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Project Overview

The Alaska Sealife Center (ASLC), located in
Seward, Alaska, began operation in 1998 as
Alaska’s first facility that combines a public
aquarium with marine research, education, and
wildlife response, and remains the only nonprofit
facility of its kind in Alaska. The ASLC provides
visitors with an immersive experience in marine
research. Its design incorporates a public aquarium
showcasing various North Pacific marine life,
including research animals, mammals, birds, fish,
and invertebrates. Additionally, the facility boasts a
comprehensive veterinary suite equipped with
quarantine pools that serve as a temporary home
for wild animals undergoing rehabilitation and
resident animals requiring medical care.
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The center’s need to carefully regulate
temperatures in the aquatic habitats, combined with
Alaska’s cold temperatures, creates a high heating
demand. ASLC initially addressed these heating
needs with oil and later added electric boilers,
which were cost-effective under a special rate
agreement with the City of Seward electric utility.
Two 90-ton heat pumps were installed in 2013 to
replace the center’s oil boilers, reducing costs.
These draw heat from seawater already being
pumped into the facility for exhibits and labs.

In 2016, four 20-ton industrial high-temperature
COq-refrigerant heat pumps were added to displace
the center’s remaining electric boilers. These 2016
units also draw heat from seawater and represent

Case Study

Alaska Seal.ife Center Industrial Heat Pumps

Project At-A-Glance

B SITE
Location: Seward, Alaska
Sector: Zoos and Marine Research
Facility Size: 120,000 square feet

B PROJECT TYPE: LARGE HEAT PUMPS

Thermal Use: Domestic hot water heating,
cooling in electrical and mechanical rooms,
baseboard heat in the offices and labs, and
outdoor habitat slab snow melt heating

B TECHNOLOGY SOLUTIONS

Water-Source Heat Pumps:

e Two 90-ton water-source R134a heat
pumps that raise water temperatures to
100°F

e Four 20-ton water-source COz2 heat
pumps that raise water temperatures to
194°F

B IMPACT

Annual Cost Savings:

e $120,000 for R134a heat pumps

e  $60,000 for CO2 heat pumps

Simple Payback Period:

e 8.4 years for R134a heat pumps with
funding

e 3.3 years for CO2 heat pumps with
funding

Funding: The Denali Commission Emerging
Energy Technology Program; The Alaska
Energy Authority Renewable Energy &
Emerging Energy Technology Fund; M.J.
Murdock Charitable Trust; The Rasmuson
Foundation

the first commercial/industrial installation in the
United States that uses COz as a refrigerant to
replace oil or electric boilers. COz2 is a non-toxic
and non-flammable natural refrigerant. CO2 heat
pump systems eliminate the need to purchase and
store R134a but do operate at pressures
exceeding 1,000 psig. However, these heat pumps
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were taken offline in 2023 due to an unexpected
need to rehabilitate the compressors after seven
years. The ASLC had been unaware of the
rebuild frequency and costs for the high-pressure
CO2 compressors and is currently considering
their disposition. The center’s two 90-ton R134a
refrigerant heat pumps continue to reliably and
efficiently supply the facility with thermal energy
for domestic hot water heating, cooling for
mechanical and electrical rooms, baseboard
heat in the offices and labs, and outdoor habitat
slab snow melt heating.

The use of seawater heat pumps aligns with Alaska
Seal.ife's core mission of fostering scientific
knowledge and advocating for the preservation of
Alaska's marine ecosystem.

The decision to use heat pumps was driven by the
desire to cut costs, and ASLC's existing practice of
drawing seawater for their marine habitats made
the use of Resurrection Bay seawater as the
thermal source for the heat pumps a practical and
efficient choice for meeting the center’s large space
and water heating requirements.

The installation of these innovative heat pumps
was executed in two distinct phases. The initial
phase, completed in 2012, saw the deployment of
two 90-ton heat pumps. In 2016, the center added
four 20-ton CO2 heat pumps in the second project
phase. CO2 heat pumps operate at higher pressure
differentials (so-called “lift”), which allowed the
center to produce higher-temperature water
needed for some heating applications that the 2012
R134a heat pumps were unable to serve,
displacing 95% of the electric boilers’ use.

Approach and Implementation

The installation of heat pumps at the Alaska
Sealife Center in Seward exemplifies a pioneering
approach to efficient heating solutions. The first
phase of heat pump installations was initiated in
2009, based on an Economic Evaluation by Your
Clean Energy, LLC. The phase-one project
received grants in 2010 from the Denali
Commission and Alaska Energy Authority. These
funds facilitated the installation of the two 90-ton
seawater-sourced heat pumps, harnessing the
thermal energy of Resurrection Bay to provide

Alaska Seal.ife ’stwo 90-ton R134a heat pumps

heating for indoor spaces, outdoor sidewalks,
domestic hot water, and outdoor habitat slab snow
melting.

By December 2012, the transition from existing oil
boilers to the new heat pump system was complete.
At this point in the process, ASLC had now
completely displaced the use of oil boilers, relying
on electric boilers to meet some higher temperature
loads the heat pumps could not address, as well as
cold conditions. A one-year comprehensive system
performance was conducted, where it was
determined that, based on oil and electric rates at
the time, $120,000 was saved because the heat
pumps displaced a substantial 48,104 gallons of
heating oil. The system demonstrated an average
coefficient of performance (COP) of 2.77, compared
to a COP of ~0.85 for traditional boilers.

Building on this success, ASLC implemented phase
two of the project in 2014 with the addition of four
high-quality 20-ton CO2 heat pumps, designed to
offset the remaining electric boiler load. Grants
were necessary for ASLC to move forward with this
project phase and covered approximately

80 percent of the total project cost. Manufactured
by Mayekawa of Japan, these units were the only
commercially available CO2 heat pumps of this size
available in the U.S. market at the time.

In their tandem application, the R134a heat pumps
use 45°F seawater to warm a mixture of glycol and
water to 100°F. The CO2 heat pumps then utilize an
innovative trans-critical vapor compression cycle,
enabling them to efficiently elevate the temperature
of the glycol and water mixture from 100°F to
194°F. The glycol passes through the four parallel
heat pumps (which are staged to accommodate
thermal load changes) and boils 99.9% pure COx.
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The CO2 vapor is then compressed to 2,000 psi,
above its critical point. This hot, high-pressure COz2
passes through a gas cooler, heating a 100°F
hydronic hot water loop to 194°F. This temperature
lift is noteworthy for being exceptionally high and is
one of the key benefits to using high-pressure CO:2
heat pumps.

This 194°F water is then blended into a building
loop that is kept at 140°F to 160°F. Hydronic water
from the building loop is directed through various
heating applications as needed, in an efficient
“cascading” temperature progression (highest- to
lowest-temperature loads). First, it supplies heat to
medium-temperature baseboards at 160°F,
followed by a duct coil in air handler AHU-4 to heat
the lab and specimen areas, which reduces the
temperature to 140°F. Next, the loop supplies heat
to domestic hot water preheating, which reduces
the loop temperature to 130°F. Finally, the loop
supplies heat to outdoor habitat slabs for snow
melting in the winter months, which reduces the
loop temperature to about 100°F. The heat pump
system also provides cooling for mechanical and
electrical rooms. Waste heat is recovered from
these rooms and returned to the R134a heat pump
system, avoiding the cost of conventional cooling
and improving the heat pump systems’
performance.

Alaska Seal.ife’s four 20-ton CO2 heat pumps

R134a Versus CO; Heat Pumps

B Temperature: The R134a heat pumps are
able to elevate 45°F heat from seawater to a
temperature of 100°F, while the CO2 heat
pumps can produce temperatures of 194°F
from a low-temperature source at 45°F.

Bl Reliability: The R134a heat pumps have been
running reliably since their installation in 2012
and are serviced by a vendor on a quarterly
basis.

The CO2 heat pumps had to be taken offline in
2023 due to the compressors aging out. There
was no vendor support in Seward for these
newer, innovative units, and ASLC was
unaware of the fact that the compressors had a
seven-year lifespan. Each compressor would
cost $26,000 to replace, and it would take a
year for the parts to arrive. ASLC had not
budgeted for the compressor replacements
and is debating bringing the CO:2 heat pumps
back online.

The ASLC’s 90-ton heat pump units provide the
center with reliable and cost-effective thermal
energy. The center estimates the heat pump system
provides nearly $10,000 per month in cost savings.

Lessons Learned

B Long-Term O&M Costs: It is important to
ensure the full life-cycle costs of equipment are
included in economic modeling; this is
especially true where new technologies are
being employed.

B Risk Reduction for Implementing New
Technologies: The biggest lesson learned for
ASLC was the need for vendor support when
working with a new technology. Due to the lack
of local vendor support, ASLC was unaware of
the seven-year lifespan for the CO2 heat pump
compressors. The center was not able to budget
or plan properly for replacement parts and had
to take the COz2 heat pumps offline.

“With any cutting-edge technology, you want
to make sure you have the necessary
maintenance and support.”

— Ben Smith, Senior Project Manager

B Biofouling, Silting, and Corrosion: Seawater
causes fouling and silt build-up in the heat
exchangers and requires frequent cleaning by
a diver. Using seawater directly as a heat
source also causes corrosion to the pump
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components that come into contact with the B Utility Rate Changes: ASLC was initially
seawater. If considering seawater heat pumps, purchasing electricity at a discounted rate

be sure to budget for these additional under a city ordinance. The ordinance was not
maintenance costs. The city of Seward’s use of renewed, and ASLC experienced a sharp and
ground source heat pumps in its district heating unanticipated rate increase of 900% per kWh,
plan will eliminate biofouling and silting by which negatively impacted the economics of
using the gravel bed as a filter. The gravel bed the project.

will also reduce salinity of the seawater,

therebly significantly slowing the rate of Contact Information

corrosion.
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Technical Assistance Partnerships (TAPs) help
industrial facilities and other large energy users
integrate the latest onsite energy technologles
For more information on this project %
and/or the services of the Onsite
Energy TAPs, use the QR code or
visit our website at: 2
betterbuildingssolutioncenter.energy. qov/onS|te-

energy/taps.

A corroded seawater handling pump
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