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Executive Summary
An economic and risk analysis of the Windlectric Amherst Island wind energy project is
presented. Windlectric is a subsidiary of Algonquin Power Company.
Algonquin Power recently announced that the 75 MW project will generate 235 GWh per
annum3. The capital cost, without an allowance for decommissioning, is now given as
$260 million3. A conservative estimate of the decommissioning cost, net of salvage, is
$70 million.
The present detailed analysis predicts instead a long-term average of 130 GWh per
annum, about half of Algonquin’s claim. This prediction is based upon 7 years of
generation data for the province-wide wind energy projects and the provincial wind atlas.
A notable feature to come out of this data is the decline in the efficiency year-over year.
With this prediction and the assumption of bank lending for 50% of the project cost at
4.75%, the internal rate of return is negative 2%. For a company with a market
capitalization of $2 billion, to tie up $300 million of debt and equity with a negative
return is a considerable burden.
There are considerable further risks in undertaking the project. These include the
problem of cost over-run, wake-loss of turbine output with a high density project, the
likelihood that the current tariff rate will be maintained, the mitigation measures to
protect the natural and cultural heritage of the island, the conditions that will be necessary
to obtain “net benefit” permits for the protection of species-at-risk, the likelihood that
turbine noise at homes will be out of compliance with provincial regulation, the fire
hazard on an island with a dry micro-climate and limited fire-fighting capability, and the
resistance to the present ill-conceived and ill-prepared project by the community, Loyalist
Township and the County of Lennox and Addington.
The report opens with an analysis of the Ontario wind projects dating back to 2006,
applies the results to a prediction for the capacity factor (efficiency) for the proposed
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Windlectric development, analyses the expected financial return based upon a realistic
cost and financing scenario and, after delineating the many risk factors, reaches the
conclusion that the development is not viable.
Finally, it remains a mystery why Algonquin Power would commit $300 million to a 75
MW wind energy project on an island with a marginal wind resource when Algonquin
itself and other companies are developing and buying operating projects of far greater
value. Just one example is the recent Enbridge/EDF purchase for $600 million of a 300
MW project in the high-wind-resource area north of Lethbridge.
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Introduction
This report is concerned with the proposed Algonquin Power Company (APCo) 75MW
wind energy project for Amherst Island for which the Ontario Power Authority (OPA)
has made a contractual offer under the renewable energy FIT-1 program. The purpose of
the report is to explain why this development will result in a negative internal rate of
return over the life of the contract.
In the February 25th 2011 news release announcing the contract with the Ontario Power
Authority APCo stated that the project would generate 247 GWh per year [1]. This has
since been reduced to 235 GWh per year3. In order to generate this energy, the
project would require an annual capacity factor (average power generated divided
by the nameplate power) of 36%. In Ontario such a capacity factor has only been
achieved along the high-wind-resource north shore of Lake Erie. In order to optimise the
capacity factor in the Amherst Island marginal wind environment, APCo is planning to
use high-efficiency Siemens 2.3 - 113 2.3 MW turbines.
An initial capacity factor of 26% is more realistic, based upon publically available
information from the nearby Wolfe Island wind-energy generating system, the
specifications for the new Siemens turbine and the Siemens 2.3-93 turbines used on
Wolfe Island, and making use of the Ontario wind atlas.
Further, the capacity factor for those Ontario projects that have operated for 5 years or
more is decreasing by (1 ± 0.3) % per year. Therefore, over the life of the 20-year
contract, an average capacity factor of 20% is expected for the Amherst Island project.
By means of justifiable estimates of borrowing costs, operating and other expenses, decommissioning costs and salvage value, we predict that the internal rate of return
(IRR) will be negative, with a realistic IRR of -2%.

Capacity Factor of Ontario Wind-Energy Generating Systems.
The Independent Energy System Operator (IESO) publishes hourly power generation
from the major Ontario wind-energy generating systems. The annual average capacity
factor for each of these systems has been collected together in Table 3 in Appendix A,
going back as far as 2006. The capacity factor is the primary factor in determining the
viability of a wind-energy generating system. The annual average capacity factor is
defined as the annual average power output of the system divided by the nameplate
power. In Ontario the maximum is 36%, the minimum is 24% and the average is 30%.
For the wind-energy generating systems there are variations from year to year. This is
largely because the annual-average wind speed varies from year to year. In turn, the
output of a wind turbine magnifies this variation in average wind speed. The capacity
factors can be normalized to remove this variation, as outlined in Appendix B. Figure 1
shows the normalized capacity factor for those Ontario systems that have been in
3

operation for 5 years or more; the Wolfe Island system has been added because of its
proximity to Amherst Island.
Typically, these systems start within the first year or two at a capacity factor of about
30% (Kingsbridge, on the shore of Lake Huron, was an exception). Subsequently the
capacity factors decline. This decline is about 1% per year or a relative decline of 3% per
year. This of course augurs very badly for a generating system designed for a 20 year life
and with capital funding based upon a 20 year life.
All of the analysis is based upon publically available wind energy generating system
power output data provided by IESO and involves only averaging, multiplying and
dividing numbers in a spreadsheet.
Figure 1: Normalized Capacity Factor for Ontario Wind Energy Generating
Systems as a Function of Years of Service
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Of course Ontario is not the only place with disappointing output from its wind-energy
generating systems.
 The Muir report from the UK showed a 24% capacity factor for the UK system
over the period November 2008 to December 2010 [2].
 The New York State system, to the south of Amherst Island, had capacity factors
of 19% for 2009 and 23% for 2010 [2].
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An analysis from Europe showed that over the years 2003 to 2007 the capacity
factor of the EU15 56 GW system was 21% [3].

This current report is not the only one to show the capacity factor declining with time.
In an extensive analysis of the Danish wind energy system Paul-Frederik Bach finds an
average decline of just 0.3% per annum [4]. Conversely, in his analysis of the Danish
wind-energy system over the years 2004 to 2010 Wayne Gulden found an average
decline of 1.5% per annum [5a]; Gulden normalized the capacity factors for the annual
average wind speed, see Appendix B. Gulden used the same technique to demonstrate
that the Mars Hill installation in Maine, USA, is showing a declining capacity factor of
a conservative 2.1% per annum [5b]. Steffell and Green, also correcting for wind
resource, found a smaller decline, 0.45% per annum for the UK system [6]. Conversely,
Hughes4 has found, after correcting for the wind resource, that the overall UK system
capacity factor declined from 24% at year 1 to 15% at year 10 to 11% at year 15 [7].
This is the same 1%/year decline that is demonstrated for the Ontario systems in Figure
1. Hughes analysis for the Danish on-shore system agrees with Bach’s finding of
0.3%/year over a 15 year period. (However, he also finds that the Danish off-shore
system declined at 1.7%/year over a 15 year period, from 39% at year 0 to 15% at year
10!).
The consensus is that capacity factor does decrease with age of the turbine but there is
no consensus on the reason for this. Operating in a cold climate is an added burden on a
wind turbine; this was acknowledged in a recent wind turbine optimization,
maintenance and repair conference with one of the sessions devoted to cold-climate
issues [8].
One obvious problem with many wind-energy systems in Ontario is the high density of
the turbines. In the words of Rolf Miller, Director of Wind Assessment at Chicago-based
Acciona Windpower, turbines are being “shoe-horned in” in Ontario [9]. The latest
research from John Hopkins University recommends a separation of turbines of 15 blade
diameters to avoid wake loss [10] and hence reduced capacity factor. For a modern 2.3
MW turbine with a 90 metre blade diameter this recommendation corresponds to a
density of about 0.5 turbine/ km2. The Wolfe Island project, as an example, corresponds
to 1 turbine/ km2, twice the recommended density which goes part way to explaining its
poor performance5. However, this is only one possible cause of poor performance and
does not explain the decrease in normalized capacity factor with time.

Prediction of Capacity Factor for Amherst Island
Amherst Island is a poor site for a wind-energy generating system because of the poor
wind resource, the small area available and the increased capital expenditure required to
4
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build on an island. Helimax, a consulting company, studied possible sites in Ontario for
the Ontario Power Authority and Amherst Island did not even make the list of 60 sites
considered [11].
A prediction for the capacity factor of a wind-energy development on Amherst Island can
be made on the basis of the 4 years of operation of the nearby Wolfe Island wind-energy
system. Figure 2 is extracted from The Ontario Wind Atlas, again publically available.
On the right in shades of orange to red (very good wind resource) is Wolfe Island and on
the left Amherst Island (acceptable wind resource). The wind speeds are those
appropriate for a turbine hub height at 80 metres.
Figure 2: Ontario Wind Atlas for Eastern Lake Ontario.

Wolfe Island

Amherst Island

For the system at the western end of Wolfe Island, the average wind speed is 7.5
metres/sec and for Amherst Island the average wind speed is 6.5 metres/sec. As
discussed in Appendix B the power generated by a wind turbine varies with the cube of
the wind speed. Compared with a turbine on Wolfe Island the power output of a similar
turbine on Amherst Island would be reduced to (6.5/7.5)3 or 65%. Therefore, based upon
the initial capacity factor of 28% for Wolfe Island, the expected capacity factor would be
18%, half APCo’s supposed capacity factor.
APCo plans to improve this by using the modern generation of so-called high-efficiency
turbines. In the most recent design and operation report prepared for APCo by Stantec
Consulting Ltd., the Siemens 2.3 - 113 2.3 MW turbine is proposed, together with an 99.5
metre tower. With an average wind speed gradient parameter of 0.20 ± 0.05, appropriate
for North America [12], the extra tower height will add (4.5 ± 1)% to the average wind
6

speed, increasing it to 6.8 metres/sec This is in line with the prediction of the Ontario
wind atlas.
This extra wind speed will allow a 14%6 increase in the power output. As shown in
Appendix C, the use of the Siemens 2.3 - 113 will produce a 35% increase in the power
output. Putting these two together, the Siemens 2.3-113 turbine on a 99.5 metre tower
will increase the capacity factor by 54%7, from 18% to 28%.
However, as shown in Appendix D, wake loss will be a serious problem for the Amherst
Island project, more serious even than for the Wolfe Island project.
A best estimate is that the initial capacity factor will be 26%.
The use of the newer turbine and the high tower will just about compensate for the poor
wind resource and the high turbine density on Amherst Island, but at a cost,
$3.5 million/MW versus $2.07 million/MW for Wolfe Island8.
It is also expected that this capacity factor will decrease with time in accordance
with the 1% per year decline.
APCo has stated that they have encouraging wind resource data for Amherst Island.
Canadian Hydro Developers claimed similar encouraging data for Wolfe Island. The
initial prediction for Wolfe Island was a capacity factor of 40%9. Even after 6 months of
operation a spokes-person for TransAlta, the new owner of the project, claimed that the
annual capacity factor would be 34% [16], as opposed to the actual normalized capacity
factor of 28%.
In making a prediction for Amherst Island it is sensible to take the approach described
above: use the by-now measured 4 years of capacity factor numbers for Wolfe Island,
then compare the Ontario Wind Atlas data for the two islands and the power output
specifications for the turbines in use on Wolfe Island and planned for the Amherst Island
development.
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Financial Analysis of the Amherst Island Project
Development Costs
APCo is estimating the capital cost to be $260 million3. This reflects the high cost of the
high-efficiency turbines, the cost of an underwater cable, docks on the mainland and
island, and the difficulty of building on an island with poor infrastructure.
Decommissioning Costs
The Ministry of the Environment requires that all renewable energy projects be
decommissioned at the end of the contract period. Mr. Sean Fairfield, Senior Manager,
Algonquin Power, has written a letter dated April 8th, 2013 to Loyalist Township to
assure the Township that Windlectric will cover the full cost of decommissioning the
Amherst Island wind project10. More recently he has been giving assurances that salvage
value will cover the cost of decommissioning. This assurance is not justified and is
patently untrue.
Mr. John Foster [13] estimated that the capital cost of the Wolfe Island wind project was
equally divided between the cost of the turbines and ancillary equipment and the cost of
the on-site construction. The Amherst Island wind project is also an island project and
therefore it is reasonable to put the cost of construction at $100 million or more.
Decommissioning is the mirror image of commissioning or on-site construction.
Therefore, the cost of decommissioning will also be about $100 million or more.
More recently, Clark Consulting Services Ltd. has produced an economic study of the Algonquin
Power Amherst Island project [17]. The pre-build cost of construction is estimated to be $76
million. To be conservative, this lower figure is used for the decommissioning cost. The

salvage value of the project is estimated to be $6.3 million, as justified in Appendix E.
Therefore a conservative net cost of decommissioning will be $70 million.
This is an end-of-operation cost but an allowance needs to be made for the cost when
evaluating the internal rate of return for the project. At present APCo has an earnings
ratio of 4%, whereas the rate of inflation is 2%. Therefore it benefits APCo to retain the
decommissioning cost until end-of-operation. The present value of that end-of-operation
cost is estimated to be $45 million and is added to the $260 million capital expenditure
for a total initial cost of $305 million.
Financial Carrying Costs
An October 2012 report from TD Securities announced that the cost of capital for
Algonquin Power was 7.2% [18]. In May 2013 the renewable energy manager at a major
Canadian bank stated that his bank was funding wind projects at 5.5%11. Towards the
end of 2014 APCo suggested that it would finance the Windlectric project 50% bank loan
and 50% equity [19]. More recently bank rates have been reduced by 0.25% by the Bank
10

To quote: “The project developer (Windlectric Inc. – a subsidiary of Algonquin Power Co.) is
responsible (not the landowners) for all financial issues (including safety and decommissioning costs)
regarding the proposed construction and operation.”
11
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of Canada. In its analysis APAI as assumed 50% bank loan at 4.75% over a 10-year loan
period.
Operations and Maintenance Costs
Estimating the cost of operations and maintenance (O & M) is difficult: there is virtually
no experience of operating industrial wind turbines beyond 10 years. As a result, robust
operational data remain relatively scarce. The International Energy Agency puts O & M
costs in the range $10 to $30/MWh [20]. A recent major report, the Wind Energy
Operations and Maintenance Report, puts the cost of operation and maintenance at
US$27/MWh [21], at the top end of the IEA estimate. APCo, in its 2013 Investor Day
presentation, suggests $5.2 million/annum [19]. With its energy prediction of 235
GWh/annum this is $22/MWh, near the middle of the IEA range. APAI has adopted this
figure, $22/MWh; with our estimated initial 26% capacity factor this equates to
$46,000/MW per annum.
Additional Costs
There is the additional cost of benefit to landowners which APAI estimates as
$5,000/MW per annum . APCo has put this royalty cost at $345,000 per annum [19] or
$4,600/MW per annum which is close. There is in addition the cost of insurance and
municipal taxes and benefits. APAI has adopted a total of $15,000/MW per annum for
the additional costs.
Anticipated Revenues
The FIT1 tariff is $135/MWh. Once the project is operating, if it operates, the revenue
will grow by 20% of the cost of living increase. APCo suggests 0.4%/annum which
APAI accepts. Therefore we take an average price of $140/MWh. Various revenue
projections can be made depending on the capacity factor. These projections are:
Table 1: Revenue Predictions
Capacity Factor
Revenue/annum ($million)

APAI Initial
(26%)
24

APAI Long Term
(20%)
18

APCo
(36%)
33

There was a possibility of some extra revenue from the Federal Eco-Energy subsidy
(about $10/MWh), and some carbon off-sets may also be possible for a company such as
Transalta or Enbridge with oil and gas operations. However, on July 28th 2011, the Hon.
Joe Oliver, Minister of Natural Resources, announced that the Federal Government will
not commit to additional funding of the Eco-Energy subsidy [22].
Tax
The corporate tax rate has been set at 27%. The depreciation has been assumed optimum
to avoid tax payments over the term of the debt financing. In a Feb. 20, 2015 news
release APCo discussed its tax attributes. It is in a position where it will not need to pay
corporate tax until 2022 at least. In its analysis APAI assumed optimum depreciation of
the capital cost of the project. The result was no corporate tax until at least year-12 of
operation of the project, or 2029.
9

Return on Investment
A sensitivity analysis was conducted to determine the range of outcomes from different
cost and revenue possibilities based on assumptions concerning the capacity factor. The
standard financial model for judging the viability of a project is the combination of net
present value (NPV) and internal rate of return (IRR). This has been done for the
variables considered above. This analysis, summarized in Table 2 below, accounts for
the net revenue over the full 20-year term of the project.
Table 2: Internal Rate of Return
Capacity Factor
Internal Rate of Return

APAI Year-One (26%)
1%

APAI Long-Term (20%)
-2%

APCo (36%)
5%

Initial Cost: $305 million; 50% Bank Financing; 4.75% Loan Rate; $22/MWh O&M; Additional Costs: $15,000 p.a.
The conclusion of the analysis is that with realistic parameters for a wind energy
generating system on Amherst Island and realistic costs there will not be any return for
investors.
An interesting question is how APCo was able to show an internal rate of return of 11%
in its Investor Day Presentation in 2013! [19] Quite simply, an 11% return results from
APCo`s initial supposition of a 38% capacity factor and a capital cost of $230 million,
additional costs of $5,000/MW per annum and ignoring the cost of decommissioning.
None of this is realistic.
Risk Factors
Out of the numerous environmental, potential adverse health effects and socio-economic
factors associated with this project, the key risk factors for investors are:
 the initial capacity factor likely to be achieved (not 36%, more likely 26%) and
the observed decline in capacity factor over time;
 the initial cost of development;
 the cost of the commitment required by the Ontario government and made by
Algonquin Power to decommission the project;
 cost over-run due to the uncertain difficulties of building on an island8;
 the cost of O&M over a 20-year period;
 the likelihood that the current rate regime will be maintained (unlikely given
current fiscal and political situations and the precedents set in Europe);
 The possibility that mitigation measures will be necessary to obtain “net benefit”
permits from the Ministry of Natural Resources during the bird migratory season,
through the winter in proximity to the owl woods [23] and during the breeding
season for grassland species-at-risk;
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the cost of replacement bobolink habitat;12
the likelihood that turbine noise will be out of compliance at non-participating
receptors once the Ministry of the Environments exercises its compliance-testing
protocol13 (see Appendix F);
the problem with ice throw, so far ignored by APCo (see Appendix G);
the moral obligation to satisfy internationally accepted standards for shadow
flicker, so far ignored by APCo (see Appendix H); presently 48 homes are out of
compliance with the European standard for shadow flicker – this project would
not go ahead if it was in Europe;
the inability of APCo to produce a road use agreement that is acceptable to the
community and the municipality;
potential lawsuits aimed at land-owners hosting turbines, for devaluation of
neighbouring property;
the risk of a turbine fire on an island with a dry micro-climate, a volunteer fire
service and limited fire-fighting equipment. APCo has not produced an
emergency services plan, a communication plan, or a traffic management plan;
to date, APCo does not have permits to construct docks on the mainland or on the
island, or to lay down the underwater cable.
statements by both Loyalist Township and the County of Lennox and Addington
that APCo was premature in submitting its Renewable Energy Approval
documents.

12

The Kingston Field Naturalists, in their submission to EBR 011-9446, estimate that 1000 hectares will
need to be set aside (purchased or leased) and maintained for the life of the contract.
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To date, noise regulation relies only upon calculation of the sound pressure level at non-participating
homes. The recent Kent-Breeze Environmental Review Tribunal found in favour of Suncor. However, the
Tribunal also stressed that “Nevertheless, if the modeling does end up being inaccurate (recognizing the
general point that pre-operation modeling has limitations as compared to accurate post-operation field
measurements), then adjustments will have to be made to ensure ongoing compliance. The 40 dB limit is a
real limit that Suncor must abide by regardless of its modeling exercises.” The reasons for expecting noncompliance are: omission of the uncertainty inherent in the noise prediction calculations; omission of
turbulent inflow noise from the prediction calculations; the allowance of generous parameters in the
prediction calculations; the large number of complaints from those living in proximity to turbines; the
number of buy-outs of abandoned homes by wind developers. On August 22, 2011, the Ministry of the
Environment unveiled its protocol for compliance testing [24]. It is still too early to know the result of
applying the protocol.
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Conclusion
This report demonstrates the high probability that the proposed wind energy generating
system on Amherst Island cannot be financially viable. The predicted internal rate of
return (IRR) is negative 2%. The reasons include:
 from the experience of other wind energy generating systems in Ontario it is
estimated that, even with high-efficiency turbines, an Amherst Island system
would have an initial capacity factor of about 26%, well below the claim of 36%
by APCo;
 a capacity factor decrease of 1% per annum as the system ages suggests that the
long term capacity factor will be below 20%;
 the available land area is less than half that required to avoid wake loss.
In addition, there are significant risk factors associated with the project including the high
initial development and decommissioning costs, the prospect of cost over-run, the
uncertainty of long-term operation and maintenance, the continuity of the generous feedin-tariff program, the extraordinary indebtedness of Ontario, the potential mitigation
measures needed to protect species-at-risk and the prospect of non-compliance with the
Ontario noise regulation.
It is a heavy burden for a company with a market capitalization of $2 billion (March
2015) to tie up $300 million, equity and debt, for 20 years for a negative rate of return.

March 2015
Association to Protect Amherst Island,
John Harrison, PhD, Vice-President and Director of Research
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Appendix A: The Ontario Wind Energy Generating Facilities
Column 2 in Table 3 shows the nameplate power for the Ontario wind energy generating systems
operating for at least two years. Columns 3 to 9 show the annual average capacity factors for the
period July 2006 to June 2013.
The capacity factor is the actual power output divided by the name-plate power; it is given as a
percentage. It can be calculated hourly, monthly, annually etc. The source of the numbers used
to generate these tables, the hourly output of the Ontario wind energy system, is available at:
http://www.ieso.ca/imoweb/marketdata/windPower.asp
Table 3: Annual Average Capacity Factor (Efficiency) Given as a Percentage.

July to June

Power
(MW)

2006-07

2007-08

Amaranth 1

67.5

30

29

Amaranth 1 & 2

200

Dillon

2009-10

2010-11

2011-12

2012-13

24

28

27

27

78

36

36

Gosfield

50

33

33

Kingsbridge

40

Port Alma 1

101

Port Alma 2

101

Port Burwell

99

Prince

189

Ripley

76

Talbot

99

Underwood

182

26

Wolfe Island

198

24

33

29

35

2008-09

33

28

32

30

31

34

35

34

34

36

36

27

28

25

28

28

28

29

27

24

29

28

27

33

26

33

32

31

33

33

32

31

31

30

29

29

As an example, for the year 2006 – 2007 the average power generated by Amaranth 1 was 20.3
MW. Dividing by the nameplate power of 67.5 MW, we get an annual average capacity factor of
30%. This calculation was extended to all of the wind energy systems operating for at least two
years up to June 30th 2013. As an example, for the year 2006 – 2007 the average power
generated by Amaranth 1 was 20.3 MW. Dividing by the nameplate power of 67.5 MW, we get
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an annual average capacity factor of 30%. This calculation was extended to all of the wind
energy systems operating for at least two years up to June 30th 2013.
There is no value going beyond this date; it is now government policy that wind energy
companies are paid not to dispatch energy to the grid during periods of surplus generating
capacity.
As an aside, there is some evidence that the more recent installations are generating higher
capacity factors than the earlier ones. This can be seen for Dillon, Gosfield, Port Alma II, and
Talbot. This is in part because the older installations have declined by about 4% and in part
because of the use of so-called high efficiency turbines14. Gosfield and Talbot are using 2.3
MW turbines with101 metre blade diameters and Port Alma II is using a mix of the older
Siemens 2.3 MW 93 metre blade diameter turbines and the newer Siemens 2.3 MW 101 metre
blade diameter turbines (http://www.canwea.ca/farms/wind-farms_e.php ). Perhaps more
importantly, these installations are located along the north-west shore of Lake Erie with its high
wind resource (see figure 3) [25].
Figure 3: Ontario Wind Atlas for North Western Lake Erie.

14

The term “high efficiency” is a misnomer. The enhanced power output is the result of using longer blades. For
instance, the specified output of the Siemens 2.3-93 and 2.3-113 turbines are both 70% of the Betz limit at a wind
speed of 7 m/s.
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Appendix B: Correction of Capacity Factor for Annual Wind Speed Variation
It is common experience that some years are windier than others, just as some years are wetter or
colder. To make sense of the annual average power output of the Ontario wind energy
generating system, the averages need to be corrected for the annual average wind speed.
Mathematically, the output of a turbine varies as the cube of the wind speed. This is easy to
understand. The kinetic energy density of the atmosphere varies as the square of the wind speed.
The volume of air passing through the blade circle varies linearly with the wind speed. Multiply
these two factors and the power output varies as the cube of the wind speed. That is, if the wind
speed doubles the power increases eight-fold.
There is a limit to the cube law at which the power output flattens off. However, for the range of
wind speeds corresponding to most of the power output, the cube law is a reasonable
representation.
A wind speed record for Toronto was found at: http://toronto.weatherstats.ca/charts/wind speed5years.html, with a similar URL for other Canadian cities. Only the record for Toronto goes
back to 2006. The second row of Table 4 reproduces the average wind speeds for the years (July
to June) shown. v is the annual average wind speed and v0 is the six-year average (16.85 km/h).
The third row in the table is the cube of the ratio of the annual to six-year average wind speed.
This is a measure of the extent to which the annual average wind energy system power output
would have been less than or greater than the six-year average. This third row shows that
swings in the annual average capacity factor are to be expected.
Table 4: Wind Speed Measurements for a Selection of Ontario Sites
Year
v (km/h) Toronto
(v/v0)3 Toronto
v (km/h) 7 Cities
(v/v0)3 7 Cities
(±10%)
(v/v0)3 Blended
(±10%)

200607
17.08
1.03

1.03

200708
16.56
0.94

0.94

200809
16.64
0.96
14.17

200910
16.50
0.93
13.36

201011
17.59
1.13
14.32

201112
16.98
1.02
14.51

201213

0.98

0.82

1.01

1.05

1.15

0.98

0.83

1.02

1.06

1.15

14.96

Note: The annual average wind speed measurements shown in the above table are not intended
to represent the wind speeds at the wind energy generating system sites. The purpose of Table 3
is to indicate the variation of wind speed in Ontario from year to year. Although the uncertainty
(±10%) is large, the variation remains significant.
In order to get a more representative picture of the wind speed variation in the general area of
the wind energy systems, the wind speed data for the past 5 years for Chatham-Kent, Hamilton,
Kingston, London, Sarnia, Sault-Ste.-Marie, and Windsor were blended with the data for
Toronto for the past 7 years. The fourth row of Table 4 shows the annual average wind speeds
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for these 7 cities. These are converted to the average of (v/v0)3 for the 7 cities in row 5. The
standard deviation is 10%. Finally, row 6 shows a blending of (v/v0)3 for Toronto and the 5
cities. Again, the standard deviation is 10%. Although the standard deviation is large, the
variation from year to year can be larger and is significant.
To appreciate the variation of capacity factor with time, the measured annual average capacity
factors shown in Table 3 in Appendix A have been corrected by dividing by the blended factor
(v/v0)3 for that year. For the wind energy generating systems that have been operating for 4
years or more, these normalized capacity factors are shown as a function of the number of years
of operation in Figure 1. The uncertainty (standard deviation) in the values of (v/v0)3 is
reflected in the uncertainty in the normalized annual capacity factor. This is demonstrated in
the figure only for the Kingsbridge data set.
The trend of the normalized annual capacity factors is down. A linear regression for each of the
6 wind energy generating system data sets demonstrates an average decline of (1.0 ± 0.3)% per
annum.
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Appendix C: Estimate of Capacity Factor with Siemens 2.3-113 Turbines
The purpose of this appendix is to use the Wolfe Island performance figures to estimate the
potential capacity factor of the Amherst Island wind energy system . Figure 4 shows the power
output of the Siemens 2.3 - 93 turbine in operation on Wolfe Island and the Siemens 2.3 - 113
turbine proposed for Amherst Island. The numbers are taken from the publically available
specification sheets. The solid line represents a cubic dependence of power output upon wind
speed.
Figure 4: Power Output of the Siemens 2.3 MW Wind Turbines
2.5

Wind Turbine Output (MW)

2.0

Cubic Dependence

1.5

1.0

Siemens 2.3-93

Siemens 2.3-113

0.5

0.0
0

2

4

6

8

10

12

Wind Speed (metre/sec)

The new high efficiency turbine has a lower cut-in speed, 3 m/s compared to 4 m/s, as well as a
higher power output at all wind speeds. It was designed specifically for sites with marginal wind
resource.
There is a clear output advantage at low wind speed and, otherwise, an advantage of 30 to 40% at
higher wind speeds. Because the advantage varies with wind speed, it would help to know the
distribution of wind speeds. That is not known. However, thanks to the IESO data base, the
distribution of power output of the Wolfe Island wind energy system is known. The distribution
of power output is directly related to the distibution of wind speed. Table 5 is a worksheet based
upon this distribution.
Column 1 shows 10 MW ranges for the 198 MW Wolfe Island system and the number of hours
performing in those ranges over the period July 2009 to June 2011.
Column 3 represents each range by one power level, labelled R. For example 0 to 10 MW is
represented by R = 5 MW. Column 4 is the fraction (F) of the 2-year time that the wind energy
generating system was operating in each range. For example the system was operating in the
range 0 to 10 MW for 5108 hours or F = 0.292 of the 2-year period.

20

Table 5: Worksheet to Estimate the Capacity Factor Advantage for the Siemens
2.3 – 113 Turbine.
Range
(MW)
0-10
10-20
20-30
30-40
40-50
50-60
60-70
70-80
80-90
90-100
100-110
110-120
120-130
130-140
140-150
150-160
160-170
170-180
180-190
190-198

Number of Hours
5108
2062
1598
1255
980
825
664
575
503
433
349
350
291
272
308
290
301
379
787
190

Range Centre, R
(MW)
5
15
25
35
45
55
65
75
85
95
105
115
125
135
145
155
165
175
185
194

Fraction of Time, F

Advantage, A

0.292
0.118
0.091
0.072
0.056
0.047
0.038
0.033
0.029
0.025
0.020
0.020
0.017
0.016
0.018
0.017
0.017
0.022
0.045
0.011

2.8
1.75
1.61
1.55
1.51
1.49
1.45
1.43
1.41
1.39
1.36
1.33
1.30
1.27
1.23
1.20
1.16
1.11
1.06
1.01

The capacity factor for the Wolfe Island system is then, summed over all power ranges:
∑ 𝑅×𝐹
Capacity Factor = 198
Column 5 is the advantage, A to be gained by using the new Siemens 2.3-113 turbines. For
instance in the range 0 to 10 MW for the Wolfe Island system the power advantage is A = 2.8.
Had there been Siemens 2.3-113 turbines on Wolfe Island the capacity factor would have been:
∑ 𝑅×𝐹×𝐴
Capacity Factor = 198
Therefore, the overall advantage of using the newer turbines is:
𝐴̅ =

∑𝑅 ×𝐹 × 𝐴
= 1.35
∑𝑅 ×𝐹

Although the wind speed on Amherst Island is significantly lower than on Wolfe Island, the
relative distribution of the wind speed is expected to be similar. Therefore, it is predicted that
the newer turbines will result in a 35% increase over what would be expected if using the 93 m
blade-diameter turbines on Amherst Island. This is over and above the 14% gain to be expected
for the higher hub height. The resultant gain will be 54% for a predicted 28% capacity factor.
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Appendix D: Wake Loss on Amherst Island
The problem of the poor wind resource is compounded by the lack of sufficient area on Amherst
Island. The total area of the island is 16,500 acres. Of this, at least 3000 acres is
environmentally protected or environmentally sensitive. Another 3000 acres or so is unavailable
because of homes, schools and churches. There is considerable opposition to the Amherst Island
development on our island, reducing the area further. The proposed development is therefore left
with less than 10,000 acres or 40 km2 for a 75 MW project. This compares with 95 km2 required
to meet the John Hopkins criterion for 33 x 2.3 MW turbines each with 113 metre diameter
blades.
The close proximity of turbines to each other is compounded by the geography of the island (see
figure 6 below). The island and most of its road system runs south-west to north-east. This
forces the proposed turbine layout into a similar alignment. But this is the direction of the
prevailing wind. Therefore, most of the turbines are downwind of another turbine.
Operating turbines create a wake behind them. Figure 5 illustrates this:
Figure 5: Wake Turbulence Behind Turbines Illustrated by Sea Fog.

This wake adds turbulence and subtracts wind speed (wake loss). There have been wind tunnel
experiments and field experiments to measure the wake loss. The wind speed loss is largest
along the axial direction and decreases in the radial direction. As is obvious from Figure 5, the
wake loss extends in the radial direction beyond the blade radius.
Field measurements from on-shore and off-shore turbine experiments have been represented by
the formula:

22

∆𝑢 𝐷
=
𝑢
𝑥
where Δu is the decrease in wind speed on the axis (i.e., downwind), u is the uninterrupted wind
speed, x is the distance behind the turbine and D is the blade diameter [26, 27]. For instance, at 5
blade diameters behind the turbine, the on-axis decrease in wind speed is 20%. From wind
tunnel and field measurements, going out in the radial direction there is a Gaussian decrease in
wake loss [27, 28]. Averageing over the area swept by the blade the wake loss can be
represented by:
∆𝑢
𝐷
= 0.66
𝑢
𝑥
Continuing with the above example, the average wake loss is 13%. As noted in Appendix B, the
wind turbine power output varies as the cube of the wind speed, that is 0.873 = 66% in this case.
Therefore, a turbine 5 blade diameters downwind of a neighbour will lose one third of its
capacity factor.
Looking at the proposed layout of the Amherst Island project I note that many of the turbines are
within, or close to, 5 blade diameters (565 metres) of an upwind turbine for the prevailing wind
direction. Overlaying the map is a wind rose showing the prevailing wind direction and white
circles representing the John Hopkins recommended exclusion zones for turbines T01, T19 and
T25. To show all of the exclusion zones would clutter the figure.
Figure 6: Project Map with Added Exclusion Zones

(Figure 6 courtesy of Wayne Gulden)
Comparing this map with the layout for Wolfe Island, I note that of the 37 tubine sites shown
above, only 8 (22%) can be considered upwind and therefore operable without wake loss; For
Wolfe Island, 30 of the 86 sites (35%) can be considered upwind. As expected for such a dense
array, in the event that this project goes ahead, the wake loss is going to be significant, more so
than for the Wolfe Island project.
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Appendix E: Salvage Value of the Project
The Stantec Decommissioning Plan Report [29] notes: “As much of the facility would consist of
reusable or recyclable materials there would be minimal waste as a result of decommissioning
the facility.” There is no engineering study to back this up.
Much of the facility in fact will consist of between 60,000 and 90,000 cubic metres of concrete
and aggregate. There is no possible use for this material on a 16,000 acre island; it will have to
be removed by truck and barge to a landfill site. Algonquin Power has assured Loyalist
Township that no use will be made of the limited island landfill site. The blades are supposed to
be taken to a registered landfill site for such hazardous waste but no such facility exists in
Ontario. After 20 years there will be no more future for the generators and transformers than
there would be for a 20-year-old car or truck, other than for scrap.
There is scrap value in the steel towers and the copper in the generators and cabling; there is
potential value in the neodymium used in the generator magnets. The scrap value is estimated as
follows, starting with the current scrap prices for steel and copper:
Scrap values as of July 22nd, 2013 [30]:
Steel: $264/tonne (1000 kg)
Copper: $6.28/ kg
Steel
Weight of steel tower: 300 tonnes [31];
Weight of steel component of the nacelle: 50 tonnes (estimate);
Total steel: 350 tonnes.
Scrap value of steel: $0.09 million/turbine or $3.0 million total
Copper
Weight of copper in a turbine: 5.6 tonnes/MW 32] (includes cabling).
Weight of copper in Siemens 2.3 MW turbine including cabling: 13 tonnes (estimate).
Scrap value of Copper: $0.08 million/turbine or $2.7 million total
Neodymium
Weight of neodymium iron boride magnet in a turbine: 2 tonnes (estimate).
Weight of neodymium: 0.5 tonnes (estimate)
Cost of neodymium: $75/kg [33]
Cost of neodymium: $0.04 million/turbine or $1.2 million total
The problem: "The neodymium-iron-boron material decomposes peritectically — it changes
composition — when heated to its melting point," says Chumbley, lead researcher on the project.
"So it can't just be melted down and reused. But it's too valuable to throw away, so there are
literally warehouses full of 55-gallon drums of the stuff waiting to be recycled." [34]
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The future: The DOE Ames Lab is working on the problem: “Scientists at the U.S. Department
of Energy’s (DOE) Ames Laboratory are working to more effectively remove the neodymium, a
rare earth element, from the mix of other materials in a magnet. Initial results show recycled
materials maintain the properties that make rare-earth magnets useful.” [35]
Assume that the problem will be resolved and allow a total scrap value of $0.6 million
Conclusion: The scrap value of the Windlectric project is estimated to be $6.3 million. This
is approximately 10% of the estimated decommissioning cost.
These scrap values are in 2013 dollars.
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Appendix F: Noise Compliance
Figure 7 is the predicted noise contour map for the Amherst Island wind energy generating
system15. The coloured fill shows the regions where the noise level will be at and above 40 dBA,
the Ministry of the Environment limit for turbine noise. The contour spacings are 1 dBA. Note
how many residences are close to the 40 dBA contour.
It is emphasized that the prediction code has an uncertainty of ±3 dBA. Manufacturers quote an
uncertainty of ±1 or ±2 dBA in the sound power level of their turbines. These combine to give
an uncertainty of ±4 dBA. That is, the 40 dBA contour is really a range 36 to 44 dBA. This has
been ignored by Hatch, the noise consultant for APCo. The noise sound pressure level at many
of those residences is going to be out of compliance. This is a real and important risk factor for
the project if it goes ahead.
Figure 7: Noise Contour Map for APCo Project on Amherst Island

The compliance risk will be compounded by:
 the fact that turbulent inflow noise has been ignored by Hatch. This will be a particular
problem with a project with a very high density of turbines (see Appendix F). Its
15

Since the publication of this map, APCo has removed one proposed turbine site.

26




argument is that the Ministry of the Environment does not require that it be considered.
This will be no consolation to APCo and its investors when compliance audits are done.
When the wind-speed gradient is high, the blades move from a high wind speed to a low
wind speed as they rotate. The blade pitch cannot be optimized for top and bottom and
excess noise will result.
Under certain atmospheric conditions (wind-speed gradient and temperatuure gradient)
turbine sound can be refracted down to the ground; this decreases the fall-off in sound
pressure level with distance from the turbine.

The proof or otherwise of the efficacy of the Ministry of the Environment protocol for predicting
the noise at a receptor lies in compliance testing. A review of three compliance tests
demonstrates that the prediction protocol does not work [36]. The three tests show underestimation by up to 15 dBA, up to 12 dBA and up to 8 dBA. Such is the proximity of so many
proposed turbines to so many homes on Amherst Island that any of these test results demonstrate
that most of the turbines will be out of compliance. Armed with this knowledge, home-owners
will insist on compliance-testing if the project is allowed to proceed to construction and
operation.
. The only mitigation possible will be shut down and removal of the turbines or a massive and
ruinous programme of house purchasing. The recent Kent-Breeze Environmental Review
Tribunal found in favour of Suncor. However, the Tribunal also stressed that:
“Nevertheless, if the modeling does end up being inaccurate (recognizing the general point that
pre-operation modeling has limitations as compared to accurate post-operation field
measurements), then adjustments will have to be made to ensure ongoing compliance. The 40 dB
limit is a real limit that Suncor must abide by regardless of its modeling exercises.” [37]
On May 11th, 2012 Ms. Doris Dumais, Director of Environmental Assessment Access and
Service Integration Branch at MOE, wrote16:
“The ministry has a variety of tools to use in its current compliance strategy to ensure wind
farms operate in compliance with approvals. This includes options of voluntary abatement, or
mandatory abatement by way of issuing an order if the company is not voluntarily complying.
Abatement options may vary from site to site and can include continued noise monitoring,
implementation of a noise reduction plan or the shutting down of the turbines.”
Whatever action will be required of APCo by the Ministry of the Environment can only make the
negative economic viability of the project even worse.

16

Letter to the author.
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Appendix G: Ice Throw
Ice throw is a potential hazard and a risk factor for a viable project. The eastern end of Lake
Ontario has on average 11 days of ice conditions every winter.
It is common for consultants for wind energy companies to predict ice throw by assuming cube
or similar geometry for the thrown ice, a mass of about 1 kg and a drag coefficient CD = 1. This
is not the reality. Ice forms on blades as a thin layer and will come away in the form of thin
sheets.
A realistic model for ice throw has been created and evaluated by APAI [38]. The model
assumes that the thrown ice is in the form of a thin sheet. It is assumed that, in flight, the ice
sheet will align with the velocity with which the sheet is moving through the air. The model
assumes that the turbine is operating. This is a worst case scenario and is deemed the best
approach for safety. The model was tested against measured ice throw from a turbine and found
to be satisfactory. The model is applied to the Siemens 2.3-113 turbine proposed for use on
Amherst Island. The ice throw was evaluated for a number of drag coefficients, wind speeds and
ice sheet thicknesses. The conclusion is that a conservative safe setback from homes,
buildings, lot lines and roads is 300 metres. It is noted that in an icing event, the mass of
thrown ice could total over 2000 kg and that the ice could strike the ground with a speed in the
range 100 to 200 km/h.
The MOECC has no regulation for ice throw by industrial-scale wind turbines. Nevertheless, ice
throw, like shadow-flicker, is a recognized hazard associated with wind turbine operation. Island
residents have been lulled into complacency by the assurance that icing monitors will detect ice
on the blades and that the turbines will be shut down. No longer can we be so sure! A recent
article in Wind Energy Update, a wind industry publication, has drawn attention to the very real
safety concerns with ice throw [39].
We can do no better than quote from the Wind Energy Update article:
“If you want to get an idea of the negative impact of ice build-up on turbines then just head to
YouTube. What is worrying is not just that amateur video makers have captured ice throw
situations that the industry says should not happen, but also that these images are being used to
convince the public that cold-climate wind farms could be dangerous. Worst of all, that might be
true.
“A lot of research work and development is underway in this context,” says Andreas Krenn, a
project manager at the Austrian renewable energy consulting engineering firm Energiewerkstatt.
“But most ice detection sensors still do not work very reliably.” Furthermore, he adds, the
systems that original equipment manufacturers (OEMs) have developed to get rid of ice have yet
to be rigorously tested by independent bodies out in the field.”
Additionally, to quote from General Electric [40]:
“rotating turbine blades may propel ice fragments some distance from the turbine - up to several
hundred meters if conditions are right”, and “ice detection is not highly reliable”
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In December 2014 there was a conference on Wind Turbine Optimization, Maintenance and
Repair in Toronto [8]. One of the sessions was a series of talks on operating wind turbines under
icing and cold climate conditions. Two talks focussed on icing mitigation and ice detection.
Raphaёl Roy (GDF) discussed ice mitigation modifications for the expansion of the Caribou
Wind Park based upon experience with the first phase, now in operation. These include blade
coatings, heating strips on the blades, forced hot air within the blades, external de-icing and
advances in ice-detection. Clearly, GDF is not satisfied with the ice-detection and mitigation of
the present operation. The Caribou Wind Park is 70 km west of Bathurst in northern New
Brunswick. Meteorological records show that the impact of icing conditions is comparable
between eastern Ontario and northern New Brunswick: 11 days per annum for Kingston
compared to 15 days for Bathurst.
Matthew Wadham-Gagnon (TechnoCentre éolien) addressed the topic of ice-detection. He noted
the “the Holy Grail of ice-detection has yet to be invented”.
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Appendix H: Shadow Flicker
Shadow flicker is a recognized source of annoyance and a serious stressor. Shadow flicker is the
time-varying shadow of the turbine blades as the sun passes behind the wind turbine. The flicker
rate is the blade passage frequency, about 1 Hz (cycle per second). This is below the frequency
that can trigger an epileptic fit; epilepsy is not the hazard. As a result of a psychological study in
Germany [42], a limit on shadow flicker was set at 30 hours per year and 30 minutes per day
under the worst case scenario17, or 8 hours per year taking account of meteorological conditions.
This regulation in Germany is based upon research at the University of Kiel and has been tested
in Court. The 30 hours per year has since become the international norm [43]. A list of
regulations or guidelines is given in Table 6:
Table 6: Shadow Flicker Regulation* or Guideline in Europe.
Germany*
England
Wales
N. Ireland
Belgium*
Ireland
Scotland
Spain
The Netherlands*
Denmark
Canada/USA

30 h/year or 8 h/year with appropriate cloud cover
Mitigation
Avoid shadow-flicker where possible
30 h/year
30 h/year
30 h/year + 30 minutes/day or 10 blade diameter setback
10 blade diameter setback
Regulation not necessary
5h 40 min./year with no cloud cover
10 h/year with appropriate cloud cover
No regulation!

Ontario has neither regulation nor guidelines. The Windlectric site plan was designed with no
regard for shadow-flicker. A shadow-flicker study was released by Algonquin Power only at the
second Public Meeting held on March 5th and 6th, 2013. Even so, this shadow-flicker report
made no sense. In many cases the report showed more hours/year with cloud cover than without.
The report was corrected in the final REA documents in January 2014, almost 3 years after the
contract with the Ontario Power Authority was announced. The fact that the site plan was
designed with no regard for shadow-flicker perhaps accounts for the fact that 47 existing
homes are predicted to have more than 30 h/y of shadow-flicker, the European regulated or
guideline upper limit, of which 13 have more than 50 h/y and 8 have more than 60 h/y,
twice the European maximum.

17

Full sun, blades turning and the plane of rotation facing the receptor.
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