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Disclaimer

The products in this report were evaluated using the described methodologies. The authors caution that
different results might be obtained using different test methodgis and sggest carén drawing

inferences regarding the products beyond the circumstances described herein.

Air Source Heat Pump Potertial in Alaska www.cchrc.org



Cold Climate Housing Research Center

Acknowledgements

The authors would like to thank the Alaska Energy Authority for their financial support of this study
through the Emerging Engy Technologyund. This work was also partly supported e Alaska
Housing Finance Corporatidhge National Science Foundaticemd the National Institute of Food and
Agriculture, U.S. Department of Agriculture. Lastly, the Alaska Center for EnerBpwadworked in
partnership with the Alaska Energy Authority to support the data collection proddsitionally, we
would like to thank albf the aboveorganizations for their continued support of research on energy
efficiency and diverse heating teablogies.

This report would not have been possible without the generous contributions of multiple individuals
involved in the distribution, installation, use, and research of air source heat pumps in cold climates.
Many people graciously donated their timghared knowledge and experiences in interviews,
contributed equipment and labor, helped recruit study participants, collected data, and reviewed this
report for accuracy.

Special thanks to:

The staff at Wrangell Municipal Light and Power

Jim Rehfeldt oAlaska Energy Engineering LLC;

Alec Mesdag and the staff of AEL&P in Juneau;

Rob SimpsorAltherma MFDG LLC

Chris Brewton, Carole Gibb, and Steve Gordon at the City and Borough of Sitka;
Scott Cragun and Debbie Callan in Ketchikan;

Joe Nelson, Leo Luakz and Joe Bertagnoli in Petersburg;

Tim Buness in Wrangell;

Cathy Cottrell and Sean MacKinnon in Whitehorse;

Darron Scott in Kodiak;

Alan Mitchell of Analysis North;

Dirk Baker at Campbell Scientific; and

All the home and building owners who participdtia this study.

Air Source Heat Pump Potertial in Alaska www.cchrc.org



Cold Climate Housing Research Center

Executive summary

The cost of heating buildings in Alaskaypdes ample motivation fodentifying affordable, efficient,

and reliable heating methods. When new heating technology becomes available it is crucial to evaluate
whether it will perform as advertised, especially for technology that has equipment exposed to the
ambient climate. Air source heat pumps (ASHPs) designed for cold climate operation are such a
technology. These heat pumps include both ductless heat pumps (EHdP}rve as roornspecific

heaters as well as central heating systems with ducted or hydronic heat delivery. Cold climate ASHPs are
important to evaluate because they have the potential to reduce heating costs relative to alenidc
resistance heating apignces they remove the complications of combustion safety and fuel handling,
and they require little maintenance. The technology is also attractive to electric utilities that have a
significant power demand from electric heatirag it creates potentid demand side management

option.

This study monitored cold climate ASHPs installed in a diverse range of Alaskan communities to
determine how well they perform and whether they can be an effective tool for reducing peak electric
power demand for the casstudy community of Wrangell, Alaska by two megawatts. Three heat pumps
were monitored in detail to characterize their operational characteristics and efficiency, and an
additional 30 heat pumps were evaluated dutility billing analysis and by interviemg building

occupants about their satisfaction with the technology.

The direct monitoring of three cold climate ASHPs revealed that the installed performance can differ
significantlyfrom the manufacturer specifications for efficiency. The efficiencyctbel greater or less

than the manufacturer specifications. Furthermore, our results and those from prior studies have shown
that the efficiency differences between brands can differ enough that they should not be viewed as
interchangeable products. Despitieese distinctions, the vast majority of the heat pump users

interviewed were satisfied with them irrespective of brand, with 29 out of 30 interviewees stating that
they met or exceedd expectations. This finding agrees weith those from studies condued in the
Northwest and Northeastern g states. While no evidence was found during this study of a cold

climate ASHP failing to deliver heat within its operational limits, we recommend that homeowners and
building managers include backup heating systemns tothe potential for outside temperatures in
ltrallr G2 RALI 0Sftf2g | ,dobthehightddsk possante@yifaiNde afa2 y I £ € A Y
heating system with mechanical components that operate outdoors.

Coldclimate ASHPs should reduce elegtyi use by displacing electric heat, and should increase
electricity use when displacing oil he&towever, this study foundariability of the actual changes in
energy use across tramall sample omonitoredretrofit installations. This makes it diffituo state a

firm conclusion about the effect that retrofitted heat pumpsAlaskaiave on electricity use in a

building. Factors such as the presence of wood heat and changes in occupant behavior influence the
effects of retrofitting a DHP for any spgcibuilding.Furthermore, the community of Wrangell also
includes residences heating with fuel oil, who may convert to heat pumps and raise the pbtentin
increase in electricitgemand.Considering these findings, and those from prior researds ulikely
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that ASHPs replacing electric resistance heat in Wrangell will be sufficient to meet the energy
conservation goal. We recommend that Wrangell consider other demand side management strategies
addition to heat pump retrofits and that the stragjies bebased on energy goals shaped by broad
community engagemergo that the outcomes of a demand side management program can benefit
residents with different heating appliances as well as the electric utility.
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Motivation

Cold climate air source heat pumps (ASHPSs) have the potential to provide heating cost savings to
consumers in many areas Afaska. Becaugbey do not use combustion to make hed#ttey present

other benefits such as safety and ease of maintenance. Some models also provide the ability to both
heat and cool a building with the same appliance. Adddilly, using ASHPs as a dewhaide

management tool for electric utilitie®r replacing electric resistance hdata potential benefit of
installing the devices on a communityide scale.

Currently, several manufacturers produce ASHPs that can work in Alaska, including MitBupishi,
LG,Daikin,and Panasonic. Building and home&ners are installing ASHPs throughout Alaska, especially
in the Southeast panhandle, where the mild climate and inexpensive hydropower makes them an
attractive heating option. However, questions remaivout the installed performance of the latest cold
climate ASHP technology in the harsh climate of Alaskaell as the circumstances that allow the
devices to reduce the net electric usage in a community

This report documents a research project coneduatcby the Cold Climate Housing Research Center
(CCHRC), theniversity of Alaska FairbanBsistol Bay Campus, and Wrangell Municipal Light and Power
(ML&P). The study addressed two facets of ASHPs in Alaska: the performance characteristics of
monitored heat pump installations, and the potential for the technology to be used as an energy
conservation strategy for the community of Wrangell, AK. Specifically, the study sought to answer the
following questions about ASHPs in Alaska:

How do ASHPs performin&l4 Q4 O2ft R Of AYlI 1SaK 52 (G(KS& YSSi
for efficiency, cutoff temperature, and heat output? Are building and homeowners satisfied with
their performance?

How much power and energy demand can ASHPs offset by displacing eledtanmesheat as
an energy conservation measure in Wrangell, AK?

This document describes the research performed in the winter of 2014 to 2015 by project partners to
answer these question3he study consisted of three separate parts to address the diffeagpeécts of

the research questions. First, researchers installed monitoring equipment to measure electrical input
and heat output of three heat pumps in Alaska. This detailed monitoring allowed researchers to assess
the efficiency and defrost behavior ofdbe specific installations tbetermineif they conformed to
manufacturer specifications. Second, researclealuated30 additional ASHP installations over the
course of the winter taunderstandhow homeowners felt about their performance and how retrofi
installations affected whole building electrical load. The results from these two project components,
along with literature from studiesutside of Alaskaallowed for analysis of the potential of ASHPs to

offset electric resistance heat in the Southeastnmunity of Wrangell, Alaska.

The first section of this repgrCold climate heatymps provides a brief background on ASHPs in Alaska
and other cold climates. The next three sections document the objectives, methodology, and results

Air Source Heat Pump Potertial in Alaska www.cchrc.org



Cold Climate Housing Research Center

from the three pars of the research projecbetailedmonitoring, Generalmonitoring, andASHPs as an
energy consert@on measure in Wrangell, ARinally, the document concludéy synthesizing

information from the research on the performance and potential of current Ag&dRnology for use in
Alaska.

Air Source Heat Pump Potertial in Alaska www.cchrc.org
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Cold climate heat pumps

ASHPs have traditionally been used in mixed climates, where occupants can take advantage of their
ability to provide both space heating and cooling in a single system. However, new cold climate systems
are capable of providing heat at temperatures below freezing, and as a result more homeowners have
been installing heat pumps in Alaska and other cold climates over thespestalyears.

Heat pump technology p rimer

Heat pumps are spaesonditioning appghnces capable of providing both heating and cooling. In heating

mode, shown in Figurg, the ASHP uses electricity to run a refrigeration cycle to extract heat from the

outside air, step it up to a temperature suitable for space heating, and transriti KS K2YSQa Ayl
In cooling mode, the heat pump acts like a kitchen refrigerator, removing heat from the inside of the

home and rejecting it outside.

compressor
% -
liquid >
evaporates
into gas
: _ 4
outdoor coils indoor coils

expansion device

Figurel: An ASHP in heating mode. Image courtesRETScreen, 2012)

There are several different types of ASHPs. Traditional ducted systems use a forced air distribution
system to distribute heat throughout a home. In these systems, the ASHP is a central heating appliance.
Mini-split ductlessheat pumps(DHP) have one set of outdoor coils with piping to one or more indoor

heat exchanger coils, which distribute heat to different rooms. Figud®ws an example of the indoor

heat exchangers for a DHP in North Pole, Alaska. In the picture, eanthaman indoor unit that

contains a fan to blow air over the coils containing the heated refrigerant and into the room.

Air Source Heat Pump Potertial in Alaska www.cchrc.org
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Figure2: Two indoor units for a ductless heat pump system.

Air-to-water heat pumps provide heated water redr than heated air. The water can provide space
heating via a hydronic distribution system, such as a radiant flomvwstemperaturebaseboardsMost
air-to-water heat pumps can also provide domestic hot water (DHAMRlly, ventilatiorcombination
sydems gather heat from exhausted ventilation air to boost the efficiency of the heat pump.

Because ASHPs only use electrigitiransferexisting heat from the aside atmospherénstead of

burning fueldike a combustion appliance, thedficiencyof the gopliancecan be over 100%. There are
several metrics to indicate their efficiency; in this report we use the Coefficient of Performance (COP),
which is a ratio of the space heating provided by the appliance to the electricity required to run it. The
COP ca be measured over an entire heating season, or it can be calculated over shorter periods of time.

600

As with any kating appliance, there are advantages and disadvantages to ASHPs. Potential assets
include their capability to provide both heating and cooling through one appliance, minimal
maintenance requirements, and their potentiarfinexpensive, environmentalfyiendly operation

depending on the cost and source of electricity. However, their heat output and efficiency decrease with
falling outdoor temperatures. These factormbined with higkcost electricity in rural Alaska (typically
produced from diesel gerrators), havehistorically limited their use in the state and in other cold

climates.

However, in recent years the installations of ASHPs in Alaska have increased substantially, especially in
the Southeast anhandle New cold climate ASHP models are desitffor belowfreezing temperatures,
and many Southeast homes have access to inexpensive hydropower, making ASHPs a viable heating

Air Source Heat Pump Potertial in Alaska www.cchrc.org
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alternative. Nowwe estimate thathere are well over 500 ASHPs in Alaska, consisting of traditional
ducted systems, DHPs,dairto-water appliances.

ASHP research in cold climates

ASHPs have been used for space heatirijaska for decades, and have been the subjeptiof

research studies in the area. The first documented ASHP research in Alaska was performed byahe Alask
Electric, Light, and Power Company (AEL&P) in Juneau. The utility commissioned a field study of ASHPs
in 1979 to examine their efficiency and found that ASHPs were feasible in the region, but noted
anecdotal evidence of problems with the defrost cy@&L&P and Ketchikan Public Utilities, 198Rjs
didzReé LXFT@SR | YFI22NI NRfS Ay GKS ONBFGA2Y 2F WwdzyS
intended as an alternative to mandatory demand billing for electric resistans®mers (A. Mesdag,

Juneau AEL&P, personal communication, December 17, 201&) decades later, AEL&P initiated a

field test of the Hallowell Acadia heat pump in Juneau. This model was unique in that it used four
strategies to provide heat: a twstage primary compressor, a booster compressor, an economizer heat
exchanger to put refrigerant back into the circuit between the primary and booster compressors, and
finally electric resistance backup heat. The study measured a seasonal COP of 2.30 détlotelIth

the study, which operated without utilizing the electric resistance backup heat dowi8té-, the

coldest day during the studyohnson Research, LLC, 2008hile initial results were promising,

Hallowell heat pums began to experience mechanical problems such as compressor failures and the
Hallowell Company went out of business in May 2(Rdssell, 2011)

More recent ASHP studies in cold climates have not monitored field data beathstlied on

interviews and modeling to establish their current use and performance. The Energy Solutions Centre
has conducted two studies reviewing ASHR&énYukon, which border Alaska to the East. The first

study, published in 2010, aimed to help pd® considering installing an ASHP to make an informed
decision. It contained a review of recent developments in cold climate ASHP technology, and economic
estimates of the cost of heating with an ASHP compared to other appliances in similar climdses. It a
included recommendations for the use of ASHPs in a cold climate, some of which are included below
(Caneta Research Inc., 2010)

1 Areasonabhsized heat pump for a cold climate is one with a heating capacity at 0°F3&025
of the house design heating load. Such a heat pump would suppt$%0of the annual heating
load and be considered economical.
1 The heat pump should have a COP of 2 or better at 0°F.
1 There are multiple types of heat pumps, includibigPsairto-water, ard conventional models,
each with different advantages and disadvantages. The user should consider the options and
LIJZNOKF aS GKS GelsS GKrid YSSia GKS dzaSNRa ySSRao

The second report, published in 2013, evaluated the economic and technical feasibility ofil\&tdPs
Yukon with the goal of determining whether or not the Yukon government should promote the
appliances. The report addressed the concerns that ASHP efficiency would decrease too much with
colder outside temperatures and that the appliances could teadcreased diesel consumption if
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operated in a manner that caused the available hydropower capacity to be exceeded. This latter effect

might occur if the ASHPs were used inefficiently in the winter, or used as air conditioners in the summer.

The authoraused modeling of their potential performance and a survey of current residential and

commercial use of ASHPs to conclude that, subject to additional research, cold climate ASHPs should be
AyOf dzZRSR Ay (GKS D2@SNYyYSyd adctprositiéhyhifaiivesi tadyi S 2 F Sy
followed this conclusion with recommendations to implement contractor training, provide educational

materials to people interested in the technology, and to support the promotion of ASHPs with further
evaluation and monitdng (Energy Solutions Centre, 2013)

Two other reports were conducted in Alaska. In 2013, CCHRC published a technology assessment on
ASHPs to document their current use in Alaska and their potential as a space heatingroptomer
regions of the state. The authors noted that new cold climate ASHPs were becoming increasingly
common in Southeast Alaska, where a combination of relatively mild temperatures and inexpensive
hydropower in many communities make them an attractivating appliance, both economically and
environmentally. They also found that utilities had varying policies on their use, ranging from support in
the form of a financial rebate to uncertainty on how they would affect the use of dEsséred
generatorsas backup electricity when hydropower resources were low, a potential challenge also
ARSYOGAFASR Ay G(G(KS [ dz12y o6& (GKS 9ySNHe {2fdzirzya |/
investigation into the energy use of ASHPs and the results of heat gapipyment programs was
necessaryStevens, Craven, & Garbslaght, 2013)Finally, the City and Borough of Sitka, AK published

a report on a rebate program implemented in 2012. The goal of the rebate program, discusse@ in mor
detail later in this report, was to reduce electrical demand by providing residents with a rebate for
replacing inefficientlectricalappliances with Energy Star rated applianc¢Hsis could include replacing
electric baseboard heat with an ASE¥ne, 2013)

Alaska ASHP narket

People are currently using ASHPs throughout Alaska for heating and cooling. The majority of ASHPs in
Alaska are installed in the Southeast panhandle, but homeowners and businesses also use ASHPs in
Souhcentral Alaskaas far west as Dillingham in Southwest Alaakd, as far north as Fairbanks in the
central Interior.
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Figure3: ASHPs are being used for heating and cooling in the southern half of Alaska.

Manufacturers

Currenty, there are at leadive manufacturers distributing ASHPs in the state. Mitsubishi and Fujitsu
both sell cold climat®HPmodels. Homeowners who participated in the general monitoring for this
project reported having a DHP from one of these two compmaiiikese manufacturers account for
approximately half of the residential DHP sales in the ($#8ven Winter Associates, Inc., 20hile
several homeownerim Sitka purchased DHPs manufactured byAghe, 2013)Recently, Panasonias
begun to market DHPs in Alaskath a focuson the Southeastrn region, according to its Northwest
Region Sales Manager (K. Nelson, personal communication, April 2008)er company, Daikin
Altherma, dominatedhe airto-water heat pump market in the state, including the installations in the
general monitoring in this project. However, Daikin has since discontinued the sale otds\aiter

units in the United Stateshoosing instead to focus on sellingithieHPs, which are now available in
Alaska Theair-to-water model may be sold again in the future, but at this time it is uncertain, according
to Stinebaugh & Companthe Daikn distributer in Alaska (M.loyd, personal communication,
November 18, 2015).

Conditions for success

Stevens, Craven, & Gark8laght (2013) outlined three reasons that cold climate ASHPs are finding
success in parts of Alaska, especially in the Southeast panhandle. Homeowners are continuing to install
ASHPs in 2015, as the firait of these conditions, the mild climate and low cost electricity, still apply.

First, the climate in Southeast and Southcentral Alaska is milder than the northern parts of the state,
and climatic conditions remain within the operating capacity of coidatk heat pump models for most
of the year, if not all year.
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Second, many Southeastern communities produce electricity using hydropower. In fact, in 2011,
hydropower accounted for over 95% of the electricity produced in the reftay, Mendelez, & West,
2012) These communities have among the lowest electric rates in the state, ibgeatse the
construction of several of thieydropower plants was paid for with public funds and finan¢Mgndelez

& Fay, 2012)Electricity prices in these hydropower communities range between 9 and 15 cents per
kilowatt-hour (kWh). These lower prices, combined with the potential of an ASHP to have efficiencies
over 100%, or COPs greater than 1, can result in ASHRsdmnomically attractive in a community,
especially when the price of fuel oil is high.

Finally, there have been incentives for homeowners to install ASHPs in the past, and there is the

potential that more incentives might apply in the future. In 20tz City and Borough of Sitka, AK ran a

rebate program that offered a $300 incentive to homeowners heating solely with electricity if they

switched to an ASH{Agne, 2013)Other incentives are available to homeowners outsifieeduced

utility costs. The Home Energy Rebate Program, operated by the Alaska Housing Finance Corporation,
NEBIljdzZA NB&a K2YS2¢0y-b&E SBS¢SBB&INYVIAYIaGeY (GKSANI K2YSX
AYLNR@GSYSyiliasz I yR (KSy.Degeidndofthe enérdyefiiciercy SY SNEH& NJ 0
improvements shown by the ratings, homeowners may qualify for up to $10,000 in rebate funds. If the
retrofit included replacing an inefficient heating appliance with an ASHP, these rebate funds could go
toward the instdlation cost. Due to budget constrainthe rebate program did not receive additional

fundsin fiscal year 2016. Remaining funds currently allow the program to continue, but its future

remains uncertain.

Electric utility policies

Depending on the origindleating appliance, utility customers switching to ASHPs may have a positive
or negative effect on overall electifg consumption. For instance, if a homeowner was previously
relying on electric baseboards, an electric furnace, or an electric boileritehsde an ASHP for heating

will likely result in a net decrease in electrical use, even if the ASHP is also used for air conditioning in
the summer. On the other hand, homeowners switching from a combustion device, such a$iraad oil

or natural gadired furnace or boiler, or a biomass appliance, will likely see an increase in their electric
energy consumption while their fuel usage decreases.

As the Southeast region has many communities that have to balance hydropower resources with more
expensivebackip power generation, they undertake regional planning to manage their resources. Many
communities with lower electricity prices due to hydropower have seen homeowners switch to using
electricity for space heating, and in 2011 theutheast region had thedhest levels of consumption,

with residential customers consuming an average of 860 kilehatirs per month(Fay, Mendelez, &

West, 2012) This issue was noted in the 2012 Southeast Integrated Resource Plan (IRP), which said,
GThere is clear evidence that widespread conversions of energy supply for heating has eaten into
reserve hydroelectric power capacity and energy supplies, such that nearly all of the hydro rich
subregions need to supplant hydro power production with digsél NS R 3 S (BISdMAand WeatghX £
2012) The IRP recommended that the Southeast region would need ta@tine implementation of
demandside management and energy efficiency programs. It also recommended biomass sp@ug hea
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conversion programs, noting that while ASHPs reduce electrical demand if the homeowner converts
from an electric heating appliance, homeowners converting frorfireitl appliances to an ASHP would
put an additional strain on the electric griBlack and Veatch, 201Regional energy planners

continue to stand by such recommendatigms the region requires multiple energy options to find the
right solutions for each community, not a singular solution applied uniformlysadhe region (R.
Venables, personal communication, Dec. 18, 2015).

Electric utilities and regions throughout the state have differing views and policies on ASHPs because of
how they affect energy consumption. This is especially true for communitiesigdhbydropower,

because they have to effectively plan how to allocate their energy resources throughout the course of
the year. Some organizations with ASHPs in their jurisdictions have shared their policies through
interviews for this research project.

Jwneau

AEL&Rontinues to offer a heat pump service rate for its residential customers. This hegt @ien

includes a demand charge. Howeveoth the energy and demand ratésr heat pumpsare slightly

lower than the norAincentivized residential rate thancludes a demand charge. Customers should
O2y&aARSNI OF NBFdzA f & AT (GKAA KSIFG LizYLd NI} GS ¢2dzZ R LJ
standard residential rate does not include a charge based on power derAandrding to their director

of enagy servicesAEL&P is interested in reevaluating their policy in regards to heat pumps, but

currently has no specific plans (A. Mesdag, personal communication, Oct. 1, 2015).

Wrangell

Wrangell ML&P maintains their discounted heat rate service for custemhat use electric resistance
heating. While this heat rate increased in 2013 to 8.56 cents per kWh, it remains substantially lower
than the base residential rate of 13.48 cents per kWh. Because of the substantial growth in their power
demand over the pst several years, Wrangell ML&P is considering a cap to limit further customers from
signing up for the heat rate service (C. Hammer, personal communication, Sept. 22, 2015). Wrangell
ML&P is a project partner for this study, and is interested in expl@ringat pump incentive as part of a
demand side management strategy.

Petersburg

Petersburg Municipal Power & Light formerly had an incentive program limited to ground source heat
pumps. However, due to a lack of installations for ground source systemanandrease in the use of

electric resistance heat, the utility has shifted to an incentive program for all heat pumps in residential
buildings (J. Nelson, personal communication, Nov. 13, 2015). The program is open for retrofits or new
construction, and povides a rebate, ranging from $450 to $1,500, depending on the capacity of the heat
pump. Mr. Nelson reported that almost all of the heat pump installations are Mitsubishi DHPs and that
local demand for the systems is sufficiently strong that the incentiay no longer be necessary. When

a1l SR lo2dzi GKS dziAfAdeQa OF LI OAGE G2 O20SN) St S
gl ayQi O2yOSNYSRI o0dzi FStG GKFG KSFG LizyLia ¢ SNB
since they redoe waste compared to electric resistance heat.

O
I.
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Ketchikan

Ketchikan Public Utilities does not currently offer incentives for the installation or use of heat pumps (C.
Shaffer, personal communication, Dec. 8, 2015). There has been some concern withititthebatut

the impact of electric heating appliances, however, KPU does not currently undertake demand side
management strategies.

Sitka

The Sitka Electric Department formerly offered an Energy Star appliance rebate program that included
air source heapumps, however, funding for this program was exhausted in early 2013 (Agne, 2013).
Currently, they offer a pluin electric vehicle credit for their customers that provides $120 of account
credit for residential customers, and $200 for general serviceoomsts(City & Borough of Sitka, 2015)

Kodiak

The Kodiak Electric Association does not currdmdlye any policies in regards to heat pumpgrrany
concernsabout the impact of electric heating methods (D. Scott, personalnconication, Dec. 7,
2015) Heat pump implementation in Kodiak is still relatively slow, which the CHE@ ofility, Darron
Scott, partially attributes to the recent slump in heating oil prices.

Anchorage
Chugach Electric Association currently offergnuntives for heat pumps and does not have any
policies on electric heating appliances (K. Ayers, personal communication, Dec. 18, 2015).
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Detailed monitoring
Researchers tracked the performance of three air source heat pumps during the winter c2@8,4
including two DHPs and one #ir-water heat pump.

Objectives

The purpose of the detailed monitoring of these three heat pumps waetermine their
instantaneous efficiency and heat output at vari@mbienttemperatures, cutoff temperature,
seasonaefficiency, andhe effect of the defrost cycle on these operational characteristics.

Methodology

Researchers installed monitoring equipment on the three ASHPs in fall of 2014. This section describes
the heat pumps and the test sep and methods used to:

= =4 =4 4 =4

Measure electrical consumption by the heat pump units;
Measure heat energy delivered to the indoor environment;
Measure outdoor temperature;

Identify defrosting status; and

Analyze the collected data.

Heat pump and site details
Researchers monitoreithe following three heat pumps in detail:

1. Mitsubishi DHP in a residence in Dillingham, AK;
2. Fujitsu DHP in a commercial building in Wrangell, AK; and a
3. Daikin Altherma aito-water heat pump in a residence in Juneau, AK.

Dillingham 76
S \ ]
o l /J .
) Juneau
Gulfof
- @\

Wrangell

PO
‘:

/

/

Figure4: Locdions for the three heat pumps in the detailed monitoring study.
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Because the heat pumps had been installed prior to the study beginning, each unit had a different
capacity and specifications. Talllerovides the manufacturer specifications for each unit.

Tablel: Specifications for the three heat pumps in the detailed monitoring study.

Location Dillingham Wrangell Juneau

Manufacturer Mitsubishi Fujitsu Daikin Altherma

Heat pump type Ductless minsplit Ductless minsplit Air-to-water

Outdoor unit MUZFEO9NAL AOU12RLS2 ERLQO30BAVJU (2 units)

Indoor unit MSZFEO9NA 8 ASU12RLS2 EKHBHO30BAG6VJU (2
units)

Seasonal COP 2.93 3.52 Not stated in specs

Rated heating capacity 10,900 BTU/hour 16,000 BTU/hour 28,760 BTU/hour

Lowest temperature for 5°F 19°F Not stated in specs

maximum heat output

Operating range Down t0-18°F Down to-5°F Down to-4°F

These three hegpbumps are all located in coastal towns in different climate zones in southern Alaska.
The coldest area is Dillinghamcated in Southwest Alaska, with a larger number of heating degree days
(HDD) and colder average temperatures than Wrangell or Juneau, in Southeastern Alaska. Each of the
three locations are similar in that they experience very few cooling degree(@®f3, with a majority of

the year considered to be the heating season.

Table2: Climate averages for the monitoring locations. Data frd@laska Climate Research Center, 2014)

Location Dillingham Wrangell Juneau
Average HDD (65°F base) 11,216 7,458 8,351
Average CDD (65°F base) 1 4 3

Average annual temperature 34.3°F 44.6°F 42.1°F
Average annual precipitation 25.32 inches 91.21 inches 62.27 inches
Average annual snowfall 90.9 inches NA 86.7 inches

The heat pumps in Dillingham and Juneau are located in residences, while the heat pump in Wrangell is
located in the office building of the Wrang®lL&Putility. Both residential heat pumps are the sole

heating appliance in the homes, with the heat pum@imeau also providingHWto the residence. In
Wrangell, the heat pump provides space heating to a portion of one floor of the office buidirnlgree

heat pumps are retrofit heating systems that were installed to replace less efficient systems.
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TaHe 3: Building characteristics for the detailed monitoring heat pumps.

Location Dillingham Wrangell Juneau
Building Residence Office Residence
Area (footprint) 600 ft 1,800 f¢ 1,850 fé
Stories 15 2 1
Occupancy 3 3 (work weelonly) 4
Backup appliance Electric wall heater Electric baseboard Indoor units contain
backup electric resistance
heat
Domestic hot water Separate GE heat pump  Electric 46gallon tank Daikin EKHWS; contains
utilizing heat from interior backupelectric resistance
environment heat
Installation date Installed in 2012 and first November 2013 August 2013

used January 1, 2013

In Dillingham, the heat pump replaced an electric wall heater that remains in the home as a backup
appliance. The DHP provides spaeating, and also generates the heat taken from the indoor
environment by a separate heat pump water heater during the approximateimonths of the year

when internal heat gains are not sufficient. The DHP is controlled by a Mitsubishi MHK1 external
prog.ammable thermostat. The thermostat was programmed to keep the heat pump off at Qiplet
energy efficient building envelope prevents the house from cooling too much at night so supplemental
heat is not needed. The settings of the heat pump during thewlare varied to capture data for a wide
range of operating conditions. This sometimes involved the maximum possible set point, 88°F, at the
beginning of the day to force the heat pump intortgaximum output power. The indoor temperature
during the day wa typically maintained around 88 whichtypically meant running the heat pump at a
high output for a few hours in the morning for the house to recover from the righ¢ setback and

then the heat pump shutting off for the rest of the day, or running tieat pump at a lower output for

a proportionally longer period. The fan speed was typically set to high or auto.
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Figure5. Outdoor unit of the Mitsubishi heat pump in Dillingham.

In Wrangell, the heat pump replaced electric bsard heaters, which remain as the backup system.
The DHP was installed in the front of the office building near the front door, and thus provides heat to
the entrance, front office, hallway, and further down the hallway to the kitchen and conference.room
The outside unit is visible in Figugust to the left of the front door. Electric baseboards still heat the
remaining parts of the building, which includes additional offices and the downstairs level. The fan
speed on the heat pump is set to autoak times. The indoor temperature was typically maintained at
72°F at all times.

Figure6: The Wrangell ML&P officehe heat pump outdoor unit is visible to the left of the door
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The Juneau heat pump system consists of twotidahsets of outdoor and indoor units, referred to in

this report as HP1 and HP2. HP1 providetNfor the home, heating an 8Qallon tank to 115°F. The
DHWitank contains an internal backup electric resistance heater. When the outside temperature drops
below 30°F and there is no demand for hot water, HP1 operates with HP2 to provide space heating. HP2
is the primary heat pump for space heating. Heat is distributed throughout the buildingflopim

radiant heat as well as air handling units. The systesmdmaoutdoor reset controller, which drops the

supply temperature for the space heating when the outside air is warmer. The supply temperature is set
to 120°F at the outside temperature of 0°F. The supply temperature linearly decreases with increasing
outside temperature and is set to 80°F at the outside temperature of 60°F. The outdoor units are shown
in Figure7, locatedoutside the mechanical room of the residence.

Figure7: The outdoor units for the Juneau heat pump.

Test set-up for ductless systems

To a large extent, researchers followed the protocol for monitoring ductless heat pumps in the field
described by Christensen et al. (2011), who provided a consistent methodology for measuring the
performance of a DHP installed ifbailding(Christensen, Fang, Tomerlin, Winkler, & Hancock, 2011)
However, there were a few exceptions:

9 This ASHP study did not include measuring relative humiddg Appendix A
9 This ASHP study used a different method taswere airflow (a hot wire anemometer) though it
was calibrated in a similar fashion with the use of a duct blaster to measure the volumetric flow.

To monitor the performance of the heat pumps, researchers installed temperature sensors on the inlet
and outkt air streams, the outdoor coils, and in the outdoor atmosphere; awice anemometer that
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was used as a proxy to determine air flow; and a voltage transformer and current transformer to
measure electricaénergyconsumption.
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Figure8: Location of the sensors placed on the ductless heat pump units.
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Table4 gves details on the sensors deployed to measure these quantities, including what they

measured and why, model numbers and manufacturers, and accuracy.

Table4: Measurements and sensors for the ductless heat pump monitoring systems.

Measurement Purpose Sensor Manufacturer ~ Accuracy
Voltage Measure the electriity Voltage Magnelab +1%
consumption of the heat pump transformer
(SP10375
300)
Curent Measure the electriity Current Magnelab +1%
consumption of the heat pump transformer
(SCIo400
030)
Air flow Proxy to determine air flow to Hot-wire Omega =15 fpm
measure delivered heat energy =~ anemometer
(FMA901R
V1)
Delivery temperature (3) Determie delivered heat energy  Thermistor U.S. Sensor +0.18°F
(PS103J2)
Return temperature (3) Determine delivered heat energy Thermistor U.S. Sensor +0.18°F
(PS103J32)
Coil temperature Monitor defrost status Thermistor U.S. Sensor +0.18°F
(PS103J2)
Outdoor temperature Monitor local outside temperature Thermistor U.S. Sensor +0.18°F
(PS103J2)

The data loggers used for the project allowed researchers to convert the raw voltage output from the
sensors into measured and/or calculated values. The loggers &g@dlfor variable sampling rates for
the sensors and averaging intervals for the final recorded values. Ftibte the data that was recorded
for the ductless heat pumps along with the sampling rates and averaging intervals.
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Table5: Data variables recorded by the data loggers for the ductless heat pumps.

Recorded value Unit Input Sample Averaging
sensor(s) interval
Data logger temperature/battery voltage °CIV Data logger 1s 1 hour
internal
sensors
Electrical power Watt Voltage ls 10s
transformer 1 min
and current 5 min
transformer
Air velocity fpm Hot wire 1ls 10s
anemometer 1 min
5 min
Delivery temperature (3) °F Thermistors  10s 10s
1 min
5 min
Return temperature (3) °F Thermistors 10s 10s
1 min
5 min
Coiltemperature °F Thermistors 10s 10s
1 min
5 min
Outdoor temperature °F Thermistors 10 s 10 s
1 min
5 min

Air flow proxy calibration

Tocalculate the heat supplied by the indoor unit of tbélPsresearchers needed to know the air flow
rate through theindoor unit. The air flow rate was calculated from the proxy of the air velocity, which
was monitored by the hot wire anemometer attached in a fixed position on the inlet of the indoor unit.
Researchers determined the relationship between the air flow thtough the indoor unit and the air

velocity using a duct blaster.
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Figure9: Duct blaster seup for calibration of the anemometer.

Researchers attached the duct blaster to the outlet of each indoor unit using a plenum maafiesout

trash bag with supporting elements inside that prevent the bag from collapsing. The indoor units of the
heat pumps were manually set to available fan speeds, and for each fan speed researchers adjusted the
RdzOG ot aGSNQ& T yhialprassuredévieéndt® indide of ieNRenur arfd Thé NB
surrounding environment. This mimics the conditions of the indoor unit discharging into an open space.
In Wrangell, the Fujitsu controller has a fanly mode, which allowed researchers to measuredire

flow without the outlet air being heated. This allowed the density of the outlet air stream to match as
closely as possible the density of the inlet air. In Dillingham, the heat pump did not haveryan

mode, so the researcher performing the tgstt the ASHP into cooling mode with the temperature set

point at the maximum possible value, 88°F. This setting acts asanfamode as the compressor is not
running because the actual temperature is below the cooling set point. This indireohfamode

g2dz R y203 0SS LlaarotsS Ay KSFdiAy3I Y2RS 06SOlFdAaS GKS
cold air prevention control that is active during the heating mode.

Researchers then recorded the air flow rate through the duct blaster along witbaiesponding air
velocity measured by the hot wire anemometer foralhilablefan speeds. These data wensed to
establish the relationship between the air flow rate and air velocity, which was then used in the
calculations for heat output.
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Test set-up for air -to-water system

To monitor the performance of the aio-water heat pump, researchers installedline temperature
sensors on the supply and return lines to the heat punig$Wtank, and inside the house;-lime
flowmeters for the heat pumps,aiestic hot water tank, and the house; temperature sensors on the
outdoor coils and in the outdoor atmosphere; and a voltage transformer and current transformer to

measure electrical consumption of each heat pump unit. Theupdor the sensors is shown Figures
10 and 11.
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FigurelQ: Sensors used to measure temperature and flow on the Juneau heat pump system.

Air Source Heat Pump Potertial in Alaska www.cchrc.org



Cold Climate Housing Research Center

{ VT }

— CT —
N —(cT

T
@ @ @
®
@_Q_
=3
Qe | —2
L © | i
==
W Hoater
Heat Pump HP=1 Hydrobox

i }»

LCT —y

i

it

HP=2 Hydrobex

Heat Pump Electrical Diagram

Figurell: Electric setup and corresponding sensors for the Juneau heat pump system.

Table6 gives details on the sensors deployed to measure these quantities, including what they
measured and why, model numbers and manufacturers, and accuracy.

Table6: Measurements and sensors for the ao-water heat pump system.

Measurement Purpose Sensor Manufacturer  Accuracy
Voltage Measure the electric consumption Voltage Magnelab +1%
of the heat pump system transformer
components (SPT0375
300)
Current (5) Measure the electric consumption Current Magnelab +1%
of the heat pump system transformer
components (SCI0400
030)
Flow rate (4) Measure the flow through the heat Flow sensor  Grundfos +1.5%
pumps, house, and DHW tank (VFS 1200)
Supply temperature (4) Determine delivered heat energy  Thermistor U.S. Sensor +0.18°F
from the heat pumps, to the house (PS103J2)
and to the DHW tank
Return temperature (4) Determine delivered heat energy  Thermistor U.S. Sensor +0.18°F
from the heat pumps, to the house (PS103J2)
and to the DHW tank
Coil temperature (2) Monitor defrost status Thermstor U.S. Sensor +0.18°F
(PS103J2)
Outdoor temperature Monitor local outside temperature Thermistor U.S. Sensor +0.18°F
(PS103J2)

As with the DHPs, the data logger used for the project allowed researchers to convert the raw voltage
output from the sensos into measured and/or calculated values. The logger also allowed for variable

Air Source Heat Pump Potertial in Alaska

www.cchrc.org



Cold Climate Housing Research Center

sampling rates for the sensors and averaging intervals for the final recorded vBilms.7lists the data
that was recorded for the aito-water heat pump along with the sapting rates and averaging intervals.

Table7: Data variables recorded by the data loggers for the-tmrwater heat pump system.

Recorded value Unit Input Sample  Averaging
sensor(s) interval
Data logger temperature/battery voltage °C IV Data logger 2.5s 1 hour
internal
sensors
Electrical power (5) Watt Voltage 25s 10s
transformer 1 min
and current 5 min
transformers
Flow rate (4) gpm Flow sensors 2.5s 10 s
1 min
5 min
Supply temperature (4) °F Thermistors 10s 10s
1 min
5 min
Return temperature (4) °F Thermistors 10 s 10s
1 min
5 min
Coil temperature (2) °F Thermistors 10s 10s
1 min
5 min
Outdoor temperature °F Thermistors 10 s 10 s
1 min
5 min

Data acquisition system

This project employed Campbell Scientific datquésition equipment to record and transmit data. Each
monitoring site had a CR1000 data logger to record sensor data, a multiplexor to accommodate the
temperature sensors, a module to connect the data logger to the internet, and a power supply for the

datalogger. Each CR1000 was programmed to automatically uploadalatserver located at the

CCHRC office in Fairbanks. The daeewhen uploaded to the CCHRC web server for access by

researchers located outside of Fairbanks, and to the Alaska Centenéogy and Power, which
periodically checked data collectiam behalfof the Emerging Energy Technology Furehpam
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Figure12: The network diagram for theletailed monitoring component

Testing procedures

A CCHRC employee wasponsible for checking that the monitoring systems remained online once a
week. At tha time, the most current data weraploaded to a web server so that other researchers
would have access to it. A second researcher was responsible for monthly daka theasure that
sensors were still collecting data as expected.

The Mitsubishi heat pump in Dillingham was enabled on 10/5/2014 after a shetegren

10/04/2014. The last day the heat pump was used was 4/18/2015, which is when the heating season for
the house ended. Therefore, the data period for the Mitsubishi heat purtf/E/2014 ¢ 4/18/2015.

The filters and the hot wire anemometer were cleaned approximately once a month during the data
recording period, except at the beginning they were not cezhfor about two months. No significant
dust accumulation was observed during the cleaning afterivemths and the airflow data did Q (i
any significant change.

aKz2g

The Fujitsu heat pump in Wrangell was instrumented on 9/5/2014. Problems with data transfer
occurred in October 21 and a portion of the data wetest. Filters and the hot wire anemometer were
cleaned on 12/2/2014 for the first time. An approximate 15% increase in measured air flow was
observed. The increase is likely due to a combination®@faS |y K2 i & A NB
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change the actual flow, but does change the reading, and clean filters, which change the actual flow, but
Al gl ayQi LraaAiroftsS G2 RSOGSNNAYS gKIG LRNIAZ2Y 27F i
in order to apply correction to previously collected data. Because of some missing data and the issue
with the flow measuremat, all data up to 12/2/2014 werggnored. The first air conditioning (cooling)

event using this heat pump occurred on 5/8/2015, the oéavhich would skew the data for calculating

the overall COP because the COP during the cooling event is negative. Therefore, the data period for the
Fujitsu heat pump for the analysis in this project spanned from 12/3/2014 to 5/7/2X& filters and

the hot wire anemometer were cleaned approximately once a month during the data pewxoept for

one situation when they were not cleaned for about 2 months. No significant dust accumulation was
observedduring the cleaning after 2 months and the air fldatadid not indicateany significant

change.

The Daikin heat pump in Juneau was instrumented on 9/10/26tidever, the welldor the

temperature sensors in the pipes were not completely insulated until 11/23/2014 and the data logger
program required somadditional troubleshooting. Therefore, all datacorded prior to 11/23/2014
wereignored. Data collection was disabled on 6/1/2015 so the data recording period for the Daikin heat
pump spanned from 11/24/2014 to 5/31/2015, with data for March 12 and203,5 missing due to data
transmission issue.

Because the Daikin HP1 is used for HottWand space heating, the data presented for space heating

for this system is data from Dakin HP2, which was used solely for space heating. Samples for HP1 taken
during pace heating were compared with samples for HP2, and the corresponding samples were in
reasonable agreement with respect to efficiency.

Comparison of space heating abtHWheating COPs for the Daikin heat pump was only done for
temperatures above 30°F, bease at temperatures below 30°F, HP1 alternates between space heating
and water heating. While both operations contribute to the outdoor coil icing up, it is a matter of
coincidence when the defrost cycle occurs, whether it is during space heating (rreost af water

heating (shorter durations). Therefore, it is not possible to accurately analyze the penalty of the defrost
cycles on the efficiency of water heating at outdoor temperatures below 30°F.

Data analysis
Data was analyzed using MATLAB modelifigvace. Steadystate COP analysis was done by having
MATLAB identify stegestate situations, which means periods with minimal changes in variables.

Integrated COP represents the actual COP of the system and is affected by cycling, which can occur due

to defrostorlowf 2 R O2yRAGA2Yy & 0Sf2¢ GKS KSFOG LizyLIQa YAYA
Dillingham was mostly used in a way that prevented skgding due to lowoad conditions; it was only

run for a small portion of a day, which required a higbetput to supply the needed amount of energy

for the day. Defrosting can happen at outside temperatures up to around d6ftke coil temperature

is lower than outsidair temperature so frosting can still occur at outside temperatures around 40°F.

Howe\Ss NE RdzS (2 Gefifientoailding SrRelopei liite I8 MIheat was necessary at outside
temperatures above 40°F. Therefore, when the heat pump is running, it is typically cycling due to

Air Source Heat Pump Potertial in Alaska www.cchrc.org



Cold Climate Housing Research Center

defrost. An algorithm was implemented in MATLAB to recmgthe beginning and end of these cycles

the cycle ends when defrost ends, so the defrost itself is counted as a part of the cycle, and the next
cycle starts when defrost ends. Then the integrated COP was calculated for these cycles as the energy
output divided by energy input which includes the energy used for the defrost.

Unlike the Mitsubishi heat pump in Dillingham, which was programmed to be on only for a small portion
of the day, the Fujitsu heat pump in Wrangell and the Daikin heat pump in Jurexaww continually.
Therefore, it was possible to calculate the integrated COP from longer periods of data. For the Fujitsu
and Daikin, the collected data was broken inth@ur sections and the integrated COP was evaluated

for each section.

Unexpected cir cumstances

One of the objectives of this study was to test the heat pumps at their cutoff temperatures. However,
due to a warmer than average winter in Alaska during 28Q#5, this was not achieved. Despite that,
the discussion section of this report etaiates on some behavior around cutoff temperatures using
data gathered elsewhere.

Another unforeseen circumstance was that the outside temperature sensor in Wrangell was occasionally
affected by the sun, which resulted in some temperature readings begigehthan the air

temperature. The temperature sensor was shaded from direct sun, but possible explanations for the
higher readings include sun reflecting off other objects or a warming of objects close to the temperature
sensor due to the sun. These sitioas were identified by quick increases or decreases in the measured
outdoor temperature, so an algorithm was incorporated into MATLA@EIitoinate these samplesom

the analysis.

Results
The steadystate and integrated COPs as a function of the outsadgperature for all three heat pumps
are shown irFigure 13. Th€ A 3dzNE | f 42 Ay Of dzZRS& YI ydzfFl OGdzZNBNRQ alL

While Figurel3allows comparisons among the heat pumps, some data cannot be seen because data of
one model covers a portion of the datdanother model. Thereforesigures 14, 15, and 16 show the
same data for the three heat pumps individually.

Figuresl3 to 16 onlyrepresent space heating, despite the fact that the Daikin heat pump can be used
for both space heating andHWheating. Theréore, Figure 17 showthe integrated COP for the Daikin
heat pump for both space heating abHWheating.

Figurel8 showsan example of cycling due to defrost for the Fujitsu heat pump.

At buildingheat loads below the minimimum heattput for a heat punp, the only way to supply the
desired heat load is through cycling. An example of such cycling for the Fujitsu heat pump is shown in
Figure 19.
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An interesting phenomenon was observed with the Mitsubishi heat pump, for which the COP is
decreasing with decwesing heat load, potentially reaching a COP below 1 in some rare situations. Such a
situation is shown ifrigure 20.
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Figurel3: COP versus outdoor temperature for all three heat pumps
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Figurel4: COP vesus outside temperature for the Mitsubishi heat pump
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