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Project Introduction
Emerging energy technology provides a unique opportunity
to meet Arctic energy needs, develop energy resources and
create global expertise. Although the Arctic possesses bountiful energy resources, it also faces unique conditions in terms
of climate, environment, population density, energy costs,
logistics and the isolated nature of electrical generation and
transmission systems. These conditions, challenging under the
best of circumstances, make the Arctic an ideal test bed for
energy technology.
In 2009, the Denali Commission released a one-time public
solicitation, the Emerging Energy Technology Grant (EETG).
The EETG targeted (1) research, development or demonstration projects designed to test new energy technologies or
methods of conserving energy or improve an existing energy
technology; and (2) applied research projects that employ
energy technology with a reasonable expectation that the
technology will be commercially viable in Alaska in not more
than five years.
The EETG has demonstrated several benefits of emerging
energy technology programs for Arctic regions. (1) Because
this is a publicly funded program, information, data and lessons learned are available for public dissemination, providing
insightful feedback to the industry, funders and the public.
Projects and technologies can be refined and augmented and
information disseminated, which is particularly important for
developing the nascent technologies and industries critical to

The Alaska Center for Energy and Power (ACEP) is
an applied energy research group housed under the
Institute of Northern Engineering at the University of
Alaska Fairbanks. ACEP managed the Emerging Energy
Technology Grant (EETG) program on behalf of the
Denali Commission. A key deliverable for each EETG
project is a report by ACEP highlighting lessons learned.
Because the projects deal with emerging energy
technology, providing lessons learned and recommendations is critical for understanding the future of
the technology in Alaska and the next steps needed in
developing energy solutions for Alaska. ACEP’s technical knowledge and objective academic management
of the projects, specifically for data collection, analysis
and reporting, are vital components to the intent of the
solicitation.
addressing Arctic energy needs. (2) Solutions are developed
under local conditions as opposed to external solutions being
modified for local application. This allows for site- and regionspecific technology optimized for localized need. (3) Much of
the energy technology developed in Arctic regions is relevant
to the fastest growing energy demand market: the developing
world. This allows for the development of human capital and
technical expertise with the ability to fill export markets. (4)
Access to funds is available for projects with limited opportunity otherwise. This includes technology that is already widely
used and implemented in other climates, niche technology
that is relevant only to Arctic conditions, and projects and applicants otherwise restricted for or nonprioritized from other
funding opportunities.
The EETG has funded nine projects across the state; these
projects are now finalized. The following are project summaries with key findings and lessons learned.
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Psychrophiles for Generating Heating
Gas, Cordova Electric Cooperative
Small-scale biogas digesters are commonly used throughout
regions with tropical and subtropical climates. Digesters are
used to generate biogas, which is a mixture of methane, carbon dioxide and other trace gases. Typically, the methanogens
responsible for biogas production are limited in application to
warm environments. The goal of this project was to test the
viability of small-scale biogas digesters in rural Alaska using
recently discovered psychrophilic (cold-loving) methanogens,
with the intent of displacing standard energy sources and
reducing organic waste.
Seawater heat pump system at the Alaska SeaLife Center in Seward

Seawater Heat Pump Demonstration
Project, Alaska SeaLife Center, Seward
Heat pumps, a technology with limited cold climate application, have successfully utilized seawater as a heat source in
countries such as Canada, Norway and Sweden. There is much
interest in this technology for Alaska given these relative applications, the opportunity to displace expensive heating fuel
and the many coastal communities in Alaska with access to
this (relatively) inexpensive source of electricity.

This project successfully investigated and compared methane
production by mesophiles and psychrophiles in cool and tepid
conditions in Alaska and demonstrated potential applications
of residential-scale biogas production. Although it was shown
that residential-scale biogas digesters for cold climates are not
economically viable at this time and that significant barriers
prevent annual outdoor siting of system components, psychrophilic methanogenesis could be relevant for other types and/
or scales of systems and applications in Alaska.

The project successfully demonstrated the technical application of a seawater heat pump in Alaska. The economic viability
of this project depends primarily on the price of the electricity.
Currently, the project has the potential of proving cost-effective with an estimated benefit-cost ratio as high as 1.69 and
simple payback periods as low as 4.8 years. Future statewide
deployment of the technology may be limited to specific applications with suitable resource access, infrastructure and
facilities; other applications, such as district heating, are being
considered and merit further investigation.
Small-scale biogas digesters in Cordova

Organic Rankine Cycle Heat Recovery
System, Tanana Chiefs Conference
This project demonstrated a 50 kW organic Rankine cycle
(ORC) system designed to generate electricity through the utilization of waste heat from diesel electric generators (DEGs).
There is much interest in this technology for Alaska given the
prevalence of DEGs and the high cost of fuel in many communities. While waste heat is currently recovered for space-heating applications in many of these communities, there is need

to formally assess the comparative opportunities of utilizing
waste heat for electricity production. This project proved the
viability of the technology but indicated significant technical
and economic hurdles for application in rural Alaska communities. In particular, significant generation capacity is needed,
often much larger than the typical installed capacity in rural
Alaska, and the value of the recovered heat as heat (space
heating, community water pre-heating, etc.) far exceeds the
economic value as electricity. At this time, the potential for
widespread ORC deployment in rural Alaska is rather limited.
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Feasibility of Solar Hot Water Systems,
Kotzebue Electric Association, Kotzebue
Solar thermal technology, widely used throughout many parts
of the world, has had limited application in the Arctic. The solar
resource in Alaska is significant, but barriers such as seasonal
variability and harsh weather conditions have limited deployment. Recent advancements in solar thermal technology and
installation and operation methods have increased cold climate
applicability. This project assessed the feasibility of solar hot
water heating systems on residential units in Kotzebue.
Six solar thermal heating systems, some using flat-plate and
some using evacuated tubes, were installed. The results of
the Kotzebue solar thermal installations were mixed. Data
from the systems used for space heating are not sufficient
to make any generalizations about the effectiveness of solar
thermal systems tied to high-temperature hydronic heating
systems. Other systems in Alaska, such as one in Nome, have

Solar thermal system in Kotzebue

demonstrated significant success in displacing heating oil. It
is believed that with appropriate and careful design, installation and commissioning, solar thermal technology can be a
meaningful and economical contribution to heating needs in
Arctic conditions.

Commercial-Scale Wood Pellet-Fired
Boiler, Sealaska Corporation, Juneau
The Sealaska Corporation converted its corporate headquarters building from a diesel-fired boiler to a wood pellet-fired
boiler, demonstrating commercial-scale application of the
technology. The project was commissioned in November 2010
and has had over a year of successful operations, significantly
reducing the energy costs of the building. The project has also
led to the development of a commercial wood pellet market
in Southeast Alaska and promoted further adoption of the
technology. Other commercial facilities and organizations in
the region, such as the Coast Guard in Sitka, are installing,
designing or considering this technology.
Wood pellet-fired boiler used by the Sealaska Corporation in Juneau

Ocean Renewable Power Company’s RivGenTM Power System

RiveGenTM Power System, Ocean
Renewable Power Company, Nenana
The Ocean Renewable Power Company (ORPC) proposed to
build, install and test the RivGenTM Power System, a proprietary hydrokinetic energy unit, at the ACEP Nenana hydrokinetic test bed and analyze resource and technology results. ORPC
successfully deployed and tested a bottom support frame in
Nikiski, Alaska, and constructed, deployed and tested its RivGenTM Power System in Maine in March 2012. Due to project
delays and debris impact concerns, full system deployment
in Alaska was not achieved. The project has seen significant
successful progress, however, and is continuing under the
Emerging Energy Technology Fund with planned deployment
of the full system in Igiugig, Alaska in 2014.
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High Penetration Hybrid Power
Systems, Statewide

Diesel-Off High Penetration Wind System,
Kotzebue Electric Association, Wales

ACEP’s Wind Diesel Application Center (WiDAC) installed a
state-of-the-art power electronics test bed to assess options
for wind-diesel hybrid power systems to operate in a diesel-off
mode. This test bed was successfully commissioned at Marsh
Creek in 2011 and reinstalled at ACEP’s Energy Technology
Laboratory (ETL) at the University of Alaska Fairbanks. Initial
testing investigated grid-forming inverter technology. Future
investigations include flywheels and advanced controls methodologies.

This Kotzebue Electric Association project hoped to
revitalize and demonstrate
a remote high penetration
wind-diesel hybrid power
system in Wales, Alaska. Due
to significant weather delays
and turbine repair needs,
this project was cancelled.

High penetration wind
system in Wales

High penetration hybrid power systems test bed

Flow Battery Energy Storage Systems,
Kotzebue Electric Association,
Kotzebue
This project sought to test a Premium Power Transflow 2000,
a 500 kW, 2.8 MW-hour zinc-bromine flow battery, integrating Kotzebue Electric Association’s (KEA) wind farm and diesel
generators to stabilize loads, increase wind penetration and
increase the efficiency of diesel generators. The battery was
shipped to Kotzebue in September 2011. Despite efforts of the
manufacturer and KEA staff, commissioning of the system was
not successful because of materials and design issues related
to the battery system. It was shipped back to the manufacturer for redesign, and the project has been put on hold.

Field instrumentation for innovative transmission infrastructure
testing in Wales
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The Emerging Energy Technology Fund (EETF), established by the State of Alaska 2010 Energy Omnibus Bill, carries on the mission
of the Denali Commission EETG Program. Funded by both the state of Alaska and the Denali Commission, the EETF has provided
$8.9 million to 16 demonstration projects to date and is administered by the Alaska Energy Authority. For more information,
please visit www.akenergyauthority.org.

For more information on ACEP’s Emerging Energy Technology Grant projects, go to
acep.uaf.edu/projects/denali-commission-emerging-energy-technology-grant.aspx.

