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EETF Overview
New technology passes through a variety of phases as it proceeds from development and testing in the
laboratory to commercialization in the real world. Emergence is a critical middle phase in the
development process of energy technology, linking research and development to the commercialization
of energy solutions. Although the Arctic possesses bountiful energy resources, the Arctic also faces
unique conditions in terms of extreme climate and environmental conditions, low population densities,
high energy costs, challenging logistics, and the isolated nature of community electrical generation and
transmission systems. These conditions make the Arctic an ideal and rugged test bed for energy
technology. Emerging energy technology provides a unique opportunity to meet Arctic energy needs,
develop energy resources, and create global expertise.
Building on the success of the Emerging Energy Technology Grant, funded by the Denali Commission in
2009, the Alaska State Legislature created the Emerging Energy Technology Fund (EETF) in 2010 to
promote the expansion of energy sources available to Alaskans. These grants, managed by the Alaska
Energy Authority, are for demonstration projects of technologies that have a reasonable expectation of
becoming commercially viable within five years. Projects can
• test emerging energy technologies or methods of conserving energy;
• improve an existing technology; or
• deploy an existing technology that has not previously been demonstrated in the state.
The funded projects for Round 1 of the EETF include the following:
Alaska Division of Forestry, Biomass Reforestation of Boreal Forests
Altaeros Energies, Inc., High Altitude Airborne Wind Turbine
Alaska Applied Sciences, Inc., Solid State Ammonia Synthesis Pilot Plant Demonstration System
Arctic Sun, LLC, Arctic Thermal Shutter & Door Development
Boschma Research, Inc., Cyclo-Hydrokinetic Turbine Energy Production
Cold Climate Housing Research Center, Cold Climate Ground Source Heat Pump Demonstration
Genesis Machining ad Fabrication, Ultra-Efficient Generators and Diesel-Electric Propulsion
Hatch, Application of Flywheels for the Integration of Wind-Diesel Hybrid Systems
Intelligent Energy Systems, Small Community Self Regulating Grid
Intelligent Energy Systems, Wind Diesel Battery Hybrid System
Marsh Creek LLC, High Efficiency Diesel Electric Generator for Energy Projects in Alaska
Northwest Arctic Borough and Kotzebue Electric, Testing of a 25 kW Wind Turbine
Oceana Energy Company, In-Stream Hydrokinetic Device Evaluation
Ocean Renewable Power Corporation, RivGen™ Power System Commercialization Project
University of Alaska Fairbanks, Safe and Efficient Exhaust Thimble
University of Alaska Fairbanks, Enhanced Condensation for Organic Rankine Cycle
Award recipients for EETF grants are selected through a competitive application process. Project
selection for the EETF program uses a two-stage application process and has a volunteer advisory
committee appointed by the governor.

Overview
This analysis is an evaluation of the performance of an Eocycle 25 kW tilt up wind turbine on the
Arctic Coast of Alaska, installed by the Kotzebue Electric Association (KEA). Rated at 25 kW,
the Eocycle EO 25/12 wind turbine is advertised to produce a flexibly scalable quantity of
power, and breaks down to facilitate shipping to remote locations. Although the turbine was
tested in the hub community of Kotzebue, the intent of this project was to determine the viability
of the turbine for use in small, remote villages in Alaska. Production data was collected from
May 2016 through May 2017 and used to assess the turbine power quality and performance in
Arctic conditions.
The following organizations were involved in the project:
Kotzebue Electric (KEA)
KEA is the local utility cooperative that provides electricity to the town of Kotzebue,
Alaska. KEA has been a state leader in the use of wind energy and has helped pioneer the
use of wind turbines in the Arctic. KEA provided in kind match funding of approximately
$50,000
Northwest Arctic Borough (NWAB)
The Northwest Arctic Borough (NWAB) is the second largest borough in Alaska,
comprising approximately 39,000 square miles along the Kotzebue Sound, and bounded by
the Wullik, Noatak, Kobuk, Selawik, Buckland and Kugruk Rivers. The area encompasses
35,898 square miles of land and 4,863 square miles of water. The region experiences a
transitional climate, characterized by long, cold winters and cool summers. The NWAB
has been a state leader in the use of renewable energy technology, with both wind and solar
installations in a number of its communities.
Alaska Center for Energy and Power
The Alaska Center for Energy and Power (ACEP), an applied energy research program based at
UAF, provided technical support for data collection. In addition, ACEP provided independent
project and performance analysis and reporting. This report is the final product of that effort.

Project Introduction
In 2012 the Northwest Arctic Borough was awarded funding as part of the Round 1 of the
Emerging Energy Technology Fund to test a 25 kW tilt up wind turbine in Arctic conditions. An
easily deployable wind turbine between 10 kW and 100 kW that has the ability to integrate into a
small remote islanded grid has widespread uses throughout Alaska and beyond. This project
sought to verify the turbine’s ability to function in Arctic conditions and verify the
manufacturer’s rated power curve.
The rated power provided by the manufacturer of a wind turbine is the advertised maximum
power that the turbine will produce. The wind speed at which this rated power occurs varies
between turbine models. In addition to maximum output it is important to study how much

power the turbine can produce at all wind speeds and how well this power matches with the
predicted wind speeds of a various location. In addition, some of the other performance ratings
that should be taken into account include the following:
• cut-in speed: the wind speed at which the turbines starts producing power;
• cut-out speed: the wind speed at which the wind turbine stops producing power;
• wind speed at which the rated power is reached;
• maximum survival wind speed.
Capacity factor is a term that is often used to assess turbine performance at a given location. The
capacity factor is the percentage of energy yield that a turbine actually produces compared to
what it would produce at continuous operations at its rated capacity.
Wind power can be expressed as:

P = (1/2) ρ A v3
Where:
P = power (W)
ρ = density of air (kg/m3)
A = swept area perpendicular to the wind (m2)
v = wind velocity (m/s)
As shown in the equation above, the available power in wind is proportional to the turbine’s
swept area and the wind speed cubed. Wind power installation and feasibility analysis relies
heavily on the power performance curve, which describes the amount of electrical power a
turbine will be expected to produce at any given wind speed. The overall turbine efficiency is
then the electrical power produced divided by the total power available in the wind. This
efficiency is different at different wind speedsi.
Another important metric is the levelized cost of energy (LCOE), or the net present value of the
unit-cost of electricity over the lifetime of the installation. This metric accounts for system
upfront cost, maintenance cost, and annual output. In reality however, the maintenance costs
play a very important role in calculating the cost of energy from a wind.

Small Wind Turbines in Rural Alaska
Wind power has the potential to be a useful power generation resource for many parts of Alaska
in zones with a moderate to high wind resource (greater than class 2). Hub communities in rural
Alaska have installed grid-connected turbines rated up to 900 kW. The most common turbine in
rural Alaska is the 100 kW Northwind 100 turbine.
The American Wind Energy Association’s (AWEA’s) partner organization, the Distributed Wind
Energy Association (DWEA), defines a small wind turbine as one with a rotor swept area up to
200 square meters. This size is equivalent to a swept area radius of 8 meters and a rated power
output around 50 kW. Turbines smaller than this are often not considered suitable for
community projects in typical applications.ii

In rural Alaska, however, this classification should be reconsidered according to three factors.
The first is shipping of the turbine and its components to remote locations. Many sites require
transport by air or small barges which can present serious challenges for the delivery of large
components, such as turbine blades or tower sections. The second factor is the mechanical
aspect of turbine installation. In small villages in rural Alaska, suitably sized cranes are often not
available locally, making installation of larger turbines difficult and costly. Lastly, maintenance
is an important consideration. Turbines that have minimum downtime and can be maintained
with locally available talent are preferable.

Larger (50kW − 500 kW) Wind Turbines in Rural Alaska
The AWEA defines a “medium” wind turbine as 201−1000 square meters in swept area,
equivalent to 50−500 kW rated power output. To avoid confusion with other nomenclature,
these turbines will simply be referred to here as “mid-sized”. The 900kW Emergya Wind
Technologies (EWT) B.V. DW900 turbine is already installed in Delta Junction, Nome, and
Kotzebue, and an additional turbine is planned for installation during the summer of 2018 in
Bethel. To date, turbines above 500 kW rated power tend to be too large for all but the larger
“hub” communities of rural Alaska, and are not considered in this report.
Since power available from the wind is proportional to the wind speed cubed, generation under
lower wind conditions typically results in only a small fraction of the rated output that a turbine
is capable of. In addition turbines have specified cut-in and cut-out wind speeds outside of
which the turbines won’t produce power. The nominal cut-in speed for most modern wind
turbines is in the range of 3.0 – 4.0 m/s.
To address concerns relating to the high cost of installation as well as the challenges of
integrating a large wind turbine into a small islanded grid, there has been a desire to test a turbine
that could be installed using only the equipment available in most rural Alaskan communities.
The testing of a tilt up 25 kW turbine by Kotzebue Electric Association (KEA) was an attempt to
address these concerns with a powerful, scalable, easy to maintain and install, durable wind
turbine. Tilt up wind turbines frequently require some solid anchors (often a vehicle is used
depending on the turbine size) and a strong winch or hydraulics in conjunction with cables
attached to the turbine via a ginpole.

The Eocycle 25 kW Turbine
The Eocycle EO 25/12 direct-drive wind turbine has a rated power output of 25 kW at 11 m/s
(25mph) wind speed, which is ideal for scalability or maintenance, and is not too small for
economicaliii generation. Wind turbines located at good wind sites have performed above 30%
capacity factor in Alaska. GVEA indicates that its Eva Creek site performs with a 33% capacity
factor and the Vestas Turbines on the exceptionally windy St. Paul Island reportedly perform
near a 40% capacity factor. While these are exceptional cases, wind turbines have performed
well in Alaska as long as Arctic design considerations are taken into account. Due to its
relatively small size and ease of installation, the EO 25/12 should be theoretically suitable for
many smaller communities.

Technology Overview
Introduction
The Eocycle unit has a sophisticated variable frequency drive power inverter, which
accommodates its permanent magnet synchronous generator and flexible coupling. This design
allows for fixed-pitch blades and eliminates the need for a gear box and tip brake devicesiv. This
approach is designed to lower mechanical stresses on the nacelle and rotor components.
Additionally, it allows a low cut-in threshold and efficient energy capture at low and moderate
wind speeds.
Basic Specifications
The Eocycle turbine’s performance specifications are shown in Table 1.
Table 1. The Eocycle EO 25/12 direct-drive wind turbine specifications.

Parameter
Cut-in:
Cut-out:
Survival Wind Speed:
Operating Temperature Range:
Diameter:
Rotor Swept Area:

Value
3.1 m/s
25.0 m/s
59.5 m/s
−20°C to +50°C (-4°F to +122°F)
12.6 m
125.1 m2

Turbine Comparisons
The manufacturer’s power performance curve for the Eocycle is compared to three other smallto-mid-sized wind turbines commonly used in Alaska in Figures 1 through 3. Note that in Figure
1 a logarithmic y-axis is used to compare a variety of turbine sizes while Figures 2 and 3
compare similarly sized turbines using two different ranges of linear plots.
In Figure 1, performance (power vs. wind speed) is based on manufacturer-provided curves at 16
m/s wind speeds (Beaufort “near gale”) and below.v vi The Eocycle turbine has a lower cut-in
speed than the larger Northwind 100, but the electrical generation potential in this 2-4 m/s
window is minimal, around 1 kW.

Figure 1. The

manufacturers’ power curves compare power versus wind speed from the 100 kW
rated Northwind 100 (NPS 100-21 Arctic Class S) from Northern Power Systems, the 25kW
Eocycle 25/12, the 8.9kW Excel 10 from Bergey, and the 2.4kW Skystream 3.7 from Xzeres.
Note the logarithmic y-axis.viiviii

Figure 2. The power curves from the Northwind 100, the Excel 10 from Bergey, and the Eocycle 25/12 are compared to each
other on a standard linear plot showing power outputs from 0 to 110 kW.

Figure 3. The power curves from the Excel 10 from Bergey, and the Eocycle 25/12, and the 2.4 kW Skystream 3.7 are compared
to each other on a standard liner plot showing power outputs of 0 to 30 kW.

As shown in Figures 1-3, the Eocycle 25/12 turbine is rated to produce 25kW at a wind speed of
11 m/s and produces a similar amount of power at higher wind speeds until cut-out. The graphs
above also indicate that the Eocycle out-performs the other turbines at wind speeds near the cutin threshold. This small difference in cut-in speed is probably not very significant, however;
power from the wind varies as the cube of wind speed, so the fraction of energy yield generated
at such wind speeds is quite small.

Project Summary
The goal of this project was to verify the manufacturer’s stated power curve using a test case in
rural Alaska. In addition to power curve verification, the testing verified the ruggedness of the
equipment in the harsh conditions that turbines experience in western Alaska. Experience shows
that even the most efficient turbines are useless if they experience frequent maintenance issues
that require costly technician visits. Turbine performance, ongoing O&M costs, and the
purchase and installation costs of the turbine are all important aspects of selecting an appropriate
wind turbine for rural Alaska.
The initial turbine chosen for this installation was the Renewegy VP-20, which can be lowered
and raised by hydraulics instead of a crane, but Renewegy filed for bankruptcy and the turbine
was unavailable. While the new Eocycle 25/12 can be raised and lowered by hydraulics, the
2011 model of the Eocycle 25/12 use for this project could not be.
The stated objective of KEA in testing this turbine was to quantitatively study the effect of
weather factors on turbine operation, including wind direction, speed, temperature, barometric
pressure and humidity, and turbine factors including power quality, voltage, current, frequency,
energy and power output. Shipping, installation, and commissioning challenges were considered
in addition to bird strikes, icing conditions and other such events. Turbine operational and
maintenance logs maintenance were also recorded.
This turbine’s design, including the sophisticated inverter and de-icing system, was intended to
eliminate problems related to gearboxes and blade-pitching and tip-breaking systems, as well as
to minimize sound and reduce mechanical damage to the nacelle and rotor. The relationship
between the “electronic and adaptive power management” of the unit and its mechanical facets
was not particularly transparent, and there was a high level of complexity added to the powercontrol aspect of the turbine in order to accommodate the simplicity of its mechanical parts.

Technical Evaluation
Data Collection Methods & Qualitative Evaluation
All data was collected and stored at 1 minute and 1 hour resolutions. A power meter measured
electrical data and transmitted to the programmable logic controller (PLC) and human-machine

interface (HMI). The HMI constantly recorded a log of the general data which was sent to
Eocycle servers twice each hour.
The turbine was transported to Kotzebue in one 20’ flat shipping rack and one 20’ standard
shipping container. The turbine was installed over an 8-week time period, utilizing a small crane
and a loader. Numerous mechanical issues during its initial period of performance necessitated
ongoing troubleshooting of the power electronic control system which took an additional year.
When it was first erected, there was no ladder along the tower to the nacelle which made
maintenance and repairs challenging. Any servicing required that the turbine be tilted down.
Eventually the turbine was modified, and a ladder and work platform were attached to the tower.
Output Frequency
Frequency data was collected at intervals of approximately six seconds during 233 days of 8
different months (May through November of 2016 and May 2017). The data show very little
deviation in frequency, measured at 60.0 Hz ± 0.2 Hz with only one time period of exception.
Figure 4 shows that during May 2016, the grid frequency largely stayed within .5 Hz of 60.

Figure 4. Histogram of occurrences of frequencies observed during the data collection period. Frequency measurements were
sampled at an average interval of 6.1 seconds. Note that the Y axis uses a logarithmic scale.

The Frequency mean for the 8 months of data is 59.9971 Hz with a standard deviation of .0318. 65% of
the data is within one standard deviation of this mean. The Max observed during this time period was
60.4297 Hz and the min was 56.9035 Hz.

Power Performance Curves

In order to compare the actual wind turbine output with the advertised output, power data and
wind data were collected at one-minute time intervals during May through November of 2016
and May 2017. This data are shown in Figures 5-12. In general, the data corresponded well with
the manufacturer’s advertised power curve. However, as shown in the figures below, the
measured power data were below what one would expect at higher wind speeds. It was unclear
if there was curtailment occurring during these high wind periods or if another factor was in
play. In addition, the turbine was inoperable during many of the winter months when the highest
winds were typically expected.

Figure 5

Figure 6

Figure 7

Figure 8

Figure 9

Figure 10

Figure 11

Figure 12

Figure 13 shows the tip speed ratio (TSR) plotted against the coefficient of performance, which is a
measure of turbine efficiency. The TSR is the ratio of speed of the tip of the blade to the wind speed.
Modern three bladed turbines have maximum TSRs between 5 and 8. This turbine behavior was
consistent with that range. The maximum efficiency was ~50% at a TSR of 8 during the data collection
period.

Figure 13. The tip speed ratio and coefficient of performance (Cp) are plotted against each other. The Cp is synonomous with the
turbine efficiency and in this case peaks around 50%. It is unusual to have the curve cut back on itself to low Cp values at high TSR
values, which may have resulted from icing or failures in the power electronics.

Shipping and Procurement
The turbine and its components were shipped inside one 20’ standard shipping container and on
one 20’ flat shipping rack. This is far more compact than some of the other larger turbines that
have been installed around Alaska.
Installation
Mechanical installation was straightforward for this project. The KEA report noted that the
requirement of “a small crane and medium-sized front-end loader” was an unreasonable
expectation for many of the smaller and more remote communities in Alaska. The newer
Eocycle models allow for hydraulic lifting, which would eliminate the need for a crane.

The installation timelineix was as follows:
October 2013
KEA received Eocycle components
November 2013
KEA performed turbine mounting and tilt-up with a small crane and
a loader
December 2013
KEA assisted Eocycle with software updates
January 2014
KEA removed Arctic insulation packages as directed by Eocycle
March 2014
Eocycle commissioned ladder and fabricated platform to access
nacelle
August 2014
KEA relocated existing meteorological tower to Eocycle site
September 11, 2014
KEA installed platform and ladder
September 12-18, 2014
September 18, 2014

KEA replaced the ultrasonic anemometer on the turbine
Unit operation began

Maintenance and Operation
Power control (primarily the inverter) installation and configuration was problematic. KEA also
reported that the variable frequency drive (VFD) inverter experienced overheating and that the
control system user interface was not favorable. A listing of significant maintenance issues
associated with the Eocycle turbine as reported by KEA are listed below:
September 20, 2014

A variable frequency drive (inverter) failure was detected

October 6-11 2014
October 12 2014
November 2014
August 2015
August 2015 through
April 2016
May 2016

A “repair trip” occurred
Unit operating
Installment of temperature control system was completed
A rotor/generator coupling and/or brake system failure occurred
Unit was inoperable due to part ordering and the timeslot needed for
Eocycle technician to access the site.
Eocycle technician replaced rotor/generator coupling and brakes.
Unit back in service.
A variable frequency drive cable burned inside control cabinet which
damaged a contactor. This was repaired by KEA
Eocycle was shut down by KEA due to impending storms and overdue
inspection of rotor/gen variable frequency driveor coupling. Eocycle
required KEA to perform the inspection or be responsible if any
damage occurred due to lack of inspection. KEA was not able to act
due to unrelated issues with KEA’s diesel power plant.
Due to winter storms no timeslot was found during the winter to
adequately service the turbine.

October 25, 2016
November 2016

November 2016
through April 13,
2017
April 14th, 2017

Turbine back in operation after inspection and maintenance event

Data were collected and submitted to ACEP for parts of 233 days between May 2016 and May
2017. According to KEA’s maintenance records, the unit was operating about 450 of the 986
days between September 18, 2014 when the unit began operation and May 31, 2017 when this
analysis concluded. According to KEA, most of the maintenance events were related to the
power control system, and not the mechanical aspects of the turbine.

Power Performance
During the months for which data was available, the turbine performed at an 18% capacity factor.
It appears from the 233 days of data from 4 different seasons that the turbine’s performance was
consistent with the manufacturer’s power curve when wind speeds were less than 8 m/sec. When
the wind was at or greater than 8 m/sec, the turbine output was lower than the manufacturer’s curve
as shown below in Table 2. The reason for this underperformance is unknown.
Table 2. The table below shows the difference between the actual turbine performance and the expected performance based on
the manufacture’s power curve at high wind speeds.

Wind Speed (m/s)

8
9
10
11
12
13

Underperformance
From Manufacture’s
Power Curve
-8%
-26%
-68%
-78%
-90%
-105%

Conclusions
In general, the turbine performed is in line with the manufacturer’s performance curve for this
turbine when the wind speeds were less than 8 m/sec (18 mph). Above this wind speed the turbine
underperformed as shown in Table 2 above. The challenges that occurred during the transport,
installation, and operation could likely be overcome with more detailed planning and newer
models of the same basic turbine technology. With that said, additional testing is warranted.
The fraction of time that a power generation unit is able to maintain useful operation is one of the
major contributing factors when determining LCOE. The fact that the turbine was not in operation
for the majority of the time period of this study made the project unviable from an LCOE
perspective.
It seems that the power control system was the weak point of this project. The inverter overheated
but at no point did the mechanical aspects of the unit demonstrably fail. Error reporting by the

control system was problematic and did not provide adequate information for utility maintenance
personnel.
The results of this project were inconclusive on the viability of the self-de-icing mechanism, as
there was no data from December or January, the coldest months of the year. At this time, it is
not possible to predict the percent of the time that owners of this turbine in an arctic environment
can expect the turbine to be inoperable due to icing and maintenance issues. Additional testing
in Arctic environments would be recommended before the turbine is deployed in a remote
Alaskan village.
Several possibilities exist for future research on this subject, including year-round confirmation of
the manufacturer performance curve, more detailed maintenance cost and time assessment, and
determination of the viability and reliability of the turbine’s de-icing mechanism during the coldest
months of the year.
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