Fostering development of innovative solutions to Alaska’s energy challenges.

Project Snapshot:

Organic Rankine Cycle

This project is a collaborative research effort between ACEP, Tanana Chiefs Conference, Alaska Power and
Telephone and UAF Power Plant.

Project Background
One of the most promising technologies for decreasing fuel
usage of diesel-powered electric generators in rural Alaska
communities is the organic Rankine cycle (ORC) engine.
This heat-to-power-generating system captures excess
heat from small, distributed hot water sources (such as
diesel engine jacket water, biomass boilers, and geothermal sources) to generate between 30 and 65 kilowatts
of emissions-free electricity. In the case of rural Alaska
villages, heat from the diesel generators in the local power
plant can be captured from the jacket water and utilized in
ORC engines to boost overall power plant output.
Excess steam from the heating loop was removed. This project was
conducted at the UAF campus heat and power plant. UAF photo by
Todd Paris

ORC technology has been used for decades in large, industrial power applications, but smaller units compatible
with rural Alaska power plants are still in the development
stage.

Project Description

ACEP Ph.D. student describes his work on the Green Machine laboratory testing. UAF photo by Todd Paris

ACEP researchers conducted an initial analysis of small ORC
units available on the market. The Green Machine unit
from ElectraTherm was an ideal candidate for testing because it was close to commercial release and the company
was interested in testing the device in the harsh Alaska
environment.
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The Green Machine was also selected with rural Alaska
villages in mind because the operation and maintenance
steps are actions that a current village generator operator
would be familiar with.
The Green Machine ORC unit was installed at the UAF
power plant in November-December 2011. The unit was
run for 600 hours under conditions designed to mimic the
operating conditions of a village diesel generator.
Testing showed that the ORC system can consistently generate 47.1 kW of net power (after accounting for parasitic
power losses) when both the heating source and cooling
source provide sufficient temperatures and flow rates.

Next Steps
The Green Machine proved promising in a controlled
laboratory environment; the next step was to test it in the
real-world conditions of a rural village. ElectraTherm was
also interested in the performance data that ACEP would
collect during the device’s field deployment.
Tok was selected in partnership with its utility, Alaska Power and Telephone (AP&T), which manages several power
plants statewide. The Green Machine was installed at the
first commercial Alaska power plant, AP&T’s Tok power
plant, in the summer of 2013. AP&T agreed to contribute
its expertise and trained manpower at the test site.

ORC Technology
The Rankine cycle extracts energy when a working fluid,
usually water, undergoes a phase transformation between liquid and steam. The working fluid is boiled by
the heat source and expands into steam. This expansion
powers a turbine. Once the usable energy is released
through steam, it condenses back to a liquid, expelling
waste heat in the process. The Rankine cycle generates
about 90% of all electric power used worldwide today.
The organic Rankine cycle operates on exactly the same
principle, only it uses an organic compound specially
chosen to operate at a lower working temperature as
a working fluid, which enables it to extract power from
lower-temperature heat sources.

The Green Machine was installed at the Tok Power Plant and is producing power. Photo courtesy of Alaska Power & Telephone

The Green Machine as installed — utilizing waste heat from
the Tok diesel cooling system — has the potential to generate over 200,000 kWh per year, saving over $60,000 per
year in fuel. The fuel savings are directly reflected in the
energy charge component of the Tok power bills. While the
Green Machine generates only 2% of the total energy from
the Tok power plant, it provides direct benefit to the Tok
rate payers by using energy that would otherwise be lost.
If the Green Machine performs as well in Tok as it has
at the UAF power plant, it will be clear that the Green
Machine, and possibly other small-scale ORC systems, is
feasible for use in other Alaska power plants.
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