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State-of-the-art and Economic Viability of Wind Power in Arctic Communities 
 

EXECUTIVE SUMMARY 
 
The technology of cold weather wind turbines in the 50 kW to 300 kW range and the available 
wind-diesel integration technology is ready for sequenced installation in the north.  There have 
been some advances in wind turbines recently and there are also some good quality European 
wind turbines in the market and a new model by US manufacturer about to enter the market.  For 
some wind turbines tall guyed towers are still lacking.  Wind-diesel integration technology has 
been maturing in other countries and is available and applicable.  This equipment is available in 
both sophisticated prepackaged modules or in less costly formats. 
 
In the author’s opinion both the wind turbines and wind-diesel equipment has progressed beyond 
the experimental.  However, further improvements and cost reductions, will, in part, be 
dependant on the installation of projects to increase the sales volumes for the suppliers. This will 
also provide project owners an opportunity to work with equipment suppliers to overcome any 
difficulties.  For the suppliers there is a window of opportunity opening up because the higher oil 
prices and the net metering opportunities are increasing the market for this equipment. 
 
Under a range of conditions wind energy projects can be economically viable in the north at oil 
prices in the order of $US60 per barrel.  The main requirements for economic viability for the 
initial “leader” wind-diesel projects include: locations with economies of scale, availability of 
local equipment, availability of local technical human resources, access to reasonable 
transportation, committed community and project proponent, and a wind resource of 6.5 m/s or 
higher (depending on local diesel plant fuel cost) at turbine hub height.  It is recommended that 
projects be kept as technically simple as possible to start with, either low or medium penetration.  
High penetration projects can be expensive and technically complex. 
 
Leader project proponents will require adequate financial and human resources to overcome any 
difficulties encountered and keep the projects operating.  Because wind technology is relatively 
new and unfamiliar to most people, the provision of training for operating and maintenance staff 
is important, and time will be required to gain experience.  These first projects are likely to cost 
$5,000 per installed kW or more if done well with good equipment.  Following the success of 
leader projects, and based on the knowledge and experience gained in them, the same proponents 
could install projects in smaller more isolated communities. 
 
Ideally wind projects should be owned by the diesel plant owners as this will minimize the 
potential for conflicts (especially in trouble shooting problems) and will provide technical, 
operational, and management economies of scale. 
 
Good quality wind resource information is lacking for most northern communities.  Wind 
resource data from towers at least 30 meters high with anemometers at 3 levels collected over a 
period of at least one year (preferable 2 or more) located on potential project sites is required. 
 
Government support for wind energy in the north can make an enormous difference.  Programs 
such as the CanWEA proposed ReCWIP would provide very valuable financial support and 
would expand the potential for viable wind energy projects to many more northern locations. 
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1.0 Background 
 
The Aurora Research Institute (ARI) has found that there is not as much support for the arctic 
wind power related initiatives that they wish to undertake as they had expected.  ARI wished to 
know if the reason for this weaker than expected level of support was that the wind power 
generation and wind-diesel integration technology was not yet adequately advanced to make 
wind diesel projects in the arctic economically viable. 
 
Leading Edge Projects Inc. (Leading Edge) was retained by Aurora College, Aurora Research 
Institute to assess the feasibility of wind power in diesel dependant arctic communities.  Leading 
Edge researched available materials related to wind energy development in arctic communities, 
consulted with various wind power developers in Canada and Alaska, consulted with a wind 
resource assessment specialist experienced in the north, and consulted with various wind turbine 
and wind-diesel integration equipment manufacturers in preparing this report. 
 

2.0 Wind Resource Assessment 
 
The wind resource available within reasonable distance of any community will be one of the key 
factors determining the economic viability of any wind diesel project.  When screening diesel 
served communities for the potential to host a wind power project to displace diesel power 
generation, it is thus one of the key factors used in decision making. 
 
Since the energy content of the wind is proportional to the cube of the wind speed, even small 
increases in the wind speed a wind turbine is exposed to can make a noticeable improvement in 
project economics, or vice versa.  The wind speed distribution can have a similar although less 
pronounced effect.  It is thus of critical importance that accurate information on the actual site 
for a possible wind farm be available.  Airport wind speed data and wind atlas data can be used 
as a preliminary screening tool to rule out unsuitable sites or to identify possible sites but any 
final site selection should be based on actual data. 
 
This also underlines the importance of wind farm site selection near a candidate community.  In 
some locations there are geographic and topographic variations that can be used to advantage in 
selecting a site.  A location on a hill or a ridge can make a significant difference in the wind 
resource to which the wind turbines would be exposed.  These local topographic and geographic 
differences cannot be picked up by the Canadian Wind Atlas calculation programs, so significant 
differences between Wind Atlas predictions and actual data, positive or negative, may be 
encountered.  Similarly data from an airport located either in a flat valley or on top of a higher 
ridge could lead to overly pessimistic or optimistic assumptions. 
 
A January 2005 report by Terriplan Consultants of Yellowknife said: “Wind energy has been 
measured in only 15 NWT communities so far.  Most of these measurements come from airport-
related weather equipment and may not represent the ideal wind energy sites in the community.  
More detailed assessment work is required to determine if grid-connected small wind systems 
could provide cost-competitive electricity in diesel-electric communities.” 
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The author’s experience in wind monitoring (mostly in treed areas) also indicates that lower level 
(e.g. at 10 meters) wind speed data (at airports or elsewhere) can lead to significant 
underestimation of the actual wind speed at 30 meters or higher. 
 
Appendix A consists of a table of NWT, Nunavut, Yukon (2 only), and Nunavik (14) 
communities displaying, as available, various data sets such as the wind speeds at 30 and 50 
meters above ground levels (AGL) as predicted by the Canadian Wind Atlas for NWT and 
Nunavut.  In general NWT communities have a lower indicated wind resource than Nunavut 
communities do.  A first screening that could be considered is to ‘screen out’ any community 
with a wind speed of less than 5 m/s at 30 m AGL and to ‘screen in’ any community with a wind 
speed of 6 m/s or greater at 30 m AGL.  Communities with wind speeds of between 5 and 6 m/s 
could be screened in if taking advantage of the local topography might yield a significant 
increase in wind speed for a turbine to harvest.  The communities passing this test would then be 
the focus of further work. 
 
A number of the communities in Nunavik (northern Quebec), especially those along coasts, also 
have significant wind resources.  For 14 of these communities some wind speed information was 
found and these have been added to the table in Appendix A. 
 
In the author’s view it is vitally important that wind monitoring using up to date methods and 
procedures be conducted at candidate wind farm sites.  The minimum height of monitoring 
should be 30 meters and anemometers should be located at a minimum of 3 different heights (for 
example 10, 20, and 30 meters).  Without this information a credible assessment of the viability 
of a potential project is not possible. 
 

3.0 Wind Power Technology Review 
 
On a global basis smaller scale wind power generation technology, in particular the wind 
turbines themselves, is relatively mature. However, the bulk of the market at present is in 
moderate to warm climate applications and the cold climates of the north (or far south) bring 
their own special requirements to wind turbines and their towers.  The special cold weather 
requirements are less well developed in the smaller turbines and towers, and there is 
considerably less choice on the market for these products. 
 
Overall the much more sophisticated electronic / digital technology that has made wind-diesel 
integration possible will require different operating, trouble shooting, and maintenance skills 
than the comparatively simpler and better known diesel plant technology in use today.  Training 
programs for the operating and maintenance staff is thus important for the success of wind-diesel 
projects. 
 
There are many wind-diesel systems working around the world, including a report of 8 high 
penetration wind-diesel systems in Australia.  There are several wind-diesel projects in 
Scandinavia, several in Alaska, but only a very few in Canada.  The number of failures of wind 
turbines in Canada’s north has resulted in a justified concern about the viability of these systems. 
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Those directly involved in wind-diesel project operations contacted by the author consistently 
stated that the wind power technology was ready for the north, however all did allow that there 
was still a need for the technology to mature further.  A view expressed regularly was that in 
order for the technology to mature, in particular the cold climate aspects of the technology, more 
wind turbines would need to be installed and operated in the north.  Improvements would come 
with time and experience. 
 

3.1 Wind Turbines 
 
Wind turbine technology in the 50 to 300 kW size range, and for cold climate applications in 
particular, had, until very recently, undergone very little modernization over a period of 15 to 20 
years.  This was likely due to the limited sales in this market segment.  Fortunately this trend has 
been reversed recently with both Entegrity Wind Systems Inc. and Atlantic Orient Canada Inc. 
spending time and effort overcoming the well known problems in their machines (controls, yaw 
dampening, and tip brakes included).  Those who successfully deploy these machines consider 
the fundamental components of the machine (generator and gearbox) to be robust and have put 
considerable effort into their controls as well as their operation and maintenance.  Further 
improvements are coming.  An established manufacturer, Bergey WindPower, has recently 
entered the field and is about to start selling its new XL.50 (70 kW peak) direct drive, permanent 
magnet generator, wind turbine.  It will be available with a range of guyed towers up to 82 
meters tall.  However, it is not yet known whether there will be a cold weather version available 
right away.  Wind Energy Solutions (WES), a successor to Lagerwey, has recently re-entered the 
Canadian market with the WES 18 (80 kW) and the WES 30 (250 kW). 
 
The advent of net metering across much of the USA and Canada will increase the market for this 
size range of turbine.  It expected that this increase in sales volume will allow manufacturers to 
further improve their turbines and potentially reduce prices. 
 
Enercon (a German manufacturer) has a 330 kW turbine, the E33, which is probably the 
“Cadillac” of turbines in this category.  It is a direct drive unit with tubular tower heights of 43 
and 49 meters.  There are three of these units operating in the Antarctic.  Its main disadvantages 
are the need for a significant concrete foundation and the need for a substantial crane for its 
installation.  Up to now the cold weather operation has been limited to -30°C. 
 
Northern Power Systems have now sold 10 of its first run of the NorthWind 100 wind turbine.  It 
too is expensive and comes with a tubular tower (and the need for a substantial concrete 
foundation), but it is designed to operate in temperatures down to -40°C. 
 
Fuhrlander of Germany, through its agent Lorax Energy Systems, LLC of Rhode Island USA, 
manufactures and sells turbines of 100 and 250 kW (as well as a 30kW unit).  They have a cold 
weather design package that will allow operation down to -40°C.  These turbines also have 
tubular towers and thus a need for substantial foundations as well as a crane for installation. 
 
Bergey WindPower has been indicating that they will soon be marketing their new direct drive 
XL.50 wind turbine.  They indicate that it will have two different rotor diameter options and a 
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peak output of 70 kW.  Tower heights of 28 meters to 82 meters (reportedly guyed towers) are to 
be available.  At this time it is not known if a cold temperature version suitable for the arctic will 
be available. 
 
WES Canada (office in Smithville, Ontario) has two turbines of interest.  The WES 18 (80 kW) 
available with a 40 meter guyed tower, and the WES 30 (250 kW) which uses a 50 meter tubular 
tower.  Company officials are concerned about the failures that have occurred in NWT in the 
past and have said that without a guarantee of professional maintenance they would not sell 
turbines into northern Canada. 
 
One general trend in the wind industry that could benefit the north too is the development of 
wind turbines more suited to lower wind speeds.  These turbines have a greater swept area than 
usual for the specified capacity.  A relevant example is the new Bergey XL.50 for which both 14 
and 16 meter rotor diameters are available.  Existing turbines such as the Entegrity EW15 and 
Atlantic Orient’s AOC 15/50 equipped with a larger rotor diameter would generate more energy 
in moderate wind speeds. 
 
Present potential suppliers for the north are: 
 
Atlantic Orient Canada Inc., AOC 15/50, 60 kW 
Entegrity Wind Systems Inc., EW 15, 60 kW 
Northern Power Systems, NorthWind 100, 100 kW 
Enercon GmbH, E33, 330 kW 
Fuhrlander / Lorax Energy Systems LLC, FL100, 100kW; and FL250, 250 kW 
Wind Energy Solutions Canada, WES 18, 80 kW; and WES 30, 250 kW 
 

3.2 Towers 
 
Tower designs can be a significant portion of the cost of northern wind projects.  Free standing 
tubular towers usually require a substantial concrete foundation.  Concrete in isolated 
communities is expensive and, in some Alaskan communities at least, aggregate has to be barged 
in (seasonally) which further adds to costs.  Free standing towers also, most often but not always, 
require a crane for their installation.  Crane mobilization and demobilization presents both 
logistical and cost challenges.  Guyed tubular (or lattice) towers, such as those developed by 
wind turbine manufacturer Vergnet of France (and more recently WES and Bergey), result in 
greatly reduced foundation and anchor loadings and are thus cheaper to install.  Guyed towers 
are not yet available from turbine suppliers such as Atlantic Orient Canada Inc., Entegrity Wind 
Systems, and Northern Power Systems, but are available from WES Canada and are reportedly to 
be available for the Bergey XL.50 turbine.  Lattice towers are less desirable in locations where 
icing is a problem as they provide a great deal more surface area onto which the ice can adhere. 
 
Another tower aspect that is of significant importance is the height.  Since the capital costs of 
building roads and power lines in remote northern communities is expensive, it is generally not 
practical to go far from these communities to take advantage of local topography to develop the 
best wind site.  As a consequence the only alternative for increasing the wind resource which the 
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turbine is harvesting is to put it on a taller tower.  While taller towers cost more than shorter 
towers, the percentage increase in energy capture is usually in excess of the percentage increase 
in project cost.  Bluntly speaking it is cost effective.  However the turbine manufacturers that 
have the smaller turbines suitable for the north have not yet designed such towers, mostly they 
still have 25 and 30 meter towers.  The exceptions are the Enercon E33 330 kW, the Fuhrlander 
FL250 250 kW, and the WES turbines which have towers between 40 and 50 meters available.  
In a location with a modest wind resource a 50 meter tower would increase the energy output of 
a turbine by about 20% over a 25 meter tower (wind shear coefficient of 0.16). 
 
Taller, guyed towers can be designed (Vergnet of France and WES have done so) – it is simply a 
case of vendors needing customers for them to justify designing and building them. 
 

3.3 Wind-Diesel Integration 
 
Key components of wind-diesel integration include, depending on a whether low, medium, or 
high penetration system is installed, some or all of the following: controllers for the wind 
turbines, an overall master controller for the wind plant, modern digital governors for the diesel 
plant if not already so equipped, an overall modern controller for the diesel plant if not already so 
equipped (ideally one that combines the control of the diesel plant and the control of the wind 
plant into one), a dump load boiler or equivalent, a low load diesel, and a synchronous 
condenser.  Other components may also be required or desirable. 
 
The wind-diesel integration equipment is less weather dependant than wind turbines as this 
equipment is normally housed in a heated building such as the diesel plant or in temperature 
controlled enclosures.  In practical terms this means that the development and maturation of this 
technology anywhere in the world is applicable anywhere else.  The north can thus benefit from 
the development work done elsewhere.  This is readily apparent in the relative maturity of the 
wind-diesel integration equipment from The Powercorp Group of Australia.  Australia has many 
isolated regions, much like northern Canada, except that their climate is hot.  Powercorp wind-
diesel equipment is available in North America through its subsidiary, Powercorp Alaska, LLC, 
located in Anchorage, Alaska. 
 
Another company with relatively mature wind-diesel integration equipment is Northern Power 
Systems (NPS) of Vermont USA.  They have been in the wind-diesel and alternative energy 
business for many years.  This company has also designed and built for the north a 100 kW 
direct drive wind turbine, the NorthWind 100.  It can operate in temperatures down to -40°C.  
Ten of these wind turbines are now deployed, or about to be deployed, in Alaska.  These 
machines tend to be expensive and require a crane for installation.  Foundations for free standing 
towers can also be expensive, see comments under foundations and civil works. 
 
Frontier Power Systems (FPS) of Prince Edward Island (PEI) also has a wind-diesel integration 
system, one that is more economical that those of Powercorp and NPS.  This system is based on 
FPS’s principal Carl Brothers’ experience in wind diesel integration work at the Atlantic Wind 
Test Site, and in cooperation with the wind-diesel test bed work done at IREQ (Quebec Hydro’s 
research group) in Varennes.  The FPS system has been installed in their own wind-diesel project 
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in Ramea (on an island off Newfoundland).  This system can be replicated for other projects but 
FPS does indicate that their system, while lower in cost, may not be as mature as Powercorp’s or 
NPS’s systems. 
 
Modern digital governors for the diesel generators will be required to ensure that the diesel 
generators can respond as quickly as the wind fluctuates.  This is required since the output of 
wind turbines will change quickly with changes in the wind (gustiness).  Without fast acting 
governors there will be fluctuations in the frequency and / or voltage of the power system. 
 
The overall diesel plant control needs to accommodate the control of the wind turbines either 
directly if the power plant controller has the capacity to do so (or if a new one that can do this is 
installed), or by interfacing with the wind plant controller.  Digital governors and plant 
controllers are existing mature technology.  However any given diesel plant may require 
modernizing to accommodate a wind plant. 
 
Low load diesels, those with the ability to operate effectively at a very low percentage of their 
rated capacity, may be required if the existing diesels in the plant are not capable of doing so.  
These may be purchased as a complete package such as provided by Powercorp, or may be 
purchased directly from manufacturers and installed as any other unit in the diesel plant fleet.  
Some modern diesels are capable of carrying a load that is a relatively low percentage of their 
rated capacity.  Low load diesel technology is available but is relatively new and any given 
diesel plant may or may not be equipped with these units. 
 
Boilers equipped with a large number of small capacity heating elements are often used as a 
means of leveling out the fluctuations of wind power.  A fast acting controller will add or drop 
heating elements (or otherwise vary the load on larger heating elements) as the power output 
from the wind plant increases or decreases.  In projects with a substantial wind penetration a 
specified minimum capacity kept on at all times can help smooth the effect of a turbine trip.  
Boilers and their heating elements are standard off-the-shelf technology.  The Controllers are 
also fairly standard electronic pieces of equipment, but their programming and speed of action 
are aspects that will require special attention.  Details will vary from project to project.  Dump 
loads, such as electric air heaters, will function in the same manner as a boiler (which is 
essentially a dump load too) but these may or may not be situated so that the dumped energy can 
be recovered.  The purpose of a boiler is to capture and make use of the energy that would 
otherwise be wasted. 
 
If a diesel plant is to be shut down to allow a wind power plant to service all of the electrical load 
(high penetration system), the grid frequency needs to be maintained by a device such as a 
synchronous condenser.  Synchronous condensers have been around for a long time and are quite 
“standard” although typically designed for each specific application.  They do consume power in 
their operation, power which would be produced by the wind plant and which will then not be 
available to displace diesel fuel.  A generator can be decoupled from its diesel engine (with the 
use of a clutch) to serve as a synchronous condenser. 
 
An energy storage device such as a battery bank (or a spinning flywheel) will also be required in 
a high penetration system.  The energy storage device is typically designed to serve the electrical 
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load while allowing the diesel plant time to start up and pick up the load if the wind suddenly 
drops off or if a wind turbine shuts down or if the power line from the wind plant trips off.  It can 
also absorb significant fluctuations in the output of the wind plant that do not involve trips.  
Energy storage devices tend to be relatively expensive and they consume power (wind power).  
Battery banks with their charging systems and inverters to store and draw out the power are 
standard common and mature technology.  Other energy storage devices such as Powercorp’s 
PowerStore™ flywheel storage system, represents newer, less mature technology.  It is also more 
expensive technology than batteries at present, but it does have a significant capacity and some 
advantages. 
 
When a wind plant is providing for all of a community’s energy requirements and the diesel 
plant it shut down, it will need to be kept in a state of readiness for restarting at any time.  This 
means that the building will need to be kept at a reasonable temperature and that the individual 
engines will need to be kept hot and ready to start and pick up load within minutes.  In diesel 
power plants the heat from the engines (including from their block cooling and exhaust systems) 
is typically used to keep the building warm and any non-operating engines on hot standby.  With 
the diesel plant shut down this heat will need to be provided by a boiler system that uses either 
wind energy or is oil fired or a combination of the two.  This technology is common, known and 
“off-the-shelf”, however it does represent a capital and operating cost to the wind project 
because it would not otherwise be needed. 
 
Appendix D contains some literature on wind diesel integration systems produced by Powercorp 
of Australia.  This is not to indicate that the author promotes Powercorp’s products over other 
suppliers, it just indicates that Powercorp has some well written and presented information. 
 

3.4 Wind penetration levels 
 
The level of diesel energy displacement by wind energy is called the wind penetration level.  
Penetration levels are typically simply categorized into low, medium, and high.  Low penetration 
is the displacement of up to about 10% of the diesel energy by wind, and would usually be 
accomplished in a small community by connecting one (or more) wind turbines, the “wind 
plant”, to the system.  The wind plant would need to be small enough so that the diesel plant can 
continue to operate as it previously would have.  The only difference is that the diesel plant will 
“see” a slightly lower electrical load.  The low penetration option requires a minimum amount of 
wind-diesel integration equipment.  The diesel governors need to be able to respond to the 
fluctuating output from the wind plant, but aside from that only the physical connection and 
electrical protection are needed.  The wind plant will have its own controller which is a normal 
part of a wind turbine package.  The disadvantage of the low penetration approach is that the cost 
per kW of installed wind capacity may be high because there would be no economies of scale in 
the size of the project.  Operations and maintenance (O&M) costs per kWh of energy produced 
will be higher for the same reason while the savings on diesel fuel are limited. 
 
In medium penetration wind projects the installed wind capacity will be such that there will be 
more wind power than the diesel plant can accommodate at windy times.  This occurs when the 
available wind power would reduce the diesel plant loading below the minimum allowable level 
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on the smallest available diesel generator.  When this happens the excess wind energy will need 
to be dumped.  Overall diesel fuel displacement can be up to 25%.  The equipment required to 
achieve medium penetration includes a dump load, a dump load controller, and a more 
sophisticated diesel plant controller, or an overall diesel and wind plant controller, to 
accommodate the higher level of wind energy and its fluctuations.  A low load diesel may also 
enhance the achievable penetration level.  Advantages of a medium level of penetration include a 
greater economy of scale in the purchase and installation of the wind plant capacity (a larger 
turbine or a greater number of smaller turbines), reduced O&M costs per kWh for the same 
reason, and a greater diesel saving. 
 
A high penetration wind project would typically displace from 25% to 40% of the diesel energy 
and possibly as much as 50% in a wind rich region.  In practical terms this requires, at windy 
times, the diesel plant to be entirely shut down but maintained in a state of hot standby so it can 
start very quickly again as needed.  A high penetration project requires the greatest amount of 
integration equipment and the most sophisticated equipment.  There will be an excess of wind 
energy at windy times and for the project economics to be optimized, the excess wind energy 
will need to serve a useful function – such as space heating.  In addition to the equipment 
described in the medium penetration case, required equipment includes a diesel plant heating and 
engine hot standby system, an energy storage system, a frequency regulation system such as a 
synchronous condenser, a boiler or other useful dump load system, and a sophisticated overall 
power system controller that regulates all of the equipment listed and maintains power quality 
and reliability to the community. 
 
The advantage of a high penetration system is that it provides the greatest economy of scale in 
the purchase and installation of the wind plant (size and number of turbines) and the greatest 
level fuel saving.  Wind energy O&M costs would be minimized for the same reason.  The 
disadvantages are that the amount and sophistication of the equipment needed can drive up the 
capital cost significantly and the power requirements for this equipment detracts from the diesel 
displacement.  The smooth operation of this equipment and its maintenance will be a challenge 
until operating and maintenance staff become very familiar with them.  There is also a power 
requirement for the operation of the integration equipment which must be supplied by the wind 
plant, directly or indirectly.  This power requirement is sometimes called a parasitic or station 
service load. 
 

3.5 Anti-icing technology 
 
There are some locations in which the icing of wind turbines, which can cause a reduction in 
power output, is a significant concern.  The icing is due either to the proximity of open water 
under cold conditions, or extended extreme cold weather and ice fog, or because of the altitude at 
which the turbines are to be located to access a good wind resource.  There are some effective 
mitigation measures available.  For turbines that require wind instruments (anemometers and 
wind vanes) for their control, heated instruments are readily available and are proven, mature 
technology.  There is also a black blade coating available (StaClean™) that has a low adhesion 
surface for ice and that absorbs solar energy (when available) to assist in blade de-icing.  This 
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coating has been shown to be effective in the north.  Again this is an “off-the-shelf” product that 
can be applied by qualified painting contractors. 
 
Where the icing is severe and the “passive” mitigation features described above are not adequate 
the only option is a blade heating system.  Blade heating systems have never been produced in 
any quantity, and until one supplier came to the author’s attention recently (located in Finland), 
there had been no known commercial suppliers.  A second potential supplier is located in the US 
but this supplier still needs a significant customer to help bring the product to market.  There are 
custom designed blade heating systems in operation in Finland, Sweden, and in Yukon.  
However, this technology cannot be considered “off-the-shelf” at this time; but there is at least 
the appearance of light at the end of the tunnel on this matter.  The cost and overall economic 
benefit of such a system would need to be demonstrated in actual performance in the north. 
 

3.6 Suppliers of wind-diesel integration systems 
 
There are a several wind-diesel integration system equipment manufacturers.  Those known to 
the author include Powercorp, Northern Power Systems, Frontier Power Systems, Enercon, 
Sustainable Automation, PitchWind, and Wind Energy Solutions.  There are probably others. 
 

3.7 Wind turbine manufacturers promote wind-diesel systems 
 
There are several wind turbine manufacturers that supply wind diesel systems or that promote 
their turbines for wind-diesel systems. Those with wind diesel systems include Enercon, 
Northern Power Systems, PitchWind (not sure if they make products suitable for the north), and 
Wind Energy Solutions (the author has no detailed technical information on their products at the 
time of writing).  Those that promote their products for use in wind-diesel systems include 
Entegrity Wind Systems Inc., Atlantic Orient Canada Inc., Fuhrlander, and Vergnet (does not 
have suitable products for cold climates at present). 
 

4.0 Foundations, and Civil Works 
 
The foundations for wind turbines can be a significant cost component of a wind project.  In 
particular there are locations where there is ice rich permafrost in silt that is at risk of 
degradation due to global warming (this is the case in a number of Alaskan coastal 
communities).  This makes the foundation design particularly tricky and expensive.  A 
complicating factor can be the lack of a supply of aggregate, as is the case in some areas of 
Alaska.  Where aggregate needs to be barged in it will be expensive and add significantly to the 
cost of foundation and road construction.  These factors favour the use of guyed towers for 
which foundations and anchors are less demanding.  Unfortunately the environmental regulations 
(bird impact concerns) in Alaska are such that guyed towers are not an option there at present.  
This leaves Canada alone to develop these towers as they are not yet available for the cold 
weather turbines on the market. 
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The further development of helical screw pile anchoring systems (such as the AB Chance helical 
screw type of anchors) would reduce the installed costs for the turbine towers now available and 
the guyed towers that we hope will be designed soon. 
 
The ideal location for wind turbines in isolated communities is on bedrock where standard rock 
anchoring systems, which are cost effective, can be used.  In these locations it is unlikely that 
aggregate supply would be a problem. 
 
The cost of power line construction for wind turbines located some distance from a community 
will generally follow the cost trend for wind turbine foundations.  In ice rich unstable permafrost 
the costs will be high, and in dry and rocky locations the costs will be substantially lower. 
 
Other civil works, including buildings and their foundations, will follow similar cost patterns. 
 

5.0 Present Cost Experience 
 
A review of the historical capital costs (adjusted to present value by adjusting for inflation) for 
the installation of wind projects indicates a wide range has been experienced.  In Northwest 
Territories (NWT), before the formation of Nunavut, the NWT Power Corporation (NTPC) costs 
for various projects have ranged from about $4,500 per installed kW to over $8,000 per installed 
kW.  Granted there were special circumstances driving up the capital cost in most of these one or 
two wind turbine projects, however, the costs are significant. 
 
Yukon Energy’s experience with two grid connected turbines, one in 1993 and one in 2000, are 
inflation adjusted costs of over $5,000 per kW to about $3,400 per kW.  In this case there were 
significant costs for power line reconstruction, road upgrading, and custom anti-icing (blade 
heating systems) included. 
 
The author’s examination of a potential project in a road accessible small diesel served 
community (125 to 250 kW load, average about 175 kW) suggested that costs could range from 
$5,000 per kW to about $9,000 per kW depending on the number of turbines involved and the 
level of wind penetration in the configuration.  Costs would be higher for communities without 
road access.  The author admits to a bias of being quite conservative in cost estimating – 
estimating higher rather than lower. 
 
A very interesting result of the author’s examination of this potential wind project (wind speed 6 
m/s at 30 meters) was that the medium penetration option yielded the lowest cost wind energy.  
The high penetration option was high cost because of the significant amount of additional 
equipment required compared to the low or medium penetration options, and the amount of 
power consumed by this equipment.  The author estimated that both the low penetration (one 
EW15 turbine) and the high penetration (five EW15 turbines) projects would displace diesel 
power at $0.55 per kWh whereas the medium penetration project (three EW 15 turbines) was 
projected to displace diesel at $0.44 per kWh.  It was calculated that increasing the wind turbine 
tower height from 25 to 50 meters would reduce the cost of energy in the medium penetration 
case to about $0.34 per kWh.  The lesson from this analysis is that it may not be cost effective in 
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small communities to go to high penetration systems because of the high fixed costs of the wind-
diesel integration equipment required.  Smaller simpler projects may be more cost effective. 
 
The most recent (anecdotal) information from the wind-diesel projects using 60 and 100 kW 
turbines in small remote communities in Alaska, seems to be indicating capital costs in the order 
of $CDN10,000 per kW.  These coastal communities suffer from unstable permafrost and a lack 
of aggregate.  Most also have outdated diesel plant controls so a major diesel plant upgrade is 
typically required and completed as part of the project. 
 
Presentations by Hydro Quebec staff to the International Conference on Wind Energy in Remote 
Regions in October 2005 described two wind-diesel projects planned by the utility.  One will be 
on Iles de la Madeleine where a 300 kW first phase of a wind-diesel project will be installed in 
2007 at a cost of about $8,300 per kW.  The second project is a 1,300 kW high penetration (no 
storage) wind-diesel project planned for Inukjuak for 2008 at an estimated cost of $7,600 per 
kW. 
 
A 2004 presentation on Hydro Quebec’s prospects for wind-diesel projects indicated that for 7 of 
the 14 Nunavik communities examined, high penetration no storage wind-diesel projects would 
be economic (these would have positive net present values).  And since 2004 fuel prices have 
increased substantially.  Hydro Quebec’s discount rate is 5.2%, substantially lower that the 8% 
used by the author in the preparation of the economic analyses that form part of this report. 
 
The history on maintenance costs also indicates a wide spread in cost experience.  Most of the 
projects by NTPC failed or required an enormous level of technical intervention by NTPC.  If the 
costs were to be fully accounted for on a per kWh basis the figures would be astronomical.  
Yukon Energy recently indicated in a public utilities board hearing that their O&M costs for 
wind power were in the order of $0.08 per kWh. 
 
The information available from Alaska indicates that the maintenance costs would probably 
range from about $CDN0.05 per kWh in smaller projects to less than $CDN0.01 in a larger wind 
farm applications.  No information on the allocation of operating costs other than maintenance 
was available. 
 
In the author’s view it would be realistic to expect O&M costs to be in the order of $0.05 to 
$0.10 in somewhat larger projects and probably more like $0.10 to $0.15 in smaller projects.  
The project ownership structure will have a significant bearing on this cost as a small 
independent power producer with one wind project is likely to have higher overhead costs than a 
utility that already owns the diesel plant in the community. 
 

6.0 Recommendations from Project Developers 
 
There are a number of recommendations and comments that were received from project 
developers in Canada and Alaska.  Included are the following: 
 

Leading Edge Projects Inc. 
 

13



State-of-the-art and Economic Viability of Wind Power in Arctic Communities 
 

Wind-diesel technology is past being experimental and ready for sequenced installation starting 
with “demonstration” projects.  A prudent approach would see the bugs worked out and 
experience gained in larger communities, before projects are replicated in smaller and more 
remote communities.  These first projects must be large enough to have some economies of scale 
in the wind project, a reasonable amount of construction equipment, and some level of technical 
support available.  A suitable wind resource, one that can be expected to yield a capacity factor 
of at least 25% in a wind plant, is also a necessity.  The community must be committed to the 
project. 
 
For a jurisdiction or a utility to start into wind energy they should begin with a “pioneer” project.  
This pioneer project should have economies of scale (larger project size), access to local 
equipment, access to technical staff, and above all have a core project staff that is committed to 
the success of the project.  There will be much to learn (significant training required), experience 
to gain, and there will be difficulties to overcome.  Once this pioneer project is up and running 
successfully, other smaller and more isolated projects can be planned and installed using the 
experience gained in the first project and replicating the first project as much as possible. 
 
It would be wise to start projects as low or, at most, medium penetration projects if at all possible 
and to increase the penetration level when experience and comfort in the wind turbines and 
wind-diesel system permits.  High penetration projects are much more sophisticated and are thus 
much more difficult to deal with, especially with inexperienced operating and technical staff. 
 
There must be a high level of commitment to a wind project in any community where a project is 
constructed.  Without this community commitment there will be problems and the project will 
either be less successful than it can be or will be a failure. 
 
Stay with consistent equipment technology and equipment suppliers as much as possible so that 
projects can use similar architecture and the knowledge and experience gained by staff is 
transferable. 
 
The geographical grouping of projects (including locating subsequent projects near pioneer 
projects) can help keep cost down, and provide nearby expertise and support when needed. 
 
Ideally install wind projects at the same time as diesel plants are being upgraded (controls at 
least) so that the controls for the diesel plant and the wind plant are compatible.  Modern digital 
governors for the diesels are a requirement for a wind project to interface successfully with the 
diesel plant.  Wind plants will not work properly with older diesel governors and plant controls. 
 
The required civil works for a wind project can be very tricky and very expensive.  Geotechnical 
investigations and design / preparations need to be started well ahead of time.  Innovative 
solutions may be required.  Overall project timing from start to finish can easily be 3 years in an 
isolated community. 
 
There would be a great cost and practical advantage to having wind turbine towers that are guyed 
and designed to be easily winched up and down.  Guyed towers are not presently allowed in 
Alaska.  As a consequence recent Alaskan wind projects required the use of a crane, and could 
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only be done cost effectively in conjunction with other community projects that also need a 
crane.  There is thus a vulnerability to future major maintenance that requires a crane. 
 
Tubular towers provide more comfortable maintenance access and are less risky for staff 
compared to lattice towers. 
 
At present AVEC looks for sites with a class 4 wind resource (6.5 to 7.0 m/s at 30 meters above 
ground level) or better for their potential projects. 
 
There is a need for cost competitive wind turbines in the 100 to 300 kW size range.  Enercon has 
a 330kW turbine but up to now has not been prepared to sell its products into the USA due to 
patent dispute issues.  It was said that Enercon may make an E20 100 kW turbine available 
again. 
 
Alaska expects costs to be in the order of $CDN10,000 per kW for high penetration projects in 
the near term and come down to about $CDN6,500 per kW in the longer term.  Accepting a 
higher risk of outages, and somewhat greater permissible voltage and frequency excursions on 
the power system would likely allow capital costs to be reduced further by reducing equipment 
costs. 
 
For project success the best wind project ownership arrangement is to have the diesel plant 
owner also own the wind plant.  There has been some experience with an independent power 
producer (IPP) owning a wind plant and this has resulted in some conflicts between the wind and 
diesel plant owners and less wind penetration and less diesel savings than would have been 
possible with the same owner.  There must be a very high level of cooperation between the wind 
plant and diesel plant owners / operators as a minimum. 
 

7.0 Kotzebue, a model to follow 
 
The failures in wind projects in Northwest Territories and Nunavut can lead one to believe that 
wind-diesel projects can perhaps not be done successfully in Canada’s north.  However, the 
author is of the opinion that wind-diesel projects can be done successfully if done with care and 
planning and a determination to succeed.  If the advice of the experienced professionals quoted 
above is followed and put together what do we have?  In essence we have the successful 
Kotzebue Alaska wind-diesel project. 
 
Kotzebue, located north of the Arctic Circle on Alaska’s west coast on tundra and permafrost, 
has about 4,000 people.  It serves as a local hub community to 10 other communities.  It has a 
diesel plant with 11 MW of installed capacity.  It started wind energy efforts with a small low 
penetration project and, as experience was gained, it expanded its wind farm in stages.  The 
experience gained here is now being used to assist in the design and installation (and 
maintenance) of wind projects in the surrounding smaller communities of Wales, Selawik, 
Toksook Bay, and others. 
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In putting together their wind-diesel project and its expansions, Kotzebue Electric Association 
(KEA) made full use of various state and federal support programs to help reduce costs and 
mitigate risks.  Kotzebue first ventured into wind energy in 1997 with the installation of 3 AOC 
15/50 wind turbines (about 60 kW capacity).  In 1999 7 more AOC wind turbines were installed, 
in 2002 a NorthWind 100 was installed, and in 2004 another 2 AOC turbines were installed.  
This year, 2006, another 3 Entegrity EW 15 turbines (a new name for the AOC 15/50 from a new 
owner) are set to be installed. 
 
KEA’s determination to make the project successful is reflected in the positive operational 
experience with the AOC wind turbine.  This turbine and its controls had a number of challenges 
and the company was, it seemed, in continuous financial difficulty making product deliveries and 
product support a problem.  KEA persevered and has developed considerable expertise in the 
operation and maintenance of these turbines.  Their maintenance costs are in the order of $0.01 
per kWh, an exceptional achievement! 
 
Appendix B contains a significant amount of information on the Kotzebue project and its 
positive effect including two presentations (2002 and 2004), information from their website, 
extracts from presentations on wind-diesel projects in Wales and Selawik (2004), and a copy of 
various news releases including one story that appeared in the Juneau Empire on November 13, 
2005. 
 
In the author’s opinion the KEA wind-diesel project is an excellent example to follow: start with 
a simple project in a larger community that has some economies of scale, equipment, and 
expertise and grow from there as experience is gained and problems overcome.  With a core of 
experience and expertise built up, these resources can then be used to establish projects in 
smaller communities.  
 

8.0 Project site selection criteria 
 
The author believes that the following criteria should be used for the selection of the “leader” 
wind projects (or “demonstration”, or “pioneer” projects if you prefer) that have a high 
probability of success.  They are listed in the author’s view of the order of importance with the 
most important first. 
 

1. A project proponent with the financial and human resources to make the project work and 
the determination and financial incentive to overcome difficulties to make it successful; 

2. A community committed to the wind project (local champions) and of adequate size to 
provide an opportunity for some economies of scale; 

3. Good transportation access; 
4. Good access to technical support; 
5. Reasonable wind resource; and 
6. Reasonable geotechnical conditions. 
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Once the leader project is up and running well and local staff have been trained and are 
comfortable with the wind-diesel project, subsequent projects can be selected based on the 
following criteria, again in order of the author’s view of importance. 
 

1. Community commitment; 
2. The ability to replicate the leader project; 
3. Good wind resource; 
4. Reasonable access to technical support; and 
5. Reasonable transportation access. 

 

9.0 Simplified Economic Analyses 
 
The examination of the economic status of potential wind projects was based on calculating the 
effect of a range of values for key variables.  This means that the determination of economic 
viability requires looking at a multi-dimensional picture.  For simplicity’s sake some less 
important variables, or variables that could be determined or predicted with relative ease, were 
fixed.  These include the fuel efficiency of diesel plants, the energy recovery of wind turbines at 
different wind speeds, implicitly the wind speed distribution (Rayleigh distribution), turbine 
availability, and wind plant losses (non-diesel displacing theoretically recovered energy).  This 
permitted the effect of key variables to be presented in a series of tables.  The key variables 
include project capital cost, project operating cost, wind speed, and the cost of fuel to the diesel 
plant.  Appendix C presents the spreadsheets used in these calculations. 
 
The values used for the less important variables are as follows.  It was assumed that a wind 
project would consist of three AOC or Entegrity wind turbines representing an installed capacity 
of 180 kW.  The theoretical energy recovery in kWh is based on the manufacturer’s curves 
which in turn are based on standard temperature and pressure, and a Rayleigh wind speed 
distribution.  No adjustments to these figures were made for the purpose of the economic 
calculations.  A turbine availability of 95% was used, perhaps optimistic based on history, but 
this should be achievable in a good project.  Wind system losses (non-diesel displacing energy 
was assumed to be 10% on the basis that the project would be low to medium penetration.  While 
the energy efficiency of diesel-electric plants varies depending on several factors, a plant 
efficiency of 3.50 was used as a base case.  A table showing how the cost of diesel energy varies 
with diesel plant efficiency and the cost of fuel is provided so that the reader can see the 
relationships.  The capital cost was amortized over 20 years with annual mortgage style 
payments at an interest rate of about 8% (20 annual payments of 10% of the initial capital cost). 
 
The key variables presented in each spreadsheet are the capital cost of the project (on a per kW 
of capacity basis), the wind speed (from 5.0 to 9.0 m/s), and the cost of diesel fuel.  A series of 
three spreadsheets presents the cases of three different levels of annual operating costs, $5,000 
per turbine (low), $10,000 per turbine (medium), and $15,000 per turbine (high).  As the terms 
imply, the author believes that an annual operating cost of $10,000 per turbine in a three turbine 
project should be considered reasonable.  With respect to capital costs, however, it is much more 
difficult to make a definitive pronouncement.  Recent experience in Alaska and Hydro Quebec’s 
plans indicate that a well executed project is likely to cost between $5,000 and $10,000 per kW 
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in an isolated community.  In the author’s opinion a cost in the range of $4,000 and $7,000 
should be achievable in a carefully chosen and tightly run project.  Based on the experience of 
the leader project it should be possible to reduce the cost of subsequent projects. 
 
The present cost of fuel in most NWT communities was not available to the author.  Using world 
crude oil prices over a number of years and various data sets that were available, the cost of 
diesel fuel with crude oil valued at about $60US per barrel was estimated.  The cost of diesel fuel 
in the more accessible communities (accessed by barge) is likely in the range of $0.80 to $1.00 
per liter.  This means that the cost of diesel generated energy is in the range of about $0.23 per 
kWh to $0.29 per kWh.  In the least accessible communities the cost is likely in the range of 
$1.00 to $1.25 per liter or about $0.29 to $0.35 per kWh.  In the community of Old Crow in 
Yukon which is accessible only by air, the cost of fuel has recently been running in excess of 
$1.40 per liter, however the author is not sure that there are any communities in this category in 
NWT or Nunavut.  In the analyses performed by the author it seemed that the increased price of 
crude oil in $US per barrel resulted in approximately the same increase in cents per liter in diesel 
fuel.  The ratio if increase in Old Crow was slightly higher.  Whether this rough relationship 
would continue to hold for further significant increases in the cost of oil is not known. 
 
The spreadsheets indicate that under a number of realistic values of key variables wind projects 
in NWT would be economically viable.  At a capital cost of $5,000 per kW and a medium 
operating cost, a wind speed of about 7.5 m/s in a more accessible community would result in an 
economic project at present fuel costs.  For a less accessible project location a wind speed of 
about 6.5 m/s would suffice to create an economic project at present fuel costs.  If the capital 
costs were to increase to $6,000 per kW the required wind speeds would be about 8.0 m/s and 
7.0 m/s respectively for the more and less accessible communities. 
 
The need for a reasonable wind resource for leader projects to be economic and the need to 
manage capital costs is evident, but the information clearly indicates that economic projects are 
within reach.  While the sensitivity to interest rates was not calculated they do have a significant 
impact on project economics.  A reduction from the 8% used in the analyses to 5% is equivalent 
to a reduction in capital costs from $5,000 per kW to $4,000 per kW.  This is obviously also a 
variable to be taken seriously in project planning. 
 
An increase in turbine hub height from 25 to 50 meters can increase the accessible wind speed 
from 6.0 m/s to about 6.7 m/s (wind shear coefficient of 0.16) and increase the energy capture by 
about 20%.  The benefit of the availability of taller towers for wind turbines in remote 
communities is thus very significant. 
 
Should the federal government implement a WPPI type of program for remote, isolated 
communities that provided a cost incentive of about $0.10 per kWh (proportional to WPPI for 
wind farms in the south), the threshold wind speed for economic project viability would drop by 
about 1 m/s, again very significant.  Support for projects by the territorial governments or their 
utilities would, of course, have similar benefits. 
 
The author would like to note that projects that are poorly done or that use unreliable equipment 
in an effort to save capital costs are likely to produce expensive energy.  Projects that use reliable 
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equipment, or projects that have proponents with the financial resources to make the available 
equipment reliable, are much more likely to be economically viable, regardless of capital cost. 
 

10.0 Roles of Territorial Governments and their Power Utilities 
 
Given the nature of northern Canada, it would be desirable and advantageous for the three 
territorial governments and their utilities to get together to develop a single consolidated 
approach to staged wind development in the north.  Coordination would result an organization 
with some clout and would spread the cost of the early phases of systematic wind project 
development. 
 
The territorial governments and their wholly owned electric utilities and energy corporations 
could play a role in the development of a tall guyed tower for smaller wind turbines.  The 
development of more cost effective foundations and anchors for permafrost is another item that 
can be worked on.  Equipment suppliers too can and should be part of the mix, they must stand 
behind their equipment to ensure it performs up to specification and they must be committed to 
overcoming the difficulties if it does not. 
 

11.0 Role of Federal Government 
 
The federal government can provide very valuable support in several ways.  First is to provide, 
through NRCan, a wind energy support program equivalent to the WPPI for the south.  The 
CanWEA proposed ReCWIP, for example (see Appendix E), would make an enormous 
difference to the number of northern communities in which wind-diesel projects can be 
economic.  The federal government can also consider providing some capital financial support 
for leader projects (financing or financing guarantees) through ReCWIP or separately.  
Indirectly, the CanWEA proposed Small Wind Energy Incentive Program (SWEIP – see 
Appendix E) to provide purchase incentives for wind turbines for the grid connected net 
metering market can also benefit the north.  SWEIP would increase the market for the size of 
turbines of interest to the north thus leading to better quality products at competitive prices. 
 
Second, NRCan can increase their level of R&D financial support available to manufacturers to 
help them develop the products required for north.  A 50 meter guyed tower for turbines of 50 to 
60 kW (such as the Entegrity and AOC turbines) is one good example. 
 
Third, INAC can be encouraged to ensure that their programs support and encourage the 
development of wind projects. 
 
Fourth, all federal and territorial government departments pay very high power rates in the north 
and they can insist on procuring renewable energy wherever possible so that the subsidies that 
they are effectively paying are channeled into renewable energy forms, including wind. 
 
Leader projects should aim for installed costs of $CDN5,000 per kW or better, and the longer 
range target should be to install projects at $3,500 per kW. 
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12.0 Conclusions 
 
Wind-diesel equipment is ready for staged installation in the north. This equipment cannot be 
expected to “mature” further and come down in cost without the installation of projects to 
increase the sales volumes of this equipment.  Further project installation experience will result 
in the development of innovative approaches to improving product performance and to reducing 
costs in subsequent installations. 
 
Deployment of wind energy in the north needs to proceed on a carefully planned and staged 
sequence starting with “leader” projects and branching out from there.  Initial projects are likely 
to cost $5,000 or more per kW of installed capacity and, depending on other factors, could be 
economically viable in wind regimes as low as 6.5 m/s annual average.  The Kotzebue Alaska 
wind-diesel project is a very good example to follow. 
 
There is a need for good quality wind resource assessment at potential wind project locations in 
many communities in the north.  Only airport and wind atlas information is presently available 
for many communities and these are only adequate for the screening of potential wind project 
sites.  Airport and wind atlas data are not adequate to conduct the accurate wind project 
economic analyses on which wind project decisions must be based.  Monitoring should consist of 
towers of at least 30 meters in height and have anemometers located at three elevations (for 
example at 10, 20, and 30 meters) to determine the wind shear.  These towers should be located 
at actual potential wind turbine installation sites or be representative of such sites.  They should 
not be located at sites of convenience where neither wind turbine installation nor correlation to a 
potential wind project site is possible. 
 
The list of communities with potential to host a leader project site based on the suggested 
screening factors should be highest on the priority list for wind monitoring work if suitable data 
does not already exist.  Other potential subsequent community wind project locations should be 
next on the list. 
 
Government programs in support of wind energy in the north can make a substantial difference 
to the viability and expansion of wind-diesel systems in the arctic. 
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Excel table of communities in the north 
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APPENDIX B 
 

Information on Kotzebue Electric Association’s wind-diesel project 
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APPENDIX C 
 

Details of economic analyses 
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EXECUTIVE SUMMARY 
 
The technology of cold weather wind turbines in the 50 kW to 300 kW range and the available 
wind-diesel integration technology is ready for sequenced installation in the north.  There have 
been some advances in wind turbines recently and there are also some good quality European 
wind turbines in the market and a new model by US manufacturer about to enter the market.  For 
some wind turbines tall guyed towers are still lacking.  Wind-diesel integration technology has 
been maturing in other countries and is available and applicable.  This equipment is available in 
both sophisticated prepackaged modules or in less costly formats. 
 
In the author’s opinion both the wind turbines and wind-diesel equipment has progressed beyond 
the experimental.  However, further improvements and cost reductions, will, in part, be 
dependant on the installation of projects to increase the sales volumes for the suppliers. This will 
also provide project owners an opportunity to work with equipment suppliers to overcome any 
difficulties.  For the suppliers there is a window of opportunity opening up because the higher oil 
prices and the net metering opportunities are increasing the market for this equipment. 
 
Under a range of conditions wind energy projects can be economically viable in the north at oil 
prices in the order of $US60 per barrel.  The main requirements for economic viability for the 
initial “leader” wind-diesel projects include: locations with economies of scale, availability of 
local equipment, availability of local technical human resources, access to reasonable 
transportation, committed community and project proponent, and a wind resource of 6.5 m/s or 
higher (depending on local diesel plant fuel cost) at turbine hub height.  It is recommended that 
projects be kept as technically simple as possible to start with, either low or medium penetration.  
High penetration projects can be expensive and technically complex. 
 
Leader project proponents will require adequate financial and human resources to overcome any 
difficulties encountered and keep the projects operating.  Because wind technology is relatively 
new and unfamiliar to most people, the provision of training for operating and maintenance staff 
is important, and time will be required to gain experience.  These first projects are likely to cost 
$5,000 per installed kW or more if done well with good equipment.  Following the success of 
leader projects, and based on the knowledge and experience gained in them, the same proponents 
could install projects in smaller more isolated communities. 
 
Ideally wind projects should be owned by the diesel plant owners as this will minimize the 
potential for conflicts (especially in trouble shooting problems) and will provide technical, 
operational, and management economies of scale. 
 
Good quality wind resource information is lacking for most northern communities.  Wind 
resource data from towers at least 30 meters high with anemometers at 3 levels collected over a 
period of at least one year (preferable 2 or more) located on potential project sites is required. 
 
Government support for wind energy in the north can make an enormous difference.  Programs 
such as the CanWEA proposed ReCWIP would provide very valuable financial support and 
would expand the potential for viable wind energy projects to many more northern locations. 
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1.0 Background 
 
The Aurora Research Institute (ARI) has found that there is not as much support for the arctic 
wind power related initiatives that they wish to undertake as they had expected.  ARI wished to 
know if the reason for this weaker than expected level of support was that the wind power 
generation and wind-diesel integration technology was not yet adequately advanced to make 
wind diesel projects in the arctic economically viable. 
 
Leading Edge Projects Inc. (Leading Edge) was retained by Aurora College, Aurora Research 
Institute to assess the feasibility of wind power in diesel dependant arctic communities.  Leading 
Edge researched available materials related to wind energy development in arctic communities, 
consulted with various wind power developers in Canada and Alaska, consulted with a wind 
resource assessment specialist experienced in the north, and consulted with various wind turbine 
and wind-diesel integration equipment manufacturers in preparing this report. 
 


2.0 Wind Resource Assessment 
 
The wind resource available within reasonable distance of any community will be one of the key 
factors determining the economic viability of any wind diesel project.  When screening diesel 
served communities for the potential to host a wind power project to displace diesel power 
generation, it is thus one of the key factors used in decision making. 
 
Since the energy content of the wind is proportional to the cube of the wind speed, even small 
increases in the wind speed a wind turbine is exposed to can make a noticeable improvement in 
project economics, or vice versa.  The wind speed distribution can have a similar although less 
pronounced effect.  It is thus of critical importance that accurate information on the actual site 
for a possible wind farm be available.  Airport wind speed data and wind atlas data can be used 
as a preliminary screening tool to rule out unsuitable sites or to identify possible sites but any 
final site selection should be based on actual data. 
 
This also underlines the importance of wind farm site selection near a candidate community.  In 
some locations there are geographic and topographic variations that can be used to advantage in 
selecting a site.  A location on a hill or a ridge can make a significant difference in the wind 
resource to which the wind turbines would be exposed.  These local topographic and geographic 
differences cannot be picked up by the Canadian Wind Atlas calculation programs, so significant 
differences between Wind Atlas predictions and actual data, positive or negative, may be 
encountered.  Similarly data from an airport located either in a flat valley or on top of a higher 
ridge could lead to overly pessimistic or optimistic assumptions. 
 
A January 2005 report by Terriplan Consultants of Yellowknife said: “Wind energy has been 
measured in only 15 NWT communities so far.  Most of these measurements come from airport-
related weather equipment and may not represent the ideal wind energy sites in the community.  
More detailed assessment work is required to determine if grid-connected small wind systems 
could provide cost-competitive electricity in diesel-electric communities.” 
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The author’s experience in wind monitoring (mostly in treed areas) also indicates that lower level 
(e.g. at 10 meters) wind speed data (at airports or elsewhere) can lead to significant 
underestimation of the actual wind speed at 30 meters or higher. 
 
Appendix A consists of a table of NWT, Nunavut, Yukon (2 only), and Nunavik (14) 
communities displaying, as available, various data sets such as the wind speeds at 30 and 50 
meters above ground levels (AGL) as predicted by the Canadian Wind Atlas for NWT and 
Nunavut.  In general NWT communities have a lower indicated wind resource than Nunavut 
communities do.  A first screening that could be considered is to ‘screen out’ any community 
with a wind speed of less than 5 m/s at 30 m AGL and to ‘screen in’ any community with a wind 
speed of 6 m/s or greater at 30 m AGL.  Communities with wind speeds of between 5 and 6 m/s 
could be screened in if taking advantage of the local topography might yield a significant 
increase in wind speed for a turbine to harvest.  The communities passing this test would then be 
the focus of further work. 
 
A number of the communities in Nunavik (northern Quebec), especially those along coasts, also 
have significant wind resources.  For 14 of these communities some wind speed information was 
found and these have been added to the table in Appendix A. 
 
In the author’s view it is vitally important that wind monitoring using up to date methods and 
procedures be conducted at candidate wind farm sites.  The minimum height of monitoring 
should be 30 meters and anemometers should be located at a minimum of 3 different heights (for 
example 10, 20, and 30 meters).  Without this information a credible assessment of the viability 
of a potential project is not possible. 
 


3.0 Wind Power Technology Review 
 
On a global basis smaller scale wind power generation technology, in particular the wind 
turbines themselves, is relatively mature. However, the bulk of the market at present is in 
moderate to warm climate applications and the cold climates of the north (or far south) bring 
their own special requirements to wind turbines and their towers.  The special cold weather 
requirements are less well developed in the smaller turbines and towers, and there is 
considerably less choice on the market for these products. 
 
Overall the much more sophisticated electronic / digital technology that has made wind-diesel 
integration possible will require different operating, trouble shooting, and maintenance skills 
than the comparatively simpler and better known diesel plant technology in use today.  Training 
programs for the operating and maintenance staff is thus important for the success of wind-diesel 
projects. 
 
There are many wind-diesel systems working around the world, including a report of 8 high 
penetration wind-diesel systems in Australia.  There are several wind-diesel projects in 
Scandinavia, several in Alaska, but only a very few in Canada.  The number of failures of wind 
turbines in Canada’s north has resulted in a justified concern about the viability of these systems. 
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Those directly involved in wind-diesel project operations contacted by the author consistently 
stated that the wind power technology was ready for the north, however all did allow that there 
was still a need for the technology to mature further.  A view expressed regularly was that in 
order for the technology to mature, in particular the cold climate aspects of the technology, more 
wind turbines would need to be installed and operated in the north.  Improvements would come 
with time and experience. 
 


3.1 Wind Turbines 
 
Wind turbine technology in the 50 to 300 kW size range, and for cold climate applications in 
particular, had, until very recently, undergone very little modernization over a period of 15 to 20 
years.  This was likely due to the limited sales in this market segment.  Fortunately this trend has 
been reversed recently with both Entegrity Wind Systems Inc. and Atlantic Orient Canada Inc. 
spending time and effort overcoming the well known problems in their machines (controls, yaw 
dampening, and tip brakes included).  Those who successfully deploy these machines consider 
the fundamental components of the machine (generator and gearbox) to be robust and have put 
considerable effort into their controls as well as their operation and maintenance.  Further 
improvements are coming.  An established manufacturer, Bergey WindPower, has recently 
entered the field and is about to start selling its new XL.50 (70 kW peak) direct drive, permanent 
magnet generator, wind turbine.  It will be available with a range of guyed towers up to 82 
meters tall.  However, it is not yet known whether there will be a cold weather version available 
right away.  Wind Energy Solutions (WES), a successor to Lagerwey, has recently re-entered the 
Canadian market with the WES 18 (80 kW) and the WES 30 (250 kW). 
 
The advent of net metering across much of the USA and Canada will increase the market for this 
size range of turbine.  It expected that this increase in sales volume will allow manufacturers to 
further improve their turbines and potentially reduce prices. 
 
Enercon (a German manufacturer) has a 330 kW turbine, the E33, which is probably the 
“Cadillac” of turbines in this category.  It is a direct drive unit with tubular tower heights of 43 
and 49 meters.  There are three of these units operating in the Antarctic.  Its main disadvantages 
are the need for a significant concrete foundation and the need for a substantial crane for its 
installation.  Up to now the cold weather operation has been limited to -30°C. 
 
Northern Power Systems have now sold 10 of its first run of the NorthWind 100 wind turbine.  It 
too is expensive and comes with a tubular tower (and the need for a substantial concrete 
foundation), but it is designed to operate in temperatures down to -40°C. 
 
Fuhrlander of Germany, through its agent Lorax Energy Systems, LLC of Rhode Island USA, 
manufactures and sells turbines of 100 and 250 kW (as well as a 30kW unit).  They have a cold 
weather design package that will allow operation down to -40°C.  These turbines also have 
tubular towers and thus a need for substantial foundations as well as a crane for installation. 
 
Bergey WindPower has been indicating that they will soon be marketing their new direct drive 
XL.50 wind turbine.  They indicate that it will have two different rotor diameter options and a 


Leading Edge Projects Inc. 
 


5







State-of-the-art and Economic Viability of Wind Power in Arctic Communities 
 


peak output of 70 kW.  Tower heights of 28 meters to 82 meters (reportedly guyed towers) are to 
be available.  At this time it is not known if a cold temperature version suitable for the arctic will 
be available. 
 
WES Canada (office in Smithville, Ontario) has two turbines of interest.  The WES 18 (80 kW) 
available with a 40 meter guyed tower, and the WES 30 (250 kW) which uses a 50 meter tubular 
tower.  Company officials are concerned about the failures that have occurred in NWT in the 
past and have said that without a guarantee of professional maintenance they would not sell 
turbines into northern Canada. 
 
One general trend in the wind industry that could benefit the north too is the development of 
wind turbines more suited to lower wind speeds.  These turbines have a greater swept area than 
usual for the specified capacity.  A relevant example is the new Bergey XL.50 for which both 14 
and 16 meter rotor diameters are available.  Existing turbines such as the Entegrity EW15 and 
Atlantic Orient’s AOC 15/50 equipped with a larger rotor diameter would generate more energy 
in moderate wind speeds. 
 
Present potential suppliers for the north are: 
 
Atlantic Orient Canada Inc., AOC 15/50, 60 kW 
Entegrity Wind Systems Inc., EW 15, 60 kW 
Northern Power Systems, NorthWind 100, 100 kW 
Enercon GmbH, E33, 330 kW 
Fuhrlander / Lorax Energy Systems LLC, FL100, 100kW; and FL250, 250 kW 
Wind Energy Solutions Canada, WES 18, 80 kW; and WES 30, 250 kW 
 


3.2 Towers 
 
Tower designs can be a significant portion of the cost of northern wind projects.  Free standing 
tubular towers usually require a substantial concrete foundation.  Concrete in isolated 
communities is expensive and, in some Alaskan communities at least, aggregate has to be barged 
in (seasonally) which further adds to costs.  Free standing towers also, most often but not always, 
require a crane for their installation.  Crane mobilization and demobilization presents both 
logistical and cost challenges.  Guyed tubular (or lattice) towers, such as those developed by 
wind turbine manufacturer Vergnet of France (and more recently WES and Bergey), result in 
greatly reduced foundation and anchor loadings and are thus cheaper to install.  Guyed towers 
are not yet available from turbine suppliers such as Atlantic Orient Canada Inc., Entegrity Wind 
Systems, and Northern Power Systems, but are available from WES Canada and are reportedly to 
be available for the Bergey XL.50 turbine.  Lattice towers are less desirable in locations where 
icing is a problem as they provide a great deal more surface area onto which the ice can adhere. 
 
Another tower aspect that is of significant importance is the height.  Since the capital costs of 
building roads and power lines in remote northern communities is expensive, it is generally not 
practical to go far from these communities to take advantage of local topography to develop the 
best wind site.  As a consequence the only alternative for increasing the wind resource which the 
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turbine is harvesting is to put it on a taller tower.  While taller towers cost more than shorter 
towers, the percentage increase in energy capture is usually in excess of the percentage increase 
in project cost.  Bluntly speaking it is cost effective.  However the turbine manufacturers that 
have the smaller turbines suitable for the north have not yet designed such towers, mostly they 
still have 25 and 30 meter towers.  The exceptions are the Enercon E33 330 kW, the Fuhrlander 
FL250 250 kW, and the WES turbines which have towers between 40 and 50 meters available.  
In a location with a modest wind resource a 50 meter tower would increase the energy output of 
a turbine by about 20% over a 25 meter tower (wind shear coefficient of 0.16). 
 
Taller, guyed towers can be designed (Vergnet of France and WES have done so) – it is simply a 
case of vendors needing customers for them to justify designing and building them. 
 


3.3 Wind-Diesel Integration 
 
Key components of wind-diesel integration include, depending on a whether low, medium, or 
high penetration system is installed, some or all of the following: controllers for the wind 
turbines, an overall master controller for the wind plant, modern digital governors for the diesel 
plant if not already so equipped, an overall modern controller for the diesel plant if not already so 
equipped (ideally one that combines the control of the diesel plant and the control of the wind 
plant into one), a dump load boiler or equivalent, a low load diesel, and a synchronous 
condenser.  Other components may also be required or desirable. 
 
The wind-diesel integration equipment is less weather dependant than wind turbines as this 
equipment is normally housed in a heated building such as the diesel plant or in temperature 
controlled enclosures.  In practical terms this means that the development and maturation of this 
technology anywhere in the world is applicable anywhere else.  The north can thus benefit from 
the development work done elsewhere.  This is readily apparent in the relative maturity of the 
wind-diesel integration equipment from The Powercorp Group of Australia.  Australia has many 
isolated regions, much like northern Canada, except that their climate is hot.  Powercorp wind-
diesel equipment is available in North America through its subsidiary, Powercorp Alaska, LLC, 
located in Anchorage, Alaska. 
 
Another company with relatively mature wind-diesel integration equipment is Northern Power 
Systems (NPS) of Vermont USA.  They have been in the wind-diesel and alternative energy 
business for many years.  This company has also designed and built for the north a 100 kW 
direct drive wind turbine, the NorthWind 100.  It can operate in temperatures down to -40°C.  
Ten of these wind turbines are now deployed, or about to be deployed, in Alaska.  These 
machines tend to be expensive and require a crane for installation.  Foundations for free standing 
towers can also be expensive, see comments under foundations and civil works. 
 
Frontier Power Systems (FPS) of Prince Edward Island (PEI) also has a wind-diesel integration 
system, one that is more economical that those of Powercorp and NPS.  This system is based on 
FPS’s principal Carl Brothers’ experience in wind diesel integration work at the Atlantic Wind 
Test Site, and in cooperation with the wind-diesel test bed work done at IREQ (Quebec Hydro’s 
research group) in Varennes.  The FPS system has been installed in their own wind-diesel project 
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in Ramea (on an island off Newfoundland).  This system can be replicated for other projects but 
FPS does indicate that their system, while lower in cost, may not be as mature as Powercorp’s or 
NPS’s systems. 
 
Modern digital governors for the diesel generators will be required to ensure that the diesel 
generators can respond as quickly as the wind fluctuates.  This is required since the output of 
wind turbines will change quickly with changes in the wind (gustiness).  Without fast acting 
governors there will be fluctuations in the frequency and / or voltage of the power system. 
 
The overall diesel plant control needs to accommodate the control of the wind turbines either 
directly if the power plant controller has the capacity to do so (or if a new one that can do this is 
installed), or by interfacing with the wind plant controller.  Digital governors and plant 
controllers are existing mature technology.  However any given diesel plant may require 
modernizing to accommodate a wind plant. 
 
Low load diesels, those with the ability to operate effectively at a very low percentage of their 
rated capacity, may be required if the existing diesels in the plant are not capable of doing so.  
These may be purchased as a complete package such as provided by Powercorp, or may be 
purchased directly from manufacturers and installed as any other unit in the diesel plant fleet.  
Some modern diesels are capable of carrying a load that is a relatively low percentage of their 
rated capacity.  Low load diesel technology is available but is relatively new and any given 
diesel plant may or may not be equipped with these units. 
 
Boilers equipped with a large number of small capacity heating elements are often used as a 
means of leveling out the fluctuations of wind power.  A fast acting controller will add or drop 
heating elements (or otherwise vary the load on larger heating elements) as the power output 
from the wind plant increases or decreases.  In projects with a substantial wind penetration a 
specified minimum capacity kept on at all times can help smooth the effect of a turbine trip.  
Boilers and their heating elements are standard off-the-shelf technology.  The Controllers are 
also fairly standard electronic pieces of equipment, but their programming and speed of action 
are aspects that will require special attention.  Details will vary from project to project.  Dump 
loads, such as electric air heaters, will function in the same manner as a boiler (which is 
essentially a dump load too) but these may or may not be situated so that the dumped energy can 
be recovered.  The purpose of a boiler is to capture and make use of the energy that would 
otherwise be wasted. 
 
If a diesel plant is to be shut down to allow a wind power plant to service all of the electrical load 
(high penetration system), the grid frequency needs to be maintained by a device such as a 
synchronous condenser.  Synchronous condensers have been around for a long time and are quite 
“standard” although typically designed for each specific application.  They do consume power in 
their operation, power which would be produced by the wind plant and which will then not be 
available to displace diesel fuel.  A generator can be decoupled from its diesel engine (with the 
use of a clutch) to serve as a synchronous condenser. 
 
An energy storage device such as a battery bank (or a spinning flywheel) will also be required in 
a high penetration system.  The energy storage device is typically designed to serve the electrical 
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load while allowing the diesel plant time to start up and pick up the load if the wind suddenly 
drops off or if a wind turbine shuts down or if the power line from the wind plant trips off.  It can 
also absorb significant fluctuations in the output of the wind plant that do not involve trips.  
Energy storage devices tend to be relatively expensive and they consume power (wind power).  
Battery banks with their charging systems and inverters to store and draw out the power are 
standard common and mature technology.  Other energy storage devices such as Powercorp’s 
PowerStore™ flywheel storage system, represents newer, less mature technology.  It is also more 
expensive technology than batteries at present, but it does have a significant capacity and some 
advantages. 
 
When a wind plant is providing for all of a community’s energy requirements and the diesel 
plant it shut down, it will need to be kept in a state of readiness for restarting at any time.  This 
means that the building will need to be kept at a reasonable temperature and that the individual 
engines will need to be kept hot and ready to start and pick up load within minutes.  In diesel 
power plants the heat from the engines (including from their block cooling and exhaust systems) 
is typically used to keep the building warm and any non-operating engines on hot standby.  With 
the diesel plant shut down this heat will need to be provided by a boiler system that uses either 
wind energy or is oil fired or a combination of the two.  This technology is common, known and 
“off-the-shelf”, however it does represent a capital and operating cost to the wind project 
because it would not otherwise be needed. 
 
Appendix D contains some literature on wind diesel integration systems produced by Powercorp 
of Australia.  This is not to indicate that the author promotes Powercorp’s products over other 
suppliers, it just indicates that Powercorp has some well written and presented information. 
 


3.4 Wind penetration levels 
 
The level of diesel energy displacement by wind energy is called the wind penetration level.  
Penetration levels are typically simply categorized into low, medium, and high.  Low penetration 
is the displacement of up to about 10% of the diesel energy by wind, and would usually be 
accomplished in a small community by connecting one (or more) wind turbines, the “wind 
plant”, to the system.  The wind plant would need to be small enough so that the diesel plant can 
continue to operate as it previously would have.  The only difference is that the diesel plant will 
“see” a slightly lower electrical load.  The low penetration option requires a minimum amount of 
wind-diesel integration equipment.  The diesel governors need to be able to respond to the 
fluctuating output from the wind plant, but aside from that only the physical connection and 
electrical protection are needed.  The wind plant will have its own controller which is a normal 
part of a wind turbine package.  The disadvantage of the low penetration approach is that the cost 
per kW of installed wind capacity may be high because there would be no economies of scale in 
the size of the project.  Operations and maintenance (O&M) costs per kWh of energy produced 
will be higher for the same reason while the savings on diesel fuel are limited. 
 
In medium penetration wind projects the installed wind capacity will be such that there will be 
more wind power than the diesel plant can accommodate at windy times.  This occurs when the 
available wind power would reduce the diesel plant loading below the minimum allowable level 
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on the smallest available diesel generator.  When this happens the excess wind energy will need 
to be dumped.  Overall diesel fuel displacement can be up to 25%.  The equipment required to 
achieve medium penetration includes a dump load, a dump load controller, and a more 
sophisticated diesel plant controller, or an overall diesel and wind plant controller, to 
accommodate the higher level of wind energy and its fluctuations.  A low load diesel may also 
enhance the achievable penetration level.  Advantages of a medium level of penetration include a 
greater economy of scale in the purchase and installation of the wind plant capacity (a larger 
turbine or a greater number of smaller turbines), reduced O&M costs per kWh for the same 
reason, and a greater diesel saving. 
 
A high penetration wind project would typically displace from 25% to 40% of the diesel energy 
and possibly as much as 50% in a wind rich region.  In practical terms this requires, at windy 
times, the diesel plant to be entirely shut down but maintained in a state of hot standby so it can 
start very quickly again as needed.  A high penetration project requires the greatest amount of 
integration equipment and the most sophisticated equipment.  There will be an excess of wind 
energy at windy times and for the project economics to be optimized, the excess wind energy 
will need to serve a useful function – such as space heating.  In addition to the equipment 
described in the medium penetration case, required equipment includes a diesel plant heating and 
engine hot standby system, an energy storage system, a frequency regulation system such as a 
synchronous condenser, a boiler or other useful dump load system, and a sophisticated overall 
power system controller that regulates all of the equipment listed and maintains power quality 
and reliability to the community. 
 
The advantage of a high penetration system is that it provides the greatest economy of scale in 
the purchase and installation of the wind plant (size and number of turbines) and the greatest 
level fuel saving.  Wind energy O&M costs would be minimized for the same reason.  The 
disadvantages are that the amount and sophistication of the equipment needed can drive up the 
capital cost significantly and the power requirements for this equipment detracts from the diesel 
displacement.  The smooth operation of this equipment and its maintenance will be a challenge 
until operating and maintenance staff become very familiar with them.  There is also a power 
requirement for the operation of the integration equipment which must be supplied by the wind 
plant, directly or indirectly.  This power requirement is sometimes called a parasitic or station 
service load. 
 


3.5 Anti-icing technology 
 
There are some locations in which the icing of wind turbines, which can cause a reduction in 
power output, is a significant concern.  The icing is due either to the proximity of open water 
under cold conditions, or extended extreme cold weather and ice fog, or because of the altitude at 
which the turbines are to be located to access a good wind resource.  There are some effective 
mitigation measures available.  For turbines that require wind instruments (anemometers and 
wind vanes) for their control, heated instruments are readily available and are proven, mature 
technology.  There is also a black blade coating available (StaClean™) that has a low adhesion 
surface for ice and that absorbs solar energy (when available) to assist in blade de-icing.  This 
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coating has been shown to be effective in the north.  Again this is an “off-the-shelf” product that 
can be applied by qualified painting contractors. 
 
Where the icing is severe and the “passive” mitigation features described above are not adequate 
the only option is a blade heating system.  Blade heating systems have never been produced in 
any quantity, and until one supplier came to the author’s attention recently (located in Finland), 
there had been no known commercial suppliers.  A second potential supplier is located in the US 
but this supplier still needs a significant customer to help bring the product to market.  There are 
custom designed blade heating systems in operation in Finland, Sweden, and in Yukon.  
However, this technology cannot be considered “off-the-shelf” at this time; but there is at least 
the appearance of light at the end of the tunnel on this matter.  The cost and overall economic 
benefit of such a system would need to be demonstrated in actual performance in the north. 
 


3.6 Suppliers of wind-diesel integration systems 
 
There are a several wind-diesel integration system equipment manufacturers.  Those known to 
the author include Powercorp, Northern Power Systems, Frontier Power Systems, Enercon, 
Sustainable Automation, PitchWind, and Wind Energy Solutions.  There are probably others. 
 


3.7 Wind turbine manufacturers promote wind-diesel systems 
 
There are several wind turbine manufacturers that supply wind diesel systems or that promote 
their turbines for wind-diesel systems. Those with wind diesel systems include Enercon, 
Northern Power Systems, PitchWind (not sure if they make products suitable for the north), and 
Wind Energy Solutions (the author has no detailed technical information on their products at the 
time of writing).  Those that promote their products for use in wind-diesel systems include 
Entegrity Wind Systems Inc., Atlantic Orient Canada Inc., Fuhrlander, and Vergnet (does not 
have suitable products for cold climates at present). 
 


4.0 Foundations, and Civil Works 
 
The foundations for wind turbines can be a significant cost component of a wind project.  In 
particular there are locations where there is ice rich permafrost in silt that is at risk of 
degradation due to global warming (this is the case in a number of Alaskan coastal 
communities).  This makes the foundation design particularly tricky and expensive.  A 
complicating factor can be the lack of a supply of aggregate, as is the case in some areas of 
Alaska.  Where aggregate needs to be barged in it will be expensive and add significantly to the 
cost of foundation and road construction.  These factors favour the use of guyed towers for 
which foundations and anchors are less demanding.  Unfortunately the environmental regulations 
(bird impact concerns) in Alaska are such that guyed towers are not an option there at present.  
This leaves Canada alone to develop these towers as they are not yet available for the cold 
weather turbines on the market. 
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The further development of helical screw pile anchoring systems (such as the AB Chance helical 
screw type of anchors) would reduce the installed costs for the turbine towers now available and 
the guyed towers that we hope will be designed soon. 
 
The ideal location for wind turbines in isolated communities is on bedrock where standard rock 
anchoring systems, which are cost effective, can be used.  In these locations it is unlikely that 
aggregate supply would be a problem. 
 
The cost of power line construction for wind turbines located some distance from a community 
will generally follow the cost trend for wind turbine foundations.  In ice rich unstable permafrost 
the costs will be high, and in dry and rocky locations the costs will be substantially lower. 
 
Other civil works, including buildings and their foundations, will follow similar cost patterns. 
 


5.0 Present Cost Experience 
 
A review of the historical capital costs (adjusted to present value by adjusting for inflation) for 
the installation of wind projects indicates a wide range has been experienced.  In Northwest 
Territories (NWT), before the formation of Nunavut, the NWT Power Corporation (NTPC) costs 
for various projects have ranged from about $4,500 per installed kW to over $8,000 per installed 
kW.  Granted there were special circumstances driving up the capital cost in most of these one or 
two wind turbine projects, however, the costs are significant. 
 
Yukon Energy’s experience with two grid connected turbines, one in 1993 and one in 2000, are 
inflation adjusted costs of over $5,000 per kW to about $3,400 per kW.  In this case there were 
significant costs for power line reconstruction, road upgrading, and custom anti-icing (blade 
heating systems) included. 
 
The author’s examination of a potential project in a road accessible small diesel served 
community (125 to 250 kW load, average about 175 kW) suggested that costs could range from 
$5,000 per kW to about $9,000 per kW depending on the number of turbines involved and the 
level of wind penetration in the configuration.  Costs would be higher for communities without 
road access.  The author admits to a bias of being quite conservative in cost estimating – 
estimating higher rather than lower. 
 
A very interesting result of the author’s examination of this potential wind project (wind speed 6 
m/s at 30 meters) was that the medium penetration option yielded the lowest cost wind energy.  
The high penetration option was high cost because of the significant amount of additional 
equipment required compared to the low or medium penetration options, and the amount of 
power consumed by this equipment.  The author estimated that both the low penetration (one 
EW15 turbine) and the high penetration (five EW15 turbines) projects would displace diesel 
power at $0.55 per kWh whereas the medium penetration project (three EW 15 turbines) was 
projected to displace diesel at $0.44 per kWh.  It was calculated that increasing the wind turbine 
tower height from 25 to 50 meters would reduce the cost of energy in the medium penetration 
case to about $0.34 per kWh.  The lesson from this analysis is that it may not be cost effective in 
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small communities to go to high penetration systems because of the high fixed costs of the wind-
diesel integration equipment required.  Smaller simpler projects may be more cost effective. 
 
The most recent (anecdotal) information from the wind-diesel projects using 60 and 100 kW 
turbines in small remote communities in Alaska, seems to be indicating capital costs in the order 
of $CDN10,000 per kW.  These coastal communities suffer from unstable permafrost and a lack 
of aggregate.  Most also have outdated diesel plant controls so a major diesel plant upgrade is 
typically required and completed as part of the project. 
 
Presentations by Hydro Quebec staff to the International Conference on Wind Energy in Remote 
Regions in October 2005 described two wind-diesel projects planned by the utility.  One will be 
on Iles de la Madeleine where a 300 kW first phase of a wind-diesel project will be installed in 
2007 at a cost of about $8,300 per kW.  The second project is a 1,300 kW high penetration (no 
storage) wind-diesel project planned for Inukjuak for 2008 at an estimated cost of $7,600 per 
kW. 
 
A 2004 presentation on Hydro Quebec’s prospects for wind-diesel projects indicated that for 7 of 
the 14 Nunavik communities examined, high penetration no storage wind-diesel projects would 
be economic (these would have positive net present values).  And since 2004 fuel prices have 
increased substantially.  Hydro Quebec’s discount rate is 5.2%, substantially lower that the 8% 
used by the author in the preparation of the economic analyses that form part of this report. 
 
The history on maintenance costs also indicates a wide spread in cost experience.  Most of the 
projects by NTPC failed or required an enormous level of technical intervention by NTPC.  If the 
costs were to be fully accounted for on a per kWh basis the figures would be astronomical.  
Yukon Energy recently indicated in a public utilities board hearing that their O&M costs for 
wind power were in the order of $0.08 per kWh. 
 
The information available from Alaska indicates that the maintenance costs would probably 
range from about $CDN0.05 per kWh in smaller projects to less than $CDN0.01 in a larger wind 
farm applications.  No information on the allocation of operating costs other than maintenance 
was available. 
 
In the author’s view it would be realistic to expect O&M costs to be in the order of $0.05 to 
$0.10 in somewhat larger projects and probably more like $0.10 to $0.15 in smaller projects.  
The project ownership structure will have a significant bearing on this cost as a small 
independent power producer with one wind project is likely to have higher overhead costs than a 
utility that already owns the diesel plant in the community. 
 


6.0 Recommendations from Project Developers 
 
There are a number of recommendations and comments that were received from project 
developers in Canada and Alaska.  Included are the following: 
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Wind-diesel technology is past being experimental and ready for sequenced installation starting 
with “demonstration” projects.  A prudent approach would see the bugs worked out and 
experience gained in larger communities, before projects are replicated in smaller and more 
remote communities.  These first projects must be large enough to have some economies of scale 
in the wind project, a reasonable amount of construction equipment, and some level of technical 
support available.  A suitable wind resource, one that can be expected to yield a capacity factor 
of at least 25% in a wind plant, is also a necessity.  The community must be committed to the 
project. 
 
For a jurisdiction or a utility to start into wind energy they should begin with a “pioneer” project.  
This pioneer project should have economies of scale (larger project size), access to local 
equipment, access to technical staff, and above all have a core project staff that is committed to 
the success of the project.  There will be much to learn (significant training required), experience 
to gain, and there will be difficulties to overcome.  Once this pioneer project is up and running 
successfully, other smaller and more isolated projects can be planned and installed using the 
experience gained in the first project and replicating the first project as much as possible. 
 
It would be wise to start projects as low or, at most, medium penetration projects if at all possible 
and to increase the penetration level when experience and comfort in the wind turbines and 
wind-diesel system permits.  High penetration projects are much more sophisticated and are thus 
much more difficult to deal with, especially with inexperienced operating and technical staff. 
 
There must be a high level of commitment to a wind project in any community where a project is 
constructed.  Without this community commitment there will be problems and the project will 
either be less successful than it can be or will be a failure. 
 
Stay with consistent equipment technology and equipment suppliers as much as possible so that 
projects can use similar architecture and the knowledge and experience gained by staff is 
transferable. 
 
The geographical grouping of projects (including locating subsequent projects near pioneer 
projects) can help keep cost down, and provide nearby expertise and support when needed. 
 
Ideally install wind projects at the same time as diesel plants are being upgraded (controls at 
least) so that the controls for the diesel plant and the wind plant are compatible.  Modern digital 
governors for the diesels are a requirement for a wind project to interface successfully with the 
diesel plant.  Wind plants will not work properly with older diesel governors and plant controls. 
 
The required civil works for a wind project can be very tricky and very expensive.  Geotechnical 
investigations and design / preparations need to be started well ahead of time.  Innovative 
solutions may be required.  Overall project timing from start to finish can easily be 3 years in an 
isolated community. 
 
There would be a great cost and practical advantage to having wind turbine towers that are guyed 
and designed to be easily winched up and down.  Guyed towers are not presently allowed in 
Alaska.  As a consequence recent Alaskan wind projects required the use of a crane, and could 
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only be done cost effectively in conjunction with other community projects that also need a 
crane.  There is thus a vulnerability to future major maintenance that requires a crane. 
 
Tubular towers provide more comfortable maintenance access and are less risky for staff 
compared to lattice towers. 
 
At present AVEC looks for sites with a class 4 wind resource (6.5 to 7.0 m/s at 30 meters above 
ground level) or better for their potential projects. 
 
There is a need for cost competitive wind turbines in the 100 to 300 kW size range.  Enercon has 
a 330kW turbine but up to now has not been prepared to sell its products into the USA due to 
patent dispute issues.  It was said that Enercon may make an E20 100 kW turbine available 
again. 
 
Alaska expects costs to be in the order of $CDN10,000 per kW for high penetration projects in 
the near term and come down to about $CDN6,500 per kW in the longer term.  Accepting a 
higher risk of outages, and somewhat greater permissible voltage and frequency excursions on 
the power system would likely allow capital costs to be reduced further by reducing equipment 
costs. 
 
For project success the best wind project ownership arrangement is to have the diesel plant 
owner also own the wind plant.  There has been some experience with an independent power 
producer (IPP) owning a wind plant and this has resulted in some conflicts between the wind and 
diesel plant owners and less wind penetration and less diesel savings than would have been 
possible with the same owner.  There must be a very high level of cooperation between the wind 
plant and diesel plant owners / operators as a minimum. 
 


7.0 Kotzebue, a model to follow 
 
The failures in wind projects in Northwest Territories and Nunavut can lead one to believe that 
wind-diesel projects can perhaps not be done successfully in Canada’s north.  However, the 
author is of the opinion that wind-diesel projects can be done successfully if done with care and 
planning and a determination to succeed.  If the advice of the experienced professionals quoted 
above is followed and put together what do we have?  In essence we have the successful 
Kotzebue Alaska wind-diesel project. 
 
Kotzebue, located north of the Arctic Circle on Alaska’s west coast on tundra and permafrost, 
has about 4,000 people.  It serves as a local hub community to 10 other communities.  It has a 
diesel plant with 11 MW of installed capacity.  It started wind energy efforts with a small low 
penetration project and, as experience was gained, it expanded its wind farm in stages.  The 
experience gained here is now being used to assist in the design and installation (and 
maintenance) of wind projects in the surrounding smaller communities of Wales, Selawik, 
Toksook Bay, and others. 
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In putting together their wind-diesel project and its expansions, Kotzebue Electric Association 
(KEA) made full use of various state and federal support programs to help reduce costs and 
mitigate risks.  Kotzebue first ventured into wind energy in 1997 with the installation of 3 AOC 
15/50 wind turbines (about 60 kW capacity).  In 1999 7 more AOC wind turbines were installed, 
in 2002 a NorthWind 100 was installed, and in 2004 another 2 AOC turbines were installed.  
This year, 2006, another 3 Entegrity EW 15 turbines (a new name for the AOC 15/50 from a new 
owner) are set to be installed. 
 
KEA’s determination to make the project successful is reflected in the positive operational 
experience with the AOC wind turbine.  This turbine and its controls had a number of challenges 
and the company was, it seemed, in continuous financial difficulty making product deliveries and 
product support a problem.  KEA persevered and has developed considerable expertise in the 
operation and maintenance of these turbines.  Their maintenance costs are in the order of $0.01 
per kWh, an exceptional achievement! 
 
Appendix B contains a significant amount of information on the Kotzebue project and its 
positive effect including two presentations (2002 and 2004), information from their website, 
extracts from presentations on wind-diesel projects in Wales and Selawik (2004), and a copy of 
various news releases including one story that appeared in the Juneau Empire on November 13, 
2005. 
 
In the author’s opinion the KEA wind-diesel project is an excellent example to follow: start with 
a simple project in a larger community that has some economies of scale, equipment, and 
expertise and grow from there as experience is gained and problems overcome.  With a core of 
experience and expertise built up, these resources can then be used to establish projects in 
smaller communities.  
 


8.0 Project site selection criteria 
 
The author believes that the following criteria should be used for the selection of the “leader” 
wind projects (or “demonstration”, or “pioneer” projects if you prefer) that have a high 
probability of success.  They are listed in the author’s view of the order of importance with the 
most important first. 
 


1. A project proponent with the financial and human resources to make the project work and 
the determination and financial incentive to overcome difficulties to make it successful; 


2. A community committed to the wind project (local champions) and of adequate size to 
provide an opportunity for some economies of scale; 


3. Good transportation access; 
4. Good access to technical support; 
5. Reasonable wind resource; and 
6. Reasonable geotechnical conditions. 
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Once the leader project is up and running well and local staff have been trained and are 
comfortable with the wind-diesel project, subsequent projects can be selected based on the 
following criteria, again in order of the author’s view of importance. 
 


1. Community commitment; 
2. The ability to replicate the leader project; 
3. Good wind resource; 
4. Reasonable access to technical support; and 
5. Reasonable transportation access. 


 


9.0 Simplified Economic Analyses 
 
The examination of the economic status of potential wind projects was based on calculating the 
effect of a range of values for key variables.  This means that the determination of economic 
viability requires looking at a multi-dimensional picture.  For simplicity’s sake some less 
important variables, or variables that could be determined or predicted with relative ease, were 
fixed.  These include the fuel efficiency of diesel plants, the energy recovery of wind turbines at 
different wind speeds, implicitly the wind speed distribution (Rayleigh distribution), turbine 
availability, and wind plant losses (non-diesel displacing theoretically recovered energy).  This 
permitted the effect of key variables to be presented in a series of tables.  The key variables 
include project capital cost, project operating cost, wind speed, and the cost of fuel to the diesel 
plant.  Appendix C presents the spreadsheets used in these calculations. 
 
The values used for the less important variables are as follows.  It was assumed that a wind 
project would consist of three AOC or Entegrity wind turbines representing an installed capacity 
of 180 kW.  The theoretical energy recovery in kWh is based on the manufacturer’s curves 
which in turn are based on standard temperature and pressure, and a Rayleigh wind speed 
distribution.  No adjustments to these figures were made for the purpose of the economic 
calculations.  A turbine availability of 95% was used, perhaps optimistic based on history, but 
this should be achievable in a good project.  Wind system losses (non-diesel displacing energy 
was assumed to be 10% on the basis that the project would be low to medium penetration.  While 
the energy efficiency of diesel-electric plants varies depending on several factors, a plant 
efficiency of 3.50 was used as a base case.  A table showing how the cost of diesel energy varies 
with diesel plant efficiency and the cost of fuel is provided so that the reader can see the 
relationships.  The capital cost was amortized over 20 years with annual mortgage style 
payments at an interest rate of about 8% (20 annual payments of 10% of the initial capital cost). 
 
The key variables presented in each spreadsheet are the capital cost of the project (on a per kW 
of capacity basis), the wind speed (from 5.0 to 9.0 m/s), and the cost of diesel fuel.  A series of 
three spreadsheets presents the cases of three different levels of annual operating costs, $5,000 
per turbine (low), $10,000 per turbine (medium), and $15,000 per turbine (high).  As the terms 
imply, the author believes that an annual operating cost of $10,000 per turbine in a three turbine 
project should be considered reasonable.  With respect to capital costs, however, it is much more 
difficult to make a definitive pronouncement.  Recent experience in Alaska and Hydro Quebec’s 
plans indicate that a well executed project is likely to cost between $5,000 and $10,000 per kW 
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in an isolated community.  In the author’s opinion a cost in the range of $4,000 and $7,000 
should be achievable in a carefully chosen and tightly run project.  Based on the experience of 
the leader project it should be possible to reduce the cost of subsequent projects. 
 
The present cost of fuel in most NWT communities was not available to the author.  Using world 
crude oil prices over a number of years and various data sets that were available, the cost of 
diesel fuel with crude oil valued at about $60US per barrel was estimated.  The cost of diesel fuel 
in the more accessible communities (accessed by barge) is likely in the range of $0.80 to $1.00 
per liter.  This means that the cost of diesel generated energy is in the range of about $0.23 per 
kWh to $0.29 per kWh.  In the least accessible communities the cost is likely in the range of 
$1.00 to $1.25 per liter or about $0.29 to $0.35 per kWh.  In the community of Old Crow in 
Yukon which is accessible only by air, the cost of fuel has recently been running in excess of 
$1.40 per liter, however the author is not sure that there are any communities in this category in 
NWT or Nunavut.  In the analyses performed by the author it seemed that the increased price of 
crude oil in $US per barrel resulted in approximately the same increase in cents per liter in diesel 
fuel.  The ratio if increase in Old Crow was slightly higher.  Whether this rough relationship 
would continue to hold for further significant increases in the cost of oil is not known. 
 
The spreadsheets indicate that under a number of realistic values of key variables wind projects 
in NWT would be economically viable.  At a capital cost of $5,000 per kW and a medium 
operating cost, a wind speed of about 7.5 m/s in a more accessible community would result in an 
economic project at present fuel costs.  For a less accessible project location a wind speed of 
about 6.5 m/s would suffice to create an economic project at present fuel costs.  If the capital 
costs were to increase to $6,000 per kW the required wind speeds would be about 8.0 m/s and 
7.0 m/s respectively for the more and less accessible communities. 
 
The need for a reasonable wind resource for leader projects to be economic and the need to 
manage capital costs is evident, but the information clearly indicates that economic projects are 
within reach.  While the sensitivity to interest rates was not calculated they do have a significant 
impact on project economics.  A reduction from the 8% used in the analyses to 5% is equivalent 
to a reduction in capital costs from $5,000 per kW to $4,000 per kW.  This is obviously also a 
variable to be taken seriously in project planning. 
 
An increase in turbine hub height from 25 to 50 meters can increase the accessible wind speed 
from 6.0 m/s to about 6.7 m/s (wind shear coefficient of 0.16) and increase the energy capture by 
about 20%.  The benefit of the availability of taller towers for wind turbines in remote 
communities is thus very significant. 
 
Should the federal government implement a WPPI type of program for remote, isolated 
communities that provided a cost incentive of about $0.10 per kWh (proportional to WPPI for 
wind farms in the south), the threshold wind speed for economic project viability would drop by 
about 1 m/s, again very significant.  Support for projects by the territorial governments or their 
utilities would, of course, have similar benefits. 
 
The author would like to note that projects that are poorly done or that use unreliable equipment 
in an effort to save capital costs are likely to produce expensive energy.  Projects that use reliable 
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equipment, or projects that have proponents with the financial resources to make the available 
equipment reliable, are much more likely to be economically viable, regardless of capital cost. 
 


10.0 Roles of Territorial Governments and their Power Utilities 
 
Given the nature of northern Canada, it would be desirable and advantageous for the three 
territorial governments and their utilities to get together to develop a single consolidated 
approach to staged wind development in the north.  Coordination would result an organization 
with some clout and would spread the cost of the early phases of systematic wind project 
development. 
 
The territorial governments and their wholly owned electric utilities and energy corporations 
could play a role in the development of a tall guyed tower for smaller wind turbines.  The 
development of more cost effective foundations and anchors for permafrost is another item that 
can be worked on.  Equipment suppliers too can and should be part of the mix, they must stand 
behind their equipment to ensure it performs up to specification and they must be committed to 
overcoming the difficulties if it does not. 
 


11.0 Role of Federal Government 
 
The federal government can provide very valuable support in several ways.  First is to provide, 
through NRCan, a wind energy support program equivalent to the WPPI for the south.  The 
CanWEA proposed ReCWIP, for example (see Appendix E), would make an enormous 
difference to the number of northern communities in which wind-diesel projects can be 
economic.  The federal government can also consider providing some capital financial support 
for leader projects (financing or financing guarantees) through ReCWIP or separately.  
Indirectly, the CanWEA proposed Small Wind Energy Incentive Program (SWEIP – see 
Appendix E) to provide purchase incentives for wind turbines for the grid connected net 
metering market can also benefit the north.  SWEIP would increase the market for the size of 
turbines of interest to the north thus leading to better quality products at competitive prices. 
 
Second, NRCan can increase their level of R&D financial support available to manufacturers to 
help them develop the products required for north.  A 50 meter guyed tower for turbines of 50 to 
60 kW (such as the Entegrity and AOC turbines) is one good example. 
 
Third, INAC can be encouraged to ensure that their programs support and encourage the 
development of wind projects. 
 
Fourth, all federal and territorial government departments pay very high power rates in the north 
and they can insist on procuring renewable energy wherever possible so that the subsidies that 
they are effectively paying are channeled into renewable energy forms, including wind. 
 
Leader projects should aim for installed costs of $CDN5,000 per kW or better, and the longer 
range target should be to install projects at $3,500 per kW. 
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12.0 Conclusions 
 
Wind-diesel equipment is ready for staged installation in the north. This equipment cannot be 
expected to “mature” further and come down in cost without the installation of projects to 
increase the sales volumes of this equipment.  Further project installation experience will result 
in the development of innovative approaches to improving product performance and to reducing 
costs in subsequent installations. 
 
Deployment of wind energy in the north needs to proceed on a carefully planned and staged 
sequence starting with “leader” projects and branching out from there.  Initial projects are likely 
to cost $5,000 or more per kW of installed capacity and, depending on other factors, could be 
economically viable in wind regimes as low as 6.5 m/s annual average.  The Kotzebue Alaska 
wind-diesel project is a very good example to follow. 
 
There is a need for good quality wind resource assessment at potential wind project locations in 
many communities in the north.  Only airport and wind atlas information is presently available 
for many communities and these are only adequate for the screening of potential wind project 
sites.  Airport and wind atlas data are not adequate to conduct the accurate wind project 
economic analyses on which wind project decisions must be based.  Monitoring should consist of 
towers of at least 30 meters in height and have anemometers located at three elevations (for 
example at 10, 20, and 30 meters) to determine the wind shear.  These towers should be located 
at actual potential wind turbine installation sites or be representative of such sites.  They should 
not be located at sites of convenience where neither wind turbine installation nor correlation to a 
potential wind project site is possible. 
 
The list of communities with potential to host a leader project site based on the suggested 
screening factors should be highest on the priority list for wind monitoring work if suitable data 
does not already exist.  Other potential subsequent community wind project locations should be 
next on the list. 
 
Government programs in support of wind energy in the north can make a substantial difference 
to the viability and expansion of wind-diesel systems in the arctic. 
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Leading Edge Aurora Report Appendix A


Service Fuel Residential General Service
Community Provider Source Customers Customers Wind speed m/s 50m Wind dir Location Alternatives


(cents/kWh) (cents/kWh) Latitude Longitude 30 m AGL 50 m AGL 30m


Northwest Territories
Aklavik NTPC Diesel 57.34 54.51 68.22 135 5.3 5.7 1.08 Strong NW in town
Colville Lake NTPC Diesel 266.6 237.36 67.04 126.085 6 6.3 1.05 SE in town hill 200 m higher 12 km to SE
Deline NTPC Diesel 57.86 53.27 65.188 123.41 5.9 6.2 1.05 E and NW in town hill 150 m high at 7 km NE
Dettah NTPC Hydro 19.84 25.44
Dory Point / Kakisa Northland Hydro 26.4 26.54/21.72
Fort Good Hope NTPC Diesel 63.98 55.2 66.24 128.66 5.4 5.7 1.06 by river 2 km SW of town
Fort Liard NTPC Diesel 40.04 33.65 60.236 123.48 3.8 4.5 1.18 NE and SW in town hill 100 m higher 9 km E by road
Fort McPherson NTPC Diesel 52.85 46.07 67.44 134.87 3 3.3 1.10 in town
Fort Providence Northland Hydro 24.16 22.66/18.84
Fort Resolution NTPC Hydro 14.05 11.7
Fort Simpson NTPC Diesel 36.8 29.91 61.845 121.34 3.5 4.1 1.17 NW, SE, SW 2.5 km SE of town
Fort Smith NTPC Hydro 12.13 8.71
Hay River Northland Hydro 12.98 11.08/8.23
Holman NTPC Diesel 72.39 65.84 70.742 117.713 7.4 7.9 1.07 strong ESE On ridge 1.2 km east of powerline
Inuvik NTPC Natural Gas 38.72 32.21 68.363 133.725 4.4 4.8 1.09
Jean Marie River NTPC Diesel 84.58 123.22 61.529 120.64 3.1 3.6 1.16 in town
Lutsel K’e NTPC Diesel 62.06 56.68 62.409 110.722 5.2 5.8 1.12 E on hill 60m above lake
Nahanni Butte NTPC Diesel 95.73 130.2 61.087 123.385 3.2 3.7 1.16 NE and SW on hill 1390 m ASL 4.3 km N of town
Norman Wells Imperial/NTPC Natural Gas 30.84 26.83 65.34 126.61 5.8 6.2 1.07 SE, smaller NW on hill 9 km NE of town 950 m above town


Paulatuk NTPC Diesel 94.32 87.69 69.332 124.026 6 0.00 S and W 2.3 km E of town where present tower
Rae-Edzo NTPC Hydro 19.84 25.44
Rae Lakes NTPC Diesel 82.7 101.6 64.114 117.355 6.1 6.5 1.07 SE, smaller NW
Sachs Harbour NTPC Diesel 97.75 89.52 71.987 125.412 5.5 5.8 1.05 E to S and N 5 km W of town 125 m ASL hill 7.5 km E
Trout Lake Northland Diesel 52.15 46.56/36.36 60.442 121.242 5.5 5.8 1.05 SW, lesser NE
Tsiighetchic NTPC Diesel 99.29 86.73 67.44 133.74 4.6 5 1.09 SW and SE in town
Tuktoyaktuk NTPC Diesel 61.61 53.84 69.401 133.036 5.3 5.7 1.08 E, SW 4 km S of town
Tulita NTPC Diesel 80.32 77.31 64.901 125.579 5.3 5.7 1.08 E,NW in town
Wekweti Northland Diesel 53.38 48.43/40.33 64.18 114.18 6.1 6.5 1.07 SE in town
Wha Ti NTPC Diesel 76.82 70.87 63.16 117.21 6 6.4 1.07 SE, NW 3.6 km NE of town


Wrigley NTPC Diesel 78.04 84.9 63.227 123.337 3.3 3.9 1.18 Strong SE, NW on hill 4.5 km NE of town 350 m above town
Yellowknife Northland Hydro/Diesel 14.94 12.38


Wrigley measured is 2.8m/s  at 10 
mAGL where WEST show 2.1


Closer to town by reservoir, near 
power line


Arctic Community Wind Resource Compilation
From Canadian Wind Atlas (except Yukon and Nunavik)
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Leading Edge Aurora Report Appendix A


Service Fuel Residential General Service
Community Provider Source Customers Customers Wind speed m/s 50m Wind dir Location Alternatives


(cents/kWh) (cents/kWh) Latitude Longitude 30 m AGL 50 m AGL 30m


Arctic Community Wind Resource Compilation
From Canadian Wind Atlas (except Yukon and Nunavik)


Nunavut
Arctic Bay Diesel 73.0529 85.1603 5.6 6.0 400 m hills within 6 km
Arviat Diesel 61.0987 94.0449 7.3 7.8
Baker lake Diesel 64.3306 -96.0468 5.9 6.3 100 m hills in the area
Broughton Island Diesel 67.5295 64.0145 6.1 6.5 500 m hill 10 km east, road access, and com tower
Cambridge Bay Diesel 69.1501 105.0837 6.7 7.2 30 m relief
Cape Dorset Diesel 64.2295 76.5471 6.3 6.7 3 km south
Chesterfield Inlet Diesel 63.3374 90.7651 7.5 8.0 30 relief
Clyde River Diesel 70.4753 68.494 7.5 8.0 480 m hill 6 km south
Coral Harbour Diesel 64.1641 83.1591 5 5.4 60 m relief in the area
Gjoa Haven Diesel 68.6473 95.8729 4.7 5.0 30 m relief
Grise Fiord Diesel 76.4589 82.7476 5.6 6.0 900 m hill 7 km Northeast
Hall Beach Diesel 68.8222 81.3134 5.3 5.7 Flat
Igloolik Diesel 69.4018 81.8542 4.6 4.9 Flat
Iqaluit Diesel 63.7837 68.5278 5.7 6.1 3 km east
Kimmirut Diesel 62.8425 69.8978 6 6.4
Kugluktuk Diesel 67.8212 115.1075 6.5 7.0 40 m relief
Pangnirtung Diesel 66.1106 65.7196 4.9 5.2 600 m hill 5 km east
Pelly Bay Diesel 68.5619 89.7618 6.6 7.1 240 m hills in the area
Pond Inlet Diesel 72.692 77.8104 4.5 4.8 Flat
Rankin Inlet Diesel 62.8345 92.1406 7.3 7.8 30 relief
Repulse Bay Diesel 66.5573 86.131 6.2 6.6 60 m relief in the area
Resolute Diesel 74.69 94.8806 6 6.4 180 m hills within 5 km
Taloyoak Diesel 69.5314 93.46 5.7 6.1
Whale Cove Diesel 62.1863 92.6157 7.7 8.2


Yukon
Destruction Bay YECL Diesel 12.36 12.36 61.25 138.75 5.99 Measured data, 2 km NW of Destruction Bay


Old Crow YECL Diesel 25.77 25.77 67.57 139.78 >6.50


On Crow Mountain 6 km from village and 540 
m higher, data unpublished but reportedly 
better than Haeckel Hill in Whitehorse


Note: Yukon power rates are runout rates only (set in 1997) and do not include fuel surcharges


Wind speed at village 540 m 
lower only about 3.8 m/s
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Leading Edge Aurora Report Appendix A


Service Fuel Residential General Service
Community Provider Source Customers Customers Wind speed m/s 50m Wind dir Location Alternatives


(cents/kWh) (cents/kWh) Latitude Longitude 30 m AGL 50 m AGL 30m


Arctic Community Wind Resource Compilation
From Canadian Wind Atlas (except Yukon and Nunavik)


Nunavik
Akulivik Hydro Quebec Diesel 60.9 78 8.5 Peak load 450kW
Aupaluk Hydro Quebec Diesel 59.4 69.6 7.5 Peak load 225 kW
Inukjuak Hydro Quebec Diesel 58.8 77.9 8 Peak load 1600kW
Ivujivik Hydro Quebec Diesel 62.5 77.9 7.5 Peak load 325kW
Kangiqsualujjuaq Hydro Quebec Diesel 58.9 66 8 Peak load 700 kW
Kangiqsujuaq Hydro Quebec Diesel 61.7 71.9 9 Peak load 500kW
Kangirsuk Hydro Quebec Diesel 60.1 70 8 Peak load 600kW
Kuujjuaq Hydro Quebec Diesel 58.1 58.5 5.5 Peak load 2800kW
Kuujjuarapik Hydro Quebec Diesel 55.4 77.5 7.5 Peak load 1700kW
Puvirnituk Hydro Quebec Diesel 60.1 77.2 6.5 Peak load 1400kW
Quaqtaq Hydro Quebec Diesel 61.1 69.6 6.5 Peak load 325kW
Salluit Hydro Quebec Diesel 62.3 75.7 7.5 Peak load 1000kW
Tasiujaq Hydro Quebec Diesel 58.8 70 7.5 Peak load 275kW
Umijuaq Hydro Quebec Diesel 56.6 76.5 11 Peak load 450kW


Notes to Nunavik data
1 All data from October 2004 presentation to CanWEA conference
2 All data interpolated from presentation graphs
3 Green shaded communities indicated positive NPV for high penetration no storage wind-diesel projects at Hydro Quebec's 5.2% discount rate
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Kotzebue Electric Association 


Wind Projects 


Brad Reeve


General Manager 


Kotzebue Electric Association Inc.


Wind Diesel Conference 


Anchorage, Alaska  
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Alaska 
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Alaskan Statistics 


• Area 586,000 square miles


• 1996 population 607,800


• Lowest recorded temperature -80° F on 1/23/71 @ 


Prospect Creek


• Largest cities: Anchorage 248,296


– Fairbanks 33,281


– Juneau 29,078


– Sitka 9,052


• Approximately 67,000 Alaskans live in 160 rural 


communities
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Urban kWh average cost $.10


Hub communities $.20


Villages $.40


Logistics


• No roads or interties 


• Air and/or barge only access for freight


• Many coastal areas ”iced in" most of the year


• Most electricity is diesel generated


• Very significant reserve generating capacity


Energy is Expensive 


In Rural Alaska
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History of Wind 


Development in Alaska 


• In the early 1980’s there were 140 state and 


federally sponsored wind generators installed 


across Alaska


• The vast majority were out of commission within 


a year 


• Wind as a technology was seen as unreliable and  


further efforts were abandoned
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What was missing? 


• Utility involvement


• Manufacturing support in Alaska 


• Cold weather design features


• There was no supporting infrastructure 


• Early equipment wasn’t ready for Alaska  
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Wind where does it Plug In?


The successful 


integration of 


wind in Rural 


Alaska will be 


the combination 


of wind and 


other forms of 


generation 
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Kotzebue  : pop 3705
30 miles north of Arctic Circle
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KEA Background


• Consumer owned electric 


cooperative


• Member elected Board of 


Directors


• 1,200 consumers


• 11 MW diesel plant


• 17 miles of distribution


• 21 million kWh, annual 


sales
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Kotzebue, Alaska
• Hub for 10 communities


• 30 miles above the Arctic 


Circle 


• Population: 3,750


• 75% Inupiat Eskimo


• Located in the NW 


Arctic Borough, larger 


than Illinois


• UAF Branch Campus


• Alaska Technical Center
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Kotzebue, Alaska  


A Unique Environment


• North of the Arctic Circle on the tip of Baldwin 


Peninsula


• Access year round by air and 3 months by sea


• Low, flat terrain consisting of tundra and permafrost


• Annual average temperature -5.8º C (22º F)


• Average snowfall – 127 cm (4.2 feet)


• Winter wind-chill temperatures to -1200 F 
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Wind Turbines Must be 


Reliable


• Winter maintenance is extremely challenging and 


at times impossible


• Minimal or no crane or tilt up towers


• Comprehensive training of local utility and/or 


operations personnel is essential to success 


Packaging for air / barge shipment is critical


• Cold weather materials and features 


• Staging of spare parts is important 







13


Kotzebue Wind 


Power Project


• 10 – AOC 15/50 turbines


- 3 installed July 1997 


- 7 installed May 1999


- 2 to be installed 2002-03


• Rated Turbine Capacity


- 66 kW continuous rating 


• 1 – Polar 100 turbine


- installed April 2002 


• Rated Turbine Capacity


100 kW continuous rating
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Kotzebue Wind Project 


Goals


• To show that wind can work in Alaska 


• Reduce diesel consumption for KEA and the 
community


• Develop high penetration wind projects that provide 
electric and thermal energy for communities


• Develop cost effective Arctic foundations 


• Develop tilt up tower design for small villages


• Develop safety & training program for wind systems


• Document operations and maintenance costs 


• Establish a cold weather technology center  
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Atlantic Orient Corporation 


15/50
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Why Atlantic Orient Corp. 


(AOC) ?
• We were looking for a machine that would work 


in the cold, and smaller villages 


• The predecessor of the AOC, Enertech 14/40, was 
a highly dependable machine that is still in use in 
California


• The AOC 15/50 was developed from a Failure 
Mode Analysis of the Enertech 14/40


• The AOC 15/50 was tested through the Advanced 
Turbine Design program at NREL


• There wasn’t anything else available that fit the 
need 
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Northern Power Systems 


Polar 100 kW
 Polar 100 is a direct drive wind turbine


• We were looking for a non-induction type turbine 


• We wanted experience with other turbines 


• Polar 100 uses a different foundation with a 


tubular tower 


• KEA will compare performance with another unit 


housed at NREL 


• Kotzebue wind regime will be used to test cold 


weather operation
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Northern Power Systems 


Polar 100 kW 
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Project Construction
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Arctic Foundations
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Tilt Up Towers 
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Rural Employment
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Arctic Fashion


• Well Dressed Arctic 


Workers use


� Seal or Beaver Hats


� Goggles


� Carhart Snow Suits


� Bunny Boots 
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Results to Date


• Initial project operational since May 1997


• Initial turbines have operated through 5th winter  


• With 10 operational turbines KEA has seen 39% 
penetration with no frequency issues and no 
negative effect to consumers 


• Power plant has seen low power factor at low 
system loads with high wind production (low 
diesel) 


• Project has produced over 3 million kWh to date


• Power quality research was positive 


• Economic results looks positive 


• Maintenance and operations costs have been low
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KEA Windsite PF versus KW
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Community Acceptance 


• Wind Energy Development has been a 


positive community relations tool


• Seen as a positive example of rural 


economic development 


• For Kotzebue it is best available local 


resource, no local gas, coal, hydro 


availability
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Wales Alaska 
Located at the Tip of Seward Peninsula







Wales Alaska







33


KEA-AVEC ASTF/EPA NREL  


Wales Wind Diesel Project
KEA and AVEC, State of AK., ASTF, EPA-


Innovative Technology Program, contributions 


from NREL, 


Up to 150% penetration with wind.


Project Scope - to use 2 wind turbines, to replace 


diesels electrically and thermally.  System will use 


short term battery storage,  rotary converter.  A 


system controller (PLC) will be used to manage 


the wind and diesels.  


Excess energy from project will heat school 







Shipping - Wales 







Turbine Erection - Wales 







Turbines - Wales 







System Controller - Wales 







Secondary Heat - Wales 
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Wales Wind Diesel Project


• Wind turbines have been operational for a year


• Recovered heat boilers are operating at the school 


and the diesel plant


• The system controller is operational  


• Battery bank and rotary converter are operational    


• Testing of system will continue for one year


• Project ran diesels off for 100 hours in August
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This was a huge effort by 


everyone involved 


• Village was converted to 3 phase


• Diesel generators was converted to 3 phase 


• School was converted to 3 phase 


• Generator pitch was mis-matched between units 


• Plant cooling system needed redesign and upgrade


• Fuel system needed to be upgraded 


• The PLC program for the wind turbines was 


redesigned 
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Thanks to 


• KEA staff – Matt Bergan, Steve Apgar, Mike Lawlor


• AVEC – Mark Tietzel, Jon Lyons, Brent Petrie, Bill Crisi, 


• NREL – Steve Drouilhet, Mari Sharazi


• Thompson Engineering – Craig Thompson, Glen Pomeroy


• ITI – Malcolm Lodge


• AIEDA – Dennis Meiners


• Funders 


• Alaska Science and Technology Foundation


• EPA


• AIEDA


• NREL


• KEA


• AVEC








Kotzebue Wind Farm 
Operational Experiences
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General Manager 


Kotzebue Electric Association Inc.
Wind/Diesel 2004 


Girdwood  







2


Kotzebue, Alaska  
A Unique Environment


• 30 miles north of the Arctic Circle 
• Low, flat terrain consisting of tundra and 


permafrost
• Annual average temperature -5.8º C (22º F)
• Average snowfall – 127 cm (4.2 feet)
• Winter wind-chill temperatures reach -1200 F
• Access for barge shipments 3 months 
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Kotzebue Wind 
Power Project


• 12 – AOC 15/50 turbines
- 3 installed July 1997 
- 7 installed May 1999
- 2 to be commissioned Oct. 2004
Rated Turbine Capacity
- - 66 kW continuous rating 


• 1 – Polar 100 turbine
- installed April 2002 


• Rated Turbine Capacity
100 kW continuous rating
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Entegrity AOC-15/50
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Entegrity AOC Development Issues


• Entegrity under new management is addressing 
operational issues to improve the AOC


• The basic machine has been reliable, but can be 
improved


• Maintenance has been reasonable in both time and 
cost, refinements will make the machine even 
more reliable


• Communication with the company has improved
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Entegrity AOC Development Issues


• Reviewing other braking systems 
• Machine is being reviewed for solutions that will 


potentially lower cost but not cause other 
problems


• KEA is taking an active role in the evaluation of 
these solutions


• One of the goals that we have is to see as much 
standardization as possible in Alaska machines
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Entegrity AOC Development Issues 


• Tip-brake refinement
– Slip ring vs. Rotary Transformer


• Cold weather starting
– Lubrication
– Yaw bearing grease


• Anemometer replacements
• PLC cards
• Communications issues


– Target practice
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Northern Power Systems 
Polar 100 kW 
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Northern Power Systems 
Northwind 100


• NPS has been working on improving cold 
weather operation of the machine


• The machine experienced a number of faults due 
to conservative settings on the machine while 
testing for cold weather conditions


• They have made a number of programming 
changes


• Kotzebue provides a good test for cold weather
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Northern Power Systems 
Northwind 100


• The machine experienced some issues with the 
yaw motor after installation


• There have been some issues with dust from the 
???


• Relationship with NPS has been good and they 
have been responsive to problems and issues
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Results to Date


• Initial project operational since May 1997
• Initial turbines have operated through 6 winters  
• With 10 turbines KEA has seen 39% penetration 


with no negative effect to system
• Project has produced over 5 million kWh 
• Power quality has not been an issue 
• Maintenance and operations costs have been low
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Construction Issues
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Arctic Foundations
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Tilt Up Towers 
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Thermocouple/Piling Temperature 







16







17







18


Bird Issues  


• The species of 
concern on the 
Alaskan coast are the 
Spectacled Eider and 
the Stellars Eider


• Both species are 
considered 
endangered
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Bird Issues


• KEA is participating with the US Fish and 
Wildlife Service in a study to document 
avian interaction with wind turbines


• KEA has monitored the site during 
migratory periods since 1997


• There have not been any avian mortalities
associated with the site 
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Penetration Issues


• KEA is reaching level of penetration that 
will require new operating procedures and 
equipment


• KEA has hired an engineering firm to 
evaluate companies and equipment that 
will move us into higher penetration levels








SUSTAINABLE 
AUTOMATION


Overview of the 
High Penetration Wind-Diesel System 


in Wales, Alaska 


Steve Drouilhet
Sustainable Automation, LLC
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SUSTAINABLE 
AUTOMATION


Wales Wind-Diesel System 
Overview


• 160 person village


• Avg. load ~ 70 kW


• Installed:  Summer 2000


• In partial operation since October 2000


• Fully commissioned March 2002
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SUSTAINABLE 
AUTOMATION


Wales, Alaska
Wind-Diesel System Architecture


Resistance
Heaters


Rotary Converter
156 kVA


School
Heating
System


Diesel Plant
Hydronic Loop


Battery Bank
   240 VDC, 130 Ah   


DC MACHINE


Secondary Load
Controllers


AC MACHINE


Wind Turbines
(Induction, Stall-Regulated)


2 X 65 KW = 130 KW


Diesel #2 
75 kW


Primary Village Load
40-120 kW


Diesel #3 
148 kW


Diesel #1 
142 kW
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SUSTAINABLE 
AUTOMATION


Wales Wind-diesel System 
Communication And Control


WIND-DIESEL
HYBRID POWER SYSTEM


MAIN CONTROL PANEL


PHONE CONNECTION
FOR REMOT E SCADA LINK


EXISTING DIESEL GENSET 
CONTROL PANEL 


AOC 15/50
WIND TURBINE
CONTROLLER


#2


PLC-PLC NETWORKAOC 15/50
WIND TURBINE
CONTROLLER


#1


ANALOG 
SIGNALS


ROTARY CONVERTER 
CONTROL CABINET


SCHOOL HYDRONIC LOOP


DUMP LOAD CONTROLLER


RS-485 I/O NETWORK


DISCRET E
CONTROL
SIGNALS


PLC-PLC NETWORK


 


DISCRET E
CONTROL
SIGNALS


DIESEL PLANT 
HYDRONIC LOOP


DUMP LOAD CONTROLLER


4 PLC controllers


2 radio modem links


2 dump load controllers


phone link
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SUSTAINABLE 
AUTOMATION


Wales System Technical Objectives
• Demonstrate reliable operation of high penetration system


– Appropriate component dispatch
– Smooth transitions between diesel-on and diesel-off operation.


• Fuel Savings
– With 2 turbines, projected wind penetration ~ 70% 
– fuel savings ~ 45%
– Projected reduction in diesel run time ~ 25%


• Power Quality
– Good voltage regulation
– Good frequency regulation
– No noticeable impact on consumers 
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SUSTAINABLE 
AUTOMATION


Wales System 10-minute Power Averages
August 5-23, 2002
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SUSTAINABLE 
AUTOMATION


Wales Project Energy Flows  
August 5-23, 2002


kWh Fraction of primary 
load


Village Load (Primary Load) 26,950 100%


Diesel Energy Output 15,970 59%


Wind Energy
Wind Energy to Primary Load
Wind Energy to Dump Load
Wind Energy to RC losses


21,080
10,980
9,430
670


78%
41%
35%
2%


(427 hr. in reporting period)


Annual
Projection


845


119


Diesel Fuel Saved (gallons)
(13 kWh/gallon)


17,340


Heating Fuel Saved (gallons)
(127,000 Btu/gal = 30 kWh/gal)


2,440
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SUSTAINABLE 
AUTOMATION


Wales Wind Turbine Productivity
August 5-23, 2002


(427 hr. in reporting period)


Turbine 1 Turbine 2


Average Wind 
Speed (m/s)


7.1 6.8


Projected annual 
energy output per 
turbine (kWh)


216,000


Availability 99% 99%


Capacity Factor
(rated = 65 kW)


0.382 0.377
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SUSTAINABLE 
AUTOMATION Wales Diesel-Off Statistics


August 5-23, 2002


• Length of reporting period: 427 hours


• Amount of diesel-off time: 87 hours  (20%)







10


SUSTAINABLE 
AUTOMATION


Wales System 10-min Power Averages
August 18-21, 2002


0


20


40


60


80


100


120


140


08
/1


8/
02


 1
8:


19


08
/1


9/
02


 0
0:


19


08
/1


9/
02


 0
6:


19


08
/1


9/
02


 1
2:


19


08
/1


9/
02


 1
8:


29


08
/2


0/
02


 0
0:


29


08
/2


0/
02


 0
6:


29


08
/2


0/
02


 1
2:


29


08
/2


0/
02


 1
8:


29


08
/2


1/
02


 0
0:


39


08
/2


1/
02


 0
6:


39
Date


kW


Avg. Total Wind
Avg. Total Diesel
Avg. Total Dump Load
Avg. Village Load







11


SUSTAINABLE 
AUTOMATION


Wales System Power Flows
August 19-21, 2002
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SUSTAINABLE 
AUTOMATION Wales System Bus Voltage


August 19-21, 2002
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SUSTAINABLE 
AUTOMATION


Wales System Bus Frequency
August 19-21, 2002
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SUSTAINABLE 
AUTOMATION Current Activities


• Address factors limiting diesel-off operation.
– Replace temperature control valve in diesel waste heat loop.
– Replace Generator #2 with new Detroit Diesel genset.


• Upgrade wind turbines for improved availability.
– Tip brake retrofit


• Improve ability to remotely monitor and support the system
– Install broadband Internet connection to power plant
– Put all PLC controllers on an Ethernet LAN





		Overview of the  High Penetration Wind-Diesel System in Wales, Alaska 

		Wales Wind-Diesel System Overview

		Wales, AlaskaWind-Diesel System Architecture

		Wales Wind-diesel System Communication And Control

		Wales System Technical Objectives

		Wales Project Energy Flows  August 5-23, 2002

		Wales Wind Turbine Productivity August 5-23, 2002

		Wales Diesel-Off StatisticsAugust 5-23, 2002

		Current Activities
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SUSTAINABLE 
AUTOMATION


Selawik, Alaska


• Population ~ 600


• The Arctic Circle passes 
through it!


• Avg. load ~ 250 kW
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SUSTAINABLE 
AUTOMATION
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SUSTAINABLE 
AUTOMATION
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SUSTAINABLE 
AUTOMATION
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SUSTAINABLE 
AUTOMATION


Traveling in Style 
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SUSTAINABLE 
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SUSTAINABLE 
AUTOMATION


A River  Runs Through It
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AUTOMATION







11


SUSTAINABLE 
AUTOMATION







12


SUSTAINABLE 
AUTOMATION







13


SUSTAINABLE 
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SUSTAINABLE 
AUTOMATION


Selawik, Alaska
Wind-Diesel System Architecture
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SUSTAINABLE 
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SUSTAINABLE 
AUTOMATION
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SUSTAINABLE 
AUTOMATION


Wales Wind-diesel System 
Communication And Control
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SUSTAINABLE 
AUTOMATION Secondary Load


Controller
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SUSTAINABLE 
AUTOMATION Wind Turbine SCADA System
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SUSTAINABLE 
AUTOMATION Current Activities


• All project partners putting the finishing touches on their 
respective components in preparation for the windy winter 
season:


– AVEC refining the control algorithms used in the diesel 
supervisory controller.


– Sustainable Automation enhancing the wind turbine data 
logging and reporting capabilities of its SCADA.


– AOC addressing any issues with the wind turbines that would 
limit availability.
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SUSTAINABLE 
AUTOMATION The End (Users)





		Overview of the  Medium Penetration Wind-Diesel System in Selawik, Alaska 

		Selawik, Alaska

		

		

		

		Traveling in Style

		

		A River Runs Through It

		

		

		

		

		

		

		Selawik, AlaskaWind-Diesel System Architecture

		

		

		Wales Wind-diesel System Communication And Control

		Secondary LoadController

		Wind Turbine SCADA System

		Current Activities

		The End (Users)
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Wind Speed 
m/s


Theoretical 
kWh


kWh @ 95% 
availability


10% for all 
losses


kWh diesel 
displaced


Three turbines kWh 
diesel displaced


5.0 70,000 66,500 6,650 59,850 179,550
5.5 92,400 87,780 8,778 79,002 237,006
6.0 117,600 111,720 11,172 100,548 301,644
6.5 142,400 135,280 13,528 121,752 365,256
7.0 166,500 158,175 15,818 142,358 427,073
7.5 190,000 180,500 18,050 162,450 487,350
8.0 214,100 203,395 20,340 183,056 549,167
8.5 233,000 221,350 22,135 199,215 597,645
9.0 253,500 240,825 24,083 216,743 650,228


Entegrity EW 15 and AOC 15/50 annual power production







Annual costs


Capital cost 
per kW kW capacity Total capital


Annual mortgage 
cost @8% 20 yrs


Low ann 
operating 


cost


Med ann 
operating 


cost


High ann 
operating 


cost
Total Ann 
cost low


Total Ann 
cost med


Total Ann 
cost high


$3,000 180 $540,000 $54,000 $15,000 $30,000 $45,000 $69,000 $84,000 $99,000
$3,500 180 $630,000 $63,000 $15,000 $30,000 $45,000 $78,000 $93,000 $108,000
$4,000 180 $720,000 $72,000 $15,000 $30,000 $45,000 $87,000 $102,000 $117,000
$4,500 180 $810,000 $81,000 $15,000 $30,000 $45,000 $96,000 $111,000 $126,000
$5,000 180 $900,000 $90,000 $15,000 $30,000 $45,000 $105,000 $120,000 $135,000
$5,500 180 $990,000 $99,000 $15,000 $30,000 $45,000 $114,000 $129,000 $144,000
$6,000 180 $1,080,000 $108,000 $15,000 $30,000 $45,000 $123,000 $138,000 $153,000
$6,500 180 $1,170,000 $117,000 $15,000 $30,000 $45,000 $132,000 $147,000 $162,000
$7,000 180 $1,260,000 $126,000 $15,000 $30,000 $45,000 $141,000 $156,000 $171,000
$7,500 180 $1,350,000 $135,000 $15,000 $30,000 $45,000 $150,000 $165,000 $180,000
$8,000 180 $1,440,000 $144,000 $15,000 $30,000 $45,000 $159,000 $174,000 $189,000
$8,500 180 $1,530,000 $153,000 $15,000 $30,000 $45,000 $168,000 $183,000 $198,000
$9,000 180 $1,620,000 $162,000 $15,000 $30,000 $45,000 $177,000 $192,000 $207,000
$9,500 180 $1,710,000 $171,000 $15,000 $30,000 $45,000 $186,000 $201,000 $216,000


$10,000 180 $1,800,000 $180,000 $15,000 $30,000 $45,000 $195,000 $210,000 $225,000


Three turbine project annual costs as a function of capital and operating costs
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Diesel energy cost per kWh as function of fuel cost


Diesel plant 
efficiency   >


3.25 kWh per 
liter


3.50 kWh per 
liter


3.75 kWh per 
liter


4.00 kWh per 
liter


Fuel cost per 
liter Energy cost per kWh below


$0.60 $0.185 $0.171 $0.160 $0.150
$0.80 $0.246 $0.229 $0.213 $0.200
$1.00 $0.308 $0.286 $0.267 $0.250
$1.25 $0.385 $0.357 $0.333 $0.313
$1.50 $0.462 $0.429 $0.400 $0.375
$1.75 $0.538 $0.500 $0.467 $0.438
$2.00 $0.615 $0.571 $0.533 $0.500







$ per kWh vs cap, low op cost


m/s > 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0
kWh > 179,550 237,006 301,644 365,256 427,073 487,350 549,167 597,645 650,228


Capital cost 
per kW


Total Ann 
cost low


$3,000 $69,000 $0.384 $0.291 $0.229 $0.189 $0.162 $0.142 $0.126 $0.115 $0.106
$3,500 $78,000 $0.434 $0.329 $0.259 $0.214 $0.183 $0.160 $0.142 $0.131 $0.120
$4,000 $87,000 $0.485 $0.367 $0.288 $0.238 $0.204 $0.179 $0.158 $0.146 $0.134
$4,500 $96,000 $0.535 $0.405 $0.318 $0.263 $0.225 $0.197 $0.175 $0.161 $0.148
$5,000 $105,000 $0.585 $0.443 $0.348 $0.287 $0.246 $0.215 $0.191 $0.176 $0.161
$5,500 $114,000 $0.635 $0.481 $0.378 $0.312 $0.267 $0.234 $0.208 $0.191 $0.175
$6,000 $123,000 $0.685 $0.519 $0.408 $0.337 $0.288 $0.252 $0.224 $0.206 $0.189
$6,500 $132,000 $0.735 $0.557 $0.438 $0.361 $0.309 $0.271 $0.240 $0.221 $0.203
$7,000 $141,000 $0.785 $0.595 $0.467 $0.386 $0.330 $0.289 $0.257 $0.236 $0.217
$7,500 $150,000 $0.835 $0.633 $0.497 $0.411 $0.351 $0.308 $0.273 $0.251 $0.231
$8,000 $159,000 $0.886 $0.671 $0.527 $0.435 $0.372 $0.326 $0.290 $0.266 $0.245
$8,500 $168,000 $0.936 $0.709 $0.557 $0.460 $0.393 $0.345 $0.306 $0.281 $0.258
$9,000 $177,000 $0.986 $0.747 $0.587 $0.485 $0.414 $0.363 $0.322 $0.296 $0.272
$9,500 $186,000 $1.036 $0.785 $0.617 $0.509 $0.436 $0.382 $0.339 $0.311 $0.286


$10,000 $195,000 $1.086 $0.823 $0.646 $0.534 $0.457 $0.400 $0.355 $0.326 $0.300


= Viable at fuel cost of $0.60 per liter and diesel effieicncy of 3.5 kWh per liter
= Viable at fuel cost of $0.80 per liter and diesel effieicncy of 3.5 kWh per liter
= Viable at fuel cost of $1.00 per liter and diesel effieicncy of 3.5 kWh per liter
= Viable at fuel cost of $1.25 per liter and diesel effieicncy of 3.5 kWh per liter
= Viable at fuel cost of $1.50 per liter and diesel effieicncy of 3.5 kWh per liter
= Viable at fuel cost of $2.00 per liter and diesel effieicncy of 3.5 kWh per liter


Three turbine project per kWh costs as a function of wind speeds and costs


Cost per kWh below







$ per kWh vs cap, med op cost


m/s > 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0
kWh > 179,550 237,006 301,644 365,256 427,073 487,350 549,167 597,645 650,228


Capital cost 
per kW


Total Ann 
cost med


$3,000 $84,000 $0.468 $0.354 $0.278 $0.230 $0.197 $0.172 $0.153 $0.141 $0.129
$3,500 $93,000 $0.518 $0.392 $0.308 $0.255 $0.218 $0.191 $0.169 $0.156 $0.143
$4,000 $102,000 $0.568 $0.430 $0.338 $0.279 $0.239 $0.209 $0.186 $0.171 $0.157
$4,500 $111,000 $0.618 $0.468 $0.368 $0.304 $0.260 $0.228 $0.202 $0.186 $0.171
$5,000 $120,000 $0.668 $0.506 $0.398 $0.329 $0.281 $0.246 $0.219 $0.201 $0.185
$5,500 $129,000 $0.718 $0.544 $0.428 $0.353 $0.302 $0.265 $0.235 $0.216 $0.198
$6,000 $138,000 $0.769 $0.582 $0.457 $0.378 $0.323 $0.283 $0.251 $0.231 $0.212
$6,500 $147,000 $0.819 $0.620 $0.487 $0.402 $0.344 $0.302 $0.268 $0.246 $0.226
$7,000 $156,000 $0.869 $0.658 $0.517 $0.427 $0.365 $0.320 $0.284 $0.261 $0.240
$7,500 $165,000 $0.919 $0.696 $0.547 $0.452 $0.386 $0.339 $0.300 $0.276 $0.254
$8,000 $174,000 $0.969 $0.734 $0.577 $0.476 $0.407 $0.357 $0.317 $0.291 $0.268
$8,500 $183,000 $1.019 $0.772 $0.607 $0.501 $0.428 $0.376 $0.333 $0.306 $0.281
$9,000 $192,000 $1.069 $0.810 $0.637 $0.526 $0.450 $0.394 $0.350 $0.321 $0.295
$9,500 $201,000 $1.119 $0.848 $0.666 $0.550 $0.471 $0.412 $0.366 $0.336 $0.309


$10,000 $210,000 $1.170 $0.886 $0.696 $0.575 $0.492 $0.431 $0.382 $0.351 $0.323


= Viable at fuel cost of $0.60 per liter and diesel effieicncy of 3.5 kWh per liter
= Viable at fuel cost of $0.80 per liter and diesel effieicncy of 3.5 kWh per liter
= Viable at fuel cost of $1.00 per liter and diesel effieicncy of 3.5 kWh per liter
= Viable at fuel cost of $1.25 per liter and diesel effieicncy of 3.5 kWh per liter
= Viable at fuel cost of $1.50 per liter and diesel effieicncy of 3.5 kWh per liter
= Viable at fuel cost of $2.00 per liter and diesel effieicncy of 3.5 kWh per liter


Three turbine project per kWh costs as a function of wind speeds and costs


Cost per kWh below







$ per kWh vs cap, high op cost


m/s > 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0
kWh > 179,550 237,006 301,644 365,256 427,073 487,350 549,167 597,645 650,228


Capital cost 
per kW


Total Ann 
cost high


$3,000 $99,000 $0.551 $0.418 $0.328 $0.271 $0.232 $0.203 $0.180 $0.166 $0.152
$3,500 $108,000 $0.602 $0.456 $0.358 $0.296 $0.253 $0.222 $0.197 $0.181 $0.166
$4,000 $117,000 $0.652 $0.494 $0.388 $0.320 $0.274 $0.240 $0.213 $0.196 $0.180
$4,500 $126,000 $0.702 $0.532 $0.418 $0.345 $0.295 $0.259 $0.229 $0.211 $0.194
$5,000 $135,000 $0.752 $0.570 $0.448 $0.370 $0.316 $0.277 $0.246 $0.226 $0.208
$5,500 $144,000 $0.802 $0.608 $0.477 $0.394 $0.337 $0.295 $0.262 $0.241 $0.221
$6,000 $153,000 $0.852 $0.646 $0.507 $0.419 $0.358 $0.314 $0.279 $0.256 $0.235
$6,500 $162,000 $0.902 $0.684 $0.537 $0.444 $0.379 $0.332 $0.295 $0.271 $0.249
$7,000 $171,000 $0.952 $0.722 $0.567 $0.468 $0.400 $0.351 $0.311 $0.286 $0.263
$7,500 $180,000 $1.003 $0.759 $0.597 $0.493 $0.421 $0.369 $0.328 $0.301 $0.277
$8,000 $189,000 $1.053 $0.797 $0.627 $0.517 $0.443 $0.388 $0.344 $0.316 $0.291
$8,500 $198,000 $1.103 $0.835 $0.656 $0.542 $0.464 $0.406 $0.361 $0.331 $0.305
$9,000 $207,000 $1.153 $0.873 $0.686 $0.567 $0.485 $0.425 $0.377 $0.346 $0.318
$9,500 $216,000 $1.203 $0.911 $0.716 $0.591 $0.506 $0.443 $0.393 $0.361 $0.332


$10,000 $225,000 $1.253 $0.949 $0.746 $0.616 $0.527 $0.462 $0.410 $0.376 $0.346


= Viable at fuel cost of $0.60 per liter and diesel effieicncy of 3.5 kWh per liter
= Viable at fuel cost of $0.80 per liter and diesel effieicncy of 3.5 kWh per liter
= Viable at fuel cost of $1.00 per liter and diesel effieicncy of 3.5 kWh per liter
= Viable at fuel cost of $1.25 per liter and diesel effieicncy of 3.5 kWh per liter
= Viable at fuel cost of $1.50 per liter and diesel effieicncy of 3.5 kWh per liter
= Viable at fuel cost of $2.00 per liter and diesel effieicncy of 3.5 kWh per liter


Three turbine project per kWh costs as a function of wind speeds and costs


Cost per kWh below








HISTORY


POWERCORP is proudly 100% Australian owned and operated  and was established in 1988, 
to develop innovative solutions for remote diesel power stations in the Northern Territory of 
Australia. Over the years POWERCORP engineers have developed sophisticated management 
systems for all levels of power station operation and has applications throughout the world. 


Our premises in Darwin include substantial workshop, testing and training facilities. 
Because the software for our products has been developed in-house, we have the ability to 
customise it to suit the individual needs you may require.  Additionally, we have the expertise 
and know-how to develop new control modules or features. POWERCORP Darwin employs 
more than 30 people who are prepared to help you and our service team is on-call 24 hours 
a day to provide support for all products.  


LOCATIONS


POWERCORP has offi ces in the Northern Territory, Australia and also in Alaska, United States 
of America. 


POWERCORP has distributors world-wide through a partnering agreement with Woodward 
Governor of Fort Collins, USA. Through a franchise arrangement Powercorp supports 
Western Power Corporation of Perth, Western Australia in the deployment of Powercorp’s 
advanced wind/diesel technology. 


FIELDS OF OPERATION


Control Systems


A range of fully-automated remote control systems are available from Powercorp to suit 
any remote or stand-alone power station.  Remembering that ‘remote’ doesn’t have to 
be in an isolated area, our control systems can also be used in urban areas.


Engineering


Electrical, electronic, software, mechanical and civil engineering disciplines are supported 
by POWERCORP. This means that POWERCORP can take you from the design concept right 
through to installation of your control system. In-house software engineering means that 
you can expect complete attention to specifi c needs and full, ongoing technical support 
and training. Since you will be involved in the selection of hardware platforms and system 
specifi cation POWERCORP is able to offer maximum compatibility with existing control 
systems and long term security.


Email:  mail@pcorp.com.au     |     Website:  www.pcorp.com.au   


MISSION STATEMENT


Our mission is to become the world leader in distributed generation technology and systems integration know-how.  POWERCORP 
will achieve this through continuous Research and Development and close relations with our market to understand and implement 
advanced technical solutions that provide clean, robust and economic localised generation.


Company Profi le







Research & Development


POWERCORP is a youthful, innovative company and takes a proactive outlook to the 
future of power generation. Through new designs of products POWERCORP is always 
one step ahead of the rest. 


Power Electronics


Powercorp produces a range of modular dynamic power electronics interfaces, with 
ratings from 20kW to 1MW.  These interfaces are used in power generation systems; 
examples include wind turbine energy conversion systems, and voltage and frequency 
stabilisers for weak grids.


Distributed Generation


So much of what Powercorp has developed can be employed in the building of 
distributed generation power systems.  Combining this with the already well-proven 
IPS technology for remote control, Powercorp  has one of the most advanced minor 
power station systems available.


Wind/Diesel Power System Technology


Through Powercorp’s franchise, Western Power Corporation, Powercorp can offer 
control systems for advanced, high penetration wind/diesel applications. Powercorp 
wind/diesel systems are operating in Antarctica, Queensland and Western Australia. 
The 14MW system at Esperance (WA) is one of the largest wind/diesel systems in the 
world.


Training Courses


Powercorp regularly hold training courses in the facilities in Darwin. For more 
information on the next training course please contact us on the details provided.


Technical Assistance


70% of Powercorp’s employees are engineers, therefore offering a high level of 
technical support and assistance, whenever you require it. 


Emergency and After Hours Support


Powercorp’s  service team is on call 24 hours a day to provide you with the support that 
you may need for your power station. 


CONTACT DETAILS


For more information or queries about Powercorp please contact us direct or visit our website. We look forward to hearing 
from you!                                                


Powercorp Group                                        
Export Drive   Darwin Business Park  Phone:    +61 (0)8 8947 0933            Email:     mail@pcorp.com.au 
Berrimah   Northern Territory   Australia   0828  Fax:          +61 (0)8 8947 0925             Web:     www.pcorp.com.au 
(Postal: PMB 88   Berrimah  0828)


Email:  mail@pcorp.com.au     |     Website:  www.pcorp.com.au   
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                               IPS
 Intelligent Power Systems 


  Master Controller
      


           Generator Controller
      


               Feeder Controller


Powercorp’s product family of control modules are the 
smart way to manage and control any power station. 
Modular control components are adapted to a wide variety 
of plant and equipment enabling a central computer system 
to automatically select and implement the most effi cient 
plant combination.


Multiple generators, each controlled by its own Generator 
Controller, are combined and operated as a single reliable 
power station by the Master Controller. Given a set of 
performance parameters, the Master Controller automatically 
ensures that individual plant are correctly operated to 
achieve maximum effi ciency and reliability for the station as 
a whole. It is the gateway to the outside world for the power 
station and the user options are endless. Imagine what you 
can do - the Master Controller will make it possible.


The Generator Controller is a unit controller for diesel or gas 
generator sets. It is a control system that operates, monitors 
and protects the generating plant. It also ensures safe and 
reliable interplant operation, such as synchronisation, load 
sharing, Var sharing and multiple protection.


The Feeder Controller provides the control interface to the 
feeder circuit breaker as well as feeder metering and power 
measurement.


            IPSworks Visualisation and remote control of the entire power station 
and plant operation is important in order to achieve an 
overview of station performance. Data gathering, fault 
alert, trending of multiple power stations and many more 
IT functions can be achieved  through the comprehensive 
IPSworks software package.


   INTELLIGENT POWER SYSTEMS


For more information on the Feeder Controller or any  other Intelligent Power Systems by Powercorp, please don’t  hesitate to contact us at either:   PMB 88, BERRIMAH 


NT, 0828   (Postal Address)  or  Phone: +61 (0)8 8947 0933,   Fax:  +61 (0)8 8947 0925 ,  Email:  mail@pcorp.com.au,  or visit our   Website:  www.pcorp.com.au.   
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Master Controller


FEATURES


• Diesel generator manual / semi / auto control for up to 
8 generators.  (Expandable solutions to any number of 
generators available.)


• Feeder manual / semi / auto control for up to 6 HV or LV 
feeders.


• Diesel configuration management for automatic 
generator call-up. Several operational stratagies 
selectable.


• Automatic call-up of replacement gensets before an 
alarm shutdown with notification of noncritical alarm.


• Power management to optimise energy usage.


• Automatic consumer connection and disconnection 
(load shedding).


• Station automatic black start.


• Parameter driven operation with 5 levels of security.


• Control of demand side devices such as bore and 
sewerage pumps.


• Automatic alarm annunciation via voice, fax or email.


• Operator messaging and email facility to notify 
operator of alarms.


• Station data monitoring, recording and trending.


• Automatic upload of data records and trends to a 
central database (eg a head office).


• Automatic engine service reporting.


• Feeder data monitoring, recording and trending.


• Fuel farm monitoring and alarm.


• Monitoring of station batteries and battery charger.


• Secure remote control and monitoring access. Allows 
various levels of access with utility standard security.


• Uplift and download facility of all parameter sets, 
including generators.


• RS232 service interface.


• Onsite touch screen or laptop visualisation options.


OVERVIEW


The Master Controller enables the power station to operate automatically without human intervention, except for monitoring, 
maintenance of plant and fuel supplies.  


Depending on system load conditions, the Master Controller starts and stops diesel generators to optimise station and fuel 
efficiency.  The Master Controller maintains optimum loading and spinning reserve on all in-service diesel sets.


The Master Controller is based on an open controller hardware architecture.  Embedded industrial PC hardware is used with 
distributed I/O to achieve mission critical and highly reliable power station control.


The Master Controller is specifically designed for power station applications and can withstand temperatures of between - 40ºC and 
+70ºC. The Master Controller can be located directly in the engine room if necessary.


Communications between the Master Controller, the generator sets and the consumer feeder circuit breakers takes place via field 
bus.  It is possible to implement CAN, DeviceNet and ModBus.  Ethernet interface is also possible.


The Master Controller is capable of many tasks, including remote control, feeder control and data logging.  The Master Controller 
enables fuel savings due to better loading of generator sets and fewer operation and maintenance costs due to much improved 
management of all plant assets.
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Master Controller Interface and 
Connection Layout


Typical IPSView 
                  Interface Screen 


TECHNICAL DATA


Rated voltage:   240Vac, 50Hz
Auxiliary power supply:  10 to 35 Vdc.
Intrinsic consumption:  Maximum 13.2W.
Ambient temperature:  -40°C to +70°C.
Ambient humidity:  90% at +40°C.


OPTIONS
Colour Touch Screen
• Colour touch-screen complete with IPSView software.


• Real-time visualisation of the power station including the 
generators, feeders. 


• Secured access to all Master Controller, Generator Controller 
and Feeder Controller parameters.


• Trending of station data.


• Ability to enter maintenance mode so that alarm messages 
via modem are momentarily inhibited.


• Display of all station alarms and events.


Station 24Vdc Power Supply


• 24Vdc, 12Amp station battery charger.


• Station batteries to provide 3 hours of 24Vdc back-up supply.


• Alarm interface to Master Controller to indicate low battery 
voltage or battery charger fault.


APPLICATIONS


• All stand alone power stations from kw to multi MW range.
• Isolated community supply.
• Island supply.
• Coastal towns.
• Mining communities.
• Remote industrial centres.
• Remote hotel and tourist resort supply.


• Antarctic research bases.


• Alaskan villages.


• South American remote townships


• Japanese island communities


BENEFITS


• Fuel savings.
• Improved asset management leading to reduced O&M costs.
• Smaller generator sizes.
• No on-site staff required to operate station.
• Supervision of a network of remote stations from one 
centralised control office.


Generator Controller Feeder Controller 


CONTACT US


For more information on the Master Controller or any of Powecorp’s other Intelligent Power Systems, please contact 
us at:    PMB 88 BERRIMAH  NT 0828 (Postal Address)          Phone: +61 (0)8 8947 0933,             Fax:  +61 (0)8 8947 0925,    
Email:  mail@pcorp.com.au, or visit our   Website:  www.pcorp.com.au.    We look forward to hearing from you!   
                     V0304
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Generator Controller


BASIC FUNCTIONS


Operating Elements
• Automatic, manual and test modes.


• Change of set value for P, V, f, cos....


• Generator/mains CB open and close.


• Manual start and stop.


• Parameter/status information via push buttons.


Automatic Engine Start/Stop, Error Messaging
• Adjustable for diesel or gas engines.


• 6 control and 8 error inputs.


• 6 output relays.


Conversion of Measuring Values
• Line and phase generator voltages.


• Generator, busbar and mains frequency.


• Active and reactive power and phase angle.


Counter Functions
• Number of engine starts.


• Engine running hours.


• Circuit breaker cycles (open/close).


• Kwh.


• Maintenance calls for scheduled servicing.


• Fuel consumption.


Automatic Control
• Frequency control.


• Voltage control.


Engine/Generator Protection
• Reverse/reduced power monitoring.


• Monitoring of overload.


• Overfrequency/underfrequency monitoring.


• Overvoltage/undervoltage monitoring.


• Starter battery voltage monitoring.


Synchronisation
• Continuous or pulse output for GCB  close.


• Adjustment of frequency and voltage.


•  Lead angle calculation.


OVERVIEW


The Generator Controller is primarily a microprocessor based control system capable of controlling, monitoring and displaying,  all 
aspects of diesel or gas generator set operation. The genset may be used for isolated or standby applications or for operations in 
parallel with the mains.


Without the need for external measuring transducers, the Generator Controller displays set-point, status and alarm information for 
the genset via easy to read text in a LED display.


Unlike traditional installations of engine and power station control systems, the POWERCORP  Generator Controller units are 
shipped with quick connect, pre-manufactured and tested installation cables.


This innovation reduces the expensive on-site labour required to strip, number, terminate and test every core of the control system. 
Instead sensor, power supply, control and communication cables come with industrial IP65 connectors that simply plug into the 
side of the Generator Controller console.


Testing and calibration is therefore reduced to a minimum, contributing to a significant reduction in installation costs.


Up to 8 Generator Controller units can be operated in parallel on the same field-bus. 
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Generator Controller Interface and 
Connection Layout


FEATURES


Automatic control
• Auto control of engine output.
• Warm-up load for heating the genset.
• Direct control of external engine speed govenor and  
 external voltage controller.
• Power factor control.


Engine/Generator Protection
• Reverse power and load imbalance.
• Independant overcurrent time protection.
• Measurement of up to 7 analogue inputs with non-  
 critical and critical alarm levels.


Connection/Disconnection
• Automatic connection/disconnection of gensets
 depending on consumer demand when used with   
 Commander Master Controller.
• Automatic connection/disconnection of gensets   
 depending on generator temperature when used with   
 Commander Master Controller.


Data Output
• Two analogue outputs and interfaces for RS232, CAN.
• Connection to additional interfaces, busses and   
 protocols on demand.
• Remote parameterisation, monitoring and control via  
 bi-directional standard telegram.
Digital Inputs
• Input range 18 to 250Vdc or ac.
• Input resisitance 68kohms.


Potential-Free Output
• Changeover  and closer.
• Electrical life min. 100,000 switching cycles at 2A/  
 250Vac.
• Load max. 2A at 250Vac or 24Vdc.
•  Max. switching voltage 380Vac.


Analogue Inputs
• Input confi gurable for 0-20mA or 4-20mA sensors.
• Loop powered compatible.
• Confi gurable two step alarm.
• Input confi gurable for 0-20mA or 4-20mA sensors.


Analogue Outputs
• Freely scaleable for actual value output.
• 12 bit resolution.
• Options 0 or 4-20mA.
• A choice of more than 20 output variables, including  
 active power, power factor, analogue inputs and   
 frequency.


Master Controller Feeder Controller 


CONTACT US


For more information on the Master Controller or any of Powecorp’s other Intelligent Power Systems, please don’t hesitate to contact us at either:  PMB 88 BERRIMAH  
NT 0828 (Postal Address)   or   Phone: +61 (0)8 8947 0933,   Fax:  +61 (0)8 8947 0925,    Email:  mail@pcorp.com.au, or visit our   Website:  www.pcorp.com.au.    We 
look forward to hearing from you!             
                         V1104


TECHNICAL DATA


General


Measuring voltage: 110Vac line to line / 430Vac line to  
   line.


Measuring current: 5A.


Measuring frequency: 40 to 70 Hz.


Power supply:  24Vdc (±25%).


Intrinsic consumption: Max. 10W.


Ambient temperature: -20 to +70̊C.


Ambient humidity: 95%, not condense.








 


 
 
Dynamic Grid 
Interface 
 


The Dynamic Grid Interface models are listed below. Custom models outside this 
power range scope are made to order. 


 


1 2kHz switching frequency, 50°C; 4kHz switching frequency, 40°C 
2 2kHz switching frequency, 40°C; 4kHz switching frequency, 30°C 


 


      DYNAMIC GRID INTERFACE 
GRID STABILISING POWER CONVERSION MODULE 


 


DGI Model Output Current 1 


 
(150% O/L) 


Output Current 2


 (125% O/L) 


Overload 
Current 


Typical Motor 
Rating 
(150% O/L) 


Typical Motor 
Rating 
(125% O/L) 


DGI 0047 40A 47A 60A 22kW 25kW 
DGI 0095 80A 95A 120A 45kW 51kW 
DGI 0140 120A 140A 180A 63kW 75kW 
DGI 0170 170A 204A 255A 90kW 110kW 
DGI 0300 300A 360A 450A 160kW 200kW 
DGI 0450 450A 540A 675A 250kW 315kW 
DGI 0600 600A 720A 900A 355kW 425kW 
DGI 0750 750A 900A 1125A 450kW 500kW 
DGI 0900 900A 1080A 1350A 500kW 630kW 
DGI 1050 1050A 1260A 1575A 630kW 760kW 
DGI 1200 1200A 1440A 1800A 730kW 870kW 
DGI 1350 1350A 1620A 2025A 820kW 1.0MW 


Operation Modes 
 


• Fully independent 
(standalone.) 


• Integrated as Demand 
Managed Device. 


• Integrated with diesel or gas 


APPLICATIONS 
 


Most power systems are 
required to maintain a certain 
amount of spinning reserve 
to allow for sudden increases 
in load or loss of generation 
capacity. 
 
The DGI reduces the need to 
keep a large spinning 
reserve in a power system, 
because it dynamically 
adjusts its power 
consumption depending on 
frequency and voltage 
deviations and therefore 
stabilises the grid. 
 
Outcomes of the DGI are 
reduced cost of power 
generation, higher quality of 
supply, and advanced control 
over the load. 


FEATURES 


• Stabilises power systems 
using variable loads. 


• Designed for retrofitting on 
a large range of AC and DC 
loads. 


• Suitable for 20kW – 
1000kW loads. 


• Reduction of spinning 
reserve in power systems. 


• Dynamic Control of 
maximum demand (peak 
lopping). 


• Specially designed for 
remote isolated power 
systems 


• Patented technology. 
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DYNAMIC GRID INTERFACE AC/AC 


 
 
 


 


 


 


 


DYNAMIC GRID INTERFACE AC/DC 


 


Application 1: Water Pumping 
 
The DGI is used like a variable speed device to adjust the flow rate of the 
water. Other applications for AC motor loads are fans and reverse osmosis 
processes, compressors, refrigeration and air conditioning plant. 


Application 2: Heating 
 
Heating Circuits have a certain base load that increases or decreases 
depending on additional demand. The time lag between change of power 
and change of temperature can be used to stabilise the grid with the DGI. 
 
Typical applications are building heating, swimming pool and greenhouse. 
heating. 








PowerStore is all you need for 
complete power quality control. 
PowerStore is a fl ywheel based energy storage system 
that has been specifi cally designed to provide peak 
lopping and spinning reserve and overcome transient 
and cyclic loads on grid connected or isolated 
systems. 


PowerStore can:


Enable high penetration of renewables by providing 
spinning reserve;


    •   Stabilise isolated power system voltage and
        frequency therefore improving power quality;


    •   Provide grid stability;


    •   Smooth peak load demand;
        & reduces/eliminates peak power demand tariffs.


    •   Reduces running costs of isolated power systems by 
        improving spinning reserve. All on line generators 
        running at close to rated power therefore optimum 
        effi ciency because PowerStore provides spinning 
        reserve, not another generator;
        & reduces fuel consumption;
        & reduces maintenance on diesel generators.


    •   Provides transient response for operation in parallel  
        with non-responsive engines (e.g. in parallel with gas 
        reciprocating engines) due to the fast step response.


www.pcorp.com.au


Features
• Smoothes out cyclic and 
transient loads


• Masks load fl uctuations 
from the power supply


• Voltage support through 
reactive power injection


• Highly dynamic ‒ response 
measure in milliseconds


• Enables gas reciprocating 
and gas turbine generators 
to be used with fl uctuating 
loads


• Modular design ‒ no limit 
to the number of units 
paralleled


• Usable on soft grids
• Very low harmonic content
• System designed as liquid/
transportable asset


• Financial/leasing options 
available


Applications
• Mining
• Renewables
• Sugar Mills
• Theme Parks
• Utilities/IPP’s
• Heavy industries
• Oil & Gas
• Refi neries
• Construction


Components
PowerStore combines:
• Flywheel Grid Interface
• Flywheel Drive
• Flywheel
• Control System
• Container


TRANSIENT


Time


Po
w


er


The area inside the dotted line is the stored energy 
that PowerStore provides in order to reduce the peak 
on your power system.







     •   Reduce/eliminate cyclic and transient load demands  
        (e.g. hoists, cranes, mine winders, conveyors, motor 
        starts).


The PowerStore unit is very adaptable to your needs. The 
modular design of PowerStore enables an unlimited number 
of PowerStore units to be connected in parallel, with the 
power output of single units ranging from 250kW to 1MW. 
The energy contained in each PowerStore system can be 
adapted to site specifi c needs. The containerised solution 
allows for easy retrofi tting to other applications that you may 
have, reducing logistical nightmares.     


CYCLIC


Time


Po
w


er


Contact us
For more information on PowerStore contact us on:


Tel: +61 (0)8 8947 0933  Fax:  +61 (0)8 8947 0925
Email:  mail@pcorp.com.au 
Website: www.pcorp.com.au
Postal:PMB 88, BERRIMAH, NT, 0828 AUSTRALIA
or:  Export Drive, Darwin Business Park, Berrimah, NT, 0828 
AUSTRALIA


PowerStore Model Power Rating
(kVA)


Total Energy Storage 
(MJ)


PowerStore 250 250 16.5


PowerStore 500 500 16.5


PowerStore 750 750 16.5


PowerStore 1000 1000 16.5


PowerStore MODELS
N.B. Custom models outside this power range scope are 
made to order.


0905


ELECTRICAL FEATURES


Power Delivery (estim.):


 150 kW........................................................................................................100 s
 250 kW...........................................................................................................60 s
 500 kW...........................................................................................................30 s 
 750kW............................................................................................................19 s
 1000 kW.......................................................................................................15 s 


Recharge time (from full discharge ‒ estim.): 


 150 kW......................................................................................................100 s
 250 kW.........................................................................................................60 s
 500 kW.........................................................................................................30 s
 750 kW.........................................................................................................19 s
 1000 kW......................................................................................................15 s
 Voltage supply......................................................3 ph, 480 V, 60 Hz
 Input frequency range.....................................................40 ‒ 70 Hz
 Paralleling of units................................................................................Yes
 Communication.....................Ethernet, Mobile GSM/CDMA, 
             .............................................................PSTN telephone line available


MECHANICAL FEATURES:


            Depth...............................................................................................6,000mm
            Width................................................................................................2,400mm
            Height..............................................................................................2,900mm
            Weight.............................................................................................12, 520kg


ENVIRONMENTAL FEATURES:


Env. Temp. range...........unit is suitable for various climate conditions
Noise......................................................kept within industrial sound standards


PEAK LOPPING


Time


Po
w


er


Flywheel Grid Interface Powerbridge Rail 


1200m
m








 
  INTELLIGENT POWER SYSTEMS 
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POWERSTORE 
 
The PowerStore System 
The PowerStore is a compact, versatile and robust electrical energy storage device.  Its main purpose is to stabilise power 
systems and to provide peak demand lopping of cyclic loads. The system consists of four main components. The four 
components are:  


 Flywheel  Flywheel Grid Interface and Flywheel Drive 
 Container  Control System 


 


Each PowerStore has an energy storage of 18MWs and is available in two power ratings: 
 500kW peak  1,000kW peak 


 


 


General Description & Function 
PowerStore has been designed to overcome power output 
fluctuations such as found in transient and cyclic loads 
and in renewable energy power systems. By combining 
PowerStore’s Flywheel Grid Interface (FGI) and Piller 
Power Solutions PowerBridge flywheel, PowerStore 
smoothly absorbs energy and delivers it when needed.  


PowerStore combines 18 MW low-speed flywheel with two 
solid state IGBT based converters to provide a compact, 
robust, reliable and high-performance energy storage 
device. 


PowerStore is able to sink or source up to it’s maximum 
power rating for a duty cycle of up to 10% over one minute. 
(Continuous power ratings are described in the 
specifications section of this document). PowerStore is 
also capable of responding sub-cyclically to power system 
changes, with a ramp-up time of approximately 4 ms to 
change from sourcing 100% to sinking 100% of the peak 
power rating. 


The output of the PowerStore is also free of harmonics, 
due to extensive filtering on the output of the converters. 


In the following sections, the main components of the 
PowerStore are described. 


MG


400 V ac
50 Hz


700 Vdc


Variable
Frequency AC


Flywheel-Grid
Interface


Flywheel
Drive


 
Figure 1 - PowerStore Single Line Diagram 
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FLYWHEEL GRID INTERFACE & FLYWHEEL DRIVE 


Powercorp applies it’s own custom control software, 
developed in house, to create a high performance IGBT 
based grid interface. The hardware (manufactured by PDL) 
is based on the hardware PDL uses in their standard line of 
Variable Frequency Drives, thus demonstrating the highly 
reliable design through an installed base of thousands of 
units.  


Powercorp has also installed a number of these units in 
various configurations, however the units installed at the 
Mawson base in the Australian Antarctic Territory has 
regularly run at high output for months on end over the 
past three years to provide fully variable electric heating to 
the essential heating water loop on the Antarctic base.  


The use of two IGBT converters, connected via a DC bus 
allows the flywheel to rotate at a speed that is independent 
of: 


• Grid frequency 


• Power export/import 


This also allows the PowerStore to export and import at 
maximum power ratings regardless of the energy stored, 
from 0% to 100% capacity. 


The flywheel grid inverter is also capable of delivering 
power during brown-out events, modifying the output 
current to achieve the amount of power requested, until 
the current limit of the converter is reached. 


The DC Bus can also be fitted with a dump load to prevent 
the flywheel from “over-filling”. This is most useful in 
renewable energy systems where it is important that being 
able to “fill” the flywheel with energy determines how 
efficient the hybrid system will be. 


 


FLYWHEEL 


Manufactured by Piller in Germany, the flywheel forms one 
part in Piller’s successful range of rotary UPS. The 
machine has been on the market for approximately 7 years 
and there are in excess of 600 units installed in operation, 
24 hours a day in UPS applications. 


This unit rotates at a rated speed of 3,300 RPM and uses a 
pressurised helium environment to reduce frictional 
losses. The unit has a primary magnetic bearing that holds 
the weight of the 3,000 kg flywheel during operation, 
ensuring a long life and low maintenance. Power for the 
magnetic bearings is derived from a permanent magnet 
generator mounted on the flywheel shaft, ensuring that the 
magnetic bearing is fully functional whenever the flywheel 
is spinning at operation speed – even if supply power is 
removed from the machine. 


Oversized primary mechanical bearings are also included 
to hold the weight of the flywheel while it is stationary and 
below operation speed. 


In addition catch bearings are installed to slow the 
flywheel to a stop if the primary bearings and magnetic 
bearings should fail, giving a fail-safe system in the event 
of a catastrophic failure. 


 


 


Figure 2 - PDL 1MVA IGBT Converter 







TECHNICAL DATA 
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Figure 3 - Piller PowerBridge Flywheel 


 


CONTROL CABINET 


An advanced SCADA and Control System is attached to 
the flywheel and converter components to provide data 
recording and remote access. The data recording has two 
levels on-site, a high resolution (down to 100 ms) 
recording system for fault finding and a low resolution (10 
minute) recording system for performance and financial 
analysis. 


In addition, this data can be exported from the system and 
the results then imported into a wide range of software, 
include Microsoft Excel for further analysis. 


The control system is selected from a number of specific 
purpose functions, as described later and then tailored for 
the needs of the site by using parameterized functions. 
This gives the benefits of well tested control philosophies 
with exacting control tuning. 


The control cabinet also houses a local interface for 
control, as well as a local touch screen for status 
information and diagnosis. All of the information available 
locally is also available remotely, across data links 
including Ethernet (wired or wireless) and standard 
telephone. 


 


CONTAINERS 


All of the components are conveniently pre-installed into a 
20 foot shipping container, requiring a minimum of 
installation on-site. 


Two three phase power feeds (one for the main power 
attachment, the other for auxiliary components including 
the cooling system) and some basic control wiring are all 
that is required for full operation. 


 
Figure 4 - Flywheel Installed Inside the Shipping Container 


 


CONTROL SYSTEM 


The job that the PowerStore performs is dictated by the 
control system. Powercorp provides the PowerStore with 
one of three extensively tested pre-programmed modes of 
operation. Once on-site, the extensive use of parameters 
allows the PowerStore to deliver optimum performance 
under any site condition. 


PowerStore can operate in one of three modes: 


 High Renewable Penetration 
 Load Filter 
 Step Load Assist 


 


High Renewable Penetration 


High Renewable Penetration mode monitors the frequency 
and voltage of an isochronous power network and adjusts 
the output of the PowerStore to ensure a stable frequency 
and voltage on the grid. 


 


Load Filter 


Load Filter mode monitors the demand of one or more 
devices using a single measuring point and adjusts the 
output of the PowerStore to suit, depending on the 
application. 


Functions within the Load Filter mode include: 


 Peak-lopping 
 Step-load reduction 


 


The peak-lopping facility is programmed to limit the 
demand of a device to a fixed figure, thus reducing the 
peak swing of the machine to a more manageable level. 
The limit can also be set for both the consumption and 
regeneration of energy from the device, giving twice the 
benefit of peak load reduction. 


The measuring device used is an industrial high-speed 
power quality metering device and will require a minimum 
of outage time to connect the current and potential 
transformers to the circuit. The metering device can either 
be mounted in its own small cabinet on the inside of other 
equipment as space permits. 


 


Step Load Assist 


Step Load Assist mode monitors the demand of an entire 
network using multiple measuring points and adjusts the 
output of the PowerStore in order to reduce the rate-of-
change of power in the network as observed by the 
generation source. 


The measuring device used in an industrial high-speed 
power quality metering device and will require a minimum 
of outage time to connect the current and potential 
transformers to the circuit. The meter can either be 
mounted in its own small cabinet on the inside of other 
equipment as space permits. 


 


Benefits 


TRANSIENT/CYCLIC LOADS 


 Cost effective management of transient and cyclic 
loads 
◦ Reduction of peak loads on the network 
◦ Reduction of capital expenditure 


 Pulse power control and management 
 Minimal disruption to your neighbours 
 Reduction of diesel generation in mixed gas/diesel 


generation situations 
 Reduced operation and maintenance costs on fossil 


fuel generators 
 Reduced greenhouse gas emissions  


 


RENEWABLE POWER FLUCTUATIONS 


 Frequency and voltage regulation 
 Real and reactive power compensation 
 Grid stability 
 Real spinning reserve 
 Diesel $ saving on hybrid systems 
 Maximum renewable penetration due to increased 


utilization of renewable assets 
 


Applications 


 







TECHNICAL DATA 
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 Mining operations 
◦ Peak demand reduction on Winders and other 


cyclic devices to reduce the cost of power 
◦ Fluctuation reduction on Crushers, mills and 


other continuous running devices to reduce the 
cost of power 


◦ Step load reduction on machine starts to 
improve the quality of supply, reduce the cost 
of power and reduce the instances of outages 


 Wind or wind/diesel sites 
◦ Fluctuation reduction and grid stabilization to 


increase the quantity of renewable energy, to 
increase power quality and to increase the 
return on investment for the renewable devices 


 Sugar mill operations 
 Utility/IPP power generation 


◦ Fluctuation reduction, grid stabilization and 
dynamic voltage support allow an industrial 
customer to connect at the end of a long 
transmission line and still receive high power 
quality 


◦ Real spinning reserve delivered by PowerStore 
allows an IPP to reduce the number of 
generators on-line thus  


 Offshore Oil Rigs 
◦ Fluctuation reduction allows gas turbines to 


generate power efficiently without requiring 
expensive diesel generation 


 Refineries 
 Theme parks 


◦ Peak demand reduction on amusement 
machines to reduce the cost of energy supply 


◦ Remove back-feeding penalties from the energy 
supplier due to the stopping of regenerative 
rides 


◦ Utilise all regenerated energy within the theme 
park instead of sending it back to the grid 


 Industrial Sites 
 Construction industry 
 Heavy Industry 


 


Unique Features 


 


 Smoothes out cyclic and transient loads 
 Masks load fluctuation from the power supply 
 Voltage support through reactive power injection 
 Highly dynamic – response measured in milliseconds 
 Enables gas reciprocating and gas turbine 


generators to be effectively used with fluctuating 
loads 


 Modular design – no limit to the number of units 
paralleled 


 Usable on soft grids (e.g. wind/diesel and remote 
area power supplies) 


 Very low harmonic content with extensive harmonic 
filtering 


 Long life-time with minimal servicing costs 
 Full remote control, across a private network or the 


PSTN 
 Extensive data-logging facilities allows detailed 


diagnosis of faults 
 Easily Transportable – 20’ shipping container format 


allows transportation to virtually anywhere. Simple 
connection allows pre-installation by any electrician. 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 







TECHNICAL DATA 
 


 


Version 20050922– Preliminary Release                                                                                                                                                                                                                                Page 5


www.pcorp.com.au                                                           PowerStore Product Specification
 


Standard Features 
 Energy Storage………………………………………....18 MWs 
 Power Export/Import Times: 


◦ 150 kW………………………………………………100 s 
◦ 250 kW………………………………………………. 60 s 
◦ 500 kW………………………………………………. 30 s 
◦ 750 kW………………………………………………..19 s 
◦ 1000 kW………………………………………………15 s 


 


FLYWHEEL 


 Operating speed range……….…….….3300 rpm – 1800 rpm 
 Environment……………………………………………..Helium 
 Main Bearing…………………………………..ElectroMagnetic 
 Primary Bearings……………………….Oversized Mechanical 
 Catch Bearings……………………………………..Mechanical 
 Bearing Service Life…………………………………..10 years 
 Greasing Frequency…………………………………Automatic 
 Grease Reservoir Replenishment…………………….5 years  
 Standards: 


◦ In accordance with EN 50091 part 1 
◦ In accordance with EN 55014 
◦ In accordance with VDE 0530 part  1, 14 
◦ In accordance with DIN ISO 3746 


 


Electrical Features 
PowerStore 


Model 
Power Rating 


(kW/kVA) 
Power (0.8) 
Rating (kW) 


Reactive 
Power (0.8) 


Rating (kVAr) 


Total Energy 
Storage (MJ) 


PowerStore 500 500 400 300 18.5 


PowerStore 1000 1000 800 600 18.5 


 


 Conversion efficiency…………………………………….>94%  
 Charge maintenance power…………………………… 12 kW 
 Max. spin-up from stopped charging power…………..35 kW 
 Nominal DC-link voltage………………………………700 Vdc 
 Nominal Voltage supply.…..3 ph, 380 Vac - 440 Vac, 50 Hz 
 Maximum Current (1000 kW)………………………….1,440 A 
 Maximum Current (500 kW)……………………………..720 A 
 Frequency range ………………………………40 – 70 Hz 
 Output short circuit protection……………………………..Yes 
 Fault current 


available………………………………………. No 


 Paralleling of units…………………………………………..Yes 
 Aux AC Supply….3 ph + N, 380 Vac – 440 Vac, 50 Hz, 32A 
 Aux DC Supply…………………………………….24 Vdc, 10A 


 


Mechanical Features 
PowerStore Container – Standard 20’ Shipping Container 


 Dimensions (D x W x H)…..……... 6000 x 2400 x 2900 mm 
 Weight*.…………………………………...…….……12,520 kg 
 Cooling………………………………………….…Refrigeration 


*Estimates only. Recommend safe margin to be applied to the total weight of 
the system.  


 


Environmental Features 
Env. Temp. range..unit is suitable for various climate 
conditions 


Noise….…………..………kept within industrial sound 
standards 


 


Civil Foundation Requirements 
Basic requirements are: 


 Ability to withstand 60kN / 12,520kg static force 
 Ability to withstand additional forces exerted due to 


wind loadings (site dependent) 
 Ability to withstand 2kN dynamic load between 35-


50Hz 
 There is a limited requirement to withstand torque 


around the centre of the flywheel machine 
 


Communication Features 
 Supported Protocols: 


◦ MODBus/TCP Slave 
◦ Pool Protocol (Powercorp Specific Protocol) 
◦ Others available on request 


 Interfaces: 
◦ Ethernet………………………………..Wired or Wireless 
◦ Telephone…………………………………..PSTN/PABX 
◦ Cellular Telephone……………GSM/GPRS, CDMA/1x 


 


 
More Information 
 


To discuss your application further, please contact us and we’ll put you in touch with one of our engineers. We look forward to 
hearing from you! 


 


The Powercorp Group 


 


Phone:  +61 (0)8 8947 0933  


Fax:  +1 (0)8 8947 0925  


Email:  mail@pcorp.com.au     


Web:  www.pcorp.com.au     


 


Physical: Export Drive, Darwin Business Park, Berrimah,  


 Northern Territory, Australia, 0828  


 


Postal:  PMB 88, Berrimah, Northern Territory, Australia, 0828 








 


 
 
 


REMOTE COMMUNITY WIND INCENTIVE PROGRAM (RECWIP) 
 
Summary 
 
Wind energy is an underutilised resource in Canada’s remote communities. Despite the high cost 
of electricity and the proven technical capability of wind (and wind-diesel) to provide power in 
these circumstances, there are surprisingly few wind or wind-diesel installations in either large 
or small isolated communities.  
 
In its original design, the federal government’s 1,000 MW Wind Power Production Incentive 
(WPPI) sought to overcome this gap by making the 1 cent/kWh incentive available for wind 
turbines of any size in Canada’s remote communities (elsewhere WPPI was restricted only to 
large utility-grade turbines). Although WPPI successfully spurred wind development in grid-
connected parts of Canada, the program was not successful in remote communities. This is 
because the WPPI incentive does not adequately reflect the relatively higher costs of wind 
generation facilities in isolated areas of Canada. Relative to projects in grid-connected parts of 
Canada, projects in isolated areas incur much higher costs in terms of transportation, 
installation, operations and maintenance. The costs are further inflated for more remote regions; 
a community with only seasonal access will have higher costs than a remote community with a 
small grid, which in turn has higher costs than a southern grid-connected community. As a 
result, no remote community project has used WPPI funds to date. 
  
CanWEA believes that Canada’s remote communities represent a significant social, economic 
and environmental opportunity for wind and wind-diesel development. CanWEA is 
recommending that the federal government establish a Remote Community Wind Incentive 
Program (ReCWIP) that provides different levels of production incentive to the three broad 
categories of remote community: 
 
 Small grids, large communities and industrial facilities = $0.03 per kWh 
 Remote communities that are year-round accessible (by road or by water) = $0.10 per kWh 
 Remote communities that are accessible only by air, or seasonally by water or winter road 


= $0.15 per kWh 
 
The program would cost $5.4 million per year for 10 years and result in the installation of 65 
MW of wind capacity in remote communities. These turbines would produce approximately 112 
GWh of energy per year, representing roughly 10% of electricity demand in remote communities. 
The program would assist remote communities in diversifying their energy supply and stabilising 
electricity prices. It would also spur Canadian manufacturing of turbines in the 20 kW to 100 kW 
range where Canada already has a manufacturing niche. 
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1. OVERVIEW 


The federal government’s Wind Power Production Incentive (WPPI) has been effective in 
promoting large scale development of wind power in the populated areas of Canada served by 
power grids.  There are, however, vast areas of Canada, primarily but not exclusively in the 
north, that are served only by small regional grids or local diesel generating plants.  In these 
cases the cost of energy to the local residents and industry is generally higher than in grid served 
areas (in some cases many times the cost in grid served areas).   
 
CanWEA believes that wind energy developments in these parts of Canada deserve the same 
relative support as that provided through WPPI to grid served areas of Canada. For this reason, 
CanWEA is recommending that the federal government establish a Remote Community Wind 
Incentive Program (ReCWIP) for these communities. The level of support should reflect the 
relatively higher prices for isolated wind installations described below. 
 
2. RATIONALE 


There are several factors that drive up the cost of wind developments in isolated areas.  The main 
factors are discussed below. 
 
Few wind turbines needed 
 


The electrical loads in isolated communities are typically modest to small.  This means 
that remote community wind project developers are unable to benefit from the same 
economies of scale as their “southern” large wind farm counterparts.  This drives up the 
cost of the development both in terms of capital equipment and installation. 


 
Smaller wind turbines needed 
 


The appropriate size of wind turbines for small communities is generally much smaller 
than present day “standard” commercial machines. With a limited market, relatively few 
manufacturers now make turbines under 300 kW rated capacity. The machines therefore 
cost more on a unit capacity basis, driving up the capital costs of any development. A 
further complicating factor is that with very limited sales, the manufacturers of small 
machines cannot afford to invest in the same manufacturing and R&D improvements as 
their large wind counterparts. It is worth noting that half of the world’s 10 to 12 
manufacturers of machines in the 20 kW to 100 kW size range are Canadian. In other 
words, stimulation of this market would have substantial benefits for industrial 
development of this segment. 


 
Limited wind resources 
 


In the grid connected portions of Canada developers look for sites that have a good wind 
regime and are located near to transmission lines. In most cases, these sites are not near 
concentrated population centres  In remote communities, developers often have to locate 


220 Laurier Avenue, Suite 320, Ottawa, Ontario, K1P 5Z9 
Phone: 1-800-922-6932 or (613) 234-8716 


Fax: 613-234-5642   www.canwea.ca   info@canwea.ca  
 
2 







 


their projects close to the community to avoid the high cost of the power line extensions.  
The development must therefore make use of the wind resource that is available close to 
the community.  The result is that instead of being able to expect a capacity factor of 30% 
or more as is the case in southern Canada, a capacity factor of about 20% is often the best 
that may be expected.  This has the effect of raising the installation’s produced power 
price. 


 
Lack of local equipment and cost of transportation 
 


Wind turbine installation requires the use of cranes and other heavy machinery.  In the 
more remote parts of Canada this equipment can be hard to find, and expensive to 
transport – particularly for communities with only seasonal access. For the same reason, 
the costs of transportation for the turbines themselves are often much higher than in grid-
connected parts of Canada. These factor have a significant impact on electricity 
production costs. 


 
Climatic challenges 
 


Many parts of northern and other isolated areas of Canada have unique climactic 
challenges. The most obvious is the generally lower temperatures that the wind 
generation equipment needs to endure. Low temperatures, besides requiring special 
materials and lubricants, make construction and maintenance difficult and thus more 
costly.  Permafrost is present throughout much of the north, and construction in these 
areas requires specialized equipment and precautions, also capital cost drivers. 


 
A further climactic complicating factor in some locations is icing.  Some locations are 
exposed to icing that will degrade the output of wind turbines.  This can be a problem in 
humid areas and on higher altitude sites (such as Haeckel Hill near Whitehorse).  The 
result is that either there are significant energy losses or there are additional capital costs 
incurred in the provision of measures to mitigate the effects or both, driving up the cost 
per kWh of energy produced. 


 
Equipment / technology 
 


In small communities served by diesel generation, a high penetration wind-diesel system 
is needed to achieve a reasonable measure of diesel savings and to reach a reasonable size 
in a wind energy development.  Switching between and integrating these two power 
sources while maintaining reasonable levels of power quality and reliability for 
customers requires sophisticated equipment, and this integration equipment is not yet off-
the-shelf technology. This results in relatively higher equipment costs.  


 
High relative operating costs 
 


Large wind farms in grid connected areas of Canada are serviced and operated by full 
time specialized service and operating personnel.  In remote areas the servicing is 
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typically done by one or a few individuals who perform many other tasks in the 
community.  They are not trained wind service experts. As well the time required to 
service a small wind turbine is not much shorter than that required for a very large wind 
turbine. If specialized service or operational attention is needed, the technicians often 
have to travel a great distance.  All of these factors add up to a much higher operating and 
maintenance (O & M) cost for wind farms in remote areas than in grid served areas. 
 


3. PROGRAM DESIGN 


The factors described above all serve, in varying degrees, to drive up the unit cost of wind 
energy in remote communities. Although the federal Wind Power Production Incentive (WPPI) 
is technically available for these communities, uptake has been very slow (in fact, non-existent). 
This is due in large part to the fact that the WPPI incentive of 1 cent/kWh does not adequately 
reflect the relatively higher costs described above. In order to provide a level of support 
equivalent to the Wind Power Production Incentive (WPPI) CanWEA is recommending that the 
federal government establish a Remote Community Wind Incentive Program (ReCWIP).   
 
The design elements of this program are described below. 
 
3.1 Program Target 
 


The actual magnitude of the costs described above varies from one community to 
another, depending on its degree of isolation and resource availability. CanWEA 
therefore recommends that the Remote Community Wind Incentive Program (ReCWIP) 
be split into three categories to reflect the “remoteness” and therefore relatively higher 
costs of construction, installation and O&M. The three categories are as follows: 


 
 Category 1. Includes large communities and those with small grids (e.g. Whitehorse 


and Yellowknife), as well as industrial facilities in remote areas (e.g. the Diavik and 
Ekati diamond mines). 


 Category 2. Includes remote communities that are year-round accessible either by 
road or by water (e.g. Destruction Bay and Burwash Landing) 


 Category 3. Remote communities that are accessible only by air, or seasonally by 
water or winter road (e.g. Old Crow). 


 
3.2 Incentive Level 
 


Exhibit 1 provides an overview of the context for both WPPI supported communities 
(those tied to the national grid) and ReCWIP-supported communities. For each, the table 
provides a relative indication of costs and the corresponding incentive proposed for each. 
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Exhibit 1 
Recommended Incentive Level for Remote Communities 


 
Target for WPPI Target for ReCWIP  


Communities 
Connected to 
National Grid 


Category 1 
Small Grids 


Category 2 
Year-Round 
Accessible 


Category 3 
Seasonally 
Accessible 


Type of 
Community 


All areas with access 
to the main national 
grid. 


Small grids or larger 
communities, 
generally in road 
accessible areas of 
remote Canada 


Remote communities 
that are road or year-
round water 
accessible 


Remote communities 
that are accessible 
only by air, or 
seasonally by water or 
winter road 


Capital costs Reported to be in the 
order of $1,500 per 
kW of installed 
capacity 


Typically about 
$3,000 per kW of 
installed capacity 
(based on Yukon 
Energy Haeckel Hill 
experience) 


In the order of 
$6,000+ per kW, 
higher for high 
penetration systems 
(based on feasibility 
work for Destruction 
Bay / Burwash 
Landing) 


In the order of $6,000 
to $15,000 per kW for 
high penetration 
systems (based on 
Old Crow feasibility 
work) 


Capacity 
factors 
achievable 


Capacity Factors are 
30% or higher (annual 
average wind speeds 
of 7+ m/s are 
considered threshold 
of feasibility) 


20%+ may be 
reasonable (Yukon 
Energy experience 
21% in best ever 
years for the Bonus 
machine, the Vestas 
machine has not yet 
achieved 20%), 
annual average wind 
speed is 6 to 6.5 m/s 


Best possible about 
20% (based on wind 
regime at Destruction 
Bay which 
approaches 6 m/s 
annual average and 
manufacturer’s power 
curves) 


Up to 20%, but this 
will vary with the 
wind resource (based 
on Old Crow which 
also has severe icing) 


O & M costs In the order of $0.005 
per kWh 


In the order of $0.02 
to $0.05 per kWh 
(Yukon Energy’s 
experience is in the 
top end of this range 


In the order of $0.05 
to $0.10 per kWh 
(based of feasibility 
work in Yukon) 


$0.10 to $0.15 per 
kWh (based on Old 
Crow feasibility 
work) 


Recommended 
Incentive Level 


$0.01 per kWh 
(existing) 


$0.03 per kWh 
(proposed) 


$0.10 per kWh 
(proposed) 


$0.15 per kWh 
(proposed) 


 
 


It is useful to note that, as a percentage of utility costs, the proposed ReCWIP incentives 
are similar to those provided under WPPI. For example, WPPI at 0.01 $/kWh represents 
approximately 15% of current power pool costs (between 0.6 to 0.07 $/kWh). Similarly, 
ReCIP at 0.15 $/kWh is approximately 15% of current wind-diesel costs (between 0.20 to 
0.90 $/kWh) in remote communities with seasonal access. The proposed ReCWIP 
incentive levels are therefore proportional to WPPI. 
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3.3 Program Costs and Impacts 
 


Exhibits 2 and 3 provide an indication of ReCWIP program costs and impacts both 
annually and over the program’s lifetime.  
 
The program would cost $5.4 million per year over 10 years (total budget of $54 million) 
and result in the installation of 65 MW of wind capacity in remote communities. These 
turbines would produce approximately 112 GWh of energy per year, representing roughly 
10% of electricity in remote communities. 
 
By providing long-term financial support via the production incentive’s annual payments, 
ReCWIP will help to ensure the continued long-term operation of supported projects. 
Experience has demonstrated that “one off” pilot projects are often short-lived because 
the impetus to maintain operations decreases after the installation is up and running. With 
a guaranteed 10 year cash flow from ReCWIP, developers will be given a strong 
incentive to ensure long-term operation with adequate training and maintenance. 
 
The program would yield a variety of important benefits. For example, it would: 
 
 Assist remote communities in diversifying their energy supply and stabilising 


electricity prices. 
 Develop Canada’s industrial capacity by spurring Canadian manufacturing of turbines 


in the 20 kW to 100 kW range, an area where Canada already has a manufacturing 
niche (note that almost half of the world’s manufacturers of systems in this size range 
are Canadian). 


 Help build capacity in First Nations communities for the installation and operation of 
wind turbines.  


 Develop Canadian expertise in wind and wind-diesel systems for remote applications 
both in Canada and overseas (notably for rural electrification in developing 
countries). 


 Reduce GHG emissions by 89 kilotonnes CO2e per year, equivalent to removing over 
17,000 cars from the road.1 


 


                                                 
1 Total energy use in remote communities is conservatively estimated at 1200 GWh per year. Assume that wind is 
backing out diesel generation at 0.8 kg CO2e per kWh 
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Exhibit 2 
Anticipated ReCWIP Projects and Annual Impacts 


 
Project Details Annual Costs and Impacts 


 


Target 
number 


of 
projects 


Capacity 
per 


project 
(MW) 


Total 
Capacity 


(MW) 


Capacity 
Factor 


Incentive 
Level 


($/kWh) 


Annual 
Output 
(MWh) 


Annual 
ReCWIP 
Payments 


Annual GHG 
Emission 


Reductions 
(CO2e/yr) 


Category 1 - 
Small Grids 


5 10 50 20% 0.03 87,600 2,628,000 70,080 


Category 2 - 
Year-Round 
Accessible 


20 0.5 10 20% 0.10 17,520 1,752,000 14,016 


Category 3 - 
Seasonally 
Accessible 


10 0.5 5 15% 0.15 6,570 985,500 5,256 


Totals 35  65 MW   111,690 $5,365,500 89,352 
 


Exhibit 3 
ReCWIP Costs and Impacts Over Program Lifetime (10 Years) 


 
 ReCWIP 


payments over 10 
Years 


GHG Emission 
Reductions over 


10 years (kt CO2e) 


Electricity Output 
over 10 years 


(MWh) 
Category 1 - Small Grids 26,280,000 700,800 876,000 
Category 2 - Year-Round Accessible 17,520,000 140,160 175,200 
Category 3 - Seasonally Accessible 9,855,000 52,560 65,700 
Totals 53,655,000 893,520 1,116,900 
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SMALL WIND ENERGY INCENTIVE PROGRAM (SWEIP) 
 
Synopsis: The Canadian Wind Energy Association (CanWEA) is recommending that the 
government establish a three year pilot Small Wind Energy Incentive Program (SWEIP) in the 
next federal budget. This pilot program would provide a 40% purchase rebate (up to $100,000) 
for the purchase of small wind turbines for on-grid residential, commercial and institutional 
applications. The program would provide a 50% rebate for installations on commercial farms.  
 
With annual funding of $10 million, CanWEA estimates that over 670 turbines (including 370 
turbines larger than 1 kW) would be installed per year of the pilot program. The federal 
government’s contribution would: 
  
 Leverage an investment of $22 million per year, three-quarters of which would be invested 


in the 10 kW to 100 kW range, increasing annual sales of these turbines from roughly 10 
units to over 120.  This would have a direct benefit for Canadian manufacturers who 
represent almost half of the world’s suppliers of turbines in this size range. SWEIP would 
therefore help establish Canada as a worldwide leader in supplying these turbines for both 
the domestic and international market. SWEIP would also significantly increase sales of 
turbines in the 1 kW to 10 kW range, directly benefiting Canada’s existing network of 130 
small wind retailers and installers. 


 Reduce GHG emissions by over 11 kilotonnes CO2e per year, the equivalent of removing 
over 2,200 cars from the road. SWEIP would therefore be a valuable contributor to 
Canada’s Kyoto commitments, and an effective, high-visibility way for Canadian 
individuals, businesses, farmers and institutions to participate in the One Tonne Challenge. 


 Result in the installation of 6 MW of turbines producing 14 Gigawatt hours of clean energy 
per year, thereby contributing to Canadian energy security and grid stability. 


 
If so desired SWEIP could be extended to support other renewable distributed generation 
technologies such as solar photovoltaic (PV). Note that SWEIP is intended to complement a 
separate CanWEA proposal aimed at promoting small wind in remote communities (called 
the “Remote Communities Wind Incentive Program, or ReCWIP). 
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Overview 
 
In recent years the Canadian wind industry has grown significantly to an installed base of 590 
MW (as of September 2005) consisting almost exclusively of large, utility-scale wind turbines. 
The market for small wind systems (those with a rated capacity of 300 kW or less) has not 
enjoyed the same growth. A 2005 study by Marbek Resource Consultants for Natural Resources 
Canada revealed that only 600 to 800 small wind turbines are sold in Canada each year.1 Of 
these, an estimated 95% are “mini turbines” of 1 kW or less that are most often used in stand-
alone, battery charging applications. The report indicated that only 35 to 45 units larger than 1 
kW are sold every year in Canada. 
 
At the same time there is a very strong demand for systems up to 10 kW for on-grid residential 
and small commercial applications, and larger 10 kW to 300 kW units for farms and large 
commercial businesses. As an indication, CanWEA receives between 1,000 to 1,500 inquiries 
every year from Canadians seeking to purchase small wind systems. The Marbek report also 
noted that almost half of all manufacturers worldwide of systems in the 20 kW to 100 kW range 
worldwide are Canadian. Exhibit 1, extracted from the report, provides an overview of current 
markets (demand) and manufacturers (supply) for small wind. The exhibit clearly indicates that 
any efforts to promote the farm, commercial/institutional and northern community markets will 
likely be of direct benefit to Canadian manufacturers. 
 


Exhibit 1 
Small Wind Markets and Manufacturers 


 


 
                                                 


Canadian manufacturing niche  


1 “Survey of Small (300 W to 300 KW) Wind Turbine Market in Canada”. Marbek Resource Consultants Limited, 
prepared for the Wind Energy R&D Program of the CANMET Energy Technology Centre-Ottawa (CETC), Energy 
Technology and Programs Sector, Department of Natural Resources, Government of Canada, Ottawa, Ontario, 2005. 
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It is useful to note the experience of the U.S., where many states currently offer rebates ranging 
up to 70% on small wind systems. Examples include: 
 
 California’s Emerging Renewable Energy Program (ERP) offers $118 million of rebates 


for the purchase of small scale renewable energy systems including small wind. The 
program offers $2.50/W installed for systems up to 7.5 kW, then $1.50/W up to 30 kW. 
Since 1998, the program has assisted in the installation of almost 300 small wind turbines 
with a total capacity of 1.6 MW 


 In New Jersey, systems under 10 kW receive a $5/Watt rebate, to decrease over time as 
more energy systems are added. Rebates are available up to 60% of system costs. 


 New York provides rebates for installers that are then passed through to generator-owners 
as a discount. The rebates are linearly scaled from 50% for all parties, 60% for farms and 
70% for schools with curriculum linked to wind energy. 


 In Iowa, small wind under 10 kW is eligible for 10% of the state’s renewable energy funds 
($1.8 million per year from 1997 to 1999), while larger systems (> 10 kW) are eligible for 
20% of the funds. 


 Minnesota’s Agricultural Improvement Loan Program provides up to 45% of loan 
principal (up to $100,000) for up to 10 years for farm-based small wind systems. 


 
These initiatives, combined with enabling legislation (e.g. net metering is allowed in 40 states) 
and widespread education efforts have led to significant market resurgence. The American Wind 
Energy Association estimates that over 13,200 small wind systems are sold every year in the 
U.S., the vast majority of which are under 10 kW rated capacity. 
 
Rationale 
 
CanWEA believes that small wind represents a very significant opportunity for Canada in a 
number of areas: 


 
 Industrial development. As indicated above, almost half of all manufacturers worldwide 


of systems in the 20 kW to 100 kW range worldwide are Canadian. Machines in this size 
range are well-suited to farms, cooperatives and commercial businesses where they can 
provide on-site electricity at competitive prices (roughly 15 or 16 cents/kWh with proper 
siting). They are also well-suited to developing country markets for village electrification 
and grid extension projects. A strengthening of the domestic demand for these turbines will 
help Canada gain a dominant position for both domestic and international applications 
(note that U.S. manufacturers have developed a niche primarily in the sub-10 kW size 
range). 


 Action on climate change. Canadians are increasingly interested in how they can act to 
reduce their reliance on grid electricity, and reduce their greenhouse gas (GHG) emissions. 
Small wind turbines represent one of the most efficient, low-cost options for distributed 
generation, and as they are emissions-free, they can help Canadians achieve part of their 


220 Laurier Avenue, Suite 320, Ottawa, Ontario, K1P 5Z9 
Phone: 1-800-922-6932 or (613) 234-8716 


Fax: 613-234-5642   www.canwea.ca   info@canwea.ca  
 
3 


 







“One Tonne Challenge”. However, at present the residential-size units (those under 10 kW) 
represent a high up-front cost that acts as a significant disincentive. 


 Increased energy security through distributed generation. Increasingly, Canadian 
provinces are introducing legislation that encourages distributed generation and the use of 
home- and business-based renewable energy. Four provinces (B.C., Ontario, Quebec and 
Nova Scotia) have introduced net metering legislation that allows owners to “run their 
meters backwards”. Ontario and PEI have introduced pilot “Advanced Renewable Tariffs” 
that will pay a fixed price for electricity from renewable energy sources. Such “enabling 
legislation” lays the groundwork for distributed generation, thus helping the provinces to 
increase their energy security and meet a growing demand for electricity. 


 
CanWEA believes that three critical elements must be in place to capitalise on this opportunity: 
 
 Education. This includes the information and tools that Canadians need to make informed 


decisions on whether or not small wind is right for them. Examples include websites, 
feasibility calculators and guidebooks. 


 Legislation. This includes the enabling legislation that allows small wind to be easily 
installed and connected to the grid. Examples include net metering and municipal zoning 
bylaws. 


 Incentives. This includes fiscal instruments that place a value on the social, economic and 
environmental attributes of small wind. Examples include rebates, production incentives 
and tax incentives. 


 
Canada has so far made progress on only two of these three elements: 
 
In terms of education, CanWEA, with the support of Natural Resources Canada, recently 
launched a new small wind website that provides information on the technology, and tools that 
allow users to determine whether or not small wind is right for them.  
 
In terms of legislation, as noted above an increasing number of jurisdictions have either 
implemented, or are in the process of implementing net metering. For example, the Ontario 
government announced on October 25, 2005 new net metering legislation that allows for 
installation of systems up to 500 kW. 
 
In terms of incentives, none currently exist in Canada (apart from an Ontario sales tax rebate).  
 
Program Design 
 
The Marbek report identified first cost as the major barrier in promoting small wind, and 
CanWEA therefore recommends that the federal government establish a pilot Small Wind 
Energy Incentive Program (SWEIP), providing rebates for the purchase of grid-connected small 
wind systems for residential, business and farm applications. 
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CanWEA recommends that SWEIP be established with the following design elements: 
 


 Target markets. The Marbek report assessed various potential markets and prioritised 
them according to criteria such as potential market size, opportunity to access market, 
benefits for Canadian manufacturing and potential GHG reduction benefits. CanWEA 
recommends that SWEIP target the top markets identified in the Marbek report – namely 
farms & commercial, institutional and on-grid residential. Note that CanWEA is 
recommending that the northern and remote community market be addressed through a 
separate program called the Remote Communities Wind Incentive Program (or “ReCWIP” 
– this has been submitted as a separate proposal).  


 Incentive Level. In its pilot phase, CanWEA recommends that SWEIP provide a direct 
purchase rebate of 40% for systems installed in residential, commercial, institutional and 
industrial applications, and 50% for systems installed on commercial farms. Note that the 
rebate, up to a maximum of $100,000, should be applied to the installed capital cost, 
including the turbine and auxiliary equipment (inverters, batteries, controllers etc.). This 
level of incentive would be roughly equivalent to that provided in California; one of the 
most successful programs in the U.S. At the end of the three year pilot program it is 
expected that the market will have sufficient momentum to justify a reduction in the 
SWEIP incentive levels (for example to 25% for homes, commercial and businesses, and 
40% for commercial farms).  


 Funding. CanWEA recommends that the government initiate SWEIP as a pilot program, 
providing an average of $10 million per year in incentives for a period of three years. At 
that point the program would be reviewed, and if deemed successful, be provided with 
longer-term funding. As noted above, the federal government may also choose at that time 
to reduce the incentive level.  


 Allocations. CanWEA recommends that SWEIP allocate funding proportions for certain 
key markets, including commercial farms (50% of funding). 


 Eligible Technologies. CanWEA recommends that the incentive apply to all CSA or UL 
approved wind turbines under 300 kW. Note that if desired, the SWEIP program could be 
extended to other renewable distributed generation technologies such as solar photovoltaic 
(PV). For the residential sector it is recommended that eligibility be limited to installations 
where the turbine displaces grid electricity or stand-alone power (e.g. diesel generation 
sets). 


 Verification. It is recommended that the installations be subject to the same verification 
procedure as that applied under the Renewable Energy Deployment Initiative (REDI). 


 Environmental Impacts. It is recommended that the installation of all turbines 10 kW and 
over be subject to a streamlined environmental assessment process. The procedure may be 
similar to that applied to Parks Canada’s recent installation of a 10 kW turbine at the 
Cavendish Campground in the municipality of Cavendish, Prince Edward Island (CEAR 
reference number 04-01-2174). 
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Anticipated Cost and Impacts 
 
Exhibits 2 and 3 provide an overview of anticipated SWEIP program costs and impacts. With 
annual funding of $10 million, CanWEA estimates that the SWEIP program would:  
 
 Leverage an investment of 2:1. The federal government’s contribution of $10 million per 


year would leverage a total investment of over $22 million per year, assisting in the 
installation of over 670 turbines (over half of which would be larger than 1 kW). 


 Develop Canadian manufacturing capacity. Three-quarters of SWEIP funding would be 
invested in turbines in the 10 kW to 100 kW range, increasing annual sales of these 
turbines from roughly 10 units to over 120. This would have a direct benefit for Canadian 
manufacturers who represent almost half of the world’s supplier of turbines in this size 
range. 


 Boost existing small wind retail network. SWEIP would significantly increase sales of 
turbines in the 1 kW to 10 kW range, from an estimated 40 units per year to over 250. This 
would directly benefit all sectors (particularly residential) and strengthen Canada’s existing 
network of 130 small wind retailers and installers. 


 Increase clean energy production. Altogether the installed turbines would have an 
installed capacity of over 6 MW, and would produce 14 Gigawatt hours of clean energy per 
year. This is equivalent to the output of a 2 MW thermal plant operating at 80% capacity 
factor. The installed turbines would also contribute to increased grid stability through 
distributed generation. 


 Reduce emissions of GHGs and smog-related pollutants. Altogether the turbines would 
reduce GHG emissions by almost 14 kilotonnes CO2 equivalent per year, the equivalent of 
removing over 2,200 cars from the road per year. SWEIP would be a valuable contributor 
to Canada’s Kyoto commitments, and an effective, high-visibility way for Canadians to 
participate in the One Tonne Challenge. 
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Exhibit 2 
Estimated Annual Impact of the SWEIP Program 


 
Units sold per year Annual Impacts 


Small Wind Turbine 
Size Range 


Residences, 
Commercial, 
Institutional, 
Government 


Commercial 
Farms Total  


Installed 
capacity 
(kW per 


year) 


Energy 
Output 
(MWh / 


yr) * 


Emission 
Reductions 
(t CO2e / 


yr) ** 
Mini (up to 1 kW) 300 - 300 300 400 300 
Small (1 kW to 10 kW) 150 100 250 700 1,300 1,000 
Medium 1 (25 kW) 40 40 80 2,000 4,400 3,500 
Medium 2 (75 kW) 20 20 40 3,000 7,900 6,300 
TOTAL 510 160 670 6,000 14,000 11,100 


Notes:  * - Assume different capacity factors for different size ranges: 20% for units under 10 kW, 25% for units 
under 50 kW and 30% for units above 50 kW. See Appendix A for details. 


** - Assuming a marginal emission rate of 0.8 kg CO2e/kWh (based on figures provided for 2004 for 
Environment Canada’s PERRL program 
 


Exhibit 3 
Estimated Annual Costs of the SWEIP Program 


 
Portion of Cost Covered by SWEIP 


Small Wind Turbine 
Size Range 


Total Installed 
Cost of turbines 


each year of 
SWEIP 


Residences, 
Commercial, 
Institutional, 
Government 


Commercial 
Farms 


Total Incentive 
Provided per 
Year through 


SWEIP 
Mini (up to 1 kW) $1,730,000 $690,000 - $690,000
Small (1 kW to 10 kW) $4,270,000 $1,010,000 $870,000 $1,880,000
Medium 1 (25 kW) $6,600,000 $1,320,000 $1,650,000 $2,970,000
Medium 2 (75 kW) $9,900,000 $1,980,000 $2,480,000 $4,460,000
TOTAL $22,500,000 $5,000,000 $5,000,000 $10,000,000
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APPENDIX A – DETAILED PROGRAM CALCULATIONS 


A. Program Design


Turbine Characteristics Number sold per year SWEIP Incentive Level (%)
 Installed cost 


per kW
Average Size of 


Turbine (kW)
Capacity Factor Category 1 


(Homes etc.)
Category 2 


(Farms)
Installed 


Capacity (kW)
Category 1 


(Homes etc.)
Category 2 


(Farms)
Mini (up to 1 kW) 6400 0.9 15% 300                    -                    270 40% 50%
Small (1 kW to 10 kW) 5760 3 20% 146                    101                    741 40% 50%
Medium 1 (25 kW) 3300 25 25% 40                      40                      2000 40% 50%
Medium 2 (75 kW) 3300 75 30% 20                      20                      3000 40% 50%
TOTAL 506                  161                  6,011                


B. Financial


Total Installed Cost ($ per year) Portion Paid by SWEIP ($ per year)
Category 1 


(Homes etc.)
Category 2 


(Farms)
Category 1 


(Homes etc.)
Category 2 


(Farms)
TOTAL SWEIP 


INCENTIVE
Mini (up to 1 kW) 1,728,000$        -$                  691,200$           -$                  691,200$           
Small (1 kW to 10 kW) 2,522,880$        1,745,280$        1,009,152$        872,640$           1,881,792$        
Medium 1 (25 kW) 3,300,000$        3,300,000$        1,320,000$        1,650,000$        2,970,000$        
Medium 2 (75 kW) 4,950,000$        4,950,000$        1,980,000$        2,475,000$        4,455,000$        
TOTAL 12,500,880$      9,995,280$        5,000,352$       4,997,640$       9,997,992$       


C. Impacts


Energy Output (MWh/yr) Emission Reductions (t CO2e / yr)
Category 1 


(Homes etc.)
Category 2 


(Farms)
Category 1 


(Homes etc.)
Category 2 


(Farms)
TOTAL SWEIP 


INCENTIVE
Mini (up to 1 kW) 355                    -                    284                    -                    284                    
Small (1 kW to 10 kW) 767                    531                    614                    425                    1,039                 
Medium 1 (25 kW) 2,190                 2,190                 1,752                 1,752                 3,504                 
Medium 2 (75 kW) 3,942                 3,942                 3,154                 3,154                 6,307                 
TOTAL 7,254                 6,663                 5,803               5,330               11,134             


D. Table for Report - Rounded Figures


Number sold per year Impacts
Residences, 
Commercial, 
Institutional, 
Government


Commercial 
Farms Total


Total Capacity 
(kW)


Energy Output 
(MWh / yr)


Emission 
Reductions (t 


CO2e / yr)


Mini (up to 1 kW) 300                    -                    300                    300                    400                    300                    
Small (1 kW to 10 kW) 150                    100                    250                    700                    1,300                 1,000                 
Medium 1 (25 kW) 40                      40                      80                      2,000                 4,400                 3,500                 
Medium 2 (75 kW) 20                      20                      40                      3,000                 7,900                 6,300                 
TOTAL 510                    160                    670                  6,000               14,000             11,100              


Portion Paid by SWEIP ($ per year)
Total Installed 


Cost
Residences, 
Commercial, 
Institutional, 
Government


Commercial 
Farms


SWEIP Rebate


Mini (up to 1 kW) $1,730,000 $690,000 $0 $690,000
Small (1 kW to 10 kW) $4,270,000 $1,010,000 $870,000 $1,880,000
Medium 1 (25 kW) $6,600,000 $1,320,000 $1,650,000 $2,970,000
Medium 2 (75 kW) $9,900,000 $1,980,000 $2,480,000 $4,460,000
TOTAL $22,500,000 $5,000,000 $5,000,000 $10,000,000  
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