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Air-Source Heat Pumps  
in Cold Climates
Air-source heat pumps can reduce energy 
bills, lower onsite emissions, and improve 
indoor air quality in many parts of Alaska  
and other cold climate regions.
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Heating Mode
Cold refrigerant absorbs heat from the outdoors, 
causing liquid refrigerant to evaporate into a cool, 
low-pressure vapor.

The refrigerant vapor enters the compressor, 
stepping up pressure and temperature.

Hot, high-pressure refrigerant vapor flows to 
indoor coil.

Heat is transferred from the hot refrigerant vapor 
to the room, causing the refrigerant to condense 
into liquid.

Warm, high-pressure liquid refrigerant expands, 
resulting in a cold, low-pressure liquid/vapor 
mixture of refrigerant.



An ASHP system 
includes an outdoor 

unit, consisting of 
a fan, outdoor coil, 

and compressor, 
and an indoor unit, 

consisting of an 
indoor coil and fan.  
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How Air-Source 
Heat Pumps Work
Unlike combustion appliances 
that entirely create the heat 
inside a building, heat pumps 
take “free” heat from the outdoors, 
“step up” the temperature using 
a refrigeration cycle, and send it 
into a building.

Heat pumps have a reversing 
valve, which reverses the flow 
of refrigerant and switches the 
device from heating to cooling.

What is a  
Heat Pump?
Just like your refrigerator moves heat from the inside of the 
unit to the outside via a refrigeration cycle, an air-source  
heat pump (ASHP) moves heat from one side of a building  
to the other. In Alaska, that typically means moving heat from 
the outdoors to the indoors to heat your building, though 
they can also provide cooling in the summer by doing the 
opposite. With new models operating down to well below 
0°F, heat pumps offer an alternative to oil, gas, and electric 
direct resistance heating that can potentially save money 
and reduce emissions for cold climate residents.
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An ASHP system 
in heating mode. 
Graphic by NREL
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Understanding Heat Pump Performance

The efficiency of a heat pump is measured as the Coefficient of 
Performance (or COP). A heat pump with a COP of 3 means that for 
every one unit of electrical energy used to power the heat pump,  
it delivers 3 units of heat energy. This makes heat pumps more 
efficient than electrical resistance heating systems, which have a 
COP of 1, and potentially more efficient than combustion appliances.

A major difference between heat pumps and other heating 
appliances is that their efficiency changes based on the outdoor 
temperature. At colder temperatures, there is less heat to gather 
from the outdoor air, so their efficiency drops as the system works 
harder to extract heat, raising operating costs. For this reason, some 
people in colder parts of Alaska choose to run heat pumps only in 
the fall and spring.

If you’re interested in 
a heat pump, consider 
these factors:

Would a 
Heat Pump 
Work For 
Me? 

While air-source heat pumps have 
been used in parts of the United 
States for more than 50 years, they 
have only recently gained ground 
in colder climates such as the 
northeast, Mid-Atlantic, and even 
Alaska. With new models working 
at lower temperatures every year, 
more communities are looking 
to air-source heat pumps to save 
money and reduce emissions. 
However, in most parts of 
Alaska, they do not provide 
enough heat for the coldest 
day of the year, thus a backup 
heating system is still essential.

CLIMATE 

Heat pumps perform best in 
moderate temperatures. In 
very cold temperatures, not 
only do buildings demand 
more heat, but the heat pump 
has to work harder to extract 
that heat from the outdoor 
air, which lowers its COP. For 
example, a heat pump with a 
COP of 2.5 at 32°F could drop 
to a COP of 1.5 by 0°F, and 
possibly to a COP of less than 
1 at very cold temperatures, 
making it less efficient than 
electric resistance heat.
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Juneau

Due to a mild climate and 
affordable hydroelectricity,  
a heat pump in Juneau can  
provide a relatively fast return  
on investment.

Fairbanks

Despite the very cold climate 
and relatively high electricity 
costs, a heat pump can still be 
an economical heat source due 
to the high cost of heating oil. 
However, a backup heating 
system is essential.

Ambler

In an Arctic climate and remote 
community with high electricity 
costs, a heat pump will typically 
cost more to run than in an 
urban area. However, because 
alternative heating fuels can also 
be expensive, a heat pump can 
still be cost-effective, particularly 
when used during fall and spring 
when temperatures are warmer.

The following 
examples illustrate 
the many factors 
affecting heat pump 
performance in 
different locations 
across Alaska.
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EMISSIONS 

If you’re also seeking to 
reduce emissions, you need 
to consider where your 
power comes from. If your 
local utility generates most 
of its power from fossil fuels, 
your heat pump would be 
largely powered by fossil 
fuels. However, if most of 
your local power comes from 
hydroelectric, like Juneau, 
for example, a heat pump 
could be considered a lower-
emission form of heating.

COST & ECONOMICS 

The economics of a heat 
pump includes not just the 
initial price tag but the cost 
of operating a heat pump 
over time, compared to other 
options. Because heat pumps 
use electricity, your local power 
costs largely determine the 
cost of operating a heat pump.



Tax credits and rebates can 
help defray cost and reduce the 
payback period of a heat pump. 
To see what tax credits may be 
available, visit energystar.gov/
about/federal-tax-credits/air-
source-heat-pumps

A heat pump calculator 
developed by Analysis North 
shows the economics of a heat 
pump for your unique house, 
location, and climate:  
heatpump.analysisnorth.com

http://energystar.gov/about/federal-tax-credits/air-source-heat-pumps
http://energystar.gov/about/federal-tax-credits/air-source-heat-pumps
http://energystar.gov/about/federal-tax-credits/air-source-heat-pumps
http://heatpump.analysisnorth.com
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Choosing 
a System
With so many heat pumps on  
the market, here are some 
criteria to help you choose. 

Configurations and  
Types of Heat Pumps 

Choose a configuration 
that fits your home’s 

layout, heating and cooling 
needs, and other personal 
preferences. While many 
Alaskan homes opt for a 

ductless minisplit system, 
which is a single indoor unit 

with a single outdoor unit 
connected through the wall, 

more elaborate systems  
are available.

Heat Pump Performance 

The standard way for 
manufacturers to specify 

the efficiency of their heat 
pumps is the Heating 

Seasonal Performance Factor 
2 (HSPF2). In a cold climate, 

search for a high HSPF. Your Home Heating Load 

Purchasing a heat pump 
that is either too small or too 
large can result in inefficient 

heating or cooling. To 
find the right size of heat 

pump, consider your home 
heating load (or the heating 
load of the portion of your 
home you wish to offset), 

measured in BTU/hour.

Types of Air to Air Heat Pumps



Ductless Minisplit Air 
Conditioner with Heat Pump.  

Photo by Stacy Buchanan, NREL 98794

Minisplit systems 

Minisplit systems have a single 
outdoor unit connected to a 
single indoor unit. These are 
well-suited for a small home or 
zone and are easy to retrofit. 
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Centrally ducted systems 

Ducted heat pumps distribute 
conditioned air via ductwork.  
These are potentially compatible 
with existing homes with central 
air conditioning or furnaces that 
have existing ductwork, as well 
as new homes. 
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Multi-split systems 

Multi-split systems contain 
multiple indoor units connected 
to one outdoor unit, each with 
their own thermostat allowing for 
individual temperature control.
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Resources 
For more information on heat pumps, check the following resources:

U.S. Department of Energy  
energy.gov/energysaver/heat-pump-systems

U.S. Environmental Protection Agency  
ENERGY STAR program 
energystar.gov/products/air_source_heat_pumps

Alaska Heat Smart  
akheatsmart.org/heat-pumps

Pacific Northwest National Laboratory’s  
Building America Solution Center  
basc.pnnl.gov

Northeast Energy Efficiency Partnership’s (NEEP)  
Air Source Heat Pump Database  
neep.org/smart-efficient-low-carbon-building-
energy-solutions/air-source-heat-pumps

Cold Climate Housing Research Center,  
Alaska nonprofit supporting the building industry  
cchrc.org/cold-climate-air-source-heat-pumps 

Project Highlights
COLD CLIMATE HEAT PUMP EVALUATIONS 
NREL has evaluated a variety of cold climate 
heat pumps at its lab in Fairbanks, Alaska.  
The negative-40°F cold chamber allows 
researchers to study the heat pump in 
controlled conditions. Researchers also install 
heat pumps in the outdoor environment to 
learn how they handle real-world challenges 
such as frosting on the outdoor coil. NREL 
has worked with several manufacturers to 
evaluate heat pumps for efficiency and ease 
of installation, and to identify ways to improve 
their performance in cold climates.

JUNEAU HEAT PUMP CAMPAIGN 
NREL partnered with Alaska Heat Smart,  
a Juneau nonprofit, to launch an educational 
campaign for Juneau homeowners and 
provide discounts on heat pumps, with 
the goal of installing as many heat pumps 
as possible to offset heating oil or electric 
resistance heat. Through this campaign, 
more than 75 heat pumps were installed, 
and the technology continues to grow 

in the community. More about the 
project at https://storymaps.arcgis.com/
collections/3d626f877dac4505ae8869446 
9a1f905. 

ACCELERATING AFFORDABLE ENERGY  
IN ALASA’S COASTAL COMMUNITIES 
Building on ICE Juneau, this $38 million EPA 
program helps homeowners in Southeast and 
Southcentral Alaska save money by installing 
air source heat pumps, led by Southeast 
Conference and Alaska Heat Smart.



NREL researcher instruments a heat pump for evaluation  
at the Alaska Campus. Photo by Molly Rettig, NREL
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