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ENERGY
Modernizing Alaska’s Rural 
Energy Infrastructure
Across Alaska, approximately 200 isolated 
“microgrid” power systems are not connected to 
larger energy grids. These systems are expensive 
to build and maintain, often unreliable, and are 
dependent on high-priced, imported diesel fuel. 
The U.S. Department of Energy’s Alaska Microgrid 
Partnership is addressing these challenges—
advancing the development and incorporation 
of next-generation, hybrid power systems for      
isolated communities.

On one such project, PNNL scientists and engineers 
hope to replace 50% of the diesel fuel used for 
heating and electrical energy generation in three 
rural Alaska communities. Researchers collaborated 
with Alaska partners and sister national laboratories 

to define the structure of a microgrid system. 
PNNL also developed business cases for each 
of the communities to create a comprehensive 
understanding of required costs and potential 
financing avenues. These cases will serve as 
templates for rural Alaska communities to help 
reduce their dependence on fossil fuels.

Energy Efficiency in     
Cold Climates
Upgrading insulation, windows, and lighting systems 
can make a big difference in the energy efficiency of 
a house or apartment building in a cold climate like 
that in Alaska. That’s what PNNL researchers found 
when they analyzed the effects of moving from the 
2009 to the 2012 International Energy Conservation 
Code, a recommended building code that includes 
minimum design and construction requirements 
for energy efficiency. The PNNL study determined 
Alaska homeowners, on average, would save nearly 
$15,000 over the course of 30 years by implementing 
the newer code.  

Going forward, PNNL is exploring how new energy 
codes, which require tighter and tighter homes with 
little to no air infiltration through the enclosure, 
impact indoor air quality. The results from the 
cold climate portion of this study will help inform 
residents of Alaska and other cold-weather locations 
about what levels of pollutants to expect from typical 
occupant behavior (e.g., cooking and cleaning) and 
how best to improve their indoor air quality with the 
ventilation available to them.  

Determining the 
Environmental Impact     
of Marine Energy
Studies have shown that harnessing the movement 
of waves, tides, and water currents to produce 
electricity could meet more than 10 percent of 
electricity demand in Pacific states. PNNL scientists 
and engineers, sponsored by DOE’s Water Power 
Technologies Office, are studying and developing 
new technologies to measure and evaluate the 
environmental impact of tapping these resources. 
The research team created a software tool—called 
EyeSea—that automates the analysis of underwater 
video footage and detects when fish and mammals 
are near a turbine. One hour of standard video 
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footage can take five hours to assess manually, and 
it’s not uncommon to have hundreds of hours of 
footage to review. 

EyeSea reduces that time to minutes. PNNL 
developed and tested the tool using footage 
gathered by Ocean Renewable Power Company at 
a pilot turbine operating during the annual salmon 
run near Igiugig, Alaska. Researchers analyzed 43 
hours of EyeSea video footage, observing fewer 
than 20 fish interactions and no fish injuries. They 
determined that EyeSea was 85 percent accurate 
in detecting wildlife. Going forward, EyeSea will 
be made available to marine energy operators and 
developers, helping them streamline site selection 
and the municipal permitting processes. EyeSea 
will also enable future marine energy sites to meet 
monitoring requirements. 

Unlocking a Vast      
Energy Source
Locked away in ice cages on the ocean floor and 
under Arctic permafrost sits a vast energy resource: 
methane hydrates. Dubbed “fire ice” because 
sequestered methane could be burned while it’s 

in the ice, methane hydrate deposits may be the 
world’s largest store of natural gas. Using PNNL’s 
Subsurface Transport Over Multiple Phases (STOMP) 
simulator, researchers are studying a way to 
exchange methane molecules to unlock this immense 
source of potential energy. 

The goal of this PNNL research—sponsored 
by DOE’s Office of Fossil Energy Research and 
Development, Korea Institute of Geoscience and 
Mineral Resources, and ConocoPhillips—is to 
provide a process that is both environmentally 
sustainable and cost effective. Scientists and 
engineers inject a mixture of carbon dioxide and 
nitrogen into the hydrate’s ice lattice, releasing the 
methane and replacing it with either carbon dioxide 
or nitrogen to maintain the hydrate’s structure. The 
STOMP modeling on the North Slope of Alaska is 
being compared with results from laboratory- and 
field-scale experiments, creating an important 
analytical tool to help develop environmentally 
sound technologies and strategies for the production 
of natural gas hydrates in Alaska and beyond.

ENVIRONMENT
Measuring the     
Changing Arctic 
The most comprehensive Arctic observatory in the 
world is documenting atmospheric changes on the 
North Slope of Alaska. The work is being conducted 
through the Atmospheric Radiation Measurement 
(ARM) Climate Research Facility, a DOE scientific user 
facility managed by nine DOE national laboratories, 
including PNNL.  

Measurement sites at Barrow and Oliktok Point on 
the coast of the Arctic Ocean each support more 
than 30 different instruments, many of which were 
built specifically for high latitudes. The observatories 
are providing the longest continually collected 
data in the Arctic for scientists studying cloud 
and radiative processes to improve earth system 
computer models. 

Prowling the Skies for 
Atmospheric Data
A one-of-a-kind unmanned aerial vehicle—equipped 
with cutting-edge scientific instruments—will soon 
be collecting sophisticated atmospheric data in the 
Arctic region. Called the ArcticShark, the vehicle 
was created to take to the skies over the tundra 



and sea ice on Alaska’s North Slope. ArcticShark will 
gather polar atmospheric data that scientists will use to 
improve earth system computer models. 

Built for hard work in tough environmental conditions, 
the ArcticShark has a 22-foot wingspan, can carry 
up to 100 pounds of instruments, and can climb to 
18,000 feet. The ArcticShark was created for use by the 
Atmospheric Radiation Measurement (ARM) Climate 
Research Facility, a DOE scientific user facility that 
involves nine national laboratories, including PNNL. 
Currently undergoing test flights by PNNL pilots in 
Pendleton, Oregon, the ArcticShark is expected to 
begin flights in the Arctic in 2020.  

Permafrost Microbes        
in Transition  
As the Arctic warms, tons of carbon previously 
locked away in permafrost may be transformed into 
the powerful greenhouse gases carbon dioxide and 
methane, which are then released to the atmosphere. 
Until recently, scientists have known little about how 

that transition takes place. Now, scientists from PNNL 
and elsewhere have discovered how microbes—
previously frozen in the subzero temperatures of 
permafrost—come alive and convert frozen carbon into 
methane when permafrost turns into bog.

As part of the effort, a group of PNNL researchers 
periodically extract permafrost core samples from a 
site near Fairbanks, Alaska. Back at the Lab in Richland, 
Washington, they study the cores for levels of microbial 
activity, carbon fluxes, hydrologic patterns, and other 
factors that reveal the dynamics of this consequential 
layer of soil and rock. In addition to revealing new 
information about microbial communities, scientists 
will be using these findings to improve the accuracy of 
global climate models.

Protecting 
Fisheries Habitat
Using satellite radar to “see” through thick arctic ice, 
PNNL scientists detected critical fish overwintering 
habitats in ponds, lakes, and river channels in the 
Sagavanirktok River Delta on Alaska’s North Slope. 
Alaska’s river fish, including the Broad Whitefish in 
this study, are vital to the environment and as a food 
resource for Alaskans. 

In research sponsored by the U.S. Department of the 
Interior, the PNNL team showed that satellite radar 
successfully detected liquid water under ice up to two 
meters thick. Maps created using this process allow 
for more efficient field sampling, thereby focusing 
efforts on where the water is not frozen all the way 
to the bottom. Identifying where fish overwinter is 
important because fishery managers need to know 
what areas need special protection and where to focus    
restoration efforts.
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