attendees would recommend the system to others

· How helpful attendees perceived the training and manual to be

· What could be done to improve education on the operation and use of the system
3.3 Load Shape Development and Estimation of Impacts
A total of 40 sites were visited in support of this study.  After several discussions with the sponsors, the decision was made to employ a stratified sample approach and use the interior unit capacity (BTU) as the stratification variable.  One major problem encountered in this approach was that approximately two thirds of the Connecticut installations were essentially the same size unit (24,000 BTU).  To work around this, the population was split into sectors; one for CT and one for MA and then a specific amount of sample points were assigned to each sector.  Table 2 shows the high level allocation of sites under this stratified sample draw in which 22 sites were allocated to CT and 18 were allocated to MA.  Upon drawing homes in Connecticut with this sample approach, 19 homes were located in CL&P and 3 in UI territory. Seven of the CL&P homes were located in Heritage Village
. The 18 Massachusetts sample points were comprised of 9 National Grid sites and 9 NSTAR sites.  

Table 2: Final Sample Draw by State

	State
	N
	n

	CT
	95
	22

	MA
	49
	18

	Total
	144
	40


Table 3 provides the population of units across all sponsors by installed capacity.  This table assumes that CL&P and UI installations are each around 24,000 BTU (which is estimated based upon conversations with the installing vendor and the Mitsubishi website).  The majority of both the pilot population and sample were in the 24,000 BTU category. Our stratified sample captured 80% of all installations over 36,000 BTUs, including 6 of the 9 largest installations.    

Table 3: Final Sample by Installed Capacity

	Installed Capacity (BTU)
	N
	n

	17,000
	8
	1

	18,000
	7
	1

	20,000
	1
	0

	21,000
	3
	1

	24,000
	105
	27

	26,000
	2
	0

	27,000
	1
	1

	30,000
	1
	0

	33,000
	3
	2

	35,000
	4
	1

	36,000
	4
	2

	42,000
	1
	1

	51,000
	1
	1

	68,000
	1
	1

	72,000
	1
	0

	95,000
	1
	1

	Total
	144
	40


Table 4 shows the configurations of the various units in the final sample.  The stratified sample employed in this study brought in a large portion of multiple zone systems.  Specifically, 50% of the installations visited had multiple zones installed.

Table 4: Final Sample by Unit Configuration

	Configuration
	N
	n

	Multi Unit Installations
	21
	8

	Single Unit/Multi Zone
	70
	20

	Single Unit/Single Zone
	53
	12

	Total
	144
	40


Table 5 provides a breakout of the population and samples by whether the customer shared in the cost of the installation. None of the Connecticut participants shared in the cost of installing their systems, while 65% (32 of 49) of the Massachusetts customers incurred costs related to the installation of the DSHP units.  The final sample included 13 of the 32 customers that paid some percentage of the installation costs. 

Table 5: Final Sample by Cost Sharing

	Cost Share
	N
	n

	Yes
	32
	13

	No
	112
	27

	Total
	144
	40


3.3.1 On-site Monitoring
As part of the on-site monitoring work, KEMA collected/verified the following:

· BTU heating rated capacity

· BTU cooling rated capacity

· Number and size of zones

· Zone locations (e.g. main living area, bedrooms)

· Previous heating/cooling systems and zone size and locations

· Weather data from the closest National Weather Service site

The KEMA team produced as-measured and weather-adjusted seasonal and monthly electric load shapes and estimated winter and summer peak.  The KEMA team installed Dent Instruments Elite Pro power loggers on the circuits feeding the main condenser unit and the fan units to collect 15-minute interval true RMS power for the Ductless Split Heat Pump (DSHP) systems as well as the whole premise load for the home.  Additionally, we captured the load of baseline heating circuits that remain by using spot power measurements and Time Of Use Current Transformer (TOU-CT) loggers to measure the operating schedules for constant heating loads or capture variable or step heating circuits using interval power measurements.  We also installed Onset Temperature loggers to measure the space temperature of the areas served by the DSHP units.   The meters meet the requirements of section 10 of the ISO-NE M&V Manual.

Given the fairly obtrusive nature of the on-site process and the fact that three on-site visits were required, a fairly substantial overall incentive of $200 per customer was offered and was structured as follows:

· $50 at the first visit which occurred in mid to late November through December,

· $50 at second visit to download winter data which occurred in March and April 2008, and

· $100 at final visit which occurred in September of 2008 when loggers were removed.

The metering equipment was installed on all of the pre-installation heating in most cases so that a baseline test could be run for an approximate period.  In some cases, only heating circuits in spaces served by the DSHP were monitored.  During the test the customers were instructed to not use their DSHP units, but to heat their house as they normally would, using the old heating system. The test period was selected to start at least two weeks after the installation of the metering so that the normal operation of the DSHP could be captured before the test.  One group of customers was asked to operate their old heating systems from mid-February to the end of February, as this period captured relatively cold temperatures.  The data from the test event was than used to establish the baseline heating load profile by performing a linear regression of the data using real year hourly weather data from the nearest primary weather station.   
3.3.2 Determining Heating Impacts
The impact evaluation of the savings for the DSHP units was completed utilizing the interval meter data collected at the 40 on-site locations as well as interval billing data for all of the pilot program participants.  The heating savings analysis actually utilized three different methods to calculate the savings because the baseline heating systems remained installed at the pilot sites.  All of these evaluation methods utilized linear regression techniques to calculate both the baseline and existing electrical energy usage as a function of outside air temperature.  The following regression methods were used:

· Total Heat Regression – using interval metered data for electric heat,

· Whole Premise Regression – using interval whole premise metered data, and
· Billing Analysis Regression – using monthly billing data.

The total heat and whole premise regression methods both relied on a baseline that was determined by the customer shutting off their DSHP for a period of at least two weeks and then operating their existing heating system as they normally did before the DSHP was installed.   These regressions utilized the interval metered data collected at the sites along with hourly weather data from the most appropriate weather station.  The final regression analysis method utilized monthly billing data for the pre and post installation period to estimate the total heating savings for the season for all pilot participants.  There was no non-participant control group used for the analysis.  
Regression Model Descriptions

Total Heat and Whole Premise hourly regression models were constructed for each customer using the interval power data and the temperature data from the closest weather station.  The Whole premise variable was defined simply as the entire electrical load at the home and these data were collected for 37 of the 40 homes in the sample. Additionally there was one meter that was damaged by excessive rain water in the participant’s electrical panel and an additional five customers that did not shut off their DSHP to simulate baseline conditions, resulting in 31 sample points being available for the pre/post whole premise regression analysis.  

The Total Heat variable was defined as the DSHP interval power plus the interval power of the baseline electric heat monitored at the site.  At 27 of the sites all of the baseline electric heat was monitored, and at eleven of the remaining thirteen sites only the baseline heat in the DSHP heated spaces were monitored. Once again there were five sites that did not shut off their DSHP system, one site where the meter was damaged by water and six additional sites where the baseline electric heat data was unreliable and could not be used in the analysis, resulting in a total of 29 sample points being available for pre/post total heat regression analysis. 
       

Within the hourly regression analyses there were two individual savings estimates developed as shown in Table 6.  The “All Good Data” savings estimate used all of the available meter data to develop savings estimates and should provide the best estimate of savings for the measure if customer selection and participation criteria remain unchanged. The “No Supplemental Heat” regression savings estimate included only the customers that did not have supplemental non-electric heat available to heat the space served by the DSHP.  This savings estimate was included to show the potential for additional savings that could be achieved if the customer selection criteria were changed so that customers with non-electric heat would not be considered for participation.  

Table 6: Description of Hourly Regression Savings Estimates

[image: image9.wmf]Whole Premise 

Total Heat

Regresssion Name

Description

(n)

(n)

All Good Data

Includes all of the customer data 

31

29

No Supplemental Heat

Removes the customers that have non-electric heat 

serving the space as well

22

20


The hourly models were constructed for each site individually and the metered data were pulled into a large SAS dataset that included a flag variable that indicated the date and hour when the DSHP was shut off and turned back on.  The regression utilized either whole premise or total heat as a function of lagged Dry Bulb Temperature (lagged-DBT). Lagged-DBT was defined as the outdoor temperature one hour prior to the hourly whole premise or total heat load.  This variable was selected because it resulted in the highest regression coefficients for the models when compared to either the current DBT or temperatures with two hour or greater lag periods.  A “weekday/weekend” variable was also utilized and unique regression models were calculated for weekdays and for weekends.  Additionally the model utilized hourly dummy variables so that each hour could have a unique slope calculated.  Thus for every customer that shut off their DSHP to simulate baseline conditions there were actually four separate regression models created for a total of eight models for the two dependent regression variables.  Table 7 provides a list of the different models along with the mean regression coefficients for the models, which ranged from a low of 0.39 to a high of 0.52.  

Table 7: Hourly Regression Models and Average Regression Coefficients
	Dependent Regression Variable
	DSHP Status
	Weekday/Weekend
	Mean R^2

	Total Heat 
	On
	Weekday
	0.50

	Total Heat
	On
	Weekend
	0.52

	Total Heat
	Off
	Weekday
	0.44

	Total Heat
	Off
	Weekend
	0.44

	Whole Premise
	On
	Weekday
	0.49

	Whole Premise
	On
	Weekend
	0.47

	Whole Premise
	Off
	Weekday
	0.48

	Whole Premise
	Off
	Weekend
	0.39


Since the sample included DSHP installations of various total heating capacities the results of all of the hourly regressions and billing analysis regressions were normalized to either energy savings in terms of (kWh/MBTU) per heating season, or demand reductions that are expressed in (kW/MBTU) across the coincident window. HVAC engineers define MBTU as being equal to 1,000 BTU and this definition will be utilized throughout the report.    The MBTU values were taken from Mitsubishsi Mr. Slim performance literature and represent the normal heating capacity of the evaporator/s and compressor combinations.  The normal heating capacity of each unit is typically different from the nominal capacities and varies depending on whether the condenser units were MUZ condensers (match to a single evaporator) or MXZ condensers (that can serve multiple evaporators).  For example an MUZ-A24NA condenser matched with a MSZ-A24NA evaporator has a nominal heating capacity of 24 MBTU, but the normal heating capacity is 23.2 MBTU.  A similar size MXZ-2A20NA paired with two MSZ-A12NA evaporators has a nominal heating capacity of 24 MBTU, but the normal heating capacity is 22 MBTU.   The normal capacity ratings for the MUZ condenser units are relatively straight forward since they are matched to a similarly sized MSZ evaporator unit, however there a several different pairing options for the MXZ units and the normal capacity and other performance data for these units are presented Table 8 and Table 9.   
Table 8: Normal Capacity and Power Data for MUZ type DSHP Units

[image: image10.emf]Outdoor Unit Indoor Unit BTUh Watt BTUh Watt EER SEER

MUZ-A09NA MSZ-A09NA 10,900 860 9,000 690 13.0 17.0

MUZ-A12NA MSZ-A12NA 13,600 1,160 12,000 1,170 10.3 17.0

MUZ-A15NA MSZ-A15NA 18,000 1,790 15,000 1,690 8.9 16.0

MUZ-A17NA MSZ-A17NA 20,100 2,150 16,200 2,070 7.8 16.0

MUZ-A24NA MSZ-A24NA 23,200 2,350 22,000 2,880 7.6 16.0

Cooling Efficiency 

Ratings Normal @ 47Deg F

Heating Data Cooling Data

Normal Maximum


Table 9: Normal Capacity and Power Data for MXZ type DSHP Units

[image: image11.emf]Outdoor Unit Indoor Units  Unit A BTU Unit B BTU Total BTU Total Watts Unit A BTU Unit B BTU Total BTU Total Watts

MXZ-2A20NA 9 10,900 10,900 940 9,000 9,000 730

MXZ-2A20NA 12 13,600 13,600 1,180 12,000 12,000 990

MXZ-2A20NA 15 18,000 18,000 1,720 15,000 15,000 1,540

MXZ-2A20NA 09+09 10,900 10,900 21,800 1,820 9,000 9,000 18,000 1,740

MXZ-2A20NA 09+12 9,500 12,500 22,000 1,780 8,500 11,500 20,000 2,150

MXZ-2A20NA 09+15 8,250 13,750 22,000 1,780 7,500 12,500 20,000 2,150

MXZ-2A20NA 12+12 11,000 11,000 22,000 1,780 10,000 10,000 20,000 2,150

Heating Performance Data Cooling Performance Data


The normal energy savings and demand reduction hourly regression results are presented for five different weather files that are believed to be appropriate for the project sponsors. Since the results are driven by the weather data this format for presenting the results was selected, which allows the individual program administrators to select the most appropriate weather site.  

3.3.3 Determining Cooling Impacts

The calculation of cooling savings for the DSHP units proved to be far more challenging than the heating savings because there was no opportunity to operate the baseline cooling system and directly measure the operation of the baseline system.   

Figure 1 provides a breakdown of the sample baseline cooling types and capacities. There were 4 sample sites (10%) that had no baseline air conditioning serving any portion of the house prior to the installation of the DSHP and another 5 sample sites (12.5%) that had no existing AC in the area served by the DSHP.  Thus for 9 sample sites, or 22.5% of the sample, the installation of the DSHP represented a 100% increase in the cooling capacity of the space served by the installed DSHP.  In addition to this there were another 14 sites where the installation of the DSHP units represented a significant increase in the cooling capacity in the area served by the DSHP.
   There were 8 sample sites (20%) that had baseline central AC systems, another 6 sample sites where there was 10% to 33% increase in the cooling capacity and 3 sites where the baseline capacity was equal to or greater in the space served by the DSHP.

Figure 1: Breakdown of AC Cooling Capacity for Study Sample
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A PRISM type billing analysis model was used as one method to measure temperature response of whole premise electric load during the pre installation period.  The PRISM type model evaluated each customer during a pre-installation period and a post installation period to determine the optimum cooling degree day reference point, which can be thought of as the average daily temperature at which an increase in average daily power usage could be detected.
  The model evaluated cooling reference temperatures from 64°F to 78°F and selected the optimum value for both the pre and post periods independently.  In order to calculate savings it was necessary to calculate both a pre and post period regression equation using real year temperature data.  There were a total of 10 sites within the sample of 40 that had both regressions completed as the remainder of the sites did not have sufficient changes in load to pick out the cooling load in the pre and/or post condition.  Of the 10 with regressions, 7 had positive savings and 3 had an increase in usage over an entire cooling season.  
The billing analysis for the entire population did not provide much additional information as only 39 of the 140 customers
 (28%) evaluated showed both pre and post cooling loads using the PRISM type model.  The savings or additional load among these customers was split near-evenly, with 20 customers showing savings and 19 customers showing increased cooling loads.    There were an additional 39 customers that showed baseline cooling loads during the pre period, but no post cooling load using the model. Conversely there were only 16 customers that indicated cooling usage in only the post period, thus leaving 45 customers that did not appear to have cooling usage in either the pre or post period according to the PRISM type model.

The estimated cooling savings results from this method are presented in Table 10, which provides the annual kWh savings per MBTU of normal cooling capacity. The results are presented for four different types as follows:

· All Customers – the population of participants with available pre and post billing data

· All Customers with Pre/Post Loads – participants that had both pre and post cooling loads from the PRISM model

· All Sample – all of the sample participants with available pre and post billing data

· Sample with Pre/Post Loads – sample customers that had both pre and post cooling loads from the PRISM model

Table 10: Cooling Savings Estimate using Billing Data TMY2 Data
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The “All Customers” and “All Sample Customers” results provide the average savings estimates for all of the customers, including those with zero savings because the model could not identify temperature dependent response in either the pre or post period.  The results for these customers were quite low and ranged from zero savings for all customers using Worcester TMY2 weather to 5.5 (kWh/MBTU) annually for customers that experience Bridgeport, CT weather.  As the table above suggests, the savings estimates were higher for the sample customers than for comparable groups of the population, which is due to a higher percentage of positive savings sites in the sample.  The highest savings estimates are for sample customers with Pre/Post cooling loads using the warmer weather data from Bridgeport, CT, which results in a savings of 21.6 kWh/MBTU annually.  

Using the Interval Cooling Data

While the billing data provides an adequate method for estimating the cooling energy savings of the pilot as implemented, the method cannot provide reliable demand impacts.  The interval power data for the existing DSHP systems was used to develop hourly cooling load estimates for each of the sampled customers.   This procedure utilized the measured power data along with indoor temperature data, outdoor temperature data and manufacturer’s part load capacity and power performance curves to estimate the hourly cooling load for each of the participant systems.  Once these hourly cooling loads were established, they can be used with default part load curves and baseline efficiencies to determine the hourly energy savings for each of the customers.  

The question of the baseline system efficiency is more difficult to solve, because it requires an assumption about the blend of the vintages and types of baseline AC units that are replaced by the DSHP.  There are Federal minimum efficiency standards that can be used as reference points in time as shown in Table 11.  The Federal minimum efficiency standard varies for Room AC units as a function of cooling capacity and other features, but for the most common type of unit (a 8,000-13,999 Btu/hour unit with side-vents), the 1987 law required an efficiency of 9.0 EER, effective 1990.  In 1997, DOE published a revised standard for room air conditioners, effective October 2000. For the most common units, the EER must be at least 9.8.
  The first federal standard for central air conditioners and heat pumps was established in 1987 effective 1990.  It was a minimum Seasonal Energy Efficiency Ratio (SEER).  Scheduled revisions have fallen behind schedule. The most recent standard raising the minimum SEER requirement from 10 to 13 finally took effect in January 23, 2006, with a revision due in 2011.

Table 11: Federal Minimum Efficiency Standards
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The Baseline AC data collected during the on-site visits was used to determine the potential system types and vintages of equipment that would be encountered when implementing a DSHP installation program assuming that all participants would be required to have existing AC.  The data indicated that 22% of the sample participants had Central Air Conditioning (CAC) and 78% had Room Air Conditioners (RAC).  Nine sites had no existing AC in the area served by the DSHP.  The content of the tracking data provided by the project sponsors was somewhat inconsistent in the reporting of baseline AC systems.
    Of the eight participants with baseline CAC systems, seven were located at Heritage Village in Connecticut and only one participant in Massachusetts.  A recently completed MassSAVE study indicated that about 22% of residential customers had CAC systems, 32% had no AC at all and 46% used RAC.  These data tend to support the sample baseline split of 22% CAC and 78% RAC among customers that had AC units in the affected areas.      

The sample baseline AC data was also used to calculate the baseline system efficiency for the RAC and CAC systems.  In all but 8 cases, the actual AC units were not available for inspection because they were no longer at the site, so default efficiency values were used based upon the age of the units and federal efficiency standards.  The observed CAC units could be categorized into one of three different vintage and efficiency bins as shown in Table 12, which shows that the mean baseline EER was 8.6 for these units.  This mean baseline data was used in conjunction with a default part load curve that utilized the RESYS AC systems curves from DOE 2.1E that describe the Cooling Electrical Input Ratio (C-EIR) as a function of Indoor Wet Bulb Temperature and outdoor air temperature.  This part load procedure allows for the calculation of the estimated power consumption of the baseline CAC system at its part load efficiency during each hour that the installed system operated. 

Table 12: CAC Baseline Efficiency Data
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Room AC Baseline Calculation Method

The determination of the Baseline Room AC efficiency utilized empirical data collected by Lawrence Berkeley National Laboratory (LBNL) that quantified average room AC EER during a period from 1980 through 2004 to identify the impact of federal minimum efficiency standards.    Note that although the federal minimum efficiency standard of 9.0 EER went into effect in 1990 it took until 1994 before the installed average RAC EER achieved that level.  This lag also occurred from 2000 to 2004 when the 2000 federal minimum standard EER of 9.8 was not actually achieved until 2004. 

Figure 2: Average RAC EER 1980 to 2004
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These historical average efficiency data were used as the basis for calculating the baseline room AC efficiencies by using data collected from the homeowners about the vintage and capacity of the room AC units.  When available, specific room AC data was collected and utilized to calculate the overall average baseline EER.  Another factor that was utilized to calculate the baseline efficiency was a degradation factor that accounts for the general loss in efficiency due to maintenance issues and general mechanical wear and tear.  A linear step function was applied that utilized an efficiency degradation factor 0.7% annually to the RAC efficiencies and a capacity weighted average efficiency was calculated.   Table 13 provides a detailed list of the frequencies, capacities and de-rated efficiencies of the observed baseline units in the sample.  It shows an overall capacity weighted average baseline efficiency of 8.86 EER.  If no degradation factor is applied to the baseline RAC units, then the unadjusted capacity weighted average efficiency is 9.33 EER.  It should be noted that the measure life for room AC units is typically 10 years and that approximately 30% of the baseline RAC capacity was operating past its useful life with one unit operating at over twice its useful life at an efficiency estimated at less than 6.5 EER.

Table 13: Distribution of Room AC units by Vintage
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Calculating Demand and Energy Impacts in Cooling Mode

The on-site interval data for the DSHP as well as indoor temperature and outdoor temperature data, have been used in conjunction manufacturers’ performance data for power and capacity as a function indoor wet bulb temperature (WBT) and outdoor dry bulb temperature DBT, so that the interval power data can be converted to interval capacity data.  Another set of curves that provide power and capacity data as a function of inverter speed were also used to adjust the hourly capacity values that were calculated based upon indoor and ambient conditions.  These analyses were conducted using real year weather data from the closest weather station and resulted in 38 individual regression models that provide hourly cooling loads as a function of ambient weather data. 

The next step in the analysis was to develop baseline models for CAC and RAC systems that provide normalized capacity and power performance as a function of indoor WBT and outdoor DBT.  DOE 2 provides documented bilinear normalized performance curves for the RESYS system type, which is a residential split CAC system that is appropriate for the CAC baseline.  Table 14 provides the bilinear equation for the cooling electrical input ratio (CEIR) of a baseline CAC system as a function of indoor WBT and outdoor DBT.      

Table 14: Baseline CAC System Curve from DOE 2  
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The CEIR is defined as the ratio of Watts of Power Input /Watts of Cooling Output and is the inverse of the Coefficient Of Performance (COP) and is also equal to 3.413/EER. The resulting z value from the above equation provides a normalizing factor that is multiplied by the CEIR of the AC unit at rated conditions and the result is the CEIR of the AC unit at the ambient conditions.  Table 15 provides the sample calculation of the Actual CEIR using the baseline CAC System curve equation.  The third column is the normalization factor (z) from the bi-linear equation which is multiplied by the CEIR (0.38) at standard conditions (67°F Indoor WBT, 95°F Outdoor DBT) to calculate the actual CEIR at the ambient conditions.  The table shows that a 9.0 EER AC unit would have an actual EER of 11.44 at 67°F Indoor WBT, 75°F Outdoor DBT and 8.13 EER at 67°F Indoor WBT, 105°F Outdoor DBT.

Table 15: Calculating Actual CEIR at Ambient Conditions
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Thus this equation was utilized in conjunction with the hourly cooling loads to calculate the hourly baseline kW for CAC systems at a predefined EER.  Additionally the model was augmented to account for duct leakage by applying additional loads to account for the loss of cool air to unconditioned space.

The RAC baseline model was developed by utilizing empirical data from an Oak Ridge National Laboratory (ORNL) study entitled Experimental Analysis of a Window Air Conditioner with R-22 and R32/R125/R134a Mixture.  At the end of the report several graphs were provided that expressed the results of the experiments that were conducted at a fixed indoor WBT of 68°F, including Capacity, Power Consumption and Coefficient of Performance (COP) as a function of Outdoor DBT.  These data were utilized to create a bilinear equation of CEIR for a baseline RAC system as a function of indoor WBT and outdoor DBT.
  Table 16 provides the empirically derived baseline RAC CEIR curve in the same bi-linear format.  This equation is in similar format to the previous equation in which the Z value is a normalization factor that is multiplied by the CEIR at standard conditions in order to calculate the actual CEIR at the ambient conditions.  Once again the results of this equation were utilized along with the hourly cooling loads to calculate the baseline kW for the RAC systems at predefined EER values. 

Table 16: Baseline RAC System Curve
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3.3.4 Defining the Baseline Efficiency Values

The baseline efficiency analysis determined that the sample participants had baseline cooling systems that consisted of both CAC systems and RAC systems of various capacities, vintages and efficiencies.  The previously described methods for determined point values for baseline RAC systems of 8.86 EER and 8.6 EER for CAC systems.  However these values are certain to change over time as older equipment is replaced with newer more efficient equipment.  Indeed federal minimum efficiency standards have been established in 1990 for both RAC (9.0 EER) and CAC (10.0 SEER) units.  The minimum standards were increased again to 9.8 EER for RAC units in 2000 and 13.0 SEER for CAC units in 2006.  

Analysis of the EPA RAC efficiency spreadsheet shows that 31% of the RAC units listed have an EER of 10.8 and 5% have an EER of 11.0, but less than 2% have an EER higher than 11.0.  There are only two RAC units out of 697 that achieved the highest efficiency of 12.0 EER.  Similarly CAC units can achieve SEER approaching 16.0, but units with an efficiency of about 14.0 SEER are far more likely to be installed.

Since hourly cooling load models are created for 38 of the participants it was decided that parametric runs of these models using baseline units of both RAC and CAC units of different efficiencies would provide the most useful results. The target efficiency levels were selected to capture all of the logical cut points, starting with the sample baseline.  They include the two federal minimum standards and an upper efficiency level that represents current high efficiency options that are readily available.  Table 17 provides a list of the baseline efficiencies that were selected for each type of system.  It is important to note that although CAC system efficiencies are typically expressed in SEER, these values will be converted to EER so that the model curves can determine efficiency of the system at various operating parameters.     

Table 17: Baseline RAC and CAC Efficiencies
	System Type
	Sample Baseline
	Federal Min. Eff. Std 1990
	Federal Min. Eff. Std Updated
	Upper Limit Efficiency

	Room AC
	8.86 EER
	9.0 EER
	9.8 EER
	10.8 EER

	Central AC
	8.6 EER
	10.0 SEER
	13.0 SEER
	14.0 SEER


4. Results

This section of the report provides the results of the study.  We discuss each task in turn and follow this section with conclusions that rest upon the study findings.  The customer and contractor results (Section 4.2) have been summarized from Appendix A, which is the previously delivered final report on customer and contractor results provided in March of 2008.  The focus group results (Section 4.3) have been summarized from Appendix B, which is the previously delivered final report provided in October.  We begin with a summary of the costs associated with the installation of the DHSP units for use in any screening processes that are necessary for this technology. This information has been previously reported in the interim memo deliverable in March of 2008. 

4.1 DHSP Costs
CL&P and UI installed approximately 95 Mitsubishi ductless heat pumps into homes with electric heat in Connecticut in 2007.  These installations were installed free of charge for standard one or two zone systems while providing the option for customers to pay above and beyond a standard installation for a customized install.  The Massachusetts (MA) Sponsors have installed a combined total of 49 Mitsubishi Electric – Mr. Slim—split ductless A/C and Heat Pump systems. Both National Grid and NSTAR provided an incentive up to $6,500 to the HVAC installation contractor upon the delivery and installation of qualifying equipment within their territory. WMECO was planning on paying a licensed HVAC contractor 100% of the labor and materials for installation of units within its territory.

Table 18 provides information on all pilot program installation costs, including the installed system average costs among the pilot program sponsors as well as rebate and customer costs.  Customers participating in the CL&P pilot program were provided systems free of charge if they had only one or two zones – which all of them did.  If a CL&P customer wanted additional features, they were paid for out of pocket and were handled directly between the customer and the contractor.  UI similarly covered the entire cost of the installation.  National Grid and NSTAR customers often did install units that exceeded the cost covered by the sponsor.  The average cost for NSTAR and National Grid were around the same, by pilot design. NSTAR customers paid an additional $3,100 per unit on average and National Grid customers paid an additional $2,300 on average.

Table 18: Summary of Total Costs by Utility vs Customer Costs
	Utility
	# of Customers
	Average Cost of Units
	Average Utility Cost/Incentive
	Average Customer Cost

	Connecticut  Pilot Population

	CL&P
	85
	$4,200
	$4,200
	$0

	UI 
	10
	$6,061
	$6,061
	$0

	Massachusetts Pilot Population

	National Grid
	25
	$8,637
	$6,304
	$2,334

	NSTAR
	24
	$9,440
	$6,371
	$3,069

	Total Pilot Population

	All
	144
	$5,973
	$5,056
	$917


Table 19 provides the information on costs from the table above with the average size of the installed units in tons for each pilot sponsor.  The last column shows that the overall cost (equipment and Installation) per ton is $2,715, ranging from a low of $2,100 for CL&P to a high of $4,104 among the sponsors.   CL&P was able to achieve the low installation costs because they selected only one vendor for all the installations and limited the equipment type to two options. Their costs reflect a quantity discount that could probably be achieved by all the sponsors once this technology is more broadly implemented.
Table 19: Cost per Ton of Installed Units
	Utility
	# of Customers
	Average Cost of Units
	Average Size (Nom. Tons)
	Cost per Ton

	Connecticut  Pilot Population

	CL&P
	85
	$4,200
	2
	$2,100 

	UI 
	10
	$6,061
	1.9
	$3,190 

	Massachusetts Pilot Population

	National Grid
	25
	$8,637
	2.7
	$3,199 

	NSTAR
	24
	$9,440
	2.3
	$4,104 

	Total Pilot Population

	All
	144
	$5,973
	2.2
	$2,715


4.2 Customer/Contractor Feedback on Equipment Installations

It is important to note that the pilot DSHP program effort targeted specific home types in its marketing and installations.  The MA utilities targeted the pilot specifically to electrically heated homes with Room AC.  The Connecticut program varied somewhat and included condo units with electric baseboard heat, some of which had central air and some with radiant heating panels.  They also targeted single family homes of electric heat customers with window air conditioning, although a few did not have window air conditioning in the areas served by the new ductless system despite high usage.

4.2.1 Program Enrollment

Contractors enrolled participants into the pilot programs in various ways.  In one method, primarily used by WMECO and NSTAR, the Sponsor assigned the contractor a certain number of installations and provided specific criteria and guidelines for the installations.  Contractors were not given any customer contact information and had to search on their own for potential customers that fit the Sponsor’s criteria.  

A second approach, in which CL&P teamed with Mitsubishi, involved holding informational meetings with homeowners previously contacted by the Sponsor.  Contractors made presentations at these meetings about the installation process and energy savings from the ductless mini-split heat pump system, and interested customers signed up with a contractor to have the system installed in their homes.  

In a third technique of enrollment, National Grid and NSTAR worked through the Mitsubishi distributor and held a meeting with contractors about the pilot program.  The Sponsors assigned participating contractors target zip codes in which to perform installations and sent mailings to their customers with information about the program and how to contact the contractor.  

A fourth method, used by UI, NSTAR and NGRID, involved providing the contractors with contact information for customers with electric heating systems in their homes.  Both the Sponsors and the contractors mailed letters to these targeted customers to inform them about the program and schedule appointments for installations.

In most of the cases, the Sponsors provided the contractors with customer contact lists so that the contractors did not have to search for participants on their own.  However a few contractors received no customer contact information and instead had to search on their own to find customers that matched the criteria specified by the Sponsors.  These contractors found this approach to be inefficient, as they had to use more of their own resources to identify qualified participants when the Sponsors could identify high use, electrically heated homes from their own customer databases. 

Most of the participants explain that it was very easy to enroll in the program.  One of the respondents says that the “installer did all the paperwork,” adding to the ease of the process while another respondent claims that the process “couldn’t have been easier.”

4.2.2 Installation Process

The ideal size and number of indoor air handlers and outdoor condensers were reported by the contractors as contingent upon the heating and cooling loads as well as the layout of the house.  Because the indoor and outdoor air handlers have different capacities, the indoor units are chosen based on the heating and cooling loads of the zones and then the outdoor units are matched accordingly.  According to some contractors, Mitsubishi provided them with a heat loss calculator to measure cooling loads of the zones to be serviced.
  Once the cooling loads were determined, the contractors used a separate method of calculation to determine the additional BTUs required for heating the zones.
  The ductless systems are normally sized upwards to meet the heating loads, leaving some of the resulting cooling power unused. 

The decision regarding whether to tie multiple indoor air handlers to a single outdoor condenser versus pairing each indoor air handler to its own outdoor condenser was reported by contractors to depend upon the locations of the indoor air units in relation to the outdoor ones.  If the indoor air handlers are close to one another in the same room or in adjacent rooms with a shared wall, then it is easier to tie them to the same outside condenser.  However, if the indoor units are mounted on the opposite ends of the house then, in order to connect them to the same condenser, the contractor usually must run the refrigerant pipes and wiring around the exterior of the house, although in some cases these can be run through the basements.  Some contractors argue that it is not just the distance between the indoor and outdoor units that matters, but rather how the house is laid out and what obstacles lay between the indoor and outdoor units.  Many contractors paradoxically claim that it is cheaper to pair individual handlers and condensers, although others refute this, explaining that the extra labor and materials needed for individual pairings increases the cost.  

Most contractors report that both configurations perform equally well and neither is more energy efficient than the other.  Almost all the contractors rate the installation process of the ductless mini-split heat pump system to be much easier than ducted central air conditioning systems.  They recommend ductless heat pump systems over any other cooling system, over any electric heating system, and where installing ductwork is not feasible or desired.  Some of them do not recommend it, however, for homes heating with other fuels.  

4.2.3 Satisfaction with the Equipment, Contractors, and Energy Savings

Overall satisfaction with the ductless mini-split heat pump system is very high, with 38 of the 40 participants surveyed rating their satisfaction with a four or five on a one-to-five scale, where one is not at all satisfied and five is very satisfied.  Thirty-one of the customers indicate that their new system works better than the old one (based on ratings of seven or higher on a zero-to-ten scale, where zero indicates that the original system worked better and ten that the new system works better); in fact, 19 of these 31 participants give their new system a rating of nine or ten in comparison to the old one.  

Most participants are also satisfied with how well the system works overall and with both its cooling and heating capabilities.  However, respondents are more strongly satisfied with the system’s cooling ability (28 of 35 who responded give a rating of five) than its heating ability (11 of 36 who responded give a rating of five).  A few contractors recommend that the manufacturers improve the system’s heating capabilities for use in very cold temperatures, in order to increase its adoption as a heating source in colder climates.  Figure 3 provides a summary of the customer rated satisfaction with how well the DSHP worked in cooling mode, heating mode and overall operation.
Figure 3: Rating of Satisfaction with How Ductless System Works 
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* Don’t know and missing responses removed from graph.  No respondents reported being ‘not at all satisfied.’
Some customers and contractors, however, cite a few problems with the ductless systems, including one defective system that Mitsubishi replaced, the confusing nature of the remote control, concerns about the aesthetics of units protruding from walls and of wiring and refrigerant pipes running along the outside of the home.  Some customers and contractors also note difficulties with temperature control.  They say that the ductless system fails to provide a consistent temperature in large rooms or those with hidden corners or spaces.  Three respondents also claim that the systems do not always heat at the desired temperature, sometimes exceeding the thermostat setting by as much as ten degrees and other times falling short of the setting.

One of the customers who was contacted for recruitment refused to participate in the on-site visit (and therefore did not have a survey performed) and expressed a great deal of disappointment with the location and limitations of the ductless heat pump system and decided against using all of the three installed units.  The customer stated that one of the units located right over his bed bothered him, as it was blowing directly on his bed.  In addition, the customer was disappointed that the unit did not have a setback thermostat and also complained that the low temperature setting was not low enough. 

Most participants (30 of 37 that responded) report that the contractors installed their systems within four weeks of signing the agreement.  Fifteen respondents considered the waiting period to be shorter than expected.  Another 13 claim their waiting period was about what they expected, and two indicate that they waited longer than expected.  The ratings do not vary by the number of weeks the participants actually waited for their installations, although two customers who waited for 12 and 16 weeks declared the length of their waiting period to be longer than expected.

Overall, the customers are pleased by the expertise shown by the contractors during the installation process.  Nearly all (33 of 37 that responded) of the participants indicate being ‘very satisfied’ by the knowledge and professionalism shown by the installation staff (i.e., five on a one-to-five scale where one is ‘not at all satisfied’ and five is ‘very satisfied’); another three are ‘satisfied’ (Table 20).  Thirty-six of the 39 that responded are ‘satisfied’ or ‘very satisfied’ with the contractor overall. Satisfaction with the professionalism of contractors is similar between the two states, but three Connecticut respondents are less than satisfied with the contractor overall. 

Table 20: Customer’s Level of Satisfaction with the Contractor’s Professionalism

	Level of Satisfaction
	Professionalism (n)
	Contractor Overall (n)

	
	CT
	MA
	Total
	CT
	MA
	Total

	Very Satisfied
	16
	17
	33
	14
	16
	30

	Satisfied
	2
	1
	3
	4
	2
	6

	Neither Satisfied nor Dissatisfied
	1
	0
	1
	2
	0
	2

	Dissatisfied
	0
	0
	0
	1
	0
	1

	Very Dissatisfied
	0
	0
	0
	0
	0
	0

	Don’t Know/Refused
	3
	0
	3
	1
	0
	1

	Total
	22
	18
	40
	22
	18
	40


Some contractors and participants claim that the promised energy savings have not been realized from the use of the ductless mini-split heat pumps.  Only five of the 32 participants that responded, claim their electricity bills have ‘decreased a lot’ following the installation and use of the ductless heat pump system and another 16 say their bills have ‘decreased somewhat’.  The other eleven respondents providing answers to this question report that their electricity bills have stayed the same or actually increased since installing the system (Table 21). The change in electricity bills for participants across Connecticut and Massachusetts seemed to be similar although both the customers who complained about their bills having increased by a lot were from Massachusetts. 
Table 21: Change in Electricity Bill As A Result of the Ductless System

	Bill Change
	Number of Respondents

	
	CT
	MA
	Total

	Decreased a lot
	2
	3
	5

	Decreased Somewhat
	9
	7
	16

	Stayed the Same
	2
	1
	3

	Increased Somewhat
	3
	3
	6

	Increased a Lot
	0
	2
	2

	Don't know/missing
	6
	2
	8

	Total
	22
	18
	40


4.2.4 Willingness to Pay

Twenty-six of the 40 participants interviewed installed only the equipment covered by the pilot programs.  In some cases this reflects the fact that the programs covered all the equipment the contractors proposed to the customer.  In other cases, however, the customers chose to install only what they could get for free instead of installing additional equipment the contractors included in the proposal.  The total installed cost of these 26 systems averaged $4,926. Fourteen survey respondents paid extra to have additional units installed, at a total average installed cost of $12,267 of which the customers paid an average of $5,767.  Despite being satisfied with the equipment, most customers regard the market price of the ductless mini-split heat pump systems to be too high to afford on their own without an incentive.  

When asked to rate on a zero-to-ten scale their likelihood to choose the ductless heat pump if they had to pay for the entire system, ten of the 40 respondents say they would keep their pre-existing system (Table 22).  Another six provided ratings that suggest they were not sure which system they would choose.  Thirteen either outright indicated they did not know or were unable to answer the question.  More participants in Massachusetts state that they would be more likely to install the system at full cost.  However this may also be due to higher levels of household income among respondents in Massachusetts.  Only seven of the 40 respondents are likely to have paid the full price for the ductless system on their own.

Table 22: Likelihood of Installing the System at Full Cost

	Level of Certainty
	Number of Respondents

	
	CT
	MA
	Total

	Would likely keep existing system (0 - 3)
	6
	4
	10

	Not sure which system would choose (4 - 6)
	4
	2
	6

	Would likely install ductless system (7 - 10)
	4
	7
	11

	Don’t Know/Missing
	8
	5
	13

	Total
	22
	18
	40


4.3 Customer Perspectives (Focus Groups) 

The purpose of the focus groups was to elicit participants’ perceptions about benefits, drawbacks, expectations and costs of the Ductless Split Heat Pump (DSHP) equipment and Pilot Programs.  Key questions centered on the following:

· General perceptions about the DSHP

· Reasons for taking part in the program 

· Problems with the new systems and the contractors, if any

· Changes in thermostat settings

· Specific questions about the heating function and the cooling function

· Comparisons of the new system with the old ones used by the attendees

· Impacts on electricity usage and electric bills

· Whether attendees would be willing to get the system if they had to pay the market price (with price points specific to each state and developed from data provided by the Sponsors to KEMA and NMR prior to on-site customer survey portion of this study conducted in the Winter of 2008)

· Whether attendees would recommend the system to others

· How helpful attendees perceived the training and manual to be

· What could be done to improve education on the operation and use of the system

Focus groups are a qualitative research technique. They are useful for generating ideas about a topic or issue, and for gaining greater understanding of how consumers think, but they are not statistically representative of the population. Results from the focus group activity should be interpreted with this purpose in mind. The attendees may not represent all program participants and their views may be contrary to what the manufacturers and/or contractors believe.
 
4.3.1 Prior Awareness of DSHP and Reasons for Participation
Prior awareness of the DSHP systems varies by state. In Connecticut, most focus group participants were not aware of the system prior to the pilot program, while in Massachusetts, many had seen the systems in home expositions or in television commercials. Those who were aware of the systems either just did not take action to adopt the technology or felt that initial installation costs were too high, so they did not install them on their own.

When asked why attendees participated in the program, most named the savings on the electric bill as the primary reason, followed by prospects for more even heat and a substitute for their prior AC systems. Many attendees (ten in Connecticut and eight in Massachusetts) said they wanted the DSHP to supplement both their heating and cooling, but the cooling capabilities were often perceived as an added benefit of the DSHP, particularly among Connecticut participants. 

4.3.2 Satisfaction with the DSHP

Focus group attendees were generally satisfied or very satisfied with the system (Figure 4 and Figure 5). Only a few participants indicated that they are dissatisfied or not at all satisfied.  The satisfaction ratings echoed the tenor of the various groups, in particular that Wethersfield and Framingham participants reported a greater number of problems (e.g., uneven heating related to the layout of their homes) for which they called the contractor or a program representative than participants in North Haven. Attendees were more strongly satisfied with the cooling functions versus the heating functions of the DSHP.

Figure 4: Satisfaction with the Heating Function of the DSHP
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Figure 5: Satisfaction with the Cooling Function of the DSHP
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4.3.3 Perceived Drawbacks of the DSHP

Key perceived drawbacks with the system include difficulties with understanding the remote control, technical problems after initial installation, and aesthetics. More specifically, participants in the North Haven group—which included numerous retirees—did not find the remote control to be user friendly. They specifically noted confusing layout, designs, and symbols used on the remote control. Participants in the Framingham group also cited difficulties with understanding the remote control, although their observations followed specific questioning by the moderator. Technical problems identified after installation included electric problems that limited communication between the indoor and outdoor units, excessively noisy systems, leakage of condensed water, an inability to hold a consistent temperature, and the fact that the air blows sometimes directly on where people sit or sleep.  The problems had generally been resolved to the participants’ satisfaction by the time of the focus groups.  Attendees voiced mixed opinions about the aesthetics of the system.  Most focus group attendees did not like the look of the DSHP, but they also agreed that the aesthetics of the DSHP were not that important when considered in light of the benefits.  Some argued that they got used to the look of the system and no longer pay attention to it, but others continued to perceive it as a constant eyesore.  Still others pointed out that the new system was more attractive than their old window AC units.

Attendees also desired more training on the use of the DSHP.  Although there was general agreement among focus group participants that the system was easy to use once they get the hang of it, most of them found the education and training provided by the contractors or available via the user’s manual and other materials to be inadequate or confusing.  A few participants expressed surprise during the groups about the existence of some of the features (e.g., dehumidification) and others knew about these features but remained uncertain how to use the system for anything other than straightforward heating or cooling.  Some Massachusetts attendees did not recall receiving the summary sheet of how to use the system. 

4.3.4 Perceived Benefits of the DSHP

Despite some complaints to the contrary, most attendees named increased comfort from both heating and cooling as well as a steady temperature among the key benefits of the DSHP. The respondents noted that the noise level was comparable to that of the previous baseboard and ceiling panel electric heat and superior to that produced by most air conditioning units. They also stated that the level of maintenance was minimal.  Participants had mostly good experiences with the contractors and the initial installation.  

The list of key benefits in some ways resembles that of the drawbacks.  This is because focus group attendees had different opinions or experiences about some of the characteristics of their DSHP.  Furthermore, some of the perceived drawbacks were related to system malfunctions and the issue was resolved upon repair.
4.3.5 Use of the DSHP

Focus group attendees typically used the DSHP as their primary heating system.  However, as designed, some supplemented the DSHP heating with their old heating systems during cold winter days or if the DSHP did not serve the entire home. Participants perceived the heating as warmer, to have better air-circulation, and to save space compared to their old heating systems. 

Participants also use the DSHP as their primary cooling system. The cooling function was perceived to be superior to the previous systems. DSHP cooling was reportedly faster, steadier, and less noisy than cooling produced by window units. Participants sometimes supplemented DSHP cooling with room air conditioning if the DSHP did not serve the whole house. 
4.3.6 Savings, Willingness to Pay Full Price, Willingness to Recommend

Participants found it difficult to judge the impacts of the systems on electricity usage and bills. While most felt that they were saving, only a few actually compared their bills and said they were lower after the system was installed. Some participants, however, believed the system had neutral or negative impacts on their bills, but even most of these still preferred the DSHP for its other attributes.

Not many participants were willing to pay for the system at full market price, because the installation costs would be too high. They especially believed this when considering what it would cost to install the system throughout the entire house, not just in one or two rooms. However, attendees felt that the DSHP is superior to their old systems and that it would be worthwhile if prices decreased enough to allow for installation for a whole house.

Many participants would recommend and had recommended the system to others, despite the initial high cost of the system. 
4.4  Energy and Demand Savings

This section of the report will present the Energy savings in both heating and cooling mode and quantify Demand impacts during the On-Peak and Seasonal Peak Periods during the winter and summer seasons.    
4.4.1 Heating Energy Savings Impacts 
Table 23
 provides the results of the normalized annual energy savings for the hourly regression models, which shows that both the “Total Heat” and “Whole Premise” regressions provide virtually equal results when using “All Good Data”.  The Total Heat normalized savings range from 98 kWh/MBTU
 using Bridgeport or Boston weather to 91 kWh/MBTU using Hartford, CT weather.  The “Whole Premise” regression analysis method produced similar but slightly higher results when using “All Good Data” that ranged from a high of 102 kWh/MBTU using Bridgeport, CT weather to a low of 90 kWh/MBTU using Worcester, MA weather.  The results of the two regression analyses started to diverge more when the data was trimmed to exclude sites where non-electric heating systems were available for use.  The “Total Heat” regression results when using “No Supplemental Heat” data ranged from a high of 140 kWh/MBTU using Bridgeport or Boston weather to a low of 130 kWh/MBTU using Hartford weather data.  The “Whole Premise” regression results for customers with “No supplemental Heat” were about 9% to 16% lower depending on the weather file that was used with the model.  Although this difference in annual savings estimate is larger than when the larger sample of “All Good Data” customers was used,  both estimates are well within the upper and lower error bounds for the two models.  The primary reason for the difference is due to the inclusion of one site in the total heat regression that had the largest savings, but was not included in the whole premise analysis because there was no whole premise metered data.  
Table 23: Normalized Annual Heating Savings Estimates Using TMY2 Weather
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In general, the “Total Heat” regressions represent the most direct estimate of savings because they are based on pre/post interval metered data from the heating system.  The whole premise regressions are indirect because they are based on changes to the whole premise load, which could be influenced by changes to other loads during the metering period.  However, in the case of the All Good Data” results, they are so similar that either method provides virtually the same results,  and they represent the best savings estimate for the pilot program as currently implemented.      
Additionally a billing analysis of all the program participants with available pre and post monthly billing data was conducted to estimate the normal annual heating savings for the population of program participants.  There were a total of 139 participants with billing data provided and 124 pre and post PRISM type regression models were created and used to estimate the annual savings. Table 24 provides a comparison of the hourly “Total Heat” regression savings estimate and the billing analysis savings estimate, which are fairly close, particularly for the warmer weather sites.  The Billing Analysis savings range from a high of 123 kWh/MBTU using Worcester weather to a low of 103 kWh/MBTU using Bridgeport weather.  There were some limitations in the PRISM model that did not account for the hours below 17°F DBT and 15°F WBT when the DSHP units cannot operate.  As a result the PRISM model predicts additional savings for these hours, while the hourly model does not.  The PRISM models also rely on average monthly values for both temperature and energy and therefore are based on only a handful of points, while the hourly models utilized hundreds of points for each customer.  The one advantage of the PRISM model is that it did include a larger number of customers than the hourly regression models, but even with the larger sample, there were fewer actual data points used than were used for the hourly regression models.  

Table 24: Comparison of Hourly Regression Model and Billing Analysis Savings
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4.4.2 Winter On-Peak Demand Reduction

The same hourly regression models were used to estimate winter seasonal On-Peak normalized Demand Reduction Value (DRV) using the five TMY 2 weather files.  The winter seasonal On-Peak performance period for the ISO-NE Forward Capacity Market is defined as non-holiday weekday hours between 5:00 PM and 7:00 PM during December and January.  Table 25 provides the normalized (kW/MBTU) Demand Reduction Value from the hourly regressions using the five TMY 2 weather files.  Once again the “Total Heat” regression using “All Good Data” presented in bold font represents the best estimate of the normalized DRV for the DSHP measure as implemented under the current pilot format.  These normalized DRV’s range from 0.021 kW/MBTU for installations located in the Worcester, MA area to 0.024 kW/MBTU for installations located in the Bridgeport, CT or Boston, MA area.  If the measure were implemented so that customers with non-electric heat sources were excluded from participation the DRV should increase to about 0.031 - 0.035 kW/MBTU about a 45% increase in demand savings.  

Table 25: Normalized Winter On-Peak Demand Reduction Value Using TMY2 Weather
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4.4.3 Winter Seasonal Peak Demand Reduction

Seasonal demand performance hours for ISO-NE FCM are defined as hours when the real time ISO-NE system load meets or exceeds 90% of the predicted seasonal peak from the most recent Capacity, Electricity, Load and Transmission Report (CELT report).  The peak load forecast for the winter 2007/2008 season was 23,070 kW, and 90% of which was 20,763 kW.  There were a total of seven hours during the winter 2007/2008 season when the load was 20,763 kW or greater.    Table 26 provides a list of the winter seasonal peak hours along with the system load the percentage of forecasted peak and the Dry Bulb Temperature (DBT) for each hour at the five weather stations used for this evaluation.      

Table 26: Winter 07/08 Seasonal Peak Hours and System Loads  
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Date Hour Load (kW) of Peak DBT DBT DBT DBT DBT

12/13/2007 18 21,305 92% 22 29 23 24 17

12/13/2007 19 20,976 91% 23 28 22 24 18

12/17/2007 18 20,960 91% 26 31 25 26 19

12/17/2007 19 20,945 91% 25 30 25 26 19

1/3/2008 18 21,699 94% 12 17 11 14 6

1/3/2008 19 21,774 94% 12 16 9 13 5

1/3/2008 20 21,334 92% 11 15 6 12 4

21,285 92% 19 24 17 20 13

Averages


The percent of peak load data and the temperature data for each weather file were used to create linear regressions for each weather site of peak system load as a function of dry bulb temperature.  The results of the regression were used to identify the seasonal peak hours at each weather station using the TMY 2 weather data.  The analysis focused on low temperature periods in December and January during hours ending 18, 19 and to a lesser extent hour ending 20 as ISO-NE staff indicated that these are the hours when seasonal peak performance hours occur.
   Table 27 provides a summary of the mean Dry Bulb Temperature (DBT) and number of winter seasonal hours for each Typical Meteorological Year (TMY2) weather file use in the analysis by month and for the winter season.  The results are comparable to the winter 2007/2008 season in terms of temperature, with Worcester, MA having the lowest mean DBT of 16.7°F and Bridgeport, CT having the highest mean DBT of 22.4°F.    

Table 27: Summary of Winter Seasonal Hours for TMY2 Weather Files 
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The seasonal performance hours for each weather file were used with the “Total Heat” and “Whole Premise” regression models to determine the Seasonal Peak normalized Demand Reduction Value (DRV) for each of the TMY2 weather files.  Table 28  provides the Normalized Seasonal Peak Demand Reduction Values using the TMY2 Weather data with the “Total Heat” regression model using “All Good Data” and “No Supplemental Heat” data.  As expected, the Seasonal Peak normalized DRVs were lower than the On-peak for each regression model and data type, due to the fact that these hours were the lowest temperature hours.  The DSHPs lose capacity and efficiency as the temperature drops and the probability that baseline electric resistance heating systems will have to operate increases.  Additionally the DSHPs cannot operate below about 17°F.  Therefore the savings are set to zero below that point.  The Total Heat regression results using all good data represent the best estimate of the seasonal peak savings of the pilot as currently implemented.  They range from a low of 0.12 kW/MBTU using Hartford, CT weather to a high of 0.020 kW/MBTU using Bridgeport, CT weather.  When the customers with supplemental heat sources are removed from the data, the seasonal demand savings increase by about 60%.   

Table 28: Normalized Seasonal Peak Demand Reduction Value using TMY2 Weather
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4.4.4 Cooling Energy Savings Impacts 

The cooling savings were calculated using the 38 individual hourly cooling load profiles as a starting point.  Then the Baseline and DSHP load profiles were calculated using the eight baseline equipment and efficiency assumptions and the five TMY2 weather files, to create 40 (8X5) separate average baseline and average savings profiles.  The initial savings regression were performed by first calculating the savings assuming that all participants had baseline cooling systems that were adequately sized to meet the cooling loads served by the DSHP systems.  Table 29 provides the normalized cooling savings under the eight different baseline scenarios, assuming that all participants have adequately sized baseline AC units cooling the spaces served by the DSHP.  These numbers also implicitly assume that the baseline AC units were operated in the same manner as the DSHP units.  The savings vary, depending on the baseline assumption and the weather files selected.  The savings range from a high of 10.0 kWh/MBTU, assuming a CAC system with an efficiency of 8.6 EER and Bridgeport or Hartford weather data, to a low of 1.3 kWh/MBTU for a CAC system with an EER of 12.3 and Worcester weather data.  

Table 29: Initial Normalized Cooling Savings using TMY2 Weather Data
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Data Type n (kWh/MBTU) (kWh/MBTU) (kWh/MBTU) (kWh/MBTU) (kWh/MBTU)

All Customers RAC 8.86 EER 38 6.9 8.0 5.2 8.0 7.1

All Customers RAC 9.0 EER 38 6.6 7.6 4.9 7.6 6.8

All Customers RAC 9.8 EER 38 4.9 5.6 3.7 5.6 5.0

All Customers RAC 10.8 EER 38 3.1 3.5 2.3 3.5 3.1

CAC 8.6 EER, 10% Duct Leakage 38 8.6 10.0 6.5 10.0 8.9

CAC 9.2 EER, 10% Duct Leakage 38 7.1 8.2 5.3 8.2 7.3

CAC 11.5 EER, 10% Duct Leakage 38 2.8 3.1 2.1 3.2 2.9

CAC 12.3 EER, 10% Duct Leakage 38 1.7 1.8 1.3 1.9 1.7


Since 22.5% of the sample customers (9 sites) did not have baseline AC units cooling the space served by the pilot-installed DSHPs, an adjustment was made to the savings estimate.  The normalized DSHP summer energy usage was calculated using the regression models, then multiplied by 22.5% and subtracted from the savings to calculate a net savings estimate.  Table 30 provides the Normalized DSHP summer usage along with the adjusted savings estimates under the eight different baseline scenarios.  Note that each of the previous savings estimates is reduced by 22.5% of the DSHP summer usage, to reflect the expansion of electrical cooling load at 22.5% of the sites.  For example the baseline RAC units, with an 8.86 EER, had an initial savings of 8.0 kWh/MBTU using Bridgeport data.  The adjustment was -3.9 (17.2 x 0.225) resulting in an adjusted savings of 4.1 kWh/MBTU (8.0 – 3.9).  This type of adjustment factor can be used by program administrators to account for cases where there is no baseline AC equipment serving the space.  Obviously keeping this percentage to a minimum will help to maximize the summer savings for this measure. 

Table 30: Adjusted Normalized Cooling Savings using TMY2 Weather Data
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Additionally there was concern about the situation where the DSHP units represent a significant expansion of the cooling capacity serving an area and the ability to quantify the impact using the current savings methodology.  To quantify the impacts of increased cooling capacity, an analysis of the hourly cooling loads was conducted to identify the hours when the operating cooling capacity of the DSHP exceeded the cooling capacity of the baseline AC units.  There were a total of 21 customers that were included in the analysis and 15 of these had at least one hour.
 The analysis method assumed that the baseline AC system could only provide cooling to the capacity of the unit under the hourly conditions (indoor WBT and outdoor DBT) and the power for the baseline AC was calculated at this maximum capacity.
 The capacity adjusted savings were calculated by subtracting the baseline AC power from the metered power for the DSHP during the hour.  No attempt was made to calculate how the cooling load that was not met by the base AC during an hour would have been distributed to future hours so this estimate represents the worst case scenario in terms of the impact on savings.  Although 15 of the 21 customers or 71% of the customers included in the analysis had some evidence of increased cooling capacity, however only 8 of the 21 (38%) had more than a 1% reduction in savings due to increased capacity.  Overall the savings reduction using this method of analysis resulted in an 84.5% realization rate or a 15.5% reduction in savings. Table 31 provides the fully adjusted cooling savings estimates under the eight baseline scenarios using the five TMY2 weather files.  The values were derived by multiplying the adjusted savings from Table 30 by the increased capacity realization rate of 84.5%.
  These cooling season savings estimates reflect the savings that would be achieved if the program were implemented in the same manner as the pilot with about 22.5% of the installations representing a 100% increase in cooling capacity and an average increase in cooling capacity that results in a 15.5% reduction in savings.

Table 31: Fully Adjusted Normalized Cooling Savings
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Analysis Type Data Type n (kWh/MBTU) (kWh/MBTU) (kWh/MBTU) (kWh/MBTU) (kWh/MBTU)

Adjusted Savings All Customers RAC 8.86 EER 38 3.1 3.4 2.3 3.5 3.1

Adjusted Savings All Customers RAC 9.0 EER 38 2.8 3.1 2.1 3.2 2.8

Adjusted Savings All Customers RAC 9.8 EER 38 1.3 1.4 1.0 1.5 1.3

Adjusted Savings All Customers RAC 10.8 EER 38 -0.3 -0.6 -0.1 -0.4 -0.4

Adjusted Savings CAC 8.6 EER, 10% Duct Leakage 38 4.5 5.1 3.4 5.2 4.6

Adjusted Savings CAC 9.2 EER, 10% Duct Leakage 38 3.2 3.6 2.4 3.7 3.3

Adjusted Savings CAC 11.5 EER, 10% Duct Leakage 38 -0.6 -0.9 -0.4 -0.8 -0.7

Adjusted Savings CAC 12.3 EER, 10% Duct Leakage 38 -1.9 -2.5 -1.3 -2.3 -2.0


Table 32 provides a comparison of the sample sites savings estimate using the billing data and the adjusted regression savings.  The adjusted regression savings were calculated by multiplying the RAC 8.86 EER adjusted savings by 0.8 (32 / 40) and the CAC 8.6 EER by 0.2 (8/40; the fraction of CAC in the sample).  Note that the billing analysis savings estimate provides fairly accurate results for the Boston and Providence weather files of about 7% higher and 12 % higher, respectively.  The adjusted regression savings provided below represent the best estimate of the pilot program savings.
Table 32: Comparison of Billing Analysis and Adjusted Regression Savings  

[image: image33.emf]N Boston  Hartford  Worcester Bridgeport  Providence 

Analysis Type Data Type n (kWh/MBTU) (kWh/MBTU) (kWh/MBTU) (kWh/MBTU) (kWh/MBTU)

Billing Data All Sample Customers 39 3.6 4.8 1.5 5.5 3.8

Adjusted Regression All Sample Customers 38 3.3 3.8 2.5 3.8 3.4

7% 29% -41% 44% 12% Percent Difference


4.4.5 Summer On-Peak Demand Reduction

The same hourly regression models that were used to calculate energy savings were also used to calculate the summer on-peak demand reduction.  The on-peak summer performance hours are defined as non-holiday weekday hours from 1:00 PM to 5:00 PM during the months of June, July and August.  As before, three separate demand reduction estimates were calculated as follows;

1. Initial Savings that assumes all DSHP cooling loads were met by baseline AC equipment,

2. The Adjusted Savings that accounts for the 22.5% rate of 100% cooling capacity expansion observed in the sample, and

3. The Fully Adjusted Savings that account for both 100% cooling capacity increases and for incremental hourly cooling capacity increases over the baseline AC units.

This analysis method required the development of hourly savings adjustment profiles for the later two savings estimates which included five DSHP summer usage profiles and one increased capacity hourly realization rate profile.  Figure 6  provides the hourly usage profiles for the five weather stations during the summer period (June through August) using TMY2 weather data.  The average usage during the Summer On-Peak performance hours (hour ending 14 -17) was calculated for each weather station to develop the adjustment factors. 

Figure 6: DSHP Summer Usage Profiles using TMY 2 Weather
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The analysis to quantify the impacts of increased capacity was conducted as previously described.  It utilized an hourly realization rate to calculate average hourly summer impacts.  Figure 7 provides the hourly realization rate profile, along with the hourly data values.  It shows that the overall average realization rate was 84.5%.   For the on-peak analysis the realization rate during on-peak performance hours (hour ending 14-17) was calculated to be 76.7%, which is significantly lower than the average realization rate of 84.5% used for the energy savings adjustment.
  This is due to nature of the daily usage and the probability that the installed DSHP will provide more cooling capacity during an hour than the baseline AC unit.  Note that the realization rate has a shape that is inversely related to the DSHP usage profiles.
Figure 7: Hourly Profile of Increased Capacity Realization Rate
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Table 33 provides the summer On-Peak Demand reduction values for the eight different baseline assumptions using the five different TMY2 weather files.  These demand reduction values were calculated using the cooling load profiles for the 38 sample customers and assuming that all of the DSHP cooling load would have been served by the baseline AC equipment specified in each row.  The demand reduction savings are provided in a normalized format, in units of kW per MBTU of normal cooling capacity. For example, for Boston customers with an RAC baseline of 8.86, the normalized demand reduction is 3.7 watts per thousand BTUs of cooling capacity. 

Table 33: Initial Summer On-Peak Demand Savings using TMY2 Weather

[image: image37.emf]Boston  Hartford  Worcester Bridgeport  Providence 

Analysis Type Data Type n (kW/MBTU) (kW/MBTU) (kW/MBTU) (kW/MBTU) (kW/MBTU)

Regression All Customers RAC 8.86 EER 38 0.0037 0.0043 0.0032 0.0040 0.0040

Regression All Customers RAC 9.0 EER 38 0.0035 0.0041 0.0031 0.0038 0.0038

Regression All Customers RAC 9.8 EER 38 0.0025 0.0030 0.0022 0.0027 0.0027

Regression All Customers RAC 10.8 EER 38 0.0015 0.0017 0.0014 0.0016 0.0016

Regression CAC 8.6 EER, 10% Duct Leakage 38 0.0046 0.0055 0.0041 0.0050 0.0051

Regression CAC 9.2 EER, 10% Duct Leakage 38 0.0038 0.0045 0.0033 0.0041 0.0041

Regression CAC 11.5 EER, 10% Duct Leakage 38 0.0014 0.0016 0.0012 0.0015 0.0015

Regression CAC 12.3 EER, 10% Duct Leakage 38 0.0007 0.0008 0.0007 0.0008 0.0008


Table 34 provides the Summer Adjusted On-Peak demand savings and the DSHP summer usage profiles calculated across the summer On-Peak performance hours.  These normalized demand reduction values represent the estimated demand reduction after accounting for the 22.5% installation rate of DSHP units into spaces that had no baseline cooling.  As previously described, the Adjusted On-Peak Demand savings were calculated by multiplying the DSHP Summer Usage for each weather file by 0.225 and subtracting the result from the previous savings estimates.  For example the baseline RAC units with an 8.86 EER had an initial demand reduction of 0.0043 kW/MBTU using Hartford data.  The adjustment was -0.0023 (0.0102 x 0.225) resulting in an adjusted savings of 0.002 kW/MBTU (0.0043 – 0.0023).  
Table 34: Adjusted Summer On-Peak Demand Savings  
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38
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38
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Table 35 provides the fully adjusted normalized On-Peak Demand Reduction values for the eight different baseline scenarios.  These fully adjusted demand reduction values were calculated by applying the incremental capacity increase realization rates to the demand reduction values that were already adjusted for the cases where there was no baseline cooling capacity.  The On-Peak realization rate was 76.7% and was calculated during the on-peak summer performance hours between 1:00PM and 5:00PM.  This realization rate was applied to the adjusted demand reduction values and resulted in a 23.3% decrease (1.0 - 0.767) in demand. For example the adjusted demand reduction for an RAC with an EER of 8.86 using Hartford TMY2 weather was 0.0020 kW/MBTU.  After applying the incremental cooling capacity increase realization rate, the fully adjusted demand reduction was 0.00157 (0.0020 x 0.767), which rounds up to 0.0016 kW/MBTU as shown in Table 35.  The fully adjusted normalized Demand Reduction values represent the best estimates of On-Peak demand reduction under the current pilot program conditions.  Obviously improving the selection criteria for participants to insure that adequately sized baseline AC was in place will help to improve the demand reduction values.     
Table 35: Fully Adjusted Summer On-Peak Demand Savings

[image: image39.emf]Boston  Hartford  Worcester Bridgeport  Providence 

Analysis Type Data Type n (kW/MBTU) (kW/MBTU) (kW/MBTU) (kW/MBTU) (kW/MBTU)

Adjusted Savings All Customers RAC 8.86 EER 38 0.0015 0.0016 0.0013 0.0014 0.0016

Adjusted Savings All Customers RAC 9.0 EER 38 0.0013 0.0014 0.0012 0.0013 0.0014

Adjusted Savings All Customers RAC 9.8 EER 38 0.0006 0.0005 0.0006 0.0005 0.0006

Adjusted Savings All Customers RAC 10.8 EER 38 -0.0003 -0.0007 -0.0002 -0.0006 -0.0004

Adjusted Savings CAC 8.6 EER, 10% Duct Leakage 38 0.0022 0.0025 0.0020 0.0023 0.0024

Adjusted Savings CAC 9.2 EER, 10% Duct Leakage 38 0.0016 0.0017 0.0014 0.0015 0.0017

Adjusted Savings CAC 11.5 EER, 10% Duct Leakage 38 -0.0005 -0.0009 -0.0003 -0.0008 -0.0006

Adjusted Savings CAC 12.3 EER, 10% Duct Leakage 38 -0.0013 -0.0018 -0.0010 -0.0016 -0.0014


Finally, Table 36 provides the pilot program On-Peak Demand savings estimate for each of the five weather stations under the three savings analysis scenarios using the Pilot program baseline efficiencies.   The pilot On-Peak Demand savings were calculated by multiplying the RAC 8.86 EER demand savings by 0.8 (32 / 40) and the CAC 8.6 EER demand savings by 0.2 (8/40) and summing the products for each saving scenario. Note that the largest decrease in savings is due to cases where there was no baseline AC system installed in spaces cooled by the DSHP.  At the rate observed in the sample (22.5%) the decrease in On-Peak demand reduction ranged between 44% for Worcester weather and 50% for Bridgeport or Hartford weather.  The fully adjusted On-Peak demand savings that account for both 100% capacity increases and incremental capacity increases resulted in additional 12% decreases in on-peak demand reduction.  These fully adjusted on-peak pilot Demand Reduction Values (DRVs) represent the normalized DRVs for the pilot as implemented.
Table 36: Pilot Program On-Peak Demand Savings
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Data Type n (kW/MBTU) (kW/MBTU) (kW/MBTU) (kW/MBTU) (kW/MBTU)

Initial Pilot Efficiency Demand  38 0.0039 0.0046 0.0034 0.0042 0.0042

Adjusted Pilot Effeciency Demand 38 0.0021 0.0023 0.0019 0.0021 0.0023

54% 50% 56% 50% 54%

Fully Adjusted Pilot Efficiency Demand 38 0.0016 0.0017 0.0015 0.0016 0.0018

42% 38% 43% 38% 42%

Realization Rate

Realization Rate


4.4.6 Summer Seasonal Peak Demand Reduction

The calculation of the summer seasonal peak demand reductions followed the same procedures and utilized the same models as detailed in the previous section 4.4.5.  The major difference in the calculation methods was the performance hours that were used to evaluate the Demand Reduction Values (DRV).  Seasonal demand performance hours for ISO-NE FCM are defined as hours when the real time ISO-NE system load meets or exceeds 90% of the predicted seasonal peak from the most recent Capacity, Electricity, Load and Transmission Report (CELT report).  The peak load forecast for the summer 2008 season was 27,900 kW, and 90% of which was 25,110 kW.  There were a total of nine hours during the summer 2008 season when the load was 25,110 kW or greater.  All of those hours occurred on two days in early June.  Table 37 provides the summer 2008 seasonal peak hours along with the system load, percent of CELT forecast peak and the Total Heat Index (THI) at the five weather stations.  

Table 37: 2008 Summer Seasonal Peak Hours and System Load

[image: image41.emf]System  Percent Boston  Bridgeport Hartford Providence Worcester

Date Hour Load (kW) of Peak THI THI THI THI THI

6/9/2008 15 25,166 90% 76.1 78.8 82.1 82.8 80.0

6/9/2008 16 25,398 91% 72.8 79.3 82.3 83.0 80.0

6/9/2008 17 25,444 91% 71.8 80.3 82.9 82.8 80.0

6/10/2008 13 25,451 91% 75.7 80.3 83.7 82.2 81.0

6/10/2008 14 25,965 93% 75.4 81.4 83.0 81.9 80.3

6/10/2008 15 26,102 94% 74.1 80.6 82.4 82.1 80.9

6/10/2008 16 26,059 93% 76.6 80.0 83.2 81.4 80.4

6/10/2008 17 26,138 94% 82.1 80.3 82.2 81.2 80.7

6/10/2008 18 25,729 92% 80.3 79.6 81.8 78.4 79.7


The Total Heat Index is a forecast variable used by ISO-NE and it is calculated as follows;


THI = 0.5 x DBT + 0.3 x DPT + 15 
Where,



THI = Total Heat Index



DBT = Dry Bulb Temperature (°F)



DPT = Dew Point Temperature (°F)

ISO-NE also uses a variable called a Weighted Heat Index (WHI) which is a three day weighted average of the THI and is calculated as follows;


WHI = 0.59 x THIdi hi + 0.29 x THId(i-1) hi +  0.12 x  THId(i-2) hi
 Where,



WHI = Weighted Heat Index



THIdi hi= Total Heat Index for the current day and hour



THId(i-1) hi= Total Heat Index for previous day and same hour



THId(i-2) hi= Total Heat Index for two days prior and same hour

The percent of peak load data and the THI and WHI data for each weather file were used to create linear regressions for each weather site of peak system load as a function of THI and WHI.  The results of the regressions were not very good and both variables had relatively low regression coefficients (t ratios) so another analysis method was selected that looked at the mean, median and minimum values for both variables at the time of the seasonal peak hours.  Table 38 provides a summary of THI and WHI values that were observed at each of the weather stations during the seasonal peak hours.  The selection criteria listed in the last two columns of the table, were used as a screening tool, generally an hour had to meet both the THI and WHI values and be between hours ending 13 through 18 to be selected as a summer seasonal peak hour.

Table 38: Seasonal Peak Hour Analysis Variables

[image: image42.emf]Weather THI WHI THI WHI THI WHI THI WHI

Boston 76.1 76.5 75.7 75.9 71.8 74.9 76 76

Hartford 82.6 81.8 82.4 81.8 81.8 80.0 82 81

Providence 81.8 81.6 82.1 81.9 78.4 79.8 81 80

Worcester 80.3 79.7 80.3 79.8 79.7 79.0 80 79

Bridgeport 80.1 79.3 80.3 79.1 78.8 77.9 79.5 78.5

Median Mean Minimum Selection Criteria


Table 39 provides a summary of the mean THI values and mean WHI values, along with the number of seasonal peak hours identified in each of the five TMY2 weather files.  Note that for every weather file the mean values for the variables exceeded the selection criteria. 

Table 39: Summary of Summer Seasonal Hours for TMY2 Weather 
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Mean THI

77.8 84.6 81.7 81.8 80.6

Mean WHI

76.9 83.6 80.5 80.2 79.5

# of Hours

12 16 8 9 14


The Summer Seasonal Peak demand reduction results were analyzed in the same manner as the Summer On-Peak demand reduction results.  The first analysis method or Initial Demand savings was calculated assuming that 100% of the cooling load served by the DSHP units would have been served by the baseline AC system.  The Adjusted Savings that accounts for the 22.5% rate of 100% cooling capacity expansion observed in the sample.  The Fully Adjusted Savings that account for both 100% cooling capacity increases and for incremental hourly cooling capacity increases over the baseline AC units.  The only difference between the On-Peak demand reduction calculations and the Seasonal Peak demand reduction calculations was the performance hours used in the analysis.  The Seasonal Peak performance hours occurred during the hottest hours of the summer and therefore the savings and usage was higher than during the On-Peak hours.    

Table 40 provides the Initial Seasonal Peak demand savings from the 38 hourly regression models using the eight different baselines and the five different TMY2 weather files in a normalized format.  As expected the Seasonal Peak demand reductions were significantly higher than the On-Peak demand reductions with a mean increase of about 75% across all baselines and weather files.
Table 40: Initial Summer Seasonal Peak Demand Savings using TMY2 Weather

[image: image44.emf]Boston  Hartford  Worcester Bridgeport  Providence 

Data Type n (kW/MBTU) (kW/MBTU) (kW/MBTU) (kW/MBTU) (kW/MBTU)

All Customers RAC 8.86 EER 38 0.0064 0.0080 0.0069 0.0064 0.0070

All Customers RAC 9.0 EER 38 0.0060 0.0075 0.0065 0.0060 0.0067

All Customers RAC 9.8 EER 38 0.0043 0.0053 0.0046 0.0043 0.0047

All Customers RAC 10.8 EER 38 0.0025 0.0030 0.0027 0.0025 0.0027

CAC 8.6 EER, 10% Duct Leakage 38 0.0081 0.0102 0.0087 0.0081 0.0090

CAC 9.2 EER, 10% Duct Leakage 38 0.0066 0.0082 0.0071 0.0066 0.0073

CAC 11.5 EER, 10% Duct Leakage 38 0.0022 0.0027 0.0024 0.0022 0.0024

CAC 12.3 EER, 10% Duct Leakage 38 0.0011 0.0013 0.0012 0.0011 0.0012


Table 41 provides the DSHP summer usage and the Adjusted Summer demand savings during the Summer Seasonal Peak performance hours.  As noted previously the Adjusted Summer Seasonal Peak Demand savings are adjusted by subtracting 22.5% of the DSHP summer usage during the performance hours, to account for the rate of participants that did not have baseline AC units.  For example the baseline RAC units with an 8.86 EER had an initial Seasonal Peak demand reduction of 0.0080 kW/MBTU using Hartford data.  The adjustment was -0.0043 (0.0191 x 0.225) resulting in an adjusted savings of 0.0037 kW/MBTU (0.008 – 0.0043).  Note that because the DSHP Seasonal usage was about twice as high as the usage during On-Peak hours the decrease in demand savings due to this adjustment was also twice as large.
Table 41: Adjusted Summer Seasonal Peak Demand Savings using TMY2 Weather
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38
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As before, the Seasonal Peak demand savings were adjusted to account for times when the installed DSHP provided more cooling capacity than the baseline AC system could have under the same ambient conditions. The analysis method assumed that the baseline AC system could only provide cooling to the capacity of the unit under the hourly conditions (indoor WBT and outdoor DBT) and the power for the baseline AC was calculated at this maximum capacity. The capacity adjusted savings were calculated by subtracting the baseline AC power (operating at maximum capacity) from the metered power for the DSHP during the hour.  No attempt was made to calculate how the cooling load that was not met by the base AC during an hour would have been distributed to future hours.  The increased Realization Rate was 51.1% when calculated during the Seasonal Peak performance hours, which means that Seasonal Peak demand savings will be reduced by 49.9 % when this adjustment is applied.  Table 42 provides the Fully Adjusted Summer Seasonal Peak demand savings, which are actually quite similar to the Fully Adjusted On-Peak demand savings values.  These numbers represent the best estimates of Summer Seasonal Peak demand reduction under the current pilot program conditions. 

Table 42: Fully Adjusted Summer Seasonal Peak Demand Savings

[image: image46.emf]Boston  Hartford  Worcester Bridgeport  Providence 

Data Type n (kW/MBTU) (kW/MBTU) (kW/MBTU) (kW/MBTU) (kW/MBTU)

All Customers RAC 8.86 EER 38 0.0015 0.0019 0.0017 0.0015 0.0015

All Customers RAC 9.0 EER 38 0.0014 0.0017 0.0015 0.0014 0.0013

All Customers RAC 9.8 EER 38 0.0005 0.0005 0.0005 0.0005 0.0003

All Customers RAC 10.8 EER 38 -0.0013 -0.0019 -0.0014 -0.0013 -0.0021

CAC 8.6 EER, 10% Duct Leakage 38 0.0024 0.0030 0.0026 0.0024 0.0025

CAC 9.2 EER, 10% Duct Leakage 38 0.0016 0.0020 0.0018 0.0016 0.0016

CAC 11.5 EER, 10% Duct Leakage 38 -0.0017 -0.0024 -0.0018 -0.0017 -0.0026

CAC 12.3 EER, 10% Duct Leakage 38 -0.0034 -0.0045 -0.0037 -0.0034 -0.0045


Table 43 provides the pilot program Seasonal Peak Demand savings estimate for each of the five weather stations under the three savings analysis scenarios using the Pilot program baseline efficiencies.  The pilot Seasonal Peak Demand savings were calculated by multiplying the RAC 8.86 EER demand savings by 0.8 (32 / 40) and the CAC 8.6 EER demand savings by 0.2 (8 / 40) and summing the products for each saving scenario.   These are the fractions of RAC and CAC present in the sample.  The Realization Rates
 presented in the table are relative to the initial Seasonal Demand Reduction.  Note that after applying both adjustments the pilot Seasonal demand reduction Value yields about 25% of the Initial value.  The Fully Adjusted Seasonal Demand Reduction for the pilot represents the best estimate of the savings values achieved by the pilot as implemented.
Table 43: Pilot Program Seasonal Peak Demand Savings
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Data Type n (kW/MBTU) (kW/MBTU) (kW/MBTU) (kW/MBTU) (kW/MBTU)

Initial Pilot Efficiency Demand  38 0.0067 0.0084 0.0072 0.0067 0.0074

Adjusted Pilot Effeciency Demand 38 0.0033 0.0041 0.0036 0.0033 0.0033

49.7% 49.0% 50.1% 49.8% 44.0%

Fully Adjusted Pilot Efficiency Demand 38 0.0017 0.0021 0.0019 0.0017 0.0017

25.4% 25.0% 25.6% 25.4% 22.5%

Realization Rate

Realization Rate


4.5 Applying the Savings Results

The heating and cooling energy savings and demand reduction results are presented in a normalized format so that the results can be applied to various size DSHP units.  This section of the report will discuss the procedure for calculating the expected savings for specific equipment and will present energy savings and demand reduction results for the Mitsubishi Mr. Slim DSHP units that were evaluated. 

The process for calculating the energy savings and demand reduction is fairly simple as long as  the following components are known;

· The Normal Capacity of the DSHP unit (MBTU), and

· The appropriate energy savings (kWh/MBTU) or demand reduction (kW/MBTU) factor. 

As previously discussed the capacity values were obtained from Mitsubishsi Mr. Slim performance literature and represent the normal heating or cooling capacity of the evaporator/s and compressor combinations.  The normal capacity of each unit is typically different from the nominal capacities and varies depending on whether the condenser units are MUZ condensers (matched to a single evaporator) or MXZ condensers (that can serve multiple evaporators).   The normal heating capacity for the same unit configuration is also different from and slightly higher than the normal cooling capacity of that unit.  Table 44 and Table 45 provide the performance data for the Mr. Slim MUZ type DSHP units and MXZ type DSHP units respectively.  The normal capacities for the MUZ type DSHPs are provided in the third and fifth columns of Table 44.  For example a MUZ-A17NA unit has a normal heating capacity of 20.1 MBTU (20,100 BTU/1000) and a normal cooling capacity of 16.2 MBTU (16,200 BTU/1000).     

Table 44: Performance Data for MUZ type DSHP units
[image: image48.emf]Outdoor Unit Indoor Unit BTU Watt BTU Watt

MUZ-A09NA MSZ-A09NA 10,900 860 9,000 690

MUZ-A12NA MSZ-A12NA 13,600 1,160 12,000 1,170

MUZ-A15NA MSZ-A15NA 18,000 1,790 15,000 1,690

MUZ-A17NA MSZ-A17NA 20,100 2,150 16,200 2,070

MUZ-A24NA MSZ-A24NA 23,200 2,350 22,000 2,880

Normal @ 47Deg F

Heating Data Cooling Data

Normal Maximum


The normal capacities for the MXZ type units are provided in the fifth and ninth columns of Table 45, and are the sum of the normal capacities of each of the indoor units served by the outdoor condenser unit.  For example, a MXZ-2A20NA that is paired with two MSZ-A09NA evaporator units (indoor units 09+09) has a normal heating capacity of 21.8 MBTU and a normal cooling capacity of 18 MBTU.

Table 45: Performance Data for MXZ type DSHP Units 
[image: image49.emf]Outdoor Unit Indoor Units  Unit A BTU Unit B BTU Total BTU Total Watts Unit A BTU Unit B BTU Total BTU Total Watts

MXZ-2A20NA 9 10,900 10,900 940 9,000 9,000 730

MXZ-2A20NA 12 13,600 13,600 1,180 12,000 12,000 990

MXZ-2A20NA 15 18,000 18,000 1,720 15,000 15,000 1,540

MXZ-2A20NA 09+09 10,900 10,900 21,800 1,820 9,000 9,000 18,000 1,740

MXZ-2A20NA 09+12 9,500 12,500 22,000 1,780 8,500 11,500 20,000 2,150

MXZ-2A20NA 09+15 8,250 13,750 22,000 1,780 7,500 12,500 20,000 2,150

MXZ-2A20NA 12+12 11,000 11,000 22,000 1,780 10,000 10,000 20,000 2,150

Heating Performance Data Cooling Performance Data


Once the normal capacity of the unit has been established from the previous tables than the energy savings and demand reduction for the unit can be calculated using the normalized savings values. 

4.5.1  Heating Savings for Specific DSHP Units

This section will provide example heating energy savings tables for the MUZ type and MXZ type DSHP units for the “Total Heat” regression savings estimates using “All Good Data” and the Boston TMY2 weather data.  Table 46 provides the annual heating savings for each of the MUZ type units, which are simply calculated by multiplying normal heating capacity of the unit (column 3) by the normalized annual energy savings (column 4).  For example the MUZ-A17NA DSHP unit has a normal heating capacity of 20.1 MBTU and the normalized annual heating energy savings for Boston is 98 kWh/MBTU so the annual heating energy savings for that unit installed in the Boston area would be 1,970 kWh.

Table 46: MUZ Type DSHP Heating Energy Savings by Model 
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Capacity Annual Energy  Energy Savings

Outdoor Unit Indoor Unit  (MBTU) Savings (kWh/MBTU) Per Unit (kWh)

MUZ-A09NA MSZ-A09NA 10.9 98 1,068

MUZ-A12NA MSZ-A12NA 13.6 98 1,333

MUZ-A15NA MSZ-A15NA 18.0 98 1,764

MUZ-A17NA MSZ-A17NA 20.1 98 1,970

MUZ-A24NA MSZ-A24NA 23.2 98 2,274


Table 47 provides the annual heating savings for each of the MXZ type unit configurations, which are calculated in a similar manner as above.  Note that the normal heating capacities in column three are the same as the total heat capacities shown in column five of Table 45.  As from the previous example a MXZ-2A20NA unit paired with two MSZ-A09NA evaporator units has a normal heating capacity of 21.8 MBTU and the normalized annual heating savings for Boston of 98 kWh/MBTU would result in an annual savings of 2,136 kWh for this system installed in the Boston area.
Table 47: MXZ Type DSHP Heating Energy Savings by Model
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Total Capacity Annual Energy  Energy Savings

Outdoor Unit Indoor Unit  (MBTU) Savings (kWh/MBTU) Per Unit (kWh)

MXZ-2A20NA 9 10.9 98 1,068

MXZ-2A20NA 12 13.6 98 1,333

MXZ-2A20NA 15 18.0 98 1,764

MXZ-2A20NA 09+09 21.8 98 2,136

MXZ-2A20NA 09+12 22.0 98 2,156

MXZ-2A20NA 09+15 22.0 98 2,156

MXZ-2A20NA 12+12 22.0 98 2,156


A similar process would be used to calculate the Winter On-Peak demand reduction and the Winter Seasonal Peak demand reduction value, which will be presented in the next series of tables.  Once again the normalized demand reduction values will be from the “Total Heat” regression models using “All Good Data” and Boston TMY2 weather data.

Winter On-Peak Demand Reduction
Table 48 provides the Winter On-Peak demand reduction values for the MUZ type DSHP units.  As with the heating energy savings On-Peak demand reduction values are calculated by multiplying the normal heating capacity of the unit (column 3) by the normalized On-Peak demand reduction value (column 4).  Once again using the MUZ-A17NA unit as an example shows that it would have a Winter On-Peak demand reduction value of 0.482 kW (20.1 MBTU x 0.024 kW/MBTU) using Boston TMY2 weather data.  

Table 48: MUZ Type DSHP Winter On-Peak Demand Reduction 
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Capacity On-Peak Demand Reduction

Outdoor Unit Indoor Unit  (MBTU) Red. (kW/MBTU) Per Unit (kW)

MUZ-A09NA MSZ-A09NA 10.9 0.024 0.262

MUZ-A12NA MSZ-A12NA 13.6 0.024 0.326

MUZ-A15NA MSZ-A15NA 18.0 0.024 0.432

MUZ-A17NA MSZ-A17NA 20.1 0.024 0.482

MUZ-A24NA MSZ-A24NA 23.2 0.024 0.557


Table 49 shows the Winter On-Peak demand reduction values for the MXZ type DSHP units from the “Total Heat” regression models using “All Good Data” and Boston TMY2 weather data. Once again using the MXZ-2A20NA paired up with two MSZ-A09NA indoor units would have a normal capacity of 21.8 MBTU, which results in a Winter On-Peak demand reduction value of 0.523 kW (21.8 MBTU x 0.024 kW/MBTU) using the Boston TMY2 weather data.
Table 49: MXZ Type DSHP Winter On-Peak Demand Reduction 
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Total Capacity On-Peak Demand Reduction

Outdoor Unit Indoor Unit  (MBTU) Red. (kW/MBTU) Per Unit (kW)

MXZ-2A20NA 9 10.9 0.024 0.262

MXZ-2A20NA 12 13.6 0.024 0.326

MXZ-2A20NA 15 18.0 0.024 0.432

MXZ-2A20NA 09+09 21.8 0.024 0.523

MXZ-2A20NA 09+12 22.0 0.024 0.528

MXZ-2A20NA 09+15 22.0 0.024 0.528

MXZ-2A20NA 12+12 22.0 0.024 0.528


Winter Seasonal Peak Demand Reduction
Table 50 provides the Winter Seasonal Peak demand reduction values for the MUZ type DSHP units.  As with the heating energy savings Seasonal Peak demand reduction values are calculated by multiplying the normal heating capacity of the unit (column 3) by the normalized Seasonal Peak demand reduction value (column 4).  Once again using the MUZ-A17NA unit as an example shows that it would have a Winter Seasonal Peak demand reduction value of 0.362 kW (20.1 MBTU x 0.018 kW/MBTU) using Boston TMY2 weather data.  

Table 50: MUZ Type DSHP Winter Seasonal Peak Demand Reduction 
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Capacity Seasonal Peak Demand Demand Reduction

Outdoor Unit Indoor Unit  (MBTU) Red. (kW/MBTU) Per Unit (kW)

MUZ-A09NA MSZ-A09NA 10.9 0.018 0.196

MUZ-A12NA MSZ-A12NA 13.6 0.018 0.245

MUZ-A15NA MSZ-A15NA 18.0 0.018 0.324

MUZ-A17NA MSZ-A17NA 20.1 0.018 0.362

MUZ-A24NA MSZ-A24NA 23.2 0.018 0.418


Table 51 shows the Winter Seasonal Peak demand reduction values for the MXZ type DSHP units from the “Total Heat” regression models using “All Good Data” and Boston TMY2 weather data. Once again using the MXZ-2A20NA paired up with two MSZ-A09NA indoor units would have a normal capacity of 21.8 MBTU, which results in a Winter Seasonal Peak demand reduction value of 0.392 kW (21.8 MBTU x 0.018 kW/MBTU) using the Boston TMY2 weather data.
Table 51: MXZ Type DSHP Winter Seasonal Peak Demand Reduction 
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Total Capacity Seasonal Peak Demand Demand Reduction

Outdoor Unit Indoor Unit  (MBTU) Red. (kW/MBTU) Per Unit (kW)

MXZ-2A20NA 9 10.9 0.018 0.196

MXZ-2A20NA 12 13.6 0.018 0.245

MXZ-2A20NA 15 18.0 0.018 0.324

MXZ-2A20NA 09+09 21.8 0.018 0.392

MXZ-2A20NA 09+12 22.0 0.018 0.396

MXZ-2A20NA 09+15 22.0 0.018 0.396

MXZ-2A20NA 12+12 22.0 0.018 0.396


4.5.2 Cooling Savings for Specific DSHP Units

This section will provide example cooling energy savings tables for the MUZ type and MXZ type DSHP units for the three separate savings estimates; Initial Savings that assumes all DSHP cooling loads were met by baseline AC equipment, the Adjusted Savings that accounts for the 22.5% rate of 100% cooling capacity expansion observed in the sample, and the Fully Adjusted Savings that account for both 100% cooling capacity increases and for incremental hourly cooling capacity increases over the baseline AC units.  The examples will all use Boston TMY2 Weather data and a baseline Room Air Conditioner (RAC) with a 9.0 EER
Table 52 provides the annual cooling savings for each of the MUZ type units, which are simply calculated by multiplying normal cooling capacity of the unit (column 3) by the normalized annual energy savings (columns 4,5 and 6).  For example the MUZ-A17NA DSHP unit has a normal cooling capacity of 16.2 MBTU and the normalized annual Fully Adjusted energy savings for Boston is 2.8 kWh/MBTU so the annual Fully Adjusted energy savings for that unit installed in the Boston area would be 45 kWh.

Table 52: MUZ Type DSHP Cooling Energy Savings by Model 
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Total Capacity

Outdoor Unit Indoor Unit  (MBTU) Initial Adjusted Fully Adj. Initial Adjusted Fully Adj.

MUZ-A09NA MSZ-A09NA 9.0 6.6 3.3 2.8 59 30 25

MUZ-A12NA MSZ-A12NA 12.0 6.6 3.3 2.8 79 40 34

MUZ-A15NA MSZ-A15NA 15.0 6.6 3.3 2.8 99 50 42

MUZ-A17NA MSZ-A17NA 16.2 6.6 3.3 2.8 107 53 45

MUZ-A24NA MSZ-A24NA 22.0 6.6 3.3 2.8 145 73 62

Energy Savings

Savings (kWh/MBTU) Per Unit (kWh)

Boston 9.0 EER RAC Annual Cooling

Annual Energy 


Table 53 provides the annual cooling savings for each of the MXZ type unit configurations, which are calculated in a similar manner as above.  Note that the normal cooling capacities in column three are the same as the total cooling capacities shown in column nine of Table 45.  As from the previous example a MXZ-2A20NA unit paired with two MSZ-A09NA evaporator units has a normal cooling capacity of 18.0 MBTU and the normalized Fully Adjusted annual cooling savings for Boston of 2.8 kWh/MBTU would result in an annual savings of 50 kWh for this system installed in the Boston area.
Table 53: MXZ Type DSHP Cooling Energy Savings by Model
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Total Capacity

Outdoor Unit Indoor Unit  (MBTU) Initial Adjusted Fully Adj. Initial Adjusted Fully Adj.

MXZ-2A20NA 9 9.0 6.6 3.3 2.8 59 30 25

MXZ-2A20NA 12 12.0 6.6 3.3 2.8 79 40 34

MXZ-2A20NA 15 15.0 6.6 3.3 2.8 99 50 42

MXZ-2A20NA 09+09 18.0 6.6 3.3 2.8 119 59 50

MXZ-2A20NA 09+12 20.0 6.6 3.3 2.8 132 66 56

MXZ-2A20NA 09+15 20.0 6.6 3.3 2.8 132 66 56

MXZ-2A20NA 12+12 20.0 6.6 3.3 2.8 132 66 56

Annual Cooling

Energy Savings

Per Unit (kWh)

Boston 9.0 EER RAC

Annual Energy 

Savings (kWh/MBTU)


A similar process would be used to calculate the Summer On-Peak demand reduction and the Summer Seasonal Peak demand reduction value, which will be presented in the next series of tables.  

Summer On-Peak Demand Reduction
Table 54 provides the Summer On-Peak demand reduction values for the MUZ type DSHP units.  As with the cooling energy savings On-Peak demand reduction values are calculated by multiplying the normal cooling capacity of the unit (column 3) by the normalized On-Peak demand reduction value (columns 4,5 and 6).  Once again using the MUZ-A17NA unit as an example shows that it would have a Fully Adjusted Summer On-Peak demand reduction value of 0.021 kW (16.2 MBTU x 0.0013 kW/MBTU) using Boston TMY2 weather data.  

Table 54: MUZ Type DSHP Summer On-Peak Demand Reduction 
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Total Capacity

Outdoor Unit Indoor Unit  (MBTU) Initial Adjusted Fully Adj. Initial Adjusted Fully Adj.

MUZ-A09NA MSZ-A09NA 9.0 0.0035 0.0017 0.0013 0.032 0.015 0.012

MUZ-A12NA MSZ-A12NA 12.0 0.0035 0.0017 0.0013 0.042 0.020 0.016

MUZ-A15NA MSZ-A15NA 15.0 0.0035 0.0017 0.0013 0.053 0.026 0.020

MUZ-A17NA MSZ-A17NA 16.2 0.0035 0.0017 0.0013 0.057 0.028 0.021

MUZ-A24NA MSZ-A24NA 22.0 0.0035 0.0017 0.0013 0.077 0.037 0.029

Boston 9.0 EER RAC On-Peak Demand

On-Peak Demand Reduction

Red. (kW/MBTU) Per Unit (kW)


Table 55 shows the Summer On-Peak demand reduction values for the MXZ type DSHP units. Once again using the MXZ-2A20NA paired up with two MSZ-A09NA indoor units would have a normal capacity of 18 MBTU, which results in a Fully Adjusted Summer On-Peak demand reduction value of 0.023 kW (18 MBTU x 0.0013 kW/MBTU) using the Boston TMY2 weather data.
Table 55: MXZ Type DSHP Summer On-Peak Demand Reduction 
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Total Capacity

Outdoor Unit Indoor Unit  (MBTU) Initial Adjusted Fully Adj. Initial Adjusted Fully Adj.

MXZ-2A20NA 9 9.0 0.0035 0.0017 0.0013 0.032 0.015 0.012

MXZ-2A20NA 12 12.0 0.0035 0.0017 0.0013 0.042 0.020 0.016

MXZ-2A20NA 15 15.0 0.0035 0.0017 0.0013 0.053 0.026 0.020

MXZ-2A20NA 09+09 18.0 0.0035 0.0017 0.0013 0.063 0.031 0.023

MXZ-2A20NA 09+12 20.0 0.0035 0.0017 0.0013 0.070 0.034 0.026

MXZ-2A20NA 09+15 20.0 0.0035 0.0017 0.0013 0.070 0.034 0.026

MXZ-2A20NA 12+12 20.0 0.0035 0.0017 0.0013 0.070 0.034 0.026

On-Peak Demand

Red. (kW/MBTU)

Boston 9.0 EER RAC On-Peak Demand

Reduction

Per Unit (kW)


 Summer Seasonal Peak Demand Reduction
Table 56 provides the Summer Seasonal Peak demand reduction values for the MUZ type DSHP units.  As with the cooling energy savings Seasonal Peak demand reduction values are calculated by multiplying the normal cooling capacity of the unit (column 3) by the normalized Seasonal Peak demand reduction value (columns 4,5 and 6).  Once again using the MUZ-A17NA unit as an example shows that it would have a Fully Adjusted Summer Seasonal Peak demand reduction value of 0.023 kW (16.2 MBTU x 0.0014 kW/MBTU) using Boston TMY2 weather data.  

Table 56: MUZ Type DSHP Summer Seasonal Peak Demand Reduction 
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Total Capacity

Outdoor Unit Indoor Unit  (MBTU) Initial Adjusted Fully Adj. Initial Adjusted Fully Adj.

MUZ-A09NA MSZ-A09NA 9.0 0.0060 0.0025 0.0014 0.054 0.023 0.013

MUZ-A12NA MSZ-A12NA 12.0 0.0060 0.0025 0.0014 0.072 0.030 0.017

MUZ-A15NA MSZ-A15NA 15.0 0.0060 0.0025 0.0014 0.090 0.038 0.021

MUZ-A17NA MSZ-A17NA 16.2 0.0060 0.0025 0.0014 0.097 0.041 0.023

MUZ-A24NA MSZ-A24NA 22.0 0.0060 0.0025 0.0014 0.132 0.055 0.031

Seasonal-Peak Demand Demand Reduction

Red. (kW/MBTU) Per Unit (kW)

Boston 9.0 EER RAC Seasonal-Peak 


Table 57 shows the Summer Seasonal Peak demand reduction values for the MXZ type DSHP units. Once again using the MXZ-2A20NA paired up with two MSZ-A09NA indoor units would have a normal capacity of 18 MBTU, which results in a Fully Adjusted Summer Seasonal Peak demand reduction value of 0.025 kW (18 MBTU x 0.0014 kW/MBTU) using the Boston TMY2 weather data.
Table 57: MXZ Type DSHP Summer Seasonal Peak Demand Reduction 
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Total Capacity

Outdoor Unit Indoor Unit  (MBTU) Initial Adjusted Fully Adj. Initial Adjusted Fully Adj.

MXZ-2A20NA 9 9.0 0.0060 0.0025 0.0014 0.054 0.023 0.013

MXZ-2A20NA 12 12.0 0.0060 0.0025 0.0014 0.072 0.030 0.017

MXZ-2A20NA 15 15.0 0.0060 0.0025 0.0014 0.090 0.038 0.021

MXZ-2A20NA 09+09 18.0 0.0060 0.0025 0.0014 0.108 0.045 0.025

MXZ-2A20NA 09+12 20.0 0.0060 0.0025 0.0014 0.120 0.050 0.028

MXZ-2A20NA 09+15 20.0 0.0060 0.0025 0.0014 0.120 0.050 0.028

MXZ-2A20NA 12+12 20.0 0.0060 0.0025 0.0014 0.120 0.050 0.028

Boston 9.0 EER RAC

Seasonal-Peak Demand

Red. (kW/MBTU)

Seasonal-Peak 

Demand Reduction

Per Unit (kW)


4.6 Comparing Savings Results to Initial Program Savings

The deemed savings methodology used in the 2007 planning assumptions is predicated upon a ductless cooling system.
  We believe that all systems installed as part of the sponsor Pilot Programs were either a Mr. Slim M-Series Heat Pump or a P-Series Heat Pump, both of which have inverter technology.  This deemed savings assumed that the baseline for the DSHP units would be a 3- ton central AC system and that the incremental energy efficiency improvement would be from a baseline Seasonal Energy Efficiency Ratio (SEER) of 13.0 to a SEER of 14.0 and 500 annual full load hours. The demand reduction calculation used a baseline Energy Efficiency Ratio (EER) of 11.0, which is consistent with the current code minimum requirement, and an installed EER of 11.5. The two savings calculation equations are as follows:


Max. Load Red. = Cap. X 12 (1/EERBase – 1/EERNew) Where,



Max. Load Red. = Maximum Load Reduction (kW)



Cap. = Nominal Cooling Capacity (Tons)



12 = (MBTU/Ton)



EERBase = Baseline Energy Efficiency Ratio (MBTU/kW) 



EERNew = New Energy Efficiency Ratio (MBTU/kW)

 
Annual kWh = Cap. X 12 (1/SEERBase – 1/SEERNew) x AFLH Where,

   

Annual kWh = Annual Energy Savings (kWh)



Cap. = Nominal Cooling Capacity (Tons)



12 = (MBTU/Ton)



SEERBase = Baseline Seasonal Energy Efficiency Ratio (MBTU/kW) 



SEERNew = New Seasonal Energy Efficiency Ratio (MBTU/kW)



AFLH = Annual Full Load Hours (hours)

Additionally the savings calculation included savings due to the fact that there would be no losses due to duct leakage for the DSHP technology.  The results from a 2002 regional residential HVAC study were used that provided savings for a 10% reduction in duct losses from 15% to 5%.   In considering the inclusion of other savings as part of this review, it is believed that refrigerant loss is as likely to occur in a ductless system as compared to a conventional CAC system and airflow savings are inherent in the determination of the DHSP SEER rating.  The savings calculation included only the energy component and no demand reduction was included.    Table 58  provides a summary of the various components of the BCR calculation that were used to develop the savings estimate of 311 kWh annual energy savings and a maximum load reduction of 0.142 kW, although the demand reduction value could include some reduction for the duct leakage component.  It should be noted that in the planning for this pilot, the sponsors determined that the program was cost effective based on the calculated energy savings without the inclusion of the demand savings.

Table 58: Summary of DSHP BCR Savings Calculation
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Capacity (Tons) Baseline EER New EER Max. Load Red. (kW)

3 11 11.5 0.142

Capacity (Tons) Baseline SEER New SEER Annual Full Load Hours Annual kWh

3 13 14 500 99

Capacity (Tons) Max. kW Reduction Annual kWh

3 0.3 212

Annual kWh

311

Max. Load Red. (kW)

0.142

Demand Savings Calculation for Efficiency Improvement

Energy Savings Calculation for Efficiency Improvement

Duct Leakage Savings

Total BCR Savings for DSHP

.

As previously discussed the savings estimates for the DSHP units were calculated using multiple baseline assumptions.   For the sake of this discussion we will compare the BCR savings calculation to the estimated savings using the Room Air Conditioner (RAC) with an EER of 9.0 as the baseline equipment.   Once again three different savings estimates were calculated; the Initial Savings that assumes all DSHP cooling loads were met by baseline AC equipment, the Adjusted Savings that accounts for the 22.5% rate of 100% cooling capacity expansion observed in the sample, and the Fully Adjusted Savings that account for both 100% cooling capacity increases and for incremental hourly cooling capacity increases over the baseline AC units.   

To convert the savings to the same units the normalized savings (kWh/MBTU) were multiplied by 36 MBTU to calculate the savings for a nominal three ton unit (1 Ton = 12,000 BTU, or 12 MBTU). Table 59 provides a comparison of the initial BCR cooling savings estimate with the pilot cooling savings estimates for a three-ton DSHP using the five different TMY2 weather files. The last three rows show the Initial Savings, Adjusted Savings and Fully Adjusted savings divided by the BCR savings.   As expected the savings were higher when using the warmer weather files and the Initial savings using the two Connecticut weather files were 88% of the BCR savings. Note that the savings ratios were lower for the Adjusted Savings and Fully Adjusted Savings, which accounted for cases where the installed DSHP resulted in an increase in cooling usage.   Generally speaking the pilot cooling savings were lower than the BCR savings estimates for all three savings types using all five weather files.       

Table 59: Comparison of BCR Savings with Pilot Cooling Savings
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Savings (kWh) Savings (kWh) Savings (kWh) Savings (kWh) Savings (kWh)

311 311 311 311 311

238 274 178 274 245

118 132 90 135 120

100 111 76 114 102

76% 88% 57% 88% 79%

38% 42% 29% 43% 39%

32% 36% 24% 37% 33%



Analysis Type

Initial Savings/BCR Savings

Adjusted Savings/BCR Savings

Fully Adjusted/BCR Savings

 BCR Savings for 3 Ton DSHP

Initial Savings for 3 Ton DSHP

Adjusted Savings for 3 Ton DSHP 

Fully Adjusted for 3 Ton DSHP


The On-Peak and Seasonal Peak demand reductions for a three-ton DSHP unit would be calculated in a similar manner as the energy savings. Table 60 provides a comparison of the BCR demand reduction for a three-ton DSHP unit and the three different (Initial, Adjusted, and Fully Adjusted) On-Peak demand reduction estimates for each of the five TMY2 weather files.  Once again the last three rows of the table provide the percentage of the three pilot savings types relative to the BCR savings.  Note that the Initial Savings demand reduction is actually 104% of the BCR estimate using the Hartford weather data and is generally quite good for all of the weather files.  As expected, the demand reduction ratios for the Adjusted Savings and Fully Adjusted Savings are not as high as the Initial Savings demand reduction ratios.  

Table 60: Comparison of BCR Demand Reduction with Pilot On-Peak Demand Reduction 
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Red. (kW) Red. (kW) Red. (kW) Red. (kW) Red. (kW)

0.142 0.142 0.142 0.142 0.142

0.126 0.148 0.111 0.136 0.137

0.080 0.088 0.072 0.081 0.087

0.048 0.050 0.044 0.046 0.052

88% 104% 78% 95% 96%

56% 62% 50% 57% 61%

34% 35% 31% 33% 37%



Analysis Type

 BCR Savings for 3 Ton DSHP

Adjusted Savings/BCR Savings

Fully Adjusted/BCR Savings

Initial Savings for 3 Ton DSHP

Adjusted Savings for 3 Ton DSHP 

Fully Adjusted for 3 Ton DSHP

Initial Savings/BCR Savings


Table 61 provides a comparison of the BCR demand reductions for a three-ton DSHP unit and the three different (Initial, Adjusted, and Fully Adjusted) Seasonal Peak demand reduction values for each of the five TMY 2 weather files.  In this case the Initial Savings Seasonal Peak demand reduction values are significantly higher than the BCR demand reduction value when using any of the five weather files.  These demand reduction values are higher than the On-Peak demand reduction values because they only occur during the hottest hours of the summer. The Adjusted and Fully Adjusted demand reduction ratios are lower than the BCR demand reduction values, and the Fully Adjusted Seasonal Peak demand reduction values are actually quite similar to the Fully Adjusted On-Peak demand reduction values.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                       

Table 61: Comparison of BCR Demand Reduction with Seasonal Peak Demand Reduction 
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Red. (kW) Red. (kW) Red. (kW) Red. (kW) Red. (kW)

0.142 0.142 0.142 0.142 0.142

0.217 0.271 0.234 0.217 0.240

0.095 0.117 0.104 0.096 0.090

0.049 0.060 0.053 0.049 0.046

153% 191% 165% 153% 169%

67% 82% 73% 67% 64%

34% 42% 37% 34% 33% Fully Adjusted/BCR Savings

Adjusted Savings for 3 Ton DSHP 

Fully Adjusted for 3 Ton DSHP

Initial Savings/BCR Savings

Adjusted Savings/BCR Savings



Analysis Type

 BCR Savings for 3 Ton DSHP

Initial Savings for 3 Ton DSHP


In summary the initial BCR cooling savings estimates were generally higher than what was actually observed in the pilot particularly when compared to the Adjusted Savings and Fully Adjusted savings and demand reduction estimates.  If the pilot were implemented in a manner more in line with the Initial Savings assumptions (no expansion of cooling capacity) then the initial BCR screening calculations would be fairly accurate.      
4.7 Load Profiles

 As previously discussed in section 3, the savings for the DSHP units were determined by utilizing hourly regression models for both heating and cooling seasons.  The models for heating benefited by having existing baseline heating equipment available for use at most of the sites so that baseline operation could be monitored directly using two different hourly regression models to develop hourly load profiles and savings profiles.  The cooling savings were developed using the interval power data collected for the DSHP, converting that data into hourly cooling loads and creating hourly regression models of cooing loads that were analyzed under multiple baseline equipment and efficiency scenarios.  All of the models were normalized to produce impacts that are expressed in terms of kW per MBTU of capacity and all of the load shape data is presented in the normalized format.  The multiple heating and cooling models were also run for five weather stations as well, using TMY2 Weather Data.  There were multiple profiles generated based upon the time period, model type (Total Heat and Whole Premise) or baseline assumption and weather files used, which resulted in an extremely large number of load profiles.  In order to streamline the report and decrease the duplication of figures only the Boston weather profiles during the winter and summer season will be presented in the body of the report to illustrate what the profiles look like.  The remaining load profiles and data sets are provided in Appendix E.

4.7.1 Heating Load Profiles
The heating Load profiles were calculated during the January, December and Winter period (average of December and January)  for the Total Heat and Whole Premise Regression models using “All Good Data” and the “No Supplemental Heat” data.  The models were run using Typical Meteorological Year (TMY2) weather data for each of the five different weather stations to create the Baseline, DSHP and Savings profiles.  

Figure 8 provides the baseline, DSHP and savings load profiles for the Total Heat variable using all good data and Boston TMY2 weather data.  Note that the peak usage occurs in the morning at hour ending 7:00 AM for both the baseline and DSHP profiles, with another lower peak occurring in the evening starting around 5:00 PM.  The savings profile mirrors the two usage profiles as expected, although the magnitude of the evening savings is almost as high as the morning savings.   

Figure 8: Total Heat Load Profiles with All Good Data
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Figure 9 provides a graph of the Baseline, DSHP and Savings load profiles during the winter period for the whole premise load using all good data. As expected the usage load profiles for the Whole Premise models using All Good Data exhibit similar shapes as the Total Heat models, but the magnitude of the usage profiles (Baseline and DSHP) are about twice as high.  The Whole Premise Load profiles contain all of the electrical equipment loads at the home and are expected to be higher than the Total Heat Load profiles, which only capture electrical heating usage.  

Figure 9: Whole Premise Load Profiles with All Good Data
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Figure 10 provides a comparison of the savings profiles of the Total Heat and Whole Premise models that were produced using Boston TMY2 and “All Good Data”.  The profiles are generally similar in shape although the whole premise savings profile exhibits more variability from hour to hour and the savings is generally lower than the total heat savings.  Note that during the evening hours the difference between the two savings profiles is more pronounced, although both methods show an evening peak at hour ending 6:00 PM (the first winter on-peak hour).  In general the more stable Total Heat savings profile should provide a better estimate of the savings, because it represents a more direct measurement of the heating load.        

Figure 10: Comparison of Total Heat and Whole Premise Savings Profiles
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Additionally baseline, DSHP and savings load profiles were generated for the Total Heat and Whole Premise models using data only from the customers with no supplemental heat.  Figure 11 provides the savings and usage profiles for the Total Heat Model using the No Supplemental Heat customer data.  As expected the usage profiles are slightly higher for these customers than for the All Good Data customers, because all of their heating loads being served electrically.  The savings profile was also higher for this group of customers for the same reason.    

Figure 11: Total Heat Load Profiles using No Supplemental Heat Data
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Figure 12 provides the load profiles for the Whole Premise model using the No Supplemental Heat data and Boston TMY2 Weather data.  Once again, as expected, the usage profiles show an increase in consumption for this group of customers, which is a subset of the all Good Data customers that do not have non-electric heat.  The savings profile also shows an increase for these customers when compared to the all good data customers.  

Figure 12: Whole Premise Load Profiles using No Supplemental Heat Data
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Figure 13 provides a comparison of the Total Heat and Whole Premise Savings profiles using the customer’s data with no supplemental heat.  Once again the Total Heat saving profile is generally higher than the Whole Premise profile during almost every hour of the day.  The Whole Premises savings profile also exhibits significantly greater hourly variation than the Total Heat profile although the general shapes of the two profiles are similar.  These savings profiles represent the savings estimates for the DSHP measure when installed at homes that are 100% electrically heated. The Total Heat savings profile represents the most stable and direct measurement of the DSHP measure savings.   

Figure 13: Comparison of Total Heat and Whole Premise Savings Profiles
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4.7.2 Cooling Load Profiles

The Cooling savings profiles were developed using the hourly cooling load models from the 38 customers to develop average load profiles under eight different baseline scenarios using five different weather file and across four different time periods (June, July, August and Summer).  As a result there were 160 cooling savings profiles, 20 Ductless Split Heat Pump (DSHP) usage profiles and 160 baseline usage profiles generated using the initial analysis method that assumes all DSHP cooling load would have been served by the Baseline AC systems.  Additionally baseline profiles were adjusted to account for situations where there was no baseline cooling or the baseline cooling systems did not have enough capacity to meet the cooling loads provided by the DSHP units installed through the program.  These adjusted savings calculations are documented in section 4.4.4 of this report in the discussions about On-Peak demand savings and Seasonal Peak demand savings.  

The following sections will provide summer savings profiles for the eight different baselines and DSHP using the Boston TMY2 weather data, additional profiles and load profile data are provided in Appendix E.

Figure 14 provides the initial savings profiles for the four RAC baseline efficiencies using Boston TMY2 weather data. The savings profiles start out lowest in the early morning hours and tend to peak around hour ending 17, which is the last hour of the summer On-Peak Performance hours. 

Figure 14: Boston Summer Savings Profiles for Initial RAC Baselines
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Figure 15 provides the Initial Savings load profiles for the four different CAC efficiency assumptions using Boston TMY2 Weather data.  Once again the savings profiles for the CAC baselines have the same general shape as the RAC baselines with the peak savings occurring during the evening hours around hour ending 17.  

Figure 15: Boston Summer Savings Profiles for Initial CAC Baselines
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Figure 16 provides the summer Adjusted savings profiles and DSHP usage profile using Boston TMY2 weather data.  As previously discussed the Adjusted Savings were calculated by subtracting 22.5% of the DSHP usage during each hour from the savings for that hour.  The 22.5% multiplier was the rate observed in the sample of participants that had no baseline AC equipment in the spaces served by the DSHP.  

Figure 16: Boston Summer Adjusted RAC Savings Profiles and DSHP Usage Profile
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Figure 17 provides the Summer Adjusted Demand Savings profiles for the CAC Baselines using Boston TMY2 weather data.  The CAC savings profiles have similar shapes to the RAC savings profiles and all show a significant decrease in demand savings from the Initial Demand Savings Profiles.

Figure 17: Boston Summer Adjusted CAC Savings Profiles and DSHP Usage Profile
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The final step in the demand savings analysis was to adjust the demand savings to account for the installations where the installed DSHP provides more incremental cooling capacity than the baseline AC system could have provided during a particular hour.  The Fully Adjusted Demand savings reflects this adjustment as well as the previous adjustment and reflects the demand savings for the program as implemented for the various baseline scenarios.  Figure 18 provides the Summer Fully Adjusted Savings Profiles for the four RAC baselines using Boston TMY2 weather data.  Note that the peak savings actually shift back to hour ending 13, the hour just before the start of the summer On-Peak performance hours.  This is due to a decrease in the realization rate during the higher usage hours in the afternoon and evening as shown in Figure 7 in section 4.4.5.

Figure 18: Boston Summer Fully Adjusted Demand Savings Profiles for RAC Baselines
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Figure 19 provides the Summer Fully Adjusted Demand Savings profiles for the four CAC baselines using Boston TMY2 weather data.  As with the RAC savings profiles, the CAC savings profiles also have a backward shift in the peak savings, which also  occurs at hour ending 13 in these savings profiles.  The Fully Adjusted Demand savings reflects the demand savings for the program as implemented for the various baseline scenarios.  

Figure 19: Boston Summer Fully Adjusted Demand Savings Profiles for CAC Baselines
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Figure 20 provides the three savings profiles for the pilot efficiency, which was calculated as 80% RAC with an 8.86 EER and 20% CAC with an 8.6 EER.  The pilot savings profiles illustrate the impacts that each of the savings adjustments have on the magnitude and shape of the initial savings estimate.  Note that after the adjustments are applied the peak of the profiles actually shift back to earlier in the day and the adjustments have the most impact during the summer On-Peak performance hours (hour ending 14 -17).  
Figure 20: Pilot Program Summer Demand Savings Profiles for Boston TMY2
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5. Conclusions
Below we provide conclusions based upon the findings from each of the major tasks undertaken as part of this study.  
5.1 Customer and Contractor Perceptions
· Contractors enrolled participants into the pilot programs in various ways, and the contractors prefer the methods in which the Sponsors provided them with contact information for a targeted group of customers.  Customers say it was very easy to enroll in the program.

· Contractors rate the installation process of the ductless mini-split heat pump system much easier than ducted central air conditioning systems.

· According to contractors, the ideal size and number of indoor air handlers and outdoor condensers is contingent upon the heating and cooling loads as well as the layout of the house.

· Based upon the contractor interviews, the decision of whether to pair each individual indoor handler to its own outdoor condenser or to pair multiple handlers to one condenser depends on the location of the handlers, the structural characteristics of the home, and aesthetic considerations. The contractors report that the configuration is expected to have no effect on performance or energy efficiency. 

· The customer survey finds overall satisfaction with the ductless mini-split heat pump system to be very high, with 38 of the 40 participants surveyed saying they are at least ‘satisfied’ with the system, 31 of 33 reporting that their ductless system works better than their previous one, and 20 of 38 claiming that they are ‘very satisfied’ with how their system operates.  

· Although the majority of participants are satisfied (as indicated on a one-to-five scale where one is ‘not at all satisfied’ and five is ‘very satisfied’) with their ductless system’s heating and cooling abilities, they voice somewhat higher levels of satisfaction with the system’s cooling ability (28 of 36 are ‘very satisfied’) than its heating ability (11 of 37 are ‘very satisfied’).

· Contractors and customers note a few complaints with the ductless systems, including one defective system that was replaced, the confusing nature of the remote control, and aesthetic concerns.  Some customers and contractors also note difficulties with temperature control.  They say that the ductless system fails to provide a consistent temperature in large rooms or those with hidden corners or spaces.  

· Most customers regard the market price of the ductless mini-split heat pump systems to be too high to afford on their own without an incentive.  Contractors likewise agree that an incentive is necessary to get customers to choose the systems, but they warn against setting the incentive too high, or customers may choose to install only the units they receive for free. More specifically, one contractor believes that by paying the entire price for two handlers instead of a percentage of the total system cost, customers chose not to invest in installing the optimal size and units required for their homes and rather settled for what was provided for free.  

5.2 Customer Perspective (Focus Groups)
Overall, focus group participants are pleased with the heat pump. Some have experienced problems with their system or voice concerns about some of the features and controls. Nearly all would have appreciated more follow-up training on how to use the system. By and large, though, they are satisfied with the system and would recommend it to others—although they feel that the market price is currently too high. In this section, we briefly restate the major conclusions and offer a few tentative recommendations. These recommendations may be augmented and perhaps revised in light of the information gained from the contractor interviews, customer on-site surveys, and monitoring portion of this evaluation when we submit the final, overall report for this evaluation. 

· Prior awareness of the systems varies by state. In Connecticut, most participants were unaware of the system prior to the pilot, while in Massachusetts, many had seen the systems in home expositions or in television commercials. Those who were aware of the systems either just did not take action to install one in their home or felt that initial installation costs were too high, so they did not install them on their own.

· Key perceived drawbacks with the DSHP system include difficulties with understanding the remote control, technical problems (e.g., units needing to be replaced, inconsistencies in temperature, design/operational problems), and aesthetics. 

· Most participants found the education and training provided by the contractors or available via the manual and other materials inadequate or confusing. Several Massachusetts participants do not recall receiving the summary sheet.  
· Suggestions for improvement include making the manuals and summary sheets more graphic and include trouble-shooting sections.  A video or DVD could supplement the training.  Furthermore, laminated “quick start” sheets may be created and provided to participants with a reminder to save it.  Refrigerator magnets with a phone hotline for operating help might also be an option to help attendees with problems and questions.  If at all feasible, the utilities may consider requiring and/or paying for those follow-up visits during the first heating and cooling seasons after installation to provide more detailed training on how to use the system.

· Key perceived benefits with the DSHP equipment include comfort from both heating and cooling as well as a steady temperature. The noise level is comparable to that of the previous baseboard and ceiling panel electric heat and superior to that produced by most AC units. The level of maintenance is minimal. Participants had mostly good experiences with the contractors and the initial installation. They find the system is easy to use.

· Participants find it difficult to judge the impacts on electricity usage and bills. While most feel that they are saving, only a few actually compared their bills and say they are lower after the system was installed. Some participants, however, believe the system had neutral or negative impacts on their bills, though most of these still prefer the DSHP for its other attributes.
· Suggestions for addressing this issue include providing participants with a comparative usage chart to help them better understand the impact on their electricity use. Participants note the desire to have this information for more than the 12 months currently included on their electricity bill. This may require having the customers actually call for the information or giving their permission in advance to have their data accessed. Furthermore, participants of the KEMA monitoring study would like to receive the results from the study. It may be helpful to share the results of this evaluation with the participants.
· Not many participants would be willing to pay for the system at full price, because the installation costs would be too high. They especially believe this when considering what it would cost to install the system throughout the entire house, not just in one or two zones. However, participants feel that the DSHP is superior to their old systems and that it would be worthwhile if prices decreased to allow for installation for a whole house.

· Many participants would recommend and had recommended the system to others, despite the initial cost of the system.  

· Prior awareness of the DSHP systems varies by state. In Connecticut, most focus group participants were unaware of the system prior to the pilot, while in Massachusetts, many had seen the systems in home expositions or in television commercials. Those who were aware of the systems either just did not take action to adopt the technology or felt that initial installation costs were too high, so they did not install them on their own.

· Attendees participated in the pilot program to offset their energy bills or to replace old cooling systems.

· Almost 90 percent of the participants are satisfied or very satisfied with the DSHP; satisfaction with the cooling function is slightly higher than with heating, particularly in Wethersfield and Framingham. 

· Key perceived drawbacks with the system include difficulties with understanding the remote control, technical problems after initial installation (e.g., units needing to be replaced, inconsistencies in temperature, design/operational problems), and aesthetics. 

· Although there is general agreement among focus group participants that the system is easy to use once they get the hang of it, most of them find the education and training provided by the contractors or available via the user’s manual and other materials to be inadequate or confusing. A few participants expressed surprised during the groups about the existence of some of the features (e.g., dehumidification) and others know about these features but remain uncertain how to use the system for anything other than straightforward heating or cooling. Some Massachusetts attendees do not recall receiving the summary sheet of how to use the system.  

· Key perceived benefits include comfort from both heating and cooling as well as a steady temperature. The noise level is comparable to that of the previous baseboard and ceiling panel electric heat and superior to that produced by most air conditioning (AC) units. The level of maintenance is minimal. Participants had mostly good experiences with the contractors and the initial installation.  

· Focus group attendees typically use the DSHP as their primary heating system. However, as designed, some supplement the heating with their old systems during cold winter days or if the DSHP does not serve the entire home. Participants perceive the heating as warmer, to have better air-circulation, and to save space compared to their old heating systems. 

· Participants also use the DSHP as their primary cooling system. The cooling function is perceived to be superior to the previous systems. DSHP cooling is reportedly faster, steadier, and less noisy than cooling produced by window units. Participants sometimes supplement cooling with room air conditioning (Room AC) if the DSHP does not serve the whole house. 

5.3 Energy and Demand Savings 

The Savings Analyses utilized multiple data inputs including Interval power and indoor temperature data, hourly weather data and billing data.  A myriad of demand and savings estimates were developed.  The intent of this section is to identify the methods that provided the best savings estimates for the pilot program as implemented and to discuss recommendations that could improve the savings results.

5.3.1 Heating Savings Summary

The pilot program heating savings are most accurately quantified by the “Total Heat Regression” model using “All Good Data”.  The Total Heat regression model was selected over the Whole Premise model because it provides the most direct measurement of the electric heating load.  There were a total of nine sample customers that were identified as having Supplemental Heating (non-electric heat like wood stoves, pellet stoves etc.).  A separate analysis was performed to determine the savings the program would have achieved without this group of participants.  Table 62 provides the normalized annual energy savings results using the two data types for the five different TMY2 weather files.  The sample results indicate that when the participant customers have no non-electric heat sources, the electric savings increase by about 43%.  

Table 62: Total Heat Regression Energy Savings Results

[image: image79.emf]Sample Boston  Hartford  Worcester Bridgeport  Providence 

Analysis Type Data Type n (kWh/MBTU) (kWh/MBTU) (kWh/MBTU) (kWh/MBTU) (kWh/MBTU)

Total Heat All Good Data 29 98 91 93 98 94

Total Heat No Supplemental Heat 20 140 130 135 140 134

43% 43% 45% 43% 43%

Percent Difference


One obvious recommendation would be to limit or eliminate the participation of customers with non-electric heat.  One way to identify good candidates would be to set up a procedure that looks at the customer’s winter billing data prior to allowing them to participate in the program and to set up a minimum heating Energy Utilization Index (EUI).  The EUI is typically expressed in terms of annual heating energy per square foot of heated space (kWh/ft2).  It could be developed using customer billing data and square footage information provided by the customer or implementation contractor.  

The winter On-Peak and Seasonal Peak demand reductions were also calculated for the “Total Heat” regression model, using both “All Good Data” and “No Supplemental Heat” data.  Table 63 provides the normalized Winter On-Peak demand reductions for both data types using the five different weather files.  Once again, the “All Good Data” demand reduction results are for the pilot program as observed in the sample.  These values range from a low of 0.021 kW/MBTU using Worcester, MA weather to a high 0.024 kW/MBTU using Boston, MA or Bridgeport, CT weather.  As with the energy savings, the On-Peak demand reductions increased when the data was screened to remove customers with Supplemental Heat, in this case by 44% to 50%.    

Table 63: Winter On-Peak Demand Reductions using TMY2 Weather
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Analysis Type Data Type n (kW/MBTU) (kW/MBTU) (kW/MBTU) (kW/MBTU) (kW/MBTU)

Total Heat All Good Data 29 0.024 0.022 0.021 0.024 0.023

Total Heat No Supplemental Heat 20 0.034 0.032 0.031 0.035 0.033

44% 47% 50% 45% 45%

Percent Difference


The Seasonal Peak Demand savings were evaluated by performing an analysis of the ambient weather conditions at each weather station when the winter 2007/2008 seasonal peak hours occurred.  A regression analysis was then performed for each weather file to identify hours in the TMY2 weather files when seasonal peak hours were likely to occur.  A detailed discussion of this procedure is provided earlier in Section 4.4.3.  Table 64  provides the Winter Seasonal Peak Demand reductions for the five TMY2 weather files using “All Good Data” and “No Supplemental Heat” data.  Note that the Seasonal Peak Demand reductions are all lower than the On-Peak Demand reductions for each data type and weather file.  This is due to the number of hours below 17°F included in the data, when the temperature is too cold for the DSHPs to operate and there are no savings.  Once again, when the data is screened to customers with no supplemental heat, the demand savings increase, in this case by around 60%.   
Table 64: Winter Seasonal Peak Demand Reductions using TMY2 Weather
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Analysis Type Data Type n (kW/MBTU) (kW/MBTU) (kW/MBTU) (kW/MBTU) (kW/MBTU)

Total Heat All Good Data 29 0.018 0.012 0.013 0.020 0.014

Total Heat No Supplemental Heat 20 0.028 0.019 0.021 0.032 0.022

61% 61% 62% 60% 61%

Percent Difference


The heating savings data was highly variable from customer to customer.  This variability was reflected in the relative precision of the output data from the models.  
Table 65
 provides the relative precision for the total heat models across the winter On-Peak performance hours
 while Table 66 provides the relative precisions for the model outputs during the Seasonal Peak performance hours
. 

Table 65: Winter On-Peak Relative Precision of Regression Model Data
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Analysis Type Data Type n Rel. Prec. Rel. Prec. Rel. Prec. Rel. Prec. Rel. Prec.

Total Heat All Good Data 29 ±40.7% ±42.7% ±44.4% ±41.1% ±41.1%

Total Heat No Supplemental Heat 20 ±34.7% ±35.8% ±36.8% ±34.9% ±34.9%


Table 66: Winter Seasonal Peak Relative Precision of Regression Model Data
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Analysis Type Data Type n Rel. Prec. Rel. Prec. Rel. Prec. Rel. Prec. Rel. Prec.

Total Heat All Good Data 29 ±51.0% ±50.7% ±52.7% ±50.1% ±50.9%

Total Heat No Supplemental Heat 20 ±39.9% ±39.7% ±41.2% ±39.4% ±39.8%


5.3.2 Cooling Savings Summary

The cooling savings analysis utilized the interval power data from the installed DSHPs and manufacturers performance data to develop 38 individual hourly cooling load models.  The Cooling load models were analyzed using eight different baseline scenarios and three separate demand reduction estimates were calculated as follows;

1. Initial Savings that assumes all DSHP cooling loads were met by baseline AC equipment,

2. The Adjusted Savings that accounts for the 22.5% rate of 100% cooling capacity expansion observed in the sample, and

3. The Fully Adjusted Savings that account for both 100% cooling capacity increases and for incremental hourly cooling capacity increases over the baseline AC units.

The Adjusted savings were developed by subtracting 22.5% of the Summer DSHP usage from the initial savings to account for the increase in electrical cooling that did not exist in the baseline.  The Fully Adjusted savings further utilized a realization rate that was calculated assuming that baseline AC system could only operate at its maximum capacity (under the hourly indoor ambient conditions).  The hourly savings were than calculated based upon the difference between the baseline AC system operating at maximum capacity and the DSHP power during that hour.  The realization rate was defined as the Fully Adjusted Savings divided by the Initial savings.

The baseline AC efficiencies for the pilot program were identified as consisting of 80% Room AC (RAC) units with an average 8.86 EER and 20% Central AC (CAC) systems with an average 8.6 EER. However, this baseline was impacted by older CAC systems that drove down the overall efficiency. Virtually all of the CAC units came into the pilot from an elderly housing community that was one of the primary pilot implementation locations in Connecticut.  RAC units should be the dominant baseline equipment type for the DSHPs with a few older CAC units sprinkled into the mix.  In order to streamline the discussion we have selected one baseline equipment type RAC and have rounded up the observed RAC efficiency to 9.0 EER.  We recommend that this baseline be utilized for cost effectiveness screening of the cooling savings component for this measure.    
The incidence of 100% cooling expansion was determined to be 22.5% (9/40) and the average realization rate for increased cooling capacity was determined to be 84.5%
.  Table 67 provides the Cooling savings for the pilot baseline efficiencies under the three different analysis scenarios as well as the average summer usage.  The Fully Adjusted Savings represents the savings estimate for the pilot as implemented, while the Initial Savings represents the maximum savings that could be achieved if all of the participants had adequately sized baseline AC systems installed in the spaces cooled by the DSHP.  The Fully Adjusted Savings vary slightly by location but are about 42% of the initial savings.  Most of this reduction is due to the initial savings adjustment. 
Table 67: Cooling Savings for Pilot Program using TMY2 Weather

[image: image84.emf]N Boston  Hartford  Worcester Bridgeport  Providence 

Analysis Type Data Type n (kWh/MBTU) (kWh/MBTU) (kWh/MBTU) (kWh/MBTU) (kWh/MBTU)

Initial Savings All Customers RAC 9.0 EER 38 6.6 7.6 4.9 7.6 6.8

Adjusted Savings All Customers RAC 9.0 EER 38 3.3 3.7 2.5 3.7 3.3

Fully Adjusted All Customers RAC 9.0 EER 38 2.8 3.1 2.1 3.2 2.8

Summer Usage DSHPAverage Summer Usage 38 14.7 17.5 10.9 17.2 15.3


The Summer On-Peak and Summer Seasonal Peak demand impacts were also calculated for the pilot program baseline using the three analysis methods. Table 68 provides the Summer On-Peak demand impacts using the baseline RAC system with a 9.0 EER, which shows that the Fully Adjusted demand impacts are between 34% and 40% of the Initial On-Peak demand impacts.  This demonstrates the impacts of 100% cooling expansion and partial cooling expansion on the demand reductions achieved for this measure.

Table 68: Summer On-Peak Demand Impacts for Pilot Program
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Data Type n (kW/MBTU) (kW/MBTU) (kW/MBTU) (kW/MBTU) (kW/MBTU)

Initial RAC 9.0 EER  Demand Red. 38 0.0035 0.0041 0.0031 0.0038 0.0038

Adjusted RAC 9.0 EER Demand Red. 38 0.0017 0.0018 0.0016 0.0017 0.0019

50% 44% 52% 45% 49%

Fully Adjusted 9.0 EER Demand Red. 38 0.0013 0.0014 0.0012 0.0013 0.0014

38% 34% 40% 34% 38%

Realization Rate

Realization Rate


Table 69 provides the Summer Seasonal Peak demand impacts for the pilot program using the baseline of an RAC system with a 9.0 EER, which shows that the Initial Season Peak demand savings are significantly higher than the On-Peak demand savings.  This was due to the fact that the Summer Seasonal Peak performance hours are few and only occur during the hottest hours when cooling loads are the highest.  However, the Fully Adjusted Summer Seasonal Peak savings are only slightly higher than the Fully Adjusted On-Peak demand savings.  This is due to the fact that the second adjustment for the incremental increase in cooling capacity was much greater because savings reduction during the Seasonal Peak performance hours was also much greater.
Table 69: Summer Seasonal Peak Demand Impacts for Pilot Program
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Data Type n (kW/MBTU) (kW/MBTU) (kW/MBTU) (kW/MBTU) (kW/MBTU)

Initial RAC 9.0 EER  Demand Red. 38 0.0060 0.0075 0.0065 0.0060 0.0067

Adjusted RAC 9.0 EER Demand Red. 38 0.0026 0.0032 0.0029 0.0027 0.0025

44.0% 43.1% 44.4% 44.1% 37.7%

Fully Adjusted 9.0 EER Demand Red. 38 0.0014 0.0017 0.0015 0.0014 0.0013

22.5% 22.0% 22.7% 22.5% 19.2%

Realization Rate

Realization Rate


The variability in the cooling models was actually much less than for the heating models, because they were built solely from the operation of the DSHP.  The number of usable sample points was also greater than for the heating models.  As a result the relative precision of the model output data was much better than for the heating models.  Table 70 provides the relative precision estimates for the Initial On-Peak and Seasonal Cooling Demand Impacts, which range from ±15.4% for Hartford Seasonal Peak demand to ±21.4% for Worcester On-Peak Demand.  These relative precisions were only calculated for the Initial Pilot Program Demand Impacts.  The relative precisions for the other two savings calculations would be numerically higher (worse). 

Table 70: Relative Precision for On-Peak and Seasonal Peak Model Results  

[image: image87.emf]Boston  Hartford  Worcester Bridgeport  Providence 

Data Type n Rel. Prec. Rel. Prec. Rel. Prec. Rel. Prec. Rel. Prec.

On-Peak Demand 38 ±20.1% ±18.6% ±19.2% ±21.4% ±19.3%

Seasonal Peak Demand 38 ±16.2% ±15.4% ±15.8% ±15.9% ±16.2%


The cooling recommendation would be to limit or eliminate the participation of customers with no cooling systems in the areas served by the DSHP.  One method for implementing this recommendation would be to set up a procedure that looks at the customer’s summer billing data prior to selection for participation and evaluate their summer cooling load and to set up a minimum cooling Energy Utilization Index (EUI).  The EUI is typically expressed in terms of annual cooling energy per square foot of cooled space (kWh/ft2).  It could be developed using customer billing data and square footage information provided by the customer or implementation contractor.  This process would be similar to the heating screening process, where the intent is to identify high cooling use customers for inclusion in the program so that cooling savings will be maximized.  

It is important to note that since the DSHPs will primarily provide winter heating savings and the cooling savings will be a relatively small component of the overall DSHP savings.  In some cases the installation of the DSHP could lead to large heating savings and an increase in cooling electrical usage (negative cooling savings) that still results in overall positive savings for the measure.  The key is to attempt to limit the number of installations that represent a significant expansion of the customers cooling capacity and to absolutely make sure that they are using baseline electric heating systems.   

Appendix A: Customer and Contractor DSHP Perception Report (Attached)

Appendix B: Customer Perspectives (Focus Groups) Report (Attached)
Appendix C: Final Contractor Interview Guide

DUCTLESS HEAT PUMP CONTRACTOR SURVEY QUESTIONNAIRE

Date of Visit __________________

Time of Visit _________________________

Contractor Name __________________________________________________________

Contractor Company _______________________________________________________

Job Title ___________________________________________________

Sponsor ____________________________________________________

Work Location (Store Name; Street Address; ZIP Code)

Other Contact Information

Phone Number(s) ____________________________________

Fax Number ________________________________________

E-mail Address ______________________________________

Interview was conducted (chose one) over the phone _____

in person _____

I’m here to talk with you about your experiences installing the Ductless Mini-Split Heat Pumps.  I am part of an evaluation team, and part of our job is to determine how people involved in installing the system feel about this new product. We would like to know your opinion about the product, its installation, and any programs that exist to promote ductless heat pumps.  Please be aware that the information you provide will be treated as confidential.

With your permission, I would like to tape the interview.  We will use the tape for transcription purposes in order to make sure we accurately represent your responses.  Do I have your permission to tape the interview _____ Yes _____ No 

Respondents’ Background

First, I’d like to learn a bit more about your background.

Q1. I want to confirm that you are involved in the actual installation of ductless mini-split heat pump systems.  Is this correct?  

Q2. I also want to confirm that you work for [FILL IN NAME OF COMPANY].  Is this correct?

Q3. How long have you worked for [FILL IN NAME OF COMPANY]? 

Q4. What is your job title?  

Q5. How long have you been involved with installing residential heating and cooling systems in general?  Heat pump systems in particular? 

Respondent’s Installation Experience

Now I’d like to ask you about your experience installing the units.

Q1. How many ductless mini-split heat pump systems have you installed?  

Total installed in the year 2007_________

Total installed through the program______

Q2a. Could you please describe what happens in a typical job (contract) from the point of first contact to the time the job is finalized?

[INTERVIEWER: PROBE SPECIFICALLY FOR INFORMATION IN Q2b AND Q2c IF RESPONDENT DOES NOT ADDRESS ON HIS/HER OWN]

Q2b. [IF ONE INSTALLATION] Did you contact the customer or did the customer contact you about installing the ductless mini-split system in the home? [IF MORE THAN ONE INSTALLATION] For what percentage of installations did YOU contact the customer first, rather than the customer contacting you first? 

Q2c. [TO ALL] Was anyone else involved in the initial contact besides you and the customer? 

Q3. Did a customer under contract ever change their mind about having the system installed?  What are some of the reasons for not completing these planned installations?

Q4. [ADJUST WORDING AS NEEDED IF ONLY ONE SYSTEM INSTALLED] How many of the installations were completed in accordance with the original proposal or contract with the customer?  How many of the installations changed from the proposal in any way? 

[Probe to include minor as well as major changes]

1) All completed in accordance with the contractor’s proposal [Go to Q5]

2) Some had minor changes [Go to Q4a]

3) Some had major changes [Go to Q4a]

Q4a: What changes were made to the installation and how did they vary from the proposal?  [Probe for specifics; have them discuss up to three different jobs on which changes were made].

Q4b: Who suggested the change(s), and why was/were the change(s) made?  [Probe for each change made as discussed in Q3a; possible reasons include, but are not limited to, unexpected structural or other issues in the home, aesthetics, need for more/less heating/cooling capacity, decided to serve different rooms in the home.]

Q5. Did you encounter any unexpected structural problems in the homes when installing the systems? If so, what problems did you encounter?  How did you deal with them? 

Q6. Did you encounter any problems related to the equipment during the installation?  If so, what problems did you encounter?  How did you deal with them?

Q7. Did the installations take place as discussed with the [FILL IN NAME OF PROGRAM SPONSOR OR SPONSORS OF AREA SERVED BY CONTRACTOR] _____? If there were any variations, what was the reason? [Probe for each Sponsor if more than one] 

Q8. How did you decide on the size and number of units to install for a customer? 

Q8a. When installing the system in more than one zone in a home, do you typically tie multiple indoor handlers to one outdoor unit or pair each indoor unit with its own hander?  

Q8b. Could you please explain how you decide between the configurations of indoor air handling units and outdoor compressors/condensers?  For example, how would you decide between installing two indoor/outdoor pairs vs. two indoor units tied into a single outdoor unit in a home with two zones? [Probe specifically on the following]

i. Heating and cooling loads of these zones

ii. Efficiency 

iii. Price 

iv. Ease of Installation 

v. Performance

Q8c. Is the choice of indoor/outdoor configuration affected by how many zones the customer wants serviced or how the customer plans to operate the units? Does one option provide more flexibility to customers in comparison to the other? 

Q9. Please rate how easy it is to install this system in comparison to a central air conditioning system. 

On a scale of zero to ten, where zero is much easier to install the central air conditioning system and ten is much easier to install the ductless mini-split heat pump system, how would you rate the installation process?

__________ [0 – 10]

Q10. In your opinion, what aspect of the ductless mini-split heat pump’s design or performance needs improvement?

Q11. Did the customers or landlords raise any concerns about the installation process?  If so, what problems did you encounter?  How did you deal with them?

Q12. Was the customer present during the period of installation? [If more than one home served, ask them to report on the number or percentage of times the customer was present.  If any customer present, go to Q13a.  

One home: NO________[Go to Q13b]

YES _______ [Go to Q13a]

More than one home NO [Go to Q13b]                 YES _________ [Go to Q13a]

Q13a. Please describe any interaction(s) with the customer(s) that was/were helpful and those that was/were not helpful in completing your job. 

Q13b. [ASK TO ALL] What kind of training or instruction do you provide customers about the use of the system?  Do you personally show them how to operate the system?  Do you leave them any brochures, spec sheets, or written instructions?  Do you discuss how to use the previous system in conjunction with the ductless mini-split system?

Q14. Have the customers provided any post-installation feedback?  If so, are they satisfied with the installation?  Did they have any concerns? If so what concerns did they have?  What did you do to alleviate or address their concerns?  

Q15. From your experience, when customers update or replace their heating or cooling systems, how important is each of the following factors when they decide what equipment to install? 

Please rate on a scale from 1 to 5 where 1 is “not at all important” and 5 is “extremely important.”

Equipment or installation cost:  __________

Annual and/or seasonal electricity bill savings: _______________

Being energy efficient ________________ 

A familiar system or technology: ________

Aesthetics: ___________________________

Clean or green technology: _____________

Are there any other important factors customers consider important when updating or replacing their heating and cooling systems?

Q16. Under what circumstances would you recommend installing the mini-split heat pump over other existing Heating/Cooling Devices (Traditional Ducted systems)?  When would you not recommend it?

Q17.What would you consider to be the most important barriers to marketing the ductless mini-split heat pumps? How might these barriers be overcome?

Q18. Do you think cash or other financial incentives are necessary to initiate a large scale adoption of the ductless mini-split heat pumps?  If so, in your opinion, what type and how much of a customer incentive would be required?

Q19. In what situations do the benefits of the ductless mini-split heat pump outweigh their costs relative to the costs and benefits of relying on window units for cooling? Relative to the cost and benefits of a central air conditioning system?

Q20. Did you market the program to potential customers? If so, how did you market? What specific information did you provide them about the program?  How did potential customers respond when you described the program to them? 

Appendix D: Final Customer Survey 

Date of Visit __________________

Time of Visit _________________________

Customer Name ________________________________________________________________

Customer Street Address _________________________________________________________

Customer City, Town, State, Zip ____________________________________________________

Sponsor ____________________________

Contractor ______________________________

Date of Installation _______________________

Known Customer Rebate

Y  or  N  

Amount Customer Paid for System


No Cost ______




Partial Amount $ _______




Full cost of installed system $ _______

Q1. Why did you decide to participate in this program and have the ductless minisplit system installed in your home?  

Q2. How many days after the agreement was finalized did it take for the contractor to install the system in your home?  [Probe for specific number of days]? ______

Q3. Was this

1) Sooner than you expected the installation to take

2) Later than you expected the installation to take

3) About as long as you expected the installation to take

Q4. Was installation completed in accordance with the contractor’s proposal, or did the installation change from the proposal in any way? [Probe to include minor as well as major changes]

4) Completed in accordance with the contractor’s proposal [Go to Q4]

5) Some minor changes were made [Go to Q3a]

6) Some major changes were made [Go to Q3a]

7) Don’t know [Go to Q4]

Q4a: What changes were made to the installation and how did they vary from the proposal?  [Probe for specifics].

Q4b: Who suggested the change(s), and why was/were the change(s) made?  [Probe for each change made; possible reasons include, but are not limited to, unexpected structural or other issues in the home, aesthetics, need for more/less heating/cooling capacity, decided to serve different rooms in the home.]

Q5. Did the installer provide any instructions on how to use the system?  Specifically, did they personally show you how to use it?  Did they leave you any brochures or instruction sheets or booklets?  Did they provide any other training, instructions, or information?  [Note specifics]

Q5a. [If training/instructions provided] What topics did the instruction involve? [Probe: temperature settings for the old and new system, why the old system remained installed and how the two systems should be used together particularly in really hot or really cold weather.] 

Q6. Now I want to ask you how satisfied you are with the mini-split heat pump system.  Please rate your satisfaction on a one-to-five scale where one is not at all satisfied and five is very satisfied.  

a) Overall quality of the equipment

1) Not at all satisfied

2) Dissatisfied

3) Neither satisfied nor dissatisfied

4) Satisfied

5) Very satisfied

6) (Don’t know)

[If 1 or 2, explain why; probe for specifics]

b) How well the system is working overall?

1) Not at all satisfied

2) Dissatisfied

3) Neither satisfied nor dissatisfied

4) Satisfied

5) Very satisfied

6) (Don’t know)

[If 1 or 2, explain why; probe for specifics]

c)  [If used for heating] How well the system heats your home [or room(s), depending on the system]?

1) Not at all satisfied

2) Dissatisfied

3) Neither satisfied nor dissatisfied

4) Satisfied

5) Very satisfied

6) (Don’t know)

[If 1 or 2, explain why]

d) [If used for cooling] How well the system cools your home [or rooms(s), depending on the system]?

1) Not at all satisfied

2) Dissatisfied

3) Neither satisfied nor dissatisfied

4) Satisfied

5) Very satisfied

6) (Don’t know)

[If 1 or 2, explain why]

Q7. Do you have any thoughts on other aspects of the system, such as its appearance, the amount of noise it makes, ease of use, or any other thing else I have not mentioned?

Q8. How well do you think the ductless minisplit system works compared to your previous system?  Use a scale of 0 to 10, where 0 is “the previous system worked much better than the minisplit system” and 10 is “the minisplit system works much better than the previous system.” [If respondent indicates that the previous system was broken, ask them to compare to the previous system prior to it breaking.]

Q9. Has your electricity bill increased, decreased, or stayed about the same since the ductless minisplit system was installed?  Has it…

1) Increased a lot

2) Increased somewhat

3) Stayed the same

4) Decreased somewhat

5) Decreased a lot

6) (Don’t know)

Q10. [For those who paid a partial amount toward their systems] Our records indicate that you paid $______ [Fill in amount from the front page] toward the cost of your ductless mini-split heat pump system. Do you think the system is worth the $_____ you paid? 

____No [Explain why, then go to Q5a]  


____Yes [Go to Q5a]

Q10a. From your personal experience with the ductless mini-split heat pump, how much would you be willing to pay for the system if you had to purchase it on your own?

$________

Q10b. According to our records, the total cost of the system installed in your home was $_______ [Fill in amount from the front page].  If you had to pay for the entire system yourself, how likely would you be to choose a ductless minisplit system rather than continuing to use the system you already had? Use a scale of 0 to 10, where 0 is “would definitely continue using the system I already had” and 10 is “would definitely choose a ductless minisplit system.”

Q11. [For those who were not required to pay any amount for their systems] Our records indicate that you were provided with the ductless mini-split heat pump system at no charge. From your personal experience, how much would you be willing to pay for the system if you had to purchase it on your own? 



$________

Q11a. According to our records, the total cost of the system installed in your home was $_______ [Fill in amount from the front page].  If you had to pay for the entire system yourself, how likely would you be to choose a ductless minisplit system rather than continuing to use the system you already had? Use a scale of 0 to 10, where 0 is “would definitely continue using the system I already had” and 10 is “would definitely choose a ductless minisplit system.”

 Q12. Please rate your satisfaction with the person or people who installed the mini-split heat pump system.  Use a one-to-five scale where one is not at all satisfied and five is very satisfied. 
a) The quality of work done by the installer(s)

1) Not at all satisfied

2) Dissatisfied

3) Neither satisfied nor dissatisfied

4) Satisfied

5) Very satisfied

6) (Don’t know)

[If 1 or 2, explain why; probe for specifics]

b) The knowledge and professionalism of the installation staff – that is the person or people who actually installed the system

1) Not at all satisfied

2) Dissatisfied

3) Neither satisfied nor dissatisfied

4) Satisfied

5) Very satisfied

6) (Don’t know)

[If 1 or 2, explain why; probe for specifics]

c) Ease of scheduling an appointment with the installer

1) Not at all satisfied

2) Dissatisfied

3) Neither satisfied nor dissatisfied

4) Satisfied

5) Very satisfied

6) (Don’t know)

[If 1 or 2, explain why; probe for specifics]

d) The time elapsed between contacting the installer for the first time and having a working system installed in your home?

1) Not at all satisfied

2) Dissatisfied

3) Neither satisfied nor dissatisfied

4) Satisfied

5) Very satisfied

6) (Don’t know)

[If 1 or 2, explain why; probe for specifics]

Q13. Did you contact the installer about any problems, questions, or concerns about the system after it had been installed?  [If yes] What did you call about?

Q13a How satisfied are you with how the installer responded to your problems, questions, or concerns?

1) Not at all satisfied

2) Dissatisfied

3) Neither satisfied nor dissatisfied

4) Satisfied

5) Very satisfied

6) (Don’t know)

[If 1 or 2, explain why; probe for specifics]

Q14. I have just a few more questions for you about the program.  Please rate your satisfaction with the following, using the same one-to-five scale. 

a) The written information about the system (e.g., brochures, instructions, specification sheets, etc.)

1) Not at all satisfied

2) Dissatisfied

3) Neither satisfied nor dissatisfied

4) Satisfied

5) Very satisfied

6) (Don’t know)

[If 1 or 2, explain why; probe for specifics]

b) The ease of participating in the program

1) Not at all satisfied

2) Dissatisfied

3) Neither satisfied nor dissatisfied

4) Satisfied

5) Very satisfied

6) (Don’t know)

[If 1 or 2, explain why; probe for specifics]

c) [If received rebate, noted on first page of this form] The time it took to receive the rebate

1) Not at all satisfied

2) Dissatisfied

3) Neither satisfied nor dissatisfied

4) Satisifed

5) Very satisfied

6) (Don’t know)

[If 1 or 2, explain why; probe for specifics]

Q15. How likely would you be to recommend to the ductless minisplit system to others?  Use a one to five scale where one is not at all likely and five is very likely.

1) Not at likely

2) Not likely

3) Neither likely nor not likely

4) Likely

5) Very likely

6) (Don’t know)

We’re almost done.  I have just a few more questions to ask you.

Q16. Compared to other people, how would you rate your level of concern regarding energy efficiency?  Use a one-to-five scale where one is much less concerned and five is much more concerned

1) Much less concerned

2) Less concerned

3) About the same level of concern

4) More concerned

5) Much more concerned

6) (Don’t know)

Q17. Do you own or rent your home?

1) Own

2) Rent

3) (Don’t know/Refused)

Q18. Approximately what year was this home or building built?

1) Before 1940

2) In the 1940s

3) In the 1950s

4) In the 1960s

5) In the 1970s

6) In the 1980s

7) In the 1990s

8) In or after 2000

9) (Don’t know/Refused)

Q19. Do you live in this home all year, in the summer only, or in the winter only?

1) All year

2) In the summer only

3) In the winter only

4) It depends

5) (Don’t know/Refused)

Q20. During the summer, about how many hours per day is someone at home? [Probe for specific.  If respondent hesitates to answer, explain that this is for estimating total hours of use of the system]. [Record hours.  99 = Don’t know/Refused]

Q21. During the winter, about how many hours per day is someone at home? [Probe for specific.  If respondent hesitates to answer, explain that this is for estimating total hours of use of the system]. [Record hours.  99 = Don’t know/Refused]

Q22. Including yourself, how many people live in your home? [Record specific number 99 = Refused] [If this varies seasonally, ask instead how many people live in home in summer and how many in the winter.]

Year Round: _____
Summer [If applicable]: ______
Winter [If applicable]: _____ 

Q23. What is the highest level of education that you have completed? 

1) Less than high school

2) High school graduate

3) Technical or trade school graduate

4) Some college

5) College graduate

6) Some graduate school

7) Graduate degree

8) (Refused)

Q24. What is your age? 

1) 18 to 24

2) 25 to 34

3) 35 to 44

4) 45 to 54

5) 55 to 64

6) 65 or over

7) (Refused)

Q25. What category best describes your total household income in 2007, before taxes?

1) Less than $15,000

2) $15,000 to $24,999

3) $25,000 to $34,999

4) $35,000 to $49,999

5) $50,000 to $74,999

6) $75,000 to $99,999

7) $100,000 to $149,999

8) $150,000 or more

9) (Don’t know/Refused)

Q26.[DO NOT ASK BUT RECORD GENDER]

1) Female

2) Male
Appendix E: Load Profiles (Attached) 

KEMA Inc., Middletown, Connecticut, June, 2009 








� The total of 29 is calculated as 40 minus 5 that didn’t shut off heat, minus 1 with damaged meter, minus 5 sites with unreliable or un-metered baseline heating.


� The Billing Analysis model uses only one average monthly temperature value so this result is not unexpected, because a lower  average monthly temperature should result in greater savings.  The impact is amplified because the savings for the hourly models were set to zero when the temperature dropped below 17°F.


� Based on personal Conversation with Robert Burke at ISO-NE, who was primarily responsible for the development of On-peak performance hours, he indicated that although there are cold periods in February, the winter peaks are almost exclusively limited to cold periods during December and January and during the hours ending 18 and 19. 


� The 84.5% realization rate represents the average increase in cooling capacity observed during the cooling season when the DSHP was operating.  It does not include the 22.5% rate of 100% cooling expansion.


� There were also thirteen participants that were non-responsive to this question.


� “Split-Ductless Cooling, Heating Helps Architect Firm Put Best Foot Forward”, HPAC Engineering, October 2007, p 52. 


� Initially we tried to have customers forego the use of the DSHP for a four week period, but we met with such resistance that we had to settle for a two-week period and in some instances had to pay them an additional incentive.  


� Any of the 13 volunteers who actually showed up to the facility received the incentive. Those who sat for the whole focus group received the incentive at the end of the group, the “extra” volunteers who showed up but were dismissed to keep the actual number of attendees at or below 12 were paid when they left the facility.  


� Some participants traveled over 50 miles to attend the focus group.


� A large retirement community comprised of both detached and attached dwellings with electric heat.


� The total of 29 is calculated as 40 minus 5 that didn’t shut off heat, minus 1 with damaged meter, minus 5 sites with unreliable or un-metered baseline heating.


� SEER (Seasonal Energy Efficiency Ratio) measures the efficiency of the system in the summer.  EER (Energy Efficiency Rating) measures how efficiently the system operates during the hottest days of summer. The rated conditions are 95° outside dry bulb temperature and 80° inside dry bulb temperature.


� The increase in capacity was at least 8 MBTU, which was a minimum of a 33% increase in capacity relative to the normal DSHP total cooling capacity installed at the residence. However since these units are equipped with inverters this increase in capacity could result in more savings as the DSHP operates at the lower range of cooling capacity where it is most efficient.  


� This is often referred to as the cooling balance point, which is defined as the average outdoor temperature at which cooling starts. 


� The remaining 101 customers did not have quantifiable pre and post cooling loads. 


� 10 CFR Part 430: Energy Conservation Program for Consumer Products - RACs Window.


� Only CL&P and UI provided any information about baseline AC systems and CL&P had 29 participants out of 85 that were from Heritage Village that did not have baseline systems described, although all of the sample sites had existing CAC systems. 


� Market Research for Rhode Island, Massachusetts and Connecticut Residential HVAC Market, by RLW Analytics, December 2002 found that the average SEER for CAC units installed between 1998 and 2002 was 11.4, in RI, MA and CT.


� Realized and Expected and Prospective Impacts of U.S. Energy Efficiency Standards for Residential Appliances:2004 Update, LBNL-56417, Meyers, McNeil and McMahon et al, page 18 figure 3.4.


� The data was only provided at one indoor WBT, and therefore the “b” coefficient from the CAC system was used for this equation as well


� The heat loss calculator is a type of slide rule that determines the cooling load based upon the size of the zone.  


� One of the contractors state that for every square foot of glass (window area) in the room, an additional 40-60 BTU/hr are added.


� The terms ‘participants’ and ‘attendees’ are used interchangeably to refer to the individuals who attended the focus groups in order to ease reading by avoiding the overuse of the term ‘participants.’ We make clear in the text when we refer to all program participants instead of just the focus group participants.  


� These are normalized savings values expressed in terms of annual kWh per thousand BTUs (MBTU) of normal heating capacity. 


� Based on personal Conversation with Robert Burke at ISO-NE, who was primarily responsible for the development of On-peak performance hours, he indicated that although there are cold periods in February, the winter peaks are almost exclusively limited to cold periods during December and January and during the hours ending 18 and 19. 


� The nine customers with no AC were excluded from the analysis because they have already been accounted for in the prior discussion.  The eight customers with central AC systems were not included because it was assumed that they were adequately sized.  There were two customers that had no data available, thus there were 21 customers left (40 – 9 – 8 - 2 = 21).


� The available capacity of the baseline AC unit was calculated for each hour using the DOE 2 bilinear equation for a “resys” AC system (residential split AC system).  The equation defines capacity as a function of indoor WBT and outdoor DBT.


� Negative values were multiplied 1 plus the 0.155 savings reduction rate or 1.155 to reflect the 15.5% increase in negative savings. 


� Note that this realization rate does not include the impact of the customers where there was no baseline AC system at all serving the DSHP cooled space, because they were accounted for in the previous adjustment method. 


� Realization rate in this context refers to how much savings is realized after each adjustment is made relative to the initial pilot efficiency demand. 


� This was done because the MA utilities screening the Ductless mini split had not yet looked at heat pumps and therefore did not screen for heating savings.   Since that time, the model has been updated to include heating savings.  





� The winter On-Peak performance period for the ISO-NE Forward Capacity Market is defined as non-holiday weekday hours between 5:00 PM and 7:00 PM during December and January.


� Seasonal demand performance hours for ISO-NE FCM are defined as hours when the real time ISO-NE system load meets or exceeds 90% of the predicted seasonal peak from the most recent Capacity, Electricity, Load and Transmission Report (CELT report).  





� As explained in � REF _Ref227644237 \h � \* MERGEFORMAT �Figure 7�, 84.5% realization rate represents the average hourly realization rate due to over sizing. 







   Experience you can trust.
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