
 
 

Air Source Heat Pump Potential  in Alaska  

 

An Emerging Energy Technology Fund Report 

For the Alaska Energy Authority 

 

Prepared by: 

Cold Climate Housing Research Center 

University of Alaska Fairbanks Bristol Bay Campus 

Wrangell Municipal Light & Power 



 

 
 

www.cchrc.org Air Source Heat Pump Potential in Alaska 
2 

Air Source Heat Pump Potential in Alaska 

 

 

An Alaska Energy Authority Emerging Energy Technology Fund Project 

December 2015 

 

 
 

 

Project partners: 

Cold Climate Housing Research Center ς Vanessa Stevens, Colin Craven 

University of Alaska Fairbanks Bristol Bay Campus ς Tom Marsik 

Wrangell Municipal Light & Power ς Clay Hammer 

 

 

 

 

 

  



 

 
 

www.cchrc.org Air Source Heat Pump Potential in Alaska 
3 

Disclaimer  
The products in this report were evaluated using the described methodologies. The authors caution that 

different results might be obtained using different test methodologies and suggest care in drawing 

inferences regarding the products beyond the circumstances described herein. 
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Executive summary  
The cost of heating buildings in Alaska provides ample motivation for identifying 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 (DHPs) that serve as room-specific 

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 oil and electric 

resistance heating appliances, 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 heating, as it creates a potential 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 case study 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 by a utility billing analysis and by interviewing building 

occupants about their satisfaction with the technology.  

The direct monitoring of three cold climate ASHPs revealed that the installed performance can differ 

significantly from the manufacturer specifications for efficiency. The efficiency could be 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. Despite these 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 exceeded expectations. This finding agrees well with those from studies conducted in the 

Northwest and Northeastern U.S. 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 systems due to the potential for outside temperatures in 

!ƭŀǎƪŀ ǘƻ ŘƛǇ ōŜƭƻǿ ŀ ƘŜŀǘ ǇǳƳǇΩǎ ƻǇŜǊŀǘƛƻƴŀƭ ƭƛƳƛǘǎ, and the higher risk presented by failure of a 

heating system with mechanical components that operate outdoors.  

Cold climate ASHPs should reduce electricity use by displacing electric heat, and should increase 

electricity use when displacing oil heat. However, this study found variability of the actual changes in 

energy use across the small sample of monitored retrofit installations. This makes it difficult to state a 

firm conclusion about the effect that retrofitted heat pumps in Alaska have 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 specific building. Furthermore, the community of Wrangell also 

includes residences heating with fuel oil, who may convert to heat pumps and raise the potential for an 

increase in electricity demand. Considering these findings, and those from prior research, it is unlikely 
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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 in 

addition to heat pump retrofits and that the strategies be based on energy goals shaped by broad 

community engagement so 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 (ASHPs) have the potential to provide heating cost savings to 

consumers in many areas of Alaska. Because they do not use combustion to make heat, they 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. Additionally, using ASHPs as a demand side 

management tool for electric utilities for replacing electric resistance heat is a potential benefit of 

installing the devices on a community-wide scale. 

Currently, several manufacturers produce ASHPs that can work in Alaska, including Mitsubishi, Fujitsu, 

LG, Daikin, and Panasonic. Building and home owners 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 remain about the installed performance of the latest cold 

climate ASHP technology in the harsh climate of Alaska as well as the circumstances that allow the 

devices to reduce the net electric usage in a community. 

This report documents a research project conducted by the Cold Climate Housing Research Center 

(CCHRC), the University of Alaska Fairbanks Bristol 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 perform in AlaǎƪŀΩǎ ŎƻƭŘ ŎƭƛƳŀǘŜǎΚ 5ƻ ǘƘŜȅ ƳŜŜǘ ƳŀƴǳŦŀŎǘǳǊŜǊΩǎ ǎǇŜŎƛŦƛŎŀǘƛƻƴǎ 

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 electric resistance heat 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 questions. The study consisted of three separate parts to address the different aspects 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 of these specific installations to determine if they conformed to 

manufacturer specifications. Second, researchers evaluated 30 additional ASHP installations over the 

course of the winter to understand how homeowners felt about their performance and how retrofit 

installations affected whole building electrical load. The results from these two project components, 

along with literature from studies outside of Alaska, allowed for analysis of the potential of ASHPs to 

offset electric resistance heat in the Southeast community of Wrangell, Alaska. 

The first section of this report, Cold climate heat pumps, provides a brief background on ASHPs in Alaska 

and other cold climates. The next three sections document the objectives, methodology, and results 
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from the three parts of the research project: Detailed monitoring, General monitoring, and ASHPs as an 

energy conservation measure in Wrangell, AK. Finally, the document concludes by synthesizing 

information from the research on the performance and potential of current ASHP technology for use in 

Alaska.  
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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 the past several years. 

Heat pump technology p rimer  
Heat pumps are space-conditioning appliances capable of providing both heating and cooling. In heating 

mode, shown in Figure 1, 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 transfer it tƻ ǘƘŜ ƘƻƳŜΩǎ ƛƴǘŜǊƛƻǊΦ 

In cooling mode, the heat pump acts like a kitchen refrigerator, removing heat from the inside of the 

home and rejecting it outside.  

 

Figure 1: An ASHP in heating mode. Image courtesy of (RETScreen, 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 ductless heat pumps (DHP) have one set of outdoor coils with piping to one or more indoor 

heat exchanger coils, which distribute heat to different rooms. Figure 2 shows an example of the indoor 

heat exchangers for a DHP in North Pole, Alaska. In the picture, each room has an indoor unit that 

contains a fan to blow air over the coils containing the heated refrigerant and into the room. 
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Figure 2: Two indoor units for a ductless heat pump system. 

Air-to-water heat pumps provide heated water rather than heated air. The water can provide space 

heating via a hydronic distribution system, such as a radiant floor or low-temperature baseboards. Most 

air-to-water heat pumps can also provide domestic hot water (DHW). Finally, ventilation-combination 

systems gather heat from exhausted ventilation air to boost the efficiency of the heat pump. 

Because ASHPs only use electricity to transfer existing heat from the outside atmosphere instead of 

burning fuels like a combustion appliance, the efficiency of the appliance can 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 can be measured over an entire heating season, or it can be calculated over shorter periods of time. 

 ὅὕὖ 
      

    
 

As with any heating 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 potential for inexpensive, environmentally-friendly operation 

depending on the cost and source of electricity. However, their heat output and efficiency decrease with 

falling outdoor temperatures. These factors, combined with high-cost electricity in rural Alaska (typically 

produced from diesel generators), have historically 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 panhandle. New cold climate ASHP models are designed for below-freezing temperatures, 

and many Southeast homes have access to inexpensive hydropower, making ASHPs a viable heating 
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alternative. Now we estimate that there are well over 500 ASHPs in Alaska, consisting of traditional 

ducted systems, DHPs, and air-to-water appliances. 

ASHP research in cold climates  
ASHPs have been used for space heating in Alaska for decades, and have been the subject of prior 

research studies in the area. The first documented ASHP research in Alaska was performed by the Alaska 

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 cycle (AEL&P and Ketchikan Public Utilities, 1982). This 

ǎǘǳŘȅ ǇƭŀȅŜŘ ŀ ƳŀƧƻǊ ǊƻƭŜ ƛƴ ǘƘŜ ŎǊŜŀǘƛƻƴ ƻŦ WǳƴŜŀǳΩǎ ƘŜŀǘ ǇǳƳǇ ǊŀǘŜ ƛƴ мфунΣ ǿƘƛŎƘ ŀǘ ǘƘŜ ǘƛƳŜ ǿŀǎ 

intended as an alternative to mandatory demand billing for electric resistance customers (A. Mesdag, 

Juneau AEL&P, personal communication, December 17, 2015). A few 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 two-stage 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 for the Hallowell in 

the study, which operated without utilizing the electric resistance backup heat down to -18°F, the 

coldest day during the study (Johnson Research, LLC, 2008). While initial results were promising, 

Hallowell heat pumps began to experience mechanical problems such as compressor failures and the 

Hallowell Company went out of business in May 2011 (Russell, 2011). 

More recent ASHP studies in cold climates have not monitored field data but instead relied on 

interviews and modeling to establish their current use and performance. The Energy Solutions Centre 

has conducted two studies reviewing ASHPs in the Yukon, which border Alaska to the East. The first 

study, published in 2010, aimed to help people 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 climates. It also 

included recommendations for the use of ASHPs in a cold climate, some of which are included below 

(Caneta Research Inc., 2010): 

¶ A reasonably-sized heat pump for a cold climate is one with a heating capacity at 0°F of 25-35% 

of the house design heating load. Such a heat pump would supply 60-75% of the annual heating 

load and be considered economical. 

¶ The heat pump should have a COP of 2 or better at 0°F. 

¶ There are multiple types of heat pumps, including DHPs, air-to-water, and conventional models, 

each with different advantages and disadvantages. The user should consider the options and 

ǇǳǊŎƘŀǎŜ ǘƘŜ ǘȅǇŜ ǘƘŀǘ ƳŜŜǘǎ ǘƘŜ ǳǎŜǊΩǎ ƴŜŜŘǎΦ 

The second report, published in 2013, evaluated the economic and technical feasibility of ASHPs in the 

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 lead to increased 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 authors used 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 

ƛƴŎƭǳŘŜŘ ƛƴ ǘƘŜ DƻǾŜǊƴƳŜƴǘ ƻŦ ¸ǳƪƻƴΩǎ ǎǳƛǘŜ ƻŦ ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴǘ ǇǊƻduct promotion initiatives. They 

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 monitoring (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 heating option in warmer 

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 attractive heating 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 diesel-powered 

generators as backup electricity when hydropower resources were low, a potential challenge also 

ƛŘŜƴǘƛŦƛŜŘ ƛƴ ǘƘŜ ¸ǳƪƻƴ ōȅ ǘƘŜ 9ƴŜǊƎȅ {ƻƭǳǘƛƻƴǎ /ŜƴǘǊŜΦ //Iw/Ωǎ ǊŜǇƻǊǘ ŀƭǎƻ ŎƻƴŎƭǳŘŜŘ ǘƘŀǘ ŦǳǊǘƘŜǊ 

investigation into the energy use of ASHPs and the results of heat pump deployment programs was 

necessary (Stevens, Craven, & Garber-Slaght, 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, discussed in more 

detail later in this report, was to reduce electrical demand by providing residents with a rebate for 

replacing inefficient electrical appliances with Energy Star rated appliances. This could include replacing 

electric baseboard heat with an ASHP (Agne, 2013). 

Alaska ASHP market  
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 

Southcentral Alaska, as far west as Dillingham in Southwest Alaska, and as far north as Fairbanks in the 

central Interior.  
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Figure 3: ASHPs are being used for heating and cooling in the southern half of Alaska. 

Manufacturers  

Currently, there are at least five manufacturers distributing ASHPs in the state. Mitsubishi and Fujitsu 

both sell cold climate DHP models. Homeowners who participated in the general monitoring for this 

project reported having a DHP from one of these two companies. These manufacturers account for 

approximately half of the residential DHP sales in the U.S. (Steven Winter Associates, Inc., 2014), while 

several homeowners in Sitka purchased DHPs manufactured by LG (Agne, 2013). Recently, Panasonic has 

begun to market DHPs in Alaska, with a focus on the Southeastern region, according to its Northwest 

Region Sales Manager (K. Nelson, personal communication, April 2015). Another company, Daikin 

Altherma, dominated the air-to-water heat pump market in the state, including the installations in the 

general monitoring in this project. However, Daikin has since discontinued the sale of its air-to-water 

units in the United States, choosing instead to focus on selling their DHPs, which are now available in 

Alaska. The air-to-water model may be sold again in the future, but at this time it is uncertain, according 

to Stinebaugh & Company, the Daikin distributer in Alaska (M. Lloyd, personal communication, 

November 18, 2015). 

Conditions for success  

Stevens, Craven, & Garber-Slaght (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 first two 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 cold climate 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 region (Fay, Mendelez, & West, 

2012). These communities have among the lowest electric rates in the state, in part because the 

construction of several of the hydropower plants was paid for with public funds and financing (Mendelez 

& 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 ASHPs being economically 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 2012, the City and Borough of Sitka, AK ran a 

rebate program that offered a $1,500 incentive to homeowners heating solely with electricity if they 

switched to an ASHP (Agne, 2013). Other incentives are available to homeowners outside of reduced 

utility costs. The Home Energy Rebate Program, operated by the Alaska Housing Finance Corporation, 

ǊŜǉǳƛǊŜǎ ƘƻƳŜƻǿƴŜǊǎ ǘƻ ƻōǘŀƛƴ ŀƴ άŀǎ-ƛǎέ ŜƴŜǊƎȅ ǊŀǘƛƴƎ ƻƴ ǘƘŜƛǊ ƘƻƳŜΣ ƳŀƪŜ ŜƴŜǊƎȅ ŜŦŦƛŎƛŜƴŎȅ 

ƛƳǇǊƻǾŜƳŜƴǘǎΣ ŀƴŘ ǘƘŜƴ ƻōǘŀƛƴ ŀ άǇƻǎǘέ ŜƴŜǊƎȅ ǊŀǘƛƴƎ. Depending on the energy efficiency 

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 installation cost. Due to budget constraints, the rebate program did not receive additional 

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

remains uncertain. 

Electric utility policies  

Depending on the original heating appliance, utility customers switching to ASHPs may have a positive 

or negative effect on overall electricity consumption. For instance, if a homeowner was previously 

relying on electric baseboards, an electric furnace, or an electric boiler, a switch to 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 as an oil-fired 

or natural gas-fired 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 

expensive backup 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 the Southeast region had the highest levels of consumption, 

with residential customers consuming an average of 860 kilowatt-hours per month (Fay, Mendelez, & 

West, 2012). This issue was noted in the 2012 Southeast Integrated Resource Plan (IRP), which said, 

άThere 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 diesel-ŦƛǊŜŘ ƎŜƴŜǊŀǘƛƻƴΧέ (Black and Veatch, 

2012). The IRP recommended that the Southeast region would need to pursue the implementation of 

demand side management and energy efficiency programs. It also recommended biomass space heating 
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conversion programs, noting that while ASHPs reduce electrical demand if the homeowner converts 

from an electric heating appliance, homeowners converting from oil-fired appliances to an ASHP would 

put an additional strain on the electric grids (Black and Veatch, 2012). Regional energy planners 

continue to stand by such recommendations, as the region requires multiple energy options to find the 

right solutions for each community, not a singular solution applied uniformly across the 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 communities who use hydropower, 

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. 

Juneau 

AEL&P continues to offer a heat pump service rate for its residential customers. This heat pump rate 

includes a demand charge. However, both the energy and demand rates for heat pumps are slightly 

lower than the non-incentivized residential rate that includes a demand charge. Customers should 

ŎƻƴǎƛŘŜǊ ŎŀǊŜŦǳƭƭȅ ƛŦ ǘƘƛǎ ƘŜŀǘ ǇǳƳǇ ǊŀǘŜ ǿƻǳƭŘ ǇǊƻǾƛŘŜ ŀ ƴŜǘ ōŜƴŜŦƛǘ ŦƻǊ ǘƘŜƳ ŎƻƴǎƛŘŜǊƛƴƎ ǘƘŀǘ !9[ϧtΩǎ 

standard residential rate does not include a charge based on power demand. According to their director 

of energy services, AEL&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 customers that 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 past 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 exploring a heat 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 systems and an increase 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 provides 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 incentive may no longer be necessary. When 

ŀǎƪŜŘ ŀōƻǳǘ ǘƘŜ ǳǘƛƭƛǘȅΩǎ ŎŀǇŀŎƛǘȅ ǘƻ ŎƻǾŜǊ ŜƭŜŎǘǊƛŎ ǊŜǎƛǎǘŀƴŎŜ ŀƴŘ 5It ƘŜŀǘƛƴƎΣ aǊΦ bŜƭǎƻƴ ǎǘŀǘŜŘ ǘƘŀǘ ƘŜ 

ǿŀǎƴΩǘ ŎƻƴŎŜǊƴŜŘΣ ōǳǘ ŦŜƭǘ ǘƘŀǘ ƘŜŀǘ ǇǳƳǇǎ ǿŜǊŜ ŀ ƳƻǊŜ ǊŜǎǇƻƴǎƛōƭŜ ǳǎŜ ƻŦ ǘƘŜ ƘȅŘǊƻǇƻǿŜǊ ǊŜǎƻǳǊŎŜǎ 

since they reduce waste compared to electric resistance heat. 
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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 within the utility about 

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 heat pumps, however, funding for this program was exhausted in early 2013 (Agne, 2013). 

Currently, they offer a plug-in electric vehicle credit for their customers that provides $120 of account 

credit for residential customers, and $200 for general service customers (City & Borough of Sitka, 2015).  

Kodiak 

The Kodiak Electric Association does not currently have any policies in regards to heat pumps, nor any 

concerns about the impact of electric heating methods (D. Scott, personal communication, Dec. 7, 

2015).  Heat pump implementation in Kodiak is still relatively slow, which the CEO of the utility, Darron 

Scott, partially attributes to the recent slump in heating oil prices. 

Anchorage 

Chugach Electric Association currently offers no incentives 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 of 2014-2015, 

including two DHPs and one air-to-water heat pump. 

Objectives  
The purpose of the detailed monitoring of these three heat pumps was to determine their 

instantaneous efficiency and heat output at various ambient temperatures, cutoff temperature, 

seasonal efficiency, and the 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 set-up and methods used to: 

¶ 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 monitored the 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 air-to-water heat pump in a residence in Juneau, AK. 

 

Figure 4: Locations 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. Table 1 provides the manufacturer specifications for each unit. 

Table 1: Specifications for the three heat pumps in the detailed monitoring study. 

Location Dillingham Wrangell Juneau 

Manufacturer Mitsubishi Fujitsu Daikin Altherma 
Heat pump type Ductless mini-split Ductless mini-split Air-to-water 
Outdoor unit MUZ-FE09NA-1 AOU12RLS2 ERLQ030BAVJU (2 units) 
Indoor unit MSZ-FE09NA - 8 ASU12RLS2 EKHBH030BA6VJU (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 
maximum heat output 

5°F 19°F Not stated in specs 

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

 

These three heat pumps are all located in coastal towns in different climate zones in southern Alaska. 

The coldest area is Dillingham, located 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 days (CDD), with a majority of 

the year considered to be the heating season. 

Table 2: Climate averages for the monitoring locations. Data from (Alaska 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 Wrangell ML&P utility. Both residential heat pumps are the sole 

heating appliance in the homes, with the heat pump in Juneau also providing DHW to the residence. In 

Wrangell, the heat pump provides space heating to a portion of one floor of the office building. All three 

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

Location Dillingham Wrangell Juneau 

Building Residence Office Residence 
Area (footprint) 600 ft2 1,800 ft2 1,850 ft2 
Stories 1.5 2 1 
Occupancy 3 3 (work week only) 4 
Backup appliance Electric wall heater Electric baseboard Indoor units contain 

backup electric resistance 
heat 

Domestic hot water Separate GE heat pump 
utilizing heat from interior 
environment 

Electric 40-gallon tank Daikin EKHWS; contains 
backup electric resistance 
heat 

Installation date Installed in 2012 and first 
used January 1, 2013 

November 2013 August 2013 

 

In Dillingham, the heat pump replaced an electric wall heater that remains in the home as a backup 

appliance. The DHP provides space heating, and also generates the heat taken from the indoor 

environment by a separate heat pump water heater during the approximately six months of the year 

when internal heat gains are not sufficient. The DHP is controlled by a Mitsubishi MHK1 external 

programmable thermostat. The thermostat was programmed to keep the heat pump off at night ς the 

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 the day were 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 into its maximum output power. The indoor temperature 

during the day was typically maintained around 68°F, which typically meant running the heat pump at a 

high output for a few hours in the morning for the house to recover from the night-time setback and 

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

a proportionally longer period. The fan speed was typically set to high or auto.  
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Figure 5. Outdoor unit of the Mitsubishi heat pump in Dillingham. 

In Wrangell, the heat pump replaced electric baseboard 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 Figure 6, just 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 auto at all times. The indoor temperature was typically maintained at 

72°F at all times. 

 

Figure 6: The Wrangell ML&P office; the heat pump outdoor unit is visible to the left of the door.  
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The Juneau heat pump system consists of two identical sets of outdoor and indoor units, referred to in 

this report as HP1 and HP2. HP1 provides DHW for the home, heating an 80-gallon tank to 115°F. The 

DHW tank 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 building by in-floor 

radiant heat as well as air handling units. The system has an outdoor 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 Figure 7, located outside the mechanical room of the residence. 

 

Figure 7: 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 in a building (Christensen, Fang, Tomerlin, Winkler, & Hancock, 2011). 

However, there were a few exceptions: 

¶ This ASHP study did not include measuring relative humidity - see Appendix A 

¶ This ASHP study used a different method to measure 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 outlet air streams, the outdoor coils, and in the outdoor atmosphere; a hot-wire anemometer that 
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was used as a proxy to determine air flow; and a voltage transformer and current transformer to 

measure electrical energy consumption.  

 

Figure 8: Location of the sensors placed on the ductless heat pump units. 
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Table 4 gives details on the sensors deployed to measure these quantities, including what they 

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

Table 4: Measurements and sensors for the ductless heat pump monitoring systems. 

Measurement Purpose Sensor Manufacturer Accuracy 

Voltage Measure the electricity 
consumption of the heat pump 

Voltage 
transformer 
(SPT-0375-
300) 

Magnelab ±1% 

Current Measure the electricity 
consumption of the heat pump 

Current 
transformer 
(SCT-0400-
030) 

Magnelab ±1% 

Air flow Proxy to determine air flow to 
measure delivered heat energy 

Hot-wire 
anemometer 
(FMA901R-
V1) 

Omega ±15 fpm 

Delivery temperature (3) Determine delivered heat energy  Thermistor 
(PS103J2) 

U.S. Sensor ±0.18°F 

Return temperature (3) Determine delivered heat energy Thermistor 
(PS103J2) 

U.S. Sensor ±0.18°F 

Coil temperature Monitor defrost status Thermistor 
(PS103J2) 

U.S. Sensor ±0.18°F 

Outdoor temperature Monitor local outside temperature Thermistor 
(PS103J2) 

U.S. Sensor ±0.18°F 

 

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 also allowed for variable sampling rates for 

the sensors and averaging intervals for the final recorded values. Table 5 lists the data that was recorded 

for the ductless heat pumps along with the sampling rates and averaging intervals. 

 

 

 

 

 

 

 

  



 

 
 

www.cchrc.org Air Source Heat Pump Potential in Alaska 
31 

Table 5: Data variables recorded by the data loggers for the ductless heat pumps. 

Recorded value Unit Input 
sensor(s) 

Sample 
interval 

Averaging 

Data logger temperature/battery voltage °C/V Data logger 
internal 
sensors 

1 s 1 hour 

Electrical power Watt  Voltage 
transformer 
and current 
transformer 

1 s 10 s 
1 min 
5 min 

Air velocity fpm Hot wire 
anemometer 

1 s 10 s 
1 min 
5 min 

Delivery temperature (3) °F Thermistors 10 s 10 s 
1 min 
5 min 

Return temperature (3) °F Thermistors 10 s 10 s 
1 min 
5 min 

Coil temperature °F Thermistors 10 s 10 s 
1 min 
5 min 

Outdoor temperature °F Thermistors 10 s 10 s 
1 min 
5 min 

 

Air flow proxy calibration  

To calculate the heat supplied by the indoor unit of the DHPs, researchers needed to know the air flow 

rate through the indoor 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 rate through the indoor unit and the air 

velocity using a duct blaster. 
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Figure 9: Duct blaster set-up for calibration of the anemometer. 

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

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 

ŘǳŎǘ ōƭŀǎǘŜǊΩǎ Ŧŀƴ ǘƻ ŀŎƘƛŜǾŜ ŀ ȊŜǊƻ ŘƛŦŦŜǊŜntial pressure between the inside of the plenum and the 

surrounding environment. This mimics the conditions of the indoor unit discharging into an open space. 

In Wrangell, the Fujitsu controller has a fan-only mode, which allowed researchers to measure the air 

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 have a fan-only 

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

point at the maximum possible value, 88°F. This setting acts as a fan-only mode as the compressor is not 

running because the actual temperature is below the cooling set point. This indirect fan-only mode 

ǿƻǳƭŘ ƴƻǘ ōŜ ǇƻǎǎƛōƭŜ ƛƴ ƘŜŀǘƛƴƎ ƳƻŘŜ ōŜŎŀǳǎŜ ǘƘŜ ǎŜǘ Ŧŀƴ ǎǇŜŜŘ Ŏŀƴ ōŜ ƻǾŜǊǊƛŘŘŜƴ ōȅ ǘƘŜ ƘŜŀǘ ǇǳƳǇΩǎ 

cold air prevention control that is active during the heating mode. 

Researchers then recorded the air flow rate through the duct blaster along with the corresponding air 

velocity measured by the hot wire anemometer for all available fan speeds. These data were used 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 air-to-water heat pump, researchers installed in-line temperature 

sensors on the supply and return lines to the heat pumps, DHW tank, and inside the house; in-line 

flowmeters for the heat pumps, domestic 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. The set-up for the sensors is shown in Figures 

10 and 11. 

 

Figure 10: Sensors used to measure temperature and flow on the Juneau heat pump system. 
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Figure 11: Electric set-up and corresponding sensors for the Juneau heat pump system. 

Table 6 gives details on the sensors deployed to measure these quantities, including what they 

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

Table 6: Measurements and sensors for the air-to-water heat pump system. 

Measurement Purpose Sensor Manufacturer Accuracy 

Voltage Measure the electric consumption 
of the heat pump system 
components 

Voltage 
transformer 
(SPT-0375-
300) 

Magnelab ±1% 

Current (5) Measure the electric consumption 
of the heat pump system 
components 

Current 
transformer 
(SCT-0400-
030) 

Magnelab ±1% 

Flow rate (4) Measure the flow through the heat 
pumps, house, and DHW tank 

Flow sensor 
(VFS 10-200) 

Grundfos ±1.5% 

Supply temperature (4) Determine delivered heat energy 
from the heat pumps, to the house, 
and to the DHW tank 

Thermistor 
(PS103J2) 

U.S. Sensor ±0.18°F 

Return temperature (4) Determine delivered heat energy 
from the heat pumps, to the house, 
and to the DHW tank 

Thermistor 
(PS103J2) 

U.S. Sensor ±0.18°F 

Coil temperature (2) Monitor defrost status Thermistor 
(PS103J2) 

U.S. Sensor ±0.18°F 

Outdoor temperature Monitor local outside temperature Thermistor 
(PS103J2) 

U.S. Sensor ±0.18°F 

 

As with the DHPs, the data logger used for the project allowed researchers to convert the raw voltage 

output from the sensors into measured and/or calculated values. The logger also allowed for variable 
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sampling rates for the sensors and averaging intervals for the final recorded values. Table 7 lists the data 

that was recorded for the air-to-water heat pump along with the sampling rates and averaging intervals. 

Table 7: Data variables recorded by the data loggers for the air-to-water heat pump system. 

Recorded value Unit Input 
sensor(s) 

Sample 
interval 

Averaging 

Data logger temperature/battery voltage °C /V Data logger 
internal 
sensors 

2.5 s 1 hour 

Electrical power (5) Watt Voltage 
transformer 
and current 
transformers 

2.5 s 10 s 
1 min 
5 min 

Flow rate (4) gpm Flow sensors 2.5 s 10 s 
1 min 
5 min 

Supply temperature (4) °F Thermistors 10 s 10 s 
1 min 
5 min 

Return temperature (4) °F Thermistors 10 s 10 s 
1 min 
5 min 

Coil temperature (2) °F Thermistors 10 s 10 s 
1 min 
5 min 

Outdoor temperature °F Thermistors 10 s 10 s 
1 min 
5 min 

 

Data acquisition system  

This project employed Campbell Scientific data acquisition 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 

data logger. Each CR1000 was programmed to automatically upload data to a server located at the 

CCHRC office in Fairbanks. The data were then uploaded to the CCHRC web server for access by 

researchers located outside of Fairbanks, and to the Alaska Center for Energy and Power, which 

periodically checked data collection on behalf of the Emerging Energy Technology Fund program. 
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Figure 12: The network diagram for the detailed monitoring component. 

Testing procedures  

A CCHRC employee was responsible for checking that the monitoring systems remained online once a 

week. At that time, the most current data were uploaded to a web server so that other researchers 

would have access to it. A second researcher was responsible for monthly data checks to ensure that 

sensors were still collecting data as expected. 

The Mitsubishi heat pump in Dillingham was enabled on 10/5/2014 after a short pre-test on 

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 pump is 10/5/2014 ς 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 cleaned for about two months. No significant 

dust accumulation was observed during the cleaning after two months and the airflow data didƴΩǘ ǎƘƻǿ 

any significant change. 

The Fujitsu heat pump in Wrangell was instrumented on 9/5/2014. Problems with data transfer 

occurred in October 2014 and a portion of the data were lost. 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 of a ŎƭŜŀƴ Ƙƻǘ ǿƛǊŜ ŀƴŜƳƻƳŜǘŜǊΣ ǿƘƛŎƘ ŘƻŜǎƴΩǘ 
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change the actual flow, but does change the reading, and clean filters, which change the actual flow, but 

ƛǘ ǿŀǎƴΩǘ ǇƻǎǎƛōƭŜ ǘƻ ŘŜǘŜǊƳƛƴŜ ǿƘŀǘ ǇƻǊǘƛƻƴ ƻŦ ǘƘŜ ƛƴŎǊŜŀǎŜ ǿŀǎ ŎŀǳǎŜŘ ōȅ ǘƘŜ ŎƭŜŀƴ ŀƴŜƳƻƳŜǘŜǊ ƛǘǎŜƭŦ 

in order to apply correction to previously collected data. Because of some missing data and the issue 

with the flow measurement, all data up to 12/2/2014 were ignored. The first air conditioning (cooling) 

event using this heat pump occurred on 5/8/2015, the use of which 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 5/7/2015. The filters and 

the hot wire anemometer were cleaned approximately once a month during the data period, except for 

one situation when they were not cleaned for about 2 months. No significant dust accumulation was 

observed during the cleaning after 2 months and the air flow data did not indicate any significant 

change. 

The Daikin heat pump in Juneau was instrumented on 9/10/2014. However, the wells for the 

temperature sensors in the pipes were not completely insulated until 11/23/2014 and the data logger 

program required some additional troubleshooting. Therefore, all data recorded prior to 11/23/2014 

were ignored. 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 and 13, 2015 missing due to data 

transmission issue. 

Because the Daikin HP1 is used for both DHW and 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 space heating were compared with samples for HP2, and the corresponding samples were in 

reasonable agreement with respect to efficiency. 

Comparison of space heating and DHW heating COPs for the Daikin heat pump was only done for 

temperatures above 30°F, because 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 (most often) or 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 modeling software. Steady-state COP analysis was done by having 

MATLAB identify steady-state 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 defrost or low-ƭƻŀŘ ŎƻƴŘƛǘƛƻƴǎ ōŜƭƻǿ ǘƘŜ ƘŜŀǘ ǇǳƳǇΩǎ ƳƛƴƛƳǳƳ ƭƻŀŘΦ ¢ƘŜ aƛǘǎǳōƛǎƘƛ ƘŜŀǘ ǇǳƳǇ ƛƴ 

Dillingham was mostly used in a way that prevented short-cycling due to low-load conditions; it was only 

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

for the day. Defrosting can happen at outside temperatures up to around 40°F, as the coil temperature 

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

HowevŜǊΣ ŘǳŜ ǘƻ ǘƘŜ ƘƻǳǎŜΩǎ ǎǳǇŜǊ-efficient building envelope, little to no heat was necessary at outside 

temperatures above 40°F. Therefore, when the heat pump is running, it is typically cycling due to 
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defrost. An algorithm was implemented in MATLAB to recognize the 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 Juneau were on 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 into 8-hour 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 2014-2015, this was not achieved. Despite that, 

the discussion section of this report elaborates 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 being higher than 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 situations were identified by quick increases or decreases in the measured 

outdoor temperature, so an algorithm was incorporated into MATLAB to eliminate these samples from 

the analysis.  

Results 
The steady-state and integrated COPs as a function of the outside temperature for all three heat pumps 

are shown in Figure 13. The CƛƎǳǊŜ ŀƭǎƻ ƛƴŎƭǳŘŜǎ ƳŀƴǳŦŀŎǘǳǊŜǊǎΩ ǎǇŜŎƛŦƛŎŀǘƛƻƴǎΦ 

While Figure 13 allows comparisons among the heat pumps, some data cannot be seen because data of 

one model covers a portion of the data of another model. Therefore, Figures 14, 15, and 16 show the 

same data for the three heat pumps individually. 

Figures 13 to 16 only represent space heating, despite the fact that the Daikin heat pump can be used 

for both space heating and DHW heating. Therefore, Figure 17 shows the integrated COP for the Daikin 

heat pump for both space heating and DHW heating. 

Figure 18 shows an example of cycling due to defrost for the Fujitsu heat pump.  

At building heat loads below the minimimum heat output for a heat pump, 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 decreasing heat load, potentially reaching a COP below 1 in some rare situations. Such a 

situation is shown in Figure 20.
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Figure 13: COP versus outdoor temperature for all three heat pumps.
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Figure 14: COP versus outside temperature for the Mitsubishi heat pump. 








































































































































