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Abstract

The Hudson Valley Heat Pump Pilot (HVHPP) was a field test project that sought to demonstrate the
energy, cost, and greenhouse gas (GHG) savings achievable by installing “cold-climate” air source
heat pumps (ccASHP)—or, heat pumps deemed best suited to heat efficiently in cold climates—into
existing New York State homes. The project also sought to understand the technological and market
barriers to greater adoption of this emerging technology, in order to develop and refine technology
transfer approaches. Most of the ccASHP systems were ductless with a few ducted ccASHP systems
installed at 20 homes representing diverse building types and fuel sources. Of the existing heating
systems in the 20 houses, seven originally used fuel oil, four used natural gas, five used electric
resistance, and four used propane. Both contractors and homeowners were provided additional
training regarding heat pump sizing, installation, and operations. After each installation, the ccASHPs
at each site received a quality assurance visit to ensure proper installation and efficient operation.
Measurement and verification systems were installed to collect power measurements at 15-minute
intervals in the post-retrofit period to measure electric use for the ccASHP systems, the total house,
any resistance heating, and other loads. The project also collected fuel readings from utility bills

and delivery logs from both the pre- and post-retrofit periods, allowing a comparison of pre- and
post-retrofit energy use with a bin analysis for typical year weather conditions. The ccASHP systems
displaced from 34% to 100% of the original heating system fuel use; the average fuel displacement
was 85%. The implied seasonal average heating efficiency ranged from 1.7 to 2.6 with an average of
2.1. Cost savings per installed nominal cooling ton averaged +$113 and strongly depended on the type
of fuel displaced. Annual GHG savings averaged 1,100 to 1,300 of CO; equivalent per ton of installed

nominal cooling capacity, depending on the GHG factors assumed for the NY'S electric grid.
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Acknowledgments

Energy Futures Group (EFG) thanks Bruce Harley of Bruce Harley Energy Consulting, and the team

at Integral Building Design (IBD) for overseeing the application and installation of the air source heat
pumps in this research and development project, and KSV for their role in the Technology Transfer
process. The team at IBD, led by Pasquale Strocchia and supported by Chris Cimino and Juravell Fontes-
Janusz spent significant effort and time to ensure the completion of 20 projects. The third-party evaluating
team, Frontier Energy and Owahgena, comprised of Hugh Henderson, Nick Genzel and Carina Paton, are
heartily thanked for their collaborative approach to completing this project. EFG also thanks the multiple
participating installer and contractor companies that supported this project. We also greatly appreciated
working with Scott Smith, who has provided support in a flexible and clear manner throughout the
duration of the project. Finally, we thank the 20 households who opened their homes and patiently
worked through the details of this program.

Table of Contents

110 o ii
Preferred Citation ... ————————————— ii
N o =3 1 T iii
LY AT o o L= SO iii
AcCKNOWIEAGMENTS ... e r s iv
LisSt Of FIQUIES.......ueeeeeiieiie e vii
LIRSS o N 7= = viii
Acronyms and Abbreviations ..........ccccceemmmimmimiii i ————————— X
SUMMIANY ... r e e s s s e s e e e e e e e e e mmssasssssasseer e e e e e rsnanasssssssssssenrenennnnnnnssssssssnsssnnnnn S-1
1 Project Introduction and OVerview ... 1
1.1 NYSERDA'’s Original Goals for Project Opportunity Notice 3127 .........ccccceevvciieieeeeeciee e 1
1.2 Hudson Valley Heat Pump Pilot Program Goals ...............ueeeiiiiiiiiiiiiiiiicccecccccecceeeeeeee 1
1.3 Program APPIOGCK .........uuiieiiiiiieeeee et e e e e e e e e e e e e e e e e e e e e e e ———————————————————as 2
14 Customer Outreach and ReCrUItMeENt...........ooiiiiiiiiiii e 8
1.5 Contractor Recruitment and Post-Installation Quality ASsurance............cccccevvviiiieeeiiiciiieeeenn. 11
2 Home Characteristics and Equipment Details ..........cooeommciiiiiirrr e 14
21 HOME CharaCteriStiCS ..ot e e e et a e e e e nneeeas 14
2.2 EQUIPMENT DELAIIS ...t e e e e e 17



2.3 Installation Quality ASSUrance RESUILS ...........ooiiiiiiiiiiii e 20

2.3.1 L@ 1) (o [0 o] g U1 o 1| PP UPPTPTIPPP 22
232 LINE St ..ttt b e bt e e s b e e e e b be et r e e e e nees 23
233 CoNAENSAE DFAIN ....eoiiiiiiiiei et e e e a e s e e 23
234 TaTe oTe] U o T SO PP P PP PPPPPTPT 24
235 D8 o = PP PPP P POPPPPPPPN 24
2.3.6 7= (U] o PR PR STSPPIN 25
237 Other ODSEIVALIONS .......eiie ittt ettt ettt e ea e e bt e e e e sab e e e s anbeeesnaeaeeaes 26

3 Results: Energy Impacts and Cost Savings .........cccccvuemmmmmrmmmmmmmnns s 27
3.1 1Y o] a1y o] gTaTo I 2Y o] o] o =T o [P 27
3.2 Weather Data and Utility Electric/Fuel COStS...........ouiiiiiii e 29
3.3 Detailed Analysis Heating Results for Three Sites ..o, 30
3.3.1 Analysis of Site 3: Replacing Oil Heat ...........ccuuiviiiiiiiiiie e 30

3.3.2 Analysis of Site 4: Replacing Electric Resistance Heat with Electric Utility Bills Available 36
3.3.3 Analysis of Site 2: Replacing Electric Resistance Heat when Post-Retrofit Electric Bills

WEIE NOT VAIIA ...t e e e e e e e e e e e e e eanee s 40
3.4 Summary of Heating ReSUIES fOr All SIteS........cuuviiiiieiiiee e 46
3.4.1 Measured EIECHIC USE .......ooiiiiiiiiiiie et e e nes 46
3.4.2 Estimated Savings, Fuel Reductions, and Implied Coefficient of Performance.................. 48
3.4.3 Installed Costs and Cost-EffeCtivVeN@ss ..........cviiiiiiiiiiiicii e 53
3.4.4 Greenhouse Gas Impacts from Heating Savings ...........cueeeiiiiiiiiiiiieeeee s 54
3.5 T g] o= Te3 Ao o @7 e o] 119 T PP PRRR 56
3.6 Observed SPace TEMPEIAUIES .....c.ooiiuiiiiiiee ittt s e e e e s anaeeeeaeean 58
3.7 Electric Demand Profiles for Heating and CooliNg .........cooocuiiiiiiiiiiii e 60
4 Results: Customer and Contractor SUrVeYS ..........ccccvmmmemmmmmmmmmmssses s 70
4.1 CUSIOMET SUINVEY RESUIES ... ..o e e e e e e e e e e e e e e e e e aaan 70
4.1.1 S T0 LY A Y o] o] o =T o PR SOPRR 70
4.1.2 DeCiSioN 10 INSTAIl ... 71
41.3 Installation EXPErIENCE ...t 74
4.1.4 MaintenNaNCE EXPEIIENCE .....c.oiiiiiiiiiie et e e e e e e eanes 75
41.5 Perceived COMIOM.........oii e 77
4.1.6 L@ 01T = (oo F PP 82
41.7 SAtISTACHION ..o 82
418 Other FEEADACK. ... a e 83
41.9 Summary of Customer Survey FINdiNgS .........coooiiiiiiiiii e 85
4.2 CONLFACION SUMVEY ...ttt e e e bbbt e e e e e bt e e e e e s aabbneeeaeean 86



421 Awareness of Energy Efficiency and Heat PUmPS ..., 86

422 Customer Approach and Perspectives ..o 89
4.2.3 BUSINESS APPIOGCK ...oeeiii it e e e e e e e e e 92
424 Summary of Contractor Survey RESUIS .........coooiiiiiiiiiii e 94

5 Technology TranSfer ...t s s e s e e e e e e s e nnn e nn e e e s 95
=TT =T 0T L= =T T o T 98

6.1 Lessons from Program Design: Customer and Contractor Recruitment.............cccccoocvivveeeenne 98
6.2 Lessons from Program Quality ASSUIANCE .........ccceiiiiiiiiiiieeiiiiiieee et ee e e e e siiieee e e e s eeeeeeenees 99
6.3 Lessons from Measured Performance Data...........c.ocoeeiiiiiiiiiiiciie e 102
6.4 Lessons from Homeowner Perceptions and Motivations.............cceeeeeeeiiiiiiiiiiic, 103
6.5 Lessons Learned on Contractor Perceptions and Motivations ............cccccevveeeeiiiiccne, 104

7 References and Bibliography ..o 106
Appendix A. HVHPP Program Documents Used to Identify and Recruit Sites................. A1
Appendix B. Monitoring Installation at Each Site .............ceeiiiiiicc s B-1
Appendix C. Analysis of Measured Data for Each Site.............ccccommmrreeeccccccin e C1
Appendix D. Performance Validation Plan ...........ooo i D-1
APPENAIX E. SUIVEYS ....cconeeeiiiiiiiiirrrrrrcmesssss s s s s s s s e s s s nmms s sssss s s e e r e s s s nmmsssssssssssssseennssnnnnnnnnnns E-1
T Lo = EN-1

Vi



List of Figures

Figure 1. Hudson Valley Heat Pump Pilot Organizational Chart ... 3
Figure 2. Hudson Valley Heat Pump Pilot Stakeholder Involvement................cccccoiiiiiiiiiiiiieenen. 3
Figure 3. Hudson Valley Heat Pump Pilot Project Flow Description.............cccccoiiiiiiiiiiiiiiiiieeee, 5
Figure 4. Hudson Valley Heat Pump Pilot Flyer—Front Page........ccccooovvieiiii e, 9
Figure 5. Hudson Valley Heat Pump Flyer—Back Page .........cccccoooiiiiiiiiiiiiiiccci e, 10
Figure 6. Hudson Valley Heat Pump Pilot Site Locations...............cooooiiiiiiiiiiiiiiieee 14
Figure 7. Pictorial Collage of Hudson Valley Heat Pump Pilot Homes............ccccoooiiiiiiiiiiinnnnn, 15
Figure 8. Daily Heat Pump Energy Use versus Daily Average Temperature at S3..................... 32
Figure 9. Analysis of Fuel Delivery Logs with Temperature, Comparing Pre-Retrofit

and Post-Retrofit Trends at S3........cooo oo 33
Figure 10. Daily Heat Pump Energy Use versus Daily Average Temperature at S4

(Days in each month shown with a different color) .............ccccciiiiiiiiiccc e, 37
Figure 11. Analysis of Electric Use with Temperature, Comparing Pre-Retrofit and

Post-Retrofit Trends at S4 ... 38
Figure 12. Daily Heat Pump Energy Use versus Daily Average Temperature at S2

Days in each month shown with a different Color. ... 42
Figure 13. Analysis of Electric Use with Temperature—Comparing Pre-Retrofit and

Post-Retrofit Trends at S2........ooooiiiiiiiii e 43
Figure 14. Analysis of Measured Electric Use with Temperature in the Post-Retrofit

PEriOAS @t S2 ... e e e e e e e e e e e e e e 44
Figure 15. Internal Gains Versus Cooling Energy USe..........cccooiiiiiiiiiiiiiiiccceeeeeeee 57
Figure 16. Average Demand Profiles for S3, Grouped by Days with Similar Outdoor

I a0 o LT = LU = SRR 62
Figure 17. Normalized Demand Profiles for all Sites Combined at an Outdoor

Temperature Of T0°F .. e 63
Figure 18. Normalized Demand Profiles for all Sites Combined at an Outdoor

Temperature Of BO°F ........ouiiiiii e 63
Figure 19. Normalized Demand Profiles for all Sites at Various Winter Temperatures .............. 64
Figure 20. Normalized Demand Profiles for all Sites at Various Summer Temperatures ........... 65
Figure 21. Comparing Demand Profiles for The Levy Partnership and Energy Futures

Group Sites for the WiINter.... ... e e 67
Figure 21 continued. Comparing Demand Profiles for The Levy Partnership and Energy

Futures Group Sites for the Winter............eeeiiiiiiii e 68
Figure 22. Comparing Demand Profiles for The Levy Partnership and Energy Futures

Group SiteS fOr SUMMIET ......ooiiiiiic e e e 68
Figure 22 continued. Comparing Demand Profiles for The Levy Partnership and Energy

Futures Group Sites for SUMMET .........oouuiiiiiiii e 69
Figure 23. Importance of Factors in Decision to Install an Air Source Heat Pump System ........ 72
Figure 24. Importance of Factors in Decision to Install a Solar System ...............cccccooiiiinnnn. 73
Figure 25. Customer Satisfaction with Work Carried Out by Heat Pump Contractor.................. 74
Figure 26. Customer Experience with the Installation Process .............ccccvviiiiceiiiniieei, 74

vii



Figure 27. Expected and Experienced Level of Effort to Maintain Cold Climate Air

Source Heat Pump in Comparison with Prior Heating and Cooling System ................... 75
Figure 28. Perceived Levels of Effort to Maintain Previous Heating System, Previous

Cooling System, and Air Source Heat Pump System...........cccccviiiiiii, 76
Figure 29. Perceived Ability of Heat Pump to Maintain Desired Winter Temperatures

Compared to Previous Heating System .........ooviviiiiiiiiiiicc e 78
Figure 30. Perceived Distribution of Comfort Throughout Home During Winter for

Previous Heating System and Cold Climate Air Source Heat Pump .........ccccccceeiiieeee. 79
Figure 31. Perceived Ability of Heat Pump to Maintain Desired Summer Temperatures

Compared to Previous Cooling SYSTEM........cooiiiiiiiiiiiii e 80
Figure 32. Perceived Distribution of Comfort Throughout Home During Summer for

Previous Cooling System and Cold Climate Air Source Heat Pump...........cccccceeeeieeel. 81
Figure 33. Perceived Distribution of Comfort in Basement...............cooccoiiiiiiiiiien 82
Figure 34. Participant Satisfaction with Previous Heat and Cooling Systems in Comparison

to Heating and Cooling Provided by the Cold Climate Air Source System ..................... 83
Figure 35. Extent to Which Participation in Hudson Valley Heat Pump Pilot Increased

Contractor Familiarity with Cold Climate Air Source Heat PUmps .........cccccceiiiiiiinnnnnnn. 88
Figure 36. Customer Questions About CCASHPS..........cooiiiiii e 9
Figure 37. Contractors Approaches to Generating Leads ................coooiiiiiiiiiiiccii e, 93
Figure 38. Reasons for CCASHP INstallations ............coooviiiiii e 94

List of Tables

Table 1. Initial Plan for Hudson Valley Heat Pump Pilot Project Types..........ccvvviiiiinn. 4
Table 2. Hudson Valley Heat Pump Pilot Program Documents .............ccoooviiiiiiiiiiiiiinieeeeeeeeeeeees 7
Table 3. Overview of Participating Contractors.............oooiii i 12
Table 4. Home Characteristics and Original Heating and Cooling Information........................... 15
Table 5. Cold Climate Air Source Heat Pump Installation Details at Each Site......................... 18
Table 6. Cold Climate Air Source Heat Pump Installation Costs for Each Site............c.............. 20
Table 7. Outdoor Unit Quality ASSUrance SUMMATY ..........cooeiiiiiiiiiiiiiiieeeeeee e e e e e e e e e aaaae s 22
Table 8. Line Set Quality ASSUranCe SUMMAIY.........ccoeiiiiiiiiiiiiieee e e e e e e e e aaaeens 23
Table 9. Condensate Drain Quality ASSUranCce SUMMAIY .........ccccccuuiiiiiiiiiiiiiiieieeeee e 23
Table 10. Indoor Unit Quality ASSUranCe SUMMAIY .........coooiiiiiiiiiiie e e 24
Table 11. Duct Quality ASSUraNCe SUMMAIY ......ccooiiiiiiiiiiiiie e e e e e e e e e es 25
Table 12. Setup Quality ASSUranCe SUMMANY .......cooeiiiiiiiiiiee e e e e e e e e e e ns 26
Table 13. Metered Electric End Uses at Each HOme ... 29
Table 14. Weather Data and Utility Fuel COStS ..........coooiiiiiiiiiiieeeeeee e 30
Table 15. Measured Electric Use for the Total House and ASHP Unitat S3.............cccoieeeiis 31
Table 16. Fuel Oil Delivery Logs at S3 (Data used in Figure 10 @above)............ccccceevviviiiiinnnnn. 34
Table 17. Bin Analysis Used to Predict Seasonal Impacts from Trendlines for S3.................... 35
Table 18. Measured Electric Use for the Total House and ccASHP Unitat S4........................... 36
Table 19. Bin Analysis Used to Predict Seasonal Impacts from Trendlines for S4..................... 39

viii



Table 20. Alternate Procedure for Determining the Implied COP w/ and w/o

Resistance Heat at S4 ..........cooo oo e e 40
Table 21. Measured Electric Use for the Total House and Air Source Heat Pump Unit at S2....41
Table 22. Bin Analysis Used to Predict Seasonal Impacts from Trendlines for S2..................... 45
Table 23. Alternate Procedure for Determining the Implied COP with and without

Resistance Heat at S2 ... 46
Table 24. Summary of Post-Retrofit Electricity Use at Each Site .............ccccoooiiicce 47
Table 25. Summary of Domestic Hot Water Use at Sites Where Measured ..............c.....oooooo. 48
Table 26. Summary of Heating Results for All Sites ..........ccoooiiiiiiiiie e 50
Table 27. Five Sites Where Savings and Implied Coefficient of Performance were Excluded ...51
Table 28. Results by Fuel Type—AIl SItES........ooooiiiiiiiii e 51
Table 29. Results by Fuel Type—15 Included Sites Where Savings Could Be Calculated ........ 52
Table 30. Results by Region—15 Included Sites Where Savings Could Be Calculated............. 52
Table 31. Installed Costs with Site Specific Comments ............ccccccceeeiiiiiiic e, 53
Table 32. Greenhouse Gas Emission Savings at 15 Included Sites Where Savings

(07010 | (o 8 =TI 0= (o1 U | F= | £ o [ 55
Table 33. Normalized Greenhouse Gas Savings by Fuel Type—15 Included Sites

Where Savings Could Be Calculated ..............ooiiiiiiiiiiiii e 56
Table 34. Cooling Equipment and Energy Use at Each Site..........ccceeeeiiiiiiiiiiiccce e 57
Table 35. Measured Space Temperatures and Standard Deviation in Heating

Season—November through March.............ccoooiiii i, 59
Table 36. Measured Space Temperatures and Standard Deviation in Cooling

Season—June through AUGUST ...........ooiiiiiiii e 60
Table 37. Normalized Demand Profiles for Heating ............cooooiiiiiiieeee e 64
Table 38. Normalized Demand Profiles for Heating ............coooiiiiiiiiiiee 66
Table 39. Responses to the Surveys at Various Stages ..........ccccccuviiiiiiiiiiiiiiee 70



Acronyms and Abbreviations

AC
AHU
ASHP
BHEC
ccASHP
COP
CT
DHW
EFG
FE

ft
GHG
GSHP
HSPF
HVAC
HVHPP
IBD
kW
kWh
KSV
MBtu
MW
NY
NYS
NYSERDA
PON
PV
QA
SEER
sq
TRM
w

air conditioning

air handling unit

Air source heat pump, also air-to-air heat pump
Bruce Harley Energy Consulting
cold-climate air source heat pump
coefficient of performance

current transducer

domestic hot water

Energy Futures Group

Frontier Energy (formerly CDH Energy)
feet

greenhouse gas

ground-source heat pump

heating seasonal performance factor
heating, ventilating and air conditioning
Hudson Valley Heat Pump Pilot
Integral Building and Design

kilowatt

kilowatt hours

KSV Marketing and Ad Agency
thousand Btu

megawatt

New York

New York State

New York State Energy Research and Development Authority

Project Opportunity Notice

photovoltaic

quality assurance

seasonal energy efficiency ratio

square

Technical Resource (or Reference) Manual
watts



Summary

The Hudson Valley Heat Pump Pilot (HVHPP) Program, a field-demonstration effort sponsored by the
by the New York State Energy Research and Development Authority (NYSERDA) and lead by the
Energy Futures Group (EFG), was undertaken to:

e  Demonstrate the energy and greenhouse gas savings reductions achievable by incorporating
cold-climate air source heat pumps (ccASHPs) into 20 existing homes.

e  Further understand New York State-specific building needs and barriers to full-market
adoption of ccASHPs.

e  Transfer the findings from the study through a Technology Transfer process targeted
toward homeowners.

The HVHPP Program worked with six contractors to install ductless and ducted Mitsubishi ccASHPs

in 20 homes located in the Hudson Valley area of New York State. Contractors were given support
regarding sizing, design, and application of heat pumps, provided customer-facing materials to optimize
heat pump operation by homeowners, and each site received a quality assurance (QA) visit with follow
up required by contractors to correct any identified issues. Both homeowners and contractors participated
in a series of pre- and post- surveys to assist in better understanding various barriers to ccASHP market
adoption. Heat pump performance was monitored by Frontier Energy, who was under contract with

NYSERDA to assess energy and cost savings.

Home styles included colonial, ranch, split level, contemporary, and cape. These homes were originally
heated by natural gas furnaces and boilers, oil boilers, electric baseboard, wood stoves, propane boilers
and in some cases heat pumps (installed prior to the HVHPP). Many houses previously used central air
conditioning (AC) or window units for cooling. Heat pumps were installed in these homes in late 2017

through 2019 to either partially displace heating fuel use or to fully replace the original heating system.

Measurement and verification included collecting interval measurements of post-retrofit heat pump
electric use as well as collecting both pre- and post-retrofit fuel readings from utility bills and delivery
logs. This measured data allowed the team to compare pre- and post-retrofit energy use, energy costs
and greenhouse gas (GHG) reductions for typical year weather conditions. Additionally, the collected
data allowed the team to estimate the implied seasonal heating efficiency of the ccASHP units as well

as to collect data to analyze cooling savings compared to the base case cooling system.
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The results in Table ES-1 are shown for the 15 of the 20 sites in which the pre-post comparative
analysis was successfully completed. For the remaining five sites, the savings analysis was confounded
by behavioral or occupancy changes between pre- and post-retrofit periods as well as other issues such
as imprecise fuel delivery dates and irregular woodstove use. For the 15 sites in which energy and cost
savings could be determined, the ccASHP systems displaced from 34% to 100% of the original heating
system’s fuel use; the average fuel displacement for the sites was 85%. The implied seasonal average
heating efficiency, or coefficient of performance (COP), ranged from 1.7 to 2.6, with an average of
2.1. When compared to the heating seasonal performance factor (HSPF) rating for the installed ccASHP
system, the average efficiency was about 63% of the rated efficiency (the HSPF rating is based on an
average United States climate which is milder than most of NYS). In contrast, the savings analysis
procedure in the New York Technical Reference Manual (TRM) for ccASHPs predicts seasonal
efficiencies that are 83% to 92% of the rated HSPF in these regions (Henderson 2020). Heating cost
savings per installed nominal cooling ton averaged +$113 and strongly depended on the type of fuel
displaced. The average heating cost savings per installed ton were -$105 for natural gas, +$23 for

fuel oil, +$145 for propane, and +$320 for electric resistance.

Table ES-1. Results by Fuel Type for 15 Sites Where Savings Could be Calculated

Pre-Retrofit No. of Percent Fuel Implied Percent of Heating
Fuel Sites Reduction Heating COP HSPF Cost Savings
per Ton
Oil 5 68% 2.0 58% $23
Natural Gas 3 84% 2.3 73% -$105
Electric 5 95% 2.1 58% $320
Propane 2 100% 23 73% $145
Total / Avg 15 85% 2.1 63% $113

Notes: These parameters could only be determined for 15 of the 20 homes using the pre-post analysis method.
Utility rates from NYSERDA in the spring of 2020 were used to determine costs in each region.

Annual GHG emission savings from heating averaged from 1,100 to 1,300 pounds of CO, equivalent
per ton of installed nominal cooling capacity, depending on the GHG emissions factors assumed for

the New York State electric grid (i.e., either overall average or non-baseload emissions).

The results showed wide variations in the amount of seasonal energy used for cooling, ranging from

277 to 4,844 kilowatt-hours (kWh), with a median value of 628 kWh. This range was clearly driven by
differences in occupant behavior and preference, as well as the amount of electricity use inside the homes
that was not related to heating, cooling, or water heating (i.e., internal gains). At least in part because of

these wide variations, we were not able to detect any cooling savings by comparing pre- and post-retrofit
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energy use at any site. At S18 in particular, where sufficient data were available to complete the
pre-post bin analysis, the electric savings were found to be zero. Even though the very high SEER
ratings for the installed ccASHP systems might imply that significant cooling energy savings should
be expected, various independent sources, including the NY TRM analysis of ccASHPs (Henderson
2020) and results of load-based laboratory testing (Harley 2020), show that the higher SEERs for

many ccASHP units do not translate into a higher seasonal cooling efficiency in practice.

Customer survey results for this set of homeowners showed that the primary motivation to install a
ccASHP was driven by a desire to reduce fossil fuel use and greenhouse gas emissions. Incentives,

cost savings, and increased comfort also factored into their decision to install heat pumps. Customers
were generally satisfied with the installation contractor and did not find the installation process to be
more inconvenient than for conventional systems. In the first year they found maintenance and operation
of the heat pumps to be relatively easy, with no respondent stating maintenance was more difficult. While
all 20 site owners received education from the contractor about operation and maintenance, some of the
anecdotal comments indicate that homeowners may have still had additional questions after the initial

training (i.e., a follow-up question-and-answer check-in might be useful).

Participants had a range of satisfaction levels with their original heating and cooling equipment.

They generally all expected to see their desired temperatures improved by the heat pumps, although this
wasn’t always achieved in every room of a home. The variability in responses as to how the heat pumps
were performing in individual rooms as compared to the entire home may be reflective of the individual
applications of the ductless heat pumps. Two respondents stated that their desired heating temperature
had slightly worsened when compared to their previous heating system. Nevertheless, 16 responses to
the final survey reported (1) to be “very satisfied” with their air source heat pump system, (2) the level
of effort put into the project was worth the achieved benefits, and (3) that if cost and effort were not
involved, they still would not switch back to old heating and cooling systems. The fact that participants
were generally very satisfied, even though many of the heat pumps were not necessarily acting as a
“whole home” heating solution, may be indicative of the level of communication with the customer
that single-head, one-to-one heat pumps are not central heating and cooling systems, but rather address

particular needs for specific spaces.
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Contractor survey results show that contractors are confident in their awareness of energy efficiency
and heat pumps, but still found the published materials and various installation techniques that were
part of the HVHPP to be helpful and useful. Contractors stated the following when asked, “What
do you think you will do differently regarding ccASHP installations as a result of participating
in this program?”’
o “Iwill slightly undersize BTU capacity of multizone outdoor ccASHP condenser units
by sizing total indoor unit BTU demand to ~130% of outdoor unit BTU capacity
(this increases overall operating efficiency and slightly reduces material costs).”
e “Mount head units lower from the ceiling.”

e  “Not much. Once results are out maybe it will change.”
e  “Better information for clients.”

Their approach to educating customers and explaining how to efficiently operate heat pumps was
augmented by the HVHPP, and they plan on continuing to use the resources made available to them.
Their experience indicates that customers are interested in heat pumps for a range of reasons, but that
comfort, convenience, and energy and financial savings ultimately drive the customer’s decision to
install. Their primary business development tool is “word of mouth,” and they generally feel that
New Yorkers overall, as well as other residential HVAC businesses, are not aware of the potential
comfort and savings that ccASHPs can provide. Finally, regarding what would help “move the

market,” contractors offered the following ideas:

e  “An annual energy savings calculator that compares heating and cooling operating
costs for ccASHP systems versus other common heating and cooling systems.”

e  “Case studies of homes average savings/research program results (helpful in
educating future clients).”

e  “Greater customer rebates.”

e  “Low-cost financing options.”

The results presented in this report will be used to inform and refine the messaging to be used in the
Technology Transfer process. Therefore, as of the time of the writing of this report, the Technology
Transfer process, focused on homeowners as the “audience” was still underway. Additionally, as of the
writing of this report, the Technology Transfer process will result in deliverables that are aligned with the
second bullet above, including: one to two case study videos that allow for the possibility of cut-downs
to 15, 30, or 60 seconds to allow for varying applications, and one to two fact sheets that could provide
(1) a comparison of ccASHP to other technologies regarding the heating and cooling applications,
benefits, and operations and (2) a comparison of ccASHP to other technologies regarding costs and

savings. An alternative to these fact sheets may be a series of homeowner testimonials and case studies.
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1 Project Introduction and Overview

1.1 NYSERDA'’s Original Goals for Project Opportunity Notice 3127

New York State’s residential buildings account for more than 35% of total electricity consumption, nearly
28% of net energy consumption, and emit 18% greenhouse gases (GHG) in the State. Therefore, Project
Opportunity Notice (PON) 3127, the “Emerging Technologies Demonstration Projects—Residential
HVAC?” initiative was created to identify ways to accelerate the market uptake of commercially available,
but underused building technologies and strategies in the residential sector. The PON solicited multisite
demonstration or pilot projects that would achieve New York State Energy Research and Development
Authority’s (NYSERDA) three goals for the PON. These were: (1) to demonstrate the energy savings
and GHG reductions resulting from switching to alternative heating technologies in multiple homes,

(2) to further understand New York State-specific barriers to full-market adoption of the target
technologies, and (3) to transfer the findings from the first two goals through a Technology Transfer
process to reach market actors that could include customers, installer contractors, distributors,

and manufacturers.

1.2 Hudson Valley Heat Pump Pilot Program Goals

To achieve the three goals set forth in PON 3127, the Energy Futures Group (EFG) team took a
three-pronged approach. The first goal of the Hudson Valley Heat Pump Pilot (HVHPP) Program

was to demonstrate the savings that could be achieved by displacing existing heating fuel with efficient
electric heating systems across 20 ccASHP installations in existing residential properties with year-round
inhabitants. EFG worked with NYSERDA’s third-party measurement and verification (M&V) consultant,
Frontier Energy (formerly CDH Energy) to develop the “Performance Validation Plan” and install the
data collection systems.' While not a requirement of the PON, the EFG team did seek out some heat
pump sites that also had solar. This was driven by our interest to understand that interplay between

solar and ccASHP in customer purchase and acquisition decisions.?

The second goal of identifying and further understanding market barriers in customer adoption of heat
pumps was achieved through surveying customers and installation contractors, as well as through direct
conversations with homeowners by the Frontier Energy (FE) and EFG teams. Survey data analysis and

survey questions were designed to address:



e  Consumers’homeowners’ desire for confidence and confirmation that the expected benefits
will be achieved, namely reduced fuel bills and net energy cost savings while maintaining
adequate comfort.

e  Consumers’ desire for confidence that ccASHP systems can perform as needed on the
coldest days.

e Policymakers’ desire for confirmation that expected energy impacts and GHG reductions
are realized.

o Installers’ desire for assurance that software tools and calculation procedures to size
equipment and predict energy savings are reliable and accurate.

o Installers’ desire to understand what issues motivate consumers/homeowners to purchase
a ccASHP system, so that marketing strategies can be tuned to focus on key issues.

e Installers and the finance community wanting to understand the range of variation in
installation costs and cost savings across a portfolio of installations, understanding the
variability of cost savings at a known level of confidence.

e  Utilities and policymakers wanting to understand the impact that ccASHPs will have
on electric load growth, residential load shape, and peak demand.

The third and final goal to transfer findings via a Technology Transfer will be achieved through the
approved Technology Transfer process, which is a targeted marketing effort focused on New York

State homeowners. Much of this process has not yet been finalized and implemented, as the energy

and cost saving results presented in this report needed to be completed and approved prior to developing
the Technology Transfer materials. However, additional details regarding the current status of this

process are outlined in section 5.

1.3 Program Approach

The HVHPP Program required the coordinated efforts of several different entities. The core team
included EFG, Bruce Harley Energy Consulting (BHEC), Integral Building Design (IBD), KSV,
and Mitsubishi. The team worked with seven local area heat pump installers to identify and recruit
20 existing homes to install Mitsubishi ducted and ductless cold-climate air source heat pumps.

The project management structure for the team is depicted in Figure 1.



Figure 1. Hudson Valley Heat Pump Pilot Organizational Chart
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Shown in Figure 2 are other entities who significantly assisted with the HVHPP Program but were

not part of the EFG team. These include Frontier Energy, whose coordinated collaboration with the
EFG team was essential to achieving the goals of the HVHPP Program. The outreach efforts of a
number of local entities including environmental nonprofits, community groups, utilities and

NYSERDA’s Advisory Group were also key to the success of this project.

Figure 2. Hudson Valley Heat Pump Pilot Stakeholder Involvement
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Typical and representative homes were recruited. If additional energy-efficient and renewable energy
measures such as weatherization and solar photovoltaics were an existing part of the site (or included at
the time of the ccASHP installation process), the potential energy impact resulting from these measures
was included in the analysis and findings, to the degree possible via monitoring results. As mentioned
above, our goal was also to learn more about the interplay between solar generation and ccASHP
consumption; therefore, the EFG team attempted to find a mixture of sites with and without solar.

In addition, the goal was also to include a mixture of ductless and ducted ccASHP systems.

Table 1 shows the original plan for targeting both heat pumps and solar systems.

Table 1. Initial Plan for Hudson Valley Heat Pump Pilot Project Types

Total: 20 Projects Projects with PV installation Projects without PV installation
Ductless ccASHP 5 5
Ducted ccASHP 5 5

Generally, the EFG team’s approach to the development and implementation of the HVHPP Program
was a balancing act between thoroughly attending to detail and flexibly responding to external factors
through program modification. The EFG team generally followed the “Project Flow Description”

shown in Figure 3.



Figure 3. Hudson Valley Heat Pump Pilot Project Flow Description
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Figure 3 above articulates the eight “high-level” steps involved in achieving the three goals for the
HVHPP. In this description, “IC” refers to “Installation Contractor,” “TT” refers to the “Technology
Team” (Bruce Harley of BHEC and Pasquale Strocchia of IBD), “CDH” and “M&V” refer to Frontier
Energy, and KSV refers to the marketing agency implementing the Technology Transfer process. While
Figure 3 shows a mere eight steps, in actual practice each step involved anywhere from five to more than
30 actions on behalf of the EFG team. For example, the first step stating: “IC identifies potential sites
(workable technology & willing customer)...” involved significant effort on behalf of the EFG team,

as will be described more fully below. Thus, the EFG team approached the HVHPP in a thoughtful,

detailed manner but ultimately had to make several modifications to achieve the project goals.

The EFG team also developed multiple project documents and tracking systems to ensure that all
participants understood the program and their roles, as well as to ensure an effective data collection
and site tracking system. These are listed in Table 2 below, with the complete documents provided

in appendix A.



Table 2. Hudson Valley Heat Pump Pilot Program Documents

Document Document Description and Purpose
Name
Outreach List List of Entities and Events Utilized to Market Program and Identify Participants and Sites
Program Program Overview’s were used to describe the goals, approach, benefits, timeline, and contact
Overview information for the HVYHPP. Overviews varied in level of detail and approach to “pitch” depending

(2 versions)

on the audience: customer-facing, contractor-facing, utility-facing, NYSERDA-facing.

Memorandum of
Understanding

MOUs were developed between EFG and installation contractors; EFG and Mitsubishi; EFG and Frontier
Energy. The purpose of the MOU was to clearly articulate roles, responsibilities, and timelines amongst

(MOU) project partners.
Site Agreement | An agreement between EFG and the homeowner, clarifying the responsibilities and benefits of
Form the HVHPP for both parties.

Customer Fuel
Release Form

This form, completed by customers, was developed to provide proof to utilities that they could
share customer energy and bill data with the EFG team.

Contractor
Training Webinar

Webinar training explaining the HVYHPP program purpose and goals, roles/responsibilities/benefits of all
parties, qualifying homes and equipment, installation guidelines, overview of project steps and program
documents. Contractors also had to show proof of having participated in Mitsubishi’s installation trainings.

Site Selection
Criteria Form

Document provided to installation contractors explaining which homes could be part of the program
and which could not. For example, existing home, full-time residence that had been occupied and
heated/cooled for a minimum of 18 months were eligible.

Pre-Improvement
Site Description
Form

Document filled in by installation contractors to assist the EFG team (and Frontier and NYSERDA) in
understanding the existing site. For example, house size, foundation type, level of insulation, existing
heating/cooling/domestic water equipment, presence, and size of solar, existing energy/fuel usage.
Document is submitted along with the Pre-Improvement Site Description Form, and the Proposed
Work Scope.

Contractor Site
Proposal Form

Document filled in by installation contractors to assist the EFG team (and Frontier and NYSERDA)
in understanding the proposed project. Document is submitted along with the Pre-Improvement Site
Description Form, the Proposed Work Scope and (if applicable) a Load Calculations Report (for any
zone that has no backup heat source).

Post- Document completed by the “Tech Team” (Bruce Harley and Pasquale Strocchia) reporting on
Improvement installation quality including line set, condensate drain, outdoor and indoor unit(s), ducting and setup.
Site Form — QA
Homeowners Brief document for homeowners explaining how to operate the heat pumps as optimally as possible
Operation and including a technological explanation of how the heat pumps work in a “layperson” friendly manner.
Checklist
Installation Best | Contractors were provided with NEEP’s “Installing Air-Source Heat Pumps in Cold Climates”
Practices and “Sizing and Selecting ccASHPs in Cold Climates.”

https://neep.org/sites/default/files/resources/InstallingASHPiInCold_edits.pdf
https://neep.org/sites/default/files/Sizing%20%26%20Selecting%20ASHPs%20In%20Cold%20Climates.pdf



https://neep.org/sites/default/files/resources/InstallingASHPinCold_edits.pdf
https://neep.org/sites/default/files/resources/InstallingASHPinCold_edits.pdf
https://neep.org/sites/default/files/Sizing%20%26%20Selecting%20ASHPs%20In%20Cold%20Climates.pdf
https://neep.org/sites/default/files/Sizing%20%26%20Selecting%20ASHPs%20In%20Cold%20Climates.pdf

1.4 Customer Outreach and Recruitment

Previous experience in designing, developing, and implementing unique pilot initiatives resulted
in the EFG team’s understanding that attempting to obtain 20 participating sites through traditional
marketing efforts such as print media, radio, and/or television would be expensive and likely
unsuccessful in driving customer uptake within the short time frame available for the project.

Therefore, the EFG team focused on a three-pronged, targeted approach.

First, the EFG team recruited contractors interested in participating in the program and offering the
program benefits to their customers. The initial idea was that these contractors would provide project
leads, but that never materialized. Rather, they were generally more focused on selling and managing
their projects, and recruitment for the HVHPP project ended up as somewhat of an afterthought. Because
the goals of this program focused on energy savings, as well as financial savings, the EFG team’s second
outreach approach was to work with environmentally- and energy-focused nonprofit organizations to
leverage their network in spreading the word about this opportunity. Similarly, the EFG team’s third
outreach approach involved attending and presenting at environmental- and energy-related public events.
A list of these entities and events is included in appendix A. To provide further support, the EFG team
developed a HVHPP flyer and created a landing page on EFG’s website. Figure 4 and Figure 5 show

the front and back pages of the flyer.



Figure 4. Hudson Valley Heat Pump Pilot Flyer—Front Page

NEWYORK | NYSERDA
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Hudson Valley
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Don't miss your chance to participate by
installing this clean energy technology today.

Get hundreds of dollars in rebates from NYSERDA's
Hudson Valley Heat Pump Project (HVHPP).

What can a cold-climate heat

pump do for you?
Improve your home comfort
Increase your home heating efficiency
Provide high-efficiency air conditioning
Reduce your use of fossil fuels and help the environment
Save on energy costs

What is the Hudson Valley

Heat Pump Project?

The HVHPP, sponsored by NYSERDA and administered by Energy

Futures Group, is an oppertunity for Hudson Valley homeowners to
experience the latest energy-saving technology with the guidance

and expertise of professianals who will help you reduce operating

costs, optimize comfort, and embrace a clean energy future.

HVHPP participants will receive these additional benefits
when installing a cold-climate heat pump:

Enhanced manufacturer equipment discounts.
Get up to $1,750 for “best-in-class”
cold-climate Mitsubishi heat pumpl(s)

Peace of mind installation.

Expert third-party engineering, design support,

quality assurance and monitoring to help ensure cptimal
installation and operation and demonstrate performance

Track your energy use.
Free eGauge energy monitoring system;
track your heat pump and whole-house energy use

Act fast.
These benefits are only available for up to 20 homes




Figure 5. Hudson Valley Heat Pump Flyer—Back Page

Up to 20 homeowners who live in the
Hudson Valley region of New York State,

and who work with one of the participating
heating and cooling contractors found on the
Energy Futures Group website, and agree to:

Data monitoring of your energy savings
and usage for at least one year

Brief pre-installation and post-installation surveys

Provide fuel and electricity records for one year
before, and at least one year after installation
Quality assurance site visits upon

completion of installation work

Participate in a case study to help us promote
this clean energy technology to all New Yorkers

Contact Us Today

Richard Faesy
802.482.5001 ext. 2
rfaesy@energyfuturesgroup.com
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The EFG team recognized that participation in the program would involve additional inconvenience

and intrusion in comparison to simply installing heat pumps. For example, customers needed to provide
at least one year (ideally two) of electricity and fuel-use data prior to approval as a site—and then provide
additional electricity and fuel-use data for at least several months after the installation. While this may
sound like a simple request, it often proved to be otherwise. Acquiring the necessary data typically
required multiple phone calls and emails between the customer, their energy providers and the EFG team.
Additional site visits and installation of monitoring equipment was required, as well as participation in
several web and phone surveys. Finally, customers were informed that the EFG team could be requesting

their participation in case studies, and potentially videos.

For this reason, customers were provided a discount in the amount of $350 per ton (based on the outdoor
size of the heat pump unit and up to a maximum of 5 tons at each site) at the distributor level, courtesy
of Mitsubishi (one of the EFG team members). Additionally, customers were offered the opportunity

to keep the eGauge monitoring unit once the project was completed. Finally, each customer was provided
additional support throughout the process—and in particular with regards to the technical oversight of

the heat pump installations—provided by BHEC and IBD.

To manage expectations about the program, an initial phone call was held with interested homeowners.
During this call, the EFG team explained the details of the program such as goals, project partners,
benefits, homeowner responsibilities and timeline. The EFG team also asked about the customer’s
motivation in participating. Generally, the response was a mix of wanting to reduce fossil fuel usage,
seeking increased comfort, and interest in reducing heating costs. Additional details about customer

experience and motivation to participate are provided in section 4.1.

1.5 Contractor Recruitment and Post-Installation Quality Assurance

The EFG team identified and recruited contractors through networking within the EFG team partners,
including Mitsubishi and IBD. The EFG team also reviewed two of NYSERDA's lists (the “Home
Performance with ENERGY STAR® Participating Contractors” and “Heat Pump Program Participating
Contractors”), identified which contractors worked in the Hudson Valley area, and then reviewed the
contractor websites to assess whether they currently installed heat pumps. An overall list of potential
contractors was developed, and the EFG team identified and initially trained four heat pump contractor

businesses and two solar contractors interested in partnering with heat pump contractors.
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Ultimately, two additional contractors participated in the program. In both of these cases, a homeowner
had heard of the HVHPP and wanted to participate, but (for example) had already selected a contractor

to assist with assessing weatherization opportunities for their home. Table 3 below presents a high-level
overview of the six participating contractors, services offered, and total number of projects completed

as part of the HVHPP.

Table 3. Overview of Participating Contractors

Contractor Services Offered Number of HVYHPP Financing
Number Projects Completed Offered?

1 Specializes (only) in ductless mini-split HPs. 14 Y

2 Residential and commercial heating and cooling 2 Y

installation, repair, and maintenance (gas and oil
furnaces, boilers, ground, and air source heat pumps),
and oil delivery.

3 Boiler service and installation, ground and air source 1 N
heat pump installations.

4 Whole home building analysis and retrofit (testing, air 1 Y
sealing, insulation, heat pump installation and
maintenance).

5 Plumbing, gas conversions, water heaters, gas, and 1 Y
oil boilers, well pumps.

6 Specializes (only) in ductless mini-split HPs. 1 N

Two of the participating contractors specialize in ductless ccASHPs as their only business services
offering, two offer a broad array of HVAC services to both residential and commercial customers, one
offers significant plumbing services and some HVAC support, while the sixth contractor provides more of
a “building science,” whole home approach, incorporating air-quality considerations and energy analyses,

while also working with customers to shift from heating equipment utilizing fossil fuels to heat pumps.

To participate in the HVHPP, contractors were required to fill out an application to participate and attend
a half day training (the contractor training webinar is available in appendix A). This training reviewed the
goals, roles, responsibilities, program documents and timing of the HVHPP. It also provided an overview
of key installation and sizing criteria. Several of the contractors were Mitsubishi Diamond contractors
prior to the start of the HVHPP, while two others have since received this status. This program involves
initial trainings provided by the manufacturer, as well as ongoing updates on technology and

installation practices.?
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Since some of the goals presented in section 1.2 (e.g., “consumers/homeowners wanting confidence
and confirmation that the expected benefits will be achieved...”, “policymakers wanting confirmation
that expected energy impacts and GHG reductions are realized) are impacted by heat pump application
(e.g. sizing, design, installation), the EFG team implemented QA on each project, utilizing a “Post-
Improvement Site Form—Quality Assurance” document (mentioned in Table 2). QA areas of review
included specific questions regarding the line set, condensate drain, placement of the outdoor and
indoor units, ducting considerations, and setting up thermostat controls. The QA template is available

in the appendix; results from the post-installation QA visits are presented in section in 4.3.

Contractor interest was strong at the outset of the program and during the training. However,

as the program evolved, maintaining contractor interest and response proved to be challenging.
Contractors are busy, and the more paperwork that is asked of them, the more challenging the
program can be to implement and complete. Therefore, to incentivize contractors to “go the extra
mile” with the additional paperwork, monitoring and QA process, the HVHPP paid each contractor
$500 per completed project. However, this was still not enough to secure the completion of projects
and associated paperwork. Ultimately, the completion of these tasks was a result of the EFG project
partner, IBD, spending a considerable amount of time repeatedly following up with contractors,

assisting them with moving through the program steps.
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2 Home Characteristics and Equipment Details

The 20 sites participating in this project, all located in the Hudson Valley, are presented below in
Figure 6. The next two subsections present original home characteristics such as building type and
heating and cooling systems (section 2.1) and project installation information such as the purpose,

type, and number of heat pumps installed through the HVHPP (section 2.2).

Figure 6. Hudson Valley Heat Pump Pilot Site Locations
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2.1 Home Characteristics

Building styles varied, with three colonials, four ranches, four split levels, five contemporaries,

two capes and two “other.” One home was built in the 1880s and the other 19 between 1949 and 2008.
Multiple heating fuels are represented by the project sites including fuel oil, natural gas, liquid propane
(LP), wood, and electricity. Heating systems also varied and included electric baseboard and radiant
heat, furnaces, boilers (with baseboard radiators and steam), existing heat pumps, and wood stoves.
Five homes had existing central air conditioning (though two of these were defunct or inoperable),
while the rest relied upon window units or did not have cooling. Figure 7 presents a pictorial collage

of the building types. Table 4 presents a summary of pre-existing building and equipment, by site.
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Figure 7. Pictorial Collage of Hudson Valley Heat Pump Pilot Homes

Table 4. Home Characteristics and Original Heating and Cooling Information

Building Information Original Heating and Cooling Systems
Site City Heated Type of No. Space No. of Heating Water Cooling | PV
No. Floor Home & of Heating Space | Capacity | Heating | System | Size
Area Year Firs Fuel & Heating | (MBtu/h) Fuel &
(sq ft) | Constructed System Zones System
Type Type

S1 Albany 1500 Brick Ranch 1 Gas boiler 1 86 Gas-fired Central 4 kW
1949 tank

S2 Cottekill 2000 Cape 2 Electric Not 51 Electric Window -
1988 baseboard | recorded tank

S3 Athens 2000 Colonial 2 Oil boiler 2 125 Oil Boiler Central | 4 kW
1990 HX

S4 German- 1576 Mixed 2 Electric 7 Not Electric Window -

town additions 1970 baseboard recorded
S5 Kingston 2286 Victorian 2 Gas steam 1 187 Gas-fired 2 HPs 4-5
Italianate boiler + (2) tank (installed | kW
1880s Existing in 2016)
HPs

S6 Albany 1700 Split Level 2 Gas 1 54 Gas-fired | Central - -

1975 furnace tank defunct
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Table 4 continued. Home Characteristics and Original Heating and Cooling Information

Building Information

Original Heating and Cooling Systems

Site City Heated Type of No. Space No. of Heating Water | Cooling PV
No. Floor Home & of Heating Space | Capacity | Heating | System | Size
Area Year Firs Fuel & Heating | (MBtu/h) | Fuel &
(sq ft) | Constructed System Zones System
Type Type
S7 Sleepy 1752 Split Level 2 Gas boiler 1 160 Gas-fired 4 -
Hollow 1959 HW tankless Window
Baseboard
S8 Coxsackie 1600 Cape 2 Oil boiler 2 120 il None -
1960 Indirect
tank &
HPWH
S9 New Paltz 1600 Contemporary 1.5 Propane 1 120 Propane | Window -
1970 furnace tank
S10 Stone 2233 Colonial 3 Oil boiler & 5 85 Solar Hot Heat 11
Ridge 1949 existing Water & pump kW
HPs oil
Indirect
tank
S11 New Paltz 1249 Split Level 1.5 Electric 3 35.8 Electric Window -
1972 baseboard HE tank
& radiant
S12 Shady 1500 Contemporary 2 Qil boiler & 2 109 Qil Window 2.5
2006 wood stove indirect kW
tank &
HPWH
S13 West 1950 Colonial 2 Oil boiler & 3 115 Indirect Window 7 kW
Hurley 1960 wood Tank
fireplace
S14 Esopus 2600 Contemporary 2 Propane 3 85.4 Propane Central 6.2
2006 HE boiler indirect kW
Tank
S15 | New Paltz 6500 Contemporary 2 Propane 7 193 Propane Central -
2005 HE boiler & indirect
existing tank
HPs
S16 Claryville 2600 Contemporary 25 Electric 6 9 kW Electric None -
1985 baseboard tanks (2)
& Wood
Stove
S17 | New Paltz 1623 Ranch 1 Oil Boiler & 5 162 Electric Window -
1980 wood stove HPWH
S18 Gardiner 1388 Split level 2008 25 Oil boiler 3 120 Ol Central 13
Indirect kW
tank
S19 Marlboro 1500 Ranch 1 Electric 9 42.6 Electric 2 7 kW
1969 baseboard tank Window
S20 | New Paltz 1320 Ranch 15 Propane 1 unknown Propane | Central - -
1958 furnace tankless inactive
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2.2 Equipment Details

Mitsubishi was part of the EFG team and provided a discount to customers through the distributor.
The specific equipment selected and installed was determined by the contractor based on a site visit and
a subsequent proposal approved by the homeowner. Table 5 summarizes the heat pumps installed at each

site (including the originally installed Heat Pumps).

The tables include the intended heat pump (HP) Strategy for heating, which was either “Partial,” “Full,”
or “Full, remain.” These terms are consistent with the current terminology used in the statewide clean

heat (CH) incentive program:

e  Partial, indicating the heat pump was only intended to meet a portion of the annual heating
load (i.e., HP heating capacity at 5°F sized to be less than 90% of the design heating load).
e  Full, indicating the heat pump was sized to meet the full load (i.e., HP heating capacity
at 5°F sized to be between 90% and 120% of the design heating load).

The “Full, remain” option indicates that the HPs were sized to meet the full-heating load, but the original
heating system still remained in place. The exact heating loads and sizing ratios determined as part of

the CH Program were not determined for the sites in this project.
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Table 5. Cold-Climate Air Source Heat Pump Installation Details at Each Site

Site City HP Distribution No. of Nominal | Outdoor Unit(s) | Indoor Section(s)
No. Strategy” System Sections | Cooling (quantity) (quantity)
for Out/In Capacity
Heating (tons)
S1 Albany Partial Ductless 1/1 15 MUZ-FE18NA MSZ-FE18NA
S2 Cottekill Partial Ductless 1/2 2.5 MXZ- MSZ-FH18NA2
3C30NAHZ2-U1 MSZ-FHO9NA
S3 Athens Partial Ductless 1/3 3 MXZ-4C36NAHZ MSZ-FE18NA
MSZ-FHO9NA (2)
S4 | Germantown Partial Ductless 171 1.25 MUZ-FH15NA MSZ-FH15NA
S5 Kingston Partial Ductless 2172 15 MUZ-FHO9NA (2) MSZ-FHO9NA (2)
2/2* 2% HPs installed in
2016**
S6 Albany Full, remain Ductless 3/3 3 MUZ-FH18NA2 MSZ-FH18NA2
MUZ-FH12NA MSZ-FH12NA
MUZ-FHO6NA MSZ-FHO6NA
S7 Sleepy Full, remain Ductless 2/6 4 MXZ-3C24NAHZ2 | MSZ-GLO6NA-U1 (3)
Hollow MXZ-3C24NAHZ2 MSZ-GL15NA-U1
MSZ-GL12NA-U1
S8 Coxsackie Full, remain Ductless 4/4 3 MUZ-FH18NA2 MSZ-FH18NA2 MSZ-
MUZ-FHOBNA (3) FHOBNA (3)
S9 New Paltz Partial Ductless 2/2 2.5 MUZ-FH18NA2 MSZ-FH18NA2
MUZ-FHO6NA MSZ-FHO6NA
MUZ-FHO6NA MSZ-FHO6NA
S10 | Stone Ridge | Full, remain Ductless 2/2 2 MUZ-FHOBNA MUZ-FH18NA2
MUZ-FH18NA2 MSZ-FH18NA2
4] 4** 3.25%* HPs already
installed™*

* Definitions for “HP Strategies™:

“Partial” means partial load heating: The HP meets only part of heating load.

“Full” means full-load heating: The HP is intended to meet all the heating load, and the original heating
system is removed.

“Full, remain” is the same as full-load heating, but the original heating systems remained in place.

**  These heat pumps were installed prior to the HVHPP.
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Table 5 continued

Site City HP Distribution No. of Nominal | Outdoor Unit(s) | Indoor Section(s)
No. Strategy* System Sections | Cooling (quantity) (quantity)
for Out/In | Capacity
Heating (tons)
S11 New Full, remain Ductless 5/5 4.25 MUZ-FH18NAH2 MSZ-FH-18
Paltz MUZ-FH12NAH MSZ-FH-12
SEZ-KD-18
S12 Shady Partial Ductless 171 0.75 MUZ-FHO9NA MSZ-FH-09NA
S13 West Full, remain Ductless 3/3 3.5 MUZ-FH18NA2 MSZ-FH18NA
Hurley MUZ-FH12NA (2) MSZ-FH12NA
S14 Esopus Full Ductless / 2/3 6 MXZ-4C36NAHZ MVZ-A36AA7
Ducted Mixed PUZ-HA36NHAS MSZ-FHO6NA
PVA-A36AA7
S15 New Full, remain Ductless 2/2 2 MUZ-FH12NA (2) MUZ-FH12NA (2)
Paltz 6/6* 7 HPs already
installed™*
S16 | Claryville Full Ductless 3/3 4 MUZ-FH12NA (1) MSZFH12NA (1)
MUZ-FH18NA2 (2) | MSZFH18NA2 (2)
S17 New Partial Ductless 171 1.5 MUZ-FH18NA2 (1) MSZ-FH18NA2 (1)
Paltz
S18 | Gardiner | Full, remain Centrally 1/1 Duct 3 PUZ-HA36NHAS PVA-A36AA7 (1)
Ducted (1)
S19 | Marlboro Full Ductless 5/5 5.25 MUZ-FH18NAH2 MSZ-FH18NA2 (1)
(1) MSZ-FH12NA (3)
MUZ-FH12NA (3) MSZ-FH12NA (1)
MUZ-FHO9NA (1)
S20 New Full Ductless 5/5 5.5 MUZ-FH18NAH2 MSZ-FH18NA2 (1)
Paltz 1) MSZ-FH12NA (4)

MUZ-FH12NA (4)

* Definitions for “HP Strategies™:

“Partial” means partial load heating: The HP meets only part of heating load.

“Full” means full-load heating: The HP is intended to meet all the heating load, and the original heating
system is removed.

“Full, remain” is the same as full-load heating, but the original heating systems remained in place.

**  These heat pumps were installed prior to the HVHPP.

Table 6 provides the installation costs for the ccASHPs for all but two of the homes.* The installed costs

are given along with the final cost to the customer after accounting for the incentives provided in each

case. The average cost per installed ton was $4,138 for all the sites. The average cost after applying all the

available incentives (see the notes in Table 6) was $3,038 per ton. In both cases the median and average

costs per ton were within 1%.
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Table 6. Cold-Climate Air Source Heat Pump Installation Costs for Each Site

Original ASHP (No. HP Installed Installed $
Site City Replacement out/No. in/ Installed Costs Installed § PER ton
Strategy tons) Costs I afte_r PER ton afte_r
ncentives Incentives
S1 Albany Partial 1/1/15 $5,898 $4,873 $3,932 $3,249
S2 Cottekill Partial 1/2725 $9,770 $8,495 $3,908 $3,398
S3 Athens Partial 1/3/3.0 $12,500 $11,450 $4,167 $3,817
S4 Germantown Partial 1/1/1.25 $5,454 $4,499 $4,363 $3,599
S5 Kingston Partial 4/4/35
S6 Albany Full, remain 3/3/3 $12,100 $8,950 $4,033 $2,983
S7 Sleepy Hollow Full, remain 2/6/4.0 $26,400 $22,600 $6,600 $5,650
S8 Coxsackie Full, remain 4/4/3.0 $16,215 $10,615 $5,405 $3,538
S9 New Paltz Partial 212125 $8,830 $5,105 $3,532 $2,042
S10 Stone Ridge Full, remain 6/6/5.25 $8,450 $5,450 $1,610 $1,038
S11 New Paltz Full, remain 5/5/4.25 $18,980 $12,493 $4,466 $2,939
S12 Shady Partial 1/1/0.75 $3,750 $2,488 $5,000 $3,317
S13 West Hurley Full, remain 3/3/35 $15,350 $10, 375 $4,386 $2,964
S14 Esopus Full 2 /Duct/ 6.0 $25,000 $21,900 $4,167 $3,650
S15 New Paltz Full, remain 8/8/9.0
S16 Claryville Full 3/3/4.0 $14,450 $10,650 $3,613 $2,663
S17 New Paltz Partial 1/1/15 $3,950 $2,550 $2,633 $1,700
S18 Gardiner Full, remain 1/Duct/ 3.0 $11,450 $9,400 $3,817 $3,133
S19 Marlboro Full 5/5/5.25 $23,545 $14,208 $4,485 $2,706
S20 New Paltz Full 5/5/55 24,040 $12,615 $4,371 $2,294
Notes: Incentives included some combination of (1) cash incentives from the HVPPP Pilot, (2) a discount from the
Mitsubishi, (3) utility-supplied incentive, and (4) other sources.
2.3 Installation Quality Assurance Results

Installation contractors did not always follow the Northeast Energy Efficiency Partnership (NEEP)
installation guidelines, so the on-site QA by the EFG team was helpful to address issues of concern
and/or deficiencies.” Various recommended installation specifications were often not adopted by
installing contractors. Generally, when issues of serious concern were found, contractors were asked

to go back and correct them before their $500 incentive was paid.

In terms of indoor conditions, it was recommended that ductless wall units be installed 812 inches

below ceiling height for ceiling heights up to eight feet and in rooms with tall or vaulted ceilings,

and that the indoor unit be mounted at about eight feet. However, this was generally not implemented.

Reasons for this included (1) the manufacturer specifications did not call for what the HVHPP

recommended, (2) the homeowner wanted the unit closer to the ceiling due to aesthetic concerns,
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and finally, in several circumstances (3) the recommendation was not applicable (e.g., due to the
location of a structural beam that would have obstructed air flow). Additionally, the installation of
remote wall thermostats for larger rooms was recommended instead of using hand-held controls, but
this occurred only at seven of the sites (two sites were not applicable). Installing contractors complained
that the additional cost for the wall thermostats was a barrier to customers agreeing to purchase the

additional controller(s).

Recommended durability measures for outdoor units included installation of outdoor unit at a minimum
height of 18—24 inches above grade (higher in snow country) to avoid snow; use of stable, durable and
sloped material (i.e., concrete pads) beneath outdoor units installed on ground-mount stands; installation
of well-drained materials beneath or around ground-mount stands; full-length refrigerant line insulation
to the ports located at the side or back of the outdoor units; and proper termination of condensate lines
to drain away from foundation walls. Many of these recommendations were implemented. However,

the recommendation that “drain piping be properly pitched and sloped downhill; drain is terminated
away from foundation walls, crawl spaces, walkways and outdoor equipment” was one that only half of
the installations followed. In most of these situations, it was found that the drain tubes terminated close

to the foundation wall. For many of these sites, the homeowner stated they would monitor the situation.

Additional recommendations for outdoor units covered sufficient vibration/noise control measures,
including installation of outdoor units at framed walls on stands versus on wall brackets, and proper
anchoring and fastening of outdoor units to brackets and/or stands. The majority of contractors had at
least one installation item which needed attention to ensure “best practice,” but many of these were
addressed through the QA process, as detailed below. Proper refrigerant charge procedures that could
have a critical impact on performance were questionable, including evacuation, pressure testing, and
charging. Some of the field QA challenges included the fact that it is impractical to field check proper
procedures at time of installation and to field test for proper refrigerant charge post-installation using

conventional testing methods.
Some recommended QA actions to consider include photo-documentation of actual refrigerant charging

procedures for each system and developing, standardizing, and implementing alternate testing and

measuring protocols.
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2.3.1 Outdoor Unit

The outdoor units were generally installed well. There were only two homes in which surge suppressors

were installed, but surge suppressors are considered “best practice” recommendations in the NEEP

installation guide and were not required. Issues that came up in a small number of units included exterior

unit mounting practices (e.g., securely mounted, level, and of adequate height above expected snow line);

outdoor unit noise; and mounting location relative to defrost meltwater and possible roof drips. Table 7

presents an overview of the QA results pertaining to the outdoor unit installations.

Table 7. Outdoor Unit Quality Assurance Summary

Outdoor Unit Y N N/A (or
unknown)

Unit placement allows for free air flow, following manufacturers’ instructions.
Outdoor unit does not interfere with view through or operations of any windows 20 0 0
or doors.
Outdoor unit is located in an appropriate place regarding aesthetic and noise 20 0 0
considerations, in accordance with customer's wishes.
Outdoor unit is securely mounted and level. 16 3 1
If multiple outdoor units, they are not stacked above each other, or installed 11 2 7
too closely.
Unit has adequate clearance above snow line (generally =218 inches, higher 17 3 0
in snow country).
If wall-mounted: Wall mount brackets secure and stable. 15 1 4
If ground-mounted: Unit base is set on a substrate that is well-drained and will not
heave with frost, or a concrete pad; Or unit is mounted on a pedestal or stand using 2 2 16
bolts or adhesive to secure the unit.
Outdoor unit does not make excessive noise or vibrations, based on 18 > 0
actual operation.
Outdoor unit is not adjacent to a walkway or other areas where refreezing defrost 16 4 0
meltwater might cause a hazard.
Outdoor unit is not directly under any drip line from the roof or other overhang. 18 0
Alternately, outdoor unit has drip caps or shield to protect from rain/ice/drips. 0 20
Surge suppressors are installed at service disconnect (not required, 2 17 1
though recommended).
Alternatively, approved surge suppressors are installed at circuit breaker box 0 13 7
(not required, though recommended).
Drain pan heater is disabled or not present. 10 0 (unk1n(())wn)
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2.3.2 Line Set

Generally, line sets had few issues. A few homes had thermal insulation disturbed by the installation that
was not returned to its original condition, and one had issues with the insulation not running all the way
to the outdoor unit (this was corrected). Table 8, shown below, presents an overview of the QA results
pertaining to the line set work. For many of these items, “N/A (or unknown)” was selected due to the

line set that was located within the walls and therefore not visible.

Table 8. Line Set Quality Assurance Summary

Line Set Y N N/A (or unknown)
Line-sets appear to be of appropriate length, height difference, and 16 3 1
location.
Insulation covers entire line set length. 19 1 0
Exterior line set length is protected with a rigid cover with UV tape at 19 1 0
unavoidable exposed areas.
Line set penetration through the building enclosure is rodent proof 16 0 4
(e.g., PVC sleeve and cap drilled to the size of the refrigerant lines).
All penetrations through the shell of the home are sealed with 14 0 6
insulating sealant/spray foam.
Any insulation disturbed by installed line set must be returned to 8 1 11
original (or better) condition.

2.3.3 Condensate Drain

As indicated above, a number of installations were not properly drained to shed condensate away from
the foundation of the homes. And in some cases, the units drained onto walkways, creating potential
slip-hazards during freezing weather. These issues were addressed as much as possible through the
on-site QA process. Table 9 presents an overview of the QA results pertaining to the setup of the

condensate drain.

Table 9. Condensate Drain Quality Assurance Summary

Condensate Drain Y | N N/A (or unknown)
Drain piping is properly pitched and sloped downhill. Drain is
terminated away from foundation walls, crawl spaces, walkways, 10 | 10 0

and outdoor equipment.

Indoor air-handler units are piped to a floor drain or via a condensate

pump to a drain or the exterior. 210 18 (N/A)
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2.3.4 Indoor Unit

Indoor unit installations were rarely problematic, other than the clearance to the ceiling. At the time
HVHPP began, the NEEP installation guide recommended 12 to 18 inches clearance where possible,

but the NEEP guidance was revised to recommend a minimum of 6 inches when possible. Although in
some cases there was not enough space to provide the 6-inch recommended clearance. In general, there is
a tendency of contractors to install the units as close to the ceiling as they possibly can, typically as close
as 3 inches, as allowed in manufacturer recommendations. This reduces heating efficiency by increasing
return air temperature. While not a critical requirement, it is an area where installer education could
improve practices. Table 10 presents an overview of the QA results pertaining to the indoor unit

installation height.

Table 10. Indoor Unit Quality Assurance Summary

N/A (or

Indoor unit Y| N
unknown)

Indoor wall unit mounted units have adequate
clearance from the ceiling (a minimum of 5112 3
8-12 inches) for ceiling heights up to 8 feet.

In rooms with tall or vaulted ceilings, indoor unit is

mounted at about 8 feet. 4 2 14
Other indoor distribution is used: floor mount. 0 0 20
Other indoor distribution is used: ducted. 2 0 18

2.3.5 Ducts

While the vast majority of ccASHP systems installed were ductless, there were a small number of
centrally ducted systems. Although one of the sites with two centrally ducted systems performed quite
well, with no installation issues of concern, there were issues with the installation of the other sites with
centrally ducted systems. Many of the issues of concern were related to the installation of the heat pump
air handlers in existing ductwork. Moreover, it appeared that contractors who specialized in “ductless”
systems were ill-equipped to install centrally ducted systems properly. Note that no mini-duct systems
(e.g., horizontal air handling units) were installed, hence the results presented in Table 11 pertaining

to duct work.
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Table 11. Duct Quality Assurance Summary

Ducts Y| N N/A

Mini-duct systems are adequately sized/minimizes fittings, ol o 20
air flow seems adequate from all registers.

Any ducts and/or air handlers in unconditioned space are
thoroughly sealed with duct mastic and all components 0] 2 18
insulated to a minimum of R-8.

2.3.6 Setup

The two most frequent issue notations on the heat pump setup were wall-mounted thermostats

and integrated controls, though both of these were best-practice recommendations rather than
requirements. The NEEP guideline on wall-mounted thermostats at the time HVHPP began was

for rooms over 150 square feet, but that subsequently changed to 300 square feet; presumably that
would shift at least some of the “No” responses to “N/A.” In terms of the integrated controls, there

are few viable products on the market, but at the time HVHPP began there were virtually none (reflected
by the fact that there were 0 “yes” responses to this item). It is notable that in all 18 cases in which

no integrated thermostat was installed, the customer was made aware of correct operation.

The other item with a significant number of “no” responses was the recommended measure to
“disable continuous fan operation.” One of the primary challenges that contractors faced was that
the manufacturer designed the ductless units with continuous fan operation and in order to disable
that feature, an irreversible modification would need to be made to the indoor unit. Therefore, while
this recommendation was not favorably received by the installing contractors—and customers were
not advised of this option despite the fact that the modification was suggested by the factory
representatives—it is nevertheless, supported by the manufacturer, and does not void the warranty.

Table 12 presents an overview of the QA results pertaining to setup regarding temperature control.
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Table 12. Setup Quality Assurance Summary

N/A (or

Setup Y N (
unknown)

In spaces > 150 sq ft, wall-mounted thermostat is installed in a

representative location (i.e., instead of using hand-held remote 7 11 2

controller).

If a wall T-stat is installed, it is set so that the temperature is sensed
at the wall thermostat.

10 | 1 9 (all N/A)

Indoor unit(s) with standard hand-held remote controls (i.e., return-
air sensing at indoor unit) are installed in small rooms (<150 SF) 14 0 6 (all N/A)
with no significant comfort issues.

For retrofit situations where the existing heating equipment is
maintained, the main zone ccASHP thermostat is mounted near the 3 2
central system thermostat.

Temperature sensing/response has been adjusted to customer's

14 (N/A)
1 (unknown)

satisfaction. 7 1 2
For retrofit situations where the existing heating equipment is

o . . : 0 16 4
maintained, was an integrated multi-stage control installed?
Customer is aware of correct operation of the two different 18 0 2
thermostats (one for existing equipment and one for new ASHP).
Continuous fan operation is disabled. 3 9 8

2.3.7 Other Observations

A number of customer comments were noted during the QA visits. Each of these comments were
forwarded to the installing contractor, though their replies were not provided to the broader EFG

team, except in the case of a failure or serious concern. In general, the comments revealed that customers
did not receive an adequate orientation about the purchased heat pump systems or related controls and
features. In particular, there is significant confusion about the use of the “dry” mode, which is not the
same as dehumidification because there is no humidity set-point on the controller. Moreover, this feature
can only be used as part of a cooling strategy and can lead to “over-cooling” if the directions for use

are not properly understood by the homeowner.

One of the significant lessons learned is the poor applicability for heat pumps as a “displacement”
strategy to reduce fossil-fuel heating system use in houses with a steam boiler system. Given that
steam-based systems are typically single-zone, the opportunity to off-set its use with heat pumps

(rather than completely replace the boiler with heat pumps) was neither practical nor effective.
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3 Results: Energy Impacts and Cost Savings

3.1 Monitoring Approach

A “Performance Validation” plan was written at the beginning of the project (see appendix D) to arrive
at a common understanding of what measured data would be collected from each site and how it would

be used to quantify the savings and performance of each ccASHP site.

The overall monitoring approach in this study was to use a pre- and post-retrofit comparison to quantify
the impact of installing the ccASHP in the home. Inherent in this approach is the assumption that the

occupants maintain similar setpoints and generally have similar behavior in the pre- and post-periods.®

In the post-retrofit period, metering was installed to measure ccASHP electric use and then correlate

daily ccASHP energy use to daily outdoor temperature data from a nearby weather station in the

region. Similarly, fuel delivery logs and/or monthly utility fuel bills from before the ccASHP installation
(pre-retrofit) were also correlated to outdoor temperatures from a nearby weather station (after accounting
for baseline fuel use by non-space-heating uses). Then these pre- and post-retrofit trends were used with

a temperature bin analysis using typical year weather data for the same local weather station. From this

bin analysis we can determine:

e  Pre-retrofit and post-retrofit fuel use for space heating in a typical year.
e ccASHP electric use for space heating (and cooling) in a typical year.

e  Annual cost savings.

e  The implied seasonal average efficiency of the heat pump.

e  Reductions in greenhouse gas emissions.

At most houses, metering was also installed to collect total house electric use at regular intervals.
Total house use was helpful for determining internal gains in the home and was used in a load-line
analysis to discern the temperature dependent portions of the electric load for both heating and
cooling. For electrically heated homes, the difference between the temperature-dependent electric

load in the pre- and post-retrofit periods provided an estimate of the net electric heating savings.
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For homes with pre-retrofit electric baseboard heat, the on-site metering also included the resistance
electric heat use where possible. This allowed us to separate the impact that the ccASHPs had on
baseboard electric heater use in the post-retrofit period. This provided the means to discern the savings
impact and efficiency of heat pump alone as well as the efficiency of the heat pump and the resistance

heating combined.

At all these homes an eGuage power metering system (www.eguage.net) was installed to measure

electric power use. Each eGuage system could accommodate 12 current transducers (CTs) that could

be used to measure various 120 Volt circuits in the electrical panel. Different measurements were taken

at each house. We prioritized measurements of power for: (1) all the ccASHPs in the home, (2) resistance
electric heat circuits that might run for supplemental heating, (3) total house power, and (4) boiler/furnace
power (to infer runtime). The next priority was to measure PV solar output (if present) and power for

the electric water heater. The solar generation also allowed us to determine the total usage for the home
(i.e., usage = utility purchases + solar generation). Table 13 lists the power measurements that were made
at each site. Appendix B provides the metering installation details at each site along with photos of the

ccASHP and other equipment in each home.
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Table 13. Metered Electric End Uses at Each Home

Site | Monitoring | House | Solar ccASHPs Resistance Heat Electric Boiler or
Start Date | Mains (No. of (No. of circuits) WH Furnace
circuits)
S1 12/12/2017 1 1 1 1
S2 1/11/2018 1 1 3 1
S3 3/27/2018 1 1 1 1 1
S4 1/11/2018 1 2
S5 3/27/2018 1 1 2 1
S6 5/21/2018 1 2
S7 9/4/2018 1 2 1
S8 7/19/2018 1 4 1
S9 7/19/2018 1 2
S10 9/27/2018 1 1 6 1
S11 2/7/2019 1 5 1
S12 11/1/2018 1 1 1 1 1
S13 | 10/30/2018 1 1 3 1
S14 2/20/2019 1 1 2+ 2 AHUs
S15 3/28/2019 1 6 1
S16 3/7/2019 1 3 1 1
S17 1/31/2019 1 1 1
S18 2/26/2019 1 1 1+ AHU
S19 3/6/2019 1 1 5 3 1
S20 3/5/2019 1 1 5 2 1 1

Notes: Total house power could not be measured at S4. Usually, the ccASHP measured circuits corresponded to the number
of outdoor ccASHP units, though in some cases multiple ccASHP units were combined on one circuit and so were
measured together. For ccASHP units with ducted AHUs, a separate CT was required to measure that power use. In
some cases, the AHU included resistance heating elements.

Measured readings are automatically transferred to a cloud server using each homeowner’s wireless
internet (WiFi). FE downloaded the power data directly from each logger that was averaged into

15-minute intervals each night. That data was then saved in a database for each site.

3.2 Weather Data and Utility Electric/Fuel Costs

We associated each site with a nearby weather station. The list of the weather stations used in this project
are given in Table 14. Local utility costs were associated with each weather station as shown in the table.
These costs are from NYSERDA’s Energy Analysis group and were used for the ASHP Proforma Tool
(circa Spring 2020) that is used to estimate calculated annual energy cost savings. These costs were

consistent with the utility rate information we received from some of the customers’ bills in each region.
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Table 14. Weather Data and Utility Fuel Costs

Weather/Utility Region Electric Cost Natural Gas Fuel Oil Propane
($.kWh) Cost ($/therm) | Cost ($/gal) | Cost ($/gal)
Albany/National Grid 0.117 0.83 2.49 2.67
Newburg/Central Hudson 0.15 1.47 2.68 2.44
NY LGA/Con Ed 0.20 1.40 2.45 2.24

3.3 Detailed Analysis Heating Results for Three Sites

A detailed analysis of the data collected from each site is included in appendix C. The sections

below highlight three examples where different analysis approaches were used:

e A home that installed a ccASHP to partially displace an oil-boiler (Site S3).

e A house that installed a ccASHP to partially displace baseboard electric heat (Site S4)
that DID have post-retrofit electric utility bills available.

e A house that installed a ccASHP to partially displace baseboard electric heat (Site S2)
that DID NOT have valid post-retrofit electric utility bills.

3.3.1 Analysis of Site 3: Replacing Oil Heat

Site 3 is a 2000 square feet (sq ft) house in Athens, NY near Albany. The house was originally heated

by an oil boiler with hydronic baseboard, with the boiler also providing domestic hot water (DHW) for
the home. The boiler was also used for supplemental heating after the 3-ton ccASHP with three indoor
ductless heads was installed on January 19, 2018. Monitoring began in early April 2018. This unit also

operated in the cooling mode.
Table 15 summarizes the measured energy use for the total house and the heat pump over the monitoring

period. Heat pump power use for the heating season (May to October) was 3,416 kilowatt-hours (kWh).
Electric use in June through September was 997 kWh.

30



Table 15. Measured Electric Use for the Total House and ASHP Unit at S3

Total Electric Boiler

No of House All HPs| Resist HT| Runtime

Days (kWh) (kWh) (kWh) (hrs)

Mar-18 7 128.4 58.6 - 5.3
Apr-18 30 524.5 111.0 - 54.8
May-18 31 369.3 44.3 - 14.0
Jun-18 30 480.2 146.3 - 9.0
Jul-18 31 654.2 375.9 - 9.2
Aug-18 31 743.0 383.2 - 8.7
Sep-18 30 399.4 91.9 - 9.1
Oct-18 31 705.2 142.8 - 26.6
Nov-18 30 1,140.7 462.4 - 46.6
Dec-18 31 1,273.3 562.6 - 68.6
Jan-19 31 1,757.0 | 1,038.1 - 65.4
Feb-19 28 1,408.9 774.2 - 56.3
Mar-19 31 763.9 280.5 - 61.9
Annual 365 10,219.6 4,413.2 - 430.2

Htg Season 243 7,942.8 3,415.9 - 394.2
Jun-Sep 122 2,276.8 997.3 - 36.0

Daily heat pump power use is shown in Figure 8 as a function of daily average outdoor temperature
(from Albany Airport). There was some scatter in the daily energy use trend, probably due to daily
variations in how the occupants used the ductless heat pump. The dotted line on the plot represents to a

best fit of the trend with temperature. A trend of electricity use in the summer is also apparent at this site.
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Figure 8. Daily Heat Pump Energy Use versus Daily Average Temperature at S3

(Days in each month shown with a different color).
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At this site, heat pump operation displaced 67% of the fuel oil use by the boiler.

Figure 9 compares the trend of fuel use with temperature for both the pre-retrofit period (¢ symbol) and
post-retrofit period (+ symbol, with month number shown). The actual tabular delivery and temperature
data are also given in Table 16. Temperature for a nearby weather station (Albany) was averaged across

each delivery period.

The solid line represents the overall fuel-use trend that is the best-fit, change-point model to the seven
deliveries in the pre-retrofit period. Note that fuel use levels off to a constant value in the summer because
the boiler meets the water heating loads all year. The dotted line represents the fuel-use trend in the post-

retrofit period, which is based on only three fuel deliveries in the post period. However, there was still
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enough data to establish a reasonable fuel-use trend. For the post-retrofit fuel-use trend, we assumed that
post-retrofit fuel use for water heating was the same as in the pre-retrofit period (when there was more
data). The trendlines for this site imply that the ccASHP was able to serve the entire heating load down
to a balance point temperature near 40°F. Therefore, the oil boiler only started to operate to provide

space heating below that balance point.

Figure 9. Analysis of Fuel Delivery Logs with Temperature, Comparing Pre-Retrofit and Post-
Retrofit Trends at S3
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Table 16. Fuel Oil Delivery Logs at S3
(Data used in Figure 10 above).

Period Start/ End/ Days in | Delivery | Avg Oil Use | Period Avg

Previous Delivery Period | (gallons) (gal/day) Temperature
Date Date (F)
pre 12/15/2015 2/9/2016 56 154.4 2.76 334
pre 2/9/2016 5/3/2016 84 173.3 2.06 40.6
pre 5/3/2016 12/6/2016 217 167.8 0.77 62.0
pre 12/6/2016 1/19/2017 44 197.2 4.48 29.2
pre 1/19/2017 3/14/2017 54 186.9 3.46 33.1
pre 3/14/2017 11/16/2017 247 182.4 0.74 59.7
pre 11/16/2017 12/30/2017 44 138.9 3.16 30.6
post 2/5/2018 4/13/2018 67 71.3 1.06 34.9
post 4/13/2018 12/5/2018 236 120 0.51 61.0
post 12/5/2018 2/4/2019 61 118.3 1.94 274

Note: Each delivery date is assumed to occur at 12 noon. Temperature data from a nearby weather station are averaged
across the period.

The trend lines in the plots above were used to generate pre- and post-retrofit oil use and electric use
for a bin analysis using typical year weather data from the nearby weather station. Table 17 shows the
details of bin analysis with results given at the bottom of the table. The seasonal reduction in fuel use
was 337 gallons or 67% of the space heating energy. The space heating cost savings were $359 using
the local utility costs given in section 3.2 above. The implied seasonal average heating coefficient of
performance (COP) can also be inferred from the data, assuming a conversion efficiency for the

oil-fired boiler of 79%.
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Table 17. Bin Analysis Used to Predict Seasonal Impacts from Trendlines for S3

SITE: EFG-3 WEATHER: Albany S 0.117 perkWh
FUEL: oil S 2.487 per gal (oil)
Floor Area 2000 LOCATION: Athens
FUEL FUEL Adjusted| Implied POST-Oil
PRE-Oil POST-Oil[ ASHP Electric POST-Oil COP [PRE-Cost§POST-Costs adjustment
Temp Bin |Hours (gal/day) (gal/day) (kWh/day) (gal/day) (-) factor|
-27.5 0 12.2 7.3 93.7 7.3 1.7|$ 304(S 29.1
-22.5 0 11.5 6.8 87.6 6.8 1.7|$ 286|S 27.2
-17.5 0 10.8 6.3 81.4 6.3 1.7|$ 26.8|5$ 25.2
-12.5 0 10.0 5.8 75.3 5.8 1.8{S 249(S 23.3
-7.5 0 9.3 5.3 69.2 5.3 1.8|$ 23.1]|S 21.4
-2.5 15 8.5 4.9 63.1 4.9 19|$ 21.21|S 19.4
2.5 36 7.8 4.4 56.9 4.4 19|$ 19.4]|S 17.5
7.5 127 7.1 3.9 50.8 3.9 20($ 175]|S 15.5
12.5 206 6.3 3.4 44.7 3.4 2.11$ 15.7|S 13.6
17.5 435 5.6 2.9 38.6 2.9 2.21$ 139]|S 11.7
22.5 498 4.8 2.4 32.4 2.4 24($ 120158 9.7
27.5 537 4.1 1.9 26.3 1.9 2.7|$ 10.2|S 7.8
32.5 654 3.3 1.4 20.2 1.4 3.1($ 83](S 5.8
37.5 720 2.6 0.9 14.1 0.9 3.8(8$ 65](5$ 3.9
42.5 550 1.9 0.8 9.2 0.8 39S 46](S 2.9
47.5 573 1.1 0.8 5.5 0.8 21| S 2.8|8S 2.5
52.5 723 0.8 0.8 1.8 0.8 0.0{S 1.9](s 2.1
57.5 791 0.8 0.8 0.0 0.8 0.0/S 19]S 1.9
62.5 943 0.8 0.8 0.0 0.8 0.0{S 19(s 1.9
67.5 682 0.8 0.8 0.0 0.8 0.0{S 19(s 1.9
72.5 497 0.8 0.8 0.0 0.8 0.0/$ 19]S 1.9
77.5 420 0.8 0.8 0.0 0.8 0.0/$ 19]S 1.9
82.5 274 0.8 0.8 0.0 0.8 00/$ 19]S 1.9
87.5 61 0.8 0.8 0.0 0.8 00/$ 19]S 1.9
92.5 13 0.8 0.8 0.0 0.8 0.0/$ 19]S 1.9
97.5 5 0.8 0.8 0.0 0.8 0.0/ $ 19SS 1.9
102.5 0 0.8 0.8 0.0 0.8 0.0/ $ 19SS 1.9
Heating Only PRE-Retrofit | POST-Retrofit Savings Summary Statistics
Oil (gal/yr) 503.4 166.4 337.0 0.25 Fuel gal per sq ft per yr
HP Electric (kWh/yr) 4,107 (4,107) 27.6 Htg MBtu per sq ft per yr
Total Heating Costs $1,252 $893 $359 67% Reduction in Fuel Use
Implied Seasonal COP 2.6 3,416 Measured HP for Htg (kWh/yr)
83% Measured as % of Typical yr

In this instance the implied COP is calculated from:

COP

= (Fuelpre — Fuelpost) X eff / (3.412 x kWhny ) = (503.4-166.4)*139*0.79 / (3.412*4107)

The data in the bin-analysis table also show there is the expected decreasing trend of the implied COP

at lower temperatures.
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3.3.2 Analysis of Site 4: Replacing Electric Resistance Heat with Electric Utility
Bills Available

This 1576 sq ft house is in Germantown, NY, south of Albany. The house was originally heated
by baseboard electric heat. The electric baseboard was also used for supplemental heating after the
1.5-ton ductless ccASHP was installed. The ccASHP was installed in December 2017. Monitoring

began in January 2018. This unit only provided very modest amounts of cooling.

Table 18 summarizes the measured energy use for the total house and the heat pump over the monitoring
period. It also includes the baseboard resistance electric heaters that were monitored. Heat pump power
use for the heating season (May to October) was 4,745 kWh. Electric use in June through September
was 132 kWh.

Table 18. Measured Electric Use for the Total House and ccASHP Unit at S4

Total Electric Boiler

No of House All HPs| Resist HT| Runtime

Days (kWh) (kwh) (kWh) (hrs)
Jan-18 20 668.3 605.4 62.8 -
Feb-18 28 820.3 811.1 9.2 -
Mar-18 31 798.8 798.6 0.3 -
Apr-18 30 598.1 552.8 45.4 -
May-18 31 20.0 19.9 0.2 -
Jun-18 30 13.4 13.3 0.2 -
Jul-18 31 47.9 47.7 0.2 -
Aug-18 31 45.5 45.4 0.2 -
Sep-18 30 25.3 25.2 0.1 -
Oct-18 31 250.7 250.5 0.2 -
Nov-18 30 582.6 570.8 11.8 -
Dec-18 31 1,105.4 770.0 335.5 -
Jan-19 31 1,429.1 971.0 458.1 -
Feb-19 28 1,236.6 806.3 430.3 -
Mar-19 31 854.3 714.0 140.4 -
Annual 365 5,737.1 4,876.3 861.4 -
Htg Season 243 5,605.0 4,744.7 860.7 -
Jun-Sep 122 132.1 131.6 0.7 -

Daily heat pump power use is shown in Figure 10. as a function of daily average outdoor temperature.
There is moderate scatter in the data, indicating that the occupants used the ductless heat pump in a

fairly consistent manner. The dotted line on the plot represents to a best-fit trend with temperature.
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Figure 10. Daily Heat Pump Energy Use versus Daily Average Temperature at S4
(Days in each month shown with a different color).
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At this site, heat pump operation displaced more than half of the baseboard electric heat use. Figure 11
compares the trend of monthly electric use from the utility bills with temperature for both the pre-retrofit
period (¢ symbol) and post-retrofit period (+ symbol, with month number shown). The solid line
represents the overall electric use trend in the pre-retrofit period. The dotted line represents the electric
use trend in the post-retrofit period. At this site, the linear trends were very strong in both the pre- and

post-retrofit periods. The base electric use was taken to be the average of all the periods combined.
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Figure 11. Analysis of Electric Use with Temperature, Comparing Pre-Retrofit and Post-Retrofit
Trends at S4
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The trend lines in the plots above were used in a bin analysis using typical year weather data from the
nearby weather station. Table 19 shows the details of bin analysis with results given at the bottom of

the table. The seasonal reduction in electric use was 6,837 kWh or 53% of the space heating energy—as
determined from the pre- and post-electric utility bills. The eGuage data showed that the heat pump used
5,251 kWh and therefore the implied resistance heat use was 1586 kWh. The space heating cost savings
were $798 using the local utility costs given in section 3.2 above. The implied seasonal average heating

COP inferred from the data was 2.3.
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Table 19. Bin Analysis Used to Predict Seasonal Impacts from Trendlines for S4

SITE: EFG-4 WEATHER: Albany S 0.117 per kWh
FUEL: Electric S 0.117 per kWh
Floor Area 1576 LOCATION: Germantown
FUEL FUEL Adjusted| Implied POST-Electric
PRE-Electric| POST-Electric| ASHP Electric/ POST-Electric COP|PRE-Costs |POST-Costs adjustment
Temp Bin |Hours (kWh/day) (kwh/day) (kWh/day) (kWh/day) (-) factor|
-27.5 0 203.5 101.6 78.2 101.6 23| S 23.7| S 21.0
-22.5 0 192.7 96.5 73.9 96.5 23| S 225]|S 19.9
-17.5 0 181.9 91.4 69.5 91.4 23| S 21.2 | S 18.8
-12.5 0 171.1 86.3 65.1 86.3 23| S 200 S 17.7
-7.5 0 160.3 81.2 60.8 81.2 23| S 18.7|S 16.6
-2.5 15 149.4 76.0 56.4 76.0 23| S 174 S 15.5
2.5 36 138.6 70.9 52.0 70.9 23| S 16.2|$ 14.3
7.5 127 127.8 65.8 47.6 65.8 23| S 149 |$ 13.2
12.5 206 117.0 60.7 43.3 60.7 23|S  13.7|S$ 12.1
17.5 435 106.2 55.6 38.9 55.6 23[S 1245 11.0
22.5 498 95.4 50.4 34.5 50.4 23| S 11.1 S 9.9
27.5 537 84.6 45.3 30.2 45.3 2.3($ 99 (S 8.8
32.5 654 73.8 40.2 25.8 40.2 23| S 86|S 7.7
375 720 63.0 35.1 21.4 35.1 23| S 73S 6.6
42.5 550 52.2 30.0 17.0 30.0 23| S 6.1|$S 5.5
47.5 573 41.3 24.8 12.7 24.8 23| S 4.8]|$ 4.4
52.5 723 30.5 19.7 8.3 19.7 23| S 36| 3.3
57.5 791 19.7 14.6 3.9 14.6 23| S 231|S 2.2
62.5 943 10.0 10.0 0.0 10.0 0.0/ $ 1.2$ 1.2
67.5 682 10.0 10.0 0.0 10.0 0.0| $ 1.2$ 1.2
72.5 497 10.0 10.0 0.0 10.0 0.0| $ 1.2]S 1.2
77.5 420 10.0 10.0 0.0 10.0 0.0| $ 1.2]S 1.2
82.5 274 10.0 10.0 0.0 10.0 0.0| $ 1.2]S 1.2
87.5 61 10.0 10.0 0.0 10.0 0.0| $ 1.2$ 1.2
92.5 13 10.0 10.0 0.0 10.0 0.0| $ 1.2$ 1.2
97.5 5 10.0 10.0 0.0 10.0 0.0| $ 1.2$ 1.2
102.5 0 10.0 10.0 0.0 10.0 0.0| $ 1.2$ 1.2
Heating Only PRE-Retrofit| POST-Retrofit| Savings Summary Statistics
Total Heat (kWh/yr) 12,987 6,150 6,837 8.24 Fuel kWh per sq ft per yr
- - 28.1 Htg MBtu per sq ft per yr
Total Heating Costs $1,516 $718 $798 53% Reduction in Fuel Use
Implied Seasonal COP 2.3 4,745 Measured HP for Htg (kWh/yr)
HP Electric (kWh/yr) 5,251 90% Measured as % of Typical yr

The implied COP in this case is calculated from:

CcoP

( kWhpre - kWhpost + kWhhp ) / kWhp
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Table 20 factors in the measured amount of resistance heating measured during the post-retrofit period
into the calculations and separately determines the efficiency for the heat pump alone and the heat pump
with resistance heat. The implied COP was slightly lower with this analysis approach using the measured

resistance heating power.

COPasHP

( kWh pre — kWh post,resistance ) / kWhp ( 12987 - 861 ) /5251

COPOveraII

( kWhopre ) /( kWhp kWh postresistance ) 12987 / (5251 + 861)

Table 20. Alternate Procedure for Determining the Implied COP w/ and w/o Resistance Heat at S4

Heating Only PRE-Retrofit | POST-Retrofit| Savings

Resistance (kWh/yr) 12,987 861 12,126
ASHP (kWh/yr) 5,251 (5,251)
Total Heat (kWh/yr) 12,987 6,112 6,875
Total Heating Costs $1,516 $713 $802
Implied ASHP COP 2.3
Overall COP Including Resistance 2.1

3.3.3 Analysis of Site 2: Replacing Electric Resistance Heat when Post-Retrofit
Electric Bills were Not Valid

This 2000 sq ft house is in Cotekill, NY, near Newburgh. The house was originally heated by baseboard
electric heat. The electric baseboard was also used for supplemental heating after the 2.5-ton ccASHP
with two ductless sections was installed. The ccASHP was installed in November 2017. Monitoring

began in January 2018. This unit was also used for cooling.

Table 21 summarizes the measured energy use for the total house and the heat pump over the monitoring
period. It also includes the baseboard resistance electric heaters that were monitored. Heat pump power
use for the heating season (May to October) was 5,042 kWh. Heat pump electric use in June through
September was 329 kWh. The resistance heaters used 791 kWh.
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Table 21. Measured Electric Use for the Total House and Air Source Heat Pump Unit at S2

Total Electric

No of House All HPs| Resist HT

Days (kWh) (kwh) (kWh)

Jan-18 21| 1,177.5 675.3 96.2
Feb-18 28| 1,391.0 910.4 104.6
Mar-18 31| 1,192.6 787.4 43.1
Apr-18 30 843.5 497.5 7.1
May-18 31 406.8 37.1 0.2
Jun-18 30 351.3 49.5 0.1
Jul-18 31 502.1 127.7 0.2
Aug-18 31 469.6 100.4 0.2
Sep-18 30 438.9 51.5 2.0
Oct-18 31 708.8 267.5 18.4
Nov-18 30| 1,093.5 640.8 72.3
Dec-18 31| 1,391.6 802.1 158.9
Jan-19 31| 1,863.2 | 1,099.4 384.1
Feb-19 28| 1,507.3 837.1 304.5
Mar-19 31| 1,379.8 686.0 306.7
Annual 365 10,652.9 5,371.3 791.2
Htg Season 243 8,891.0 5,042.2 788.7
Jun-Sep 122 1,761.9 329.1 2.5

Daily heat pump power use is shown in Figure 12 as a function of daily average outdoor temperature.
There is moderate scatter in the data, indicating that the occupants used the ductless heat pump in a

fairly consistent manner. The dotted line on the plot represents to a best-fit trend with temperature.
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Figure 12. Daily Heat Pump Energy Use versus Daily Average Temperature at S2
(Days in each month shown with a different color).
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At this site, heat pump operation displaced baseboard electric heat use. Figure 13 compares the trend
of monthly electric use from the utility bills with temperature for both the pre-retrofit period (¢ symbol)
and post-retrofit period (+ symbol, with month number shown). The solid line represents the overall
electric use trend in the pre-retrofit period. The dotted line represents the electric use trend in the

post-retrofit period.
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Figure 13. Analysis of Electric Use with Temperature—Comparing Pre-Retrofit and Post-Retrofit
Trends at S2
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While there was a reasonably good linear trend in the pre-retrofit period, the electric bills appear
to have changed to be estimated readings in the post-retrofit period. As a result, those post-retrofit
readings are highly scattered. Therefore, we determined the trend for the total house usage in the

post-retrofit period from the eGauge-measured daily readings versus outdoor temperature in Figure 14.
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Figure 14. Analysis of Measured Electric Use with Temperature in the Post-Retrofit
Periods at S2
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The trend lines in the plots in Figure 14 were used in a bin analysis using typical year weather data
from the nearby weather station. Table 22 shows the details of bin analysis with results given at the
bottom of the table. The seasonal reduction in electric use was 3,611 kWh or 38% of the space heating
energy. The space heating cost savings were $542 using the local utility costs given in section 3.2.

The implied seasonal average heating COP inferred from the data was 1.8.
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Table 22. Bin Analysis Used to Predict Seasonal Impacts from Trendlines for S2

SITE: EFG-2 WEATHER: Newburgh S 0.150 per kWh
FUEL: Electric S 0.150 per kWh
Floor Area 2000 LOCATION: Cottekill
FUEL FUEL Adjusted| Implied POST-Electric
PRE-Electric POST-Electric| ASHP Electric| POST-Electric COP|PRE-Costs |POST-Costs| adjustment
Temp Bin |Hours (kWh/day) (kWh/day)| (kWh/day) (kWh/day) (-) factor|
-27.5 0 186.79 125.27 88.96 125.27 1.69| $ 28.0|$ 32.1
-22.5 0 177.01 118.90 83.88 118.90 1.69| S 266 | S 30.4
-17.5 0 167.23 112.52 78.79 112.52 1.69| S 25.11(S 28.7
-12.5 0 157.45 106.14 73.71 106.14 1.70| $ 236 | S 27.0
-7.5 1 147.67 99.77 68.63 99.77 1.70| $ 22218 25.3
-2.5 13 137.89 93.39 63.54 93.39 1.70| $ 20.7 | S 23.5
2.5 36 128.11 87.01 58.46 87.01 1.70| $ 19.2[$ 21.8
7.5 45 118.33 80.64 53.38 80.64 1.71| $ 17.7] S 20.1
12.5 113 108.55 74.26 48.29 74.26 1.71] S 16.3($ 18.4
17.5 222 98.77 67.88 43.21 67.88 1.71] S 148 (S 16.7
22.5 367 88.99 61.51 38.13 61.51 1.72| S 13.3($ 14.9
27.5 373 79.21 55.13 33.04 55.13 1.73| S 11.9(S 13.2
325 764 69.43 48.75 27.96 48.75 1.74| S 104 |$ 11.5
375 814 59.65 42.38 22.88 42.38 1.76| S 89S 9.8
42.5 727 49.87 36.00 17.79 36.00 1.78| S 75|S 8.1
47.5 668 40.09 29.62 12.71 29.62 1.82| S 6.0|S 6.3
52.5 480 30.31 23.25 7.63 23.25 1.93| S 45]|S 4.6
57.5 748 20.53 16.87 2.54 16.87 2.44| S 3.1 2.9
62.5 831 13.68 13.68 0.00 13.68 0.00| $ 2118 2.1
67.5 902 13.68 13.68 0.00 13.68 0.00| $ 211 2.1
72.5 538 13.68 13.68 0.00 13.68 0.00| $ 211 2.1
77.5 603 13.68 13.68 0.00 13.68 0.00| $ 2.11(S 2.1
82.5 358 13.68 13.68 0.00 13.68 0.00| $ 2118 2.1
87.5 134 13.68 13.68 0.00 13.68 0.00| $ 211 2.1
92.5 23 13.68 13.68 0.00 13.68 0.00| $ 211(S 2.1
97.5 1 13.68 13.68 0.00 13.68 0.00| $ 2.11(S 2.1
102.5 0 13.68 13.68 0.00 13.68 0.00| $ 2118 2.1
Heating Only PRE-Retrofit POST-Retrofit| Savings Summary Statistics
Total Heat (kWh/yr) 9,555 5,944 3,611 4.78 Fuel kWh per sq ft per yr
- - 16.3 Htg MBtu per sq ft per yr
Total Heating Costs $1,433 $892 $542 38% Reduction in Fuel Use
Implied Seasonal COP 1.8 5,042 Measured HP for Htg (kWh/yr)
HP Electric (kWh/yr) 4,739 106% Measured as % of Typical yr

The implied COP in this case is calculated from:

COP

( KWhpre — KWhpost + kWhnp ) [ kWhp = (9555 — 5944 + 4739) | 4379

Table 23 factors in the amount of resistance heating measured during the post-retrofit period into
the calculations and separately determines the efficiency for the heat pump alone and the heat pump
with resistance heat. An implied COP including resistance heating is provided. The implied overall
COP of 1.7 was just slightly lower by this method. The COP for the ccASHP alone was 1.8. The

savings of $604 calculated by this method are used as summary values in the next section (Table 26).
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COPasHP

( kWh pre — kWh post,resistance ) / kWhp ( 9555 - 791 ) 14379

COP Overall

( kWh pre ) l( kWhp kWh post,resistance)

9555 / (4379 + 791)

Table 23. Alternate Procedure for Determining the Implied COP with and without Resistance
Heat at S2

Heating Only PRE-Retrofit | POST-Retrofit Savings

Resistance (kWh/yr) 9,555 791 8,764
ASHP (kWh/yr) 4,739 (4,739)
Total Heat (kWh/yr) 9,555 5,530 4,025
Total Heating Costs $1,433 $829 S604
Implied ASHP COP 1.8
Overall COP Including Resistance 1.7

3.4 Summary of Heating Results for All Sites

The per-site analysis shown in the previous section for three sites was repeated for all 20 test sites
(the per-site analysis is given for each site in appendix C). Tables 24 and 25 summarize the results

for all 20 sites. Some parts of the analysis could only be completed for 15 of the test sites.

3.4.1 Measured Electric Use

Table 24 summarizes annual electricity use at all of the sites. Total house electric use in Table 24 was
measured at each site except for S4 (where CTs could not safely be installed). Total power consumption
of the installed ccASHPs was measured at all sites. For the two sites with ducted ccASHPs, the power
use of the air handler unit (AHU) was also measured and included in the total heat pump power. At the
electrically heated sites (S2, S4, S11, S16, S19), the team also measured the dedicated resistance heat
circuits to determine how much electric heat was still used after the ccASHPs were installed. S20 was

heated primarily by propane, but also used some electricity in the basement, so the resistance heat was

measured as well.

Nine sites had photovoltaic solar arrays installed. The solar sites generally produced slightly less than

the expected amount of energy: the average full-load hours (annual kWh divided by array size in kW) was
976 hours, compared to values of 1100—1300 hours often used in the typical proposal proforma offered to
consumers. The solar inverter at S12 actually consumed 126 kWh of parasitic power annually, reducing
the gross power production from 1,676 kWh to 1,550 kWh. This parasitic consumption was 7.5% of the

gross output. The inverters at other sites had little or no parasitic consumption.
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Table 24. Summary of Post-Retrofit Electricity Use at Each Site

Site | Days of House Total HP | Winter HP | Summer HP | Resistance Solar
Data Energy Energy Energy Energy Use Heat Output
Use Use Use (kWhlyr) Energy Use (kWhlyr)
(kWhlyr) (kWhlyr) (kWhlyr) (kWhlyr)
S1 365 6,785 3,745 3,724 21 - 3,895
S2 365 10,653 5,371 5,042 329 791 -
S3 365 10,220 4,413 3,416 997 - 3,597
S4 365 Not available 4,876 4,745 132 861 -
S6 366 10,633 4,472 3,968 504 - -
S7 364 20,268 11,567 10,810 757 - -
S8 359 10,067 3,478 2,851 628 - -
S9 365 8,989 1,837 1,523 315 - -
7,890
S11 366 13,901 5,540 5,053 487 - -
S12 365 6,534 2,732 2,451 281 - 1550
S14 359 17,585 9,898 8,680 1,218 - 7,004
S15 366 58,870 16,425 11,581 4,844 - -
S17 366 9,617 1,670 1,419 251 - -
S18 359 10,001 6,251 5,507 744 - 11,643
S19 366 21,325 8,806 7,676 1,130 1,204 8,237
S20 366 16,576 6,758 6,000 758 8,061 -
Avg 14,836 6,252 5437 814

Notes: Total house not measured for S4. Sites with less than a full year of contiguous data shown in grey.

Summer HP use corresponds to June through September. Winter corresponds to the remainder of the year.

At eleven sites we also measured the electric use of the electric water heater (EWH) tank or the heat

pump water heater (HPWH) tank. Table 25 shows the monthly energy use profile across the year. The

data is from different 12-month periods for each site. The results show the expected variation in electric

use as colder entering water temperatures in the winter result in higher electric use. HPWH units tend

to use less electricity, although since hot water use is not measured, it is not possible to make direct

comparisons between sites to estimate HPWH efficiency. However, the average for the six active

EWH sites (excluding S20) was 2,241 kWh per year while the average for the two HPWH sites with

around-round operation was 1,041 kWh per year. The hybrid HPWH sites included S8 that normally

uses the boiler in the winter for DHW, so it only runs the HPWH in the other months. The monthly

HPWH electric use goes to zero in the summer for S12, indicating that the house has a solar collector

for hot water.
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Table 25. Summary of Domestic Hot Water Use at Sites Where Measured

HPWH- HPWH

EHW EHW | HPWH | Summer | EHW | +Solar | EHW EHW HPWH EHW EHW

S2 S3 S7 Only S8 S11 S12 S15 S16 S17 S19 S20

Jan 203.4 170.8 150.5 - 317.7 97.2 222.0 181.8 68.8 205.1 5.0
Feb - 165.6 129.9 - 296.9 84.5 2441 148.6 53.1 170.1 4.6
Mar 70.4 112.4 140.6 - 282.0 39.5 2723 102.2 73.9 206.4 54
Apr 174.9 184.2 117.9 28.3 383.4 0.1 278.0 147.8 85.2 177.9 5.0
May 182.8 122.0 98.8 41.4 315.8 - 269.1 159.6 7.7 186.9 4.9
Jun 127.9 110.9 87.5 55.9 256.0 - 324.5 126.6 70.1 170.0 4.6
Jul 142.6 87.6 67.8 44.0 172.3 26.9 293.9 57.3 163.7 5.7

Aug 136.0 118.1 58.5 40.9 189.8 58.4 287.3 | missing | 66.1 142.8 5.4

Sep 135.2 99.2 65.9 43.5 200.2 65.6 227.5 data 73.7 167.5 4.8

Oct 168.2 127.3 95.4 49.5 227.9 85.8 236.1 1071 81.0 148.1 4.9

Nov 184.0 149.6 107.6 - 255.0 92.3 254.4 147.2 62.0 201.0 4.7

Dec 193.1 150.1 134.7 - 296.3 92.7 230.9 180.7 58.3 204.3 52

Annual | 1,719 1,598 1,255 304 3,193 643 3,140 1,652 827 2,144 60

3.4.2 Estimated Savings, Fuel Reductions, and Implied Coefficient of
Performance

Table 26 compares key characteristics for each site to higher level calculated results. The nominal
capacity of the installed heat pumps is shown along with the number of outdoor and indoor sections
(No. out/No. in per tons). The annual space heating load is determined using the pre-retrofit fuel-use
trends in the bin analysis to isolate the portion of the annual fuel use that is attributable to space heating
in a typical year. The result is normalized per square foot of floor area. The space heating loads range
from 12.8 to 77.1 thousand British thermal units (Mbtu) per sq ft per year, with an average of 32 and a

median of 31. Other results include:

e  The team members also show the annual electric consumption of the ccASHP for
heating normalized per installed ton, determined from the bin analysis with typical year
data. Consumption for heating ranged from 563 to 4,201 kWh per nominal cooling ton,
with an average of 1,805 and a median of 1,369.

e  The percentage in heating fuel reduction before and after ccASHP installation is also given
and compared to the original replacement strategy. For consistent comparison across heating
fuels, the electric fuel reduction is only for the resistance heating and does not include impact
of added electric use by the heat pump. In a few cases the ccASHP was expected to displace
all of the fuel use but did not (S8). In other cases, the ccASHP system was only intended
to displace part of the fuel-fired system but ended up displacing all fuel use (S12).
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e  The heat pumps at S8 did not run as much as expected for the first winter, only displacing
33% of fuel use. In the second winter, the homeowners changed their boiler thermostat settings
(based on coaching by the EFG team) so that the ccASHPs met more of the heating load and
displaced 61% of fuel use. Therefore, the table shows three separate values for S8 for all the
data combined and the first and second winters.

Five sites (S5, S9, S12, S15 and S17) were deemed to have issues with the pre- or post-retrofit results and
therefore some of the calculated values for implied COP, the percent heating seasonal performance factor
(HSPF), and cost savings are not given. The specific reasons for excluding the results for these sites are

summarized in Table 27. The data given for the 15 included sites show that:

e  The implied heating COP is calculated using the change in fuel consumption, the assumed fuel
conversion efficiency and the ccASHP power use. This approximate value ranges from 1.6 to
2.9 for the 15 sites with an average of 2.1. Two of the HPs were ducted units with resistance
heating elements (S14 and S18). In these cases, resistance use was included with HP power.
For these sites we corrected the COP slightly to eliminate the impact of resistance heat from
the COP.

e  The implied heating COP is divided by the rated HSPF value for each site to determine
the percent of HSPF. HSPF is known to be a poor predictor of seasonal heating efficiency,
especially in colder climates such as New York State. The values range from 48 to 80%, with
an average of 63%.

e  Cost savings are also given in the table. These are calculated using the regional utility and fuel
costs. Cost savings are highest for the sites with expensive fuels (electric, propane, and fuel oil).
Savings compared to natural gas are typically less than zero.

Anecdotally, the homeowner at S4 reported that she kept the temperature setpoint very low

(reportedly 60°F or lower) when she had electric resistance heat prior to heat pump installation.

The space temperature data in appendix C for this home showed a highly variable setpoint—with

HPs installed, the average setpoint was near 65°F. In spite of this “take-back-effect” of higher setpoints
with the HP, the implied COP of 2.3 for the HP was above the average value of 2.1.

49



Table 26. Summary of Heating Results for All Sites

Site City Pre-Retrofit ASHP Original Space Htg ASHP Percent Fuel Implied | Percent | Annual
Fuel (No. out/No. | Replacement Load Heating Reduction COP | of HSPF | Costs
in Strategy (MBtu/ Use Savings
per tons) ft2-yr) (kWh/ton)
S1 Albany Gas 1/1/15 Partial 37.0 2,570 57% 24 80% -$119
S2 Cottekill Electric 1/2/25 Partial 16.3 1,895 92% 1.8 55% $604
S3 Athens Qil 1/3/3.0 Partial 27.6 1,369 67% 2.6 80% $359
S4 Germantown Electric 1/1/1.25 Partial 28.1 4,201 93% 2.3 65% $802
S6 Albany Gas (HE) 3/3/3 Full, remain 241 1,560 94% 2.4 65% -$194
S7 Sleepy Hollow Gas 2/6/4.0 Full, remain 44.3 2,581 100% 2.2 75% -$686
S8 Coxsackie Ol 4/4/3.0 Full, remain 38.0 1,304 42% (all data) 1.9 50% $89
1,073 33% (1st winter) 1.7 45% $11
1,748 61% (2nd winter) 19 50% $100
S10 Stone Ridge Qil 6/6/5.25 Full, remain 15.2 978 100% 1.9 52% $8
S11 New Paltz Electric 5/5/14.25 Full, remain 32.3 1,199 100% 2.4 63% $1,011
S13 West Hurley Qil 3/3/35 Full, remain 22.8 1,369 69% 1.9 52% -$10
S14 Esopus Propane (HE) 2 /Duct /6.0 Full 34.8 1,549 100% 2.9 98% $1,331
S16 Claryville Electric 3/3/4.0 Full 241 3,319 98% 1.6 46% $1,277
S18 Gardiner Qil 1/Duct/ 3.0 Full, remain 41.2 2,083 64% 1.8 56% -$95
S19 Marlboro Electric 5/5/5.25 Full 34.8 1,221 92% 1.9 52% $839
S20 New Paltz Propane 5/5/55 Full 29.3 1,170 100% 1.8 49% $369

Results were excluded for five sites for the reasons given in Table 27
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Table 27. Five Sites Where Savings and Implied Coefficient of Performance were Excluded

Site Implied Reason or Issue
COP
S5 >8 Changes in ownership/occupancy resulted in a very poor pre-post comparison.
Likely due to differences in setpoints and/or usage patterns between the
occupants.
S9 1 Propane delivery dates were only given to nearest month, so the exact fuel
delivery periods could not be determined.
S12 5.8 Changes in secondary fuel use (i.e., wood use) between the pre- and post-
periods appear to have confounded the results.
S15 2.4 We do not have pre-retrofit propane use before the first ASHP was installed
in 2013.
S17 3.0 There were no post-retrofit oil bills for this site. Site also used a pellet stove as a

secondary fuel in both the pre- and post-periods.

Table 28 summarizes the results for all 20 sites by heating fuel. The space heating load and percent

fuel reduction are given for each pre-retrofit fuel. The houses with more expensive fuels (electric and
propane) tended to require less space heating per square foot—as might be expected as homeowners
with more expensive costs would strive over time to lower their usage via either envelope improvements

or energy conservation.

Table 28. Results by Fuel Type—All Sites

Pre-Retrofit No. of Spacing Heating Load Percent Fuel
Fuel Sites (MBtu/ft2-yr) Reduction
Oil 7 34.2 66%
Natural Gas 4 45.6 71%
Electricity 5 271 95%
Propane 4 23.0 84%
Total / Avg 20 32.5 78%

The breakdown by pre-retrofit fuel is shown in Table 29 for the 15 included sites where COP and savings
could be determined. The homes that use more expensive fuels tended to displace more of their fuel use.
The average implied COP is 2.1 and there is no significant variation in the implied COP with fuel type.
As mentioned above, cost savings per installed ton are mostly dependent on the cost of the pre-retrofit
fuel, and to the degree of fuel reduction as a secondary effect. Cost savings per ton were highest for the
electric sites, followed by propane and fuel oil. Natural gas does not result in positive savings because

of its low cost.
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Table 29. Results by Fuel Type—15 Included Sites Where Savings Could Be Calculated

Pre-Retrofit No of Percent Implied COP Percent of Cost Savings
Fuel Sites Fuel HSPF per ton
Reduction

o]] 5 68% 2.0 58% $23.30
Natural Gas 3 84% 2.3 73% -$105.30
Electricity 5 95% 21 58% $320.10
Propane 2 100% 2.3 73% $144.50
Total / Avg 15 85% 21 63% $112.70

Table 30 shows the results breakdown by region. COPs were not systematically higher in warmer
climates as might have been expected. In fact, the opposite was true: COPs are slightly higher in Albany.
This may imply that partial-load operation of the HPs at milder conditions in colder climates may result
in higher overall average COPs. The regional differences in fuel and electricity prices were overwhelmed

by the much larger differences in cost by fuel type as shown in Table 29.

Table 30. Results by Region—15 Included Sites Where Savings Could Be Calculated

Region No. of Implied Percent of Heating Cost
Sites Heating HSPF Savings per
COoP ton
Albany/National Grid 5 23 68% $129.30
Newburgh/Central Hudson 9 20 59% $135.0
New York/Con Ed 1 2.2 75% -$171.60
Total/Avg 15 2.1 63% $112.70

The heating analysis described above was careful to only consider the change in space heating fuel
use. However, in some cases we did note that when the fuel-fired boiler was fully removed—and a
new electric DHW system was installed to replace it—there was a significant drop in baseline or
non-space-heating fuel use. For the propane sites, baseline use averaged 1.8 gallons per day and ranged
as high as 2.8 gallons per day. For natural gas, the average baseline use was 0.7 therms per day with

a maximum of 1.4 therms per day. For both propane and natural gas, the baseline use may have also
served other loads in addition to DHW such cooking, clothes driers, etc. For oil, where the baseline
use could only be associated with DHW, the average was 0.4 gallons per day with a maximum of

0.7 gallons per day. In contrast, the hypothetical fuel use to make 50 gallons of hot water per day
would be 0.4 therms of gas, 0.4 gallons of propane, and 0.3 gallons of oil. While it is difficult to make
a definitive judgement since actual hot water use was not measured, it appears that getting rid of a
fuel-fired boiler entirely may eliminate significant standby losses on an annual basis and provide

even greater annual savings.
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3.4.3 Installed Costs and Cost-Effectiveness

Table 31 shows the installation costs (after incentives) from Table 6 and compares it to the annual

cost savings to determine simple payback. The simple payback for the five sites replacing electric heat
ranged from 6 to 14 years, with an average of 12 years. For the two oil-heated sites the best payback
was 32 years with an average over 200 years. The average simple payback for the two propane sites
was 25 years. None of the three gas sites had a simple payback that was positive since none of the sites

had positive savings.

Table 31. Installed Costs with Site Specific Comments

_ _ Pre-Retrofit Annual |Installed Cost _
Site City Costs after Simple Payback
Fuel Savings | Incentives
S1 Albany Gas -$119 $4,873 <0
S2 Cottekill Electric $604 $8,495 14
S3 Athens Oil $359 $11,450 32
S4 | Germantown Electric $802 $4,490 6
S6 Albany Gas (HE) -$194 $8,950 <0
S7 | Sleepy Hollow Gas -$686 $22,600 <0
S8 Coxsackie Oil $100 $10,615 106
$5,105
S10| Stone Ridge Qil $8 $5,450 681
S11 New Paltz Electric $1,011 $12,493 12
$2,488
S13| West Hurley Qil -$10 $10, 375 <0
S14 Esopus Propane (HE) $1,331 $21,900 16
S16 Claryville Electric $1,277 $10,650 8
$2,550
S18 Gardiner Qil -$95 $9,400 <0
S19 Marlboro Electric $839 $14,208 17
S20| New Paltz Propane $369 $12,615 34
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3.4.4 Greenhouse Gas Impacts from Heating Savings

We also used the measured energy savings to predict the reduction in GHG emissions resulting from
the ccASHP system installations. We used the eGrid 2018 data for upstate New York to determine
GHG emissions from electric use.” eGrid publishes the overall average emissions rate as well as the
non-baseload emission rate. Generally, in GHG analyses for building efficiency technologies, we use
the non-baseload emission factors to determine the impact of the marginal change in energy use. The
non-baseload factors are higher than the overall average emission factors, since they reflect the impact
of incremental or marginal changes in energy use. For upstate New York, the overall average factor is
0.254 1b of CO, equivalent for each kWh. The non-baseload factor is 0.924 1b of CO, equivalent per
kWh. GHG CO; equivalent factors for the fossil fuels are 11.7 1b/therm for natural gas, 12.8 Ib/gal

for propane and 22.4 1b/gal for fuel oil.

Table 32 shows the resulting GHG emission reductions for each site in absolute terms as well as
normalized per installed nominal ton, using both the overall average and non-baseload GHG emission
factors. GHG savings are only shown for the 15 sites where savings could be calculated (see the notes at
the bottom of Table 26). The average GHG savings are 4,499 1b CO, equivalent per year using the overall
average emission factor (0.254 Ib/kWh). The average value normalized for HP size is 1,304 Ib/ton-yr. The
average GHP savings are 3,274 Ib CO, equivalent per year using the non-baseload factor (0.924 1b/kWh).

The average value normalized for HP size is 1,093 1b/ton-yr.
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Table 32. Greenhouse Gas Emission Savings at 15 Included Sites Where Savings Could Be

Calculated
GHG Savings Normalized GHG Savings
(Iblyr) (Iblyr per installed ton)
Site Pre- Annual Annual Overall Avg Non- Overall Avg Non-
Retrofit Fuel HP based on baseload based on baseload
Fuel Savings Electric | 0.254 Ib/kWh | based on | 0.254 Ib/kWh based on
Use (kWh) 0.924 Ib/kWh 0.924 Ib/kWh
S1 therms 400 3,854 3,700 1,078 2,466 719
S2 kWh 4,025 4,739 1,022 3,760 409 1,504
S3 gallons oil 337 4,107 6,512 3,719 2,171 1,240
S4 kWh 6,875 5,251 1,746 6,421 1,396 5,137
S5 therms
S6 therms 426 4,679 3,794 612 1,265 204
S7 Therms 983 10,325 8,875 1,853 2,219 463
S8 gallons ol 219 3,912 3,921 1,261 1,307 420
S9 propane
S10 | gallons oil 290 5,136 5,195 1,702 990 324
S11 kWh 6,740 5,095 1,711 6,295 403 1,481
S12 gallons oil
S13 | gallons ol 264 4,791 4,698 1,439 1,342 411
S14 propane 1,117 9,293 11,925 5,605 1,987 934
S15 propane
S16 kWh 8,517 13,277 2,162 7,954 541 1,989
S17 | gallons oil
S18 | gallons oil 314 6,250 5,449 1,198 1,816 399
S19 kWh 5,593 6,409 1,420 5,224 270 995
S20 propane 547 6,433 5,359 984 974 179
AVG 4,499 3,274 1,304 1,093

Note: Results only given for 15 sites where savings could be calculated. GHG CO2 equivalent factors for the fossil
fuels are 11.7 Ib/therm for natural gas, 12.8 Ib/gal for propane and 22.4 Ib/gal for fuel oil. GHG savings for
fuels = [fuel savings] x Kf — [HP electric] x Ke. GHG savings for electric = [Net electric savings] x Ke

Table 33 summarizes the GHG savings by base fuel type normalized per installed ton. Using the overall

average GHG factor (0.254 1b/kWh) results in greater savings for the fossil fuel cases and smaller savings

when ccASHPs replace resistance electric heat. The non-baseload GHG emissions factor (0.924 1b/kWh)

results in higher GHG savings for the electric heat cases, since more carbon is associated with the

electric grid.
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Table 33. Normalized Greenhouse Gas Savings by Fuel Type—15 Included Sites Where Savings
Could Be Calculated

Normalized GHG Savings
(Iblyr per installed ton)
Pre-Retrofit No. of Overall Avg | Non-baseload
Fuel Sites based on based on 0.924
0.254 Ib/kWh Ib/kWh
Ol 5 1,525 559
Natural Gas 3 1,983 462
Electricity 5 604 2,221
Propane 2 1,481 556
Avg 15 1,304 1,093

3.5 Impact on Cooling

At some sites, the ccASHPs installed at the site displaced a central cooling system or window air
conditioners that had been used previously. At other sites, the home had cooling available for the

first time with the ccASHPs installed. Table 34 shows the original cooling systems details for each

site, as well as heat pump energy use in June through September from Table 24—which we used as an
approximate estimate for the energy use associated with cooling. There are wide variations in the amount
of energy used for cooling, ranging from 277 kWh at S16 to 4,844 kWh at S15. One site (S1) did not have
any cooling at all with the ccASHPs (they continued to use the original central AC). The average of the
remaining 19 sites for cooling was 857 kWh. The median was 628 kWh for cooling. The wide range

of cooling energy use is clearly driven by occupant behavior and choice, but also can be driven by the
electricity consumption within the house (defined as total house use minus HP, resistance heat, and DHW
use). Figure 15 shows the normalized cooling energy use per square foot compared to the internal gains
per square foot. Clearly the very highest cooling energy use is associated with large internal gains (sites
15 and 19). However, the trend was not as well correlated at the other sites with lower internal gains.

We also found that the houses with the highest internal gains also had among the lowest normalized

heating loads.
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Table 34. Cooling Equipment and Energy Use at Each Site

Site Pre-Retrofit Cooling Pre-Retrofit | Pre-Retrofit ASHP ASHP Energy
System Cooling SEER or Summer kWh per sq ft
Capacity EER Energy per year
(MBtu/h) (kWh)
S1 Central AC 30 8 21 0.01
S2 Room AC - - 329 0.16
S3 Central AC 36 9 997 0.50
S4 Room AC 12 - 132 0.08
S5 None - - 1,107 0.48
S6 Central AC-Not Serviceable - - 504 0.30
S7 Room AC 57 - 757 0.43
S8 None - - 628 0.39
S9 None - - 315 0.17
S10 None - - 515 0.23
S11 Room AC 12 8.4 487 0.39
S12 Room AC 8 9 281 0.19
S13 Room AC 20 9 1,002 0.51
S14 Central AC 24 15 1,218 0.47
S15 Central AC 30 - 4,844 0.75
S16 None - - 277 0.11
S17 Room AC 16.5 11 251 0.13
S18 Central AC 36 13 744 0.54
S19 Room AC - - 1,130 0.75
S20 Central AC-Inactive - - 758 0.57
Note: Shaded rows indicate cooling was not previously provided.
Figure 15. Internal Gains Versus Cooling Energy Use
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The team also looked for pre-retrofit total house electric trends at all the sites to determine if the
temperature-dependent energy consumption associated with cooling could be discerned. At S18,

a site with central air conditioning (AC), there was some correlation and developed a linear trend of
cooling energy use with outdoor temperature (see the detailed cooling analysis of S18 in appendix C).

A similar linear trend of ccASHP energy use in the summer months (post-retrofit) was then developed.
When a bin analysis for cooling with these two trends was complete, the prediction was that there would
be no cooling savings of the new ccASHP compared to the original central AC that was estimated to

be a 13 seasonal energy efficiency ratio (SEER). Even though the new ccASHP had a rated SEER of
17.8 Btu/Wh, no energy savings could be detected. At the other sites a strong pre-retrofit linear trend

was not discernable enough to determine cooling savings using the bin analysis.

This finding is consistent with results from lab-based studies and other analyses that have shown

that SEER values over-predict actual seasonal efficiency for various types of heat pumps. Results

from lab-based studies of load-based laboratory testing procedures developed as part of the Canadian
Standards Association (EXP07:19) that have shown current SEER values over-predict actual seasonal
cooling efficiency for various types of heat pumps (Harley 2020). Similarly, a detailed bin analysis using
NEEP-listed data for cold-climate air source heat pumps in the white paper developed to support the NY
Technical Resource Manual (Henderson 2020) showed similar discrepancies between the rated SEER
and the predicted seasonal cooling performance. In general, the very high SEER ratings of many ductless
ccASHP do not actually result in higher seasonal cooling efficiency to the degree the SEER rating

would suggest.

3.6 Observed Space Temperatures

Table 35 and Table 36 summarize the measured space temperatures in the winter and summer seasons.
Appendix C provides plots of the space temperature data for each site. The standard deviations in each
period are also given in the tables. Generally, temperatures were within expectations and any variations

were presumably driven by occupant preference.
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Table 35. Measured Space Temperatures and Standard Deviation in Heating Season—November

through March

Living Room
Avg & Std Dev (F)

Master Bedroom
Avg & Std Dev (F)

Kitchen

Avg & Std Dev (F)

Other

Avg & Std Dev (F) & Space

S1 66.5 1.9 61.1 3.3

S2 70.0 2.8 64.1 3.9

S3 65.7 3.7 64.4 2.7

S4 64.2 4.1

S5 69.7 4.6 71.4 4.6 708 | 2.5 Apartment (2nd fIr)
S6 67.7 26 67.7 | 2.6 Basement Bedroom
S7 69.9 2.0 69.8 | 2.0 Family Room
S8 65.5 29 67.6 3.8 65.7 | 3.3 Guest Room

S9 69.5 2.4 61.2 4.1 709 | 3.3 Upstairs Office
S10 69.5 4.7 66.8 4.9 65.6 | 4.5 Bedroom/Office
S11 72.8 21 72.6 1.8 716 | 24 Finished Basement
S12 73.2 1.9 70.6 2.0 724 | 21 Second Floor Hall
S13 64.8 1.8 75.0 2.7 72.7 | 3.0 Guest Bedroom
S14 67.7 1.1 64.5 2.0 721 | 2.3 Basement Living
S15 724 3.1 66.8 3.5 714 | 6.1 Bedroom

S16 70.9 71 740 | 21 Finished Basement
S17 70.0 43 70.2 3.7 70.5 5.4

S18 69.1 1.3 69.3 1.0 69.1 | 1.9 Finished Basement
S19 72.4 2.2 72.8 1.3

S20 73.3 1.4 732 | 1.6 Hallway / Bedroom

59




Table 36. Measured Space Temperatures and Standard Deviation in Cooling Season—June

through August

Living Room Master Bedroom Kitchen Other

Avg & Std Dev (F) Avg & Std Dev (F) Avg & Std Dev (F) Avg & Std Dev (F)and Location
S1 75.3 3.5 74.3 3.7
S2 75.9 27 771 3.6
S3 741 3.7 73.0 3.2
S4 73.0 3.3
S5 75.2 2.4 74.4 3.0 751 | 3.2 Apartment (2nd fIr)
S6 77.6 2.3 75.1 1.6 727 | 2.2 Basement Bedroom
S7 Family Room
S8 67.0 23 70.6 1.8 726 | 3.4 Guest Room
S9 78.0 2.8 75.2 3.8 796 | 3.6 Upstairs Office
S10 73.6 1.3 72.8 1.3 745 | 1.5 Bedroom/Office
S11 72.4 1.9 721 1.7 717 | 1.8 Finished Basement
S12 72.0 29 72.7 3.3 Second Floor Hall
S13 67.2 1.8 69.3 1.8 69.3 | 3.0 Guest Bedroom
S14 75.0 21 74.2 2.8 716 | 1.4 Basement Living
S15 71.3 2.1 68.5 1.8 744 | 3.1 Bedroom
S16 74.9 53 694 | 2.2 Finished Basement
S17 76.1 3.5 78.0 4.2 77.3 3.7
S18 77.8 3.0 76.5 2.7 748 | 1.7 Finished Basement
S19 72.6 2.2 71.0 2.3
S20 73.1 1.1 734 | 0.8 Hallway / Bedroom

3.7 Electric Demand Profiles for Heating and Cooling

The average demand profiles for all of the heat pumps at S3 are shown in Figure 16. The daily profiles

shown on the plot correspond to days with similar outdoor temperatures that were grouped together and

averaged. For the heating plot at the top of Figure 16, the blue line corresponds to a temperature of 10°F

and includes days in which the average outdoor temperature was between 5°F and 15°F (£5°F). As shown

at the bottom of the plot, there were six days that met this criteria and were averaged together. Similarly,

there were 31 days that were averaged together to make the average profile at 20°F.
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If we normalize the demand profiles by dividing by the installed tons (i.e., the nominal rated cooling
capacity), then we can combine and compare the average demand profiles from each site. Figure 17
shows demand profiles from all the sites that correspond to 10°F. For each site, the electric demand (kW)
is divided by the installed tonnage to determine the normalized demand. Note that for two of the 20 sites,
the heat pump power also includes some electric resistance heat. The daily profile for each site is based
on a different number of days and shown by a colored line. The thick black line is average normalized
demand for all the sites at daily average temperatures of 10°F (or between 5°F and 15°F). The average
profile is weighted based on the number of days associated with each site. A total of 62 days were used

to make this weighted-average profile of the normalized demand at 10°F, from all of the sites.
Figure 18 similarly shows the normalized demand profiles for each site at 80°F (or between 75°F and

85°F). The weighted average, shown as the thick black line, in this case, is based on 711 days when

the daily average temperature criteria was met.
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Figure 16. Average Demand Profiles for S3, Grouped by Days with Similar Outdoor Temperatures

AVG Heating Profiles: EFG S3 - 1 Qutdoor, 3 Indoor, 3.0 tons total
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Figure 17. Normalized Demand Profiles for all Sites Combined at an Outdoor Temperature of 10°F
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Figure 18. Normalized Demand Profiles for all Sites Combined at an Outdoor Temperature of 80°F
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Figure 19 repeats the process for each winter daily temperature bin and shows the average normalized
demand at each temperature. Table 37 shows the 24 normalized demand values for each hour of the

day at each temperature.

Figure 19. Normalized Demand Profiles for all Sites at Various Winter Temperatures

Number of days and number of sites given in parentheses.
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Table 37. Normalized Demand Profiles for Heating

Data from Figure 19.

Temp (F) Average Normalized Demand for Each Hour - 1 to 24
(kW per nominal ton)
0 0.55 0.60 0.59 0.65 0.67 0.69 0.77 0.78 0.76 0.76 0.78 0.74
0.72 0.67 0.67 0.73 0.74 0.76 0.75 0.71 0.77 0.72 0.69 0.65
10 0.59 0.65 0.65 0.69 0.72 0.73 0.78 0.78 0.77 0.74 0.74 0.69
0.69 0.64 0.66 0.64 0.68 0.72 0.70 0.70 0.71 0.67 0.66 0.61
20 0.50 0.53 0.54 0.55 0.57 0.59 0.62 0.63 0.61 0.56 0.54 0.51
0.49 0.48 049 048 0.50 0.52 0.53 0.54 0.56 0.55 0.53 0.52
30 043 0.44 046 047 049 051 0.53 0.54 0.51 047 044 0.41
0.39 0.37 0.37 0.37 0.38 0.40 0.41 0.43 0.45 045 043 042
40 0.33 0.34 0.35 0.36 0.37 0.39 0.41 041 0.39 0.35 0.32 0.29
0.28 0.26 0.26 0.26 0.27 0.28 0.28 0.30 0.32 0.32 0.32 0.31
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The normalized demand profile corresponding to 0°F is essentially the same at the profile at 10°F,
indicating that heat pumps are all running continuously once the daily average temperature drops
below 10°F. The slightly lower demand for the 0°F profile in the early morning may imply that the
heat pump power is running continuously (without diversity) and has lower steady-state power

consumption due to the colder temperatures.

Figure 20 repeats this process for each summer temperature bin and shows the average normalized
demand at each temperature. Table 38 shows the 24 demand values for each hour of the day at each
temperature. The shape of the 60°F demand profile, with an early morning peak, implies it is mostly

driven by heating operation rather than cooling.

Figure 20. Normalized Demand Profiles for all Sites at Various Summer Temperatures

Number of days and number of sites given in parentheses.
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Table 38. Normalized Demand Profiles for Heating

Data from Figure 20.

Temp (F) Average Normalized Demand for Each Hour - 1 to 24
(kW per nominal ton)
60 0.08 0.08 0.08 0.08 0.08 0.09 0.09 0.10 0.09 0.08 0.07 0.06
0.06 0.05 0.05 0.05 0.05 0.05 0.06 0.06 0.06 0.06 0.07 0.07
70 0.05 0.04 0.04 0.04 0.04 0.04 0.04 0.05 0.06 0.05 0.05 0.05
0.05 0.06 0.07 0.07 0.08 0.08 0.08 0.07 0.06 0.06 0.05 0.05
80 0.07 0.06 0.06 0.05 0.05 0.05 0.05 0.07 0.08 0.09 0.10 0.12
0.14 0.16 0.17 0.19 0.20 0.20 0.20 0.17 0.15 0.13 0.11 0.09
90 0.11 0.09 0.09 0.10 0.08 0.07 0.07 0.09 0.12 0.16 0.20 0.26
0.28 0.29 0.32 0.31 0.32 0.31 0.30 0.29 0.28 0.26 0.20 0.14

The peak cooling demand profile at 90°F is consistently high between noon and 8:00 pm, as would
be expected. This cooling load shape is consistent with the overall utility load shape from the NY
Independent System Operator (ISO). In contrast, the peak generation from solar would be centered
around noon with a duration of approximately + 4 to 5 hours. Therefore, the electric generation
provided by solar, which is strongly biased toward the summer months, would not totally offset the
demand associated with cooling. Instead, the solar generation profile would offset cooling demand
in the early afternoon but leave the cooling demand after 4:00 to 5:00 pm. This is similar to the
so-called “duck curve” utility load profile that has been observed in California as more solar

generation has been added to the electric grid in recent years.?

The generalized demand profiles in the Tables 38 and 39, and Figures 19 and 20, may be useful for
understanding the impact that heat pumps will have on the electric grid. Each normalized demand
profile shows the average diversified electric demand (kW) per ton of installed cooling capacity at the
specified daily average temperature. This approach is expected to be more useful than the traditional
utility load research method of developing average demand profiles for each month and day type
(weekend/weekday). Clearly heat pump demand is primarily driven by temperature-dependent heating
and cooling loads, so temperature-dependent demand profiles are expected to provide utilities with more
complete understanding of demand impacts. These profiles also have the advantage of being somewhat
climate independent. Therefore, the data can be combined with typical year weather data for any New

York State city to generate annual demand profiles for that location.
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The process would include:

e  Determining the average daily temperature using the hourly Typical Meteorological
Year 3 (TMY3) data.

e  Determining the demand profile for each day by one of two methods: (1) assigning a
profile to each day using the £5°F temperature bin or (2) linearly interpolating each
hourly value of each profile based on the actual temperature.’

This process would be used to develop demand profiles for the entire year for any location. Then
traditional month-by-month, weekend/weekday profiles could be developed for a typical year

(or an actual year).

This same demand profile analysis for the sites in this report (identified as EFG in Figure 21 below)

was also completed for the 20 Brooklyn-Queens sites in The Levy Partnership (TLP) field test project
(NYSERDA Report 22-04). The plots in Figure 23 compare the average normalized demand profiles from
the EFG and TLP studies for winter days with the same average temperature. The profiles for the TLP
sites generally show a higher normalized demand than the EFG sites in the heating mode—especially for
the 10°F profiles. This difference may be due to the TLP sites that are sized to meet all the heating load,
while the EFG sites were only partial displacement systems meant to meet part of the heating load. This

might imply less heat pump capacity is available and running at the coldest conditions at the EFG sites.

Figure 21. Comparing Demand Profiles for The Levy Partnership and Energy Futures Group Sites
for the Winter
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Figure 21 continued

Profile for 10°F Day
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Figure 22 compares the normalized average profiles for the summer days with the same temperature.
The summer days have similar peaks for both locations but drop to lower values at night for the site in
this study. This might be due to the upstate locations having wider temperature variations or diurnal

swings for days with the same average temperature.

Figure 22. Comparing Demand Profiles for The Levy Partnership and Energy Futures Group
Sites for Summer
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Figure 22 continued
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4 Results: Customer and Contractor Surveys

This section presents the results from the customer surveys completed by Frontier Energy (FE).

It also includes the results of a survey of contractors completed by EFG.

4.1 Customer Survey Results

4.1.1 Survey Approach

FE administered a two-part survey of participating residents using SurveyMonkey®. A web survey was
first given around the time of the ccASHP (Web Survey 1) installations and then again 12 months later
(Web Survey 2). At some of these sites the team also followed up by phone with additional questions.
Not all respondents were asked all questions—those pertaining to quality of work, cost, and motivations
to proceed with the installation were only asked of homeowners. The survey instrument is available as

an addendum to the Performance Validation Plan in appendix D.

The survey results are presented below. FE received 19 responses on the Web Survey 1 and 19 on

Web Survey 2. Specific survey response results are provided in Table 39.

Table 39. Responses to the Surveys at Various Stages

Responses | Out of | Completion
Web Survey 1 19 20 95%
Phone Survey 1 8 10 80%
Web Survey 2 19 20 95%
Phone Survey 2 8 10 80%

Notes: S5 did not complete Web Survey 1 and S16 did not complete Web Survey 2.

The remainder of this section provides a summary of the findings that FE obtained through Web
Survey 1 and Web Survey 2. Web Survey 1 occurred around the time of installation of the heat pumps
and Web Survey 2 occurred after the heat pumps had been installed for at least one year. In all graphs,

the number of responses is shown on the bars in each chart.

Survey questions focused on seven key areas:

e  Customer’s decision process to install an air source heat pump (and consideration/decision
to install solar).
e  Customer’s satisfaction with the contractor and installation process.
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e  Customer’s experience with heating/cooling equipment maintenance.
e  Customer’s perceived comfort with heating/cooling equipment.

e  Customer’s experience operating the heat pump(s).

e  Customer’s satisfaction with the heating/cooling equipment.

e  Other feedback.

4.1.2 Decision to Install

9 ¢¢ 99 ¢

Participants were asked how important (“very,” “somewhat,” “not at all”’) a variety of factors were in
their decision-making process to install an air source heat pump system. The 15 factors that respondents
had to choose from can be broadly grouped as follows: two related to climate change, five related to
financial savings, six related to health/comfort, one related to feeling comfortable making the investment

“recommended by someone I trust” and one related to status image, or “modern, trendy technology.”

As shown in Figure 23, “reduced greenhouse gas emissions,” “ability to both heat and cool,” and “lower

operating costs” received the most “very important” responses at 76% of the respondents (13 out of 17).

The other factor that could also be considered to relate to climate change (“reduced peak load and need
for more electric generating plants”) only received 35% (six total) of respondents selecting these factors
as “very important.” This difference may be due to many homeowners’ lack of awareness about the role

peak demand plays in greenhouse gas emissions.

Thirteen out of 17, or 76%, of respondents also felt that the “ability to both heat and cool” and

“lower operating costs (save on energy bills)” were very important in their decision-making process.
Meanwhile, 10 out of 17 (or 59%) felt that “recommended by someone I trust” was also very important.
Having a system that was “quieter than existing heating/cooling system(s)”” was not at all important

to 10 respondents (59%), somewhat important to only five (29%) and very important to only two
respondents (12%).
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Figure 23. Importance of Factors in Decision to Install an Air Source Heat Pump System

Numbers represent the number of respondents who selected each option.
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Separate from the surveys discussed above, the following additional comments regarding motivation
to participate were recorded (these comments occurred during phone calls made with participants in

order to obtain their fuel records for data analysis purposes):

e  “Idid it to see if a heat pump can work on what is typical for the existing inventory of
housing in this country. I am a builder of zero energy homes and live in the last crappy
home I built (meaning what everyone else builds).”

e  “Iam very excited to have the opportunity to get off fossil fuels and use such wonderful
heating/cooling technology. Having a separate unit in three distinct parts of my house is
quite a luxury, as is being able to turn the fan higher/lower. This system gives me a lot
more control than my previous one. I appreciate all the rebates | was able to get for this
installation too.”



o  “I think that I am helping the environment by moving away from natural gas as the
heat source.”

After a year or more experience with the heat pump, phone calls were again made to obtain fuel

records. The following anecdotal benefits were recorded:

“We just sold the house and it's a desirable feature to advertise.”

e  “I think it’s generally a bit less stuffy, because there’s a fan on so much more often. I also
have more options for rearranging furniture because I don’t have to rely on the baseboards.”

e “I adore the heat pump in my bedroom because I can change its setting as I need to without
changing any other unit’s setting in the house. It's like having my own, personal high-efficiency
heating and cooling unit.”

e  “It seems like it's easier to breathe in my house.”

Customers were also asked whether they had considered installing solar and if so, why. All customer
participants had considered installing solar, with reduced greenhouse gas emissions and reduced costs
playing the most important roles in that consideration. Figure 24 shows how important certain factors
were for participants as they deliberated whether or not to install solar (the numbers represent the number
of respondents who selected each option). While 16 participants answered the question, “How important
were the following in your decision to install a solar PV system?” only nine sites actually had solar

(all had been installed prior to participating in the HVHPP). Additionally, pairing heat pump

installations with solar installations was considered the least important factor.

Figure 24. Importance of Factors in Decision to Install a Solar System
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4.1.3 Installation Experience

Customers were asked how satisfied they were with the work carried out by the heat pump contractor,
and how they felt about the installation process compared to an equipment replacement (e.g., replacing
an old boiler with a new boiler). As shown in Figure 25, homeowners were generally very satisfied with
the work carried out by the contractor, with no homeowner being dissatisfied. Assessing how invasive
the installation process was in comparison to replacing the existing heating system varied with most

agreeing it was less invasive or there was little to no difference (Figure 26).'°

Figure 25. Customer Satisfaction with Work Carried Out by Heat Pump Contractor

How satisfied or dissatisfied are you with the work carried out by the heat
pump contractor?

Very satisfied 12 Resp

Dissatisfied

Figure 26. Customer Experience with the Installation Process

How did you feel about the installation process comparedto an equipment
replacement (e.g. replacing your old boiler with a new boiler)

It was less invasive 7 Resp
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4.1.4 Maintenance Experience

Customers were asked about maintenance from three perspectives. First, the expected level of effort to
maintain the heat pumps in comparison to their original heating and cooling systems in Web Survey 1.
Second, how much effort it took them to maintain their original heating and cooling systems prior to the
heat pump installation, also asked in Web Survey 1. Third, in Web Survey 2 after they had at least a year
of experience with the heat pumps, the questions related to how much effort it took them to maintain the

new heat pumps.

As shown in Figure 27, participants experienced a greater improvement in the ease of maintenance of
their ccASHP system when compared to their prior heating and cooling systems. Thirty percent of the
participants expected heat pumps would be slightly more or much more difficult to maintain than their
original heating and cooling systems, followed by 47% expecting them to be slightly or much easier, and
the remaining 24% expecting the maintenance to be about the same. After a year or more of experience
with the ccASHP pump system, 63% stated it was slightly to much easier, with three stating it was “about
the same” and another three stating it was “slightly more difficult.” Not one respondent stated that it was

much more difficult than their original systems.

Figure 27. Expected and Experienced Level of Effort to Maintain Cold-Climate Air Source Heat
Pump in Comparison with Prior Heating and Cooling System

Number of Participants

Much more Slightly more About the same Slightly easier Much easier
difficult difficult

Expected Experienced
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Figure 28 supports this result, with participants overall finding the ccASHP system easier to maintain
than both the previous heating and cooling systems. Generally, customers felt that the level of effort
needed to maintain their original heating (53%) and cooling (41%) equipment was moderately to very
easy, as shown in Figure 26. The question pertaining to cooling equipment saw fewer responses since
many of the participants did not have any cooling system, or only used window units, prior to the
installation of the heat pumps. Almost all respondents felt that maintaining their heat pump was

“very easy” with two of the respondents maintaining their heat pump was “moderately easy.”

Figure 28. Perceived Levels of Effort to Maintain Previous Heating System, Previous Cooling
System, and Air Source Heat Pump System
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These results show that the participants felt that generally, maintenance was both easier than they
expected and easier than their conventional systems. This potential barrier to uptake could easily
be addressed by incorporating information on the ease of maintaining air source heat pumps

compared to other heating and cooling systems into potential customer outreach campaigns.

When asked in the final survey if they gained any unexpected benefits or experienced any unexpected

problems, respondents had the following to say:

e  “Ilike the ease of cleaning the filters.”
e “No problems, but do need to remind myself to clean the filters which are different left
and right.”
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4.1.5 Perceived Comfort

Customers were asked a series of questions related to comfort. Web Survey 1 asked whether their
desired temperature was reached with their original heating/cooling system prior to the heat pump
installation. Web Survey 1 also asked what their expectations were in terms of the heat pump system
providing them with desired temperatures for both heating and cooling. Web Survey 2 asked how the
heat pump performed during winter and how this compared to their original heating system as well as
how the heat pump performed during summer and how this compared to their original cooling system.

Finally, participants were asked whether they had noticed any temperature change in their basements.

Overall, most participants found that their heat pumps maintained winter temperatures about as
expected, though some did feel that it was worse. As Figure 29 shows, 73% of the participants (14 out
of 19) expected the heat pumps to maintain their desired heating temperature slightly or much better
than their original heating system, with five respondents (26%) expecting it to be about the same. All

but three respondents (16%) said that the heat pump system performs at least as well as their previous
heating system, and only one respondent (5%) said that the heat pump system performs at least as well as
their previous cooling system. The one “much worse” response is a homeowner whose single heat pump
installed in the living area was only able to partially displace boiler heat. They may have been expecting
the heat pump to serve more areas of their house. This participant was also the only one to say electricity

bills are much higher than expected.

Note that one participant did state:

e  “Did not own building for entire winter before installing heat pumps, so some of my responses
regarding comparison between heating costs/comfort/operation will not make sense.”
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Figure 29. Perceived Ability of Heat Pump to Maintain Desired Winter Temperatures Compared to
Previous Heating System
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Participants did, however, report an improvement in the distribution of temperatures throughout the
home, as seen in Figure 30. Most participants felt that their original heating equipment maintained their
desired temperature in all rooms of their home during the heating season, prior to the installation of the
heat pump system (47%, or nine out of 19 respondents). Seven of the respondents felt that their desired
temperature during the heating season was achieved in some but not all rooms, and three felt that their
desired temperature was never achieved. In contrast, no participants reported that all rooms were too
cold in winter with the ccASHP system. This is not surprising, as likely cold areas of the home were

taken into account when deciding where to place heat pumps.
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Figure 30. Perceived Distribution of Comfort Throughout Home During Winter for Previous
Heating System and Cold Climate Air Source Heat Pump
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Participant responses for summer temperatures also indicate an improvement in the ability for the heat
pump to maintain cool enough temperatures for comfort. Similar to heating, 74% expected their heat
pumps to maintain their desired cooling temperature slightly or much better than their original system.
Five respondents expected it to be about the same. The remaining four participants answered that they
did not have a cooling system (central AC or window units) prior to the heat pump installation, and

these questions therefore did not apply to them.
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Figure 31. Perceived Ability of Heat Pump to Maintain Desired Summer Temperatures Compared
to Previous Cooling System
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Seven respondents (37%) felt their original cooling system kept all rooms of their home maintained
at their desired temperature throughout the cooling season (Figure 32). Three respondents said some
but not all of the rooms maintained their desired cooling temperature and five said nowhere in their
home was their desired temperature met. Note: The “much worse” answer is a homeowner who does
not use the heat pump for cooling, and instead continues to use pre-existing central air conditioning
for space cooling. This participant was also the only one to say electricity bills are much higher than
expected. More participants (13 compared to seven) reported that all rooms were able to achieve their
desired temperature with the ccASHP; however, five participants still feel that the ccASHP is not
able to deliver cooling to all areas of the home. The general trend is toward higher comfort with the

ccASHP installation.

80



Figure 32. Perceived Distribution of Comfort Throughout Home During Summer for Previous
Cooling System and Cold-Climate Air Source Heat Pump
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It must be noted that reasons for results are not necessarily explained by the simple survey responses.
In the final survey, some participants elaborated:
e  “Summer has been great, cooling is excellent compared to prior unit. In the winter, our lower
family room is still hard to keep warm, but it was much more of a problem with our old units
and mostly due to large, inefficient windows.”

e  “Itis hard to heat and cool side bedrooms and bathrooms, unless you keep the doors open all
the time.”

With regards to the final question pertaining to comfort, most respondents had not noticed a change

in basement temperature, as shown in Figure 33.
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Figure 33. Perceived Distribution of Comfort in Basement

Have you noticed any change in the temperature of your basementsince
your heat pump was installed?

No 11 Resp, 58%

Not applicable 5 Resp, 26%

Yes 3 Resp, 16%
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4.1.6 Operation

All 19 survey responders noted that they received written instructions on how to operate the heat
pump. All but one reported having been trained to use the new system and the information provided
was sufficient to operate the heat pump. One person stated that he or she could have used more help
to program the thermostat. Of the 19 responders to the final survey to date, 15 reported that it was

“very easy” to operate their heat pump, and four reported that it was “easy.”

Additional comments from participants regarding operation are as follows:

e  “More training is needed. A video would be helpful. There are several control variables.”
o  “Perhaps I will set the heat pump stat at a higher temperature than I did with the gas heater.
I am still working out the details and practice.”

4.1.7 Satisfaction

Web Survey 1 asked customers about their satisfaction level with their previous heating and cooling
system(s). Web Survey 2 asked those who had experienced their heat pumps for a year, about their
satisfaction level with their heat pumps in both the heating and cooling seasons. As shown in Figure 34,
satisfaction levels with the previous heating and cooling systems varied. Four answered that they did not
have a previous cooling system. In contrast, 16 out of 19 responses to the final survey reported they are
“very satisfied” with their air source heat pump system, the level of effort they put into the project was
worth the achieved benefits, and if cost and effort were not involved, they still would not switch back to
their old heating and cooling systems. No respondents expressed dissatisfaction with their air source

heat pump system.
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Given that more participants indicated high satisfaction than those stating comfort was fully met
indicates that comfort is not the only impact on satisfaction. (In the cases where the heat pump only
meets part of a home’s heating load and existing heating system(s) remain as a backup, the differences
may also be explained by respondent’s literal interpretation of the question regarding the “ability of
[the] heat pump to maintain desired winter temperatures compared to previous heating system”
(emphasis added). Their satisfaction with the heat pump includes the context of having a backup
system that can meet some heating needs that the heat pump cannot, but the survey question was

only about the heat pump itself.)

Figure 34. Participant Satisfaction with Previous Heat and Cooling Systems in Comparison
to Heating and Cooling Provided by the Cold-Climate Air Source System
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4.1.8 Other Feedback

Between the various surveys (web and phone, before and after), along with other participant
conversations (for example, to obtain fuel records), homeowners provided a number of other
comments that did not necessarily fit within a specific survey question. For example, some
participants were excitedly anticipating to see how the systems would perform, and some

were adjusting setpoints to see if it made a difference:

e  “I haven't actually seen much of a decrease in cost since installing the heat pump a month
and a half ago. I have raised the temperature by 5 degrees from the baseboard.”
e “Ilook forward to seeing how the heat pump performs and what it costs.”
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Others expressed concern with noise:

e  “The heat pump is definitely louder than baseboard.”
e  “In the winter when they are working hard, the heat pumps cause significant
noise and vibration.”

Several participants commented on the humidity control as an unexpected benefit:

e "... the dehumidification is a nice plus.”

e  “Also, during the winter, the heat pumps did not dry out my lips and nose like my gas
heat did. I didn't have to wear Chapstick or use a dehumidifier [presumably the respondent
meant a “humidifier”].”

e  “The ability to dehumidify is very useful.”

Meanwhile, one participant (a builder of net zero homes) provided an opinion regarding what might

help to improve the sizing and design of heat pumps for a given building:

e “One of the main areas for improvement is the lack of a comprehensive heating and cooling
energy model to properly size the units. Few (or no) HVAC contractors are required to be
trained in Building Science nor are they required to do a blower door test to accurately assess
the air infiltration in a building, which is simply not the best way to cost effectively suggest
the size of any heating equipment. The survey should include information about what envelope
improvements were made and also if the homeowner has solar generation. Some kind of “pro
forma” tool should be included to analyze the cost and usage of every load in the home
before and after the installation of the equipment.”!!

When asked if they experienced any unexpected problems, the following responses were given:

e  “Ididn’t save as much when I had a roommate, because she preferred to keep her door
closed for privacy reasons, even when away. So, the heat pump rarely heated her room
and the baseboard was used much more. I also don’t know how to turn the vanes.”

e  “No problems. However, since my original air conditioning unit has blowers in all rooms
of the house and the heat pump only works in the core rooms, I use the original unit when
I need to run air conditioning.”
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e  “The former heating system was hydronic baseboards from boiler. In colder months, the pipes
to these baseboards kept other water pipes in kitchen warm and prevented freezing, as well as
kept baseboards from freezing. On first cold spell after heat pump installed in January 2019,
upstairs baseboards and water pipes froze. After that time, when it was very cold, generally
below 20 degrees, I would put on boiler to heat upstairs zones and baseboards to avoid this
issue and turn off the heat pump. This winter I have discovered that I could avoid freezing
baseboards and water pipes upstairs by heating the baseboards in these upstairs zones for
15 minutes before bed and in the morning to avoid freezing. Then I could keep the heat pump
on. Also, the heat pump ran through our ducted system and the forced air led to challenges
with low humidity in the home, versus the radiating heat from the baseboards, so I got a whole
home humidifier. It also took some experimentation and modulating the duct dampers to find
a temperature setting the kept the home temperature reasonably uniform, within 3 degrees or
so of 69 degrees, during the heating season, in the upstairs zone that was served by the ducted
heat pump.”

And finally, during the final survey period, the following additional comments were given:

e “Overall, we like the new units very much. We especially like the zoned nature of our
heating now. We have not yet made a thorough comparison of our savings/costs for electricity
vs propane bills before and after the switch to the air heat pump units, but we believe we are
saving around $800/year with these units. We also believe this will raise the overall value
of our house should we someday choose to sell.”

o  “I had electric baseboard which is why I said the install was more invasive than a unit
replacement for me. To what end would the replacement have been? A full electrical
rewire. Sure, that is more invasive but just replacing a baseboard unit or thermostat
controller is probably less invasive than running coolant lines through my exterior walls.”

e  “Overall, happy to reduce our oil consumption—Ilast year we calculated that we reduced our
oil by 163 gallons. Forced air heat isn't as pleasant as radiant hydronic heat is our experience,
so we are also using our wood stove to get some of that radiant heat back.”

e  “Tam very happy to be reducing my greenhouse gas emissions while also enjoying a
comfortable, highly efficient heating/cooling option. Some people still shudder at the
thought of electric heat—because it used to be so expensive. Not anymore. Everyone
should have a heat pump system!”

e “Comfort levels, indoor air quality, are vastly improved.”

4.1.9 Summary of Customer Survey Findings

It is clear that this set of homeowners were driven to participate, in large part, by a desire to reduce
greenhouse gas emissions. Also, that the incentives, potential financial savings, and increased comfort

(as well as the recommendation from a trusted friend) all assisted in their deciding to install heat pumps.
Customers were generally satisfied with the installation contractor and did not find the installation process

to be too inconvenient compared to conventional systems. They found maintenance and operation of the
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heat pumps to be relatively easy, with no respondent stating it was much more difficult to maintain
than their original systems. While all 19 received education about operation and maintenance, some of
the anecdotal comments presented above indicate the potential for further follow up and education to

address specific customer questions.

Participants had a range of satisfaction levels with their original heating and (if applicable) cooling
equipment. They generally all expected to see their desired temperatures improved by the heat pumps,
although this wasn’t always achieved in the entire home, sometimes only in certain rooms only. The
variability in responses to how the heat pumps were performing in individual rooms as compared to the
entire home may be reflective of the various individual applications of the heat pumps for each building
site. Only two respondents stated their desired heating temperature had slightly worsened when compared
to their previous heating system. Nevertheless, 16 responses to the final survey reported they are “very
satisfied” with their air source heat pump system, the level of effort they put into the project was worth
the achieved benefits, and if cost and effort were not involved, they still would not switch back to their
old heating and cooling systems. The fact that participants were generally very satisfied, even though the
heat pumps were not necessarily acting as a “whole home” heating or cooling solution, may be indicative
of the level of communication with the customer that single-head, one-to-one heat pumps are not central
heating and cooling systems, but rather address particular needs for specific spaces. Additionally, many

homes retained their pre-existing heating system to use as a backup.

4.2 Contractor Survey

The EFG team developed a survey in SurveyMonkey® to better understand contractors’ awareness of
residential energy solutions such as efficiency as well as heat pumps, their approach to working with
customers, and if (and how) the HVHPP might alter their business approach moving forward. Four

of the six contractors responded to the survey, with one of these contractors completing only half.

4.2.1 Awareness of Energy Efficiency and Heat Pumps

The HVHPP did not require air sealing, insulation, and other efficiency measures to be incorporated
with each heat pump project. The overarching goal of the original NYSERDA PON was focused on
identifying ways “to accelerate the market uptake of commercially available, but underused [HVAC]
building technologies ... in the existing residential building market” and there was limited budget to
incorporate additional requirements and incentives into the overall project. However, the EFG team is

critically aware of, and concerned with, the need to ultimately approach existing building stock with a
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comprehensive approach that includes envelope improvements like air sealing and insulation, more
efficient HVAC equipment, and renewables. Therefore, the EFG team did ask customers and contractors
about the extent of efficiency measures that had been undertaken and completed a cursory review of the
home to ensure that exceedingly inefficient homes were not included in the program. Additionally, the
EFG team utilized the contractor survey as an opportunity to better understand whether and how

contractors incorporated efficiency into their heat pump sales and installation practices.

Specifically, contractors were asked how familiar they were with and whether participation in the
HVHPP increased their familiarity with air sealing and insulation, how familiar they were with specific
aspects of heat pumps (installation, operation, maintenance, application, and performance), whether
HVHPP participation increased their familiarity (and if “yes,” how), and whether they would alter

their installation practices as a result of the program.

One of the four contractors stated that they were “not at all familiar” with air sealing and insulation prior
to the HVHPP, while the other three stated they were “very familiar.” All four of the contractors stated
their familiarity was not increased at all by the program, either because they were already very familiar
(e.g., they were Building Performance Institute certified) or because they didn’t have to learn more as

the program did not require these efficiency measures.

With regards to familiarity of heat pumps, all four stated they were “very familiar” with the installation,
operation, and application of heat pumps. Two stated they were “somewhat familiar” and two stated
they were “very familiar” with the maintenance of heat pumps. Three stated they were “very familiar”

with the performance while one stated he was “somewhat familiar.”

As shown in Figure 35, the HVHPP program “somewhat increased” three of the four contractors’
familiarity and experience with the installation, operation, and application of heat pumps. All four
contractors felt that their familiarity regarding heat pump performance was “somewhat increased.”
Contractors stated that they learned “performance and application tips form Pasquale Strocchia,
while working with him and his team (IBD),” while others stated they believe they will learn

more once the results are completed and shared.
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Figure 35. Extent to Which Participation in Hudson Valley Heat Pump Pilot Increased
Contractor Familiarity with Cold-Climate Air Source Heat Pumps

Q6 Did your involvement in this program increase your familiarity and
experience with the following aspects of cold climate ASHPs?
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In response to the question “What do you think you will do differently regarding ccASHP installations

as a result of participating in this program?” contractors stated:

o [ will slightly undersize BTU capacity of multizone outdoor ccASHP condenser units by
sizing total indoor unit BTU demand to ~130% of outdoor unit BTU capacity. This was
a helpful time [tip] from Pasquale. He found it increases the overall operating efficiency
of the systems. It also reduces our material costs slightly.

e  Mount head units lower from ceiling.

e  Not much. Once results are out maybe it will change.

e  Better information for clients.

Contractors were given a number of published guidance materials through the program; therefore, they
were also asked which of the publications they found to be most helpful. These included a Homeowners
Operation Checklist, the NEEP Guide to Installing ccASHPs in Cold Climates and the NEEP Guide to
Sizing and Selecting ccASHPs in Cold Climates.'? Two contractors felt that the Homeowners Operation

Checklist and NEEP Guide to Installing heat pumps were the most informative and helpful while one
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contractor felt the NEEP Guide to sizing and selecting heat pumps was the most informative and
helpful. Additionally, one contractor stated that “the NEEP/NYSERDA average snow depth and
condenser install height map/instructions were helpful. Some of the other guides were a good
refresher for me,” while another contractor stated that the materials “help me understand things

I should point out to the customer.”

4.2.2 Customer Approach and Perspectives

The “set it and forget it” heat pump operation directions are a change for many customers in comparison
to their original, whole home central heating system which frequently made sense to turn down at night
or while away. Therefore, contractors were asked if they left educational materials with homeowners
prior to the HVHPP and if “yes,” what those were; whether they would continue to provide materials
from the HVHPP to customers once the program was completed; and what other materials they wish

to be available.

When asked whether they left educational materials with homeowners regarding how best to operate
a heat pump prior to participating in the HVHPP, two contractors replied “yes,” and two contractors
replied “no.” The two contractors who did leave materials stated they left the manufacturer operation
and installation manuals as well as other product brochures provided by the manufacturer. Moving
forward, all four contractors stated they would continue to provide the materials from the HVHPP

to customers, even once the program was finished. This improvement in how contractors approach
customers is further corroborated by the fact that all four contractors replied affirmatively to the
question: “Do you think the awareness and education of your customers regarding how to operate
ccASHPs has changed as a result of the materials and training you received during this program?”
The areas cited as having the greatest improvement is the reinforcement of “set it and forget it” and

zoning operation.

With regard to other materials, handouts, resources, or tools contractors wish they had access to,

contractors replied as follows:
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e  “An annual energy savings calculator that compares heating and cooling operating costs
for ccASHP systems versus other common heating and cooling systems. We have modeled
these systems in Optimiser and the energy savings estimates seem to be way too bullish. A
simple calculator that takes in average annual energy usage, existing HVAC system types,
square footage and percentage of home to be conditioned with ccASHPs could be a very
effective way to convey the savings to a client without getting lost in the details. These
systems use a fraction of the amount of energy that many existing HVAC systems use,
but it is currently hard to back that statement up due to a gap in quick energy modeling tools
for ccASHPs. If homeowners could see more accurate annual energy savings totals to help
cost justify the initial investment in ccASHPs, I believe they would be more widely adopted.”

e  “Case studies of homes average savings.”

e  “Research program results. Helpful in educating future clients.”

To better understand the contractor’s view of the customer’s perspective, the EFG team also asked
contractors which questions customers typically asked about heat pumps; the reasons why customers
chose heat pumps and which reason was the most prevalent; what contractors wished New York State
homeowners knew about heat pumps and what type of customer education is needed; and whether
the contractor recommends a comprehensive approach to customers that pairs heat pumps with

weatherization and/or solar and why or why not.
As shown in Figure 36, customers ask every question the survey listed; however, they focused

predominantly on install cost, how well the system would heat the home, whether it would still

work when temperatures are extreme, and what kind of maintenance would be needed.
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Figure 36. Customer Questions About ccASHPs

Q15 What questions do your customers typically ask before or after
installing a cold climate ASHP?

"How much does it cost to install?"
"How much will it cost to operate?"

"How well will it heat my home?"

"Does it still work when it's extremely cold or hot outside?"

"Is it noisy?"

"What kind of maintenance do | need to do?"

"Should | set the temperature back at night or when no one is
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Other (please specify)
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“How much does it cost to install ?* 100.00% 4
“How much will it cost to operate?” 75.00% 3
“How well will it heat my home?" 100.00% 4
"Doss it still work when it's axtramely cold or hot outside?” 100.00% 4
"Is it noisy?" 75.00% 3
“What kind of maintenance do | need to do?” 100.00% 4
*Should | set the temperature back at night or when no one is home?” 75.00% 3
Other (please specify) 0.00% [}]

Contractors were also asked what the reasons were for their customers choosing to install heat pumps:

e To improve the comfort of their home.

e To add a cooling solution to their home.

e To be able to have a flexible solution that can both heat and cool.
e To save energy and money.

e To move away from fossil fuels.

e To use a “cleaner” energy source.

Contractors responded that all of these reasons matter; when asked which reason was the most common,
the three contractors who responded to this question, differed in their replies. One contractor chose “to

add a cooling solution,” one chose “to have a flexible solution that can heat and cool,” and the last chose
“to save energy and money.” None of them chose “to move away from fossil fuels,” which was the most

common reason amongst the HVHPP participants.
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Contractors wish homeowners in New York State “knew that ccASHPs were one of, if not the most cost-
effective option for heating and cooling their homes. This applies to both the initial investment as well as
lifetime operating costs. The perceptions that they cannot heat in very cold temps and that ductless wall
units are too obtrusive both need to be overcome.” Another contractor stated that “they need to recognize
low-ambient operation and that they are an effective Northeast solution.” A third contractor stated that

customers needed to see “proven results.”

Three out of four of the contractors stated that they recommend customers take a comprehensive approach
that pairs heat pumps with weatherization and/or solar. The rationale is to be expected: “The ccASHP
system will perform better for heating and cooling while using less energy.” For the one contractor who

does not recommend this to customers, the rationale is that it is “too much for a person to digest at once.”

4.2.3 Business Approach

To assess how contractors develop business and understand their view of the heat pump market in the
State, they were asked how they typically generated leads; whether their peers in the residential HVAC
space were generally informed about the benefits of heat pumps and interested in selling them; what they
think the biggest challenge is in promoting, selling, and installing cold-climate air source heat pumps;
whether heat pumps should be promoted broadly to New Yorkers and why/why not; what tools or
resources should be provided to customers; and how they would alter their business model if market

uptake increased significantly.

As shown in Figure 37, contractors use a variety of methods to generate business leads, but the prevailing

method is “word of mouth.”
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Figure 37. Contractors Approaches to Generating Leads
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Two of the three contractors'® felt their peers and competitors in the residential HVAC space were
generally not informed about the benefits of cold-climate heat pumps, and generally not interested
in installing them (one contractor felt the opposite). The challenges in promoting and selling heat

99 <

pumps include “initial investment cost,” “aesthetics,” and “potential customers’ education” as well

as “rebates for proven accepted technologies.” Contractors agreed that heat pumps should be promoted
to New Yorkers because “they work very well and will help to reduce home energy waste,” and that

a heat pump “saves money, increases comfort.” Contractors would appreciate NYSERDA providing

EET3

support such as additional “homeowner rebates and low-interest financing,” “more comprehensive

materials demonstrating the advantages and capabilities of heat pumps,” and “saving tools.”

Finally, contractors were asked to estimate which type of installation they did the most frequently;

for example, whether the heat pumps were to completely replace the existing systems or whether the
system would be supplemental. As shown in Figure 38,'* the most frequent response was “Add-on to
existing heating/cooling system,” which received double the percentage responses than any other type
of installation, followed by “complete replacement of heating/cooling system that is in working order,”
and “solve for localized comfort projects (e.g., a room that is too warm/cold). Trailing farther behind
were “complete replacement of failed (or failing) heating/cooling system, then “new home installation,”

and finally “addition to home.”
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Figure 38. Reasons for ccASHP Installations
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4.2.4 Summary of Contractor Survey Results

The contractors who responded to the HVHPP contractor survey are confident in their awareness

of energy efficiency and heat pumps, but still found the published materials and various installation
techniques that were part of the HVHPP to be helpful and useful. Their approach to educating customers
and explaining how to efficiently operate heat pumps was augmented by the HVHPP, and they plan on
continuing to use the resources made available. Their experience indicates that customers are interested
in heat pumps for a range of reasons, but that comfort, convenience, and energy and financial savings
ultimately drive the customer’s decision to install. Their primary business development tool is “word

of mouth,” and they generally feel that New Yorkers overall, as well as other residential HVAC
businesses, are not aware of the potential comfort and savings that cold-climate air source heat

pumps can provide. Finally, they would appreciate being able to offer their customers greater

rebates, low-cost financing options, and case studies with “proven results.”
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5 Technology Transfer

There are a number of barriers to the widespread adoption of ccASHPs, as mentioned in sections 1

and 4. These include lack of awareness by customers and contractors, uncertainty in performance,
limited performance data, and other issues. Throughout the HVHPP, the EFG Team has implemented
various approaches to address some of these barriers. For example, efforts to address “lack of awareness”
within the scope of the HVHPP were described earlier, that is, various outreach approaches to customers
and contractors. Meanwhile, the HVHPP sought to address “uncertainty in performance” through
contractor trainings and QA visits, as well as various contractor- and customer-facing materials that
discuss topics including how to size, design, install, maintain, and operate heat pumps. Efforts were

also made in setting customer expectations as to how the heat pump application specific to their home
would and would not address heating and cooling issues. Finally, performance monitoring was

undertaken to collect measured data to validate performance for this new technology.

An additional component of the overall HVHPP was, however, to undertake a broader Technology
Transfer process. At the time of the writing of this report, this process was nearing completion.
Completed work includes the initial outreach materials developed to identify and secure HVHPP
participants (Figures 4 and 5 provide examples), recording “b-roll” during the initial installation
process (to be used later when designing videos), receiving approval from NYSERDA for the overall
Technology Transfer Workplan, completion of one fact sheet, completion of one case study video, and
near completion of a second case study video. Through discussion with NYSERDA, it was determined
that the HVHPP Technology Transfer would focus on New York State homeowners as the key

audience.! This included the development of several key messages, including the following:

e  “ccASHPs are an effective, efficient, and sustainable heating and cooling solution proven
to deliver high performance in New York State.”

e  Cold climate: “ccASHPs are effective and efficient when temperatures in the NY'S region
drops below zero.”

o  Energy savings:

o “ccAHPS have saved Hudson Valley area homeowners who use electric heat an average
of $900 on annual heating costs.”

o  “ccASHPs have saved Hudson Valley area homeowners who use propane heat an average
of $850 on annual heating costs.”

o  “the average savings of all participants (not including the three with natural gas'®) was
$549/year, with the heat pumps offsetting 89% of the pre-heat pump heating fuel use.”

e  Environmental benefits: “Hudson Valley homeowners have reduced annual carbon emissions
by an average of 3274 b (equivalent) of CO; per year.”
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e  “If you want heating and cooling equipment that results in energy savings, low maintenance,
a smaller carbon footprint, and greater control over comfort, then a ccASHP might be right

"’

for your home—see what area homeowners have to say
e  “The lifetime costs of a ccASHP compared to other heating and cooling systems make it a
cost-effective solution—see the pros/cons of ccASHP versus other heating/cooling systems
and compare costs.”
e  “Not all heat pumps are created equal—find contractors that specialize in ccASHPs that
are appropriate for this region.”
e  “Proper operation and maintenance ensures that you get the highest performance and savings
from a ccASHP—Iearn how.”

As of late winter of 2022, one video case study was completed, with a second underway. The case study
videos are testimonial-based, telling the story of a family or homeowner and their positive experience

installing a ccASHP, including results and anecdotal benefits.

The first video, featuring homeowner Tina, focused on a homeowner making her home more sustainable
by reducing fossil fuel consumption. It highlighted her primary motivation to switch to a heat pump as

a personal approach to addressing climate change, and also touched upon her secondary motivation of
safety. She has seen multiple benefits from shifting to cold-climate heat pumps, including addressing
some of her environmental concerns, increasing control over comfort, reducing heating equipment

maintenance, and having only one energy bill.

The second video, slated to be completed in the spring 2022, will highlight homeowner Seth and his
young family. The key theme of this video case study will highlight how a fuel switch leads to better
comfort. Seth’s primary motivation to switch to a heat pump was discomfort in the home during summer
and winter months, while his secondary motivation was moving away from fossil fuels for safety and
environmental reasons. The video will highlight Seth’s financial ability to purchase heat pumps as a
result of available incentives, as well as the convenience of a ductless system including the quick and
non-intrusive installation process. Benefits the video will feature include zoned-temperature control

for year-round comfort, as well as a secondary, surprise benefit of more ideal nap time conditions

for young children as a result of quiet operation.

The videos are likely to be featured in the NYSERDA/Utility Statewide Heat Pump marketing campaign
and can be found on the NYSERDA website, where they can potentially be distributed by contractors and
other outreach partners. Each video is estimated to last roughly five to seven minutes. The videos can be

viewed on NYSERDA'’s YouTube channel, youtube.com/NYSERDA official.
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Regarding fact sheets, two concepts were discussed.!” One fact sheet focused on comparing ccASHPs to
other heating and cooling systems and was ultimately developed and published on NYSERDA’s website.
The focus on equipment comparison was suggested by KSV to address inertia with homeowners when
they are due to replace their existing heating and cooling equipment, to help them understand that other
options are available to them and that these other options may be more cost-effective and, as shown by
the customer survey responses, may involve an easier installation process than replacing the pre-existing
system. Framing of this fact sheet focused on “Why switching to a ccASHP is a better choice for your
home” and spoke to efficiency, life expectancy of different technologies, installation process, noise
level, indoor air quality, operating costs, and other factors highlighting when ccASHPs may be a

better technology option for the homeowner as compared to other options.

A second fact sheet—a “Cost and Savings Guide”—was also developed, focusing on addressing
customer concerns with upfront installation costs. The draft fact sheet outlined the long-term savings
potential of ccASHPs through energy cost savings and maintenance cost savings, while also highlighting
rebate and incentive opportunities to reduce equipment and installation costs. The fact sheet also included
the installation and cost-savings details of four ccASHP installations—two from the Hudson Valley

pilot and two from the downstate New York pilot. This fact sheet was sketched out but ultimately not
published, as the number of participating projects in the two pilots represented such a wide array of
differing rebates, incentives, and unique project specifics that it was challenging to present aggregate

overviews of incentives, costs, and savings.
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6 Lessons Learned

The HVHPP’s primary goal was to assess the performance of ccASHPs in existing homes in NYS. The
findings pertaining to this goal are explained in depth in section 3. However, a number of other findings,
or “lessons learned” were also obtained throughout the entire project period. This section summarizes the

key lessons and findings that resulted from this project.

6.1 Lessons from Program Design: Customer and Contractor
Recruitment

Prior to the HVHPP, the EFG Team had designed and implemented a number of energy-related

pilot programs. As a result, many of the program design elements within the HVHPP worked smoothly
and with few challenges. However, there were lessons learned regarding contractor and customer
recruitment, and as a result of the recruitment process, the EFG Team also experienced a different

outcome from the initial goal of a mixture of ducted/ductless systems with and without solar.

For example, the EFG Team had thought that customer recruitment would occur primarily through

the contractors bringing interested customers into the HVHPP. This did not occur. Contractors are

busy and the additional paperwork, monitoring, and QA visits increased the amount of time required to
complete a project for both the contractor and the customer, as well as increased the level of intrusion

for the customer. To address this additional level of effort and complication, the EFG Team offered a
$500 bonus incentive to contractors, as well as additional incentives for the homeowner. Ultimately, it
fell to the EFG Team to conduct significantly more outreach through targeted outreach via environmental
volunteer groups and utilities as well as attendance at local events to recruit interested homeowners.
Additionally, it fell to the EFG Team (predominantly IBD and BHEC) to repeatedly follow up with
contractors to ensure paperwork was completed and any identified QA issues were attended to prior to
receipt of the $500 bonus incentive. Fortunately, all projects were completed, and customer satisfaction is

generally high.

Regarding contractor recruitment, contractor excitement and interest was generally very strong at the
start of the project, but then waxed as the program continued. Again, this is likely due to the mixture
of contractors being busy, and the program requiring more of both their (and their customers’) time

and effort. Fortunately, the EFG Teams’ modified approach to address customer recruitment
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(explained above) also brought in new contractors. For example, upon learning about the HVHPP
at various environmental events that the EFG Team attended to recruit participants, homeowners
already thinking about heat pumps and who had already identified their preferred contractor,

ended up asking their contractors to participate in the program.

It is clear that both a “pull” and a “push” is needed to move the market. Incentives and EFG Team
support did assist in ensuring projects were completed by contractors (the “pull”), but customers also
needed to “push” their contractor, at times, to participate. It appears as though pilots such as the HVHPP,
which require more time and a deep interest in detailing energy and cost savings, are a good fit for

“early adopter” contractors and homeowners.

Finally, the EFG Team had originally hoped for a relatively even mixture of 10 ducted and 10 ductless
systems with and without solar, as shown in Table 1. Given the additional time and effort needed for
these projects, and therefore the challenge to find participants because contractors were not necessarily
“selling” the HVHPP, this even distribution did not occur. Rather, the final outcome regarding the
presence of solar and the mix of ducted versus ductless was determined by who wanted to participate
in the program, and what these homeowners had as home characteristics prior to participating in

the HVHPP.

6.2 Lessons from Program Quality Assurance

As discussed in section 2.3, installation contractors did not always follow the best practices recommended
through the HVHPP, and the NEEP installation guidelines also changed during the project time frame, so
the on-site QA was helpful to address issues of concern and/or deficiencies. The primary areas of focus
for the QA included the installation of the outdoor and indoor units as well as the line set, ductwork, and
setup. When issues of serious concern were found, contractors were asked to return to the site and correct
the identified installation issues. Until this was completed, the $500 incentive bonus was not sent to the
contractor. The bonus incentive was a helpful mechanism to acknowledge the additional time and effort

required by contractors to install HVHPP projects as well as to ensure installation issues were corrected.
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The outdoor units were generally installed well. The few identified issues included:

e The lack of a recommended (but not required) NEEP “best practice” to install surge protectors
(17 out of 20 sites had this issue).

e  Units that were not installed plumb or with missing fasteners (3 out of 20 sites had this issue).

e  Units not placed adequately above the expected snow line (3 out of 20).

e  Units that were not adequately installed away from walkways or other areas such that refreezing
defrost meltwater might cause a hazard (4 out of 20 sites had this issue).

Proper refrigerant charge procedures that could have a critical impact on performance were questionable,
including evacuation, pressure testing, and charging. Some of the field QA challenges included the fact
that it is impractical to field check proper procedures at time of installation and to field test for proper
refrigerant charge post-installation using conventional testing methods. Some recommended QA actions
to consider in the future include photo-documentation of actual refrigerant charging procedures for each

system and developing, standardizing, and implementing alternate testing and measuring protocols.

Line sets had few issues. A few homes had thermal insulation within walls that was disturbed by
the heat pump installation; for these homes it was not possible to return the site to the exact original
condition. Finally, one site had issues with the insulation not running all the way to the outdoor

unit, but this was corrected.

As mentioned regarding outdoor unit installations, several sites (10 out of 20) were not properly

drained to shed condensate away from the foundations of the homes, and in some cases the units drained
onto walkways, creating potential slip hazards during freezing weather (4 out of 20). This was addressed
as much as possible during the QA process and may be a helpful point to address in future contractor

trainings as NYSERDA continues to support the growth of the ccASHP market in NY'S.

Indoor unit installations were rarely problematic with the exception of clearance to the ceiling. At the
time of the writing of this report, the NEEP recommendation is a minimum of 6 inches when possible.
While this was not physically possible at some sites, at the sites where it was possible it was clear that
there is a tendency of contractors to install the units as close to the ceiling as they possibly can, typically
as close as 3 inches (as allowed by manufacturer recommendations). This reduces heating efficiency

by increasing return air temperature, and while it’s not a critical requirement it is certainly a lesson

to share moving forward as contractors continue to install ccASHPs in the State.
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Of the 20 sites, only one was entirely ducted, while the other was a mixture of ductless and ducted.
One of these sites performed quite well with no installation issues of concern. However, there were
installation issues with the other site, particularly related to the heat pump air-handlers in the

existing ductwork.

There may or may not be a lesson to learn regarding the fact that 90% of the participating sites installed
ductless systems. The initial group of contractors who participated in the HVHPP training were a mix
of contractors: some offered only ducted systems, some specialized in ductless, while others offered
both. Ultimately, the contractor that completed the most HVHPP installations (14 out of 20) specializes
in and prefers ductless systems. Therefore, one cannot generalize that, at this time, contractors prefer

to install ductless systems over ducted. However, the fact that it is relatively easy to install ductless
heat pumps as compared to ducted systems does presumably lend itself to be a preferrable technology

for some installers.

The two primary issues regarding setup were both recommended “best practices” and not

requirements. These pertained to the lack of wall-mounted thermostats/integrated controls and the

fact that the “continuous fan operation” setting was not disabled. To address the lack of wall-mounted
thermostats/integrated controls, the EFG Team ensured that for all 18 sites where this occurred, the
homeowner was made aware of the correct operation. The issue of disabling the continuous fan operation
setting appears to be more challenging to address, as the manufacturer designed the ductless units with
continuous fan operation and in order to disable that feature, an irreversible modification would need to
be made to the indoor unit. Therefore, this recommendation was not favorably received by the installing
contractors, and customers were not advised of this option despite the fact that the modification was
suggested by the factory representatives, is supported by the manufacturer, and does not void

the warranty.

As part of the QA process, many homeowners took time to discuss their experience with the EFG

Team. From these conversations, it is clear that customers need greater training and orientation regarding
the various controls and features (for example, the use of the “dry” mode) as well as how best to optimize
ccASHP efficiency in relation to the pre-existing heating system. Alas, the results of the contractor
surveys suggest that contractors believe they are adequately training homeowners in ccASHP operations.
Addressing this gap between customers needing more education and contractors believing they are
already providing the necessary training overview to homeowners, is critically necessary to ensure

both efficient and effective use of ccASHPs, and customer satisfaction with the technology.
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Finally, a significant lesson learned is the poor applicability of ccASHPs as a “displacement” strategy

in a house with a steam boiler system. Steam-heat systems cannot be zoned, so heat is delivered to the
entire house at once; any rooms where the heat pumps are installed are immediately heated and the heat
pumps simply don’t operate enough to offset a significant amount of heat. S5 (the one in the project with
steam heat) added two ductless units to two that were already in place (and ineffective) and based on the

customer interview they still were unable to utilize the heat pumps effectively.

6.3 Lessons from Measured Performance Data

The energy cost savings and implied heating efficiency of the heat pump installations were

determined for 15 of the 20 sites using measured heat pump electricity use data as well as pre- and
post-retrofit utility bills and fuel delivery logs. At the other five sites savings estimates were confounded
by behavioral or occupancy changes between pre- and post-retrofit periods as well as other issues with
secondary fuels, such as irregular wood stove use. These issues occurred even though the project team
carefully screened potential sites up front in an effort to minimize these risks. The findings from this
study show that pre- and post-savings analysis methods are still subject to uncertainties and

unknowns that cannot always be foreseen—even with careful upfront screening of sites.

The savings analysis from this study point to several key findings and lessons:

e  The implied seasonal heating COP of the 15 HPs ranged from 1.7 to 2.6 with an average
of 2.1. The seasonal average heating efficiency averaged 63% of the published heating
seasonal performance factor (HSPF) for each ccASHP unit. This provides an approximate
metric to gauge what heating efficiency (and savings) can be expected in NY'S based on
the manufacturer’s published HSPF values.

e  Cost savings were highest when the displaced fuel was electric, propane, or fuel oil. Cost
savings were either negative or very small when the displaced fuel was natural gas. The
normalized heating savings per installed ton averaged $300 when the displaced fuel was
electric and costs increased by $100 when the displace fuel was natural gas. The survey
results demonstrated that reducing fossil fuel use and greenhouse gas emissions was a primary
motivator for many homeowners in this study. However, it seems that large scale adoption of
ccASHPs will depend on homeowners realizing at least positive cost savings to offset higher
capital costs. Positive cost savings for natural gas requires a seasonal COP over 2.5, which may
be achievable with some equipment but is on the high end of what was measured in this study.
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o  Most ccASHP systems were designed and installed to displace, but not fully replace, the
original heating system. On average the ccASHP systems displaced 85% of the original
fuel use. In most cases the fuel reductions at each site were fairly well aligned with the
original design intentions. However, three sites that intended to fully replace the original
heating system still had significant fuel use (between 30—40% of pre-retrofit fuel use).
Better feedback is needed to installers to ensure the ccASHP systems designed to fully
displace fossil fuel use can meet this expectation.

e  Customer behavior has a significant effect: at one site where the homeowner had intended
to fully heat the home with heat pumps, the oil heating only dropped by 33% the first winter.
After program staff coached the homeowner about thermostat settings, the fuel reduction
for the second winter increased substantially to 62%. This highlights the importance of
occupant training.

6.4 Lessons from Homeowner Perceptions and Motivations
The customer surveys revealed some key findings:

e  This set of homeowners were driven to install heat pumps, in large part, by a desire to
reduce fossil fuel use and greenhouse gas emissions. Energy cost savings and increased
comfort was also a factor in their decision to install heat pumps.

o  Customers were generally satisfied with the installation contractor and did not find the
installation process to be more inconvenient than for conventional heating systems.

e  Customers found maintenance and operation of the heat pumps to be relatively easy,
and no more difficult to maintain than their original systems.

Participants had a range of satisfaction levels with their original heating systems and generally expected
to see their desired temperatures improved by installing the heat pumps. However, desired temperatures
were not always achieved in every room of the entire home, most likely due to the distribution limitations
of ductless units. Two homeowners stated that their desired heating temperature had slightly worsened
when compared to their previous heating system. Nevertheless, 80% of the homeowners in the final
survey reported that they are “very satisfied” with their air source heat pump systems, and all were either
“somewhat satisfied” or “very satisfied.” The disparity between their overall satisfaction and their more
mixed reports of comfort suggest that consumers need to be educated to better understand the benefits
and limitations of ductless heat pumps that replace central heating systems—especially when converting

a baseboard hydronic heating system to a ductless unit.
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Generally, homeowners’ perception of energy and cost savings were in reasonable alignment with

the actual measured savings. One exception was site S14, a homeowner that formerly used propane

for heating and had the highest cost savings of any home in the study. Their perception was that their
electric bill increased more than they expected. Because heating with propane is more expensive than
operating the heat pump, that represents a net benefit to the homeowner that they don’t seem to fully
grasp. This highlights a key issue with heat pumps: emotionally preparing customers for the inevitable
increase in wintertime electric bills that will accompany the anticipated decrease in their fuel bills. This
is especially critical with delivered fuels, for which the decrease may take months to realize, while
electric bills increase rapidly. A clear message for any existing heating fuel other than natural gas

should be “the more you use the heat pump the more money you save.”

6.5 Lessons Learned on Contractor Perceptions and Motivations

The contractors who initially participated in the HVHPP varied in a number of ways: regarding their
previous experience with ccASHPs, their business goals, marketing approach, and customer interactions.
While the HVHPP initially established relationships with four installation contractors, ultimately the

program interacted with six installation companies.

As discussed previously in section 4.2, the contractors who responded to the HVHPP Contractor Survey
are generally confident in their business offerings and their awareness of heat pumps (sizing, installation,
application, design, and customer training). Nevertheless, they still found some of the customer-facing
published materials and a few key “tricks” they learned through the program to be helpful and useful
(e.g., the NEEP guides and suggestions such as sizing adjustments). Their approach to educating
customers and explaining how to efficiently operate heat pumps was not significantly altered, but
supported and slightly augmented by the HVHPP, and they plan on continuing to use the resources

made available.

Their experience indicates that customers are interested in heat pumps for a range of reasons, but that
comfort, convenience, and energy and financial savings ultimately drive the customer’s decision to install.
Their primary business development tool is “word of mouth,” although they all undertake other marketing
efforts and initiatives such as attendance at home shows and other forms of advertising. While they are
fairly confident about their heat pump knowledge and expertise, they generally feel that New Yorkers
overall, as well as other residential HVAC contractors who do not currently offer ccASHPs, are not

aware of the potential comfort and savings that ccASHPs can provide.
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Of the three responses to the question, “Do you recommend a comprehensive approach that pairs a heat
pump installation with weatherization and/or solar to your clients?”” two said “yes” while one said “no.”
The two that replied affirmatively explained that they suggest weatherization because it will improve
ccASHP performance (and, by extension, customer satisfaction). The remaining respondent stated he

focuses solely on heat pumps because otherwise it is “too much for a person to digest at once.”

Responding contractors mentioned two primary customer barriers (upfront cost and customers’ lack

of awareness) and three critical opportunities for NYS support:

To have more case studies showing energy and cost savings, as well as customer experience with
the technology that demonstrate the advantages and capabilities of ccASHPs in colder climates, and

to have these widely promoted and shared by trusted resources such as NYSERDA and local utilities.

To have greater rebate offers and access to low-interest financing.

To have a savings tool, such as an annual energy savings calculator that would compare heating

and cooling operating costs for ccASHPs to other common heating and cooling systems.

In sum, the primary lessons learned from the contractors participating in this program are as follows:

e  For contractors already offering ccASHPs, they are generally confident with their business
model, offerings, and expertise.

e If NYSERDA is interested in driving market adoption, contractors believe that having actual,
proven energy and cost savings results (as well as customer testimonials regarding their overall
experience) widely advertised is a critical, key next step. This would build customer confidence
in the technology and estimated savings, thereby increasing market uptake.

e IfNYSERDA is interested in driving market adoption, assisting in the upfront installation
cost via increased rebates and access to low-income financing products were recommended.
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A.1 Outreach List: List of Entities and Events Utilized to Market
Program and ldentify Participants and Sites

Abundant Efficiency

Catskill Mountain Keeper

Citizens for Local Power

Energize NY

Hudson Valley Community College

Interfaith Earth Action

Maris College

New Paltz Climate Action Committee

Northeast Chapter of ASHRAE - Albany

Our New Energy Fair - April 2018

Pace University

Rensselaer Polytechnic Institute

Rensselaer Renewable Energy and Sustainable Living Fair - Oct 2017. Sponsors included 350.org/People
of Albany United for Safe Energy, Citizen’s Climate Lobby, Stop NY Fracked Gas, and Albany
Bicycle Coalition and other names presented in this overall list.

Rural Ulster Preservation Company

Siena College

Sierra Club Atlantic Chapter

Skidmore College

Solarize Albany

Solarize Saratoga

Solarize Schenectady

State University of New York - Albany

State University of New York — New Paltz

Sustainable Hudson Valley

Sustainable Saratoga

Vassar
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A.2 Program Overview Documents for Customers and Installation
Contractors

Hudson Valley Heat Pump Project
Program Overview

Background

Residential customers in New York state now have an opportunity to increase the
comfort in their homes while saving energy and money. Through the installation of cold
climate heat pumps--optionally combined with additional improvements such as air
sealing and insulation and solar photovoltaics--many New York homes can now be
more comfortable, efficient and affordable. This program offering involves technical
support and design review for each project — before, during, and after the project is
completed. The goal is to help you, as a homeowner, improve your comfort and save on
operating costs.

Who is offering this program?

This program is a partnership involving several businesses, overseen by the New York
State Energy and Research Development Authority (NYSERDA). As a customer, you'll
work most closely with your heat pump installation contractor. If your house needs
weatherization or you include a solar photovoltaic array in the project, there will be
additional contractors to provide those services.

In addition, the NYSERDA team includes technical experts to provide design support to
your heat pump installer, and install monitoring equipment to help measure its
performance.

One objective of this project is to provide better understanding to the public about the
benefits of cold-climate heat pumps. KSV is a marketing firm assisting with this goal,
they may interview you or take photos or videos of your home (with your permission) to
help tell this story.

Who can participate?

Up to twenty homeowners who live in the Albany and Hudson Valley areas of New York
State are eligible.
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What is the timeline?

Installation contractor businesses and homeowners will be identified and selected
through May 2018 , with installations occurring ideally prior to summer 2018.

What are the benefits to participating?

Improve comfort of your home, reduce utility bills and operating costs of heating
and cooling equipment

A discount of $350/ton (up to $1,000 per home, usually) is available for the “best
in class” cold climate heat pump installation;

Assistance and coordination in identifying other incentives (e.g. solar federal tax
credits, local utility incentives, NYSERDA Home Performance with ENERGY
STAR incentives and low-interest loans);

Experts with 25+ years’ experience in building science will provide technical
support for the design of your project to help you save the most energy at the
most reasonable cost and accurately track and record the energy savings of your
home

Access to a web-based system that tracks the energy use of your heat pump. If
you wish, select monitoring system components may be left in place for your use
after the project is completed.

What are the requirements to participate?

Working with one of the local installation contractor businesses who have been
trained to participate in this program

Allowing data monitoring of your energy savings and usage for at least one year
Participating in pre-construction and post-construction surveys

Providing two years of past fuel and electricity bills, and access to future bills for
at least one year

Allowing program-related staff to come visit your home (for example, to develop a
project scope of work with specific design requirements, to install monitoring
devices, to provide follow-up inspections, and perhaps to interview you for about
your experience in your upgraded energy-efficient home)

Some homeowners will be asked to allow photographs and video during the
assessment, installation, and/or interview to be used in promotional materials.

How to Learn More:

Contact Gabrielle Stebbins at gstebbins@energyfuturesgroup.com and 802 825 9515
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]
ENERGY FUTURES GROUP

Hudson Valley Heat Pump Project
Program Overview

Background

Leading HVAC contractors now have the ability to work with Mitsubishi and a team of
building science experts in a program to help the New York State Energy and Research
Development Authority (NYSERDA) develop a new heat pump program for residential
customers in New York state. Through the installation of cold climate heat pumps,
optionally combined with additional home improvements such as air sealing and
insulation, or solar photovoltaics, many New York homes can now be more comfortable,
efficient and affordable. This program offering involves training, technical support and
design review for each project — before, during, and after the project is completed. The
goal is to help understand homeowner benefits of heat pumps, provide support and
market exposure to the installing contractor partners, and to provide resources for
NYSERDA to promote better market understanding of the benefits of air source heat
pumps.

Who is offering this program?

This program is a partnership involving several businesses, as highlighted below:

Business Name Description of Role
Energy Futures Group Lead on overall program implementation
Local Installation Contractor business — you! Coordinates and installs heat pump with design

and evaluation businesses

Bruce Harley Energy Consulting, Technical Design and Review team

Integral Building and Design

CDH Energy Evaluation and Data Monitoring

KSV Marketing Project Results

Mitsubishi Electric Cooling & Heating Manufacturer of Heat Pump and Provider of
Incentives
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New York State Energy and Research Program oversight and funder
Development Authority (NYSERDA)

Solar and/or home performance contractors Optionally, depending on home and customer

needs, additional contractors may provide key
home energy upgrades and solar electric
(photovoltaic) installation.

Who can participate?

Up to twenty homeowners who live in the Albany and Hudson Valley areas of New York

State.

What is the timeline?

Installation contractor businesses and homeowners will be identified and selected
through August 2017, with installations occurring from July 2017 — November 2017.

What are the benefits to participating?

Getting in as one of the first contractors participating in NYSERDA's new heat
pump initiative

Offering additional equipment discounts to your customers

Enhancing your understanding of cold climate heat pumps — helping you to
increase your value to customers

Potential marketing exposure of your company through a broad cold climate heat
pump campaign

Real-time monitoring of each heat pump installation with web access to
performance data

What are the requirements to participate?

The participating HVAC installer must utilize Mitsubishi equipment (and
preferably be Mitsubishi Diamond qualified)

Attend a training to understand the program

Work with the various businesses involved to meet the goals of the program
Being open, willing, and interested in learning more about more comprehensive
home energy savings and cold-climate heat pumps in particular

Optionally, being willing to participate in on-camera documentation of the
installation process and/or case study interviews

What's in this for your customers?
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A discount of $350/ton (up to $1,000 per home, usually) for the “best-in-class”
cold climate heat pump; additional discounts on thermostat controls

Assistance and coordination in identifying other incentives (e.g. solar federal tax
credit, local utility incentives, NYSERDA Home Performance with Energy Star
incentives and low-interest loans)

Experts with 25+ years’ experience in building science to provide technical
support for the project design to help homeowners save the most energy at the
most reasonable cost and data monitoring systems to accurately track savings
Access to the web-based monitoring system; select system components may be
left in place for the customer’s use after the project is completed, if they wish

What do vour customers need to know about participation?

They must work with a Mitsubishi installation contractor who has been trained to
participate in this program

They will be asked to participate in two customer surveys (pre- and post-
construction)

A data monitoring company (CDH Energy) will need to install and monitor energy
savings for at least one year

They must be able to provide 24 months of historical fuel usage

They may be asked to participate in an interview by a marketing firm (KSV), and
to allow photographs/filming of their home, to help spread the word about these
technologies and potential energy and dollar savings.

How to Find Out More:

Contact Gabrielle Stebbins: gstebbins@energyfuturesgroup.com & 802 825 9515
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A.3 Memorandum of Understanding

ENERGY FUTURES GROUP

Memorandum of Understanding

Energy Futures Group and (INSTALLATION CONTRACTOR)

This Memorandum of Understanding (MOU) is entered into by and between:
e Energy Futures Group, an energy consulting company based in Hinesburg,
Vermont;
and
e INSTALLATION CONTRACTOR based in XX.

A. Purpose

This Memorandum of Understanding (MOU) sets forth the terms and understanding
(roles, responsibilities, reporting requirements, funding and time frame requirements)
between Energy Futures Group and the (INSTALLATION CONTRACTOR) as they
pertain to the execution and oversight of energy retrofit activities at one or multiple
homes in New York State as part of the “Hudson Valley Heat Pump Project” as part of
the New York State Energy Research and Development Authority Program Opportunity
Notice #3127.

B. Roles and Responsibilities

Energy Futures Group (EFG) is the prime contractor responsible to NYSERDA for overall
program delivery (including program design, implementation and reporting) pertaining to the
Hudson Valley Heat Pump Project.

INSTALLATION CONTRACTOR is part of the overall EFG Team delivering the program in New
York State. INSTALLATION CONTRACTOR's role is multi-fold:

¢ To identify Hudson Valley homeowners who may be interested in participating in the
Hudson Valley Heat Pump Project
e To ensure that each participating homeowner is willing to:
o Provide 18-24 months of fuel use data prior to project start
o Complete a pre-project and post-project customer survey
o Sign a Site Agreement Form with EFG
o Allow for various members of the project team to gain access to their property
and/or to interview them for the purposes of the following (every attempt to

Appendix A A-8



coordinate these site visit dates will be made to minimize any inconvenience for
the homeowner):
= Site reconnaissance
» Technical Problem Solving
» |nstallation and Maintenance of Data Monitoring Equipment
= Follow-up inspections
= Obtaining footage for marketing initiatives
e To oversee subcontractors, coordinate with other installation contractors, and/or to
execute energy retrofit projects directly. Work may include:
o Installation of cold climate air source heat pumps (working with Mitsubishi
Electric)
Weatherization (working with Home Performance with ENERGY STAR services)
Installation of solar photovoltaics
Other energy retrofit project determined with customer and EFG team
Completion and signing of relevant forms and documents required to show
project execution and advancement
e To attend the Hudson Valley Heat Pump Project training — held in or near Albany, New
York (maximum time commitment: 4 hours)
e To be, or to become a Mitsubishi Diamond contractor (or similar, as may be approved by
EFG)
e To ensure the Mitsubishi discount is transferred in full to the homeowner
e To assist, as applicable, the homeowner in obtaining other available incentives and
discounts that may be applicable
o To work with the EFG team (Bruce Harley Energy Consulting, Integral Building Design,
Mitsubishi, KSV) and CDH Energy to ensure that project work scope(s) and data
monitoring plans are understood and to adhere to these plans
¢ To be willing to work in a collaborative fashion with the EFG team (primarily Bruce
Harley Energy Consulting and/or Integral Building Design, and subject to approval
required by NYSERDA) in the final development of the project work scope including (but
not limited) to agreeing to and assisting in coordinating at least one site visit with
relevant EFG team members
e To be willing to participate in on-camera documentation of the installation process and/or
case study interviews giving all parties full rights and usage to marketing assets (e.g.
film, photographs) for use in promoting heat pumps and weatherization in New York
state
o To complete the design and installation using best practices as covered in the project
training, or as may be communicated by the EFG team from time to time during the
program
e To complete the necessary documentation and reporting required for projects
¢ If needed, to be willing to return to the project after project completion if it appears that a
technical issue with the heat pump or other work is interfering with efficient operation
(this may be identified, for example, through data obtained from the data monitoring
analysis) and to commit to working in good faith to achieve a resolution
e To complete a contractor survey with EFG
e To agree to the following flow-down requirements from EFGs contract with NYSERDA:
o Indemnification: The Contractor shall protect, indemnify and hold harmless EFG,
NYSERDA and the State of New York from and against all liabilities, losses,
claims, damages, judgments, penalties, causes of action, costs and expenses

O O O O
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(including, without limitation, attorneys’ fees and expenses) imposed upon or
incurred by or asserted against EFG, NYSERDA or the State of New York
resulting from, arising out of or relating to Contractor’s performance under this
MOU.

o Maintenance of Insurance; Policy Provisions: The Contractor, at no additional
direct cost to EFG, shall maintain or cause to be maintained throughout the term
of this Agreement, insurance of the types and in the amounts specified in the
Section hereof entitled Types of Insurance, including:

= Commercial general liability insurance for bodily injury liability, including
death, and property damage liability, incurred in connection with the
performance of this Agreement, with minimum limits of $1,000,000 in
respect of claims arising out of personal injury or sickness or death of any
one person, $1,000,000 in respect of claims arising out of personal injury,
sickness or death in any one accident or disaster, and $1,000,000 in
respect of claims arising out of property damage in any one accident or
disaster; and

=  Workers Compensation, Employers Liability, and Disability Benefits as
required by New York State.

o Compliance with and adherence to all relevant and applicable local, state and
federal laws.

C. Reporting Requirements

EFG is required to provide monthly updates, a draft report, a final report and a Technology
Transfer Plan to NYSERDA.

To complete this reporting process, INSTALLATION CONTRACTOR will be required to provide
signed project documentation materials as described above, and to assist in providing additional
feedback and coordination as necessary.

D. Funding

There shall be no exchange of funds between EFG and the INSTALLATION CONTRACTOR.
However, INSTALLATION CONTRACTOR is required to ensure that the Mitsubishi discount is
transferred in full to the customer. It is the INSTALLATION CONTRACTOR’s responsibility to
develop and ensure an appropriate project agreement with the homeowner and to be paid
directly by the homeowner.

E. Timeframe

The general timeframe for the entire project is 24 months as provided below. The effective
project start month is March 2017. While INSTALLATION CONTRACTOR does not necessarily
have a specific task or deliverable assigned entirely and solely to INSTALLATION
CONTRACTOR, INSTALLATION CONTRACTOR’s support and participation will be important
before, during and after the installation work is completed (as defined above). It is expected that
the INSTALLATION CONTRACTOR will work as expeditiously and efficiently as possible while
meeting the requirements of this program, as defined above.
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This Memorandum of Understanding is the complete agreement between Energy Futures Group
and INSTALLATION CONTRACTOR and may be amended only by written agreement signed
by each of the parties involved.

In witness whereof, Energy Futures Group and INSTALLATION CONTRACTOR have
caused this Memorandum of Understanding to be executed.

FOR ENERGY FUTURES GROUP FOR INSTALLATION CONTRACTOR
Signature Signature

Printed Name Printed Name

Title Title

Organization Organization

Date Date
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A.4 Site Agreement Form

Site Agreement: Hudson Valley Heat Pump Project
(Under NYSERDA Agreement # 104082)

Parties: at (Address
, City , New York,
Zip ) (Site Owner) and Energy Futures Group (Hinesburg, Vermont)

The New York State Energy Research and Development Authority (NYSERDA) is sponsoring
an Emerging Technologies Program to demonstrate reducing fossil fuel heat usage with mini-
split heat pumps in coordination with other efficiency measures and potentially solar
photovoltaics, in 20 small residential buildings. The goal of the retrofits is to provide satisfactory
space heating and cooling service at a lower cost than with traditional heating systems and
window air conditioners.

Energy Futures Group (EFG) is under contract to NYSERDA to coordinate this project and work
with site owners, Installation Contractors, a measurement and verification (M&V) contractor
hired by NYSERDA to install monitoring equipment and evaluate system performance, and a
marketing firm to help “tell the story” about energy savings and increased comfort in
participating homes. This Agreement outlines the responsibilities of the Site Owner and EFG
under this project. This obligation commences on the date this Agreement is executed and shall
continue for 14 months after the retrofit system(s) become operational.

Effective as of the date of this Agreement, Site Owner and EFG enter into this Agreement
agreeing to work jointly as follows:

e Responsibilities of Energy Futures Group:

Energy Futures Group, in collaboration with project Installation Contractor

, and subcontractors Bruce Harley Energy Consulting,
Integral Building & Design, and KSV, agrees to undertake the following tasks with respect to the
project:

1. Project management and planning: Coordinating with NYSERDA including reporting,
preparing project plans and securing NYSERDA approvals.

2. Measurement and verification: Facilitate access to sites for M&V contractor and
provide support to M&V contractor. Ensure customer is aware that M&V contractor
(Frontier Energy) has installed the monitoring equipment, and conduct a pre- and post-
construction survey with the homeowner.

3. Documentation and promotion of results: Facilitate access between KSV and Site
Owner in the event the project site is chosen for filming and interviews to help “tell the
story” regarding the energy and financial savings of these technologies and
improvements in home comfort.

4. Confidentiality. Site owner’s address will not be released in any publicity materials, and
site owner will have the opportunity to review and approve any release of their name
and/or personal photo in any publicity or related materials.

e Key EFG contacts: Richard Faesy: rfaesy@energyfuturesgroup.com 802 482 5001 x 2
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e Responsibilities of Site Owner
Site Owner agrees to contribute the following to the Project:

1. Provide access. Provide access to all spaces in the building including mechanical spaces
for EFG, NYSERDA and/or its agents/guests for inspections, data collection,
documentation, and installing and retrieving monitoring equipment.

2. Operation and maintenance. Operate the retrofitted heat pump and other equipment (if
present) equipment as intended by the design and in keeping with manufacturer’s
instructions and homeowner operation guide. Maintain equipment in good working order;
notify the Installation Contractor should any problems occur with the newly installed
equipment or materials and facilitate repair/correction by Installation Contractor or its
subcontractor(s) as needed.

3. Provide energy data. Provide to EFG energy bills (electricity, natural gas, propane, oil,
etc.) for the building for 18-24 months before, and a minimum of 18 months after, the
completion of the retrofit work. Allow the temporary installation of sensors and data
loggers on heating, cooling, electrical and ventilation equipment. It is understood that
aggregated or individual site data will be published in reports produced by EFG, Frontier
Energy, and/or NYSERDA, and that individual site data will only be included
anonymously.

4. Facilitate occupant survey. Facilitate and participate in occupant surveys or interviews
to be conducted by Frontier before and after the retrofit work.

5. Publicity. If the project site is chosen by the marketing firm, KSV, to illustrate the
savings and comfort improvements achievable through these energy retrofit technologies,
be willing to participate in an interview conducted by KSV and/or allow KSV to film and
photograph the site before, during, and/or after construction.

e Key Site Owner contact(s):
Name:
Name:

e Site Address(es):

e Title to equipment and disposition of data

Title to all retrofit equipment and materials including heating and cooling equipment, ventilation
equipment, insulation and air sealing materials installed under this project shall rest with the Site
Owner, however subject to any and all terms and conditions in Site Owner’s contract(s) with
Installation Contractor, their subcontractors, or other installer entities, as applicable.

Title to all M&V equipment such as sensors, data loggers, communication devices and other
equipment temporarily installed to gather, record and transmit data on system and home
operation shall rest with the M&V contractor, except as noted below, and shall be removed by
the M&V contractor or their designee at the conclusion of the project period. The exception to
this is that title to the web-enabled heat pump monitor(s) shall rest with EFG. The web-enabled
heat pump monitor(s) and associated equipment may, at the conclusion of the project, be left at
the home for the Site Owner’s use at which time the title will rest with the Site Owner. In the
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event that the Site Owner takes title to the web-enabled heat pump monitor at the conclusion of
the project under these terms, all liability and responsibility associated with ownership of that
equipment shall be transferred to the Site Owner.

All data collected from the above equipment as well as data collected from observation and
interviews with building occupants during the monitoring period shall be the property of
NYSERDA and its contractors. The use, public performance, reproduction, distribution, or
modification of any materials does not and will not violate the rights of any third parties,
including, but not limited to, copyrights, trademarks, service marks, publicity, or privacy.

e Limitations of responsibility

As part of Site Owner’s participation in this demonstration, the equipment and service being
provided by Energy Futures Group and its subcontractors and the M&V contractor and its
subcontractors is funded, in part, by the New York State Energy Research and Development
Authority (NYSERDA). The participant agrees to hold harmless NYSERDA, its agents and
employees against loss or expense, including legal fees, from any and all claims, demands,
losses, causes of action, damage, lawsuits and judgments, including attorney fees and costs
arising out of or in consequence of this agreement.

None of the parties to this Agreement shall incur any legal obligations under this Agreement.
Neither this Agreement nor EFG’s actions in the conduct of this project imply responsibility for
the work of any project suppliers or contractors.

The above is agreed to and accepted by:

Print Name:
Print Title:

Date: , 2019

Richard Faesy
Energy Futures Group

Date: , 2019
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A.5 Customer Fuel Release Authorization Form

Fuel Release Authorization Form

Property Information:

Property Address

City

State Zip

Designated Representative/Property Owner for Info Release

Contact Phone

Contact E-mail

Energy Provider Information:

Electric Utility Company

Account Number

Electric
Account Name Account Mailing Address (if different from above) City State | Zip
Other account numbers associated with this property (if applicable):
Na tural Gas Natural Gas Utility Company Account Number
Account Name Account Mailing Address (if different from above) City State | Zip
Other account numbers associated with this property (if applicable):

° Oil Provider Account Number
Oil
Account Name Account Mailing Address (if different from above) City State | Zip
Other account numbers associated with this property (if applicable):

Propane Provider Account Number

Propane
Account Name Account Mailing Address (if different from above) City State | Zip

Other account numbers associated with this property (if applicable):

Solar/Other

Solar/Other Installer

Account Number (if applicable)

Account Name

Account Mailing Address (if different from above)

City State

Zip

Other account numbers associated with this property (if applicable):

By signing this form, I hereby authorize Energy Futures Group (EFG) and Frontier Energy or their designated representative, to obtain energy
usage, energy production and cost data, on my behalf, regarding my property’s past and present energy usage for the purpose of analyzing and
assessing energy use and production at my property as part of the Hudson Valley Heat Pump Program. This data shall be kept confidential and
shall not be shared with any third parties other than those designated by EFG. The data may be published in aggregate form with all individual

information removed.

First and Last Name

Signature

Date
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A.6 Contractor Training Webinar

Hudson Valley
Heat Pump Project
(HVHPP)
Installer Orientation

Program Overview

3

Welcome & Overview

e | Soott Smith ]
imw |Richard Fassy]
= Program objoot andards,

Program Objectives

= install sir-source heat pumps in 20 Hudson Valkey homes

= Understand and demanstrate viability and cost effective savings

2riet caposune for contrad

* Provide resounces for NYSERDA 1o better promote benefis awer time

Program Partners

» NYSERDA —|5cot Smith )

= Energy Futures &

igram g

nsor

—Lead |Richard Fassy Gabeiell: Steb

sulting, Integral Building & Design - Tech Team
e walidation

Contractor Introductions

= Name

with heat pump installations, weatherization, solar
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House Participation Criteria

= 20 gne- o two-family homes, Hudson Vallkey and Albany area
= Year-round, owner-asocupied anly
= Heated primarily with oil, LP gas, or elsctric resistance {bassboard or
electric furmaces).
= Exitsting wiood stowe supplement or natural gas willl be considered
= Participant haemes must either be
= reasanabily weatherized already, ar
= willling to address major thenmalendosure ksues by parthdpating in e
Home Performanos program

Participation and Time Line

= Scope

= Heating displacement, or full replacement
= Targets:

= Halt with ducts, half dodthess

= Up 1o hadt may include salar PV ircradiation

= Installations to ccour through approsimately Nowvember 2017
= . Parallsd project in NYC far additional 20 haames

7

Benefits of Participating

= B gneof the first contractars involeed in NYSERDA's new heat pump
initiative

= Offer additional equipment discounts to your customers

= Enhance your understanding of cold dimate heat pumps — incremss
your value o customerns

= Patential marketing exposure of your company through a broad heat
pump campaign

= Reak-time monitoring of sach heat pump installation with web acoess
to performance data

What'We Ask of You

= Utilize Mitsubishi equipment |preferably be Mitsubishi Diamand
qualified ]

= Attend an arientation to understand the program

= Sign Mamorandum of Understanding (MOU]

= Work with the parines businesses tomest the goabs of the program

= Being open, willing, and interested in lsaming mone abaut mone cold-
cimate heat pumps and comprehensive home enegy savings

= Optianally, being willing to participale in on-camera documentation
of the installation procsss and)for case study interviens

9

10

Customer Benefits

= A discount of 5350, tan; additional dscounts on thermastat controks
= Bssimtance f coordination identifying other incentives {2g. solar
federal tax credit, bocal utility incentives, NYSERDA Home
Parformancs, o]
= Experts. with 25+ pears” experience in building scence provide
technical suppart for the project design - to help zave the most
energy at the most remonable cost
= Access to the web-based monitoring system
= Spdovt gystom companents may be keft in place for the oustomer’s use after
the project ks completod, ithey wish

What'We Ask of the Customer

= Work with a Mitsubishi installation contractar who has agresd to
participate in this program

= Participate in two beief customer surveys {pre- and post-
wonstruction

= & data manitaring company {CDH Enengy] will need access to the
house {12 day} to install and monitor energy savings, and after ~1
Pear Lo remove

= Provide 18-24 manths of historical fusl and slectric usaga/bilks

= Thery may be asked to be interviewed by a marketing firm (K5, and
to allow photographsfilming of their home for promeotional materiaks

11
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Project Process and
Documentation

Overview of Project Steps

= Cantractor identifies siks for partidpation, using:
+ "Gt Sl Critiva™ b duadify site
+ “Fmogram Decription” for cosismer
= Camtractor submits “Contsactor Sk Proposal Foom™ o Tech Team
= Bk b il e il for each contacios Bafon job i oomplited
= Tech Team rewiews and approwes proposal, Finalizes wock sape and “poe-
improwement site descripbion™ form
= Custovmer signs site agresment {EFG coondinates )
= Contractor cormpletes sk with Tech Team available o resounce
- Foal-mprcemmard st vaid (GA) By sak aam

= CDH installs manitoring equipmient {ERG comrdinates |

Project Home guidelines

= Residential Homes, 1-2 Family, 3 stories or ks in height
= Home has pre-existing year-round cocupancy of at least 18 manths
= Owner willhing 1o release fucl and clectric bills 12 24 months prior to wark
= 0il, LP gas, andfor electric resstance heat prefenned
= Remsonably energy-efficient or weatherized construction:
o (1] Builk since: 1595
= (2] 1970 and 1995: with 2 Home Encrgy Audit (HPWES] recommended
* (] Prior ta 1970: Home Encrgy Audi required

= Basizally, it there ane major thermald probilems with the hame, they should be
willling 2nd havwe nesouross avallable o connedt: 2, wiall insulation, 2 keals

MotEligible:

= Wew homes or addithons (not becn oooupked nuse for at least 18 maonths]
= Muith f2mily bulldings, homes greater than 2 units, or higheor than 3 siorkes
= Homes with signifcant identified thermal problems that cnnot be resobred 25
part of the progect wiark soope
= Signifcant commerdial § non residential use on meter fog: detached work
studios]. Home offoss OF
= dentified Ife satety conoerns funkess remidiation & part of the: project wark
scope]
=+ Prellustaed i or o i, Gn: e abics, ek
Sk Sl msdors probhams vy e D coed S o aci v D
 Stuciund, com b Sor wly cocers
* Howse kacation beyand the Mid 1o Upper Hudssn Valley, MY
* Seasanal homes or ather houses that are not acoupied regularky

15

Qualified Products

= NEEP cold-climate heat pump listing. Mitsubishi units for this project
that qualify are
= M-series, single zone, ducthess”
= Bl madels, il soes (9, 12, 15, 18)
« FH madels, 2l siees 45, 9, 13, 15, 1)
= bl-series, mult 2one:
w WO M) st simes (24, 30, 35, £7] - duciess®
* WX CHD] 35 - mined duched and ductless
= Pegeries: HA model 3-ton {PUZ-HAIGHNHAS | with mult-position AH

_ * note: mini-duct or mimed systems may be approved a5 appropriate

Customer Agreement Form

= Utility bill / enengy defivery information release
= Impartant: past bills / delveny reconds
= Agresment for acoms to homa
= Parties:
* Custamer
= BEFa
= EFG will follow up with customer if needed to answer guestions,
caamiplete signing

17
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Pre-Improvement Site Description and %] The picture cant be displayed.

Proposal Forms

= Site Desoription
= Bashkc dimensions and thermal properties of house
= [Extsting HVAC cgquipment inventary

= Propaosal

= st of specific recommendsd Improwements
Run through forms on screen...

= Egquipment models, locathan
= Zaoning 2= apphcbls

15 20

Installation Guidelines

= Ganarally follow NEEP installer guidafines
= ‘W willl go ower these bter

= Enphasis an successful savings

= Homeowner operation checklist
- ) ) = T keave with customer to help understand their responsibilities and best
Installation Guidelines peratian of thse sy
= Past-installation site checklist
= Tech Team willl confinm best practics instaliation in follow up wisit

21 22

Sizing and Selecting Guide

0] Cassde To Sy L Ssdas g Ar Lnsns
2] Haeat Purnpes in Coba) Clrmater:

Eﬂ i R oy W o By i Wocarr
P

Vot g s e

Eah‘ﬂhh-h.lu—lr‘ﬂ- i
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MEEF Sizing/Selection Guide — key points

= For this program, most {or all} will be heating displacement
= Enzuring it gets uitilized:
= Don't owersedl 2ones; mastly 12 depending an house
* Don't awersime for zone (espedally indridual Bedrooms]
= Custamer education and/or inegrated contrals
= Strategic location for heating: biggest open arsa on bower floor
= Then other majar areas: basement Iving space; family room; master bedroom
= Undersizing somewhat for heating should improwe efficency and
reduce owerall heating costs —provided the heat pump & used

Load Calculations

= For this program, only required when heat pump & sobe source of
heat for the home or zone{eg. full replacement for a zone)

= Siring based on performance data for sutdoor design tamperature
= WOT naminal capacty

25

Other design condsiderations:

= “Stranded” water pipes in basement
« Iithe firstflower fioor s entirely served by ASHP. basement may get much
wabder
= Address by kooping contral heat as cobd weather badioup undersizing the hoat
pumn heias|
= Ao, air seafing basement perimeter {foam at silll)

= Indaor distribution for optimal hesting and utilization

Indoor distribution

= Consider floor-mount, especially for larger open spaces on 1% floor
|

Indoor distribution

= Mini-duct system for most
beesd rovcmes :

= Loads are typksally much smaller
than indoar heads

= Shmillar ar lower iretalled oot

* Reduce sme ot outdaor unit,
af fres up oty for heating on
bovreer flnars

= Insulate and seal thoroughly!

23
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MEEP Installation Guide — key points

= Purge/charge procedures —follow manufacturers guidelines!
= Protaction of lineset autside the house {physical and U}
= Radent-proof line setantry:

MEEP Installation Guide — key points

= Fras air flow; protection from snowfosfdrip; elevation and noime

31

32

B Beware frost heave w/stands

Drip Caps

= Especially where eave drip
can’t be awoided
= Litthe need for pan heaters

= Phaoto: Efficiency Maine

33

34

Controls (better utilization and comfort)

= Hormeowner  Jchackist)

= Wallmount for langer spaces (ag. MHKL]
* Somse temperaturs at contral, make irelowant o the whals space

= Integrated cantrad
= IMimsubishi 2l in protatype stage
= Maine program has used Honcywell 2 stage hoat pump thermostat 2t
location of exfisting, wined to central system] — with wirckess iemperature
sensars — for both ASHP & comral system. Let us inow if wou 2ne mterened.

Other installation—key items

= Surge suppressors {typically at service disconnact)
= Disable continuous fan operation {esp. with wall thenmostat]

= Howmeowner education:
= Thermastat settings for utilzation
* Heat ool per seasan inot “2uta”)
= Gencrally awolkd temperatune sethacks (bot OF in milld weather|
= Fan spood on “auta”™
= Koep dudthess supply 24r vanes wide apen fas conmvdornt allows|

35
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This... to avoid this:

Installation and Homeowner
Checklists

225
37 38
Coordination with Home
Performance, Solar PV, Utilities Lunch and Wrap-up
=5 E=5)
39 40

Appendix A

A-22




A.7 Site Selection Criteria Form

HVHPP
Site Selection Criteria Form (Guidance Doc)

Intro: Project Description
20-Site Demonstation Project in the Hudson Valley
Use of Air-Source Heat Pumps (ASHP) to displace use of fossil-fuel or electric resistance heating systems while increasing air conditioning efficiency
Demonstration of best practice HVAC installations
Homeowner / customer education on the use and operation of ASHP systems
Monitoring of energy efficiency and energy savings
This project is sponsored by NYSERDA
Mitsubishi Electric is a co-sponsoring project partner that will be providing technical support and homeowner discounts

Project Site Selection Criteria
Exisiting buildings with an existing year-round occupancy of at least 18 months
Residential Homes, 1-2 Family Bldgs, 3 stories or less in height
Energy-efficient or weatherized construction:
1- Built since 1995 OR
2- Built between 1970 and 1995 with a Home Energy Audit recommended, or Contractor Assessment required.
Weatherization improvements may be required based on results of the Audit or Contractor Assessment.
3- Older homes built prior to 1970, Home Energy Audit required.
Weatherization improvements may be required based on results of the Audit.
House location: Mid-to-Upper Hudson Valley, NY roughly between Saratoga Springs and Newburgh), and Albany/Schenectady/Troy
Preferred: Homes that are heated with oil, LP gas, and/or electric resistance heat.
Homes with significant wood heat, or natural gas heating systems, will be considered on a case-by-case basis

Homes that are not eligible:
Newly constructed homes or additions (that have not been occupied and heated/cooled for a minimum of 18 months)
Multi-family buildings or homes greater than 2 units, or higher than 3 stories
Homes that have significant identified thermal problems that cannot be resolved as part of the project work scope
Commerical or non-residential spaces in homes (eg: garages or detached work studios). This does not include home offices
Identified life-safety concerns (unless remidiation is part of the project work scope)
Pollutant hazards or other issues (eg: exposed asbestos, etc)
Substantial moisture problems including mold/mildew like conditions or active water leaks
Structural concerns
Combustion safety concerns
House location ouside the target region
Seasonal Homes or other houses that are not occupied regularly

Project Proposal Process: Initial Steps
Contractor to complete and submit the Pre-Improvement Site Description and Site Proposal Forms

Contractor encouraged to contact tech team to review any concerns about qualification or proposed work scope, prior to submission of forms
Collection of energy use history for past 18 - 24 months

REMINDER: Projects must be approved by tech team and NYSERDA before committing to participation
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A.8 Pre-Improvement Site Description Form

Pre-Improvement Site Description Form

Contractor:
Company Name
Representative Name / Title
Date

Proposed Project Site:
Owner / Customer Name
Street Address
City/State/Zip
Phone
House type SF Detached or Attached
Approx year built
# of stories
Finished floor area (not incl basement)
# bedrooms
# of occupants
Approx year most recent major rehab
Describe

Home Energy Audit
attach Energy Audit Report, if applicable

Photos & Sketches
Exterior
one per each exterior side
HVAC & DHW Equipment
space heating

space cooling (indoor & outdoor units)

Hot water heater/equipment

Other relavant features

as necessary
Sketch floor layouts

one per floor

Thermal Enclosure
Foundation type (check all that apply)
Slab on Grade

Basement

Crawlspace

% of house if multiple
Finished or unfinished
Conditioned or unconditioned
walk-out?

% of house if multiple
location of insulation

vapor Barrier or slab on floor?
% of house if multiple

Location / type of insulation and R-Value (predominant)

Condition of exposed insulation (Good, Fair, Poor)
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Above Grade Walls
Area (sf)
2x4 or 2x6 Framing
rigid foam?
Panelized or SIP Construction
Type of Insulation / R-Value

Windows
Area (sf)
Single, double, double/low-e, or triple/low-e
Storm windows
Window area: low, average, high, "mostly glass"
Condition of windows (good, fair, poor)

Attic / Roof

Area (sf)

Vented/unvented/sealed attic

Cathedralized, insulated roof?

Insulated kneewalls

Location / type of insulation and R-Value (predominant)
Condition of exposed insulation (good, fair, poor)

Significant Air By-Passes

HVAC Equipment
Space Htg Equipment Type

Fuel Type
Location
Manufacturer / Model Number (photo of nameplate)
Approx year of manufacture
Condition (eg: good, fair, poor)
Efficiency rating if known
Distribution systems / location
Number of zones

Space Cooling
Equipment Type
Location
Manufacturer / Model Number (photo of nameplate)
Approx year of manufacture
Condition (eg: good, fair, poor)
Efficiency Rating
Distribution systems / location
Number of zones

Duct System(s)
Locations
For Ducts located in Attics, Garages, Vented Crawlspaces:
Duct Insulation
Duct Leakage / Sealing

Active Fireplace / Woodstoves / Gas-fired Stoves
Equipment Type
Location
Fuel Type (eg: Wood, Pellet, Gas)
If gas, is it direct-vented?
Water Heater
Equipment Type
Fuel Type
endix A Location A-25
Manufacturer / Model Number (photo of nameplate)
Approx year of manufacture
Condition (eg: good, fair, poor)



Other Conditions
Any hazardous condition that requires remediation as part of this workscope

Solar PV
Array size / location / orientation

Energy / Fuel Types and Usage History: 24-month
Fuel Type Vendor / Utility
LP Gas
Fuel Qil
Wood / Pellets
Electricity
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A.9 Contractor Site Proposal Form

Contractor Site Proposal Form

NOTE: This following forms and docs must be attached with this application:
HVHP Project Pre-improvement Site Selection Form
Proposed Workscope
Load Calculations Report

Contractor:
Company Name
Representative Name / Title
Date

Proposed Project Site:
Owner / Customer Name
Street Address

Proposed Purpose of Heat Pump System Installation
Space Heating
Full Replacement or Primary (with Existing Equip as Supplemental)

Space Cooling
Full Replacement or Primary (with Existing Equip as Supplemental)

Duct Systems
Existing Ducts
Intent to use existing system
Will workscope include duct sealing and/or duct insulation?
Other duct modifications required
New Ducts
Will any new ducting be installed?

Non-HVAC Improvement Recommendations (specify by whom)
Insulation (where?)
Air sealing
Solar Electric
Other (eg: Combustion Safety, specify)
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Proposed Heat Pump Equipment and Zones

Outdoor Units - Equipment Info

. Unit Nominal Size | _. . Location
Unit # Single- or Multi-zone .
Model |(tons) (outdoor unit)

1 Choose One

2 Choose One

3 Choose One

4 Choose One

5 Choose One

6 Choose One

7 Choose One

8 Choose One

9 Choose One

10 Choose One

11 Choose One

12 Choose One

Indoor Units - Equipment and zone info
Heatin Coolin
Zone # |Type of System :\::::Ir Unit i::fur/‘:m Location Floor load # total Ioagd Thce‘:rr::::::t/
kbtu/h kbtu/h

1 Choose one Choose one
Choose one Choose one
Choose one Choose one
Choose one Choose one
Choose one Choose one
Choose one Choose one
Choose one Choose one
Choose one Choose one
Choose one Choose one
Choose one Choose one
Choose one Choose one
Choose one Choose one
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Key IndoorlList
(Choose one)
WALL  Ductless Wall
CL Ductless Ceiling
FL Ductless Floor
MD Mini-duct

FD Central-Fully Ducted

Questions or Concerns

Please list any issues you'd like assistance with related to the system design and equipment selection

Appendix A

Key

HH
WM
MHK1
KC

HWI
oT

ThermostatList
(Choose one)
Hand-held Remote
Wall-mount: Wired
Wall-mount: MHK1
Kumo cloud
Honeywell - Integrated
Thermostat

Other (specify)
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A.10 Post-Improvement Site Form — QA

Post-Improvement Site Form - QA

Category Item Y N
Line Set
Note any unusual situations regarding lineset length or height
change.
Insulation covers entire line set length. Y N
Exterior line set length is protected with a rigid cover with UV tape
at unavoidable exposed areas. Y N

Line set penetration through the building enclosure is rodent-proof
(e.g., PVC sleeve and cap drilled to the size of the refrigerant lines). Y N
All penetrations through the shell of the home are sealed with

insulating sealant/spray foam. Y N
Any insulation disturbed by installed line set must be returned to
original (or better) condition. Y N

Condensate Drain
Drain is sloped downhill. Drain is terminated away from crawl

spaces, walkways and outdoor equipment. Y N
External condensate pump is used if needed Y N
Outdoor Unit

Unit placement allows for free air flow, following manufacturers
instructions. Outdoor unit does not interfere with view through or

operation of any windows or doors. Y N
Outdoor unit is located in an appropriate place regarding aesthetic

and noise considerations, in accordance with customer's wishes. Y N
Outdoor unit is securely mounted and level. Y N
If multiple outdoor units, they are not stacked above each other, or
installed too closely. Y N
Unit has adequate clearance above expected snow line (generally

>24 inches, higher in snow country). Y N
Wall mount brackets secure and stable Y N

Alternate: outdoor units that are mounted to a pad, risers and/or
the surface on which they are set--secure using bolts and/or

adhesive. Y N
Risers if used are tall enough to avoid snow. Y N
Customer has no outdoor-unit noise issues based on actual

operation. Y N
Unit is adequately away from walkways or other areas where re-

freezing defrost meltwater might cause a hazard. Y N
Outdoor unit is out of the way of any drip line from the roof or other
overhang. Y N
Alternately, outdoor unit has drip caps or shield to protect from
rain/ice/drips Y N
Surge suppressors are installed at service disconnect Y N
Alternatively, approved surge suppressors are installed at circuit

breaker box Y N
Drain pan heater is disabled or not present Y N
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N/A D/K

D/K

D/K

D/K

N/A

N/A

N/A

N/A
N/A

N/A
N/A

N/A

Comment/Notes
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Indoor Unit
Indoor wall mounted units have adequate clearance from the ceiling

(a minimum of 12-18”) for ceiling heights up to 8 feet. Y N N/A

In rooms with tall or vaulted ceilings, indoor unit is mounted at

about 8 feet. Y N N/A

Other indoor distribution is used: floor mount Y N N/A

Other indoor distribution is used: ducted Y N N/A
Ducting

Mini duct systems are adequately sized / minimizes fittings, air flow

seems adequate from all registers. Y N N/AD/K

Any ducts and/or air handlers in unconditioned space are thorougly

sealed with duct mastic and all components insulated to a minimum

of R-8. Y N N/A D/K
Setup

In spaces > 150 sq ft, wall-mounted thermostat is installed in a

representative location. Y N N/A

Controls are set so that the temperature is sensed at the wall

thermostat. Y N N/A

Unit(s) with standard return-air sensing controls are small (< 150 SF)

or cohesive with no significantt comfort issues. Y N N/A

For retrofit situations, the main zone ASHP thermostat is mounted

near the central system thermostat Y N N/A

Temperature sensing /response has been adjusted to customer's

satisfaction Y N N/AD/K

For home with remaining central heat, is Integrated multi-stage

control installed? Y N N/A

Customer is aware of correct operation of two thermostats. Y N N/A D/K

Continuous fan operation is disabled. Y N N/A D/K
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A.11 Homeowners Operation Checklist

Step

Reasons/comments

Review the manufacturer’s Owners Manual for
basic (and specific) guidance on

operation modes, settings, and general
maintenance.

It's important to be familiar with the operation and
controls of the equipment.

Be sure to keep snow away from the outdoor unit.
This is especially important
during heavy snowfall or drifting conditions.

Snow build-up around the outdoor unit can reduce
its effiicency or even cause it to shut down
temporarily.

Set the heat pump heating temperature
approximately 4 degrees higher than any

central heating (or electric baseboard) that serves
the same area as the heat pump (or an adjacent
area of the house).

This ensures that the heat pump produces as much
heat as possible, and the backup heat is only used
when the heat pump has trouble keeping up.

Use the “heat” or “cool” setting on the thermostat
or control. Generally set the

unit at "off" when neither is needed.

Using “Auto” settings that allow either heating or
cooling to maintain a specific comfort setting can
use significantly more energy.

Set the thermostat for comfort rather than basing
your setting on a number. It may

be necessary to set the heating temperature higher
in colder weather than in milder heating
temperatures, especially if your heat pump(s) use
hand-held remote controls. (For example, see table
below).*

This is because the temperature the unit senses
in its own air stream may be warmer than the
average room temperature. The difference
tends to be larger when outdoor conditions are
colder.

*Examples: If the outdoor temperature is between:

You may find consistent levels of indoor comfort by
setting the control
temperature at:

40-60 F

68 degrees

25-40 F

70 degrees

10-25F

72 degrees

Below 10F

74 degrees

For illustrative purposes
only; your comfort
settings may be higher
or lower

If central heating systems are the only heat source
in your basement, try to make sure it runs
adequately in very cold weather to keep pipes from
freezing.

This may create an exception to the item above--
you may need to run the central heat more in very
cold weather to be safe. Of course, that's also
when the central heat is most likely to be needed
for comfort.
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Remember that a handheld remote is not the
thermostat. Unless you have a wall-

mounted thermostat for the heat pump, the air
temperature is sensed by the indoor fan unit. The
temperature setting for comfort may be higher or
lower than the actual room temperature desired.

Even wall-mounted controls may not be the
default temperature sensing location; check with
you installer to make sure it's configured to
properly sense the temperature of the whole
space.

In efficient homes (or heat pump zones with small
loads), set indoor temperatures

at a steady level with modest or no daily “setbacks";
basically, set it and forget it (within the parameters
of the above items).

This will help to reduce inefficient “ramp-up”
periods that can actually use more energy with a
variable-speed heat pump.

In inefficient homes (e.g., a home where the indoor
temperature drops faster than 2 degrees per hour
when the thermostat is set back, in freezing
temperatures), turn the thermostat back at night
and when away to save energy.

The heat pump may run less efficiently but you
can still save energy if

the house is 8ooler when the heat is not needed.
It’s important to set any central backup heat
down, at the same time, to maintain the 4 degree
differential and let the heat pump continue to
provide most of the heat.

Note that for any type of home, during periods when
the outdoor temperature is

mild (e.g. heating is only needed at night) it's OK to
turn the heat pump down, or off, when it's not
needed.

Some heat pumps do tend to over-heat a bit when
temperatures are mild, so it can actually be an
advantage to adjust the controls to a lower
temperature - or "off".

If you have an integrated thermostat that controls
both the heat pump and the

yourself with the control's operation and use in
order to accomplish your desired objective.

If integrated controls include an intelligent
“ramped recovery” option, be sure to use that so

existing central heating system, be sure to familiarize[that the heat pump can provide as much of the

heating during recovery from setback as possible.

Generally set the indoor fan speed to "auto" or
automatic so the fan only runs during heating or
cooling operation. If possible, avoid setting indoor
fan(s) to run continuously, OR to run only in low
speed.

Low fan speeds reduce efficiency, especially in cold
weather. Any user selectable continuously-on fan
setting (other than may occur on very low speed to
sense room temperature) also reduces efficiency. If
the fan runs all the time and can't be stopped with
user controls, contact your installer for help in
changing the settings.

Try to set the supply air vanes generally so that they
are open wide, to avoid reducing air flow. Generally
avoid vane settings for "automatic" sweeping or
auto- adjustment.

The high-efficiency fans in cold-climate heat
pumps are very sensitive to restrictions that can
reduce air flow; both heating and cooling delivery
and efficiency are affected. However, sometimes
high-wall mounted units need vanes to point
downward at an angle (not as steeply as possible)
to deliver heat effectively into a room.
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Clean air filters regularly: every 2-6 weeks depending
on need.

Air flow is important to cold-climate heat pumps.
It's not necessary to keep the filter spotless, but if
it's caked with dust when you check it, come back
sooner next time. If the dust is barely noticable,
you can probably wait a bit longer.

Be careful regarding any construction intended to
“hide” outdoor units. Be sure to follow
manufacturer's recommended clearances at all
times.

Air flow in outdoor units is also critical to efficient
operation. Don’t build or install anything that will
restrict or recirculate air flowing through the
outdoor unit.
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Appendix B. Monitoring Installation at Each Site

The following pages in this appendix describe the monitoring equipment installed at each site and also
provide details and pictures of the original equipment at each house as well as the newly installed

heat pumps.
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EFG S1

Monitoring Installation Notes — EFG Site 1
Monitoring Installation Date: = December 12, 2017

Installers: Hugh Henderson, Nick Genzel, Carina Paton
Site Overview: Single-story residence with full unfinished basement.
Appliances

Electric dryer (not used)
Gas DHW
Gas hot water boiler
o Input gas 105,000 Btu/h
o DOE heating capacity 86,000 Btu/h
o Net I=B=R Ouput, water, 75 Mbh
o Single zone for entire house
Solar array
o Installed in 2011
Heat pump
o Mitsubishi split-system heat pump
o Model MSZ-FH18NA2
o 2ton
o One outdoor and one indoor unit in open living area
Thermostat

o Thermostat in main living area hooked to boiler during installation visit

o Next day, plan to install thermostat for heat pump and then move boiler thermostat to

end of hallway or bedroom (to confirm)

Monitoring Summary

eGauge:
o Heat pump power
o Utility power (L1 & L2, directional)
o Solar generation (directional)
o Boiler power
Battery-powered loggers:

o Heat pump conditioned space (on piano in living room): temperature, relative humidity

= Serial: 20263932
o Unconditioned space (on shelf in master bedroom): temperature
= Serial: 20244168
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EFG S1

eGauge Setup
Adjustments:

e Dec 12" — Adjusted the “Usage” virtual register and the “Generation” virtual register to
accurately calculate “Usage” and “Generation”

e January 5" — Removed the “Furnace Elec Use” and “Heat Pump Elec Use” virtual registers to
avoid duplicates with the non-virtual registers.

Potential Transformers (PTs):

L1 | direct (no PT) ¥ |L2 direct (no PT) ¥ || L3 |direct (no PT} ¥

Current Transformers (CTs):

cT

CC ACT 20mm/0.79" 1004 ¥ |x1 CTZ | CC ACT 20mm/0.79" 1004 Y x1 CT3 [CC ACT 20mmi0.79" 504 ¥ |x|1
CT4 |CC ACT 20mm/0.79" 504 v x1 CT3 |GG ACT 20mm/0.7%" 20A ¥ x1 CTé v
CT? L cT8 v cT v
CT10 b cTH v CT12 v
Remote Devices:
Device name: Protocol: Device address:
Add Device
Registers (14 of 16 in use):
Nama: Recorded valusformula:
L1 - Home % =|P ¥l=+ #=|CT1 * L1 ¥ = _Add Con’_lpo!'len_t
L2 - Home =|P ¥i=+ *|CT2 x| L2 ¥ | Aqd (_:on_'lpo!'le_er!t
Heat Pump W =|P ¥|+ #|CT3 x L1 ¥ =+ |-CT3 ¥ x|L2 ¥ ||| Add Component
Solar % =|P ¥ |=+ *|-CT4 % L1 ¥ |m +|CT4 ¥ x|L2 ¥ ||| Add Component
L1 - Home - Voltage %=V Tl v
Fumnace =P Y|+ CT5 %| L1 ¥ | Aqd (_:on_'lpo!'le_er!t
L2 - Home - Violtage % =|V ¥ |L2 v
Add Register
Totals and Virtual Registers:
Usage =|+ ¥ |L1-Home ¥ @+ ¥|L2-Home Y =+ ¥ | Solar+ ¥ || Add Register_
Generafion = |+ ¥ |Solar bl Add Register |
Add Virfual Register
Physical Label CcT Rating Data Point Logging
0 CT1 100 A Utility Phase 1 Net, +, -, apparent
2 CT2 100 A Utility Phase 2 Net, +, -, apparent
3 CT3 50A Heat Pump +, apparent
4 CT4 50A Solar Array Net, +, -, apparent
5 CT5 20 A Boiler (“Furnace”) | +
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EFGS1

Layout Sketch
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Other Notes

e Owner is surprised at how much electricity they are using now. Was told to leave on by the
installer, but are turning it off. They have not looked at the gas bill yet.

e Currently operating by remote, set to 66 degrees.

e The boiler doesn’t turn on much —and owner wants it to — so hoping to move boiler thermostat
to further away. It’s across the room, diagonal from the heat pump in between the living area
and the bedrooms It was reading 63 degrees, and the set point was 63. It wasn’t on during our
visit, but had been on that day. [Update: a few days after our installation, the boiler thermostat
was moved to the master bedroom, and the heat pump wall thermostat was installed where the
boiler thermostat was.]

e Solararray is old. They do have excess credit they can use in the spring to offset heat pump use.
It hasn’t paid itself off yet.

o With rebate, the heat pump cost “thousands of dollars”.
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o
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Boilier (Land gas DHW heater (R)

A .

Boiler nameplate

CTs installed in panel B eGauge monitoring box
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EFG S2

Monitoring Installation Notes — EFG Site 2
Monitoring Installation Date:  January 11, 2018

Installers: Nick Genzel, Carina Paton
Site Overview: Two-story, four-bedroom residence with dirt basement
Appliances

e Electric DHW
e Electric baseboards (single thermostat for each bullet)
o Kitchen and dining (ground floor)
Living room (ground floor)
Music room (back bedroom on ground floor)
Hobby room (front bedroom on ground floor)
Master bedroom (upstairs)
Bedroom (upstairs)
o Thermostats all off at time of installation
e Heat pump
o Mitsubishi split-system heat pump
Outdoor unit: Model MXZ-3C30NAHZ2 (30 kBtu capacity, max 3 zones)
Master bedroom indoor unit: MSZ-FHO9NA
Living room indoor unit: MSZ-FH18NA2
Both indoor units have remote controls

O O O O O

o O O O

Monitoring Summary
o eGauge:

o Total home L1 (voltage, power)
Total home L2 (voltage, power)
Heat pump power (one phase)
Living/Hobby/Music electric heat
Kitchen/Dining electric heat
Upstairs electric heat
o Total electric heat (virtual register)

o O O O O

e Battery-powered loggers:
o Heat pump conditioned space (on mantelpiece in living room): temperature, relative
humidity
= Serial: 20263933
o Unconditioned space (on dresser in master bedroom upstairs): temperature
= Serial: 20244173
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EFG S2

eGauge Setup
Adjustments:

Potential Transformers (PTs):

L1 [direct (no PT) v ‘LZ direct (no PT) v || L3 [direct (no FT) v

Current Transformers (CTs):

cT1 |GC ACT 20r 79" 100A v %1 cT2 v %1 cT13 |CC ACT 20mmi0.79" 50A v %1
cta |CC ACT 20mm/0.79" 100A v > CTs ¥ %1 cts |CC ACT 20mm/0.79" 50A ¥ %1
cT? v cTs v cTe v
cTio v cTi v cT12 v
Remote Devices:
Device name: Protocol: Device address:
Add Device
Registers (14 of 16 in use):
Name: Recorded value/formula:
L1 - Home - Voltage s = |V L1 v
L2 - Home - Voltage =V ¥|L1 v
L1 - Home =[P ¥l= *[CT1 %L1 Add Component
L2 - Home =[P ¥|= #[-CT2 v x/I2 Add Component
Heat Pump M =|P¥|= #|-CT3 v %L1 +[CT3 7 [¥L2 ¥ x| Add Component
Living/HobbyMusic - Heating % =P ¥|= # |[-CT4 w ¥/ L1 Add Component
Kitchen/Dining - Heating % =|P¥|= # |CTH v ¥L1 Add Component
Upstairs - Heating % =|P¥|= # |-CT6 w %L1 Add Component

Add Register

Totals and Virtual Registers:

Usage =|- v|L1-Home ¥ {5~ v [L2-Home v |
Generation =
Total Electric Heat s = |+ ¥ | Kitchen/Dining - Heating ¥ % = ¥ | Living/Hobby/Music - Heating ¥ fs + v | Upstairs - Heating

Add Register
Add Register

v || Add Register

Add Virtual Register

Physical Label CcT

Rating

Data Point

Logging

CT1

100 A

Utility Phase 1

Net, volt, apparent

CT2

100 A

Utility Phase 2

Net, volt, apparent

CT3

50 A

Heat Pump

Net, apparent

CT4

100 A

Electric Htg 1

Net, apparent

CT5

20A

Electric Htg 2

Net, apparent

an|bhwW|IN|O

CT6

50 A

Electric Htg 3

Net, apparent
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EFG S2
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Other Notes
e Dual occupant household, retired.
e Four bedroom. Uses master bedroom daily. Other bedroom upstairs used when son home in

summer. Hobby room and music room used occasionally. Doors generally closed to the three
bedrooms in occasional only use.

e Propane fireplace in living room is never used.

e Master bedroom has electric heater “for ambience”

e They turn baseboards off completely in master bedroom and living areas when heat pumps are
sufficient.
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Master Bedroom Indoor Unit

S s AT SASS

Living Room Indoor Unit Living Room Indoor Unit Nameplate

Installed CTs and eGauge Panel eGauge monitoring box
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EFG S3

Monitoring Installation Notes — EFG Site 3
Monitoring Installation Date:  March 27, 2018

Installers: Nick Genzel, Jeremy Wade
Site Overview: Two-story, three-bedroom residence with concrete floor basement
Appliances

e Electric DHW Note: Pre-Improvement Site Description says Fuel Oil for DHW
e Fuel Oil Boiler
o Thermostat in first floor hallway
e Heat pump
o Mitsubishi split-system heat pump
Outdoor unit: Model MXZ-4C36NAHZ (3 zones)
Master bedroom indoor unit
Living room / kitchen indoor unit
Upstairs indoor unit

O O O O O

All indoor units have remote controls

Monitoring Summary
e eGauge:
o Total home L1 (voltage, power)
Total home L2 (voltage, power)
Heat pump power (one phase)
Electric DHW (one phase)
Boiler
o Solar Note: Left a CT for future solar monitoring — Not hooked to electrical panel yet
e Battery-powered loggers:
o Heat pump conditioned space (on wooden display cabinet in living room): temperature,
relative humidity
= Serial: 20263936
o Conditioned space (on window frame in master bedroom): temperature
= Serial: 20244172
o Conditioned space (on wooden display bookshelf in upstairs sitting area): temperature
= Serial: 20244164

O O O O
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EFG S3

eGauge Setup

Potential Transformers (PTs):

L1 |direct (no PT) ¥ ‘ L2 |direct (no PT) ¥ |[ L3 |direct {no PT) ¥

Current Transformers (CTs):

CcT1 | CC ACT 20mm/0.79" 100A v %1 cT2  CCACT 20mm/0.79" 100A v x1 ¢T3 | CC ACT 20mm/0 79" 50A v X1
CT4 |CC ACT 20mm/0.79" 50A v %1 cTs | CC ACT 20mm/0.79" 20A v %1 cté | CC ACT 20mm/0 79" 50A v X1
CT7 | CC ACT 20mm/0.79" 20A v %1 cT8 | CCACT 20mm/D.79" 504 v x cT9 v
cT10 v cTi1 cT12 v
Remote Devices:
Device name: Protocol: Device address:
Add Device
Registers (14 of 16 in use):
Name: Recorded value/formula:
L1 - Home - Voltage x = |V v |Li1 v
L2 - Home - Voltage x =|Vv|L2 v
L1 - Main x =|Pv|l=  *|CT1 =~ XLi ¥ |x Add Component
L2 - Main x =|Pvi|=  *|-CT2 v |¥L2 v X Add Component
Heat Pump < =|Pv|s  =*|-CT3 v|%Lt =R v %12 v x| Add Component
Elec Stor DHW Htr x =|Pvi= =|CT4 ~XL2 vix¥+ | -CT4 r¥L1 ¥ |x/| Add Component
Boiler x =|P v |= CT5 v [%|L1 ¥ |x Add Component
Solar x = |P v|=+ =/|CT8 v %L1 v |x+ | -CTE v ®L2 ¥ | x| Add Component
Add Register
Totals and Virtual Registers:
Usage = -7 |L1-Main ¥ % - ¥ |L2 - Main ¥ [x| + ¥ | Solar ¥ [%|| Add Register
Generation =+ v |Solar v | Add Register
Add Virtual Register
Physical Label CcT Rating Data Point Logging
N CT1 100 A Utility Phase 1 Net, volt, apparent
I CT2 100 A Utility Phase 2 Net, volt, apparent
S CT3 50 A Heat Pump (Outdoor) Net, apparent
Q CT4 50A Elec Storage DHW Net, apparent
R CT5 20A Boiler Net
S CT8 50A Solar Net, pos, apparent

Other Notes
e Dual occupant household.

e Three bedroom. Uses master bedroom daily.

e The old outdoor unit for the retired heat pump system was being removed during install.
e Electrical panel was still hooked up as if old system was still in place.
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EFG S3

Livingroom Indoor Unit
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Upstairs Indoor Unit o Temperature Data Logger in Upstairs Siting Area
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EFG S4

Monitoring Installation Notes — EFG Site 4
Monitoring Installation Date:  January 11, 2018

Installers: Nick Genzel, Carina Paton
Site Overview: Two-story, two-bedroom residence with dirt basement
Appliances

e Electric DHW
e Electric baseboards
o Kitchen and dining, single thermostat in living room tied to a relay
Spare room (ground floor), own thermostat
Master bedroom, own thermostat
Upstairs bathroom, own thermostat
Thermostats all set to 50 F at time of installation
o Only kitchen, dining, and one bedroom heat labeled in the electrical panel

o O O O

e Heat pump

o Mitsubishi split-system heat pump

o Model MSZ-FH15NAH

o 1.5ton

o One outdoor and one indoor unit in open living area on ground floor

o Thermostat on wall in living room, next to baseboard thermostat
e Window air conditioner

o In master bedroom (upstairs)

o Uses ~3 days/year

o Kenmore 580.74053300

o 5,250 Btu/h, 540 W, 9.7 Btu/Wh

Monitoring Summary
e eGauge:
o Heat pump power (phase 1 & phase 2)
o Living room electric heat
o Kitchen electric heat
o Bedroom electric heat (not clear which bedroom)
e Battery-powered loggers:
o Heat pump conditioned space (near thermostat in living room): temperature, relative
humidity
= Serial: 20263934
o Unconditioned space (on shelf in master bedroom upstairs): temperature
= Serial: 2044163
o Basement (temporary, requested by owner): temperature
= Serial: 20244176

eGauge Setup
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EFG S4

Potential Transformers (PTs):

L1 [direct (noPT) v ‘LZ direct (no PT) v

|L3 direct (N0 FT) ¥ ‘

Current Transformers (CTs):

ct1 |CC ACT 20mm/0.79" 50A v i1 ct2 |CC ACT 20mm/0.79" 20A X €T3 | CC ACT 20mm/0.79" 50A v
cT4 | CCACT 20mmiD.78" 50A ¥ 1 cT8 X cTe T
cT? v cTe v cT3 v
cT10 hd cTn v cT12 v

Remote Devices:

Device name: Protocal: Device address:

Add Device

Registers (12 of 16 in use):

Name: Recorded valuefformula:
L1 - HP - Voltage ==Vl v
L2 - HP - Voltage w =V r|L1 v
Living/Kitchen - Heat =P ¥i|=  #|-CT1 v %L1 * Add Component
Bedroom - Heat =P vl- #|-CT2 v xL1 S Add Component
L1-HP x=|P¥|= #%|-CT3 v xL1 * A_dd_ Cqmpgnerj_t
L2 - HP =P ¥|=  #|-CT4 v xL2 * Add Component
Heat Pump % =P v|s #|-CT3 v xL1 s+ [-CT4 v |x[L2 v |x| Add Component
Add Register

Totals and Virtual Registers:
Usage =|-v|L1-HP ¥iw-v|L2-HP ¥ [ - v | Bedroom - Heat ¥ |« - v |Living/Kitchen - Heat &
Gengration =
Total Electric Heat % = |+ ¥ |Bedroom - Heat ¥ [x + v | Living/Kitchen - Heat ¥

Add Virtual Register

Add Register
Add Register
Add Register

Physical Label

CcT

Rating

Data Point

Logging

0

CT1

50 A

Electric Htg 1

Net, apparent

CT2

20 A

Electric Htg 2

Net, apparent

CT3

50 A

Heat Pump Phase 1

Net, volt, apparent

2
3
4

CT4

50A

Heat Pump Phase 2

Net, volt, apparent
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Other Notes

e Single occupant household. Two bedroom, uses downstairs bedroom as spare room and laundry
room.

e Doors generally left open, except for door to spare room.

e There is a wall-mount heater in the living room (natural gas or propane) that is disconnected.

e We were not able to fit CTs around the whole house power.

e Itis not clear which bedroom we are monitoring.

e There are two panels, an original main panel and a subpanel. The main panel has an animal nest
in the bottom of it with fiberglass batt insulation, and wires have been stripped.
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Main Electric Panel (center), Sub Panel (left) and Exposed Wires Under Insulation Nest
Kitchen/Dining Electric Heat Relay (right)
=L

=

Installed CTs and eGauge Panel eGauge monitoring box
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EFG S5

Monitoring Installation Notes — EFG Site 5
Monitoring Installation Date:  March 27, 2018

Installers: Nick Genzel, Jeremy Wade
Site Overview: Two-story residence with dirt floor basement
Appliances

e Natural Gas Storage DHW
e Natural Gas Boiler
o Thermostat in first floor hallway by entrance
e Heat pump
o Mitsubishi heat pump
4 Outdoor Units (one for each indoor unit)
First Floor Master Bedroom Indoor Unit
First Floor Living Room Indoor Unit
Two Indoor Units Upstairs (did not have access upstairs)

o O O O

Monitoring Summary
e eGauge:

o Total home L1 (voltage, power)
Total home L2 (voltage, power)
Old Unit 1 Heat pump power (one phase)
Old Unit 2 Heat pump power (one phase)
New Unit 1 Heat pump power (one phase)
New Unit 2 Heat pump power (one phase)
Boiler (one phase)
o Solar

O O 0O O O O

e Battery-powered loggers:
o Conditioned space (door frame in living room): temperature, relative humidity
=  Serial: 20263930
o Conditioned space (No access - Homeowner moved upstairs): temperature
= Serial: 20244166
o Conditioned space (first floor bedroom on TV shelf): temperature
= Serial: 20244165
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EFG S5

eGauge Setup

Current Transformers (CTs):

CT1 |JD JS 24mm/0.94" 100A */1 CT2 | JD JS 24mmi0.94" 100A v %1 €T3 |CC ACT 20mm/0.79" 20A v [
C€T4 |ML SCT 19mm/0.75" 50A *1 cT5 | CCACT 20mm/0.79" 50A v %1 cTé | CC ACT 20mm/0.79" 50A v [
CT7 |CC ACT 20mm/0.79" 20A x/1 cTe | CCACT 20mm/0.79" 204 v X1 cT9 v
CT10 cT1 A CT12 v

Remote Devices:

Device name: Protocol: Device address:

Add Device |

Registers (16 of 16 in use):

Name: Recorded valuefformula:

Grid =P v|= CT1  + XxL1 v x*+(CT2 v X2 ¥ |x|| Add Component

Solar =P v|=+ CT4 v X L1 v x#|-CT4 v %12 v x| Add Component

L1 - Home - Voltage =V v|L1 v

L2 - Home - Voltage x=V v|L2 v

L1 - Home =P v|= CT1 v %L1 v X Add Component

Boiler x=P v|= CT3 v xL2 v X Add Component

Heat Pump New Unit 1 =P v|= =*|CTs v [XL1 v %+ |-CT5 v %12 v x| AddComponent

Heat Pump Old Unit 1 x=P vi|= =|CT6 v %L1 v |+ |-CT6 ¥ ¥ L2 v |x| Add Component

Heat Pump Qld Unit 2 x=P v|= =|CTT v[%L1 v x*|-CT7 v XL2 v x| AddComponent

Heat Pump New Unit 2 x=P v|- =|CT8 ~[@L1 v x#|-CT8 ¥ ®L2 v x| AddComponent

L2 - Home x=P v|= CT2 v X2 v % Add Component

Add Register

Totals and Virtual Registers:

Usage =+ v |Grid ¥ x|+ ¥ | Solart ¥ |%|| Add Register

Generation =+ v | Solar ¥ [ Add Register
Physical Label CcT Rating Data Point Logging
In-Place CT1 100 A Utility Phase 1 Net, volt, apparent
In-Place CT2 100 A Utility Phase 2 Net, volt, apparent
E CT3 20A Boiler Net
In-Place CT4 50 A Solar Net, Pos
X CTS 50A HP New Unit 1 Net, apparent
u CTe 50 A HP Old Unit 1 Net, apparent
Blue Marker CT7 20A HP Old Unit 2 Net, apparent
Unmarked CT8 20A HP New Unit 2 Net, apparent

Other Notes

e Two separate living areas.
e Site had eGauge in place to monitor grid and solar.
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Electrical Panel and eGauge Monitoring Box
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Natural Gas Boiler

Natural Gas Storage DHW
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Monitoring Installation Notes — EFG Site 6
Monitoring Installation Date:  May 21, 2018

Installers: Nick Genzel, Carina Paton
Site Overview: Two-story, three-bedroom residence with finished Basement
Appliances

e Natural Gas DHW
e Natural Gas Furnace
e Heat pump
o Mitsubishi split-system heat pump
o Outdoor units:
=  One Model MUZ-FHO6NA (1 zone - Basement Room)
=  One Model MUZ-FH18NA2 (1 zone — Living Room)
=  One Model MUZ-FH12NA (1 zone — Master Bedroom)
o Allindoor units have remote controls

Monitoring Summary
e eGauge:

o Total home L1 (voltage, power)

o Total home L2 (voltage, power)

o Heat pump 1 power (one phase)

o Heat pump 2 and 3 power (one phase) Note: One MUZ-FHO6NA and one MUZ-FH18NA2
where wired together outside, so only one double-pole 50 AMP breaker was utilized in
the main electrical panel. This then does not allow us to measure the two outdoor units
separately.

e Battery-powered loggers:
o Conditioned space (on wooden china cabinet in living room): temperature, relative
humidity
= Serial: 20263928
o Conditioned space (bedside table in master bedroom): temperature
= Serial: 20244169
o Conditioned space (basement bedroom - resident placed): temperature
= Serial: 20244170
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eGauge Setup

Potential Transformers (PTs):

L1 | direct (no PT) ¥ || L2 | direct (no PT) v || L3 | direct (no PT) ¥

Current Transformers (CTs):

CT1 | CC ACT 20mm/0.79" 100A v X1 €12 | CC ACT 20mm/0.79" 100A v X1 cT3 v
cT4 v CTs | CCACT 20mm/0.79" 20A v %N cT6 | CC ACT 20mm/0.79" 50A v i
cT7 v cTs v CcT9 v
CT10 v cTH v CcT12 v

Remote Devices:

Device name: Protocol: Device address:
Add Device

Registers (10 of 16 in use):

Name: Recorded valueiformula:

L1 - Main Voltage x = |V ¥|L1 v

L2 - Main Voltage X = |V r|L2 x

L1 - Main x=|Pv|l= =*|CT1 v X1 T X Add Component
L2 - Main x =|Pv|]= #|CT2 »X[2 ¥ X Add Component
HP 1 (One Indoor Unit) x=|Pr|=  *[CTh ~+ XL1 ¥ |x+ | -CT5 ¥ ¥L2 v x|l AddComponent
HP 2 and 3 (Two Indoor Units) x=|Pv|=_ *|CT6 v ¥L1 v |x+|-CT6 ¥ ¥L2 v x|l AddComponent

Add Register

Totals and Virtual Registers:

Usage =|-v|L1-Main ¥ x| - ¥ |L2-Main v |%|| Add Register

Generation = Add Register
Add Virtual Register

Save || Reset

Even sfter all this time, the Sun never says to the Earth "you owe me" — Hafiz, Persisn Post of the 12005

Physical Label CcT Rating Data Point Logging

1 CT1 100 A Utility Phase 1 Net, volt, apparent
2 CT2 100 A Utility Phase 2 Net, volt, apparent
5 CT5 20A Heat Pump 1 Net, apparent

6 CT6 50A Heat Pump 2 and 3 Net, apparent

Other Notes

e Electrical panel was flush with drywall in garage, so we were not able to mount M&V enclosure.
The eGauge is being powered from an open 30 AMP double-pole breaker.
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eGauge and CTs Smaller Outdoor Unit (Model #MUZ-FHO6NA)

Separate Breaker Box/Subpanel by Outdoor Two of Three Outdoor Units
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Larger Outdoor Unit (Model # MUZ-FH18NA2) Living Room Indoor Unit

Temperature/RH Data Logger in Living Room

Master Bedroom Indoor Unit

Temperature Data Logger in Master Bedroom
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Monitoring Installation Notes — EFG Site 7

Monitoring Installation Date: August 22"¢, 2018

Installers: Nick Genzel, Dan Robb
Site Overview: Two-story, three-bedroom residence with finished Basement
Appliances

e Electric Heat Pump DHW
e Natural Gas Boiler
e Heat pump
o Mitsubishi split-system heat pump
o Outdoor units:
=  One Model MXZ-3C24NAHZ2 (HP1: 3 - Master Bedroom, Family Room,
Bedroom)
= One Model MXZ-3C24NAHZ2 (HP2: 3 zone — Kitchen/Dining Area, Office,
Bedroom)
o Allindoor units have remote controls

Monitoring Summary
e eGauge:
o Total home L1 (voltage, power)
Total home L2 (voltage, power)
Heat pump 1 power (one phase)
Heat pump 2 power (one phase)
Electric Heat Pump Water Heater (one phase)

O O O O

e Battery-powered loggers:
o Conditioned space (window molding in living room): temperature, relative humidity
= Serial: 20391245
o Conditioned space (window molding in family room): temperature
= Serial: 20404173
o Conditioned space (window molding in master bedroom): temperature
= Serial: 20404172
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eGauge Setup

Potential Transformers (PTs):

[11 [direct ino PT) v |[ L2 [direct (no PT) ¥ || 13 [direct (no PT) ¥

Current Transformers (CTs):

CT1  |CC ACT 20mm/0.79" 1004 ¥ %1 CT2 | CC ACT 20mm/0_79" 1004 ¥ |x1 CT3 | CC ACT 20mmy0.79" S0A ¥ %1
CT4 |CC ACT 20mmi0.79" 504 ¥ ix1 CT3 | CC ACT 20mmi0.79" 504 =1 CTé T
cT7 CcTs L CcT9 L
CcTi0 cTH L4 cTi2 T
Remote Devices:
Device name: Protocel: Device address:
_Add Device
Registers (10 of 16 in use):
Hama: Recorded valuefformula:
L1 Home Veltage == |V ¥|Li A
L2 Home Voltage = |V ¥ |LZ A
Total Home L1 ¥ =[P ¥|s #[CT1 ¥ix|Li ¥ | __An:ld Component
Total Home L2 %= |P Y|= *|CT2 v xL2 ¥ |5 _An:l-d Component
HP 1 (Master/Family_Rm/Bed_Rm) == P ¥ = *|CT4 v %L1 ¥ |m+ |-CT4 v |x|L2 ¥ = _Ad:ld Component
HP 2 {Dining/OfficeBed_Rm) x=[P ¥ = |[CT3  w |%[L1 ¥ |m+|-CT3 v |x[L2 hllE de-d Cqmpone_nt.
HP DHW w=|P¥|= || CTs ¥ %L1 ¥ |m+|-CT5 ¥ |%/L2 ¥ | || Add Component
| Add Register
Totals and Virtual Registers:
Usage = |- ¥ | Total Home L1 ¥ lw— ¥ | Total Home L2 ¥ | || Add Register
Generation = Add Regisier
smiley. Usage = = |- ¥ | Total Home L1 ¥ |4/ — ¥ | Total Home L2 ¥ I Ad:ld _R_egisi_e_l:_
smiley HVHP_MSTR/FMLY RM & BDIx = [+ ¥ | HP 1 {Master/Family_Rm/Bed Rm) bl £ Add Regi_sier
smiley HVHP_Dining&Ofice&EBDRM = = [+ ¥ | HP 2 {Dining/Office/Bed_Rm) Y= _An:ld Regisler_

L Add _\ﬁﬂual Reg ist_i_ar |

CcT CT Rating | Data Point Logging

CT1 100 A Utility Phase 1 Net, volt, apparent
CT2 100 A Utility Phase 2 Net, volt, apparent
CT3 50 A Heat Pump 1 (Master Bedroom, Family Room, Bedroom) | Net, apparent

CT4 50A Heat Pump 2 (Kitchen/Dining Area, Office, Bedroom) Net, apparent

CT5 50A Heat Pump DHW Net, apparent

Other Notes

e Data collection for ASHPs to begin on 9/4/2018 due to sign orientation error on eGauge.
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Electric Heat Pump DHW Tank

Master Bdrm, Family Rm, Kids Bdrm - Outdoor Unit Kitchen/Dining/Living Rm, Office, Bdrm
Model #MXZ-3C24NAHZ2 Model #MXZ-3C24NAHZ2
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1 of 2 Outdoor Units - Nameplate 1 of 2 Outdoor Units - Nameplate
Model #MXZ-3C24NAHZ2 Model #MXZ-3C24NAHZ2

Family Room Indoor Unit Temperature Data Logger in Family Room
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Kitchen/Dining/Living Room Indoor Unit Temperature Data Logger in Living Room

Master Bedroom Indoor Unit Temperature/RH Data Logger in Master Bedroom

Office Indoor Unit Kids Bedroom Indoor Unit
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Kids Bedroom Indoor Unit
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Monitoring Installation Notes — EFG Site 8

Monitoring Installation Date: June 19", 2018

Installers: Nick Genzel, Jeremy Wade
Site Overview: Two-story, three-bedroom residence with unfinished Basement
Appliances

e Electric Heat Pump DHW
e Qil Boiler
e Heat pump
o Mitsubishi split-system heat pump
o Outdoor units:
= One Model MUZ-FH18NA2 (HP1: 1 zone — Kitchen/Dining Area)
=  One Model MUZ-FHO6NA (HP2: 1 zone - Bedroom (Nursery))
=  One Model MUZ-FHO6NA (HP3: 1 zone — Master Bedroom)
= One Model MUZ-FHO6NA (HP4: 1 zone — Guest Bedroom)
o Allindoor units have remote controls

Monitoring Summary
e eGauge:
o Total home L1 (voltage, power)
Total home L2 (voltage, power)
Heat pump 1 power (one phase)
Heat pump 2 power (one phase)
Heat pump 3 power (one phase)
Heat pump 4 power (one phase)
Electric Heat Pump Water Heater (one phase)

O O 0O O O O

e Battery-powered loggers:
o Conditioned space (on built-ins by refrigerator): temperature, relative humidity
= Serial: 20391247
o Conditioned space (nightstand master bedroom): temperature
= Serial: 20244174
o Conditioned space (nightstand in guest bedroom): temperature
= Serial: 20404176
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eGauge Setup

Current Transformers (CTs):

CT1 [CC ACT 20mm/0.79" 20A ¥ %1 €12 |CC ACT 20mm/0.79" 204 ¥ %1 €T3 |CC ACT 20mmi0.79" 204 ¥ |x[1
CT4 | CCACT 20mm/0.79" S0A Y x1 CT3 | CC ACT 20mmi0.79" 1004 ¥ x1 CT8 | CCACT 20mmi0.79" 1004 ¥ %
CT7 | CC ACT 20mm/0.79" S04 ¥ %1 T8 r CTa ¥
CT10 v cTH | v | CT12 v

Remote Devices:

Device name: Protocol: Device address:

| Add Device |

Registers (16 of 16 in use):

Name: Recorded valueliormula:
Home L1 =P ¥i= *I[CT5 * L1 ¥ | _Add Component |
Home Volt L2 =V TIL2 A
Home L2 =P vl *|CT8 % L2 T | | Add Component |
Home Volt L1 w=V Tl v
HP Kitchen/Dining m=P v|- =[CT1 ¥[L1 ¥ |m+|[-CT1 ¥ x[L2 v ||| Add Component |
HP Bdrm =P ¥ = * | CT2 ®| L1 ¥ @ +|-CT2 ¥ |xL2 ¥ | _.’-‘-.dd Component
HP Master Bdrm w=P v|- *|CT3 x| L1 ¥m#+|-CT3 ¥ [x[L2 ¥ x| AddComponent |
HP DHW =P v :l=. = | CT4 x L1 ¥ |+ |-CT4 ¥ |x|L2 ¥ ||| Add Component
HF Bdrm Guest =P Y| * CTF % L1 ¥ |w+|-CT7 ¥ |%[L2 ¥ ||| Add Component |
| Add Register . )
Totals and Virtual Registers:
Usage == ¥ Home L1 ¥ - ¥ [Home L2 ¥ ||| Add Register
Generation = ik Hentrier|
frame Usage % =-_Y |Home L1 ¥ Ixl—- ¥ | Home L1 ¥ l«|| Add Register
frame HYHP_Wall&Ext_KITDR « =+ ¥ [HP Kitchen/Dining Ll Add Register
frame HVHP_Wall&Ext_MER % ={+ ¥ |HP Masiter Bdm bl Add Register
frame HYHP_Wall&Ext_BORM %=+ ¥ |HP Bdrm Y ix Add Register |
frame HVHP_Wall&Ext_GuesiEDRM [« =/ + ¥ | HP Bdrm Guest ¥ e Add Regisler
frame Domestic Hot Water %=+ ¥ |HP DHW ¥ [ Add Register
| Add Virual Regster |
Physical Label CcT CT Rating | Data Point Logging
7 CT5 100 A Utility Phase 1 Net, volt, apparent
8 CT6 100 A Utility Phase 2 Net, volt, apparent
3 CT1 20 A Heat Pump 1 (Kitchen/Dining) Net, apparent
4 CT2 20 A Heat Pump 2 (Bedroom (Nursery)) | Net, apparent
5 CT3 20 A Heat Pump 3 (Master Bedroom) Net, apparent
9 CT17 20 A Heat Pump 4 (Guest Bedroom) Net, apparent
6 CT4 50A Heat Pump DHW Net, apparent

Other Notes
e None
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eGauge Enclosure with CTs in Electrical Panel Electric Heat Pump DHW

Kitchen/Dining and Master Bedroom Outdoor Units 1 of 3 Smaller Outdoor Units
(Nursery - Model #MUZ-FHO6NA)
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1 of 3 Smaller Outdoor Units 1 of 3 Smaller Outdoor Units
(Guest Bedroom - Model #MUZ-FHO6NA) (Guest Bedroom - Model #MUZ-FHO6NA)

L
o i
SPI IT-SYSTEM HEAT pupp

Larger Outdoor Unit (Model # MUZ-FH18NA2) Larger Outdoor Unit (Model # MUZ-FH18NA2)
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Kitchen/Dining Area Indoor Unit Temperature/RH Data Logger in Kitchen/Dining Area

Temperature Data Logger in Guest Bedroom

Master Bedroom Indoor Unit Nursery Indoor Unit
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Monitoring Installation Notes — EFG Site 9

Monitoring Installation Date:  July 19%, 2018

Installers: Nick Genzel, Jeremy Wade
Site Overview: Two-story + Basement, two-bedroom residence with finished Basement
Appliances

e Propane DHW
e Propane Furnace
e Heat pump
o Mitsubishi split-system heat pump
o Outdoor units:
=  One Model MUZ-FH12NA (HP1: 1 zone — Upstairs)
=  One Model MUZ-FH18NA2 (HP2: 1 zone — Living Room)
o Allindoor units have remote controls

Monitoring Summary
e eGauge:
o Total home L1 (voltage, power)
Total home L2 (voltage, power)
Heat pump 1 power (one phase)
Heat pump 2 power (one phase)
EV Charger — Under construction when at site. Left a CT in the electrical panel for the
electrician to add to the breaker powering the charging station.

O O O O

e Battery-powered loggers:

o Conditioned space (by chimney in living room): temperature, relative humidity
= Serial: 20263929

o Conditioned space (behind small table in the kitchen/dining area): temperature
= Serial: 20404177

o Conditioned space (upstairs office on top of bookshelf): temperature
= Serial: 20244167
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eGauge Setup

Current Transformers (CTs):

ct1 |CC ACT 20mm/f0.79" 20A ¥ %/ cr2 |CC ACT 20mm/(.79" 20A ¥ %1 ctz |CCACT 20mm/i0.79" 100A ¥ %1
ct4 |CC ACT 20mm/0.79" 100A ¥ %1 cTs | CC ACT 20mm/0.79" 50A ¥ %1 CcTE v
cT7 v cTe v cTe v
cT10 v cTi v cT12 v
Remote Devices:
Device name: Protocol: Device address:
Add Device
Registers (12 of 16 in use);
Name: Recorded valuefformula:
Home L1 w = vi= #|-CT3 v|¢L1 ¥ | Add Component
Home L2 x =P v|= #|CT4 v |¥L2 v | Add Compenent
Home L1 Volt ==V ¥|L1 v
Home L2 Volt % = L2 v
HP Upstairs x =P vl= #H|CT1 v |x|Li v |m+|-CT1 v |«|L2 v ||| Add Component
HP Living Room % = vi= H|CT2 +|¢L1 v |m*|-CT2 v |xL2 ¥ ||| Add Component
EV Charger x=P +vl= #|CT5 |x|L1 v |w¥|-CT56 v |x|L2 v ||| Add Component
_Add Register
Totals and Virtual Registers:
Usage =|- v |Home L1 %— ¥ |Home L2 ¥ x| Add Register
Generation = | Add Register
clark. Usage % =|— ¥ |Home L1 % — ¥ |Home L2 ¥ |x|| Add Register
clark HVHP_Wall&Ext_Upstairs w =|+ ¥ |HP Upstairs * | Add Register
clark HVHP_Wall&Ext_Living Room % =+ ¥ |HP Living Room * | Add Register
clark.EV Charger % =+ ¥ | EV Charger S | Add Register
| Add Virtual Register
Physical Label CcT Rating Data Point Logging
5 CT3 100 A Utility Phase 1 Net, volt, apparent
6 CT4 100 A Utility Phase 2 Net, volt, apparent
3 CT1 20 A Heat Pump 1 (Upstairs) Net, apparent
4 CT2 20 A Heat Pump 2 (Living Room) | Net, apparent
7 CT5 50A EV Charger Net, apparent

Other Notes
e EV Charging Station not Installed.
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eGauge and CTs Smaller Outdoor Unit (Model #MUZ-FHO6NA)

Larger Outdoor Unit (Model # MUZ-FH18NA2) Both Outdoor Units
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Upstairs Indoor Unit

Temperature/RH Data Logger in Living Room

Temperature Data Logger in Kitchen/Dining Area Temperature Data Logger Upstairs
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Living Room Indoor Unit
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Monitoring Installation Notes — EFG Site 10

Monitoring Installation Date:  September 27", 2018 and Mid-October

Installers: Nick Genzel, Juravell
Site Overview: Two-story + Basement, three-bedroom home with unfinished Basement
Appliances

e Oil DHW

e Qil Boiler
e Heat pump
o Mitsubishi split-system heat pump
o New Outdoor units:
=  One Model MUZ-FHO6NA (HP6: 1 zone — First Floor Office)
=  One Model MUZ-FH18NA2 (HP2: 1 zone — Dinning Room)
o Old Outdoor units:
= One Model (HP1: 1 zone — Upstairs Hall)
= One Model (HP3: 1 zone — Attic)
= One Model (HP4: 1 zone — Upstairs Bedroom / Office)
=  One Model (HP5: 1 zone — Master Bedroom)
o Allindoor units have remote controls

Monitoring Summary
e eGauge:

o Total home L1 (voltage, power)
Total home L2 (voltage, power)
Heat pump 1 power (one phase)
Heat pump 2 power (one phase)
Heat pump 3 power (one phase)
Heat pump 4 power (one phase)
Heat pump 5 power (one phase)
Heat pump 6 power (one phase)
PV Array (one phase) Note: Sperate larger array from garage
Solar Thermal Circulator Pump
Boiler Blower and Motor

o O 0O O 0O 0O O O O O

e Battery-powered loggers:
o Conditioned space (Master Bedroom on Thermostat): temperature, relative humidity
= Serial: 20391246
o Conditioned space (Upstairs Bedroom / Office on Thermostat): temperature
= Serial: 20404179
o Conditioned space (Living Room on Thermostat): temperature
= Serial: 20404171
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eGauge Setup

Potential Transformers (PTs):

L1 |direct (no PT) ¥ | L2 | direct (no PT) ¥ | L3 |direct (no PT) ¥

Current Transformers (CTs):

CT1 | CCACT 20mmf0.79" 20A T x1 CT2 |CC ACT 20mm/0.79" 204 x[1 CT3 | CCACT 20mm/0.79" 204 v ix1
CT4 [CCACT 20mm/0.79" 204 v lx1 CTs [CC ACT 20mmiD 79" 204 %1 CT& [CC ACT 20mmiD.79" 204 T |x1
CT7 | CC ACT 20mm/0.79" 50A ¥ |x/q CTE |CCACT 20mm/0.79" S04 %1 CT9 | CC ACT 20mm/0.79" 504 ¥ x[q
CTi0 | CC ACT 20mm/0.79" 100A ¥ %1 CT# | CC ACT 20mm/0.79" 1004 %1 CT2 [JD JS 10mmi0. 39" S0A ¥ |x1
Remote Devices:
Drevice name: Protocol: Device address:
| Add Device |
Registers (16 of 16 in use):
Mame: Recorded valueformula:
HP1 Upstairs Hall w={P ¥|= [ICT1 w kL2 ¥ |w+|-CT1 ¥x|L1 ¥ |x|| Add Component
HF3 Attic =P ¥|= CT3 v [x[L2 ¥ | +|-CT3 ¥ %L1 v __Add Cc-rqponent |
HP2 Dining Room (Mew) =P ¥|= ¥|[CT2 ¥ xL2 ¥ |m+|-CT2 ¥ [x{L1 v _Add Cornponent_
Qil-Boiler_Blower Motor & Pump =P ¥|= |LET8 ¥ x|12 ¥ |5 | Add Component |
E-Heat_Bathroom Radiant W= v |= |ICT12  * %L1 v | Add Companent |
HP4 Bedroom = ¥ |= * CT4 v x L2 ¥ |z +|-CT4 ¥ [x|L1 v ,_Add Con:lponent,
HF5 Master Bedroom =P ¥|= #|[CTs wXIL2 ¥|m+|-CT5 ¥xL1 v  Add Component |
HPG Back Office (New) W= Y= fICT6 ¥ xL2 ¥ | +|-CTG ¥ |x|L1 ¥ ||| Add Compaonent |
Mains L1 =P _¥|= |[CTI0 ¥ xjL1 ¥ | | Add Compaonent |
Saolar Thermal_CIRC Pump W= Y= |ICT7  » L1 bl | Add Compaonent |
Mains L2 W= T |= ._ CT11_ ¥ x[L2 ¥ |m _Add Cornponent_
PV Array K=P ¥|= CT9  r|xL2 ¥ | +|-CT9 ¥ [x|L1 ¥ ||| Add Component |
e i
Physical Label CT Rating | Data Point Logging
None CT10 100 A | Utility Phase 1 Net
None CT11 100 A | Utility Phase 2 Net
0 CT1 20A Heat Pump 1 (Upstairs Hall) Net
4 CT2 20A Heat Pump 2 (Dining Room) Net, apparent
5 CT3 20A Heat Pump 3 (Attic) Net
6 CT4 20A Heat Pump 4 (Bedroom / Office) | Net, apparent
7 CT5 20A Heat Pump 5 (Master Bedroom) | Net, apparent
8 CT6 20A Heat Pump 6 (First Floor Office) | Net, apparent
9 CT7 50A Solar Thermal Circ Pump Net
55 CT8 50 A Qil Boiler Blower and Motor Net
45 CT9 50A PV Array Net

Other Notes
Total home CTs installed by Juravell with Integral Building & Design Inc.

Append

ix B

S10-2




EFG S10

Photos

eGauge monitoring enclosure (Left) with CTs in a eGauge monitoring enclosure
subpanel monitoring all six heat pumps (Middle)

and CTs in a main electrical panel (Right) monitoring

both mains, a garage subpanel, and a PV array on

the roof of the home

CTs in a main electrical panel monitoring both CTs in a subpanel monitoring all six heat pumps
mains (not shown), a garage subpanel, and a PV
array on the roof of the home
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Larger Outdoor Unit (Model # MUZ-FH18NA2)

Sm_aIIer Outdoor Unit (Model # MUZ-FHO6NA)

2

Two Old Outdoor Units behind Solar Thermal

Two Old Outdoor Units and PV Array
Array (Bottom) and PV Arrray (Top)
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Level 2 EV Charger Located in the Garage Garage Subpael, PV Load Center, and Inverter
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Monitoring Installation Notes — EFG Site 11

Monitoring Installation Date:

Insta

llers:

Site Overview:

eGauge Setup

Current Transformers (CTs):

February 2", 2019

Nick Genzel

Two-story residence with partially finished basement

cT1 |CC ACT 20mmi0.79" 20A ¥ %1 ctz |CC ACT 20mm/0.79" 20A ¥ %1 crz [CC ACT 20mmf0.79" 20A T
cT4 |[CCACT 20mm/i0.79" 20A ¥ cTs |[CCACT 20mm/0.79" 20A ¥ [x}1 cte [JDJS 10mm/0.39" 50A ¥ %1
ctr |ML SCT 19mm/0.75" 100A ¥ [x|q cre [MLSCT 19mm/0.75" 100A ¥ %1 cTs v
CT10 v CT11 v CT12 v
Remote Devices:
Device name: Protocol: Device address:
Add Device 1
Registers (16 of 16 in use):
MName: Recorded value/formula:
HP1 Sons Bdrm ] = Y 86T v %Lt ¥ | ¥#|[-CT1 v [x[L2 v _Add Component |
HF3 Master Bdrm =P vi= #[CT3 ~xL1 v |+ |[-CT3 v |[x[L2 v |x|| AddComponent |
HP2 Basement x = rie HCT2 v |x|Li v |x ¥ -CT2 v|xL2 v _Add Compeonent |
HP4 Guest Bdrm =P vl ={[CT4 wx[L1 _v|w+[-CT4 v|x[L2Z v ||| Add Component |
HP5 Kitchen/Living Rm =P v|= #[CT5 vx[L1  v[w+*[-CT5 v|x[L2 v |wx|| AddComponent |
DHW =P ¥ it -CT6 v [x|L1 v|g¥|CT6 v|x|L2 A Add Qprg‘l_pgne_q@"_
Main L1 x=P vl 4[C17 v v|x Add Component |
Main L2 % = Yi= *|CT8 v x|L2 ¥ |[% Add Component |
e Fat AL T S
CT Rating Data Point Logging
CT1 20A Heat Pump 1 —Son’s Bedroom Net, apparent
CT2 20A Heat Pump 2 — Finished Basement Net, apparent
CT3 20A Heat Pump 3 — Master Bedroom Net, apparent
CT4 20A Heat Pump 4 — Guest Bedroom Net, apparent
CTS 20A Heat Pump 5 - Living Room / Kitchen | Net, apparent
CT6 50A Domestic Hot Water Heater Net, apparent
CT7 100 A Utility Phase 1 Net, apparent
CT8 100 A Utility Phase 2 Net, apparent
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Data Logger Enclosure with eGauge One of Five Outdoor Sections
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Temperature/RH Data Logger in Kitchen Temperature Data Logger in Master Bedroom
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Monitoring Installation Notes — EFG Site 12

Monitoring Installation Date:  November 1%, 2018

Installers: Nick Genzel
Site Overview: Two-story + Basement, three-bedroom home with unfinished Basement
Appliances

e Heat Pump HWT
e Qil Boiler with Indirect Tank (no longer used for DHW)
e Wood Stove
e Heat pump
o Mitsubishi split-system heat pump
o Outdoor units:
=  One Model MUZ-FHO9NA (HP1: 1 zone — First Floor Living Rm / Kitchen)
o Allindoor units have remote controls

Monitoring Summary
e eGauge:
o Total home L1 (voltage, power)
Total home L2 (voltage, power)
Heat pump 1 power (one phase power)
Heat pump HWT (one phase power)
PV Array (one phase power)
Boiler (power)

O O O O O

e Battery-powered loggers:
o Un-Conditioned space (Second Floor Hallway): temperature
= Serial: 20452662
o Conditioned space (First Floor Hallway): temperature, relative humidity
= Serial: 20483036
o Conditioned space (Kitchen): temperature
= Serial: 20452649
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eGauge Setup

Potential Transformers (PTs)

L1 [Giect (o PT] ¥ | L2 [Giet {ro PT] ¥ | Ls [Sireet (o PT] ¥

Current Transformers (CTs):

cr1 [CCACT Zmm ¥ i oz v i = v i
or+ [CCACT 2mm ¥ i ore ¥ i ore ¥ i
orr v ors v ore v
crio v o v cria v
Remote Devices
Devize nama: Pratacet: Device sderace:
Registers (16 of 16 in use):
Hame: Risaarded valuatermuis
L1 Main sF_YE AT YO _Yx Add Comganant |
1 Living/Kitohen =E T ¥ |x+[C12 ¥IxL2_ ¥ x|
L2 Main F Y CZ_YWEZ ¥ix
Solar =F Vi |[CT2 WXL ¥ +[CT4 Y x[Z__¥ x4
= HAT SF Y [CTE VML ¥ |w+[CT8 ¥ IxL2 ¥ [/
Soler F VYE e YW ¥ix
Li Valtzge PR 2 [
L2 Vohtage Vv ¥
Grid =P A -CT1 ¥ L ¥ w+[-CT2 ¥ |x[L2 ¥ ||| Add Comganent
Add Rapsias |
Totals and Virtual Repisters:
== ¥ [[1N&in ¥ 5= ¥ |L2 Wain ¥ x|z ¥ |Saar v
[ ¥ [Sokr v i
% -~ ¥ [LTWGin ¥ - ¥ |2 Wan ¥ <= ¥ [Soar v ix
% =[+ ¥ [Solr v
v i
v i
¥ = ¥ 2 W ¥ |« ¥ | Soam ¥ |- ¥ [FPT ungHichen ¥ - ¥ FERAT ¥ - ¥ [ Soler ¥ x| [ oo
v
¥ = ¥ L2 WEn ¥ - ¥ | Soare ¥ - ¥ [HPT Luinglizhen ¥ ¥ [T ¥ - ¥ Sl ¥ x| Add 7

Physical Label CcT Rating | Data Point Logging

CT1 100 A Phase 1 Main Net, apparent, volt
CT2 100 A Phase 2 Main Net, apparent, volt
CT3 20 A Heat Pump 1 (Living Rm / Kitchen) Net, apparent

CT4 50A PV Array Net

CT5 50A Heat Pump HWT Net, apparent

CT6 20 A Boiler Net, apparent

|IN|O|nn|b~O

Other Notes
e PV Array 2.5 kW
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General Electric 50 Gallon Heat Pump HWT Weil-McLain 109 Btu/hr Oil Boiler

Outdoor Unit (Model #MUZ-FHO9NA) Back of Heat Pump Specs
Home
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Temp Sensor in Kitchen / Living Room Temp/RH Sensor in First Floor Hallway
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Monitoring Installation Notes — EFG Site 13

Monitoring Installation Date:  October 30%", 2018

Installers: Nick Genzel
Site Overview: Two-story, three-bedroom home
Appliances

e Qil Boiler with Indirect Tank
e Heat pump
o Mitsubishi split-system heat pump
o Outdoor units:
=  One Model MUZ-FH12NA (HP1: 1 zone — Guest Bdrm)
= One Model MUZ-FH12NA (HP2: 1 zone — Master Bdrm)
=  One Model MUZ-FH18NA (HP3: 1 zone — First Floor Dining Rm/Kitchen)
o Allindoor units have remote controls

Monitoring Summary
e eGauge:

o Total home L1 (voltage, power)
Total home L2 (voltage, power)
Heat pump 1 power (one phase, power)
Heat pump 2 power (one phase, power)
Heat pump 3 power (one phase, power)
PV Array Inv 1 (one phase, power)
PV Array Inv 2 (one phase, power)
Boiler (power)

O O 0 O 0 O O

e Battery-powered loggers:
o Conditioned space (Guest Bdrm): temperature
» Serial: 20452650
o Conditioned space (Master Bdrm): temperature, relative humidity
= Serial: 20483031
o Conditioned space (Kitchen): temperature
=  Serial: 20452651
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eGauge Setup

Current Transformers (CTs)

cT1 [CCACT Z0mmiTe" cT2 [CCACT Z0mmiire” v s [CCACT Z0mmil7e" 204 v it
cT4 [CCACT 20mmil ] cTs [CCACT 20mmi v crs [CCACT 20mmi07E" 204 v
o7 [CCACT 20mm v cTe [CCACT 20mmil.Te" 50A v e v
cTin v B v criz v
Remote Devices:
Devics name: Fratanci: Davice sdres
Add Deviee
Registers (15 of 16 in use]:
Neme Recorded valusformuis
Main L1 SF_Y| CH_ Y ¥ #dd Comganent
(2 Voltage vz ¥
Main L2 SF YL [tz YWz Vix Add Gomganent
[Solar_INV 182 F v CTE VX1 ¥ |x+[-CT4 VJx2 ¥ |x+[CT3 VXL ¥]|x+[-CT8 ¥™Z ¥
Sailer =| v Cis Y X2 ¥ |x
=[F V[ _dCla VL1 ¥ |x+[C6 Yixiz ¥
= v J[CTT__YMLT ¥ |x+[=CT7_ Y2 Y
=F_Y| T8 _YMLi_¥|x+[CT8 Yxz ¥ Add Comgonent
(1 Voltags VoWl w
Add Register
Totals and Virtual Registers:
=¥ [WanL1 V- ¥ [Wan L2 V= ¥ W TEZs v
=[+ ¥ [SoRr NV 182 ¥
=[+ ¥ [WainLi v i Wain L2 ¥ = ¥ [HP1 Guest ¥ Jx|= ¥ [HPZMaster Bdm ¥ js(= ¥ [FP3 Kichen ¥ [Salker ¥ (= ¥ [Soar_NV 182+
=[= ¥ [WainLi ¥ i Wain L2 ¥ (= ¥ [Solr NV 18Zs v
x =+ v Sos ik
=+ ¥ [HF2 Mazier Sam v
== ¥ [HE1 Gusst i
« == ¥ [FFa Riien i
=% ¥ [Bolkr T ix
Loads x =+ ¥ |Main (T ¥ |x[= ¥ [Man (2 ¥ |x[- ¥ |[APT Guest ¥ |x[=" ¥ [HPZWMasier Bdrm ¥ |u[= ¥ [FFI Kichen ¥ [Hoiler Vix[- ¥ INVIZZ:
Micknight HV=_Toral =+ ¥ [FFT Gusst ¥ j[= ¥ [AFZ Naster 8am ¥ |x[= ¥ [AF3 Kiichen e

A3 Vinua| Register

Physical Label

CT

Rating

Data Point

Logging

CT1

100 A

Phase 1 Main

Net, apparent, volt

CT2

100 A

Phase 2 Main

Net, apparent, volt

CT3

20A

PVinv1

Net

CT4

20A

PV Inv 2

Net

CT5

20A

Boiler

Net

CT6

20A

HP1 Guest Bdrm

Net, apparent

O Nk~ |lO

CT17

20A

HP2 Master Bdrm

Net, apparent

CT8

50 A

HP3 Kitchen / Dining Rm

Net, apparent

Other Notes

e PV Array 7.0 kW
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Photos

eGauge36457

eGauge Monitoring Enclosure (Left), Heat Pump eGauge Information
Panel with CTs (Middle), and Electrical Panel with
CTs (Left)

SunPower Inv 1 & 2 in Garage SunPower Inv 2 Specs in Garage
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Guest Bedroom Indoor Unit Master Bedroom Indoor Unit

Kitchen/Dining Room Indoor Unit

One Model MUZ-FH12NA (Left)
One Model MUZ-FH18NA (Right)
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Temp Sensor in Kitchen
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Monitoring Installation Notes — EFG Site 14

Monitoring Installation Date:

Installers:

Site Overview:

eGauge Setup

Potential Transformers (PTs):

February 20%", 2019

Nick Genzel, Juravell

Two-story residence with partially finished basement

| vt [direct (no PT) v L2 [direct no PT) v] 13 [direct (no PT) v |

Sensors:
$1 [CCACT 20mm/0.79" 100A v [x[1 s2 [CCACT 20mm/0.79" 100A v s3 [CCACT 20mm/0.79" 50A v x[1
s4 |CCACT 20mm/0.79" 100A v [x[1 s5 [CCACT 20mm/0.79" 100A v [x[1 s6 |CCACT 20mm/0.79" 50A v [x[1
57 [CCACT 20mm/0.79" 50A ~ |1 s8 [MLSCT 10.2mm/0.40" 20A v %1 59 | ~|
$10 | v st | v| 512 | v|
Remote Devices:
[ Modbus Maps |
Device name: Protocol: Device address:
[ Add Device |
Registers (15 of 16 in use):
Name: Recorded value/formula:
[solar po=[Pv]=+ |[53 ~[¥[L1 w|x+[-53 v[¥L2 v|x|| Add Component |
[Main L2 k=Pv[-_ [S2 _~XL2 v [ Add Component |
[Main L1 be=Pv]- =[sT ~vP¥L1  v]|x [Add Component |
[Outdoor - FD - MXZ k=[Pv]- “|[S4 wv[x[Li wv|x+[-54 v[¥2 v|x| Add Component |
|Vo|t L2 |x =[Lv[L2  ~][normal value v
|E-Heat Basement |x =| P V|= V|X| L1 V| = + | -55 VH L2 V| )<'| Add Component |
[Outdoor - FD - PUZ lx=[Pv]-_ =|[S6_ w[¥[(1 v|x+[-56 v[¥L2 +]|x|[ Add Component |
[E-Heat 2nd FI FEGEAE VX1 v|x+[-57 v[XLl2 +]x|[ Add Component |
[Boiler k=[Pv]- ][s8 vx2 v|x [ Add Component |
|VOIt L1 |x =[Lv[L1  ~][normal value v
Add Register |
CcT Rating Data Point Logging
CT1 100 A Utility Phase 1 Net, apparent
CT2 100 A Utility Phase 2 Net, apparent
CT3 50 A Solar Net, Positive
CT4 100 A Heat Pump MXZ Net, apparent
CT5 100 A Auxiliary Duct Element — MXZ | Net
CTe 50A Heat Pump PUZ Net, apparent
CT17 50A Auxiliary Duct Element —PUZ | Net
CT8 20A Boiler Net
Appendix B S14-1
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WARNING:

RISK OF ELECTRIC SHOCK CAN CAUSE INJURY
OR DEATH. DISCONNECT ALL REMOTE ELECTRIC
POWER SUPPLIES BEFORE SERVICING.
AVERTISSEMENT:

RISQUE DE CHOCS ELECTRIQUES PEUT CAUSER
DES BLESSURES ET MEME ENTRAINER LA MORT,
COUPER LES SO0URCES D"ALIMENTATION

A DISTANCE AVANT LE DEPANNAGE.

Conforms ta ANSI/UL $TD 1995
Certfed ta CAN/CSA $T0 €22 2 e, 235
Recognized Component
Manufactured for

Mitsubishi Electric U, ine.

Air Handler Located in Basement

+ . T ] - ;
Air Handler Located in Attic r—

7

Temperature/RH ata Logger in Living Room
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Monitoring Installation Notes — EFG Site 15

Monitoring Installation Date:

Installers:

Site Overview:

eGauge 36449 Setup

Potential Transformers (PTs):

Nick Genzel, J

March 28, 2019

uravell

Two-story residence with finished basement

| L1 [direct (no PT) v | L2 [direct (no PT) v | L3 [direct (no PT) v |

Sensors:
s1 [CCACT 20mm/0.79" 20A v x[1 s2 [CCACT 20mm/0.79" 20A v x[1 $3 [CCACT 20mm/0.79" 50A v %1
s4 [CCACT 20mm/0.79" 50A v %1 56 | ~| 56 | v|
| -] s | v] 9 | v]
s10 | v] s11 | v] s12 | v|
Remote Devices:
[Modbus Maps |
Device name: Protocol: Device address:
A x= v |eGauge36446 2 ©|[Ea]
Add Device |
Registers (16 of 16 in use):
Name: Recorded value/formula:
[HP1 {New) Full Use Bdrm =[Pv]-_ *|[S1 w1 v|x+[-51 v¥L2 v]|x|[Add Component |
[HP334 Basement Units bo=[P~v]- #|[S3 w1 v|x+[-53 v|¥L2 +]|x|[ Add Component |
[HP2 (New) Partial Use Bdm k=[Pv[- #|[S52 ~¥1 v|x+[-52 v]¥l2 +|x|[ Add Component]
[DHW =[Pv]-  |[S4 ~X1 v|x+[-54 v]¥i2 +|x|[ Add Component]
[MAINS o =[ A v | MAINS ~|
[GARAGE Jx = A v| GARAGE ~]

|ASHP_Game RM & LVRM

| =[A v |HP5&6 Game Rm Living Rm_v|

|VA-Game RM & LVRM

| =[A v |HP5&6 Game Rm Living Rm* v |

[ASHP_Master BDRM s =[ A ~ | HP7 Master Bdrm ~|

[VA-Master BDRM s =[ A v |HP7 Master Bdrm* ~|

|ASHP_Office |x =[ A v | HP8 Office ~|

[vA-Office s =] A ~ | HP8 Office™ ~|

[Pool Jx = A v Pool v|

Add Register
CcT Rating Data Point Logging
CT1 20A Heat Pump 1 - Bedroom Net, apparent
CT2 20A Heat Pump 2 - Bedroom Net, apparent
CT3 50A Heat Pump 3&4 - Basement Net, apparent
CT4 50 A DHW Net
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eGauge 36446 Setup

Potential Transformers (PTs):

‘ L1 | direct (no PT) ~| L2 [direct (no PT) + | L3 [direct (no PT) +|

Sensers:
s1 [CCACT 20mm/0.79" 50A ~ X1 52 [CCACT 20mm/0.79" 50A v x[1 53 [CCACT 20mmi0.79" 50A ~ %1
s4 [CCACT 20mm/0.79" 100A ~ X1 56 [CCACT 20mm/0.79" 100A ~ X1 56 [JD JS 24mmi0.94" 200A ~ X1
57 [JD J5 24mmi0 94" 200A v X1 56 [JD JS 24mm/0 94" 200A v |x[1 59 [JD JS 24mmi0.94" 200A ~ X1
$10 [CCACT 20mm/0.79" 100A v X1 511 [CCACT 20mmi0.79" 100A ~ x4 512 | v|

Remote Devices:

Modbus Maps
Device name: Protocol: Device address:
Add Device
Registers (16 of 16 in use):

Name: Recorded valuefformula;
[HP586 Game Rm Living Rm x=Pv[= *|[ST_~XL1T ~|x+[-51 vM2 «~|x [ Add Component |
[HPs Office k=Pv[= *|[S3 ~xL1T ~|x+[-S3 vM2 «+|x [ Add Component |
[HP7 Master Bdrm x=Pv]=_ *|[S2_~[X[L1T ~|x+[-52 vHZ «~|x [ Add Component |
[Pocl k=Pv]- ][54 ~[X[L1T ~|x+[S8 vML2 +|x [ Add Component |
[Main Primary Panel L1 jx=Pv]- J[S6  ~[xL1 +]|x [ Add Component |
[Main Primary Panel L2 =[P ~]= ST w2 v|x | Add Component |
|Main Secondary Panel L1 |x =P+~]- |[S8 ~[X[L1 ~]x [ Add Component |
[Main Secondary Panel L2 =[P ~]= 59 w2 v|x | Add Component |
[Garage Panel L2 =[Pv]- |[s10 v[xl2 v [ Add Component |
|Garage Panel L1 =[P = 511w Xl v |x [ Add Companent |
|GEN70ﬁ'ﬂ—On1 |x =| =w | Whole number - | (§"Main Secondary Panel L1"+3"Main Secondary Panel L2")<(1)
[mains po=[Pv]= |[56 ~XLi ~|x+[S57 iz ~|x+[58 X1 ~|x+[85 vz v|x [ Add Companent |
[6ARAGE x=[Pv[=" |[S10 v[x[[2 ~|x+[s1T v v|x [ Add Component |
Add Register

CcT Rating Data Point Logging

CT1 50A Heat Pump 5&6 - Game & Living Rm | Net, apparent

CT2 50A Heat Pump 7 - Master Bedroom Net, apparent

CT3 50 A Heat Pump 8 - Office Net, apparent

CT4 100A Pool Phase 1 Net

CT5 100 A Pool Phase 2 Net

CT6 200 A Utility Phase 1 Net

CT7 200 A Utility Phase 2 Net

CT8 200 A Main Secondary Phase 1 Net

CT9 200 A Main Secondary Phase 2 Net

CT10 100 A Garage Phase 1 Net

CT11 100 A Garage Phase 2 Net
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Photos

Main Electrical Panels with eGauge 36446 Right Electrical Panel with Installed CTs
Enclosure

Left Electrical Panel with InstIIed CT -
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Subpanel ith eGauge 36449 Enclosure
and Installed CTs

eGauge 36449 Enclosure
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Temperature Data Logger in Master Bedroom

Indoor Section Located in Full Use Bedroom

Temperature/RH Data Logger in Living Room
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Monitoring Installation Notes — EFG Site 16

Monitoring Installation Date:

Installers:

Site Overview:

Nick Genzel

March 7t", 2019

Two-story residence with finished basement

eGauge Setup — No Settings Screen Available

CcT Rating Data Point Logging

CT1 100 A Utility Phase 1 Net, apparent
CT2 100 A Utility Phase 2 Net, apparent
CT3 20A Heat Pump 1 - Living Room Net, apparent
CT4 20A Heat Pump 2 - Living Room Net, apparent
CT5 20 A Heat Pump 3 - Finished Basement | Net, apparent
CTe 50A Domestic Hot Water Heater 1 Net, apparent
Cc17 50A Domestic Hot Water Heater 2 Net, apparent
CT8 50 A Electric Resistance Heat (4 Strips) | Net, apparent
CT9 50 A Electric Resistance Heat (1 Strip) Net, apparent
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Photos

Main Electrical and Secondary Panels with  One of two Indoor Sections in Living Room
eGauge and CTs

Da;ca Logger Enclosure with eGauge‘ One of two Indoor Sections in Living Room
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Monitoring Installation Notes — EFG Site 17

Monitoring Installation Date:

Insta

llers:

Site Overview:

eGa

Potential Transformers (PTs):

uge Setup

January 31%, 2019

Nick Genzel

One-story residence

L1 | direct (no PT) ¥ | L2 |direct (no PT) ¥ | L3 |direct (no PT) ¥

Current Transformers (CTs):

CT | CC ACT 20mm/0.79" 1004 v %1 €12 | CC ACT 20mm/0.79" 1004 ¥ %1 CT3 | CC ACT 20mm/0.79" 20A ¥
CT4 | CC ACT 20mm/0.79" 504 ¥ [x|1 CT3 | CCACT 20mm/0.79" 504 ¥ %1 CTs v
CTy v CTs v cTa v
CTi0 T ™ T CTi2 v

Remote Devices:

Registers (16 of 16 in use):

Device name: Protocol: Device address:

Add Device |

Mamea: Recorded valuefarmula:

Iain L1 w=P Y= *[-CT1 ¥ L1 ¥ & ,‘-‘-.dd Qt_)r_r!pq_n_e!'lt_

Volt L1 W=V Tl A

Main L2 w=P ¥Yl= ¥|-CT2 ¥ L2 ¥ |® Add Component

Volt L2 w=V r|L2 v

HF1 Living Rm w=P T|= *|CT3 ¥ L1 ¥ |w+|-CT3 ¥ x[L2 ¥ = Md Q(_Jrﬂgt_:-.r'!e!'lt_

HP HWT w=P ¥ — CT4  wixL1 v |w+|-CT4 v x[L2 v ||| AddComponent

Eoiler and HA'T Anode =P ¥l ¥|CT5 ¥ %L1 ¥ = Add Component

Mains L1 w=P ¥|- *|CT1 ¥ |xL1 ¥ | Add Component

Mains L2 =P ¥ =#|CT2 ¥ L2 ¥ & Add Component

T e d 00 OmpanEr
CcT Rating Data Point Logging
CT1 100 A Utility Phase 1 Net, apparent
CT2 100 A Utility Phase 2 Net, apparent
CT3 20A Heat Pump 1 - Living Room Net, apparent
CT4 50A Heat Pump Hot Water Heater Net, apparent
CT5 50A Boiler and Hot Water Tank Anode | Net, apparent
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Temperature Data Logger in Master Bedroom
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Monitoring Installation Notes — EFG Site 18

Monitoring Installation Date:

Installers:

Site Overview:

eGauge Setup

Potential Transformers (PTs):

February 26™, 2019

Nick Genzel, Juravell

Two-story residence with finished basement

| U1 [direct (no PT) v | L2 [direct (no PT) v | L3 [direct (no PT) v |

Sensors:
1 [JD JS 24mm/0.94" 200A LK s2 [JD JS 24mmi0.94" 200A v X1 53 | v
s4 [JD JS 10mmi0.39" 504 v |x[1 s5 [CCACT 20mm/0.79" 50A v [x[1 s6 [CCACT 20mm/0.79" 20A v [x[1
s7 [MLSCT 10.2mm/0.40"30A v |x[1 s8 [CCACT 20mm/0.79" 20A v X1 59 | v
$10 | ~] s11 | v s12 | v
Remote Devices:
Device name: Protocol: Device address:
Add Device |
Registers (15 of 16 in use):
Name: Recorded value/formula:
[Grid e=[Pv]- |[S1 wv|¥L1 ~|x+[S2 v[MLi2 ~|x|[ Add Component |
[Solar lx=[Pv[-+ ][54 w1 ~|x+[-54 vML2 v|x| AddComponent]
[Main L2 =Pl_dsT_vMz v Add Companent
[Main L1 =[Pv]- =[Sz~ ~|x [ Add Component |
[Outdoor - FD - PUZ e=[Pv]E =|[S5 ~v|¥[1 ~|x+[-55 v[{i2 v|x|[ Add Component |
[AHU-PVA lx=[Pv]- =|[56 w[¥L1 ~v|x+[-56 vML2 x| AddComponent]
[Garage/EV po=[Pv]= 5|[s7 vz v | Add Component |
[Boiler =[Pv]- *|[S8 v[x[L1 v|x meonent‘
Add Register
CcT Rating Data Point Logging
CT1 200 A Utility Phase 1 Net, apparent
CT2 200 A Utility Phase 2 Net, apparent
CT3 - - -
CT4 50A Solar Net, Positive
CT5 50A Heat Pump - PUZ Net, apparent
CTe 20A Air Handler Unit - PVA Net, apparent
CT17 30A Garage and Electric Vehicle Net, apparent
CT8 20A Boiler Net, apparent
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Temperature Data Logger in Upstairs Hall
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Temperatue/RH Data Logger in Living Room

Appendix B S18-3



EFG S19

Monitoring Installation Notes — EFG Site 19

Monitoring Installation Date:

Installers:

Site Overview:

Nick Genzel

March 6%, 2019

One-story residence with Finished Basement

eGauge Setup — No Settings Screen Available

CcT Rating Data Point Logging
CT1 100 A Utility Phase 1 Net
CT2 100 A Utility Phase 2 Net
CT3 20A Heat Pump 1 — Spare Room Net
CT4 20A Heat Pump 2 — Living Room Net
CT5 20A Heat Pump 3 — Dining Room Net
CTe 20A Heat Pump 4 — Master Bedroom Net
CT17 20A Heat Pump 5 — Finished Basement | Net
CT8 50 A Electric Resistance Heat Basement | Net
CT9 50 A Electric Resistance Heat (4 Strips) Net
CT10 50 A Electric Resistance Heat (3 Strips) Net
CT11 50 A Domestic Hot Water Heater Net
CT12 50 A Solar Net
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Photos

Data Logger Enclosure with eGauge Secondary Main Electrical Panel
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Mains Junction Box with Solar Temperature Data Logger in Master Bedroom

Temperature/RH Data Logger in Living Room
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Monitoring Installation Notes — EFG Site 20

Monitoring Installation Date:

Installers:

Site Overview:

Nick Genzel

March 5", 2019

One story residence with finished basement

eGauge Setup — No Settings Screen Available

CcT Rating Data Point Logging

CT1 100 A Utility Phase 1 Net

CT2 100 A Utility Phase 2 Net

CT3 20A Heat Pump 1 — Living Room Net, Apparent
CT4 20A Heat Pump 2 — Master Bedroom Net, Apparent
CTS 20A Heat Pump 3 — Bedroom Net, Apparent
CT6 20A Heat Pump 4 — Closet Net, Apparent
CT7 20A Heat Pump 5 — Dining Room Net, Apparent
CT8 20A Domestic Hot Water Heater Net

CT9 20A Electric Resistance Heat Basement | Net

CT10 20A Electric Resistance Heat Basement | Net
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Photos

Indoor Section
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Data Logger Enclosure with eGauge : One of Five Outdoor Sections
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Appendix C. Analysis of Measured Data for Each Site

The following pages in this appendix provide a detailed savings analysis of the energy use and savings
at each site.

C-1
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EFG S1 Savings Analysis

This 1500 sq ft house is in Albany. The house was originally heated by a gas boiler with hydronic
baseboard. The boiler was also used for supplemental heating after the 1.5-ton ASHP was installed.
ASHP was installed in late 2017. Monitoring began in December 2017. This unit did not ever operate in
cooling, instead the pre-existing central AC was still used for cooling. The solar PV array at this house

was also monitored

The shade plot in Figure 1 shows the annual pattern of electric use for the total home and the installed
heat pump. There is some evidence that the heat pump does setback in the heating mode around mid-
night. Figure 2 shows the power use for the house and heat pumps across the monitoring period.

Hourly: EFG S1 - Total Home Elec Use
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Figure 1. Shade Plots Showing Total Home and Total Heat Pump Energy Use with Shades of Gray. Darker shades indicate more
power use. Light gray indicates zero use.
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Hourly: EFG S1 - Total Home Use
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Figure 2. Total House and Heat Pump (HP) Power Across the Monitoring Period

Table 1 summarizes the measured energy use for the total house and the heat pump over the
monitoring period.

Table 1. Measured Electric Use for the Total House and Heat Pumps

Total

No of House All HPs

Days (kWh) (kWh)

Dec-17 11 404.2 285.9
Jan-18 31| 1,003.6 782.9
Feb-18 28 696.2 518.2
Mar-18 31 688.4 477.9
Apr-18 30 591.2 389.6
May-18 31 249.6 18.0
Jun-18 30 221.2 5.8
Jul-18 31 335.5 4.3
Aug-18 31 493.7 4.2
Sep-18 30 325.3 6.2
Oct-18 31 405.0 184.3
Nov-18 30 749.5 566.1
Dec-18 31| 1,025.8 787.4
Jan-19 31| 1,078.3 889.2
Feb-19 28 943.8 778.4
Mar-19 31 884.4 694.7
Annual 365 6,785.0 3,744.9
Htg Season 243 5,409.3 3,724.4
Jun-Sep 122 1,375.7 20.5
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Measured Trends

Daily heat pump power use is shown in Figure 3 as function of daily average outdoor temperature.
There is considerable scatter in the data, most likely due to daily variations in how the occupants used
the ductless heat pump. The dotted line on the plot represents to a best fit of the trend with
temperature. In this case the second change point in trend line around 20°F reflects the fact that the
heat pump unit is sized to only meet part of the heating load. Below the change point the unit is
running continuously and cannot provide much additional output to meet the heating load.
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Figure 3. Daily Heat Pump Energy Use vs. Daily Average Temperature (Days in each month shown with a different color)

At this site heat pump operation displaced some of the natural gas use by the boiler. Figure 4 compares
the trend of monthly fuel use with temperature for both the pre- and post-retrofit periods. The solid
line represents the overall fuel use trend in the pre-retrofit period. The dotted line represents the fuel
use trend in the post-retrofit period. It is not clear why the data point for December 2018 in the post-
retrofit period was inconsistent with the overall trend.
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EFG S1 - Pre & Post Utility Gas Analysis WUG: ALB
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Figure 4. Analysis of Monthly Utility Bills with Temperature, Comparing Pre-Retrofit and Post-Retrofit Trends of Fuel Use (the
number shown by each post-retrofit data point indicates the month)

Bin Analysis to Predict Seasonal Impacts

The trend lines above were used in a bin analysis using typical year weather data. Table 2 shows the
details of bin analysis and Figure 5 plots the trend lines used for the analysis. The post-retrofit
adjustment factor linearly transitions from using the post-retrofit fuel trend to the pre-retrofit fuel trend
in order to account for the fact that the heat pump can not meet the entire load at lower temperatures.
A factor of zero uses the post-retrofit trend while a factor of 1 uses the pre-retrofit trend. The factor is
also selected to provide a consistent trend of the implied COP with temperature as shown in Table 2.
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Table 2. Bin Analysis Used to Predict Seasonal Impacts from Trendlines

SITE: EFG-1 WEATHER: Albany S 0.117 per kWh
FUEL: Gas S 0.826 pertherm
Floor Area 1500 LOCATION: Albany
FUEL FUEL Adjusted| Implied POST-Gas
PRE-Gas POST-Gas| ASHP Electric POST-Gas COP |PRE-Cost{POST-Costs adjustment
Temp Bin |Hours (therms/day)| (therms/day)| (kWh/day)| (therms/day) (-) factor]|
-27.5 0 12.8 6.5 41.9 10.5 1.3|$ 106]S 13.5 0.63
-22.5 0 12.1 6.1 40.6 9.5 1.5|/$ 100 S 12.6 0.56
-17.5 0 11.4 5.7 39.4 8.5 1.7\ S 9.4 11.6 0.49
-12.5 0 10.6 5.4 38.1 7.6 19|/S 88]S 10.7 0.42
-7.5 0 9.9 5.0 36.9 6.7 20/ 82]S 9.8 0.35
-2.5 15 9.2 4.6 35.6 5.9 21| S 76|S 9.0 0.28
2.5 36 8.4 4.2 34.4 5.1 2.2|S 70]|S 8.2 0.21
7.5 127 7.7 3.9 33.1 4.4 23S 64]S 7.5 0.14
12.5 206 7.0 3.5 31.9 3.7 24/S 58S 6.8 0.07
17.5 435 6.2 3.1 30.6 3.1 24| S 52|S 6.1
22.5 498 5.5 2.7 28.0 2.7 23S 465 5.5
27.5 537 4.8 2.4 24.1 2.4 23S 40]S 4.8
32.5 654 4.1 2.0 20.1 2.0 24/S 33]|S 4.0
37.5 720 3.3 1.6 16.2 1.6 24| S 2.71|S 3.2
42.5 550 2.6 1.3 12.2 1.3 25| S 218 2.5
47.5 573 1.9 0.9 8.3 0.9 2.7| S 15($ 1.7
52.5 723 1.1 0.5 4.3 0.5 33|/S 09]S 0.9
57.5 791 0.5 0.5 0.4 0.5 0.0/S$ 04]S$ 0.4
62.5 943 0.5 0.5 0.0 0.5 0.0/$ 04]|S$ 0.4
67.5 682 0.5 0.5 0.0 0.5 00/S 04]S 0.4
72.5 497 0.5 0.5 0.0 0.5 0.0/S 04]S 0.4
77.5 420 0.5 0.5 0.0 0.5 0.0/S$ 04]S$ 0.4
82.5 274 0.5 0.5 0.0 0.5 0.0/$ 04]|S$ 0.4
87.5 61 0.5 0.5 0.0 0.5 00/$S 04]S 0.4
92.5 13 0.5 0.5 0.0 0.5 0.0/S 04]S 0.4
97.5 5 0.5 0.5 0.0 0.5 0.0/S 04]S$ 0.4
102.5 0 0.5 0.5 0.0 0.5 0.0/$ 04]|S$ 0.4

Note: The POST-Gas Adjustment Factor accounts for the fact that the trend line for post-retrofit gas use is not

accurate at lower temperatures (since the heat pump can not meet the entire load at these conditions).
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EFG-1
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Figure 5. Trends of (Pre and Post Fuel Use (top) and Heat Pump Electric Use (bottom) Used in Bin Analysis
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Table 3 shows the seasonal results from the bin analysis. The assumed fuel costs (shown on Table 2) are
from the ASHP Proforma Tool developed by NYSERDA. Since the base fuel is natural gas, there are no
net cost savings. The implied seasonal heating COP is 2.4 in this case.

In this instance the implied COP is calculated from

cop = (Fuelpre — Fuelpost) *eff/(3.412xkWhp, ) = (701.8-301.9)*100*0.79 / (3.412*3854)

Table 3. Results of Bin Analysis Showing Seasonal Results

Heating Only PRE-Retrofit| POST-Retrofit Savings Summary Statistics

Gas (therms/yr) 701.8 301.9 399.8 0.47 Fuel therms per sq ft per yr

HP Electric (kWh/yr) 3,854 (3,854) 37.0 Htg MBtu per sq ft per yr

Total Heating Costs $580 $699 -$119 57% Reduction in Fuel Use

Implied Seasonal COP 2.4 3,724 Measured HP for Htg (kWh/yr)
97% Measured as % of Typical yr

Average Heat Pump Demand Profiles

Figure 6 shows the average daily demand profile for the heat pump, grouped by different temperature
conditions. Each line takes the average for days at the same temperature. The key at the bottom of the
plots shows the color associated with each daily average temperature bin (+5°F). The numberin
parentheses indicates the number days in the bin that were averaged to make each profile.

AVG Heating Profiles: EFG S1 - 1 Outdoor, 1 Indoor, 1.5 tons total
T T T ‘ T T T T ‘ T T T T ‘ T T T T ‘ T T
12/01/17 to 03/31/19
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Hour of Day
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Figure 6. Heat Pump Demand Profile Across the Day — Averaged for Various Outdoor Temperature Bins
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Space Temperatures

Space temperatures and humidity levels are shown in Figure 7. The living space is kept warmer than the
master bedroom. The summertime temperatures drift towards 80°F indicating very little cooling. The
high RH in the summer reflects the lack of cooling.
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Figure 7. Space Temperatures and Humidity Levels
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EFG S2 Savings Analysis

This 2000 sq ft house is in Cotekill,
electric heat. The electric baseboa

NY near Newburgh. The house was originally heated by baseboard
rd was also used for supplemental heating after the 2.5-ton ASHP was

installed. The ASHP was installed in November 2017. Monitoring began in January 2018. This unit was

also used for cooling.

The shade plot in Figure 1 shows the annual pattern of electric use for the total home and the installed
heat pumps. Figure 2 shows the power use for the house and heat pumps across the monitoring period.
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Figure 1. Shade Plots Showing Total Home and Total Heat Pump Energy Use with Shades of Gray. Darker shades indicate more

power use. Light gray indicates zero use.

Appendix C

S2-1



EFG S2

Hourly: EFG S2 - Total Home Use
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Figure 2. Total House and Heat Pump (HP) Power Across the Monitoring Period

Table 1 summarizes the measured energy use for the total house and the heat pump over the

monitoring period. It also includes the resistance electric heaters that were monitored.

Table 1. Measured Electric Use for the Total House and Heat Pumps

Total Electric

No of House All HPs| Resist HT

Days (kWh) (kWh) (kWh)

Jan-18 21| 1,177.5 675.3 96.2
Feb-18 28| 1,391.0 910.4 104.6
Mar-18 31| 1,192.6 787.4 43.1
Apr-18 30 843.5 497.5 7.1
May-18 31 406.8 37.1 0.2
Jun-18 30 351.3 49.5 0.1
Jul-18 31 502.1 127.7 0.2
Aug-18 31 469.6 100.4 0.2
Sep-18 30 438.9 51.5 2.0
Oct-18 31 708.8 267.5 18.4
Nov-18 30| 1,093.5 640.8 72.3
Dec-18 31| 1,391.6 802.1 158.9
Jan-19 31 1,863.2 1,099.4 384.1
Feb-19 28 1,507.3 837.1 304.5
Mar-19 31| 1,379.8 686.0 306.7
Annual 365 10,652.9 5,371.3 791.2
Htg Season 243 8,891.0 5,042.2 788.7
Jun-Sep 122 1,761.9 329.1 2.5

Appendix C

S2-2



EFG S2

Measured Trends

Daily heat pump power use is shown in Figure 3 as function of daily average outdoor temperature.

There is moderate scatter in the data, indicating that the occupants used the ductless heat pump in a

fairly consistent manner. The dotted line on the plot represents to a best fit of the trend with

temperature.
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Figure 3. Daily Heat Pump Energy Use vs. Daily Average Temperature (Days in each month shown with a different color)

At this site heat pump operation displaced baseboard electric heat use. Figure 4 compares the trend of

monthly electric with temperature for both the pre- and post-retrofit periods. The solid line represents

the overall fuel use trend in the pre-retrofit period. The dotted line represents the fuel use trend in the
post-retrofit period. The monthly post retrofit data was highly scattered, perhaps indicating several
estimated readings, so the measured total house power data for the site (shown in Figure 5) was used to

develop the post retrofit trend instead.
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Figure 4. Analysis of Monthly Utility Bills with Temperature, Comparing Pre-Retrofit and Post-Retrofit Trends of Fuel Use (the
number shown by each post-retrofit data point indicates the month)

Figure 5. Analysis of Measured Daily Total House Electric Use with Temperature in the Post-Retrofit Period (Solid Line: Pre-

Electric (kWh/day)
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Bin Analysis to Predict Seasonal Impacts

The trend lines above were used in a bin analysis using typical year weather data for Newburgh. Table 2
shows the details of bin analysis and Figure 6 plots the trend lines used for the analysis.

Table 2. Bin Analysis Used to Predict Seasonal Impacts from Trendlines

SITE: EFG-2 WEATHER: Newburgh S 0.150 per kWh
FUEL: Electric S 0.150 perkWh
Floor Area 2000 LOCATION: Cottekill
FUEL FUEL Adjusted| Implied POST-Electric
PRE-Electric POST-Electric| ASHP Electric| POST-Electric COP|PRE-Costs [POST-Costs| adjustment
Temp Bin |Hours (kWh/day) (kWh/day) (kWh/day) (kWh/day) (-) factor|
-27.5 0 186.79 125.27 88.96 125.27 1.69| S 28.0 (S 32.1
-22.5 0 177.01 118.90 83.88 118.90 1.69|S 266|S 30.4
-17.5 0 167.23 112.52 78.79 112.52 1.69|S 251 (S 28.7
-12.5 0 157.45 106.14 73.71 106.14 1.70|$ 23.6(S$ 27.0
-7.5 1 147.67 99.77 68.63 99.77 1.70|$ 22.2|$ 25.3
-2.5 13 137.89 93.39 63.54 93.39 1.70[$ 207 |$ 23.5
2.5 36 128.11 87.01 58.46 87.01 1.70/$ 19.2|$ 21.8
7.5 45 118.33 80.64 53.38 80.64 1.71|$  17.7|$ 20.1
12.5 113 108.55 74.26 48.29 74.26 1.71] S 16.3|$ 18.4
17.5 222 98.77 67.88 43.21 67.88 1.71] S 148 | $ 16.7
22.5 367 88.99 61.51 38.13 61.51 1.72|$ 133 ]S 14.9
27.5 373 79.21 55.13 33.04 55.13 1.73|$ 119]$ 13.2
32.5 764 69.43 48.75 27.96 48.75 1.74|$ 104 (S 11.5
37.5 814 59.65 42.38 22.88 42.38 1.76| $ 89S 9.8
42.5 727 49.87 36.00 17.79 36.00 1.78| $ 7.5|S 8.1
47.5 668 40.09 29.62 12.71 29.62 1.82| $ 6.0 S 6.3
52.5 480 30.31 23.25 7.63 23.25 1.93| $ 45|$ 4.6
57.5 748 20.53 16.87 2.54 16.87 2.44| S 31| 2.9
62.5 831 13.68 13.68 0.00 13.68 0.00| $ 2.1(S 2.1
67.5 902 13.68 13.68 0.00 13.68 0.00| $ 2.11S 2.1
72.5 538 13.68 13.68 0.00 13.68 0.00| $ 2.1(S 2.1
77.5 603 13.68 13.68 0.00 13.68 0.00| $ 2.1($ 2.1
82.5 358 13.68 13.68 0.00 13.68 0.00| $ 2.1S 2.1
87.5 134 13.68 13.68 0.00 13.68 0.00| $ 2.1(S 2.1
92.5 23 13.68 13.68 0.00 13.68 0.00| $ 2.1S 2.1
97.5 1 13.68 13.68 0.00 13.68 0.00| $ 2.1]$ 2.1
102.5 0 13.68 13.68 0.00 13.68 0.00| $ 2.1S 2.1
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Figure 6. Trends of (Pre and Post Fuel Use (top) and Heat Pump Electric Use (bottom) Used in Bin Analysis
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Table 3 shows the seasonal results from the bin analysis. The assumed fuel costs (shown on Table 2) are
from the ASHP Proforma Tool developed by NYSERDA. Since the base fuel is electric, the savings
calculation only considers the pre- and post-retrofit electric use. The implied seasonal heating COP is
1.8, using both electric savings and heat pump energy use which is shown on the bottom of the table.

In this instance the implied COP is calculated from

COP = (KWhpre = kWhpost + kWhp) /KWy = (9555 — 5944 + 4739) / 4739

Table 3. Results of Bin Analysis Showing Seasonal Results

Heating Only PRE-Retrofit POST-Retrofit| Savings Summary Statistics
Total Heat (kWh/yr) 9,555 5,944 3,611 4.78 Fuel kWh per sq ft per yr

- - 16.3 Htg MBtu per sq ft per yr
Total Heating Costs $1,433 $892 $542 38% Reduction in Fuel Use
Implied Seasonal COP 1.8 5,042 Measured HP for Htg (kWh/yr)
HP Electric (kWh/yr) 4,739 106% Measured as % of Typical yr

The resistance heat circuits were also measured in this house. Table 4 uses the measured resistance
heating use in the post-retrofit period to isolate the savings associated with the heat pump alone. Since
resistance space heating is minimal, there is not much difference between the seasonal implied COP for
the heat pump alone and the COP for the overall system (including resistance heating).

Table 4. Results of Bin Analysis Showing Seasonal Impact to Resistant Heating Use

Heating Only PRE-Retrofit | POST-Retrofit Savings

Resistance (kWh/yr) 9,555 791 8,764
ASHP (kWh/yr) 4,739 (4,739)
Total Heat (kWh/yr) 9,555 5,530 4,025
Total Heating Costs $1,433 $829 S604
Implied ASHP COP 1.8
Overall COP Including Resistance 1.7

Average Heat Pump Demand Profiles

Figure 7 shows the average daily demand profile for the heat pump, grouped by different temperature
conditions. Each line takes the average for days at the same temperature. The key at the bottom of the
plots shows the color associated with each daily average temperature bin (£5°F). The number in
parentheses indicates the number days in the bin that were averaged to make each profile. Figure 8
shows the temperature bins associated with cooling operation.
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Space Temperatures

Space temperatures and humidity levels are shown in Figure 9. The living space is about the same

temperature as the master bedroom. The summertime temperatures drift towards 80°F indicating very

little cooling. The RH in the summer mostly stays below 60% RH when there is cooling operation, as

would be expected.
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EFG S3 Savings Analysis

This 2000 sq ft house is in Athens, NY near Albany. The house was originally heated by an oil boiler with
hydronic baseboard. The boiler was also used for supplemental heating after the 3-ton ASHP was
installed. ASHP was installed on January 19, 2018. Monitoring began in March 2018. This unit
frequently operates in cooling. The solar PV array at this site was also monitored.

The shade plot in Figure 1 shows the annual pattern of electric use for the total home and the installed

heat pump. There is some evidence that the heat pump use setback in the heating mode. Figure 2

shows the power use for the house and heat pumps across the monitoring period.
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Figure 1. Shade Plots Showing Total Home and Total Heat Pump Energy Use with Shades of Gray. Darker shades indicate more
power use. Light gray indicates zero use.
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Hourly: EFG S3 - Total Home Use
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Figure 2. Total House and Heat Pump (HP) Power Across the Monitoring Period

Table 1 summarizes the measured energy use for the total house and the heat pump over the
monitoring period.

Table 1. Measured Electric Use for the Total House and Heat Pumps

Total Electric Boiler

No of House All HPs| Resist HT| Runtime

Days (kWh) (kWh) (kWh) (hrs)

Mar-18 7 128.4 58.6 - 5.3
Apr-18 30 524.5 111.0 - 54.8
May-18 31 369.3 44.3 - 14.0
Jun-18 30 480.2 146.3 - 9.0
Jul-18 31 654.2 375.9 - 9.2
Aug-18 31 743.0 383.2 - 8.7
Sep-18 30 399.4 91.9 - 9.1
Oct-18 31 705.2 142.8 - 26.6
Nov-18 30 1,140.7 462.4 - 46.6
Dec-18 31 1,273.3 562.6 - 68.6
Jan-19 31 1,757.0 | 1,038.1 - 65.4
Feb-19 28 1,408.9 774.2 - 56.3
Mar-19 31 763.9 280.5 - 61.9
Annual 365 10,219.6 4,413.2 - 430.2
Htg Season 243 7,942.8 3,415.9 - 394.2
Jun-Sep 122 2,276.8 997.3 - 36.0
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Measured Trends

Daily heat pump power use is shown in Figure 3 as function of daily average outdoor temperature (from
Albany Airport). There was considerable scatter in the daily energy use data, possibly due to daily
variations in how the occupants used the ductless heat pump. The dotted line on the plot represents to
a best fit of the trend with temperature. A trend of energy in the summer is also apparent at this site.
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Figure 3. Daily Heat Pump Energy Use vs. Daily Average Temperature (Days in each month shown with a different color)

At this site heat pump operation displaced some of the fuel oil use by the boiler. Figure 4 compares the
trend of fuel use with temperature for both the pre- and post-retrofit periods. The solid line represents
the overall fuel use trend in the pre-retrofit period. The dotted line represents the fuel use trend in the
post-retrofit period. Limited post-retrofit data was available to confirm the fuel use trend in this period.
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Figure 4. Analysis of Monthly Utility Bills with Temperature, Comparing Pre-Retrofit and Post-Retrofit Trends of Fuel Use (the
number shown by each post-retrofit data point indicates the month)

Bin Analysis to Predict Seasonal Impacts

The trend lines above were used in a bin analysis using typical year weather data. Table 2 shows the
details of bin analysis and Figure 5 plots the trend lines used for the analysis. In this case there is a
consistent trend of the implied COP with temperature as shown in Table 2.

Table 2. Bin Analysis Used to Predict Seasonal Impacts from Trendlines
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SITE: EFG-3 WEATHER: Albany S 0.117 per kWh
FUEL: oil S 2.487 per gal (oil)
Floor Area 2000 LOCATION: Athens
FUEL FUEL Adjusted| Implied POST-Oil
PRE-Oil POST-0il| ASHP Electric POST-Oil COP |PRE-CostgPOST-Costs adjustment
Temp Bin |Hours (gal/day) (gal/day)| (kwWh/day) (gal/day) (-) factor]|
-27.5 0 12.2 7.3 93.7 7.3 1.7|S 304 |$ 29.1
-22.5 0 11.5 6.8 87.6 6.8 1.7|S 286|$ 27.2
-17.5 0 10.8 6.3 81.4 6.3 1.7|S 26.8|$ 25.2
-12.5 0 10.0 5.8 75.3 5.8 1.8|S 249|S$ 233
-7.5 0 9.3 5.3 69.2 5.3 1.8{S 23.1S$ 21.4
-2.5 15 8.5 4.9 63.1 4.9 1.9|S 21.2S 19.4
2.5 36 7.8 4.4 56.9 4.4 19|S 194 |S 17.5
7.5 127 7.1 3.9 50.8 3.9 20/$ 175]|S 15.5
12.5 206 6.3 3.4 44.7 3.4 2.1|S 157|S 13.6
17.5 435 5.6 2.9 38.6 2.9 22|S 139]S 11.7
22.5 498 4.8 2.4 32.4 2.4 24|S 120]S 9.7
27.5 537 4.1 1.9 26.3 1.9 2.7|$ 102 |S 7.8
32.5 654 3.3 1.4 20.2 1.4 3.1| $ 83|S 5.8
37.5 720 2.6 0.9 14.1 0.9 3.8| S 65| 3.9
42.5 550 1.9 0.8 9.2 0.8 39S 46|S 2.9
47.5 573 1.1 0.8 5.5 0.8 21|S 28]|S 2.5
52.5 723 0.8 0.8 1.8 0.8 0.0/$ 19]S 2.1
57.5 791 0.8 0.8 0.0 0.8 00/S 19SS 1.9
62.5 943 0.8 0.8 0.0 0.8 0.0/S 19]|S 1.9
67.5 682 0.8 0.8 0.0 0.8 0.0/$ 19]S 1.9
72.5 497 0.8 0.8 0.0 0.8 0.0 $ 1.9|$ 1.9
77.5 420 0.8 0.8 0.0 0.8 0.0 $ 1.9|$ 1.9
82.5 274 0.8 0.8 0.0 0.8 0.0 $ 19($ 1.9
87.5 61 0.8 0.8 0.0 0.8 0.0 $ 1.9($ 1.9
92.5 13 0.8 0.8 0.0 0.8 0.0 $ 19($ 1.9
97.5 5 0.8 0.8 0.0 0.8 00/S 19SS 1.9
102.5 0 0.8 0.8 0.0 0.8 00/S 19SS 1.9
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Figure 5. Trends of Pre- and Post-Retrofit Fuel Use (top) and Heat Pump Electric Use (bottom) Used in Bin Analysis

Appendix C S3-6



EFG S3

Table 3 shows the seasonal results from the bin analysis. The assumed fuel costs (shown on Table 2) are

from the ASHP Proforma Tool developed by NYSERDA. The implied seasonal heating COP for the ASHP
is 2.6 in this case.

In this instance the implied COP is calculated from

cop =

Table 3. Results of Bin Analysis Showing Seasonal Results

(Fuelpre - Fuelpost)*eff/(3.412XkWhhp ) =

(503.4-166.4)*139*0.79 / (3.412*4107)

Heating Only PRE-Retrofit | POST-Retrofit Savings Summary Statistics

QOil (gal/yr) 503.4 166.4 337.0 0.25 Fuel gal per sq ft per yr

HP Electric (kWh/yr) 4,107 (4,107) 27.6 Htg MBtu per sq ft per yr

Total Heating Costs $1,252 $893 $359 67% Reduction in Fuel Use

Implied Seasonal COP 2.6 3,416 Measured HP for Htg (kWh/yr)
83% Measured as % of Typical yr

Average Heat Pump Demand Profiles

Figure 6 and Figure 7 show the average daily demand profile for the heat pump, grouped by different
temperature conditions. Each line takes the average for days at the same temperature. The key at the
bottom of the plots shows the color associated with each daily average temperature bin (£5°F). The
number in parentheses indicates the number days in the bin that were averaged to make each profile.
Figure 7 shows the temperature bins associated with cooling operation.
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Space Temperatures

Space temperatures and humidity levels are shown in Figure 8.
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EFG S4 Savings Analysis

This 1576 sq ft house is in Germantown, NY just south of Albany. The house was originally heated by
baseboard electric heat. The electric baseboard was also used for supplemental heating after the 1.5-
ton ASHP was installed. The ASHP was installed in December 2017. Monitoring began in January 2018.
This unit was also used to provide some cooling.

The homeowner indicated to EFG staff that before the heat pump was installed she had kept her set
points relatively low (i.e., under 60°F) to control electric costs. After the heat pump was installed, she
claimed to have increased her space temperature set points (the plots in Figure 8 imply set points near
65°F). This behavior—or take-back effect—may have confounded the savings analysis and made the
results slightly conservative for this site.

The shade plot in Figure 1 shows the annual pattern of electric use for the total home and the installed
heat pump. Figure 2 shows the power use for the house and heat pump across the monitoring period.
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Figure 1. Shade Plots Showing Total Home and Total Heat Pump Energy Use with Shades of Gray. Darker shades indicate more
power use. Light gray indicates zero use.
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Table 1 summarizes the measured energy use for the total house and the heat pump over the

monitoring period. It also includes the resistance electric heaters that were monitored.

Table 1. Measured Electric Use for the Total House and Heat Pumps

Total Electric Boiler

No of House AllHPs| Resist HT| Runtime

Days (kWh) (kWh) (kWh) (hrs)
Jan-18 20 668.3 605.4 62.8 -
Feb-18 28 820.3 811.1 9.2 -
Mar-18 31 798.8 798.6 0.3 -
Apr-18 30 598.1 552.8 45.4 -
May-18 31 20.0 19.9 0.2 -
Jun-18 30 13.4 13.3 0.2 -
Jul-18 31 47.9 47.7 0.2 -
Aug-18 31 45.5 45.4 0.2 -
Sep-18 30 25.3 25.2 0.1 -
Oct-18 31 250.7 250.5 0.2 -
Nov-18 30 582.6 570.8 11.8 -
Dec-18 31 1,105.4 770.0 335.5 -
Jan-19 31 1,429.1 971.0 458.1 -
Feb-19 28 1,236.6 806.3 430.3 -
Mar-19 31 854.3 714.0 140.4 -
Annual 365 5,737.1  4,876.3 861.4 -
Htg Season 243 5,605.0 4,744.7 860.7 -
Jun-Sep 122 132.1 131.6 0.7 -
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Measured Trends

Daily heat pump power use is shown in Figure 3 as function of daily average outdoor temperature.
There is moderate scatter in the data, indicating that the occupants used the ductless heat pump in a
fairly consistent manner. The dotted line on the plot represents to a best fit of the trend with
temperature.
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Figure 3. Daily Heat Pump Energy Use vs. Daily Average Temperature (Days in each month shown with a different color)

At this site heat pump operation displaced baseboard electric heat use. Figure 4 compares the trend of
monthly electric with temperature for both the pre- and post-retrofit periods. The solid line represents
the overall fuel use trend in the pre-retrofit period. The dotted line represents the fuel use trend in the
post-retrofit period.
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Figure 4. Analysis of Monthly Utility Bills with Temperature, Comparing Pre-Retrofit and Post-Retrofit Trends of Fuel Use (the

number shown by each post-retrofit data point indicates the month)

Bin Analysis to Predict Seasonal Impacts

The trend lines above were used in a bin analysis using typical year weather data for Albany. Table 2
shows the details of bin analysis and Figure 5 plots the trend lines used for the analysis.
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Table 2. Bin Analysis Used to Predict Seasonal Impacts from Trendlines

SITE: EFG-4 WEATHER: Albany S 0.117 per kWh
FUEL: Electric S 0.117 per kWh
Floor Area 1576 LOCATION: Germantown
FUEL FUEL Adjusted| Implied POST-Electric
PRE-Electric| POST-Electric| ASHP Electric|/ POST-Electric COP [PRE-Costs |POST-Costs adjustment
Temp Bin |Hours (kWh/day) (kWh/day) (kWh/day) (kWh/day) (-) factor|
-27.5 0 203.5 101.6 78.2 101.6 23|S 23.7|S 21.0
-22.5 0 192.7 96.5 73.9 96.5 23|S  225(S 19.9
-17.5 0 181.9 91.4 69.5 91.4 23|$  21.2|S 18.8
-12.5 0 171.1 86.3 65.1 86.3 23|$ 20.0](S 17.7
-7.5 0 160.3 81.2 60.8 81.2 23| S 18.7 | $ 16.6
-2.5 15 149.4 76.0 56.4 76.0 2.3|S 174 S 15.5
2.5 36 138.6 70.9 52.0 70.9 23| S 16.2 | S 14.3
7.5 127 127.8 65.8 47.6 65.8 23| S 149 S 13.2
12.5 206 117.0 60.7 43.3 60.7 23| S 13.7| S 12.1
17.5 435 106.2 55.6 38.9 55.6 23|S 124 11.0
22.5 498 95.4 50.4 34.5 50.4 23|$ 111 |S 9.9
27.5 537 84.6 45.3 30.2 45.3 23| S 9.9|$ 8.8
32.5 654 73.8 40.2 25.8 40.2 23| S 8.6|S 7.7
37.5 720 63.0 35.1 21.4 35.1 23| S 73]$ 6.6
42.5 550 52.2 30.0 17.0 30.0 23| S 6.1|$ 5.5
47.5 573 41.3 24.8 12.7 24.8 23| S 481|5S 4.4
52.5 723 30.5 19.7 8.3 19.7 2.3/ $ 36|S 3.3
57.5 791 19.7 14.6 3.9 14.6 2.3/ $ 23S 2.2
62.5 943 10.0 10.0 0.0 10.0 0.0 $ 1.2|$ 1.2
67.5 682 10.0 10.0 0.0 10.0 0.0 $ 1.2|$ 1.2
72.5 497 10.0 10.0 0.0 10.0 0.0 $ 1.2|$ 1.2
77.5 420 10.0 10.0 0.0 10.0 0.0 $ 1.2 |8 1.2
82.5 274 10.0 10.0 0.0 10.0 0.0 $ 1.2|$ 1.2
87.5 61 10.0 10.0 0.0 10.0 0.0| $ 1.2]$ 1.2
92.5 13 10.0 10.0 0.0 10.0 0.0| $ 1.2]$ 1.2
97.5 5 10.0 10.0 0.0 10.0 0.0 $ 1.2|$ 1.2
102.5 0 10.0 10.0 0.0 10.0 0.0 $ 1.2 S 1.2
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Figure 5. Trends of (Pre and Post Fuel Use (top) and Heat Pump Electric Use (bottom) Used in Bin Analysis
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Table 3 shows the seasonal results from the bin analysis. The assumed fuel costs (shown on Table 2) are
from the ASHP Proforma Tool developed by NYSERDA. Since the base fuel is electric, the savings
calculation only considers the pre- and post-retrofit electric use. The implied seasonal heating COP is
2.3, using both electric savings and heat pump energy use which is shown on the bottom of the table.

In this instance the implied COP is calculated from

COP = (KWhpre = kWhpost + kWhp) /KWy (12987 - 6150 + 5251) / 5251

Table 3. Results of Bin Analysis Showing Seasonal Results

Heating Only PRE-Retrofit| POST-Retrofit| Savings Summary Statistics
Total Heat (kWh/yr) 12,987 6,150 6,837 8.24 Fuel kWh per sq ft per yr

- - 28.1 Htg MBtu per sq ft per yr
Total Heating Costs $1,516 $718 $798 53% Reduction in Fuel Use
Implied Seasonal COP 2.3 4,745 Measured HP for Htg (kWh/yr)
HP Electric (kWh/yr) 5,251 90% Measured as % of Typical yr

Table 4 uses measured resistance heating use in the post-retrofit period and determines the savings as
result of installing the heat pump. An implied COP including measured resistance heating is provided.
The implied COP was slightly lower with this approach that uses the measured resistance heating power.

Table 4. Results of Bin Analysis Showing Seasonal Impact to Resistant Heating Use

Heating Only PRE-Retrofit | POST-Retrofit| Savings

Resistance (kWh/yr) 12,987 861 12,126
ASHP (kWh/yr) 5,251 (5,251)
Total Heat (kWh/yr) 12,987 6,112 6,875
Total Heating Costs $1,516 $713 $802
Implied ASHP COP 2.3
Overall COP Including Resistance 2.1

Average Heat Pump Demand Profiles

Figure 6 shows the average daily demand profile for the heat pump, grouped by different temperature
conditions. Each line takes the average for days at the same temperature. The key at the bottom of the
plots shows the color associated with each daily average temperature bin (+5°F). The numberin
parentheses indicates the number days in the bin that were averaged to make each profile. Figure 7
shows the temperature bins associated with cooling operation.
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Power (kW)

Figure 6. Heat Pump Demand Profile Across the Day — Averaged for Various Outdoor Temperature Bins (Heating)
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Figure 7. Heat Pump Demand Profile Across the Day — Averaged for Various Outdoor Temperature Bins (Cooling)
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Space Temperatures

Space temperatures and humidity levels are shown in

Figure 8. The summertime temperatures are only

partially controlled indicating very little cooling. The high RH in the summer reflects the lack of cooling

and/or poor dehumidification.
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EFG S5 Savings Analysis

This 2286 sq ft house is located in Kingston, NY near Newburgh. The house was originally heated by a
gas-fired steam boiler. This house has the highest fuel use per sq ft of twenty homes in the project.
DHW is provided by a gas-fired hot water tank. Two ASHPs ductless were originally installed in August
2016. Two more ASHP units were installed in January 2018 as part of this project. The four ASHPs have
a total installed cooling capacity of 3.5 tons. Monitoring began in April 2018. Occupancy changed
several times in this house, which lead to a loss of data as well as inconsistent pre- and post-retrofit
operating patterns.

The shade plot in Figure 1 shows the annual pattern of electric use for the total home and the installed
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heat pumps.

Figure 2 shows the power use for the house and heat pumps across the monitoring period. Figure 3
shows the power use for the individual heat pumps.
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Hourly: EFG S5 - Total Home Elec Use
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Figure 1. Shade Plots Showing Total Home and Total Heat Pump Energy Use with Shades of Gray. Darker shades indicate more
power use. Light gray indicates zero use.
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Figure 2. Total House and Heat Pump (HP) Power Across the Monitoring Period
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Figure 3. Power Use for Individual Heat Pumps Across the Monitoring Period

Table 1 summarizes the measured energy use for the total house and the heat pumps over the
monitoring period.

Table 1. Measured Electric Use for the Total House and Heat Pumps

Total
No of House All HPs Solar
Days (kwh) (kWh) (kWh)
Mar-18 4 92.3 49.2 50.0
Apr-18 30 833.7 545.5 570.2
May-18 31 443.3 127.8 676.2
Jun-18 30 511.7 173.3 692.1
Jul-18 31 709.3 406.0 782.2
Aug-18 31 621.9 320.4 654.5
Sep-18 30 539.7 206.9 412.6
Oct-18 29 499.0 216.6 341.5
Nov-18 29 497.5 290.3 191.1
Dec-18 26 458.5 221.7 174.9
Jan-19 20 355.8 180.5 93.1
Feb-19 20 346.0 176.0 204.1
Mar-19 25 729.2 187.3 449.1
Apr-19 29 484.4 149.0 545.0
Annual 331 6,196.3 2,655.8 5,216.4
Htg Season 209 3,813.7 1,549.2 2,675.0
Jun-Sep 122 2,382.6 1,106.6 2,541.4
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Measured Trends

Daily heat pump power use is shown in Figure 4 as function of daily average outdoor temperature (using

weather data from Stewart Airport). The dotted line on the plot represents to a best fit of the trend

with temperature. The degree of fit for heating is very poor due to the changes in occupancy. A trend

of energy in the summer is also apparent at this site.
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Figure 4. Daily Heat Pump Energy Use vs. Daily Average Temperature (Days in each month shown with a different color)

At this site heat pump operation displaced some of the fuel oil use by the boiler. Figure 5 compares the

trend of monthly fuel use with temperature for both the pre- and post-retrofit periods. The solid line

represents the overall fuel use trend in the pre-retrofit period. The dotted line represents the fuel use

trend in the post-retrofit period. A limited amount of post-retrofit data was available to confirm the

fuel use trend in this period.
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EFG S5 - Pre & Post Utility Gas Analysis WUG: SWF
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Figure 5. Analysis of Monthly Utility Bills with Temperature, Comparing Pre-Retrofit and Post-Retrofit Trends of Fuel Use (the
number shown by each post-retrofit data point indicates the month)
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Bin Analysis to Predict Seasonal Impacts

The trend lines above were used in a bin analysis using typical year weather data for Newburgh. Table 2
shows the details of bin analysis and Figure 6 plots the trend lines used for the analysis.

Table 2. Bin Analysis Used to Predict Seasonal Impacts from Trendlines

SITE: EFG-5 WEATHER: Newburgh S 0.150 perkWh
FUEL: Gas S 1.469 pertherm
Floor Area 2286 LOCATION: Kingston
FUEL FUEL Adjusted| Implied POST-Gas
PRE-Gas POST-Gas| ASHP Electric POST-Gas COP|PRE-Costs |POST-Costs adjustment
Temp Bin |Hours| (therms/day)|(therms/day) (kWh/day)| (therms/day) (-) factor|
-27.5 0 38.3 29.3 34.5 29.3 6.1/$S 56.3|8S 48.1
-22.5 0 36.2 27.6 32.6 27.6 6.1/|$ 53.2|$ 45.4
-17.5 0 34.2 25.9 30.7 25.9 6.2|S 50.2|$ 42.7
-12.5 0 32.1 24.3 28.8 24.3 6.3|S 47.1|S 40.0
-7.5 1 30.0 22.6 26.8 22.6 6.4|S 440|5S 37.3
-2.5 13 27.9 21.0 24.9 21.0 6.4/S 410|S$ 34.5
2.5 36 25.8 19.3 23.0 19.3 6.6/S 379|S 31.8
7.5 45 23.7 17.7 21.0 17.7 6.7/ S 349|S 29.1
12.5| 113 21.6 16.0 19.1 16.0 6.8/S 31.8|S 26.4
17.5| 222 19.6 14.3 17.2 14.3 7.0/$S 287|S 23.6
22.5| 367 17.5 12.7 15.2 12.7 7.3|S 25.7|S 20.9
27.5| 373 15.4 11.0 13.3 11.0 76/S 226|S 18.2
32.5| 764 13.3 9.4 11.4 9.4 8.0/S 195|S 15.5
37.5| 814 11.2 7.7 9.5 7.7 86/$S 165 (S 12.7
42.5| 727 9.1 6.1 7.5 6.1 9.5|S 13.4|S 10.0
47.5| 668 7.1 4.4 5.6 4.4 11.0{$ 104 |S 7.3
52.5| 480 5.0 2.7 3.7 2.7 14.0| $ 731]S 4.6
57.5| 748 2.9 1.1 1.7 1.1 23.9|$ 421S 1.9
62.5| 831 0.8 0.6 0.0 0.6| #it#HHH | S 1.21]$ 0.9
67.5| 902 0.6 0.6 0.0 0.6 0.0/ $ 09]|S 0.9
72.5| 538 0.6 0.6 0.0 0.6 0.0| $ 09§ 0.9
77.5| 603 0.6 0.6 0.0 0.6 0.0/ $ 09]|S 0.9
82.5| 358 0.6 0.6 0.0 0.6 0.0/ $ 09§ 0.9
87.5| 134 0.6 0.6 0.0 0.6 0.0/ $ 09]|S 0.9
92.5 23 0.6 0.6 0.0 0.6 0.0| $ 09]$ 0.9
97.5 1 0.6 0.6 0.0 0.6 0.0/ $ 09|$ 0.9
102.5 0 0.6 0.6 0.0 0.6 0.0| $ 09]8$ 0.9
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Figure 6. Trends of Pre- and Post-Retrofit Fuel Use (top) and Heat Pump Electric Use (bottom) Used in Bin Analysis
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Table 3 shows the seasonal results from the bin analysis. The assumed fuel costs (shown on Table 2) are
from the ASHP Proforma Tool developed by NYSERDA. The implied seasonal heating COP for the ASHP is

impossibly high in this case. The changes in ownership / occupancy resulted in an invalid pre-to-post
comparison.

Table 3. Results of Bin Analysis Showing Seasonal Results

Heating Only PRE-Retrofit| POST-Retrofit Savings Summary Statistics

Gas (therms/yr) 2,231 1,470 760 0.98 Fuel therms per sq ft per yr
HP Electric (kWh/yr) 1,972 (1,972) 77.1 Htg MBtu per sq ft per yr
Total Heating Costs $3,276 $2,455 $821 34% Reduction in Fuel Use
Implied Seasonal COP 8.9

1,549 Measured HP for Htg (kWh/yr)
79% Measured as % of Typical yr

Average Heat Pump Demand Profiles

Figure 7 and Figure 8 show the average daily demand profile for the heat pump, grouped by different
temperature conditions. Each line takes the average for days at the same temperature. The key at the
bottom of the plots shows the color associated with each daily average temperature bin (+5°F). The
number in parentheses indicates the number days in the bin that were averaged to make each profile.
Figure 8 shows the temperature bins associated with cooling operation.
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AVG Heating Profiles: EFG S5 - 4 Outdoor, 4 Indoor, 3.5 tons total
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Figure 7. Heat Pump Demand Profile Across the Day — Averaged for Various Outdoor Temperature Bins (Heating)
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Figure 8. Heat Pump Demand Profile Across the Day — Averaged for Various Outdoor Temperature Bins (Cooling)
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Space Temperatures

Space temperatures and humidity levels are shown in Figure 9.
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EFG S6 Savings Analysis

This two-story 1,700 sq ft house is located in Albany, NY. The house was originally heated by a high
efficiency gas furnace, which is now used for supplemental heating for three 1-ton ASHP units that were
installed in April of 2018. The home also has a separate gas-fired hot water tank.

Monitoring began in May 2018, but an adjustment within the electrical panel in the Fall of 2018 resulted
in a CT pin becoming detached from the logger. This was then corrected in April of 2019 and monitoring

continued through May 2020.

The shade plot in Figure 1 shows the annual pattern of electric use for the total home and the installed
heat pumps starting in May 2019. Figure 2 shows the power use for the house and heat pumps across
the monitoring period. Figure 3 shows the power use for the individual heat pumps.
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Figure 1. Shade Plots Showing Total Home and Total Heat Pump Energy Use with Shades of Gray. Darker shades indicate more

power use. Light gray indicates zero use.
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Hourly: EFG S6 - Total Home Use
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Figure 2. Total House and Heat Pump (HP) Power Across the Monitoring Period
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Figure 3. Power Use for Individual Heat Pumps Across the Monitoring Period
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Table 1 summarizes the measured energy use for the total house and the heat pump over the
monitoring period.

Table 1. Measured Electric Use for the Total House and Heat Pumps

Total

No of House All HPs

Days (kWh) (kWh)

May-19 31 933.0 64.7
Jun-19 30 594.5 84.5
Jul-19 31 809.1 207.1

Aug-19 31 732.8 160.3
Sep-19 30 479.3 52.3
Oct-19 31 571.2 99.0
Nov-19 30 860.1 492.0
Dec-19 31 1,302.5 769.9
Jan-20 31 1,528.7 941.3
Feb-20 29 1,141.0 930.1
Mar-20 31 756.6 460.7
Apr-20 30 924.9 210.5
May-20 31 572.9 134.9

Annual 366.0 10,633.7 4,472.4
Htg Season 244.0 8,018.0 3,968.2
Jun-Sep 122.0 2,615.7 504.2

Measured Trends

Daily heat pump power use is shown in Figure 4 as function of daily average outdoor temperature (from
Albany Airport). The dotted line on the plot represents to a best fit of the trend with temperature. A
trend of energy in the summer is also apparent at this site.
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EFG S6 - Heat Pumps: 3 Outdoor, 3 Indoor, 3.0 tons total WUG: ALB
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Figure 4. Daily Heat Pump Energy Use vs. Daily Average Temperature (Days in each month shown with a different color)

At this site heat pump operation displaced most of the gas use for the furnace. Figure 5 compares the
trend of monthly gas use with temperature for both the pre- and post-retrofit periods. The solid line
represents the overall fuel use trend in the pre-retrofit period. The dotted line represents the fuel use
trend in the post-retrofit period.
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EFG S6 - Pre & Post Utility Gas Analysis WUG: ALB
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Figure 5. Analysis of Monthly Utility Bills with Temperature, Comparing Pre-Retrofit and Post-Retrofit Trends of Fuel Use (the
number shown by each post-retrofit data point indicates the month)
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Bin Analysis to Predict Seasonal Impacts

The trend lines above were used in a bin analysis using typical year weather data for Albany. Table 2

shows the details of bin analysis and Figure 6 plots the trend lines used for the analysis. In this case

there is a consistent trend of the implied COP with temperature as shown in Table 2.

Table 2. Bin Analysis Used to Predict Seasonal Impacts from Trendlines

SITE: EFG-6 WEATHER: Albany S 0.117 per kWh
FUEL: Gas High Eff S 0.826 per therm
Floor Area 1700 LOCATION: Albany
FUEL FUEL Adjusted Implied POST-Gas High
Temp Bin | Hours |PRE-Gas High |POST-Gas High ASHP Electric [POST-Gas High [COP PRE-Costs |POST-Costs |adjustment
(therms/day) |(therms/day) (kWh/day) |(therms/day) |(-) factor )
-27.5 0 8.0 1.0 89.9 1.0 2.1 S 6.64 | S 11.28
-22.5 0 7.6 0.9 84.3 0.9 2.1| S 6.27 | $ 10.60
-17.5 0 7.1 0.9 78.8 0.9 21| $ 5.89|$ 9.93
-12.5 0 6.7 0.8 73.3 0.8 2.1 $ 5.52|$ 9.25
-7.5 0 6.2 0.8 67.8 0.8 2.1 S 5.14 | $ 8.57
-2.5 15 5.8 0.8 62.3 0.8 2.1 $ 477 [ $ 7.89
2.5 36 5.3 0.7 56.7 0.7 2.1 $ 4.40 [ $ 7.21
7.5 127 4.9 0.7 51.2 0.7 2.2|$ 4.02 (S 6.53
12.5 206 4.4 0.6 45.7 0.6 2.2| S 3.65($ 5.85
17.5 435 4.0 0.6 40.2 0.6 2.2| S 3.28|$ 5.17
22.5 498 3.5 0.5 34.7 0.5 23| S 290 $ 4.49
27.5 537 3.1 0.5 29.1 0.5 23| S 253 |$ 3.81
32.5 654 2.6 0.5 23.6 0.5 24| S 2.15($ 3.13
37.5 720 2.2 0.4 18.1 0.4 2.5|$ 1.78 | $ 2.45
42.5 550 1.7 0.4 12.6 0.4 2.8| S 1.41|$ 1.77
47.5 573 1.2 0.3 7.1 0.3 3.5/ $ 1.03]$ 1.09
52.5 723 0.8 0.3 1.6 0.3 8.5|$ 0.66 [ $ 0.43
57.5 791 0.3 0.3 1.0 0.3 12| $ 029 |$ 0.36
62.5 943 0.3 0.3 1.0 0.3 0.0| $ 0.25[$ 0.36
67.5 682 0.3 0.3 1.0 0.3 0.0| $ 0.25[$ 0.36
72.5 497 0.3 0.3 1.0 0.3 0.0| $ 0.25[$ 0.36
77.5 420 0.3 0.3 1.0 0.3 0.0| $ 0.25[$ 0.36
82.5 274 0.3 0.3 1.0 0.3 0.0| $ 0.25|$ 0.36
87.5 61 0.3 0.3 1.0 0.3 0.0 $ 0.25($ 0.36
92.5 13 0.3 0.3 1.0 0.3 0.0| $ 0.25($ 0.36
97.5 5 0.3 0.3 1.0 0.3 0.0| $ 0.25($ 0.36
102.5 0 0.3 0.3 1.0 0.3 0.0| $ 0.25($ 0.36
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Figure 6. Trends of Pre- and Post-Retrofit Fuel Use (top) and Heat Pump Electric Use (bottom) Used in Bin Analysis
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Table 3 shows the seasonal results from the bin analysis. The assumed fuel costs (shown on Table 2) are
from the ASHP Proforma Tool developed by NYSERDA. The implied seasonal heating COP for the ASHP is

2.4 in this case.

In this instance the implied COP is calculated from

cop = (Fuelpre — Fuelpost) *eff/(3.412xkWhp, ) = (455-29)*100*0.90 / (3.412*4679)

Table 3. Results of Bin Analysis Showing Seasonal Results

Heating Only PRE-Retrofit | POST-Retrofit | Savings Summary Statistics

Gas High Eff (therms/yr) 455 29 426 0.27 Fuel therms per sq ft per yr
HP Electric (kWh/yr) 4,679 (4,679) 24.1 Htg MBtu per sq ft per yr
Total Heating Costs $376 $570 -$194 94% Reduction in Fuel Use
Implied Seasonal COP 2.4

3,968 Measured HP for Htg (kWh/yr)
85% Measured as % of Typical yr

Average Heat Pump Demand Profiles

Figure 7 and Figure 8 show the average daily demand profile for the heat pump, grouped by different
temperature conditions. Each line takes the average for days at the same temperature. The key at the
bottom of the plots shows the color associated with each daily average temperature bin (£5°F). The
number in parentheses indicates the number days in the bin that were averaged to make each profile.
Figure 8 shows the temperature bins associated with cooling operation.
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Space Temperatures

Space temperatures and humidity levels are shown in Figure 9.
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EFG S7 Savings Analysis

This 1752 sq ft house is in Sleepy Hollow in Westchester County. The house was originally heated by a
gas boiler with hydronic baseboard. The boiler has not been used after the two ASHP units were
installed in late June of 2018. Monitoring began in September 2018.

The shade plot in Figure 1 shows the annual pattern of electric use for the total home and the installed
heat pumps. Figure 2 shows the power use for the house and heat pumps across the monitoring period.
Figure 3 show the power use for the individual heat pumps.
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Figure 1. Shade Plots Showing Total Home and Total Heat Pump Energy Use with Shades of Gray. Darker shades indicate more
power use. Light gray indicates zero use.

Appendix C

S7-1



EFG S7

Hourly: EFG S7 - Total Home Use
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Table 1 summarizes the measured energy use for the total house and the heat pump over the
monitoring period. The power use for a heat pump water heater (HPWH) is also given in the table.

Table 1. Measured Electric Use for the Total House and Heat Pumps

Total

No of House All HPs Solar DHW

Days (kWh) (kWh) (kWh) (kWh)

Sep-18 30 897.7 140.4 - 65.5
Oct-18 31 1,362.7 579.5 - 95.4
Nov-18 30 2,120.1 1,299.0 - 107.6
Dec-18 31 2,676.9 1,822.3 - 134.7
Jan-19 31 3,430.6 2,507.4 - 150.5
Feb-19 28 2,685.0 1,948.5 - 129.9
Mar-19 31 2,497.9 1,715.9 - 140.6
Apr-19 30 1,403.4 668.1 - 117.9
May-19 31 952.9 269.2 - 98.8
Jun-19 30 785.0 146.8 - 87.5
Jul-19 31 1,032.1 340.9 - 67.8
Aug-19 31 704.4 172.7 - 58.5
Sep-19 29 617.4 96.2 - 65.9
Oct-19 31 1,376.3 571.0 - 88.7
Nov-19 30 2,097.1 1,361.1 - 112.9
Dec-19 29 2,495.7 1,772.1 - 122.4
Annual 364 20,268.4 11,566.5 - 1,255.1
Htg Season 243 17,129.5 10,809.9 - 975.4
Jun-Sep 121 3,138.9 756.6 - 279.7

Measured Trends

Daily heat pump power use is shown in Figure 4 as function of daily average outdoor temperature.

There is a consistent data trend, implying the occupants used the ductless heat pumps in a consistent

manner. The dotted line on the plot represents to a best fit of the trend with temperature.

Figure 5 compares the trend of monthly fuel use with temperature for both the pre- and post-retrofit

periods. The solid line represents the overall fuel use trend in the pre-retrofit period. The dotted line

represents the fuel use trend in the post-retrofit period. Off season gas use for water heating also
dropped to a lower level in the post retrofit period since a HPWH was installed.
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Bin Analysis to Predict Seasonal Impacts

The trend lines above were used in a bin analysis using typical year weather data for New York. Table 2
shows the details of bin analysis and Figure 6 plots the trend lines used for the analysis. The trend line
for post-retrofit gas no longer includes domestic hot water heating since a heat pump water heater
(HPWH) was also installed at the time as the heat pump installation. However, the post-retrofit trend is
the bin analysis was adjusted to equal 1.5 therms, in order to match the pre-retrofit base use and wash
out the impact of the HPWH.

Table 2. Bin Analysis Used to Predict Seasonal Impacts from Trendlines

SITE: EFG-7 WEATHER: New_York S 0.200 per kWh
FUEL: Gas S 1.403 pertherm
Floor Area 1752 LOCATION: Sleepy Hollow
FUEL FUEL Adjusted| Implied POST-Gas
PRE-Gas POST-Gas| ASHP Electric POST-Gas COP |PRE-CostgPOST-Costs adjustment
Temp Bin |Hours (therms/day)| (therms/day)| (kWh/day)| (therms/day) (-) factor]
-27.5 0 24.8 0.4 209.5 1.5 26|S 348 44.0
-22.5 0 23.5 0.4 198.2 1.5 26|S 330 41.8
-17.5 0 22.2 0.4 186.9 1.5 26|S 3125 39.5
-12.5 0 20.9 0.4 175.7 1.5 26|S 294 37.3
-7.5 0 19.6 0.4 164.4 1.5 258 275 35.0
-2.5 0 18.3 0.4 153.1 1.5 2.5|$ 25.7|S 32.8
2.5 0 17.0 0.4 141.9 1.5 2.5[S 239|S 30.5
7.5 11 15.7 0.4 130.6 1.5 25|$S 2205 28.3
12.5 22 14.4 0.4 119.3 1.5 25|$S 202|S 26.0
17.5 101 13.1 0.4 108.1 1.5 25|S 184S 23.8
225 167 11.8 0.4 96.8 1.5 25|$ 166|S 21.5
27.5 247 10.5 0.4 85.5 1.5 24|S 147|S 19.3
32.5 475 9.2 0.4 74.3 1.5 24|$ 129 17.0
37.5 855 7.9 0.4 63.0 1.5 23| 111 14.7
42.5 708 6.6 0.4 51.7 1.5 23|/$S 93]S 12.5
47.5 608 5.3 0.4 40.4 1.5 22|S 745 10.2
52.5 880 4.0 0.4 29.2 1.5 20/$ 56/|S 8.0
57.5 750 2.7 0.4 17.9 1.5 1.5|$ 38]|S$ 5.7
62.5 814 1.5 0.4 6.6 1.5 00/S 21]|S 3.5
67.5 723 1.5 0.4 1.0 1.5 0.0 $ 211($ 2.3
72.5 751 1.5 0.4 1.0 1.5 0.0 $ 211($ 2.3
77.5 870 1.5 0.4 1.0 1.5 0.0 $ 211($ 2.3
82.5 569 1.5 0.4 1.0 1.5 0.0 $ 211(S 2.3
87.5 165 1.5 0.4 1.0 1.5 0.0 $ 211$ 2.3
92.5 36 1.5 0.4 1.0 1.5 0.0 $ 211S 2.3
97.5 8 1.5 0.4 1.0 1.5 0.0 $ 211S 2.3
102.5 0 1.5 0.4 1.0 1.5 0.0 $ 211S 2.3
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Figure 6. Trends of Pre- and Post-Retrofit Fuel Use (top) and Heat Pump Electric Use (bottom) Used in Bin Analysis
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Table 3 shows the seasonal results from the bin analysis. The assumed fuel costs (shown on Table 2) are
from the ASHP Proforma Tool developed by NYSERDA. Since the base fuel is natural gas, there are no
cost savings. The implied seasonal heating COP for the ASHPs is 2.2 in this case.

In this instance the implied COP is calculated from

cop = (Fuelpre — Fuelpost) *eff/(3.412xkWhp, ) = (983 -0)*100*0.79 / (3.412*10325)

Table 3. Results of Bin Analysis Showing Seasonal Results

Heating Only PRE-Retrofit| POST-Retrofit Savings Summary Statistics

Gas (therms/yr) 983 - 983 0.56 Fuel therms per sq ft per yr

HP Electric (kWh/yr) 10,325 (10,325) 44.3 Htg MBtu per sq ft per yr

Total Heating Costs $1,379 $2,065 -$686 100% Reduction in Fuel Use

Implied Seasonal COP 2.2 10,810 Measured HP for Htg (kWh/yr)
105% Measured as % of Typical yr

Average Heat Pump Demand Profiles

Figure 7 and Figure 8 show the average daily demand profile for the heat pump, grouped by different
temperature conditions. Each line takes the average for days at the same temperature. The key at the
bottom of the plots shows the color associated with each daily average temperature bin (x5°F). The
number in parentheses indicates the number days in the bin that were averaged to make each profile.
For both the warmest (90°F) and coldest (10°F) lines, the average profile are only based on two days of
data, so the profiles are very jagged.
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Space Temperatures

Space temperatures and humidity levels are shown in Figure 9.
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EFG S8

This 1,600 sq ft house is located in Coxsackie, NY near Albany. The house was originally heated by an oil

boiler with hydronic baseboard. The boiler was also used for hot water in the winter. The boiler

continued to provide supplemental heating after the four ASHP units (3 tons total) was installed on June
26, 2018. Monitoring began in July 2018. This unit frequently operates in cooling.

The shade plot in Figure 1 shows the annual pattern of electric use for the total home and the installed
heat pumps. The lower shade plot shows the change in operation where the heat pumps ran based on a

daily schedule starting in January 2019. In the July 2019 after a discussion with the HVHPP staff, the

pattern was changed in the 2" heating season so that the heat pumps ran nearly all the time. Points of
peak use for the house are related to a level two electric car charging station used at the end of most
workdays. Figure 2 shows the power use for the house and heat pumps across the monitoring period.
Figure 3 shows the power use for the individual heat pumps at the site.
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Figure 1. Shade Plots Showing Total Home and Total Heat Pump Energy Use with Shades of Gray. Darker shades indicate more
power use. Light gray indicates zero use.
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Table 1 summarizes the measured energy use for the total house and the heat pump over the
monitoring period.

Table 1. Measured Electric Use for the Total House and Heat Pumps

Total
No of House All HPs Solar DHW
Days (kWh) (kWh) (kWh) (kWh)
Jul-18 12 344.0 73.1 - 15.7
Aug-18 31 858.3 182.8 - 37.7
Sep-18 30 727.4 114.1 - 41.4
Oct-18 31 989.2 286.4 - 49.5
Nov-18 30 868.6 364.6 - -
Dec-18 31 1,241.0 593.0 - -
Jan-19 31 1,212.6 586.3 - -
Feb-19 28 995.8 395.2 - -
Mar-19 31 933.1 321.4 - -
Apr-19 30 801.5 180.6 - 28.3
May-19 25 495.1 123.1 - 41.4
Jun-19 30 580.2 145.6 - 55.9
Jul-19 31 725.5 246.1 - 44.0
Aug-19 31 683.9 167.5 - 40.9
Sep-19 30 540.7 68.3 - 43.5
Oct-19 31 875.8 258.4 - 65.5
Nov-19 30 1,193.7 665.4 - 16.3
Dec-19 31 1,561.4 887.5 - -
Jan-20 31 1,588.4 910.7 - -
Feb-20 29 1,368.9 790.7 - -
Mar-20 31 1,109.7 575.3 - -
Apr-20 30 665.7 362.0 - -
May-20 31 693.4 200.5 - 10.0
Annual 359 10,067.2 3,478.1 - 303.5
Htg Season 237 7,536.9 2,850.6 - 119.2
Jun-Sep 122 2,530.3 627.5 - 184.3

Measured Trends

Daily heat pump power use is shown in Figure 4 as a function of daily average outdoor temperature

(from Albany Airport). There was considerable scatter in the daily energy use data, due to variations in

how the occupants used the ductless heat pump in conjunction with their pre-existing boiler. The level

of ASHP use was low in the first winter season but increased in the 2" season. The dotted line on the

plot represents to a best fit of the combined trend with temperature. Cooling operation was observed

at this site.
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Figure 4. Daily Heat Pump Energy Use vs. Daily Average Temperature (Days in each month shown with a different color)

Figure 5 compares the trend of monthly fuel use with temperature for both the pre- and post-retrofit

periods. The solid line represents the overall fuel use trend in the pre-retrofit period. The dotted line
represents the fuel use trend in the post-retrofit period. The load line for oil is shifted to the left in the
post-retrofit period since the ASHPs are used for most (if not all) of the heating when daily temperatures
averaged from 52- 60 °F. The boiler was used for DHW heating in the winter but the electric DHW
systems were used on the summer (the electric tank was changed to a heat pump water heater in 2017).

This is why the oil use trend line goes to zero in the summer.
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EFG S8 - Pre & Post Utility Oil Analysis WUG: ALB
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Figure 5. Analysis of Monthly Utility Bills with Temperature, Comparing Pre-Retrofit and Post-Retrofit Trends of Fuel Use (the
number shown by each post-retrofit data point indicates the month)

Bin Analysis to Predict Seasonal Impacts

The trend lines above were used in a bin analysis using typical year weather data for Albany. Table 2
shows the details of bin analysis and Figure 6 plots the trend lines used for the analysis.
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Table 2. Bin Analysis Used to Predict Seasonal Impacts from Trendlines

SITE: EFG-8 WEATHER: Albany S 0.117 per kWh
FUEL: oil S 2.487 pergal (oil)
Floor Area 1600 LOCATION: Coxsackie
FUEL FUEL Adjusted| Implied POST-Oil
PRE-Oil POST-Oil| ASHP Electric POST-Oil COP |PRE-Costs [POST-Costs adjustment
Temp Bin | Hours (gal/day) (gal/day) (kWh/day) (gal/day) (-) factor]|
-27.5 0 6.1 4.8 57.1 4.8 0.8 15.2 18.6
-22.5 0 5.8 4.5 53.9 4.5 0.8 14.4 17.5
-17.5 0 5.5 4.3 50.7 4.3 0.8 13.7 16.5
-12.5 0 5.2 4.0 47.5 4.0 0.9 12.9 15.4
-7.5 0 4.9 3.7 44.3 3.7 0.9 12.1 14.4
-2.5 15 4.6 3.4 41.1 3.4 0.9 11.3 13.3
2.5 36 4.2 3.2 37.9 3.2 1.0 10.6 12.3
7.5 127 3.9 2.9 34.8 2.9 1.0 9.8 11.2
12.5 206 3.6 2.6 31.6 2.6 1.1 9.0 10.2
17.5 435 3.3 2.3 28.4 2.3 1.2 8.2 9.1
22.5 498 3.0 2.1 25.2 2.1 1.3 7.4 8.1
27.5 537 2.7 1.8 22.0 1.8 1.4 6.7 7.0
32.5 654 2.4 1.5 18.8 1.5 1.5 5.9 6.0
37.5 720 2.1 1.3 15.6 1.3 1.8 5.1 4.9
42.5 550 1.7 1.0 12.4 1.0 2.1 4.3 3.9
47.5 573 1.4 0.7 9.2 0.7 2.7 3.6 2.8
52.5 723 1.1 0.4 6.0 0.4 3.9 2.8 1.8
57.5 791 0.8 0.2 2.8 0.2 7.7 2.0 0.7
62.5 943 0.5 0.0 1.3 0.0 12.8 1.2 0.2
67.5 682 0.2 0.0 1.3 0.0 4.3 0.5 0.2
72.5 497 0.0 0.0 1.3 0.0 0.0 0.1 0.2
77.5 420 0.0 0.0 1.3 0.0 0.0 0.1 0.2
82.5 274 0.0 0.0 1.3 0.0 0.0 0.1 0.2
87.5 61 0.0 0.0 1.3 0.0 0.0 0.1 0.2
92.5 13 0.0 0.0 1.3 0.0 0.0 0.1 0.2
97.5 5 0.0 0.0 1.3 0.0 0.0 0.1 0.2
102.5 0 0.0 0.0 1.3 0.0 0.0 0.1 0.2
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EFG-8
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Figure 6. Trends of Pre- and Post-Retrofit Fuel Use (top) and Heat Pump Electric Use (bottom) Used in Bin Analysis
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Table 3 shows the seasonal results from the bin analysis. The assumed fuel costs (shown on Table 2) are
from the ASHP Proforma Tool developed by NYSERDA. The implied seasonal heating COP for the ASHP
is 1.9 in this case.

In this instance the implied COP is calculated from

cop = (Fuelpre — Fuelpost) *eff/(3.412xkWhp, ) = (520-301)*100*0.84 / (3.412*3912)

Table 3. Results of Bin Analysis Showing Seasonal Results (both winters)

Heating Only PRE-Retrofit | POST-Retrofit [ Savings Summary Statistics

QOil (gal/yr) 520 301 219 0.33 Fuel gal per sq ft per yr

HP Electric (kWh/yr) 3,912 (3,912) 38.0 Htg MBtu per sq ft per yr

Total Heating Costs $1,294 $1,205 $89 42% Reduction in Fuel Use

Implied Seasonal COP 1.9 2,851 Measured HP for Htg (kWh/yr)
73% Measured as % of Typical yr

Since there was a significant change in how the ASHP was used in the 2" season, we repeated the
analysis focusing on the 2" winter. There was a separate oil use trend in the 2" winter, as shown in
Figure 7. Similarly, the trend for heat pump power use was also different (see Figure 8).

Post-Retrofit Fuel Use at S8
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=250
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50
@ 1.50
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0.50
—
0.00 ®
0.0 10.0 20.0 30.0 40.0 50.0 60.0 70.0 80.0
Outdoor Temperature (F)
® 1st Winter 2nd Winter e Best-Fit Best-Fit
1st 2nd
Ending Date | Temp (F)| Winter| Winter
10/29/2018 68.1 0.03
1st 12/5/2018 37.6 1.22
Winter [1/24/2019 28.9 1.77
3/16/2019 27.8 2.23
nd 11/27/2019 57.6 0.24
. 2/27/2020 30.8 1.14
Winter
10/21/2020 59.6 0.39

Figure 7. Trend of Post-Retrofit Fuel Use vs Outdoor Temperature for First and Second Winter Seasons
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Figure 8. Post-Retrofit Heat Pump Electric Use vs. Outdoor Temperature for First and Second Winter Seasons

Table 4 shows the analysis results focusing on the second winter. The implied heating COP stayed the
same, however the fuel savings changed from 219 to 286 gallons/yr and ASHP electric use for heating
changed from 3,912 to 5243 kWh/yr. The percentage of fuel reduction changed from 42% to 61%.

Table 4. Results of Bin Analysis Showing Seasonal Results for the 2" Winter

Heating Only PRE-Retrofit | POST-Retrofit | Savings Summary Statistics

Qil (gal/yr) 467 181 286 0.29 Fuel gal per sq ft per yr

HP Electric (kWh/yr) 5,243 (5,243) 34.1 Htg MBtu per sq ft per yr

Total Heating Costs S1,161 $1,062 $100 61% Reduction in Fuel Use

Implied Seasonal COP 1.9 4,650 Measured HP for Htg (kWh/yr)
89% Measured as % of Typical yr

Table 5 shows the results for just the first winter. In this case the fuel oil savings are only 156 gallons/yr
and the seasonal COP was 1.7. The percentage fuel reduction was 33%. These results that the half hour
of instruction or guidance offered to the homeowner in July 2019 caused the fuel savings from the using
the heat pump to nearly double from 33% to 61%. Clearly homeowner training is a key aspect of
ensuring heat pump retrofits reach their full energy saving potential.
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Table 5. Results of Bin Analysis Showing Seasonal Results for the 15t Winter

Heating Only PRE-Retrofit | POST-Retrofit | Savings Summary Statistics

Qil (gal/yr) 467 311 156 0.29 Fuel gal per sq ft per yr

HP Electric (kWh/yr) 3,220 (3,220) 34.1 Htg MBtu per sq ft per yr

Total Heating Costs $1,161 $1,150 S11 33% Reduction in Fuel Use

Implied Seasonal COP 1.7 4,650 Measured HP for Htg (kWh/yr)
144% Measured as % of Typical yr

Average Heat Pump Demand Profiles

Figure 9 and Figure 10 show the average daily demand profile for the heat pump, grouped by different
temperature conditions. Each line takes the average for days at the same temperature. The key at the
bottom of the plots shows the color associated with each daily average temperature bin (£5°F). The
number in parentheses indicates the number days in the bin that were averaged to make each profile.
Figure 10 shows the temperature bins associated with cooling operation.
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AVG Heating Profiles: EFG S8 - 4 Outdoor, 4 Indoor, 3.0 tons total
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Figure 9. Heat Pump Demand Profile Across the Day — Averaged for Various Outdoor Temperature Bins (Heating)
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Figure 10. Heat Pump Demand Profile Across the Day — Averaged for Various Outdoor Temperature Bins (Cooling)
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Space Temperatures

Space temperatures and humidity levels are shown in Figure 11.
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Figure 11. Space Temperatures and Humidity Levels
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EFG S9 Savings Analysis

This 1800 sq ft house is in New Paltz near Newburgh. The house was originally heated by a propane

furnace. The furnace was also used for supplemental heating after the two ASHPs were installed. ASHP

was installed in mid 2018. Monitoring began in July 2018. These ASHP units also operate in cooling.

The shade plot in Figure 1 shows the annual pattern of electric use for the total home and the installed
heat pumps. There is some evidence that heat pumps use setback in the heating mode. Figure 2 shows
the power use for the house and heat pumps across the monitoring period. Figure 4 shows the power

use for the individual heat pumps.
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Figure 1. Shade Plots Showing Total Home and Total Heat Pump Energy Use with Shades of Gray. Darker shades indicate more

power use. Light gray indicates zero use.
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Hourly: EFG S9 - Total Home Use
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Figure 2. Total House and Heat Pump (HP) Power Across the Monitoring Period
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Figure 3. Power Use for Individual Heat Pumps Across the Monitoring Period
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Table 1 summarizes the measured energy use for the total house and the heat pumps over the
monitoring period.

Table 1. Measured Electric Use for the Total House and Heat Pumps

Total
No of House All HPs
Days (kWh) (kWh)
Jul-18 12 463.2 51.0
Aug-18 31 773.4 92.8
Sep-18 30 735.5 47.1
Oct-18 31 670.3 51.7
Nov-18 30 825.3 212.9
Dec-18 31 1,096.0 349.4
Jan-19 31 1,112.3 256.9
Feb-19 28 935.7 235.7
Mar-19 31 955.6 324.0
Apr-19 30 444.9 43.5
May-19 31 594.5 48.7
Jun-19 30 410.1 23.4
Jul-19 31 767.0 180.1
Aug-19 31 639.4 87.6
Sep-19 30 537.7 23.4
Oct-19 31 398.5 39.3
Nov-19 30 927.2 442.1
Dec-19 31 1,321.2 729.4
Annual 365 8,988.8 1,837.3
Htg Season 243 6,634.6 1,522.8
Jun-Sep 122 2,354.2 314.5

Measured Trends

Daily heat pump power use is shown in Figure 4 as function of daily average outdoor temperature (from

Albany Airport). There was considerable scatter in the daily energy use data, possibly due to daily

variations in how the occupants used the ductless heat pump. The dotted line on the plot represents to
a best fit of the trend with temperature. A trend of energy in the summer is also apparent at this site.
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Figure 4. Daily Heat Pump Energy Use vs. Daily Average Temperature (Days in each month shown with a different color)

At this site heat pump operation displaced some of the fuel oil use by the boiler. Figure 5 compares the
trend of monthly fuel use with temperature for both the pre- and post-retrofit periods. The solid line
represents the overall fuel use trend in the pre-retrofit period. The dotted line represents the fuel use
trend in the post-retrofit period.

Appendix C S9-4



EFG SO

EFG S9 - Pre & Post Utility Propane Analysis WUG: SWF
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Figure 5. Analysis of Monthly Utility Bills with Temperature, Comparing Pre-Retrofit and Post-Retrofit Trends of Fuel Use (the
number shown by each post-retrofit data point indicates the month)

Appendix C S9-5



EFG SO

Bin Analysis to Predict Seasonal Impacts

The trend lines above were used in a bin analysis using typical year weather data for Newburgh. Table 2

shows the details of bin analysis and Figure 6 plots the trend lines used for the analysis.

Table 2. Bin Analysis Used to Predict Seasonal Impacts from Trendlines

SITE: EFG-9 WEATHER: Newburgh S 0.150 per kWh
FUEL: Propane S 2.440 per gal (propane)
Floor Area 1800 LOCATION: New Paltz
FUEL FUEL Adjusted| Implied POST-Propane
PRE-Propane| POST-Propane| ASHP Electric/ POST-Propane COP| PRE-Costs| POST-Costs adjustment
Temp Bin Hours (gal/day) (gal/day)| (kWh/day) (gal/day) (-) factor]|
-27.5 0 10.7 9.5 64.2 9.5 04| S 262 | S 32.8
-22.5 0 10.1 8.9 60.0 8.9 0.4| S 247 | S 30.7
-17.5 0 9.5 8.3 55.9 8.3 0.5 $ 23.2 (S 28.6
-12.5 0 8.9 7.7 51.8 7.7 0.5 $ 21.8|$ 26.5
-7.5 1 8.3 7.1 47.6 7.1 0.5 $ 203 S 24.4
-2.5 13 7.7 6.5 43.5 6.5 0.6/ $ 18.8 | S 22.3
2.5 36 7.1 5.9 39.3 5.9 0.7\ $ 17.4| S 20.2
7.5 45 6.5 5.3 35.2 5.3 0.7| S 159($ 18.1
12.5 113 5.9 4.7 31.1 4.7 0.8] S 14.4 S 16.0
17.5 222 5.3 4.1 26.9 4.1 1.0| S 13.0($ 13.9
22.5 367 4.7 3.5 22.8 3.5 1.1] S 11.5($ 11.9
27.5 373 4.1 2.9 18.6 2.9 1.4|$ 10.0 | $ 9.8
32.5 764 3.5 2.2 14.5 2.2 1.8/ S 86|S 7.7
37.5 814 2.9 1.6 10.4 1.6 2.5/ $ 7118 5.6
42.5 727 2.3 1.0 6.2 1.0 42| S 56|$ 3.5
47.5 668 1.7 0.9 2.1 0.9 8.4| S 411]S 2.4
52.5 480 1.4 0.9 0.0 0.9 #iHHHiH | S 3.41|S 2.1
57.5 748 1.4 0.9 0.0 0.9| #iHHH## | S 3.4|$ 2.1
62.5 831 1.4 0.9 0.0 0.9| #iHHH## | S 3.4|$ 2.1
67.5 902 1.4 0.9 0.0 0.9| #itH# | S 34|S 2.1
72.5 538 1.4 0.9 0.0 0.9| #iHH## | S 34|S 2.1
77.5 603 1.4 0.9 0.0 0.9 #HitHHHiH | S 34($ 2.1
82.5 358 1.4 0.9 0.0 0.9 #HitHHHH | S 34($ 2.1
87.5 134 1.4 0.9 0.0 0.9| #iHHHiH | S 3.41|S 2.1
92.5 23 1.4 0.9 0.0 0.9 #iHHHiH | S 3.41|S 2.1
97.5 1 1.4 0.9 0.0 0.9| #iHH# | S 3.4|$ 2.1
102.5 0 1.4 0.9 0.0 0.9| #iHHH## | S 34|$ 2.1
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Figure 6. Trends of Pre- and Post-Retrofit Fuel Use (top) and Heat Pump Electric Use (bottom) Used in Bin Analysis
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Table 3 shows the seasonal results from the bin analysis. The assumed fuel costs (shown on Table 2) are
from the ASHP Proforma Tool developed by NYSERDA. The implied seasonal heating COP for the ASHP is
1.0 in this case, which is not valid. The main issue appears to be that that the propane delivery dates

were only given to nearest month, making it impossible to accurately estimate the heating fuel use
trend.

Table 3. Results of Bin Analysis Showing Seasonal Results

Heating Only PRE-Retrofit| POST-Retrofit Savings Summary Statistics

Propane (gal/yr) 326 214 112 0.18 Fuel gal per sq ft per yr

HP Electric (kWh/yr) 2,241 (2,241) 12.8 Htg MBtu per sq ft per yr

Total Heating Costs $795 $858 -$63 34% Reduction in Fuel Use

Implied Seasonal COP 1.0 1,523 Measured HP for Htg (kWh/yr)
68% Measured as % of Typical yr

Average Heat Pump Demand Profiles

Figure 7 and Figure 8 show the average daily demand profile for the heat pump, grouped by different
temperature conditions. Each line takes the average for days at the same temperature. The key at the
bottom of the plots shows the color associated with each daily average temperature bin (£5°F). The
number in parentheses indicates the number days in the bin that were averaged to make each profile.
Figure 8 shows the temperature bins associated with cooling operation.
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Figure 7. Heat Pump Demand Profile Across the Day — Averaged for Various Outdoor Temperature Bins (Heating)
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Figure 8. Heat Pump Demand Profile Across the Day — Averaged for Various Outdoor Temperature Bins (Cooling)
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Space Temperatures

Space temperatures and humidity levels are shown in Figure 9.
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Figure 9. Space Temperatures and Humidity Levels
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EFG S10 Savings Analysis

This 2233 sq ft house is in Stone Ridge near Newburgh. The house was originally heated by an oil boiler.
The boiler was not used after the six ASHPs were installed (5.3 tons total). The last two ASHPs were
installed in mid 2018. Unlike S5, we did have pre-retrofit fuel use dating back before all the HPs units
were installed. Therefore, we were able to assess the impact of all the heat pumps. Monitoring began

in October 2018. These units also operate in cooling.

The shade plot in Figure 1 shows the annual pattern of electric use for the total home and the installed
heat pumps. There is some evidence that heat pumps use setback in the heating mode. Figure 2 shows
the power use for the house and heat pumps across the monitoring period. Figure 3 shows the power

use for the individual heat pumps.
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Figure 1. Shade Plots Showing Total Home and Total Heat Pump Energy Use with Shades of Gray. Darker shades indicate more

power use. Light gray indicates zero use.
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Table 1 summarizes the measured energy use for the total house and the heat pump over the

monitoring period.

Table 1. Measured Electric Use for the Total House and Heat Pumps

Total
No of House All HPs
Days (kwh) (kwh)
Sep-18 3 95.3 3.2
Oct-18 31 1,355.9 236.3
Nov-18 30 1,384.1 679.8
Dec-18 31 1,916.7 1,004.9
Jan-19 31 2,033.0 1,283.0
Feb-19 28 1,907.9 994.8
Mar-19 31 2,091.9 776.4
Apr-19 30 1,517.3 394.8
May-19 24 946.1 116.4
Jun-19 22 825.2 58.7
Jul-19 31 1,483.0 214.0
Aug-19 31 1,428.5 153.2
Sep-19 30 1,119.2 89.3
Oct-19 31 1,283.6 373.0
Nov-19 30 1,509.1 800.6
Dec-19 31 1,732.8 965.9
Annual 350 18,061.5 6,259.1
Htg Season 236 13,205.6 5,743.9
Jun-Sep 114 4,855.9 515.2

Measured Trends

Daily heat pump power use is shown in Figure 4 as function of daily average outdoor temperature (from
Newburgh). There was considerable scatter in the daily energy use data, possibly due to variations in
how the occupants used the ductless heat pumps. The dotted line on the plot represents to a best fit of
the trend with temperature. A trend of energy use in the summer for cooling is also apparent at this

site.
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EFG S10 - Heat Pumps: 6 Outdoor, 6 Indoor, 5.3 tons total WUG: SWF
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Figure 4. Daily Heat Pump Energy Use vs. Daily Average Temperature (Days in each month shown with a different color)

At this site heat pump operation displaced all of the fuel oil use by the boiler. Figure 5 compares the

trend of monthly fuel use with temperature for both the pre-retrofit periods. The solid line represents

the overall fuel use trend in the pre-retrofit period (in this case before the first ASHP units were installed

in June 2013). There was no post-retrofit fuel oil use.
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EFG S10 - Pre & Post Utility Gil Analysis WUG: SWF
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Figure 5. Analysis of Monthly Utility Bills with Temperature, Pre-Retrofit Trend of Fuel Use
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Bin Analysis to Predict Seasonal Impacts

The trend lines above were used in a bin analysis using typical year weather data. Table 2 shows the
details of bin analysis and Figure 6 plots the trend lines used for the analysis. In this case the post-
retrofit fuel use in the bin analysis was set to match the pre-retrofit base load fuel use.

Table 2. Bin Analysis Used to Predict Seasonal Impacts from Trendlines

SITE: EFG-10 WEATHER: Newburgh S 0.150 per kWh
FUEL: oil $  2.686 pergal (oil)
Floor Area 2233 LOCATION: Stone Ridge
FUEL FUEL Adjusted| Implied POST-Oil
PRE-Oil POST-Oil| ASHP Electric POST-Oil COP |PRE-Costs [POST-Costs adjustment
Temp Bin | Hours (gal/day) (gal/day) (kWh/day) (gal/day) (-) factor|
-27.5 0 5.39 0.00 82.88 0.49 2.0/ $ 145 |$ 13.7 0.091
-22.5 0 5.12 0.00 78.36 0.49 2.0| S 13.8 (S 13.1 0.096
-17.5 0 4.85 0.00 73.83 0.49 20($ 13.0($ 12.4 0.101
-12.5 0 4.58 0.00 69.31 0.49 2.0/ $ 123 |$ 11.7 0.107
-7.5 1 4.31 0.00 64.79 0.49 2.0/ $ 116 | $ 11.0 0.114
-2.5 13 4.04 0.00 60.26 0.49 2.0| S 109 S 10.4 0.121
2.5 36 3.77 0.00 55.74 0.49 208 101($ 9.7 0.130
7.5 45 3.50 0.00 51.21 0.49 2.0/ $ 9.4 (S 9.0 0.140
12.5 113 3.23 0.00 46.69 0.49 2.0/ $ 87|$ 8.3 0.152
17.5 222 2.96 0.00 42.17 0.49 2.0| S 791|S 7.6 0.166
22.5 367 2.68 0.00 37.64 0.49 2.0/ $ 7218 7.0 0.183
27.5 373 2.41 0.00 33.12 0.49 2.0/ $ 6.5($ 6.3 0.203
32.5 764 2.14 0.00 28.60 0.49 2.0/ $ 58S 5.6 0.229
37.5 814 1.87 0.00 24.07 0.49 2.0| S 5.0]|$ 4.9 0.262
42.5 727 1.60 0.00 19.55 0.49 1.9 S 43S 4.2 0.306
47.5 668 1.33 0.00 15.02 0.49 1.9|$ 36($ 3.6 0.368
52.5 480 1.06 0.00 10.50 0.49 1.9|$ 2.8($ 2.9 0.463
57.5 748 0.79 0.00 5.98 0.49 1.7 $ 21|S 2.2 0.622
62.5 831 0.52 0.00 1.45 0.49 0.6 $ 1.4]S 1.5 0.948
67.5 902 0.49 0.00 1.00 0.49 0.0| $ 1.3]$ 1.5 1
72.5 538 0.49 0.00 1.00 0.49 0.0 $ 13 1.5 1
77.5 603 0.49 0.00 1.00 0.49 0.0| $ 13]S 1.5 1
82.5 358 0.49 0.00 1.00 0.49 0.0| $ 1.3]$ 1.5 1
87.5 134 0.49 0.00 1.00 0.49 0.0| S 13]$ 1.5 1
92.5 23 0.49 0.00 1.00 0.49 0.0 $ 1.3 1.5 1
97.5 1 0.49 0.00 1.00 0.49 0.0| $ 1.3]S 1.5 1
102.5 0 0.49 0.00 1.00 0.49 0.0| $ 1.3]$ 1.5 1
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Figure 6. Trends of Pre- and Post-Retrofit Fuel Use (top) and Heat Pump Electric Use (bottom) Used in Bin Analysis
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Table 3 shows the seasonal results from the bin analysis. The assumed fuel costs (shown on Table 2) are
from the ASHP Proforma Tool developed by NYSERDA. The implied seasonal heating COP for the ASHP is

1.9 in this case.
In this instance the implied COP is calculated from

COP = (Fuelpre - FuelpOSt)*eff/(3.412XkWhhp ) =

Table 3. Results of Bin Analysis Showing Seasonal Results

(290-0)*139*0.84 / (3.412*5136)

Heating Only PRE-Retrofit| POST-Retrofit Savings Summary Statistics

QOil (gal/yr) 290 0 290 0.13 Fuel gal per sq ft per yr
HP Electric (kWh/yr) 5,136 (5,136) 15.2 Htg MBtu per sq ft per yr
Total Heating Costs S 779 | S 770 | $ 8 100% Reduction in Fuel Use
Implied Seasonal COP 1.9

Average Heat Pump Demand Profiles

5,743 Measured HP for Htg (kWh/yr)
112% Measured as % of Typical yr

Figure 7 and Figure 8 show the average daily demand profile for the heat pump, grouped by different
temperature conditions. Each line takes the average for days at the same temperature. The key at the
bottom of the plots shows the color associated with each daily average temperature bin (x5°F). The
number in parentheses indicates the number days in the bin that were averaged to make each profile.
Figure 8 shows the temperature bins associated with cooling operation. The lines corresponding to the
0°F and 10°F profiles are fairly jagged in this case since the average profile is only based on 1 and 2 days.
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AVG Heating Profiles: EFG S10 - 6 Outdoor, 6 Indoor, 5.3 tons total
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Figure 7. Heat Pump Demand Profile Across the Day — Averaged for Various Outdoor Temperature Bins (Heating)
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Figure 8. Heat Pump Demand Profile Across the Day — Averaged for Various Outdoor Temperature Bins (Cooling)
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Space Temperatures

Space temperatures and humidity levels are shown in Figure 9.
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Figure 9. Space Temperatures and Humidity Levels
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EFG S11 Savings Analysis

This 1249 sq ft house is located in New Paltz, NY near Newburgh. The house was originally heated by
baseboard electric heat. The electric baseboard was monitored in the post-retrofit period, but none
was used for supplemental heating after the five ASHP units were installed. The ASHPs were installed in
September 2018. Monitoring began in February 2019. These units also ran in the summer to provide

cooling.

The shade plot in Figure 1 shows the annual pattern of electric use for the total home and the installed
heat pumps. Figure 2 shows the power use for the house and heat pumps across the monitoring period.
Figure 4 shows the power use for each individual heat pump.
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Figure 1. Shade Plots Showing Total Home and Total Heat Pump Energy Use with Shades of Gray. Darker shades indicate more
power use. Light gray indicates zero use.
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Figure 3. Power Use for Individual Heat Pumps Across the Monitoring Period
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Table 1 summarizes the measured energy use for the total house and the heat pump over the

monitoring period. It also includes the resistance electric heaters that were monitored (but the use was

zero).

Table 1. Measured Electric Use for the Total House and Heat Pumps

Total Electric

No of House AllHPs| Resist HT

Days (kWh) (kWh) (kWh)
Feb-19 22 1,256.6 755.5 -
Mar-19 31 1,501.4 811.7 -
Apr-19 30 1,034.7 368.9 -
May-19 31 978.7 206.9 -
Jun-19 30 760.6 113.9 -
Jul-19 31 697.9 205.2 -
Aug-19 31 684.6 123.0 -
Sep-19 30 622.8 45.2 -
Oct-19 31 871.4 231.4 -
Nov-19 30 1,419.7 705.7 -
Dec-19 31 1,834.5 978.5 -
Jan-20 31 1,788.4 1,013.1 -
Feb-20 29 1,602.8 917.1 -
Mar-20 31 1,338.6 619.7 -
Apr-20 30 1,301.2 380.3 -
May-20 31 933.0 173.8 -
Annual 366 13,901.2 5,540.0 -
Htg Season 244 11,135.3 5,052.7 -
Jun-Sep 122 2,765.9 487.3 -

Measured Trends

Daily heat pump power use is shown in Figure 4 as function of daily average outdoor temperature.

There is moderate scatter in the data, indicating that the occupants used the ductless heat pumps in a

fairly consistent manner. The dotted line on the plot represents to a best fit of the trend with

temperature.
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Figure 4. Daily Heat Pump Energy Use vs. Daily Average Temperature (Days in each month shown with a different color)
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At this site heat pump operation displaced baseboard electric heat use. Figure 5 compares the trend of

monthly electric for the total house with temperature for both the pre- and post-retrofit periods. The

solid line represents the overall electric use trend in the pre-retrofit period. The dotted line represents

the electric use trend in the post-retrofit period. Since the post-retrofit trend of total electric use was

weak, we used the trend of daily total house electric use from the measured data (rather than the

monthly utility data) to discern the post retrofit trend (Figure 6).
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EFG S11 - Pre & Post Utility Electric Analysis WUG: SW
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Figure 5. Analysis of Monthly Utility Bills with Temperature, Comparing Pre-Retrofit and Post-Retrofit Trends of Electric Use (the
number shown by each post-retrofit data point indicates the month)
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EFG S11 - Pre & Post Utility Electric Analysis WUG: SWF
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Figure 6. Analysis of Total House Energy Use versus Outdoor Temperature in the Post-Retrofit Period (ASHP and Resistance heat
also shown)
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Bin Analysis to Predict Seasonal Impacts

The trend lines above were used in a bin analysis using typical year weather data for Newburgh. Table 2
shows the details of bin analysis and Figure 7 plots the trend lines used for the analysis.

Table 2. Bin Analysis Used to Predict Seasonal Impacts from Trendlines

SITE: EFG-11 WEATHER: Newburgh S 0.150 per kWh
FUEL: Electric S 0.150 per kWh
Floor Area 1249 LOCATION: New Paltz
FUEL FUEL Adjusted| Implied POST-Electric
PRE-Electric| POST-Electric/ ASHP Electric| POST-Electric COP|PRE-Costs |POST-Costs adjustment
Temp Bin |Hours (kwh/day) (kwh/day)| (kWh/day) (kwh/day) (-) factor]|
-27.5 0 252.1 116.4 87.8 116.4 2.5 37.8 30.6
-22.5 0 239.4 111.2 83.0 111.2 2.5 35.9 29.1
-17.5 0 226.7 106.0 78.1 106.0 2.5 34.0 27.6
-12.5 0 214.0 100.8 73.2 100.8 2.5 32.1 26.1
-7.5 1 201.3 95.6 68.3 95.6 2.5 30.2 24.6
-2.5 13 188.6 90.4 63.4 90.4 2.5 28.3 23.1
2.5 36 175.9 85.2 58.6 85.2 2.5 26.4 21.6
7.5 45 163.2 80.0 53.7 80.0 2.6 24.5 20.1
12.5 113 150.5 74.8 48.8 74.8 2.6 22.6 18.5
17.5 222 137.8 69.6 43,9 69.6 2.6 20.7 17.0
22.5 367 125.1 64.4 39.0 64.4 2.6 18.8 15.5
27.5 373 112.4 59.2 34.2 59.2 2.6 16.9 14.0
32.5 764 99.7 54.0 29.3 54.0 2.6 15.0 12.5
37.5 814 87.0 48.8 24.4 48.8 2.6 13.1 11.0
42.5 727 74.3 43.6 19.5 43.6 2.6 11.2 9.5
47.5 668 61.6 38.4 14.6 38.4 2.6 9.2 8.0
52.5 480 48.9 33.2 9.8 33.2 2.6 7.3 6.4
57.5 748 36.2 28.0 4.9 28.0 2.7 5.4 4.9
62.5 831 29.9 25.4 0.0 25.4 4.5 3.8
67.5 902 29.9 25.4 0.0 25.4 4.5 3.8
72.5 538 29.9 25.4 0.0 25.4 4.5 3.8
77.5 603 29.9 25.4 0.0 25.4 4.5 3.8
82.5 358 29.9 25.4 0.0 25.4 4.5 3.8
87.5 134 29.9 25.4 0.0 25.4 4.5 3.8
92.5 23 29.9 25.4 0.0 25.4 4.5 3.8
97.5 1 29.9 25.4 0.0 25.4 4.5 3.8
102.5 0 29.9 25.4 0.0 25.4 4.5 3.8
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Figure 7. Trends of (Pre and Post Fuel Use (top) and Heat Pump Electric Use (bottom) Used in Bin Analysis
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Table 3 shows the seasonal results from the bin analysis. The assumed fuel costs (shown on Table 2) are
from the ASHP Proforma Tool developed by NYSERDA. Since the base fuel is electric, the savings
calculation only considers the pre- and post-retrofit electric use. The implied seasonal heating COP is
2.3, using both electric savings and heat pump energy use which is shown on the bottom of the table.

In this instance the implied COP is calculated from

COP = (KWhpre = kWhpost + kWhp) /KWy = (11835 — 4849 + 5095) / 5095

Table 3. Results of Bin Analysis Showing Seasonal Results

Heating Only PRE-Retrofit| POST-Retrofit| Savings Summary Statistics
Total Heat (kWh/yr) 11,835 4,849 6,986 9.48 Fuel kWh per sq ft per yr

- - 32.3 Htg MBtu per sq ft per yr
Total Heating Costs $1,775.23 $727.35| $1,047.88 59% Reduction in Fuel Use
Implied Seasonal COP 2.4 5,052 Measured HP for Htg (kWh/yr)
HP Electric (kWh/yr) 5,095 99% Measured as % of Typical yr

Table 4 indicates resistance heating use in the post-retrofit period and the savings in result of installing
the heat pump. An implied COP including resistance heating is provided. The implied COP was slightly
lower with this approach using the measured resistance heating power.

Table 4. Results of Bin Analysis Showing Seasonal Impact to Resistant Heating Use

Heating Only PRE-Retrofit| POST-Retrofit| Savings
Resistance (kWh/yr) 11,835 - 11,835

ASHP (KWh/yr) 5,095 (5,095)
Total Heat (kWh/yr) 11,835 5,095 6,740

Total Heating Costs $1,775 $764 $1,011
Implied ASHP COP 2.32
Overall COP Including Resistance 2.32

Average Heat Pump Demand Profiles

Figure 8 shows the average daily demand profile for the heat pump, grouped by different temperature
conditions. Each line takes the average for days at the same temperature. The key at the bottom of the
plots shows the color associated with each daily average temperature bin (+5°F). The number in
parentheses indicates the number days in the bin that were averaged to make each profile. Figure 9
shows the temperature bins associated with cooling operation.
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Figure 8. Heat Pump Demand Profile Across the Day — Averaged for Various Outdoor Temperature Bins (Heating)
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Figure 9. Heat Pump Demand Profile Across the Day — Averaged for Various Outdoor Temperature Bins (Cooling)
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Space Temperatures

Space temperatures and humidity levels are shown in Figure 10. The summertime temperatures are
only partially controlled indicating very little cooling. The high RH is the summer reflects the lack of
cooling and/or poor dehumidification.
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EFG S11: TEMP_A - Kitchen
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Figure 10. Space Temperatures and Humidity Levels
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EFG S12 Savings Analysis

This 1500 sq ft house is in Shady, NY near Newburgh. The house was originally heated by an oil boiler
and the occupants burned one cord of word per year. The boiler was not used after the ASHP was
installed. ASHP was installed on in August 2018. Monitoring began in November 2018. This unit also

operated in cooling.

The shade plot in Figure 1 shows the annual pattern of electric use for the total home and the installed
heat pumps. There is some evidence that heat pumps use setback in the heating mode. Figure 2 shows
the power use for the house and heat pumps across the monitoring period.

Hourly: EFG S12 - Total Home Elec Use
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Figure 1. Shade Plots Showing Total Home and Total Heat Pump Energy Use with Shades of Gray. Darker shades indicate more
power use. Light gray indicates zero use.
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Hourly: EFG S12 - Total Home Use
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Figure 2. Total House and Heat Pump (HP) Power Across the Monitoring Period

Table 1 summarizes the measured energy use for the total house and the heat pump over the
monitoring period.

Table 1. Measured Electric Use for the Total House and Heat Pumps

Total
No of House All HPs
Days (kWh) (kWh)
Nov-18 27 656.7 331.2
Dec-18 31 818.8 444.0
Jan-19 31 878.8 513.2
Feb-19 28 590.2 349.1
Mar-19 31 515.5 322.6
Apr-19 30 317.2 168.3
May-19 31 282.6 78.8
Jun-19 30 214.1 28.5
Jul-19 31 411.1 102.8
Aug-19 31 387.2 75.5
Sep-19 30 432.4 73.8
Oct-19 31 555.2 186.9
Nov-19 30 895.4 371.5
Dec-19 31 1,054.1 461.0
Annual 365 6,533.8 2,732.0
Htg Season 243 5,089.0 2,451.4
Jun-Sep 122 1,444.8 280.6
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Measured Trends

Daily heat pump power use is shown in Figure 3 as function of daily average outdoor temperature (from
Newburgh). There was some scatter in the daily energy use data, possibly indicating variations in how
the occupants used the ductless heat pump. The dotted line on the plot represents to a best fit of the
trend with temperature. A trend of energy use in the summer for cooling is also apparent at this site.
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Figure 3. Daily Heat Pump Energy Use vs. Daily Average Temperature (Days in each month shown with a different color)

At this site heat pump operation displaced all of the fuel oil use for space heating by the boiler. Figure 4
compares the trend of monthly fuel use with temperature for both the pre- and post-retrofit periods.
The solid line represents the overall fuel use trend in the pre-retrofit period. The dotted line represents
the fuel use trend in the post-retrofit period. Only a limited amount of post-retrofit data was available

to confirm the fuel use trend in this period.
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EFG S12 - Pre & Post Utility Gil Analysis WUG: SWF
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Figure 4. Analysis of Monthly Utility Bills with Temperature, Comparing Pre-Retrofit and Post-Retrofit Trends of Fuel Use (the
number shown by each post-retrofit data point indicates the month)
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Bin Analysis to Predict Seasonal Impacts

The trend lines above were used in a bin analysis using typical year weather data. Table 2 shows the

details of bin analysis and Figure 5 plots the trend lines used for the analysis.

Table 2. Bin Analysis Used to Predict Seasonal Impacts from Trendlines

SITE: EFG-12 WEATHER: Newburgh S 0.150 per kWh
FUEL: oil S 2.686 per gal (oil)
Floor Area 1500 LOCATION: Shady
FUEL FUEL Adjusted| Implied POST-Oil
PRE-Oil POST-0il| ASHP Electric POST-Oil COP |PRE-CostgPOST-Costs adjustment
Temp Bin |Hours (gal/day) (gal/day) (kWh/day) (gal/day) (-) factor|
-27.5 0 11.5 0.5 44.8 0.5 8.4 30.8 8.0
-22.5 0 10.8 0.5 42.4 0.5 8.3 29.0 7.6
-17.5 0 10.1 0.5 40.0 0.5 8.3 27.2 7.3
-12.5 0 9.5 0.5 37.6 0.5 8.2 25.4 6.9
-7.5 1 8.8 0.5 35.1 0.5 8.1 23.6 6.6
-2.5 13 8.1 0.5 32.7 0.5 8.0 21.8 6.2
2.5 36 7.5 0.5 30.3 0.5 7.9 20.0 5.8
7.5 45 6.8 0.5 27.9 0.5 7.8 18.3 5.5
12.5 113 6.1 0.5 25.4 0.5 7.6 16.5 5.1
17.5 222 5.5 0.5 23.0 0.5 7.4 14.7 4.7
22.5 367 4.8 0.5 20.6 0.5 7.2 12.9 4.4
27.5 373 4.1 0.5 18.2 0.5 6.9 11.1 4.0
325 764 3.5 0.5 15.8 0.5 6.5 9.3 3.7
375 814 2.8 0.5 13.3 0.5 6.0 7.5 3.3
42.5 727 2.1 0.5 10.9 0.5 5.2 5.8 2.9
47.5 668 1.5 0.5 8.5 0.5 4.0 4.0 2.6
52.5 480 0.8 0.5 6.1 0.5 1.9 2.2 2.2
57.5 748 0.5 0.5 3.6 0.5 0.0 1.3 1.8
62.5 831 0.5 0.5 1.2 0.5 0.0 1.3 1.5
67.5 902 0.5 0.5 0.0 0.5 0.0 1.3 1.3
72.5 538 0.5 0.5 0.0 0.5 0.0 1.3 1.3
77.5 603 0.5 0.5 0.0 0.5 0.0 1.3 1.3
82.5 358 0.5 0.5 0.0 0.5 0.0 1.3 1.3
87.5 134 0.5 0.5 0.0 0.5 0.0 1.3 1.3
92.5 23 0.5 0.5 0.0 0.5 0.0 1.3 1.3
97.5 1 0.5 0.5 0.0 0.5 0.0 1.3 1.3
102.5 0 0.5 0.5 0.0 0.5 0.0 1.3 1.3
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Figure 5. Trends of Pre- and Post-Retrofit Fuel Use (top) and Heat Pump Electric Use (bottom) Used in Bin Analysis
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Table 3 shows the seasonal results from the bin analysis using Newburgh weather data. The assumed
fuel costs (shown on Table 2) are from the ASHP Proforma Tool developed by NYSERDA. The implied
seasonal heating COP is very high (and the COPs at colder temperature bins in Table 2 are impossibly
high). Changes in the site’s wood use between the pre- and post-retrofit period seems to have
confounded this analysis, despite the owner stating they would try to maintain consistent stove use.
One possible explanation is that the site stopped using oil and at same time used more wood in the post

retrofit period (i.e., wood use increased from 1 cord of wood per year to 2-3 cords per year in the post-
retrofit period).

Table 3. Results of Bin Analysis Showing Seasonal Results

Heating Only PRE-Retrofit| POST-Retrofit Savings Summary Statistics

Qil (gal/yr) 482 - 482 0.32 Fuel gal per sq ft per yr

HP Electric (kWh/yr) 2,843 (2,843) 37.5 Htg MBtu per sq ft per yr

Total Heating Costs $1,293 $426 5867 100% Reduction in Fuel Use

Implied Seasonal COP 5.8 2,451 Measured HP for Htg (kWh/yr)
86% Measured as % of Typical yr

Average Heat Pump Demand Profiles

Figure 6 and Figure 7 show the average daily demand profile for the heat pump, grouped by different
temperature conditions. Each line takes the average for days at the same temperature. The key at the
bottom of the plots shows the color associated with each daily average temperature bin (x5°F). The
number in parentheses indicates the number days in the bin that were averaged to make each profile.
Figure 7 shows the temperature bins associated with cooling operation.
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AVG Heating Profiles: EFG S12 - 1 Outdoor, 1 Indoor, 0.8 tons total
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Figure 6. Heat Pump Demand Profile Across the Day — Averaged for Various Outdoor Temperature Bins (Heating)
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Space Temperatures

Space temperatures and humidity levels are shown in Figure 8.
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Figure 8. Space Temperatures and Humidity Levels
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EFG S13 Savings Analysis

This 1,950 sq ft house is located in West Hurley, NY near Newburgh. The house was originally heated by

an oil boiler with hydronic baseboard. The boiler was also used for supplemental heating and some hot

water heating after the three ASHP units (3.5 tons total) were installed in September of 2018.

Monitoring began in October 2018.

The shade plot in Figure 1 shows the annual pattern of electric use for the total home and the installed

heat pumps. Work conducted on the electrical panel resulted in monitoring being turned off as shown

by the white areas in April and May 2019. Points of peak use in the morning and evening for total house

are related to a level two electric car charging station.

Figure 2 shows the power use for the house and heat pumps across the monitoring period. Figure 3

shows the power use for the individual heat pumps.
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Figure 1. Shade Plots Showing Total Home and Total Heat Pump Energy Use with Shades of Gray. Darker shades indicate more
power use. Light gray indicates zero use.
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Hourly: EFG S13 - Total Home Use
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Figure 2. Total House and Heat Pump (HP) Power Across the Monitoring Period
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Figure 3. Power Use for Individual Heat Pumps Across the Monitoring Period
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Table 1 summarizes the measured energy use for the total house and the heat pump over the

monitoring period.

Table 1. Measured Electric Use for the Total House and Heat Pumps

Total Electric

No of House AllHPs| Resist HT

Days (kWh) (kwh) (kWh)
Nov-18 27 1,006.7 642.0 -
Dec-18 31 1,100.6 866.5 -
Jan-19 31 1,351.8 1,139.3 -
Feb-19 28 1,090.1 962.0 -
Mar-19 31 757.1 733.8 -
Apr-19 12 149.0 142.5 -
May-19 31 295.2 69.3 -
Jun-19 30 348.6 224.7 -
Jul-19 31 530.5 354.4 -
Aug-19 31 467.1 244.8 -
Sep-19 30 491.6 178.2 -
Oct-19 31 672.7 248.5 -
Nov-19 30 1,162.8 523.7 -
Dec-19 31 1,337.4 926.1 -
Annual 347 8,653.9 5,747.3 -
Htg Season 225 6,816.1 4,745.2 -
Jun-Sep 122 1,837.8 1,002.1 -

Note: April 2019 had a loss of data.

Measured Trends

Daily heat pump power use is shown in Figure 4 as function of daily average outdoor temperature (from
Newburgh). There was some scatter in the daily energy use data, possibly indicating variations in how
the occupants used the ductless heat pump. The dotted line on the plot represents to a best fit of the
trend with temperature. A trend of energy use fo cooling in the summer is also apparent at this site.
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EFG S13 - Heat Pumps: 3 Outdoor, 3 Indoor, 3.5tons total WUG: SWF
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Figure 4. Daily Heat Pump Energy Use vs. Daily Average Temperature (Days in each month shown with a different color)

At this site heat pump operation displaced some of the fuel oil use by the boiler. Figure 5 compares the
trend of monthly fuel use with temperature for both the pre- and post-retrofit periods. The solid line
represents the overall fuel use trend in the pre-retrofit period. The dotted line represents the fuel use
trend in the post-retrofit period. A limited amount of post-retrofit data was available to confirm the
fuel use trend in this period.
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EFG S13 - Pre & Post Utility Gil Analysis WUG: SWF
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Figure 5. Analysis of Monthly Utility Bills with Temperature, Comparing Pre-Retrofit and Post-Retrofit Trends of Fuel Use (the
number shown by each post-retrofit data point indicates the month)
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Bin Analysis to Predict Seasonal Impacts

The trend lines above were used in a bin analysis using typical year weather data for Newburgh. Table 2

shows the details of bin analysis and Figure 6 plots the trend lines used for the analysis.

Table 2. Bin Analysis Used to Predict Seasonal Impacts from Trendlines

SITE: EFG-13 WEATHER: Newburgh S 0.150 per kWh
FUEL: oil S 2.686 per gal (oil)
Floor Area 1950 LOCATION: West Hurley
FUEL FUEL Adjusted| Implied POST-Oil
PRE-Oil POST-0il| ASHP Electric POST-Oil COP |PRE-CostgPOST-Costs adjustment
Temp Bin |Hours (gal/day) (gal/day) (kWh/day) (gal/day) (-) factor|
-27.5 0 5.7 1.9 76.3 1.9 1.7 15.2 16.5
-22.5 0 5.4 1.8 72.1 1.8 1.7 14.5 15.6
-17.5 0 5.1 1.7 67.9 1.7 1.7 13.7 14.8
-12.5 0 4.8 1.6 63.7 1.6 1.7 12.9 13.9
-7.5 1 4.5 1.5 59.5 1.5 1.7 12.1 13.0
-2.5 13 4.2 1.4 55.3 1.4 1.7 11.4 12.2
2.5 36 4.0 1.4 51.2 1.4 1.7 10.6 11.3
7.5 45 3.7 1.3 47.0 1.3 1.7 9.8 10.5
12.5 113 3.4 1.2 42.8 1.2 1.8 9.1 9.6
17.5 222 3.1 1.1 38.6 1.1 1.8 8.3 8.7
22.5 367 2.8 1.0 34.4 1.0 1.8 7.5 7.9
27.5 373 2.5 0.9 30.2 0.9 1.8 6.8 7.0
325 764 2.2 0.8 26.0 0.8 1.8 6.0 6.1
375 814 1.9 0.7 21.8 0.7 1.9 5.2 5.3
42.5 727 1.7 0.7 17.7 0.7 2.0 4.5 4.4
47.5 668 1.4 0.6 13.5 0.6 2.1 3.7 3.5
52.5 480 1.1 0.5 9.3 0.5 2.3 2.9 2.7
57.5 748 0.8 0.4 5.1 0.4 2.8 2.2 1.8
62.5 831 0.5 0.3 3.0 0.3 2.5 1.4 1.2
67.5 902 0.2 0.2 3.0 0.2 0.2 0.6 1.0
72.5 538 0.2 0.2 3.0 0.2 0.0 0.5 1.0
77.5 603 0.2 0.2 3.0 0.2 0.0 0.5 1.0
82.5 358 0.2 0.2 3.0 0.2 0.0 0.5 1.0
87.5 134 0.2 0.2 3.0 0.2 0.0 0.5 1.0
92.5 23 0.2 0.2 3.0 0.2 0.0 0.5 1.0
97.5 1 0.2 0.2 3.0 0.2 0.0 0.5 1.0
102.5 0 0.2 0.2 3.0 0.2 0.0 0.5 1.0
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Figure 6. Trends of Pre- and Post-Retrofit Fuel Use (top) and Heat Pump Electric Use (bottom) Used in Bin Analysis
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Table 3 shows the seasonal results from the bin analysis. The assumed fuel costs (shown on Table 2) are
from the ASHP Proforma Tool developed by NYSERDA. The implied seasonal heating COP for the ASHP is

1.9 in this case.

Table 3. Results of Bin Analysis Showing Seasonal Results

Heating Only PRE-Retrofit| POST-Retrofit Savings
QOil (gal/yr) 381 118 264
HP Electric (kWh/yr) 4,791 (4,791)
Total Heating Costs $1,024 $1,034 -$10
Implied Seasonal COP 1.9

Average Heat Pump Demand Profiles

Summary Statistics
0.20 Fuel gal per sq ft per yr
22.8 Htg MBtu per sq ft per yr
69% Reduction in Fuel Use

4,745 Measured HP for Htg (kWh/yr)
99% Measured as % of Typical yr

Figure 7 and Figure 8 show the average daily demand profile for the heat pump, grouped by different
temperature conditions. Each line takes the average for days at the same temperature. The key at the
bottom of the plots shows the color associated with each daily average temperature bin (x5°F). The
number in parentheses indicates the number days in the bin that were averaged to make each profile.
Figure 8 shows the temperature bins associated with cooling operation.
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Power (kW)

AVG Heating Profiles: EFG S13 - 3 Outdoor, 3 Indoor, 3.5 tons total
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Figure 7. Heat Pump Demand Profile Across the Day — Averaged for Various Outdoor Temperature Bins (Heating)
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Figure 8. Heat Pump Demand Profile Across the Day — Averaged for Various Outdoor Temperature Bins (Cooling)
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Space Temperatures

Space temperatures and humidity levels are shown in Figure 9.
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Figure 9. Space Temperatures and Humidity Levels
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EFG S14 Savings Analysis

This 2,600 sq ft house is in Esopus, NY near Newburgh. The house was originally heated by a propane
boiler with hydronic air handler units. The boiler also provided water heating. The boiler was left in-
place for supplemental heating (though the post-retrofit propane logs indicated very little use after HP
installation). A heat pump hot water heater was installed at the time of the heat pump installation. The
two ducted ASHP systems were installed in September of 2018. Monitoring began in February 2019.
This unit also operated in cooling. The AHUs also have electric resistance heater elements, but very little

operation was observed.

The shade plot in Figure 1 shows the annual pattern of electric use for the total home and the installed
heat pumps. In this case the AHU power was also included in the HP power. Figure 2 shows the power
use for the house and heat pumps across the monitoring period (some data was lost in July and August
2019).

Hourly: EFG S14 - Total Home Elec Use
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Figure 1. Shade Plots Showing Total Home and Total Heat Pump Energy Use with Shades of Gray. Darker shades indicate more
power use. Light gray indicates zero use.

Appendix C S14-1



EFG S14

Hourly: EFG S14 - Total Home Use
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Figure 3. Powe Use of Individual Heat Pumps Across the Monitoring Period
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Table 1 summarizes the measured energy use for the total house and the heat pump over the

monitoring period.

Table 1. Measured Electric Use for the Total House and Heat Pumps

Total
No of House All HPs
Days (kWh) (kWh)
Feb-19 3 291.4 223.5
Mar-19 31 2,153.0 1,462.2
Apr-19 30 1,093.0 484.3
May-19 31 886.3 200.0
Jun-19 30 849.9 248.1
Jul-19 26 1,006.1 530.1
Aug-19 29 835.9 337.3
Sep-19 30 636.8 102.8
Oct-19 31 921.5 200.0
Nov-19 30 2,095.6 1,318.4
Dec-19 31 2,740.2 1,977.1
Jan-20 31 2,614.4 1,886.3
Feb-20 29 2,280.4 1,623.0
Mar-20 31 1,625.1 990.8
Apr-20 30 1,348.7 679.6
Annual 359 17,585.2 9,898.2
Htg Season 244  14,256.5 8,679.9
Jun-Sep 115 3,328.7 1,218.3

Note: Some data was lost in July and August 2019.

Measured Trends

Daily heat pump power use is shown in Figure 4 as function of daily average outdoor temperature (from
Stewart Airport). There was moderate scatter in the daily energy use data, implying the occupants used
the heat pumps in a consistent manner. The dotted line on the plot represents to a best fit of the trend
with temperature. A trend of energy use for cooling in the summer is also apparent at this site. The
knee (or increase) in the heating trend near 25°F was due to resistance element operation in the AHUs.
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EFG S14 - Heat Pumps: 2 Outdoor, Ducted Indoor, 5.5tons total WUG: SWF
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Figure 4. Daily Heat Pump Energy Use vs. Daily Average Temperature (Days in each month shown with a different color)

At this site heat pump operation displaced all of the propane use by the boiler. Figure 5 compares the
trend of monthly fuel use with temperature for both the pre- and post-retrofit periods. The solid line
represents the overall fuel use trend in the pre-retrofit period. The dotted line represents the fuel use
trend in the post-retrofit period. A limited amount of post-retrofit data was available to confirm the
fuel use trend in this period.
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EFG S14 - Pre & Post Utility Propane Analysis WUG: SWF
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Figure 5. Analysis of Monthly Utility Bills with Temperature, Comparing Pre-Retrofit and Post-Retrofit Trends of Fuel Use (the

number shown by each post-retrofit data point indicates the month)
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Bin Analysis to Predict Seasonal Impacts

The trend lines above were used in a bin analysis using typical year weather data. Table 2 shows the

details of bin analysis and Figure 6 plots the trend lines used for the analysis.

Table 2. Bin Analysis Used to Predict Seasonal Impacts from Trendlines

SITE: EFG-14 WEATHER: Newburgh S 0.150 per kWh
FUEL: Propane High Eff S 2.440 per gal (propane)
Floor Area 2600 LOCATION: Esopus
FUEL FUEL Adjusted| Implied POST-Propane
PRE-Propane POST-Propane | ASHP Electric| POST-Propane COP |PRE-Costs |POST-Costs adjustment
Temp Bin |Hours (gal/day) (gal/day) (kWh/day) (gal/day) (-) factor|
-27.5 0 27.3 0.8 332.5 2.8 1.7 66.6 56.7 0.1
-22.5 0 25.8 0.8 307.5 2.8 1.8 63.0 53.0 0.1
-17.5 0 24.4 0.8 282.5 2.8 1.8 59.4 49.2 0.1
-12.5 0 22.9 0.8 257.5 2.8 1.9 55.9 45.5 0.1
-7.5 1 21.4 0.8 232.5 2.8 1.9 52.3 41.7 0.1
-2.5 13 20.0 0.8 207.5 2.8 2.0 48.7 38.0 0.1
2.5 36 18.5 0.8 182.5 2.8 2.0 45.1 34.2 0.2
7.5 45 17.0 0.8 157.5 2.8 2.1 41.6 30.5 0.2
12.5 113 15.6 0.8 132.5 2.8 2.3 38.0 26.7 0.2
17.5 222 14.1 0.8 107.5 2.8 2.5 34.4 23.0 0.2
22.5 367 12.6 0.8 82.5 2.8 2.8 30.9 19.2 0.2
27.5 373 11.2 0.8 64.4 2.8 3.1 27.3 16.5 0.3
32.5 764 9.7 0.8 53.1 2.8 3.1 23.7 14.8 0.3
37.5 814 8.2 0.8 41.8 2.8 3.1 20.1 13.1 0.3
42.5 727 6.8 0.8 30.5 2.8 3.1 16.6 11.4 0.4
47.5 668 5.3 0.8 19.2 2.8 3.1 13.0 9.7 0.5
52.5 480 3.9 0.8 7.9 2.8 3.2 9.4 8.0 0.7
57.5 748 2.8 0.8 0.0 2.8 6.9 6.8 1.0
62.5 831 2.8 0.8 0.0 2.8 6.9 6.8 1.0
67.5 902 2.8 0.8 0.0 2.8 6.9 6.8 1.0
72.5 538 2.8 0.8 0.0 2.8 6.9 6.8 1.0
77.5 603 2.8 0.8 0.0 2.8 6.9 6.8 1.0
82.5 358 2.8 0.8 0.0 2.8 6.9 6.8 1.0
87.5 134 2.8 0.8 0.0 2.8 6.9 6.8 1.0
92.5 23 2.8 0.8 0.0 2.8 6.9 6.8 1.0
97.5 1 2.8 0.8 0.0 2.8 6.9 6.8 1.0
102.5 0 2.8 0.8 0.0 2.8 6.9 6.8 1.0
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Figure 6. Trends of Pre- and Post-Retrofit Fuel Use (top) and Heat Pump Electric Use (bottom) Used in Bin Analysis
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Table 3 shows the seasonal results from the bin analysis using typical year data for Newburgh. The
assumed fuel costs (shown on Table 2) are from the ASHP Proforma Tool developed by NYSERDA. The
implied seasonal heating COP for the ASHP is 2.9 in this case. Since the unit power included some
electric resistance, this number may be conservative.

In this instance the implied COP is calculated from

Table 3. Results of Bin Analysis Showing Seasonal Results

Heating Only PRE-Retrofit| POST-Retrofit Savings Summary Statistics

Propane High Eff (gal/yr) 1,117 - 1,117 0.43 Fuel gal per sq ft per yr

HP Electric (kWh/yr) 9,293 (9,293) 34.8 Htg MBtu per sq ft per yr

Total Heating Costs $2,725 $1,394 $1,331 100% Reduction in Fuel Use

Implied Seasonal COP 2.9 8,680 Measured HP for Htg (kWh/yr)
93% Measured as % of Typical yr

Average Heat Pump Demand Profiles

Figure 7 and Figure 8 show the average daily demand profile for the heat pump, grouped by different
temperature conditions. Each line takes the average for days at the same temperature. The key at the
bottom of the plots shows the color associated with each daily average temperature bin (x5°F). The
number in parentheses indicates the number days in the bin that were averaged to make each profile.
Figure 8 shows the temperature bins associated with cooling operation.
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AVG Heating Profiles: EFG S14 - 2 Qutdoor, Ducted Indoor, 5.5 tons total
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Figure 7. Heat Pump Demand Profile Across the Day — Averaged for Various Outdoor Temperature Bins (Heating)

AVG Cooling Profiles - 2 Qutdoor, Ducted Indoor, 5.5 tons total
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Figure 8. Heat Pump Demand Profile Across the Day — Averaged for Various Outdoor Temperature Bins (Cooling)
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Space Temperatures

Space temperatures and humidity levels are shown in Figure 9.
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Figure 9. Space Temperatures and Humidity Levels
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EFG S15 Savings Analysis

This 6,500 sq ft house is in New Paltz, NY near Newburgh. A total of eight ASHPs are installed in the
house, with the first units installed in 2013 and the last units installed in 2017 as part of HVHPP.
Monitoring began in March 2019. The ASHP units operated frequently to provide cooling in the

summer.

The shade plot in Figure 1 shows the annual pattern of electric use for the total home and the installed
heat pumps. Figure 2 shows the power use for the house and heat pumps across the monitoring period.

Figure 3 shows the power use of the individual heat pumps.

Hourly: EFG S15 - Total Home Elec Use
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Figure 1. Shade Plots Showing Total Home and Total Heat Pump Energy Use with Shades of Gray. Darker shades indicate more
power use. Light gray indicates zero use.
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Figure 3. Power Use of Individual Heat Pumps Across the Monitoring Period
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Table 1 summarizes the measured energy use for the total house and the heat pump over the
monitoring period. The usage for the house is nearly 59,000 kWh per year — so internal gains are
significant. As a result, heating loads are relatively modest and energy use for cooling is more than
4,800 kWh per year.

Table 1. Measured Electric Use for the Total House and Heat Pumps

Total

No of House All HPs

Days (kwh) (kWh)

Apr-19 12 1,479.4 342.9
May-19 31 4,116.8 1,033.6
Jun-19 30 4,290.2 939.1
Jul-19 31 6,763.1 1,619.0
Aug-19 31 6,789.6 1,373.0
Sep-19 30 5,400.2 912.8
Oct-19 31 3,452.9 516.6
Nov-19 30 5,283.6 1,985.5
Dec-19 31 6,040.2 2,760.7
Jan-20 31 4,584.7 1,291.8
Feb-20 29 4,938.9 1,871.0
Mar-20 31 3,790.1 1,287.8
Apr-20 30 3,419.5 834.2
May-20 31 4,260.4 1,339.5
Annual 366 58,869.8 16,425.1

Htg Season 244 35,626.7 11,581.2
Jun-Sep 122 23,243.1 4,843.9

Measured Trends

Daily heat pump power use is shown in Figure 4 as function of daily average outdoor temperature (from

Stewart Airport in Newburgh). There was considerable scatter in the daily energy use data, indicating

significant variations in how the occupants used the ductless heat pumps. The dotted line on the plot

represents to a best fit of the trend with temperature. A trend of energy use for cooling in the summer

is also apparent at this site.
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EFG S15 - Heat Pumps: 8 Outdoor, 8 Indoor, 9.0 tons total WUG: SWF
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Figure 4. Daily Heat Pump Energy Use vs. Daily Average Temperature (Days in each month shown with a different color)

At this site heat pump operation displaced all propane use by the boiler. Figure 5 compares the trend of
monthly fuel use with temperature for both the pre- and post-retrofit periods. The solid line represents
the overall fuel use trend in the pre-retrofit period. The pre-retrofit data was from 2016 and 2017, after
the earliest heat pumps were installed. There was no post-retrofit fuel use.
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Figure 5. Analysis of Monthly Utility Bills with Temperature, Comparing Pre-Retrofit and Post-Retrofit Trends of Fuel Use (the

number shown by each post-retrofit data point indicates the month)
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Bin Analysis to Predict Seasonal Impacts

The trend lines above were used in a bin analysis using typical year weather data for Newburgh. Table 2
shows the details of bin analysis and Figure 6 plots the trend lines used for the analysis. The actual
post-retrofit propane use was zero, but the adjusted post-retrofit use was set equal to the pre-retrofit
baseline.

Table 2. Bin Analysis Used to Predict Seasonal Impacts from Trendlines

SITE: EFG-15 WEATHER: Newburgh S 0.150 per kWh
FUEL: Propane High Eff Propane S 2.440 per gal (propane)
Floor Area 6500 LOCATION: New Paltz
FUEL FUEL Adjusted| Implied POST-Propane
PRE-Propane POST-Propane | ASHP Electric| POST-Propane COP [PRE-Costs [POST-Costs adjustment
Temp Bin |Hours (gal/day) (gal/day) (kWh/day) (gal/day) (-) factor]|
-27.5 0 23.5 0.0 186.9 2.5 2.7| S 57.5|S 34.2
-22.5 0 22.4 0.0 176.6 2.5 2.7| S 546 | S 32.7
-17.5 0 21.2 0.0 166.2 2.5 27| S 51.7 | $ 31.1
-12.5 0 20.0 0.0 155.9 2.5 2.7| S 48.9 | S 29.6
-7.5 1 18.9 0.0 145.5 2.5 27/S 46.0(S 28.0
-2.5 13 17.7 0.0 135.2 2.5 2.7| S 43.1| S 26.5
2.5 36 16.5 0.0 124.8 2.5 27| $ 40.3 | S 24.9
7.5 45 15.3 0.0 114.5 2.5 2.7| S 374 (S 23.4
12.5 113 14.2 0.0 104.1 2.5 2.6| S 345 S 21.8
17.5 222 13.0 0.0 93.8 2.5 2.6/ $ 31.7 | $ 20.3
22.5 367 11.8 0.0 83.4 2.5 2.6| S 28.8 (S 18.7
27.5 373 10.6 0.0 73.1 2.5 26| S 26.0 | S 17.2
32.5 764 9.5 0.0 62.8 2.5 2.6| S 23.1(S 15.6
375 814 8.3 0.0 52.4 2.5 26| S 202 (S 14.1
42.5 727 7.1 0.0 42.1 2.5 2.6/ S 17.4| S 12.5
47.5 668 5.9 0.0 31.7 2.5 2.5| S 145 (S 11.0
52.5 480 4.8 0.0 21.4 2.5 25| S 116 | S 9.4
57.5 748 3.6 0.0 11.0 2.5 23] S 8.8|S 7.9
62.5 831 2.5 0.0 10.0 2.5 0.0 $ 6.2 S 7.7
67.5 902 2.5 0.0 10.0 2.5 0.0| S 6.2|S 7.7
72.5 538 2.5 0.0 10.0 2.5 0.0 $ 6.2 S 7.7
77.5 603 2.5 0.0 10.0 2.5 0.0| $ 6.2|$ 7.7
82.5 358 2.5 0.0 10.0 2.5 0.0| S 6.2|$ 7.7
87.5 134 2.5 0.0 10.0 2.5 0.0| $ 6.2|$ 7.7
92.5 23 2.5 0.0 10.0 2.5 0.0| S 6.2|S 7.7
97.5 1 2.5 0.0 10.0 2.5 0.0| $ 62| 7.7
102.5 0 2.5 0.0 10.0 2.5 0.0| S 6.2|$ 7.7
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Figure 6. Trends of Pre- and Post-Retrofit Fuel Use (top) and Heat Pump Electric Use (bottom) Used in Bin Analysis

Table 3 shows the seasonal results from the bin analysis. The assumed fuel costs (shown on Table 2) are
from the ASHP Proforma Tool developed by NYSERDA. The implied seasonal heating COP for the ASHP is
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2.4 in this case. However, the pre-retrofit propane bills are from 2016 and 2017. Since heat pumps
were installed as far back as 2013, it is unclear how many of the original ASHP units were operating in
2016-2017. Therefore, the pre-retrofit space heating load corresponding to propane use (only 14.9
MBtu/sq ft-yr) may not account for all the space heating in the home.

Table 3. Results of Bin Analysis Showing Seasonal Results

Heating Only PRE-Retrofit| POST-Retrofit Savings
Propane High Eff (gal/yr) 1,199 - 1,199
HP Electric (kWh/yr) 11,677 (11,677)
Total Heating Costs $2,926 $1,752 $1,174
Implied Seasonal COP 2.4

Average Heat Pump Demand Profiles

Summary Statistics
0.18 Fuel gal per sq ft per yr
14.9 Htg MBtu per sq ft per yr
100% Reduction in Fuel Use
11,581 Measured HP for Htg (kWh/yr)
99% Measured as % of Typical yr

Figure 7 and Figure 8 show the average daily demand profile for the heat pump, grouped by different
temperature conditions. Each line takes the average for days at the same temperature. The key at the
bottom of the plots shows the color associated with each daily average temperature bin (x5°F). The
number in parentheses indicates the number days in the bin that were averaged to make each profile.
Figure 8 shows the temperature bins associated with cooling operation.
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tons total

AVG Heating Profiles: EFG S15 - 8 Outdoor, 8 Indoor, 9.0
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Figure 7. Heat Pump Demand Profile Across the Day — Averaged for Various Outdoor Temperature Bins (Heating)

AVG Cooling Profiles - 8 Qutdoor, 8 Indoor, 9.0 tons total
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Figure 8. Heat Pump Demand Profile Across the Day — Averaged for Various Outdoor Temperature Bins (Cooling)
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Space Temperatures

Space temperatures and humidity levels are shown in Figure 9.
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Figure 9. Space Temperatures and Humidity Levels
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EFG S16 Savings Analysis

This 2600 sq ft house is in Claryville, NY near Newburgh. The house was originally heated by baseboard
electric heat. The electric baseboard was monitored in the post-retrofit period. The three ASHPs were

installed in October 2018. Monitoring began in March 2019.

The shade plot in Figure 1 shows the annual pattern of electric use for the total home and the installed
heat pumps. Data were lost for June through September. Figure 2 shows the power use for the house
and heat pumps across the monitoring period. Figure 3 shows the power use for the individual heat

pumps.

Hourly: EFG S16 - Total Home Elec Use
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Figure 1. Shade Plots Showing Total Home and Total Heat Pump Energy Use with Shades of Gray. Darker shades indicate more
power use. Light gray indicates zero use.
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Hourly: EFG S16 - Total Home Use
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Table 1 summarizes the measured energy use for the total house and the heat pump over the
monitoring period. It also includes the resistance electric heaters that were monitored in the post-

retrofit period.

Table 1. Measured Electric Use for the Total House and Heat Pumps

Total Electric
No of House All HPs Resist HT
Days (kwWh) (kwWh) (kWh)
Mar-19 25 1,761.4 1,467.2 0.1
Apr-19 30 1,640.3 1,165.2 5.6
May-19 31 1,333.4 834.4 0.1
Jun-19 24 666.1 276.8 0.1
Jul-19
Aug-19
Sep-19
Oct-19 27 1,050.4 663.9 -
Nov-19 30 2,206.3 1,700.3 39.3
Dec-19 31 2,587.2 1,967.1 154.2
Jan-20 31 2,961.4 2,322.1 125.7
Feb-20 29 2,641.5 2,157.2 28.2
Mar-20 30 1,858.2 1,453.3 0.1
Apr-20 16 1,006.1 729.5 -
May-20 31 1,211.9 680.8 0.1
Annual 263 16,944.8  12,540.3 353.3
Htg Season 239 16,278.7  12,263.5 353.2
Jun-Sep 24 666.1 276.8 0.1

Note: data was lost in the summer of 2019

Measured Trends

Daily heat pump power use is shown in Figure 4 as function of daily average outdoor temperature.

There is moderate scatter in the data, indicating that the occupants used the ductless heat pump in a

fairly consistent manner. The dotted line on the plot represents to a best fit of the trend with
temperature. No data were available for the cooling season.
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EFG S16 - Heat Pumps: 3 Outdoor, 3 Indoor, 4.0 tons total WUG: SWF
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Figure 4. Daily Heat Pump Energy Use vs. Daily Average Temperature (Days in each month shown with a different color)

At this site heat pump operation displaced baseboard electric heat use. Figure 5 compares the trend of
monthly electric use for the house with temperature for both the pre- and post-retrofit periods. The
solid line represents the overall electric use trend in the pre-retrofit period. The dotted line represents

the electric use trend in the post-retrofit period.
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EFG S16 - Pre & Post Utility Electric Analysis WUG: SWF
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Figure 5. Analysis of Monthly Utility Bills with Temperature, Comparing Pre-Retrofit and Post-Retrofit Trends of Fuel Use (the
number shown by each post-retrofit data point indicates the month)
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EFG S16 - Pre & Post Utility Electric Analysis WUG: SWF
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Figure 6. Analysis of Total House Energy Use versus Outdoor Temperature in the Post-Retrofit Period (ASHP and Resistance Heat
also shown)
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Bin Analysis to Predict Seasonal Impacts

The trend lines above were used in a bin analysis using typical year weather data for Albany. Table 2
shows the details of bin analysis and Figure 7 plots the trend lines used for the analysis.

Table 2. Bin Analysis Used to Predict Seasonal Impacts from Trendlines

SITE: EFG-16 WEATHER: Newburgh S 0.150 perkWh
FUEL: Electric S 0.150 perkWh
Floor Area 2600 LOCATION: Claryville
FUEL FUEL Adjusted| Implied POST-Electric
PRE-Electric| POST-Electric| ASHP Electric| POST-Electric COP |PRE-Costs|POST-Costs adjustment
Temp Bin |Hours (kWh/day) (kWh/day) (kWh/day) (kWh/day) (-) factor|
-27.5 0 293.9 171.8 159.1 171.8 1.8 44.1 49.6
-22.5 0 280.1 164.4 151.3 164.4 1.8 42.0 47.3
-17.5 0 266.3 157.0 143.4 157.0 1.8 39.9 45.1
-12.5 0 252.5 149.5 135.6 149.5 1.8 37.9 42.8
-7.5 1 238.7 142.1 127.8 142.1 1.8 35.8 40.5
-2.5 13 224.9 134.7 119.9 134.7 1.8 33.7 38.2
2.5 36 211.0 127.3 112.1 127.3 1.7 31.7 35.9
7.5 45 197.2 119.9 104.2 119.9 1.7 29.6 33.6
12.5 113 183.4 112.5 96.4 112.5 1.7 27.5 31.3
17.5 222 169.6 105.0 88.6 105.0 1.7 25.4 29.0
22.5 367 155.8 97.6 80.7 97.6 1.7 23.4 26.8
27.5 373 142.0 90.2 72.9 90.2 1.7 21.3 24.5
32.5 764 128.2 82.8 65.1 82.8 1.7 19.2 22.2
37.5 814 114.4 75.4 57.2 75.4 1.7 17.2 19.9
42.5 727 100.6 68.0 49.4 68.0 1.7 15.1 17.6
47.5 668 86.8 60.6 41.5 60.6 1.6 13.0 15.3
52.5 480 73.0 53.1 33.7 53.1 1.6 10.9 13.0
57.5 748 59.2 45.7 25.9 45.7 1.5 8.9 10.7
62.5 831 45.3 38.3 18.0 38.3 1.4 6.8 8.5
67.5 902 31.5 30.9 10.2 30.9 1.1 4.7 6.2
72.5 538 30.2 30.2 2.4 30.2 1.0 4.5 4.9
77.5 603 30.2 30.2 0.0 30.2 0.0 4.5 4.5
82.5 358 30.2 30.2 0.0 30.2 0.0 4.5 4.5
87.5 134 30.2 30.2 0.0 30.2 0.0 4.5 4.5
92.5 23 30.2 30.2 0.0 30.2 0.0 4.5 4.5
97.5 1 30.2 30.2 0.0 30.2 0.0 4.5 4.5
102.5 0 30.2 30.2 0.0 30.2 0.0 4.5 4.5
Note: The COP associated with each temperature bin shows the unexpected trend of decreasing at

warmer temperatures.
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Figure 7. Trends of (Pre and Post Fuel Use (top) and Heat Pump Electric Use (bottom) Used in Bin Analysis
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Table 3 shows the seasonal results from the bin analysis using typical year data for Newburgh. The
assumed fuel costs (shown on Table 2) are from the ASHP Proforma Tool developed by NYSERDA. Since
the base fuel is electric, the savings calculation only considers the pre- and post-retrofit electric use. The

implied seasonal heating COP is 1.6, using both electric savings and heat pump energy use which is
shown on the bottom of the table.

In this instance the implied COP is calculated from

cop = (KWhipre — KWhpost + KWhnp)/kWhp = (18394 — 9877 + 13224) / 13224

Table 3. Results of Bin Analysis Showing Seasonal Results

Heating Only PRE-Retrofit| POST-Retrofit| Savings Summary Statistics
Electric (kWh/yr) 18,394 9,877 8,517 7.07 Fuel kWh per sq ft per yr

- - 24.1 Htg MBtu per sq ft per yr
Total Heating Costs $2,759 $1,482 $1,277 46% Reduction in Fuel Use
Implied Seasonal COP 1.6 12,264 Measured HP for Htg (kWh/yr)
HP Electric (kWh/yr) 13,224 93% Measured as % of Typical yr

Table 4 uses the measured resistance heating electricity in the post-retrofit period to determine the
savings from installing the heat pump. An implied COP with and without resistance heating is given. The
implied COP was lower with this approach using the measured resistance heating power.

Table 4. Results of Bin Analysis Showing Seasonal Impact to Resistant Heating Use

Heating Only PRE-Retrofit| POST-Retrofit| Savings

Resistance (kWh/yr) 18,394 353 18,041
ASHP (kWh/yr) 13,224 | (13,224)
Total Heat (kWh/yr) 18,394 13,577 4,816
Total Heating Costs $2,759 $2,037 $722
Implied ASHP COP 1.36
Overall COP Including Resistance 1.35

Average Heat Pump Demand Profiles

Figure 8 shows the average daily demand profile for the heat pump, grouped by different temperature
conditions. Each line takes the average for days at the same temperature. The key at the bottom of the
plots shows the color associated with each daily average temperature bin (£5°F). The number in
parentheses indicates the number days in the bin that were averaged to make each profile. Figure 9
shows the temperature bins associated with cooling operation.
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Figure 8. Heat Pump Demand Profile Across the Day — Averaged for Various Outdoor Temperature Bins (Heating)
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Figure 9. Heat Pump Demand Profile Across the Day — Averaged for Various Outdoor Temperature Bins (Cooling)
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Space Temperatures

Space temperatures and humidity levels are shown in Figure 10. The HOBO installed in the living roo
may have periodically failed starting in the fall of 2019.
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Figure 10. Space Temperatures and Humidity Levels
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EFG S17 Savings Analysis

This 1,950 sq ft house is New Paltz near Newburgh. The house was originally heated by an oil boiler with
hydronic baseboard. The boiler was also used for supplemental heating and some hot water heating
after the 3.5-ton ducted ASHP system was installed in October2018. Monitoring began in February
2019. The house reportedly used wood pellets for heating in the pre-retrofit period (about 80 40-lb

bags per season).

The shade plot in Figure 1 shows the annual pattern of electric use for the total home and the installed
heat pump. Figure 2 shows the power use for the house and heat pumps across the monitoring period.
They use the heat pump much less during the second winter. Figure 3 shows the power use for the

individual heat pumps.
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Figure 1. Shade Plots Showing Total Home and Total Heat Pump Energy Use with Shades of Gray. Darker shades indicate more
power use. Light gray indicates zero use.
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Hourly: EFG S17 - Total Home Use
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Figure 2. Total House and Heat Pump (HP) Power Across the Monitoring Period
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Figure 3. Power Use for Individual Heat Pumps Across the Monitoring Period (HPWH shown but not included in total heat pump
power above)
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Table 1 summarizes the measured energy use for the total house and the heat pump over the

monitoring period. HPWH use is also shown.

Table 1. Measured Electric Use for the Total House and Heat Pumps

Total
No of House All HPs Solar DHW
Days (kWh) (kWh) (kWh) (kWh)
Feb-19 28 897.3 395.4 - 66.8
Mar-19 31 1,036.4 372.7 - 73.9
Apr-19 30 707.8 135.4 - 85.2
May-19 31 880.2 69.3 - 77.7
Jun-19 30 802.0 40.5 - 70.1
Jul-19 31 943.1 104.9 - 57.3
Aug-19 31 937.9 84.1 - 66.1
Sep-19 30 624.9 21.8 - 73.7
Oct-19 31 837.3 88.6 - 81.0
Nov-19 30 933.9 368.7 - 62.0
Dec-19 31 748.6 250.0 - 58.3
Jan-20 31 675.2 96.5 - 68.8
Feb-20 29 489.2 37.3 - 53.1
Mar-20 31 568.2 31.4 - 71.8
Apr-20 30 809.9 296.0 - 59.8
May-20 31 635.2 127.4 - 62.9
Annual 366 9,616.5 1,669.8 - 827.2
Htg Season 244 6,308.6 1,418.5 - 560.0
Jun-Sep 122 3,307.9 251.3 - 267.2

Measured Trends

Daily heat pump power use is shown in Figure 4 as function of daily average outdoor temperature (from

Stewart Airport). There was considerable scatter in the daily energy use data, implying the occupants

used the ducted heat pump in an inconsistent manner. The dotted line on the plot represents to a best

fit of the trend with temperature. A trend of energy use for cooling in the summer is also apparent at

this site.

Appendix C

S17-3



EFG S17
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Figure 4. Daily Heat Pump Energy Use vs. Daily Average Temperature (Days in each month shown with a different color)

At this site heat pump operation displaced some of the fuel oil use by the boiler. Figure 5 compares the
trend of monthly fuel use with temperature for both the pre- and post-retrofit periods. The solid line
represents the overall fuel use trend in the pre-retrofit period. The dotted line represents the fuel use
trend in the post-retrofit period. A fair amount of post-retrofit data was available to confirm the fuel
use trend in this period.
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EFG S17 - Pre & Post Utility Gil Analysis WUG: SWF
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Figure 5. Analysis of Monthly Utility Bills with Temperature, Comparing Pre-Retrofit and Post-Retrofit Trends of Fuel Use (the
number shown by each post-retrofit data point indicates the month)
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Bin Analysis to Predict Seasonal Impacts

The trend lines above were used in a bin analysis using typical year weather data. Table 2 shows the
details of bin analysis and Figure 6 plots the trend lines used for the analysis.

Table 2. Bin Analysis Used to Predict Seasonal Impacts from Trendlines

SITE: EFG-17 WEATHER: Newburgh S 0.150 per kWh
FUEL: oil S 2.686 per gal (oil)
Floor Area 1950 LOCATION: New Paltz
FUEL FUEL Adjusted| Implied POST-Oil
PRE-Oil POST-0il| ASHP Electric POST-Oil COP |PRE-CostgPOST-Costs adjustment
Temp Bin |Hours (gal/day) (gal/day) (kWh/day) (gal/day) (-) factor|
-27.5 0 12.9 10.0 31.9 10.0 3.1 34.7 31.6 0.0
-22.5 0 12.2 9.4 30.1 9.4 3.2 32.8 29.9 0.0
-17.5 0 11.5 8.9 28.3 8.9 3.2 30.9 28.1 0.0
-12.5 0 10.8 8.3 26.5 8.3 3.2 29.0 26.4 0.0
-7.5 1 10.1 7.8 24.7 7.8 3.2 27.1 24.7 0.0
-2.5 13 9.4 7.3 22.9 7.3 3.2 25.2 22.9 0.0
2.5 36 8.7 6.7 21.1 6.7 3.2 23.3 21.2 0.0
7.5 45 8.0 6.2 19.3 6.2 3.2 21.4 19.5 0.0
12.5 113 7.3 5.6 17.5 5.6 3.2 19.5 17.7 0.0
17.5 222 6.6 5.1 15.7 5.1 3.3 17.6 16.0 0.0
22.5 367 5.9 4.5 13.9 4.5 3.3 15.7 14.2 0.0
27.5 373 5.2 4.0 12.1 4.0 3.3 13.8 12.5 0.0
32.5 764 4.4 3.4 10.3 3.4 3.4 11.9 10.8 0.0
37.5 814 3.7 2.9 8.5 2.9 3.4 10.0 9.0 0.0
42.5 727 3.0 2.3 6.7 2.3 3.5 8.2 7.3 0.0
47.5 668 2.3 1.8 4.9 1.8 3.7 6.3 5.6 0.0
52.5 480 1.6 1.3 3.1 1.3 4.1 4.4 3.8 0.0
57.5 748 0.9 0.7 1.3 0.7 5.7 2.5 2.1 0.0
62.5 831 0.2 0.2 0.0 0.2 | Hi#HHH##] 0.6 0.4 0.0
67.5 902 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
72.5 538 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
77.5 603 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
82.5 358 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
87.5 134 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
92.5 23 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
97.5 1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
102.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
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EFG-17
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Figure 6. Trends of Pre- and Post-Retrofit Fuel Use (top) and Heat Pump Electric Use (bottom) Used in Bin Analysis
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Table 3 shows the seasonal results from the bin analysis. The assumed fuel costs (shown on Table 2) are

from the ASHP Proforma Tool developed by NYSERDA. The implied seasonal heating COP for the ASHP is
3.5 in this case.

The wide variation in heat pump operation and the use of a pellet stove at this site may have
confounded the pre-post analysis. The site reportedly used 80 bags of wood pellets (40 Ibs each) per

season in the pre-retrofit period. They used the heat pump in the first winter season but used it very
little in the coldest part of the second winter.

Table 3. Results of Bin Analysis Showing Seasonal Results

Heating Only PRE-Retrofit| POST-Retrofit Savings Summary Statistics

QOil (gal/yr) 792 612 180 0.41 Fuel gal per sq ft per yr

HP Electric (kWh/yr) 1,762 (1,762) 47.4 Htg MBtu per sq ft per yr

Total Heating Costs $2,127 $1,908 $219 23% Reduction in Fuel Use

Implied Seasonal COP 3.5 1,419 Measured HP for Htg (kWh/yr)
81% Measured as % of Typical yr

Average Heat Pump Demand Profiles

Figure 7 and Figure 8 show the average daily demand profile for the heat pump, grouped by different
temperature conditions. Each line takes the average for days at the same temperature. The key at the
bottom of the plots shows the color associated with each daily average temperature bin (+5°F). The
number in parentheses indicates the number days in the bin that were averaged to make each profile.
Figure 8 shows the temperature bins associated with cooling operation.
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r, 1.5 tons total

AVG Heating Profiles: EFG S17 - 1 Outdoor,
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Figure 7. Heat Pump Demand Profile Across the Day — Averaged for Various Outdoor Temperature Bins (Heating)
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Figure 8. Heat Pump Demand Profile Across the Day — Averaged for Various Outdoor Temperature Bins (Cooling)
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Space Temperatures

Space temperatures and humidity levels are shown in Figure 9.
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Figure 9. Space Temperatures and Humidity Levels
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EFG S18 Savings Analysis

This 1,388 sq ft house is located in Gardiner, NY near Newburgh. The house was originally heated by an
oil boiler with hydronic baseboard. The boiler was also used for supplemental heating and some hot
water heating after the 3-ton ducted ASHP system was installed on Jan 11, 2019. The ducted AHU
included fan power and electric resistance heating which was included in the heat pump power.
Monitoring began in February 2019. This house also had an electric vehicle charging station.

The shade plot in Figure 1 shows the annual pattern of electric use for the total home and the installed heat pumps.

Hourly: EFG S18 - Total Home Use
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Figure 2 shows the power use for the house and heat pumps across the monitoring period.
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Hourly: EFG S18 - Total Home Elec Use
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Figure 1. Shade Plots Showing Total Home and Total Heat Pump Energy Use with Shades of Gray. Darker shades indicate more

power use. Light gray indicates zero use.
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Figure 2. Total House and Heat Pump (HP) Power Across the Monitoring Period

Table 1 summarizes the measured energy use for the total house and the heat pump over the
monitoring period. Solar energy production is also given.

Table 1. Measured Electric Use for the Total House and Heat Pumps

Total

No of House All HPs Solar

Days (kWh) (kwh) (kwh)

Feb-19 3 113.3 103.3 75.8
Mar-19 27 857.7 610.5 917.4
Apr-19 30 563.8 252.4 1,205.9
May-19 31 447.1 97.7 1,287.3
Jun-19 23 251.0 24.2 1,099.8
Jul-19 31 436.7 328.1 1,699.1
Aug-19 31 467.8 265.0 1,563.4
Sep-19 30 425.2 126.8 1,215.1
Oct-19 31 678.1 298.0 732.9
Nov-19 30 1,157.7 850.9 557.8
Dec-19 31 1,439.5 1,103.2 191.9
Jan-20 31 1,545.4 1,172.4 391.2
Feb-20 29 1,440.9 1,059.1 654.4
Mar-20 31 1,147.5 673.3 1,051.5
Apr-20 30 863.1 531.3 1,173.6
May-20 31 395.4 225.0 1,759.8
Annual 359 10,000.7 6,251.1 11,650.3
Htg Season 244 8,420.0 5,507.0 6,072.9
Jun-Sep 115 1,580.7 744.1 5,577.4

Measured Trends

Daily heat pump power use is shown in Figure 3 as function of daily average outdoor temperature (from
Stewart Airport). The dotted line on the plot represents to a best fit of the trend with temperature. The
increase in power use below about 25°F is due to resistance heat operation. A trend of energy use for

cooling in the summer is also apparent at this site.
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EFG S18 - Heat Pumps: 1 Outdoor, Ducted Indoor, 3.0 tons total WUG: SWF
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Figure 3. Daily Heat Pump Energy Use vs. Daily Average Temperature (Days in each month shown with a different color)

At this site heat pump operation displaced some of the fuel oil use by the boiler. Figure 4 compares the
trend of monthly fuel use with temperature for both the pre- and post-retrofit periods. The solid line
represents the overall fuel use trend in the pre-retrofit period. The dotted line represents the fuel use
trend in the post-retrofit period. Limited post-retrofit data were available to confirm the fuel use trend

in this period.
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EFG S18 - Pre & Post Utility Gil Analysis WUG: SWF
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Figure 4. Analysis of Monthly Utility Bills with Temperature, Comparing Pre-Retrofit and Post-Retrofit Trends of Fuel Use (the
number shown by each post-retrofit data point indicates the month)
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Bin Analysis to Predict Seasonal Impacts

The trend lines above were used in a bin analysis using typical year weather data for Newburgh. Table 2
shows the details of bin analysis and Figure 5 plots the trend lines used for the analysis.

Table 2. Bin Analysis Used to Predict Seasonal Impacts from Trendlines

SITE: EFG-18 WEATHER: Newburgh S 0.150 perkWh
FUEL: oil S 2.686 pergal(oil)
Floor Area 1388 LOCATION: Gardiner
FUEL FUEL Adjusted| Implied POST-Oil
PRE-Oil POST-Oil| ASHP Electric POST-Oil COP|PRE-Costs [POST-Costs adjustment
Temp Bin |Hours (gal/day) (gal/day) (kWh/day) (gal/day) (-) factor|
-27.5 0 9.0 7.3 250.0 7.3 0.2 24.0 57.2
-22.5 0 8.5 6.9 230.0 6.9 0.2 22.8 52.9
-17.5 0 8.0 6.4 210.0 6.4 0.3 21.6 48.7
-12.5 0 7.6 5.9 190.0 5.9 0.3 20.4 44.5
-7.5 1 7.1 5.5 170.0 5.5 0.3 19.1 40.2
-2.5 13 6.7 5.0 150.0 5.0 0.4 17.9 36.0
2.5 36 6.2 4.6 130.0 4.6 0.4 16.7 31.8
7.5 45 5.7 4.1 110.0 4.1 0.5 15.4 27.5
12.5 113 5.3 3.7 90.0 3.7 0.6 14.2 23.3
17.5 222 4.8 3.2 70.0 3.2 0.8 13.0 19.1
22.5 367 4.4 2.7 50.0 2.7 1.1 11.8 14.9
27.5 373 3.9 2.3 37.3 2.3 1.5 10.5 11.7
32.5 764 3.5 1.8 31.9 1.8 1.8 9.3 9.7
37.5 814 3.0 1.4 26.5 1.4 2.1 8.1 7.6
42.5 727 2.5 0.9 21.1 0.9 2.7 6.8 5.6
47.5 668 2.1 0.7 15.7 0.7 3.1 5.6 4.2
52.5 480 1.6 0.7 10.3 0.7 3.2 4.4 3.4
57.5 748 1.2 0.7 4.9 0.7 3.5 3.2 2.5
62.5 831 0.7 0.7 0.0 0.7 1.9 1.8
67.5 902 0.7 0.7 0.0 0.7 0.0 1.8 1.8
72.5 538 0.7 0.7 0.0 0.7 0.0 1.8 1.8
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Figure 5. Trends of Pre- and Post-Retrofit Fuel Use (top) and Heat Pump Electric Use (bottom) Used in Bin Analysis
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Table 3 shows the seasonal results from the bin analysis. The assumed fuel costs (shown on Table 2) are
from the ASHP Proforma Tool developed by NYSERDA. The implied seasonal heating COP for the ASHP is
1.7 in this case.

In this instance the implied COP is calculated from

cop = (Fuelpre — Fuelpost) *eff/(3.412xkWhp, ) = (489 - 175)*139*0.84 / (3.412*6250)

Table 3. Results of Bin Analysis Showing Seasonal Results

Heating Only PRE-Retrofit| POST-Retrofit Savings Summary Statistics

QOil (gal/yr) 489 175 314 0.35 Fuel gal per sq ft per yr

HP Electric (kWh/yr) 6,250 (6,250) 41.2 Htg MBtu per sq ft per yr

Total Heating Costs $1,314 $1,409 -$95 64% Reduction in Fuel Use

Implied Seasonal COP 1.7 5,507 Measured HP for Htg (kWh/yr)
88% Measured as % of Typical yr

The ducted ASHP included AHU fan power and resistance element power, so the COP is lower in this
case than it is for the ductless heat pumps at other sites. We inferred that the spikes in electric heat
power shown in Figure 2 equated to 435 kWh over the monitoring period (or about 310 kWh annually).
If we deduct this resistance heat use, the heating COP for heat pump becomes 1.8 without resistance.
This corrected COP is used in the main report.

Cooling Energy Savings

This site showed one of the best pre-retrofit trends in summertime electric use and it allowed us to
make a pre-retrofit to post-retrofit comparison. Figure 6 shows the pre-retrofit trend for electric use
(before the HPs were installed). Cooling was provided in the pre-retrofit summer by a central air
conditioner.

The cooling trend for the ASHP in the post retrofit period are by the line on Figure 3. The bin analysis
shown in Table 4 uses these trend lines with typical year weather data for Newburgh. The pre- and
post-retrofit trend lines are compared in Figure 7. Table 5 shows that the trendlines were so close that
there was no detectible energy savings when comparing the two cooling systems. The lack of savings
may be due to uncertainty of the pre-retrofit trend in Figure 6.

The monthly summertime utility bill readings do not provide enough detail to discern a precise enough
pre-retrofit trend. It also may be that the relatively small load did not allow the cooling efficiency
difference between the central system and the new ASHP to translate into noticeable change in cooling
energy use. The predicted energy use of approximately 950 kWh was reasonably close to the
summertime power allocation to cooling in Table 1.
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Figure 6. Analysis of Monthly Utility Bills with Temperature, Showing the Pre-retrofit Trend of Summertime Electric Use
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Figure 7. Trends of Pre- and Post-Retrofit Cooling Electric Use in Bin Analysis
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Table 4. Bin Analysis Used to Predict Cooling Seasonal Impacts from Trendlines

SITE: EFG-18 WEATHER: Newburgh S 0.15 per kWh
FUEL: Electric S 0.15 per kWh
Floor Area 1388
FUEL Adjusted Implied PRE-Electric
PRE-Electric/| ASHP Electric PRE-Electric EER|PRE-Costs |POST-Costs| adjustment
Temp Bin [Hours (kwh/day) (kwh/day) (kWh/day) (-) factor|
-27.5 0.0 18.3 0.0 0.00 0.0 0.0 0.0
-22.5 0.0 18.3 0.0 0.00 0.0 0.0 0.0
-17.5 0.0 18.3 0.0 0.00 0.0 0.0 0.0
-12.5 0.0 18.3 0.0 0.00 0.0 0.0 0.0
-7.5 1.0 18.3 0.0 0.00 0.0 0.0 0.0
-2.5 12.7 18.3 0.0 0.00 0.0 0.0 0.0
2.5 36.3 18.3 0.0 0.00 0.0 0.0 0.0
7.5 45.0 18.3 0.0 0.00 0.0 0.0 0.0
12.5 113.3 18.3 0.0 0.00 0.0 0.0 0.0
17.5 222.0 18.3 0.0 0.00 0.0 0.0 0.0
22.5 366.8 18.3 0.0 0.00 0.0 0.0 0.0
27.5 373.3 18.3 0.0 0.00 0.0 0.0 0.0
32.5 763.5 18.3 0.0 0.00 0.0 0.0 0.0
37.5 813.9 18.3 0.0 0.00 0.0 0.0 0.0
42.5 727.1 18.3 0.0 0.00 0.0 0.0 0.0
47.5 667.7 18.3 0.0 0.00 0.0 0.0 0.0
52.5 480.3 18.3 0.0 0.00 0.0 0.0 0.0
57.5 747.6 18.3 0.0 0.00 0.0 0.0 0.0
62.5 830.9 18.3 0.0 0.00 0.0 0.0 0.0
67.5 901.5 22.5 3.6 3.01 10.1 0.5 0.5
72.5 538.4 28.5 7.5 7.32 11.6 1.1 1.1
77.5 603.0 34.5 11.5 11.63 12.1 1.7 1.7
82.5 357.9 40.5 15.5 15.93 12.3 2.4 2.3
87.5 134.4 46.5 19.5 20.24 12.5 3.0 2.9
92.5 22.7 52.5 23.4 24.54 12.6 3.7 3.5
97.5 0.7 58.5 27.4 28.85 12.6 4.3 4.1
102.5 0.0 64.5 31.4 33.15 12.7 5.0 4.7
Table 5. Results of Bin Analysis Showing Cooling Seasonal Results
Cooling Only PRE-Retrofit| ASHP Cooling Savings
Electric (kWh/yr) 944 956 (12)
Total Cooling Costs $142 $143 -$2
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Average Heat Pump Demand Profiles

Figure 8 and Figure 9 show the average daily demand profile for the heat pump, grouped by different
temperature conditions. Each line takes the average for days at the same temperature. The key at the
bottom of the plots shows the color associated with each daily average temperature bin (£5°F). The
number in parentheses indicates the number days in the bin that were averaged to make each profile.
Figure 9 shows the temperature bins associated with cooling operation.
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AVG Heating Profiles: EFG S1
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Figure 8. Heat Pump Demand Profile Across the Day — Averaged for Various Outdoor Temperature Bins (Heating)
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Figure 9. Heat Pump Demand Profile Across the Day — Averaged for Various Outdoor Temperature Bins (Cooling)
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Space Temperatures

Space temperatures and humidity levels are shown in Figure 10.
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Figure 10. Space Temperatures and Humidity Levels
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EFG S19 Savings Analysis

This 1500 sq ft house is in Marlboro, NY near Newburgh. The house was originally heated by baseboard
electric heat. The electric baseboard was monitored in the post retrofit period. The three ASHPs were
installed on January 10, 2019. Monitoring began in March 2019.

The shade plot in Figure 1 shows the annual pattern of electric use for the total home and the installed
heat pumps. Figure 2 shows the power use for the house and heat pumps across the monitoring period.
Figure 3 shows the power use for the individual heat pumps.

Hourly: EFG S19 - Total Home Elec Use
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Figure 1. Shade Plots Showing Total Home and Total Heat Pump Energy Use with Shades of Gray. Darker shades indicate more
power use. Light gray indicates zero use.

Appendix C S$19-1



EFG S19

Hourly: EFG S19 - Total Home Use

Power (kW)
o
i

am I\HHEHII

o | |
Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May
2019 2020

HPs: 5 Out/5 In - 5.3 tons

12
10

Power (kW)

ON » O @

L |

Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May
2019 2020

Figure 2. Total House and Heat Pump (HP) Power Across the Monitoring Period

EFG S19 - Individual ASHPs
‘ ‘ ‘ ‘ ‘ \
Heat Pump Elec Use - Unit 1 (1 Indoor Spare Bdrm)

Heat Pump Elec Use - Unit 3 (1 Indoor Dining Rm)

Heat Pump Elec Use - Unit 5 (1 Indoor Basement)

Power (kW)
N

i MWWW

) ML B

Mar Apr May Jun Jul
2019 2020

Figure 3. Power Use for the Individual Heat Pumps Across the Monitoring Period
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Table 1 summarizes the measured energy use for the total house and the heat pump over the

monitoring period. It also includes the energy use for resistance electric heaters that were monitored.

Table 1. Measured Electric Use for the Total House and Heat Pumps

Total Electric

No of House AllHPs| Resist HT

Days (kWh) (kWh) (kWh)

Mar-19 27 2,197.3 783.8 644.1
Apr-19 30 1,594.5 422.6 372.4
May-19 31 1,025.5 235.7 34.6
Jun-19 30 1,218.8 202.3 1.4
Jul-19 31 1,524.8 419.2 1.5
Aug-19 31 1,297.7 309.8 1.6
Sep-19 30 1,239.0 198.3 1.5
Oct-19 31 1,246.3 487.1 1.3
Nov-19 30 2,261.3 1,089.4 247.3
Dec-19 31 2,907.2 1,571.4 293.6
Jan-20 31 2,736.1 1,522.6 261.2
Feb-20 29 2,344.8 1,252.8 235.9
Mar-20 31 1,872.2 839.7 77.4
Apr-20 30 1,651.1 677.2 47.0
May-20 28 1,049.2 323.5 5.6
Annual 366 21,324.8 8,805.5 1,204.3
Htg Season 244 16,044.5 7,675.9 1,198.3
Jun-Sep 122 5,280.3 1,129.6 6.0

Measured Trends

Daily heat pump power use is shown in Figure 4 as function of daily average outdoor temperature.

There is moderate scatter in the data, indicating that the occupants used the ductless heat pump in a

fairly consistent manner. The dotted line on the plot represents to a best fit of the trend with

temperature.
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Figure 4. Daily Heat Pump Energy Use vs. Daily Average Temperature (Days in each month shown with a different color)

At this site heat pump operation displaced baseboard electric heat use. Figure 5 compares the trend of
monthly electric with temperature for both the pre- and post-retrofit periods. The solid line represents
the overall fuel use trend in the pre-retrofit period. The dotted line represents the fuel use trend in the

post-retrofit period.
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Figure 5. Analysis of Monthly Utility Bills with Temperature, Comparing Pre-Retrofit and Post-Retrofit Trends of Fuel Use (the
number shown by each post-retrofit data point indicates the month)
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EFG S19 - Pre & Post Utility Electric Analysis WUG: SWF
T T ‘ T T T ‘ T T T ‘ T T T ‘ T T

150, .
| ™ o o Total Home (Mains) |
© ASHP Energy Usage

N o8 o o Resistance Heat Energy Usage 7

H ° oy 5 Pre-Retrofit Utility Electric Usage (Fit Line) 8

| Y o Post-Retrofit Total Home (Fit Line) i

o & ©
100~ 8 Determined from Pre-
>
3 i Retrofit Utility Bills (Fig 5)
ey
E L m
= <&
Q r B
3 | o ]
w
50 L QO ]
|- Q -
0 s
0 80 100

Outdoor Temperature (F)

Figure 6. Analysis of Total House Energy Use versus Outdoor Temperature in the Post-Retrofit Period (ASHP and Resistance Heat
also shown)

Appendix C $19-6



EFG S19

Bin Analysis to Predict Seasonal Impacts

The trend lines above were used in a bin analysis using typical year weather data for Albany. Table 2
shows the details of bin analysis and Figure 7 plots the trend lines used for the analysis.

Table 2. Bin Analysis Used to Predict Seasonal Impacts from Trendlines

SITE: EFG-19 WEATHER: Newburgh S 0.150 per kWh
FUEL: Electric S 0.150 per kWh
Floor Area 1500 LOCATION: Marlboro
FUEL FUEL Adjusted| Implied POST-Electric
PRE-Electric| POST-Electric| ASHP Electric|/ POST-Electric COP |PRE-Costs |POST-Costs adjustment
Temp Bin |Hours (kWh/day) (kWh/day) (kWh/day) (kWh/day) (-) factor)|
-27.5 0 312.3 207.3 124.3 207.3 1.8 46.8 49.7
-22.5 0 295.9 196.9 117.4 196.9 1.8 44.4 47.1
-17.5 0 279.5 186.5 110.6 186.5 1.8 41.9 44.6
-12.5 0 263.0 176.0 103.7 176.0 1.8 39.5 42.0
-7.5 1 246.6 165.6 96.8 165.6 1.8 37.0 39.4
-2.5 13 230.2 155.2 89.9 155.2 1.8 34.5 36.8
2.5 36 213.8 144.8 83.1 144.8 1.8 32.1 34.2
7.5 45 197.4 134.4 76.2 134.4 1.8 29.6 31.6
12.5 113 181.0 124.0 69.3 124.0 1.8 27.1 29.0
17.5 222 164.5 113.5 62.4 113.5 1.8 24.7 26.4
22.5 367 148.1 103.1 55.6 103.1 1.8 22.2 23.8
27.5 373 131.7 92.7 48.7 92.7 1.8 19.8 21.2
32.5 764 115.3 82.3 41.8 82.3 1.8 17.3 18.6
37.5 814 98.9 71.9 34.9 71.9 1.8 14.8 16.0
42.5 727 82.5 61.5 28.1 61.5 1.7 12.4 13.4
47.5 668 66.0 51.0 21.2 51.0 1.7 9.9 10.8
52.5 480 49.6 40.6 14.3 40.6 1.6 7.4 8.2
57.5 748 33.2 30.2 7.4 30.2 1.4 5.0 5.6
62.5 831 25.0 25.0 4.0 25.0 1.0 3.8 4.4
67.5 902 25.0 25.0 4.0 25.0 1.0 3.8 4.4
72.5 538 25.0 25.0 4.0 25.0 1.0 3.8 4.4
77.5 603 25.0 25.0 4.0 25.0 1.0 3.8 4.4
82.5 358 25.0 25.0 4.0 25.0 1.0 3.8 4.4
87.5 134 25.0 25.0 4.0 25.0 1.0 3.8 4.4
92.5 23 25.0 25.0 4.0 25.0 1.0 3.8 4.4
97.5 1 25.0 25.0 4.0 25.0 1.0 3.8 4.4
102.5 0 25.0 25.0 4.0 25.0 1.0 3.8 4.4
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Figure 7. Trends of (Pre and Post Fuel Use (top) and Heat Pump Electric Use (bottom) Used in Bin Analysis
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Table 3 shows the seasonal results from the bin analysis. The assumed fuel costs (shown on Table 2) are
from the ASHP Proforma Tool developed by NYSERDA. Since the base fuel is electric, the savings
calculation only considers the pre- and post-retrofit electric use. The implied seasonal heating COP is
1.9, using both electric savings and heat pump energy use which is shown on the bottom of the table.

In this instance the implied COP is calculated from

COP = (KWhpre = kWhpost + kWhp) /KWy = (15304 — 9710 + 6409) / 8409

Table 3. Results of Bin Analysis Showing Seasonal Results

Heating Only PRE-Retrofit| POST-Retrofit| Savings Summary Statistics
Electric (kWh/yr) 15,304 9,710 5,593 10.20 Fuel kWh per sq ft per yr

- - 34.8 Htg MBtu per sq ft per yr
Total Heating Costs $2,296 $1,457 $839 37% Reduction in Fuel Use
Implied Seasonal COP 1.87 7,676 Measured HP for Htg (kWh/yr)
HP Electric (kWh/yr) 6,409 120% Measured as % of Typical yr

Table 4 uses the measured resistance heating use in the post-retrofit period to find the savings from
installing the heat pumps. An implied COP with and without resistance heating is given. The implied
COP with resistance was just lower with this approach using the measured resistance heating power.

Table 4. Results of Bin Analysis Showing Seasonal Impact to Resistant Heating Use

Heating Only PRE-Retrofit| POST-Retrofit | Savings

Resistance (kWh/yr) 15,304 1,204 14,100
ASHP (kWh/yr) 6,409 (6,409)
Total Heat (kWh/yr) 15,304 7,613 7,691

Total Heating Costs $2,296 $1,142 $1,154
Implied ASHP COP 2.2
Overall COP Including Resistance 2.0

The ASHP COP of 2.2 is used in the main report.

Average Heat Pump Demand Profiles

Figure 8 shows the average daily demand profile for the heat pump, grouped by different temperature
conditions. Each line takes the average for days at the same temperature. The key at the bottom of the
plots shows the color associated with each daily average temperature bin (+5°F). The number in
parentheses indicates the number days in the bin that were averaged to make each profile. Figure 9
shows the temperature bins associated with cooling operation.
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Space Temperatures

Space temperatures and humidity levels are shown in Figure 10.
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Figure 10. Space Temperatures and Humidity Levels
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EFG S20 Savings Analysis

This 1320 sq ft house is in New Paltz, NY near Newburgh. The house was originally heated by a propane
furnace. The furnace was removed when five ASHPs were installed in January 2019. Monitoring began
in March 2019. There was baseboard electric heat in the basement area that was monitored in the post-

retrofit period.

The shade plot in Figure 1 shows the annual pattern of electric use for the total home and the installed
heat pumps. Figure 2 shows the power use for the house and heat pumps across the monitoring period.

Figure 3 shows the power use of the individual heat pumps.
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Figure 1. Shade Plots Showing Total Home and Total Heat Pump Energy Use with Shades of Gray. Darker shades indicate more
power use. Light gray indicates zero use.
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Figure 3. Power Use of Individual Heat Pumps Across the Monitoring Period
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Table 1 summarizes the measured energy use for the total house and the heat pump over the
monitoring period. It also includes the resistance electric heaters that were monitored.

Table 1. Measured Electric Use for the Total House and Heat Pumps

Total Electric
No of House All HPs Solar DHW/| Resist HT

Days (kWh) (kwh) (kWh) (kWh) (kWh)

Mar-19 27 1,890.4 693.0 - 4.4 1,255.3
Apr-19 30 1,257.1 374.3 - 4.8 665.8
May-19 31 887.1 230.3 - 4.9 387.0
Jun-19 30 517.1 187.7 - 4.6 42.0
Jul-19 31 589.0 231.7 - 5.7 2.6
Aug-19 31 526.6 153.9 - 5.4 2.5
Sep-19 30 507.3 184.9 - 4.8 4.4
Oct-19 31 924.1 374.2 - 4.9 194.2
Nov-19 30 1,950.9 890.8 - 4.7 1,128.2
Dec-19 31 2,629.5 1,268.6 - 5.2 1,667.2
Jan-20 31 2,697.5 1,277.6 - 5.0 1,564.0
Feb-20 29 2,165.3 866.1 - 4.6 1,332.3
Mar-20 31 1,761.4 595.8 - 5.4 927.3
Apr-20 30 1,420.1 496.3 - 5.0 809.2
May-20 31 837.9 308.2 - 5.1 324.4
Annual 366 16,575.9 6,757.9 - 60.2 8,060.9
Htg Season 244 14,435.9 5,999.7 - 39.7 8,009.4
Jun-Sep 122 2,140.0 758.2 - 20.5 51.5

Measured Trends

Daily heat pump power use is shown in Figure 4 as function of daily average outdoor temperature.

There is moderate scatter in the data, indicating that the occupants used the ductless heat pump in a

fairly consistent manner. The dotted line on the plot represents to a best fit of the trend with
temperature.
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Figure 4. Daily Heat Pump Energy Use vs. Daily Average Temperature (Days in each month shown with a different color)

100

At this site heat pump operation displaced mostly propane use. Figure 5 compares the trend of monthly

electric with temperature for both the pre- and post-retrofit periods. The solid line represents the

overall fuel use trend in the pre-retrofit period. There was no post-retrofit propane use since hot water

was provided by a heat pump water heater.
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Figure 5. Analysis of Monthly Utility Bills with Temperature, Comparing Pre-Retrofit and Post-Retrofit Trends of Fuel Use (the
number shown by each post-retrofit data point indicates the month)
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Bin Analysis to Predict Seasonal Impacts

The trend lines above were used in a bin analysis using typical year weather data for Albany. Table 2
shows the details of bin analysis and Figure 6 plots the trend lines used for the analysis. While no fuel
was used in the post-retrofit periods, the adjusted post-retrofit fuel use was set to equal the pre-retrofit
baseline to discern the impact of the heat pump.

Table 2. Bin Analysis Used to Predict Seasonal Impacts from Trendlines

SITE: EFG-20 WEATHER: Newburgh S 0.150 per kWh
FUEL: Propane S 2.440 per gal (propane)
Floor Area 1320 LOCATION: New Paltz
FUEL FUEL Adjusted| Implied POST-Propane
PRE-Propane| POST-Propane| ASHP Electric| POST-Propane COP |PRE-Costs |POST-Costs adjustment
Temp Bin |Hours (gal/day) (gal/day) (kWh/day) (gal/day) (-) factor|
-27.5 0 11.8 0.0 145.0 0.3 1.7 28.9 22.5
-22.5 0 11.1 0.0 135.0 0.3 1.7 27.2 21.0
-17.5 0 10.5 0.0 125.0 0.3 1.7 25.5 19.5
-12.5 0 9.8 0.0 115.0 0.3 1.7 23.9 18.0
-7.5 1 9.1 0.0 105.0 0.3 1.7 22.2 16.5
-2.5 13 8.4 0.0 95.0 0.3 1.8 20.5 15.0
2.5 36 7.7 0.0 85.0 0.3 1.8 18.9 13.5
7.5 45 7.0 0.0 75.0 0.3 1.9 17.2 12.0
12.5 113 6.4 0.0 65.0 0.3 1.9 15.5 10.5
17.5 222 5.7 0.0 55.0 0.3 2.0 13.9 9.0
22.5 367 5.0 0.0 45.0 0.3 2.2 12.2 7.5
27.5 373 4.3 0.0 37.6 0.3 2.2 10.5 6.3
32.5 764 3.6 0.0 32.8 0.3 2.1 8.9 5.6
37.5 814 3.0 0.0 28.0 0.3 2.0 7.2 4.9
42.5 727 2.3 0.0 23.2 0.3 1.8 5.5 4.2
47.5 668 1.6 0.0 18.4 0.3 1.5 3.9 3.5
52.5 480 0.9 0.0 13.6 0.3 0.9 2.2 2.7
57.5 748 0.3 0.0 8.8 0.3 0.0 0.7 2.0
62.5 831 0.3 0.0 4.0 0.3 0.0 0.7 1.3
67.5 902 0.3 0.0 3.5 0.3 0.0 0.7 1.2
72.5 538 0.3 0.0 3.5 0.3 0.0 0.7 1.2
77.5 603 0.3 0.0 3.5 0.3 0.0 0.7 1.2
82.5 358 0.3 0.0 3.5 0.3 0.0 0.7 1.2
87.5 134 0.3 0.0 3.5 0.3 0.0 0.7 1.2
92.5 23 0.3 0.0 3.5 0.3 0.0 0.7 1.2
97.5 1 0.3 0.0 3.5 0.3 0.0 0.7 1.2
102.5 0 0.3 0.0 3.5 0.3 0.0 0.7 1.2
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Table 3 shows the seasonal results from the bin analysis. The assumed fuel costs (shown on Table 2) are
from the ASHP Proforma Tool developed by NYSERDA. Since the base fuel is most mostly, the savings
calculation only considers the pre- and post-retrofit fuel use. The implied seasonal heating COP is 1.8

In this instance the implied COP is calculated from

cop = (Fuelpre — Fuelpost) *eff/(3.412xkWhp, ) = (547 - 0)*92*0.77 / (3.412*6433)

This calculation does not consider the energy use of the resistance heaters in the basement. We
assumed that the electric use for basement heating was the same in the pre and post retrofit periods.

Adding in the basement electric use increases the space heating load from 29.3 MBtu/sq ft-yr to 50.2
MBtu/sq ft-yr.

Table 3. Results of Bin Analysis Showing Seasonal Results

Heating Only PRE-Retrofit| POST-Retrofit Savings Summary Statistics

Propane (gal/yr) 547 - 547 0.41 Fuel gal per sq ft per yr

HP Electric (kWh/yr) 6,433 (6,433) 29.3 Htg MBtu per sq ft per yr

Total Heating Costs $1,334 $965 $369 100% Reduction in Fuel Use

Implied Seasonal COP 1.8 6,000 Measured HP for Htg (kWh/yr)
93% Measured as % of Typical yr

This calculation does not consider the energy use of the resistance heaters in the basement. We
assumed that the electric use for basement heating was the same in the pre and post retrofit periods.

Adding in the basement electric use increases the space heating load from 29.3 MBtu/sq ft-yr to 50.2
MBtu/sq ft-yr.

Average Heat Pump Demand Profiles

Figure 7 shows the average daily demand profile for the heat pump, grouped by different temperature
conditions. Each line takes the average for days at the same temperature. The key at the bottom of the
plots shows the color associated with each daily average temperature bin (+5°F). The number in
parentheses indicates the number days in the bin that were averaged to make each profile. Figure 8
shows the temperature bins associated with cooling operation.
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Figure 7. Heat Pump Demand Profile Across the Day — Averaged for Various Outdoor Temperature Bins (Heating)
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Space Temperatures

Space temperatures and humidity levels are shown in Figure 9.
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Appendix D. Performance Validation Plan

The following pages in this appendix provide the Performance Validation Plan.
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Energy Futures ASHP Monitoring PV Plan

Introduction

Background

Energy Futures Group (EFG) has been awarded a project under NYSERDA PON 3127
(Residential HVAC) to install 20 mini-spilt, cold-climate air source heat pumps (ccASHPs) in
single-family or two-family homes in the Hudson Valley (Kingston to Glens Falls). NYSERDA’s
Residential HVAC initiative seeks to accelerate the market uptake of commercially available,
but underused building technologies and strategies in the residential sector. This initiative
aims to demonstrate technologies that offer measurable energy savings and greenhouse gas
(GHG) reductions. It seeks to address barriers to wider commercialization in the residential
market via a series of multi-site demonstration projects in existing homes.

One emerging technology for northern climates is mini-split heat pumps, both ductless and
ducted. Mini-splits consist of an outdoor compressor/condenser unit combined with an indoor
air-handler unit. Often, one outdoor unit can serve multiple indoor air-handling units.
Ductless systems are often well suited as a retrofit technology for homes that do not have
existing ductwork, and in homes with existing ductwork, mini-split heat pumps can be
integrated into the system. Recent advancements in this heat pump technology means that it
is now practical for heating in colder climates such as the Hudson Valley.

Energy Futures claims that the market for residential-class ductless heat pumps in New York
averages over 47,000 units per year. However, up to three-quarters of those sales were
within 25 miles of New York City and are likely installed in small commercial applications
rather than in the residential market. As such, they hope that this effort will help to
understand the magnitude and needs of the untapped market in the rest of the state.

Approach

The EFG team plans to demonstrate the application of highly-efficient mini-split heat pump
technology as a supplement to old, inefficient heating and cooling systems. These systems
will be installed in 20 homes within Mid and Upper Hudson Valley, New York (Kingston to
Glens Falls).

At the same time, EFG will consider home performance energy efficiency measures. They will
recommend participation in the NYS Home Performance with Energy Star (HPWES) program.
The focus will be shell upgrades and relevant duct improvements identified through HPWES
modeling software. Special attention will be given to ductwork located in vented,
unconditioned buffer spaces such as attics and crawlspaces where existing ductwork will
continue to be used.

EFG intends to install solar photovoltaic (PV) alongside half (10) of the air-source heat pump
installations. Their aim in doing this is to test customer interest and uptake in packaging the
two technologies together.

Alongside the demonstration projects, EFG will also conduct technology knowledge transfer
activities for mini-split heat pumps, including conducting customer and contractor surveys,
creating a consumer information fact sheet, coordinating with CDH and NYSERDA to produce
case studies and other relevant materials, and marketing results to the community and
public.
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Performance Validation Approach

Overview

The EFG team will identify 20 single- or two-family homes in the Hudson Valley region
(Kingston to Glens Falls) where they will install high-performance Mitsubishi air-source heat
pumps (ASHPs). The ASHP systems installed will be selected from the NEEP list of equipment
meeting the Cold Climate Air-Source Heat Pump (ccASHP) Specification.'

EFG will install a mix of ducted and ductless units. Most ASHP systems will have multiple
indoor heads or sections. The existing heating system in each home will remain in place and
provide peak backup to the ASHP system when needed. Base heating fuels are expected to be
oil, propane, electricity, and possibly natural gas.

Only the most cost-effective building envelope improvements will be implemented in
conjunction with the ASHP installation. Some installations will be heat pump only (with no
envelope improvements) to focus directly on discerning ASHP impacts. At houses where
envelope improvements are included in the retrofit, flip-flop testing may be used to separate
annualized impacts through weather normalization (described below).

A portion of the ASHP installations will be installed with solar photovoltaic (PV) systems,
primarily to understand the marketing impact and customer appeal of the combined offering.
These cases will also offer the ability to quantify the impact of ASHPs with solar PV on the
homes’ electric load shape and to discern the resulting utility impacts.

Pilot Design

The overall goal of this performance validation effort is to gather the necessary field data
from this sample of pilot sites to address market barriers and other concerns of various
stakeholders:

¢ Consumers/homeowners want confidence and confirmation that the expected benefits
will be achieved, namely reduced fuel bills and net energy cost savings while
maintaining adequate comfort.

¢ Consumers want confidence that air-source heat pump (ASHP) systems can perform as
needed on the coldest days.

e Consumers/homeowners want to know that the installation process will be minimally
invasive (in comparison to a boiler replacement).

¢ Policymakers similarly want to confirm that expected energy impacts and GHG
reductions are realized.

¢ Installers want assurance that software tools and calculation procedures to size
equipment and predict energy savings are reliable and accurate.

! Northeast Energy Efficiency Partnerships (NEEP), Cold Climate Air Source Heat Pump,
http://neep.org/initiatives/high-efficiency-products/emerging-technologies/ashp/cold-climate-air-
source-heat-pump
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¢ Installers and policy makers want to understand what issues motivate
consumers/homeowners to purchase a ASHP system, so that marketing strategies can
be tuned to focus on key issues.

¢ Installers and the finance community want to understand the range of variation of
installation costs and cost savings across a portfolio of installations, understanding the
variability of cost savings at a known level of confidence.

e Utilities and policymakers want to understand the impact that ASHPs, and ASHPs
installed in conjunction with solar PV, will have on electric load growth, residential
load shape, and peak demand.

The selection criteria for test sites included in sample for this study must be focused on the
goals listed above. Further, measurements at each site must be designed to gather the
required information. Each of these issues are addressed below.

Site Selection Criteria (Sample Design)

All 20 sites will be retrofits of Mitsubishi brand mini-split ASHPs at single-family or two-family
homes in the Hudson Valley, New York. Many of the homes will be two-story, with a living
space downstairs and bedrooms on the upper floor. In general, homes with significant
thermal problems that cannot be corrected within the scope of this program will be avoided.

It is expected that some of the homes will have an ASHP system with multiple heads, while
some may have a single head or central ducted system. Approximately half of the systems
will be ducted, approximately half will be ductless, and some may be a mix. Because the
smallest heads are generally oversized for a single bedroom, upstairs bedrooms will likely
either be ducted, have a fan to exchange air between bedrooms, or may not include ASHP
distribution at all. The specific configurations will be based primarily on the best application
for each home, rather than on trying to achieve the target mix of system types.

The ASHP systems will be sized to balance comfort, efficiency, and cost-effectiveness for the
customer. EFG expects the ASHP system will displace between 75 and 90% of the load
currently provided by the existing heating system, which will remain in place to provide
supplemental heating. The ASHP system will typically offset heat from an existing furnace or
boiler heating system, or from electric resistance baseboard heaters.

Some of the homes may have building envelope upgrades implemented as part of the ASHP
system installation. The upgrades will be in keeping with the NYSERDA Home Performance
with Energy Star (HPwWES) program requirements. The heat pump will be sized to the new
heating loads. Approximately half of the homes will have solar PV systems installed as part of
the ASHP system installation. EFG is targeting a mix of installations by type, as indicated in
Table 1.

Table 1. Number of Target Installations by Type

Total: 20 projects Projects with PV installation Projects without PV installation
Ductless ASHP 5 5
Ducted ASHP 5 5
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Homeowners will voluntarily choose to participate in this study, will be offered a discount on
their heat pump from Mitsubishi as an incentive, and ultimately make the final purchase
decision for what is installed and retrofitted into their home. The EFG team and installing
contractors will propose various options for each homeowner based on upfront estimates of
cost effectiveness as well as homeowner interests and preferences.

For all homes in the study, CDH will work with EFG to document the key characteristics and
details so that these factors can be compared to performance variations we observe in the
homes.

Data Collected at Each Site

CDH will install sensors and data loggers to collect measured performance data at each site.
Pre-retrofit utility bills and customer survey results will round out the data collection at each
site. The collected data will answer the following questions:

e What are the heating and cooling energy and cost savings achieved with the retrofit?
What portion of the savings can be attributed to the ASHP system and to the building
envelope improvements?

e How does the ASHP system, and the ASHP system in conjunction with a solar PV
installation, impact the electric load shape or demand profile for the home that is
imposed on the electric utility? What are the peak demands during key seasons?

e How are comfort conditions (measured and perceived) impacted by the ASHP retrofit?

Data Collection Details

CDH will verify the performance of the ASHPs using installed sensors and data loggers to
measure post-retrofit energy use and comfort conditions. Data will be collected for a
minimum of one heating and one cooling season. Pre-retrofit energy use will be quantified
with monthly utility bills or fuel delivery logs from before the ASHP installation. A survey will
be administered to assess the comfort conditions and occupant satisfaction both before and
after the retrofit.

ASHP Monitoring at Each Site (Post-Retrofit)

CDH will measure the power use of all the heat pumps in all 20 homes to quantify electric
energy use. We expect all heat pump breakers to be in the basement, allowing for simplified
monitoring. We will also measure the power of the boiler or furnace components to
determine boiler or furnace runtime. We will use the runtime with the expected or measured
firing rate to infer fuel use.? Data will be logged at 15-minute intervals at the most. Battery-
powered data loggers will also be installed to measure temperature (and in some cases
humidity) in various spaces in the home.?

At sites with solar PV installed, we will additionally measure the power produced by the solar
PV system to allow for analysis of the combined solar PV-ASHP package. The monitoring
equipment to be installed at each site are listed in Table 1.

2 We can compare measured runtime to fuel use within billing periods in the post-retrofit period to
estimate the average firing rate.
3 The budget accounts for space monitoring in an average of three (3) space locations (zones) per site.
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EFG will provide eGauge data loggers for each site. These data loggers will remain in place at
least until the end of the monitoring period (or longer, depending on agreements between
EFG and the homeowner). CDH will provide the rest of the monitoring equipment. The
battery-powered data loggers will be collected at the end of the monitoring period.

Table 2. Measured Data Points at Each Site (average across 20 sites)

Measured Quantity Equipment
Heat pump electricity use 2 x CTs
Whole building electricity use 2 x CTs

Boiler/furnace runtime and inferred fuel use | 1 x CT

Solar PV electricity generation (1-2 locations) | 1 x CT

Data logger 1 x eGauge EG3010 (provided by EFG)
1 x powered enclosure (provided by CDH)
1 x TP Link Homeplug AV (HP200TPL) (EFG)

Space temperature and supply air 3 x Onset UX100 temperature loggers
temperatures (3 locations)

Optional Detailed Monitoring

If questions arise during the post-retrofit period, detailed monitoring may be installed on one
or two heat pumps. Detailed monitoring can be used to determine:

e Seasonal Heating COPs and cooling EERs

e Heating and Cooling Capacity (output) and efficiency at peak conditions for heating
and cooling

e Coincident peak demands for both summer and winter

e Space heating and cooling loads (seasonally and as a function of outdoor temperature)
for the post-retrofit home

Pre-Retrofit Utility Bills/Fuel Logs

Because detailed pre-retrofit performance data will not be available, the energy use and
space heating and cooling loads will be primarily determined by evaluating monthly fuel oil
delivery logs and/or gas and electric utility bills. EFG will provide CDH with at least 12
months of logs and bills (with exact delivery dates or meter read dates) to quantify pre-
retrofit performance. CDH will correlate this data with outdoor temperature data from the
nearest airport weather station for each monthly period (from Weather Underground at
www.wunderground.com). CDH will use the linear trend of heating energy use (from all fuel
sources) with temperature to discern the portion of the bill attributable to space heating.
The same process will be repeated for electric utility bill data to discern the space cooling
energy use trend with ambient temperature.
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At a limited number of sites*—where envelope improvements are made alongside the ASHP
installation, and flip-flop testing is not possible—data loggers may be installed on the furnaces
or boilers to develop a pre-retrofit correlation of furnace/boiler fuel use with outdoor
temperature. Space temperature loggers may also be installed at that time to gather pre-
retrofit temperatures. In the case that supplemental electric space heaters are used, extra
“plug loggers” may be installed on electric space heaters (to measure long term kWhs) prior
to the retrofit. It may also be useful to install loggers earlier in cases where the building
envelope retrofit is implemented several weeks or months before the heat pumps are
installed.

Through the homeowner participation agreement, EFG will require homeowners to continue
providing fuel logs and utility bills into the post-retrofit period to corroborate readings
determined with the data loggers and other meters.

Site Characteristics Data Collection

In addition to the measured data, EFG will provide general information on the ASHP
installation and other details about the existing facility at each site (Table 2).

Table 3. Site and System Characteristics

Parameter Description
City or town
Building Size Gross sq. ft.

Number of families/apartments in building

Application Residential New, Residential Retrofit,
Non-Residential

Heat pump model and size

List and number of outdoor units, connected indoor
units, and zones at Site

Heat pump ability to provide whole-house House configuration, floor plan, % of space
conditioning conditioning provided by heat pumps

Description of general thermal properties of building | Generalized UA of the house components;
envelope and (when it differs) of the space served by
the ASHP

Description of any envelope improvements

Description of any distribution system improvements | Ductwork or distribution modifications

4 The budget includes pre-monitoring at up to two (2) sites.
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Parameter Description

Existing heating system Boilers/furnaces, supplemental heat:
number, model, type, size, fuel source

Existing cooling system Model, type, number, size

Boiler/furnace-ASHP control method Are boilers/furnaces used as backup?
Control settings for combined operation?

Other Considerations Supplemental heater use, etc.

Solar PV system Panel make/model, number of panels, total
rated capacity, total installed cost and/or
financing arrangement

Customer Feedback Survey

In addition to the measurements described above, CDH will administer web-based surveys to
homeowners and some non-owner occupants. The goal of the surveys is to solicit feedback
from customers to assess their perceptions and satisfaction of the ASHP system. In many
cases we will ask for their perceptions of metrics that we will also directly measure.

Two surveys will be administered to home owners and occupants of each of the 20 homes who
participate in the ASHP upgrade under this program. The first will be around the time of the
ASHP retrofit, and the second will be after 9 to 12 months of operation. Table 3 lists the
research questions that the web survey intends to address and the specific subtopics through
which responses will be elicited. Draft survey questions are given in Appendix A.

CDH Energy will prepare and administer the survey with the assistance of EFG and/or
NYSERDA. CDH will design the survey using the online service SurveyMonkey. Prior to CDH
sending the survey to the customers, NYSERDA and/or EFG will send customers an email
informing them that they will be receiving a survey, CDH will work with NYSERDA and/or EFG
to draft the email text. NYSERDA and/or EFG will provide CDH with the customer email
address, and CDH will send the survey to the customer via the SurveyMonkey system. We
expect all survey recipients to complete the survey.

After each round of surveys, we expect to follow up by phone with at least ten of the
customers (focusing on single-family homes) with a series of follow-on questions based on the
responses provided in the web-based survey.

Table 4. Research Questions to be Addressed via Web Survey

Research Question Topic(s) Subtopic(s)

What motivated the customer to | Motivations Why customer decided to purchase and install the
install an ASHP system? ASHP system

Why customer decided to install solar PV alongside
the ASHP system (where applicable)
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Research Question Topic(s) Subtopic(s)
How does customer satisfaction Overall Satisfaction with original heating and cooling
change between the original rating systems
?

system and the new system? Satisfaction with new ASHP system

Satisfaction with new solar PV (where applicable)
How does customer perception of | Comfort Perceived ability to reach and maintain desired
comfort levels change from levels temperature throughout home during winter and
before to after the ASHP and (temperature | summer prior to of retrofit
building envelope retrofit? levels and

distribution)

Expected temperature during winter and summer
after retrofit (asked at time of retrofit)

Perceived temperature during winter and summer
after retrofit

How do customers perceive Perception At time of retrofit:
energy costs, maintenance, and and . . .
. Perceived energy costs of original heating and
performance of the new system expectation cooling svstems
compared to the original system? | of systems g sy
Expected change in energy costs during winter and
summer
Perceived maintenance costs of original heating
and cooling systems
Expected maintenance costs for new ASHP system
Expected performance of new ASHP system
compared to original heating and cooling systems
After retrofit:
Perceived energy costs of new ASHP system
Perceived energy costs compared to expectations
Perceived maintenance costs of new ASHP system
Perceived performance of new ASHP system
compared to original heating and cooling systems
Do the customers experience any | Unexpected | Unexpected benefits
unexpected benefits or problems, | effects Unexpected problems
and if so, what are they? P P
Do the customers experience any | Envelope Perceived comfort impacts or changes related to
unexpected benefits or problems, | Retrofits the building envelope retrofit

with the envelope retrofit?

Any aesthetic issues or changes
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Research Question Topic(s) Subtopic(s)

Have there been any other Occupancy Track these issues pre and post as well as across
changes throughout the study or Control the post period:

period that may impact results? Changes

Changes in household occupancy
Use of thermostat setback/setup

Other control changes

How do customers perceive the Level of Level of effort required to install an ASHP system
level of effort required to retrofit | customer compared to a boiler replacement
the system? effort

Level of effort versus achieved benefits

Survey data will be presented in aggregate or in subsets. Individual surveys will not be
published without the express permission of the homeowner. The survey results will be
summarized in a Survey Findings document, which will appear as an Appendix in the
Validation Report. The survey results will be combined with the site characteristics and the
measured data for an integrated analysis. The analysis will compare expectations and
perceived changes to actual changes for each point where possible.

Data Analysis
Pre-Retrofit Data Analysis

CDH will correlate the pre-retrofit utility bill or fuel log data with outdoor temperature data
from the nearest airport weather station for each monthly billing period. We will use the
exact dates of the billing period to find the average temperature corresponding to that period
as well. CDH will use the linear trend of energy use with temperature to discern the portion
of the bill attributable to space heating and space cooling. The result is expected to be
similar to the data shown in Figure 1 for a multi-family building. In this example from a real
site, the average rate of fuel use for each billing period (in therms per day) is well-correlated
to the average temperature in the period.

Gas use reaches a minimum value in the summer, which corresponds to gas use for domestic
water heating (DHW).
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Figure 1. Example of Building Gas Use Correlated to Average Ambient Temperature in Monthly Billing Periods

The pre-retrofit space heating and cooling loads will be determined by the energy and fuel
use trends using appropriate heating efficiencies and air conditioner performance curves
(extracted from mainstream simulation models such as EnergyPlus, or other accepted
engineering analysis). From this analysis, we will be able to measure or infer:

e Heating and cooling energy use trends with outdoor temperature (measured)

e Space heating and cooling loads with outdoor temperature (inferred)

Post-Retrofit Data Analysis

Boiler/Furnace Runtime and Energy Use

Status measurements using current switches or CT monitors on the boilers or furnaces will be
used to ascertain boiler or furnace run time. Total run time will be correlated with fuel bills
to estimate the average firing rate (fuel use per hour) over the billing period.

Separating Heat Pump and Envelope Improvements

At some sites, envelope improvements will be included with the ASHP installation as part of
the ASHP retrofit. In these cases, it would be desirable to separate the energy impacts of the
ASHP and envelope measures. Alternating periods with and without ASHP operation in
different parts of the heating season would provide a systematic way to discern ASHP
impacts. Therefore, at sites with envelope improvements, we will initiate “flip-flop” testing
by asking the homeowners to disable ASHP operation for several 1- to 2-week periods across
the heating season (and potentially also across the cooling season). During this portion of the
post-retrofit period, the home would be heated only by the original heating system, and any
energy savings can be solely attributed to the envelope improvements. Homeowner
compliance with these requests will be verified and monitored in real time via the eGauge
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data. An alternative method is to measure pre-retrofit boiler or furnace runtime before the
heat pumps are installed (as described above) and develop a separate correlation with
outdoor temperature.®

Determining Energy and Demand Impacts and Cost Savings

The energy savings from the ASHP and envelope improvements combined will be determined
by directly comparing pre-retrofit energy use and post-retrofit energy use. Both electricity
and fuel use will be determined. The pre-and post-retrofit data can also be correlated to
outdoor temperature and combined with hourly typical year weather data (or bin data) to
determine normalized energy use impacts for a normal or typical year.

To determine the impact of the ASHP alone (i.e., separate from envelope improvements), we
will use the predicted energy use for the original system meeting the post-retrofit heating
and cooling loads (described above) compared to the measured post-retrofit energy use data.

Determining Energy Cost Savings

Utility costs for each home (or average costs for a sample of homes) will be used to determine
energy costs and savings. The energy impacts described above will be used to determine
energy costs in pre- and post-retrofit conditions. Electric tariff details (classification
changes, kWh blocks, demand charges, net metering, etc.) will be applied as appropriate in
the pre- and post-retrofit periods.

Determining Solar PV Impacts and Savings

To determine the coincidence of solar PV electricity production with heat pump electricity
consumption, we will conduct an hourly analysis for the 1-2 sites that we collect PV
generation data on. We will investigate daily demand profiles for each of the demand impact
of the solar PV and ASHP package on the 1-2 sites we measure PV output on. We will also
determine monthly, annual, and lifetime cost savings to the customer, forecasting to 15-20
years using projected increasing grid electricity rates. This will take into account the upfront
installation costs and financial arrangements for the PV system, O&M costs, and savings via
net metering.

Validation Results and Reporting

Cross Site Analysis and Comparisons

Based on the analysis at each site, we can compare high level performance metrics at the
sites, factoring in the different characteristics and customer perceptions for each site. The
goal is to look for performance trends in the 20-site sample that can be correlated to or
explained by the characteristics of the site that are listed in Table 2. We will also compare
customer perceptions of cost savings and comfort with actual measured results. We will use
regression analysis or statistical methods to assess trends and understand the uncertainty
associated with them. Some of the performance metrics we plan to compile for each site are
listed in Table 5.

> The budget allows for pre-retrofit boiler or furnace monitoring at up to two (2) sites.
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Energy Futures ASHP Monitoring PV Plan

Table 5. High-Level Performance Metrics (Values) for Each Site

Total kWh (or kWh per sq ft) for heating season, post-retrofit

Total kWh (or kWh per sq ft) for cooling season, post-retrofit

Total boiler/furnace runtime and fuel use, pre-retrofit

Total estimated boiler/furnace runtime and fuel use, post-retrofit (if any)
Average on-peak ASHP demand in each season

Average on-peak ASHP + PV net demand in each season

Heating Costs Savings (using local fuel and electric costs)

Average supply air temperature in Heating (avg or load-weighted)
Average supply air temperature in Cooling (avg or load-weighted)

Max and Min supply air temperature by season, and by coincident air temperature

The data collected from all the sites as well as the high-level metrics (annual energy use and
cost savings, etc.) will be summarized and compared. The metrics will be normalized to a
typical meteorological year for prediction and comparison purposes.

It is likely that the 20 sites will provide a statistically representative sample of homes that
provide a P90 prediction for the performance metrics of interest. It is likely that predictive
trends will emerge as well. For instance:

¢ Annual cost savings are proportional to house size
¢ Annual cost savings depend on base case fuel type

¢ Annual cost savings are proportional to the fraction of the boiler or furnace load that
is displaced.
CDH will prepare a Validation Report summarizing our analysis from these 20 sites for the
NYSERDA Residential HVAC program. The report will summarize the results and findings, and
it will document the analysis procedures and per site characteristics and results. Survey
results will also be summarized in the report, and detailed results from the web and phone
surveys will be included in an appendix of the main report.

We will create a case study on the 1-2 homes with additional monitoring and analysis on solar
PV integration. We will work with EFG to gather information and materials necessary to
develop the case study, and build in our findings from the performance analysis.

We will also combine the data from this 20-site study in the Hudson Valley with the results
from the separate evaluation of 20 ASHP sites in Brooklyn and Queens. This combined
analysis of the two 20-site studies will be included as a separate section of the final report.
The combined sample of 40 sites may be able to provide meaningful predictions of
performance metrics and savings at the P90 level.
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Energy Futures ASHP Monitoring PV Plan

Validation Project Schedule

Project activities by CDH (green) and EFG (blue) are indicated in the two tables below.

Table 6. Validation Project Schedule - Individual Site

Task \ Month'!

Site ldentification

Web and Phone Survey 1

ASHP Installation and Envelope Retrofit

Data Acquisition

Validation Site Visit

Site Report

Web and Phone Survey 2

Monitoring Data Analysis

" Month from identification of site by EFG

Table 7. Validation Project Schedule - After All Data Collection Complete

Task \ Month' 1 2 3

Final Survey Collected

Monitoring Data Analysis

Survey Analysis

Survey Results Report

Validation Report

" Month from date CDH collects final survey
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Appendix E. Surveys

The following pages in this appendix provide the customer and contractor survey instruments.
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Pre-Retrofit Customer Survey

All questions are required to be answered unless specified otherwise. The survey is to be
completed by homeowners and some non-owner occupants. CDH will elicit elaboration on
answers during phone interviews.

Welcome to the Pre-Retrofit Customer Survey

This survey is being collected by CDH Energy on behalf of NYSERDA for their Emerging
Technology and Accelerated Commercialization (ETAC) program to understand customer
satisfaction with air-source heat pumps.

You are being asked to complete this survey because an air-source heat pump was installed at
your home through Energy Futures Group under NYSERDA PON 3127, Emerging Technologies
Demonstration Projects - Residential HVAC.

You will receive two surveys: this one, around the time of installation, and one 9 to 12
months after the air-source heat pump system is installed. Please answer both surveys as
accurately as possible.

We will not release individual answers publicly. Rather, we will publish answers and analysis
as an aggregate for all surveys collected together.

Note: we are collecting your address in this survey to use to correlate survey results with
measured heat pump performance data, as well as ensure that we have survey results for
each home. We will not release your address publicly, unless you give us explicit permission
to do so.

General

Q1. What is the street address of the building or unit that the heat pump system is being/
has been installed in? (e.g. 121 Genesee St Apt 1)

(text box)

Q2. Do you own this building/unit?
(yes/no)

Q3. Do you reside in this building/unit?
(yes/no)

Q4. (owners only) How important were the following in your decision to install an air-
source heat pump system?

(Not at All Important, Somewhat Important, Very Important)

Lower operating costs (save on energy bills)

Ability to both heat and cool

Quieter than existing heating/cooling system(s)

Reduced greenhouse gas emissions

Reduced peak load and need for more electric generating plants

®on Ty
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Reduce or remove chance of carbon monoxide poisoning
Lower maintenance costs
Lower life cycle cost due to longer equipment lifetime
Dehumidification during summer
Consistent room temperature
Reduced installation costs compared to alternate HVAC system
Ability to control temperature separately in each room

. Modern, trendy technology
Recommended by someone | trust
Financial incentives (e.g. rebate)

OS5 3R TWE

Q5. (owners only) Is solar PV installed at this residence, or do you have plans to install
solar in the next few months?

(yes/no)

Q6. (only where solar PV is installed) What are your reasons for deciding to install a solar
PV system? Rank from most important to least important.

Lower operating costs (save on energy bills)

Reduced greenhouse gas emissions

Reduced peak load and need for more electric generating plants
Guaranteed electricity production for decades

Backup power source

Packaging with the heat pump upgrade made it simple

Net metering

Financial incentives (e.g. solar tax credit)

Attractive options to finance capital cost (upfront cost of system)
Improve value of home

Modern, trendy technology

Recommended by someone | trust

CXT DR SARO OO0 T

Heating

Q7. (owners & occupants) Overall, how satisfied or dissatisfied are/were you with your
heating system prior to the heat pump upgrade?

Very satisfied

Somewhat satisfied

Neither satisfied nor dissatisfied
Somewhat dissatisfied

Very dissatisfied

ooo oo

Q8. (occupants only) How did your home heating system perform over the most recent
winter, prior to the heat pump upgrade?

a. My desired temperature was maintained in all rooms of my home.

b. My desired temperature was maintained in some rooms, but not in others (e.g. it was
warm enough in some rooms but too cold in others)

c. It was not able to reach my desired temperature in any area of my home (e.g. it was
too cold in every room).

Q9. (occupants only) Overall, how well do you expect your heat pump will maintain
desired temperatures throughout your home in the winter compared to before the heat
pump upgrade?
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Much better
Slightly better
About the same
Slightly worse
Much worse

ooo oo

Q10. (owners & occupants) How do/did you feel about the cost of energy from your
heating system prior to the heat pump upgrade?

Very high

Slightly too high

About right

Slightly too low

Too low

| don’t pay the heating energy bill.

h"oQan T

Q11. (skip if answer f above) How do you expect your winter energy bills to change
overall after the heat pump upgrade?

a. Increase
b. Little to no change
c. Decrease

Q12. (owners only) How do/did you feel about the level of effort needed to maintain your
existing heating system prior to the heat pump upgrade?

(multiple choice, pick one; homeowners only)

Very easy

Moderately easy

Neither easy nor difficult
Moderately difficult

Very difficult

Dap o

Cooling

Q13-Q18: Questions will be the same as for heating, but with the word “cooling” replacing
“heating”, “cool” replacing “heat”, and “summer” replacing “winter”.

Other

Q19. (owners only) How do you expect the level of effort required to maintain your heat
pump system will compare to your old heating and cooling equipment?

Much easier

Slightly easier

About the same
Slightly more difficult
Much more difficult

Tanvy

Q20. (owners only, if no solar PV yet installed) Have you considered installing solar PV at
your home?

Yes, | have installed (or have decided to install) solar PV
Yes, | am currently considering it

Yes, but | decided not to go ahead at this point

No, | have not considered solar PV

anoo
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Q21. (owners only) How satisfied or dissatisfied are you with the work carried out by the
contractor?

Very satisfied

Somewhat satisfied

Neither satisfied nor dissatisfied
Somewhat dissatisfied

Very dissatisfied

oo o

Q22. (owners only) How likely is it that you would recommend the contractor to a friend
or colleague? (Net Promoter Score)

0-10 scale, 0 is not at all likely, 10 is extremely likely

Q23. (owners & occupants) Did you receive written instructions on how to operate the
heat pump?

(yes/no)
Q24. (owners & occupants) Were you trained on how to use your new system?
(yes/no)

Q25. (owners & occupants) Was the information provided to you sufficient for you to
operate your heat pump?

(yes/no, please explain why not)

Q26. (owners & occupants) If you have any further comments about the survey and/or
your heating and cooling systems, please enter them here.

(text box, optional)

Post-Retrofit Customer Survey
(9-12 months after retrofit)
All questions are required to be answered unless specified otherwise.

Q1. What is the street address of the building or unit that the heat pump system was
installed in? (e.g. 121 Genesee St Apt 1)

(text box)

Q2. Do you own this building/unit?
(yes/no)

Q3. Do you live in this building/unit?
(yes/no)

Q4. (owners & occupants) Overall, how satisfied or dissatisfied are you with your air-
source heat pump system?

(same options as corresponding question from Survey 1)

Q5. (owners with solar PV installed) Overall, how satisfied or dissatisfied are you with
your solar PV system (if applicable)?

(same options as corresponding question from Survey 1)

Q6. (occupants only) How easy is it to operate your air-source heat pump?
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a. Extremely easy
b. Very easy

c. Somewhat easy
d. Not so easy

e. Not at all easy

Q7. (occupants only) How did your air-source heat pump perform during the first winter
after the heat pump upgrade?

(same options as corresponding question from Survey 1)

Q8. (occupants only) How do you feel your new air-source heat pump system maintained
temperatures throughout your home during winter compared to your old heating system?

(same options as corresponding question from Survey 1)

Q9. (owners & occupants) How did your heating energy bills over the first winter after
the heat pump upgrade compare to what you expected prior to the heat pump upgrade?

Much higher than expected

Higher than expected

As expected

Lower than expected

Much lower than expected

| don’t pay the heating energy bill.

S0 a0 T

Q10. (occupants only) How did your air-source heat pump perform during the first
summer after the heat pump upgrade?

(same options as corresponding question from Survey 1)

Q11. (occupants only) How do you feel your new air-source heat pump system
maintained desired temperatures throughout your home during summer compared to your
old cooling system?

(same options as corresponding question from Survey 1)

Q12. (owners & occupants) How did your cooling energy bills over the first summer after
the heat pump upgrade compare to what you expected prior to the heat pump upgrade?

Much higher than expected
Higher than expected

As expected

Lower than expected

Much lower than expected

Poo oo

Q13. (owners only) How do you feel about the level of effort required to maintain your
air-source heat pump system compared to your old heating and cooling equipment?

(same options as corresponding question from Survey 1)

Q14. (owners & occupants) Briefly describe any unexpected benefits that you have
gained from the air-source heat pump system, if any.

(text box, optional)

Q15. (owners & occupants) Describe any unexpected problems that you have
experienced with the air-source heat pump system, if any.

(text box, optional)
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Q16. (owners & occupants) Briefly describe any unexpected benefits that you have
gained from the building envelope retrofit, if any (e.g., impacts or changes in comfort,
aesthetic (visual) changes).

(text box, optional)

Q17. (owners & occupants) Briefly describe any unexpected problems that you have
experienced with the building envelope retrofit, if any (e.g., impacts or changes in
comfort, aesthetic (visual) changes).

(text box, optional)

Q18. (occupants) Have you noticed any change in the temperature of your basement
since your air-source heat pump was installed?

a. No
b. Yes (describe)

Q19. (owners & occupants) Have there been any changes in the number of people
residing in the building in the past two years? If yes, please give any details of any
changes (number of occupants increased/decreased and approximate date).

a. No
b. Yes (give details)

Q20. (owners & occupants) Have there been any changes to heating or cooling controls or
settings (e.g. desired temperature set on thermostat) since installation? If yes, please
briefly describe.

a. No
b. Yes (describe)

Q21. (owners & occupants) How did you feel about the installation process compared to
an equipment replacement (e.g. replacing your old boiler with a new boiler)?

a. It was less invasive
b. There was little to no difference
c. It was more invasive

Q22. (owners & occupants) Was the level of effort you put into this project worth the
achieved benefits of your air-source heat pump system?

a. No
b. Yes

Q23. (owners & occupants) Would you switch back to your old heating and cooling
systems? If yes, please explain why.

c. No
d. Yes (please explain why)

Q24. If you have any other comments about the survey and/or about your air-source heat
pump system, please enter them here.

(text box, optional)
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Hudson Valley Heat Pump Project - Installation Contractor Survey

Q2 Prior to participating in the Hudson Valley Heat Pump Project, how
familiar would you say you were with air sealing and insulation?

Not at all
familiar

Somewhat
familiar

Answered: 4  Skipped: 0

Very familiar

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

ANSWER CHOICES RESPONSES
Not at all familiar 25.00%
Somewhat familiar 0.00%

Very familiar 75.00%
TOTAL

2/36



Hudson Valley Heat Pump Project - Installation Contractor Survey

Q3 Did participation in this program increase your familiarity and
experience with air sealing and insulation?

Answered: 4  Skipped: 0

It did not
increase my...

It increased
my familiari...

It
significantl...

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

ANSWER CHOICES RESPONSES
It did not increase my familiarity / experience 100.00%

It increased my familiarity / experience somewhat 0.00%

It significantly increased my familiarity / experience 0.00%
TOTAL

3/36



Hudson Valley Heat Pump Project - Installation Contractor Survey

Q4 Please elaborate on your response to the previous question. How did
this program increase your familiarity / experience with air sealing and
insulation or why didn't it?

Answered: 4  Skipped: 0

RESPONSES DATE

| had six years of experience in residential energy efficiency and weatherization retrofits prior to 9/24/2018 12:05 PM
participating in the HYHPP.

Did not have the opportunity to participate in any air sealing 9/21/2018 4:07 PM
we did not do a job in this program that required air sealing or insulation. 9/21/2018 3:13 PM
BPI Training in 2001 9/21/2018 12:31 PM
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Hudson Valley Heat Pump Project - Installation Contractor Survey

Q5 Prior to your involvement in this program, how familiar were you were
with the following aspects of cold climate air source heat pumps (ASHPs)

Installation

Operation

Maintenance

Application
(what the...

Performance
(effectivene...

o
-
N
w

Installation

Operation

Maintenance

Application (what the purpose is: e.g., whole home

heat, supplemental heat)

Performance (effectiveness, efficiency)

Answered: 4  Skipped: 0
4 5 6 7
NOT AT ALL SOMEWHAT
FAMILIAR FAMILIAR
0.00% 0.00%
0 0
0.00% 0.00%
0 0
0.00% 50.00%
0 2
0.00% 0.00%
0 0
0.00% 25.00%
0 1

5/36

VERY
FAMILIAR

100.00%
4

100.00%
4

50.00%
2

100.00%
4

75.00%
3

10

TOTAL

WEIGHTED
AVERAGE

3.00

3.00

2.50

3.00

2.75



Hudson Valley Heat Pump Project - Installation Contractor Survey

Q6 Did your involvement in this program increase your familiarity and
experience with the following aspects of cold climate ASHPs?

Answered: 4  Skipped: 0

Installation

Operation

Maintenance

Application
(what the...

Performance
(effectivene...

(0] 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8
DID NOT SOMEWHAT INCREASED

INCREASE INCREASED SIGNIFICANTLY
Installation 25.00% 75.00% 0.00%
1 3 0
Operation 25.00% 75.00% 0.00%
1 3 0
Maintenance 50.00% 50.00% 0.00%
2 2 0
Application (what the purpose is: e.g., whole home 25.00% 75.00% 0.00%
heat, supplemental heat) 1 3 0
Performance (effectiveness, efficiency) 0.00% 100.00% 0.00%
0 4 0

6/36

TOTAL

WEIGHTED
AVERAGE

1.75

1.75

1.50

1.75

2.00



Hudson Valley Heat Pump Project - Installation Contractor Survey

Q7 Please explain how your participation in this program increased your
familiarity and experience with cold climate ASHPs or why it did not.

Answered: 4  Skipped: 0

RESPONSES

| learned a few performance and application tips from Pasquale Strocchia while working with him
and his team in this program.

We have been installing heat pumps only as a solution for primary heat in the Hudson die for the
last 10 years. So it would not increase my awareness on these items very much. We were already
very aware

| would have learned more if the results of some of the test were shared.

Looking forward to reading results on operating costar

7136

DATE
9/24/2018 12:08 PM

9/21/2018 4:08 PM

9/21/2018 3:16 PM
9/21/2018 12:34 PM



Hudson Valley Heat Pump Project - Installation Contractor Survey

Q8 What do you think you will do differently regarding cold climate ASHP
installations as a result of participating in this program?

Answered: 4  Skipped: 0

RESPONSES DATE

| will slightly under-size BTU capacity of multi-zone outdoor ASHP condenser units by sizing total 9/24/2018 12:16 PM
indoor unit BTU demand to ~130% of outdoor unit BTU capacity. This was a helpful tip from

Pasquale. He found it increases the overall operating efficiency of the systems. It also reduces our

material costs slightly.

Mount had units lower from ceiling 9/21/2018 4:08 PM
Not much. Once results are out maybe it will change. 9/21/2018 3:17 PM
Better information for clients. 9/21/2018 12:35 PM

8/36



Hudson Valley Heat Pump Project - Installation Contractor Survey

Q9 This program offered a variety of materials to assist in increasing the
most effective installation and usage of cold climate ASHPs.Of the below
listed materials, what did you find most informative and helpful? (Check
all that apply)

Answered: 4  Skipped: 0

Homeowners
Operation...

NEEP Guide to
Installing...

NEEP Guide to
Sizing and...

Other (please
specify)

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

ANSWER CHOICES RESPONSES

Homeowners Operation Checklist 50.00% 2
NEEP Guide to Installing ASHPs in Cold Climates 50.00% 2
NEEP Guide to Sizing and Selecting ASHPs in Cold Climates 25.00%

Other (please specify) 25.00% 1

Total Respondents: 4

# OTHER (PLEASE SPECIFY) DATE
Nothing listed that hasn’t been done since installations began in 2008. 9/21/2018 12:37 PM
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Hudson Valley Heat Pump Project - Installation Contractor Survey

Q10 Why were these materials helpful and informative or why weren't
they?

Answered: 4  Skipped: 0

RESPONSES DATE

The NEEP / NYSERDA average snow depth and condenser install height map / instructions were 9/24/2018 12:20 PM
helpful. Some of the other guides were a good refresher for me. They seemed quite thorough and
well written overall.

Help me understand things | should point out to the customer 9/21/2018 4:09 PM
N 9/21/2018 3:18 PM
All info has been available to us for years. 9/21/2018 12:37 PM

10/ 36



Hudson Valley Heat Pump Project - Installation Contractor Survey

Q11 Prior to participating in the Hudson Valley Heat Pump Project (and
prior to receiving the various materials provided to you in this program),
did you leave educational materials with homeowners regarding how best
to operate a cold climate ASHP?

Answered: 4  Skipped: 0

Yes

No

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

ANSWER CHOICES RESPONSES

Yes 50.00% 2
No 50.00% 2
TOTAL 4
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Hudson Valley Heat Pump Project - Installation Contractor Survey

Q12 What types of educational materials would you leave with
homeowners prior to participating in this program?

Answered: 2 Skipped: 2

RESPONSES DATE
The manufacturer operation and installation manuals for the system. 9/24/2018 12:21 PM
Product brochures provided by manufacturer 9/21/2018 4:09 PM

12/ 36



Hudson Valley Heat Pump Project - Installation Contractor Survey

Q13 Thinking of the materials provided to you as part of this program to
share with homeowners, will you continue to provide these to your future
customers after completion of this program?

Answered: 4  Skipped: 0

No

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

ANSWER CHOICES RESPONSES
Yes 100.00%

No 0.00%
TOTAL

13/36



Hudson Valley Heat Pump Project - Installation Contractor Survey

Q14 What other materials, handouts, resources, or tools do you wish you
had at your disposal to offer to customers regarding cold climate

ASHPs? What value could they provide?

Answered: 4  Skipped: 0

RESPONSES

An annual energy savings calculator that compares heating and cooling operating costs for ASHP
systems vs. other common heating and cooling systems. We have modeled these systems in
Optimiser and the energy savings estimates seem to be way too bullish. A simple calculator that
takes in average annual energy usage, existing HVAC system types, square footage and % of
home to be conditioned with ASHPs could be a very effective way to convey the savings to a client
without getting lost in the details. These systems use a fraction of the amount of energy that many
existing HVAC systems use but it is currently hard to back that statement up due to a gap in quick
energy modeling tools for ASHPs. If homeowners could see more accurate annual energy savings
totals to help cost justify the initial investment in ASHPs, | believe they would be more widely
adopted.

Case studies of homes average savings
None

Research program results. Helpful in educating future clients.

14 / 36

DATE
9/24/2018 12:32 PM

9/21/2018 4:09 PM
9/21/2018 3:19 PM
9/21/2018 12:39 PM



Hudson Valley Heat Pump Project - Installation Contractor Survey

Q15 What questions do your customers typically ask before or after
installing a cold climate ASHP?

Answered: 4  Skipped: 0

"How much does
it cost to...

"How much will
it cost to...

"How well will
it heat my...

"Does it still
work when it...

"Is it noisy?"

"What kind of
maintenance ...

"Should | set
the temperat...

Other (please
specify)

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

ANSWER CHOICES RESPONSES
"How much does it cost to install?" 100.00%
"How much will it cost to operate?" 75.00%
"How well will it heat my home?" 100.00%
"Does it still work when it's extremely cold or hot outside?" 100.00%
"Is it noisy?" 75.00%
"What kind of maintenance do | need to do?" 100.00%
"Should | set the temperature back at night or when no one is home?" 75.00%
Other (please specify) 0.00%
Total Respondents: 4

# OTHER (PLEASE SPECIFY) DATE

There are no responses.

15/ 36



Hudson Valley Heat Pump Project - Installation Contractor Survey

Q16 Do you think the awareness and education of your customers
regarding how to operate cold climate ASHPs has changed as a result of
the materials and training you have received during this program?

Answered: 4  Skipped: 0

No

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

ANSWER CHOICES RESPONSES

Yes 100.00% 4
No 0.00% 0
TOTAL 4
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Hudson Valley Heat Pump Project - Installation Contractor Survey

Q17 How do you think your customers' awareness and education of cold
climate ASHPs has changed as a result of the materials and training
provided to you?

Answered: 4  Skipped: 0

RESPONSES DATE

The materials have helped to re-iterate the need to "set it and forget it" when it comes to 9/24/2018 12:37 PM
temperature set points with these systems. They work very efficiently without homeowner
temperature setbacks to try to increase efficiency.

They realize that it is a product supported by NYSERDA and local utility companies which adds 9/21/2018 4:11 PM
more credibility

Can't say 9/21/2018 3:20 PM
Regarding Set Back temperatures and zoning operation. 9/21/2018 12:41 PM

17 /36



Hudson Valley Heat Pump Project - Installation Contractor Survey

Q18 Why don't you think your customers' awareness and education has
changed given the materials and training provided to you?

Answered: 0 Skipped: 4

RESPONSES DATE

There are no responses.
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Hudson Valley Heat Pump Project - Installation Contractor Survey

Q19 What do you wish homeowners in New York State knew about cold
climate ASHPs? What education needs to happen in the market? What
perceptions need to be overcome?

Answered: 3  Skipped: 1

RESPONSES DATE

| wish homeowners knew that ASHPs were one of, if not the most cost effective option for heating 9/24/2018 12:41 PM
and cooling their homes. This applies to both the initial investment as well as lifetime operating

costs. The perceptions that they cannot heat in very cold temps and that ductless wall units are too

obtrusive both need to be overcome.

They need to recognize low ambient operation and that they are an effective Northeast solution 9/21/2018 4:11 PM

Proven results. 9/21/2018 12:42 PM
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Hudson Valley Heat Pump Project - Installation Contractor Survey

Q20 Do you recommend a comprehensive approach that pairs a heat
pump installation with weatherization and/or solar to your clients?

Answered: 3  Skipped: 1

No

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

ANSWER CHOICES RESPONSES
Yes 66.67%

No 33.33%
TOTAL

20/ 36



Hudson Valley Heat Pump Project - Installation Contractor Survey

Q21 For what reasons do you recommend a comprehensive approach
that would pair weatherization and/or solar with a heat pump?

Answered: 1 Skipped: 3

RESPONSES DATE
The ASHP system will perform better for heating and cooling while using less energy. 9/24/2018 12:43 PM
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Hudson Valley Heat Pump Project - Installation Contractor Survey

Q22 Why don't you recommend a comprehensive approach that would
pair weatherization and/or solar with a heat pump?

Answered: 1 Skipped: 3

RESPONSES DATE
Too much for a person to digest at once 9/21/2018 4:12 PM
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Hudson Valley Heat Pump Project - Installation Contractor Survey

Q23 How do you typically generate leads for your business? (Check all
that apply)

Answered: 3 Skipped: 1

Radio ads

Newspaper ads

Internet ads

Traffic to
your website

Home shows

Word of mouth

Referrals from

NYSERDA or...
Other (please
specify)
0%  10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

ANSWER CHOICES RESPONSES
Radio ads 0.00%
Newspaper ads 0.00%
Internet ads 66.67%
Traffic to your website 66.67%
Home shows 66.67%
Word of mouth 100.00%
Referrals from NYSERDA or utility programs 66.67%
Other (please specify) 66.67%

Total Respondents: 3

# OTHER (PLEASE SPECIFY) DATE
1 Mailers 9/21/2018 4:13 PM
2 Need more from NYSERDA and Utility Companies 9/21/2018 12:44 PM
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Hudson Valley Heat Pump Project - Installation Contractor Survey

Q24 For what reasons do customers want to have a cold climate air
source heat pump installed? (Check all that apply)

Answered: 3 Skipped: 1

To improve the
comfort of...

Toadda
cooling...

To be able to
have a flexi...

To save energy
and money

To move away

from fossil...
Tousea
“cleaner”...
Other (please
specify)
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
ANSWER CHOICES RESPONSES
To improve the comfort of their home 100.00%
To add a cooling solution to their home 100.00%
To be able to have a flexible solution that can both heat and cool 100.00%
To save energy and money 100.00%
To move away from fossil fuels 100.00%
To use a “cleaner” energy source 100.00%
Other (please specify) 0.00%

Total Respondents: 3

# OTHER (PLEASE SPECIFY) DATE

There are no responses.
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Hudson Valley Heat Pump Project - Installation Contractor Survey

Q25 What is the most common reason why customers want to have a
cold climate air source heat pump installed? (Select one)

Answered: 3 Skipped: 1

To improve the
comfort of...

Toadda
cooling...
To be able to
have a flexi...

To save energy
and money

To move away

from fossil...
Touse a
“cleaner”...
Other (please
specify)
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
ANSWER CHOICES RESPONSES
To improve the comfort of their home 0.00%
To add a cooling solution to their home 33.33%
To be able to have a flexible solution that can both heat and cool 33.33%
To save energy and money 33.33%
To move away from fossil fuels 0.00%
To use a “cleaner” energy source 0.00%
Other (please specify) 0.00%
TOTAL
# OTHER (PLEASE SPECIFY) DATE

There are no responses.

25/ 36



Hudson Valley Heat Pump Project - Installation Contractor Survey

Q26 Do you think your peers/competitors in the residential HVAC space
are generally informed about the benefits of cold climate ASHPs and
interested in installing them?

Answered: 3  Skipped: 1

Yes

0%  10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

ANSWER CHOICES RESPONSES
Yes 33.33%

No 66.67%
TOTAL
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Hudson Valley Heat Pump Project - Installation Contractor Survey

Q27 Why don't you think your peers/competitors are interested in cold
climate ASHPs or knowledgeable about the benefits?

Answered: 2 Skipped: 2

RESPONSES DATE
Lack of dedication to excellence 9/21/2018 4:13 PM
Because they are my competitors 9/21/2018 12:45 PM
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Hudson Valley Heat Pump Project - Installation Contractor Survey

Q28 For each installation situation below, please give a rough percentage
that represents your cold climate ASHP installations. For example, 35%
of the installations you do replace a failed heating system, while 10% are

add-ons to existing equipment, etc.

Answered: 3 Skipped: 1

ANSWER CHOICES

Complete replacement of failed (or failing) heating/cooling system
Complete replacement of heating/cooling system that is in working order
Add-on to existing heating/cooling system

New home installation

Addition to home

Solve for localized comfort problems (e.g., a room that is too warm / cold)

# COMPLETE REPLACEMENT OF FAILED (OR FAILING) HEATING/COOLING SYSTEM

1 5

2 10

3 20

# COMPLETE REPLACEMENT OF HEATING/COOLING SYSTEM THAT IS IN WORKING
ORDER

1 3

2 25

3 30

# ADD-ON TO EXISTING HEATING/COOLING SYSTEM

1 60

2 35

3 20

# NEW HOME INSTALLATION

1 2

2 15

3 15

# ADDITION TO HOME

1 10

2 0

3 15

# SOLVE FOR LOCALIZED COMFORT PROBLEMS (E.G., A ROOM THAT IS TOO WARM /
COoLD)

1 20
15

3 15
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RESPONSES
100.00%

100.00%

100.00%

100.00%

100.00%

100.00%

DATE

9/24/2018 12:46 PM
9/21/2018 4:15 PM
9/21/2018 12:47 PM
DATE

9/24/2018 12:46 PM
9/21/2018 4:15 PM
9/21/2018 12:47 PM
DATE

9/24/2018 12:46 PM

9/21/2018 4:15 PM
9/21/2018 12:47 PM
DATE

9/24/2018 12:46 PM
9/21/2018 4:15 PM
9/21/2018 12:47 PM
DATE

9/24/2018 12:46 PM

9/21/2018 4:15 PM
9/21/2018 12:47 PM
DATE

9/24/2018 12:46 PM
9/21/2018 4:15 PM
9/21/2018 12:47 PM
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Hudson Valley Heat Pump Project - Installation Contractor Survey

Q29 What is the biggest challenge you have in promoting, selling, and

installing cold climate air source heat pumps?

Answered: 3  Skipped: 1

RESPONSES
Initial investment cost.
Aesthetics

Potential customers education. Rebates for proven excepted technologies
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DATE
9/24/2018 12:46 PM

9/21/2018 4:15 PM
9/21/2018 12:49 PM



Hudson Valley Heat Pump Project - Installation Contractor Survey

Q30 Should cold climate ASHPs be promoted to New Yorkers?

Answered: 3  Skipped: 1

No
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
ANSWER CHOICES RESPONSES
Yes 100.00%
No 0.00%

TOTAL
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Hudson Valley Heat Pump Project - Installation Contractor Survey

Q31 Why did you select the answer you did above?

Answered: 3  Skipped: 1

RESPONSES DATE

They work very well and will help to reduce home energy waste. 9/24/2018 12:47 PM
Saves money increases comfort 9/21/2018 4:15 PM
Education for proven technologies 9/21/2018 12:50 PM
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Hudson Valley Heat Pump Project - Installation Contractor Survey

Q32 What tools, resources, or marketing support could NYSERDA
provide to help your business sell more cold climate air source heat
pumps? (Please note, this does not represent a commitment by
NYSERDA to provide any support or resources.)

Answered: 3 Skipped: 1

RESPONSES DATE

Homeowner rebates and low interest financing. 9/24/2018 12:47 PM
More comprehensive materials demonstrating the advantages and capabilities of heat pumps in 9/21/2018 4:22 PM
this region

Saving tools 9/21/2018 12:51 PM
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Hudson Valley Heat Pump Project - Installation Contractor Survey

Q33 What would you do differently if there were more incentives for, and
promotion of, cold climate ASHPs in New York?

Answered: 3  Skipped: 1

RESPONSES DATE

Install more ASHPs systems in response to the increased consumer demand. 9/24/2018 12:48 PM
| would advertise more 9/21/2018 4:28 PM
Advertising and cost reductions 9/21/2018 12:51 PM
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Q34 What do you think your business model will be going forward with
respect to cold climate air source heat pump installations?

Answered: 3 Skipped: 1

No change

Partner with
solar PV...

Partner with
Home...

Other (please
specify)

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

ANSWER CHOICES RESPONSES
No change 33.33%
Partner with solar PV contractor 33.33%
Partner with Home Performance with ENERGY STAR contractor 33.33%
Other (please specify) 66.67%

Total Respondents: 3

# OTHER (PLEASE SPECIFY) DATE
1 It will continue to be our primary product 9/21/2018 4:29 PM
2 Marketing 9/21/2018 12:52 PM
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Hudson Valley Heat Pump Project - Installation Contractor Survey

Q35 Do you have a memorable, positive customer experience of a
completed cold climate air source heat pump installation (e.g., an
enthusiastic customer response or a compelling stat/result)? What was
memorable about it? Please specify whether it was part of the Hudson
Valley Heat Pump Project or outside of this program.

Answered: 2 Skipped: 2

RESPONSES DATE

Yes, we have many clients who are extremely happy with their ASHP systems. One in the HVYHPP 9/24/2018 12:50 PM
and many others outside of it.

Every person we have included in the Hudson Valley heat pump project has been elated about 9/21/2018 4:30 PM
what they're getting for their participation. Outside of the project we have had many many reviews

surrounding energy savings being higher than anticipated comfort being better than expected all

positive feedback across the board
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Hudson Valley Heat Pump Project - Installation Contractor Survey

Q36 Is there anything else you would like to add?

Answered: 3  Skipped: 1

RESPONSES DATE

Please try to improve NYSERDA homeowner rebates & low interest financing for these systems. 9/24/2018 12:50 PM
Thank you for all your hard work!

We truly appreciate being part of this program and we hope we are invited to enjoying in on any 9/21/2018 4:30 PM
huger programs. You have our full support moving forward as we would love to partner with you.

Thank you 9/21/2018 12:52 PM
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Endnotes

The “Performance Validation Plan” is available at https://cloud.cdhenergy.com/ashp ef/ and in appendix D.

There was also interest in understanding the peak demand interactions of combining solar and heat pumps in
a home. Observations regarding solar generation and heat pump demand impacts are made throughout the report.

This document can be found at https://www.mitsubishicomfort.com/articles/personalized-comfort/the-diamond-
contractor-a-homeowners-best-friend

S5 was sold to a new homeowner who was unable to obtain the costs paid by the previous homeowner. The cost
for S15 is not representative as it does not include all labor costs (the homeowner was a licensed HVAC installer).

3 Founded in 1996, NEEP is one of six Regional Energy Efficiency Organizations (REEOs) funded, in part, by the
US Department of Energy to support state efficiency policies and programs. NEEP focuses on the Northeast and
Mid-Atlantic states.

These conditions were ultimately not satisfied at several sites. This and other confounding issues limited our
ability to complete the analysis at five of the 20 sites, as indicated by the notes under Table 25. Behavior or
setpoint changes in the post-retrofit period at other sites (e.g., S4) may have led to conservative savings estimates.

This can be found at: https://www.epa.gov/sites/production/files/2020-01/documents/egrid2018 summary_tables.pdf
This can be found at https://www.caiso.com/documents/flexibleresourceshelprenewables_fastfacts.pdf

For example if the daily average temperature is 64°F, use 60% of the hourly profile values at 60°F and
40% of the hourly profile values at 70°F to create the profile for that day.

Sites S9 and S16 did not answer the question regarding installation experience.
This particular HVHPP participant is a builder focused on net zero design and construction.

Available at https://neep.org/high-performance-air-source-heat-pumps/air-source-heat-pump-installer-
and-consumer-resources

Note that by this question in the survey, one contractor ceased responding to the questions.
Further, contractor number 3 responded such that his total installations achieve 115% and not 100%.

Note that another awardee of the original PON, the Levy Partnership, focused on messaging targeted
to contractors, distributors, and manufacturers.

Because of the low price of natural gas, the three customers who used natural gas for heating spent a
bit more to heat with the heat pumps, but saved an average of 1181 Ib/year of COz (equivalent).

Fact sheets are available on NYSERDA'’s website, nyserda.ny.gov/about/publications/factsheets.
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NYSERDA, a public benefit corporation, offers objective
information and analysis, innovative programs,
technical expertise, and support to help New Yorkers
increase energy efficiency, save money, use renewable
energy, and reduce reliance on fossil fuels. NYSERDA
professionals work to protect the environment

and create clean-energy jobs. NYSERDA has been
developing partnerships to advance innovative energy
solutions in New York State since 1975.

To learn more about NYSERDA's programs and funding opportunities,
visit nyserda.ny.gov or follow us on Twitter, Facebook, YouTube, or

Instagram.

New York State toll free: 866-NYSERDA
Energy Research and local: 518-862-1090
Development Authority fax: 518-862-1091
17 Columbia Circle info@nyserda.ny.gov

Albany, NY 12203-6399 nyserda.ny.gov
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