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Abstract

Adequately reviewed information exists for all sides of the 
issues surrounding industrial scale wind power, but the bias, 
assumptions and reasoning used for each source must be 
carefully considered. The balance of credible information 
shows a poor record of performance by wind power in terms of 
significant amounts of electricity produced, reductions in CO2 
emissions and costs. In summary, support for industrial wind 
power is not good public policy for meeting electricity needs 
and reducing emissions.
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1. General Considerations

Introduction

There is no question that industrial wind power is growing at high rates in some countries. Figure 1 shows the six
leading countries, based on installed capacity. The questions are for what real purpose, cost and result.

Figure 1 – Installed Wind Power Capacity of the Six Leading Countries
in Megawatts (MWs), 2002 to 2006

Figure 1 – Installed wind power capacity of the six leading countries
in megawatts (MW) for December 2002 to 2006

Source: ABS Energy Research1 and Global Energy Council EWEA, AWEA

Source: ABS Energy Research1

The wind industry emphasizes the high growth rate of industrial wind implementations. However, growth is not in itself 
and indication of value. In fact it might be a reason to exercise caution against jumping onto a ‘bandwagon’. Look at 
Denmark in Figure 1.

The capital cost requirements for these implementations is high. The cost for wind power plant implementation is 
about CDN$2 million per MW, which is the same as for nuclear power plants.2 The German investment is therefore 
about CDN$40 billion, and as will be shown is of questionable value. The director of the German Energy Agency
(dena) is quoted in the German daily newspaper Die Tageszeitung as saying that the price of cutting one tonne of 
CO2 with wind power was a lot relatively speaking. Energy saving in housing would be a lot cheaper.3

In February 2005, the German Energy Agency released a study, which is reported as saying that wind plants are an 
expensive and inefficient way of generating sustainable energy. Jim Footner of Greenpeace is also quoted as saying 
that the German study would be used by opponents of wind power as an argument against further investment.4 A 
translation of an article from Der Spiegel on the dena study is contained in Appendix B. The dena study is also
discussed further below.

There is no absence of a significant amount of authoritative or ‘peer-reviewed’ information on all sides of the issue of 
industrial wind power. However, it is necessary to consider the bias, assumptions and reasoning used in all cases.
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Consequences of Increased Penetration of Wind Power

An important consideration is the amount of wind capacity relative to the total installed generation capacity (the wind 
penetration). This calculation uses the full rated ‘name plate’ capacity for the wind turbines, and this is shown in Table 
1 for the above countries for the years 2005 and 2006.

Table 1 – Wind Penetration

Country 2005 2006
Germany 13.2% 14.8%
USA 0.9% 1.1%
Spain 13.1% 14.3%
India 3.3% 4.5%
Denmark 24.8% 24.2%
China 0.3% 0.5%
Ontario (projected 
2025) - 11.9%

Source: ABS Energy Research, Eurelectric5, DOE/EIA6

It is important to understand that the wind penetration is not a measure of how much electricity is delivered by wind 
plants or, in other words, how much electricity demand is met. Wind turbines produce a very small amount of their 
rated capacity over time, typically in the 20% range. As a result wind power’s share of electricity produced is a few 
percentage points of total supply to meet demand, even at the penetration levels shown for Germany, Spain and 
Denmark. 

Experience shows that as wind penetration approaches high single digits, the impact of wind penetration becomes an 
issue in terms of reliability of provision of electricity services and capability of wind to replace other generation means. 
Above 10% wind penetration the impact increases substantially and anything in the 20% wind penetration area
appears to be beyond the maximum that can be supported in the absence of major technology breakthroughs, 
particularly in the area of industrial scale electricity storage capability. The main reason for this is that the wind 
production fluctuates randomly and sometimes with very wide swings between zero and approaching its full capacity 
on a continuous, and often short term, basis. 

Note that Denmark has not installed additional capacity since 2003. Also note that Germany and Spain are 
approaching this level.
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2. Wind Plant Performance

General

There are two measures of wind plant performance. One is based on electricity produced and the other on the amount 
of other generation capacity that wind plants can displace. The first, the amount of electricity produced, is almost 
exclusively used as the only indicator of performance and is also extended to determine the amount of other 
generation capacity that can be displaced and CO2 emissions reductions. This leads to what is arguably an 
overstatement of the benefits of wind power.

The rest of this section examines these two measures and points out the importance of distinguishing between the 
two. The amount of electricity produced is not as significant as the second consideration. In summary the two 
measures are:

Capacity Factor – This measures the electricity produced and is expressed as a percentage of the actual production 
to the amount that would be produced if the plant was operating fully for 24 hours per day and 365 days per year. In 
the case of wind plants electricity production is determined largely by the availability of suitable wind conditions. In the 
case of most other plant types the Capacity Factor is determined by decisions made by the electricity system operator 
in response to demand at any point in time and economic/operational considerations. All plants are also affected by 
plant down time for scheduled and unscheduled maintenance.

Capacity Credit – This measures the amount of other generation capacity that can be displaced, and for wind plants is 
substantially less than the Capacity Factor, which is already very low. Capacity Credit takes into account the highly 
fluctuating nature of wind plant output on the reliability of the total electricity system. In effect, it determines the 
amount of other capacity that is required to backup or shadow wind production to provide a steady flow of electricity. It 
must be available when there is little or no wind plant production, must “step aside” when wind plant production peaks 
(for brief periods), and respond to all the fluctuations in between these two extremes.

Capacity Factor

The often quoted figure of merit for wind production is the Capacity Factor. This is just an average over a long period 
of time and does not represent the reality of the random, highly variable hour-to-hour and day-to-day production. 
Further the projected annual Capacity Factor is usually quoted as 30 (sometimes as high as 35%), which is rarely 
experienced in practice. Table 2 shows the Capacity Factors for Germany, Spain and Denmark for 2006.7 The 
University of Victoria  (BC) confirms this information.8 Also shown is the percentage of domestic electricity demand 
met by wind.

Table 2 – Percent of Electricity Delivered by Wind in 2006

Country Wind 
Penetration

Wind Capacity 
Factor

Percent of Domestic 
Electricity Demand 

Met by Wind
Germany 14.8% 19% 5%
Spain 14.3% 22.4% 7%
Denmark 24.2% 22.4% 5%

Source: Renewable Energy Foundation, Eurelectric, Mason V.C.

One Danish study shows the wind electricity production that meets Danish domestic demand is higher than that 
indicated in Table 2, but considerably less than the popular misconception of 20%. This study is arguably favourable 
towards wind’s contribution. It is based on net exports of electricity, versus looking at exports and imports separately 
(they occur at different times) and assumptions about fuel savings if 50% of the wind is used to replace domestic 
fossil fuel plant production, which may not be a reasonably valid, as will be seen later. In any event the popular 
misconception that Denmark meets 20% of its domestic electricity demand from wind is wrong. This is further 
discussed in Section 8.
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Factors, which can reduce performance by as much as 25%, or more, include:
 Losses within the wind plant collecting electrical energy for onward transmission9

 Wake-effect losses within a multi-turbine wind plant can reduce the average electricity production10

 Contamination on turbine blades11,12

 Wear and tear. The turbine assembly and nacelle weigh 80 tons on top of a 250’ plus tower.
 Reserved right of curtailment by the electricity system operator. The Alberta example is discussed further in 

Section 8.
 Wind turbine use of electricity in production.

As a result Table 3 shows that it is easy to see how the Capacity Factors in Europe are explained.

Table 3 – Net Capacity Factors

Assumed/Projected or Actual 
Starting Capacity Factor

After Effects of Wear and 
Tear over Time and Other 

Losses – 25%
30% 22.5%
28% 21%
26% 19.5%

As previously indicated, for most electricity generation plants the Capacity Factor is a function of how much the 
electricity system operator uses any given plant, in part determined by economic considerations. Wind power is 
unique in that the Capacity Factor is restrained by the availability of fuel, which is not under the control of the system 
operator.
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Highly Fluctuating Nature of Wind

To appreciate the basis for Capacity Credit, It is important to understand the highly fluctuating nature of wind power, 
and Figures 2 and 3 illustrate this.13 Both show extremely wide variations from zero production to approaching 100%.
Figure 5 is for a 160 MW offshore wind plant in Denmark and shows 5 minute intervals over a 48 hour period.

Figure 2 – Representative Wind Fluctuation
(5 minute time series for 48 hours at a Danish offshore wind plant)

Source: Incoteco (Denmark) ApS14

Figure 3 shows hourly production fluctuations for an Ontario wind plant at Fort Burwell for one month. This was a high 
production month for this plant.

Figure 3 – Representative Wind Fluctuation Fort Burwell Wind Plant, Ontario
(October 2006 – high production month)

Source: Energy Probe15

The wide variations shown here typically occur during the peak generation months, usually representing one-third of 
the year. At other times the fluctuations are less dramatic and the production much lower.

Time

MW
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Wind proponents often claim that the wind variation is like that for end user demand already experienced by electricity 
system operators, and therefore represents no additional challenge. The reality is that the wind variation in 
conjunction with end user demand fluctuations can produce larger and less predictable swings than the demand does 
by itself. This is because in one case, the wind can decrease while demand increases, and in another case, both can 
move the same way at the same time. This produces larger fluctuations between these two extremes. The presence 
of wind provides a greater problem in balancing supply and demand on the electricity network. This balance must be 
maintained or the system will fail. Figures 4 to 6 show the wider fluctuations created by presence of wind. They 
illustrate the issue, but it is important to note that the fluctuations shown are still averaged over hours of production 
and are therefore smoothed out. 

Figure 4 shows the load curve (or end user demand) fluctuating over about a 2,000 MW range for Finland. When the 
wind component is subtracted from the end user demand, to provide a ‘”net load” that the rest of the generation plant 
has to follow, the range increases to about 5,000 MW. 

Figure 4 – Finland January 2000

Source: VTT Technical Research Centre of Finland16

Figure 5 shows the end user demand fluctuating over about a 3,000 MW range for Denmark. When the wind 
component is subtracted from the end user demand, to provide a ‘”net load” that the rest of the generation plant has to 
follow, the range increases to about 4,500 MW.

Figure 5 – Denmark January 2000

Source: VTT Technical Research Centre of Finland
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Figure 6 shows the energy consumption from the Electric Reliability Council of Texas (ERCOT) for a period of one 
week. It shows the end user demand fluctuating over about a 10,000 MWh range. When the wind component is 
subtracted from the end user demand, to provide a ‘”net load” that the rest of the generation plant has to follow, the 
range increases to about 17,000 MWh.

Figure 6 – ERCOT (Texas) Load and Net Load

Source: University of Victoria17

This is further confirmed by the European Union for the Co-ordination of Transmission of Electricity (UCTE), which is 
the association of transmission system operators in continental Europe. The role of this organization is to provide a 
reliable market base by efficient and secure electric systems.18
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Capacity Credit

A more realistic measure of the performance of wind plants than Capacity Factor is the Capacity Credit, or the amount 
of conventional generation plant that wind can displace. It is expressed as a percentage of total wind capacity 
implemented. It takes into account the random, frequent and sometimes large fluctuations of wind. Figure 7 shows the 
reality of the Capacity Credit of wind plants as penetration is increased from very low levels. The Capacity Credit of 
wind is further reduced as penetration increases. The higher curve shown for 2015 is claimed for an increase in 
offshore wind implementation. As shown for Germany in 2006, with 20,622 MW of wind installed, only 8% of this, or 
about 1,650 MW, of other generation means can be displaced. This represents a 15% penetration.

Figure 7 – Capacity Credit of Wind Power in Germany

Source: deENet, Energie mit System19

Figure 7 also illustrates that as the amount of wind power increases the percent of total wind power that can replace 
other generation plants decreases. This is confirmed by E.ON Netz20 a major electricity supplier in Germany and by 
the European Wind Energy Association21. E.ON Netz advises that the projected wind capacity of 48,000 MW by 2020 
will replace only 2,000 MW of traditional power.22

As a further illustration of reality in Germany, Figure 8 shows the total capacity requirements projected for 2015, with 
and without the presence of wind power. This is further described on the next page.

Figure 8 – Capacity Credit for Wind Power in Germany, 2015

Source: Source: deENet, Energie mit System

Germany 2006
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Figure 8 shows the amount of demand and capacity in gigawatts (GW or 1,000 MW) on the vertical axis. The first 
column shows the maximum demand, the second the necessary capacity, without the presence of wind, and the third 
the total capacity required with wind power. The difference between columns one and two is the normal reserve 
requirements to protect against the loss of a large generation capacity in the system (for scheduled and unscheduled 
maintenance) and weather extremes (very hot summers and very cold winters). This is normally about 18-24% of 
capacity. What this shows is that about 36 GW (36,000 MW) of wind will replace only about 2.2 GW (2,200 MW) of 
other generation capacity. The 36 GW of wind is virtually redundant capacity, which is paid for by electricity users and 
all taxpayers. An equivalent amount of other generation capacity is shadowing the wind plants following the 
fluctuations in wind production from 0-100%.

The reason very low penetrations of wind can be absorbed without additional reserves is that wind fluctuations can be 
handled by existing reserves, without compromising their availability for their intended, critical purposes. As wind 
penetrations get into the higher single digits, this becomes increasingly risky and this leads to the reality that 
increasingly almost all of the original capacity must be retained. This is what Figures 7 and 8 are showing.

Figure 9 shows the Capacity Credit for planned implementations of wind power for Ontario by 2025. The total wind 
planned is about 5,000 MW giving a penetration of 12% and a Capacity Credit of about 9%. Province-wide this means 
that only about 450 MW of other generation capacity will be displaced. The Prince Edward County contribution 
(assuming 300 MW in 150 turbines) would be only 27 MW, or the output of 14 turbines. 

Figure 9 – Capacity Credit for Ontario in 2025

The University of Victoria’s Department of Economics has analyzed the Alberta electricity system, which has bountiful 
wind resources, and concluded that the currently installed coal generation capacity of 5,840 MW could be replaced by 
4,704 MW of new wind capacity plus 4,333 MW of gas turbine capacity. In other words, with wind in the generation 
mix, it is necessary to install 9,037 of capacity to replace 5,840 MW of coal generation. Significantly, high Capacity 
Factors for wind are assumed and Capacity Credit considerations are not applied.23

There are two comments on these determinations in the University of Victoria’s study. The first is that 91% of 
shadowing gas turbine backup is required for the wind plants (4,333/4,704). The second is that it is hard to 
understand how the combination can replace the coal plants, unless the normal operating reserves are called upon to 
make up the difference when wind production is zero. This amount is 1,507 MW (5,840-4,333) and represents in the 
order of half of the reserves, a risky situation.

Wind power penetration

15%12%

Ontario 2025
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3. Backup Requirements for Wind

Introduction

What will be used for backup depends upon the overall generation mix, or portfolio, for a specific jurisdiction. Those 
rich in hydro like Norway and Sweden are well placed because hydro can be varied easily to follow wind’s 
intermittency. In fact they take about 40% of Denmark’s wind production at much discounted rates. Germany takes 
another 40%. Ontario is not rich in hydro, although we do have more of this renewable resource than most others. 
Some jurisdictions will look to gas turbine (of which there are at least two basic types) and Ontario is heading in that 
direction. Issues here are future gas prices and security of gas supplies. Countries in Europe most look to Russia for 
gas, which raises issues of security of supply. This may explain in part why Germany has announced 26,000 MW 
(almost equivalent to the total capacity of Ontario) of new coal generation plants over the next five years24. Spain is 
implementing gas.25 France is about three-quarters nuclear. Returning to coal, there is a range of technologies, but it
is the least able to respond to wind’s intermittency because of its high thermal latency. Hydro displacement does not 
reduce emissions. Fossil fuel generation displacement is small because of the large amount of backup required, 
which is running inefficiently and using fuel and producing higher emissions compared to normal use (like car gas 
mileage and emissions on the highway versus the city).

Discussion

The amount of backup required for wind is a much debated topic with a fairly large number of studies on wind backup 
requirements, providing a range of conclusions. In reviewing these it is important to be aware of assumptions made
and reasoning used. One important example is that the reliability of electricity system is sometimes taken to be about 
90% versus 99%. Would you fly on an airplane that had only a 90% chance of landing safely – or even a 99% chance 
for that matter? Assumptions less than 99% are risky. Putting it back into electricity terms, could we accept a 10% 
chance that there would be no electricity on a given day?

Many analyses assume an unrealistically high Capacity Factor, which is an average over a fairly long period of time, 
such as a year. This approach is relatively simplistic and will arrive at lower numbers for wind backup. A Royal 
Academy of Engineering report produced results for wind backup at about 80%26,27, which was based on an 
assumption of 90% reliability. Their results were consistent with that of an ILEX analysis using the same reliability 
factor.28

Other factors that lead to lower backup requirements are low wind penetration levels, assumptions about being able to 
store wind production, and assumptions about selling wind output that cannot be used to other jurisdictions like 
Denmark (what happens when most have sufficient wind capacity of their own?). Some take advantage of the 
availability of hydro capacity or the sunk costs of existing generation plant along with low wind penetration to 
demonstrate low backup costs. This could be a reasonable assumption for low wind penetration levels where the 
existing plant can without much risk be used as wind backup. This consideration does not hold up as the wind 
penetration increases.

Further, wind proponents argue that accurate forecasting will reduce the need for backup, and often they attempt to 
use the mean deviation from forecast as the only factor in determining backup requirements. E.ON Netz points out 
that the maximum deviation from forecast, not the mean deviation, to be the important factor.29 However, even if the 
forecast perfectly predicts the wind speed at any point in time, when there is little or no wind (most of the time) you 
need other capacity to maintain supply. The claim is made that ‘great strides’ are being made in improving forecast 
accuracy. The reality is that this remains, it will likely remain, insufficient to the need, regardless of any claims of 
improvement.30,31,32 Finally the UCTE observes that the expected forecast deviations  increase with the rise in installed 
wind capacity.33

Also claims are made that geographic dispersion of wind plants over wide areas will mitigate this, and this is true to 
some degree. However, Energy Probe has recently pointed out that there is a strong positive correlation of output 
between existing wind plants in Ontario34.

A team from Tallinn Technical University has made a convincing argument that almost 100% backup is required35.

One approach that stands out above all others is to look to an organization that has substantial practical experience 
and that is E.ON, one of the major suppliers of electricity in Germany. Within their area of operations they have over 
40% of the installed German wind capacity. The network operator claims that 90% backup is required for wind 
power36. The parent company E.ON states that 95% is required37. Leonardo Energy uses 95% backup in its analysis 
of electricity generation scenarios for Germany.38 Figure 8 tells the story.
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4. Costs of Wind Power

General

As with backup, there are many sources providing cost information for various generation means. Each has its own 
set of assumptions and agenda, or bias. The various assumptions in connection with wind power:

 Focus on simple calculations using high Capacity Factors, usually in the range of 30-35% for onshore wind
 Ignore wind power backup costs
 Rarely take into account the inefficient operation of fossil fuel backup
 Some add carbon taxes to other forms of generation, but ignore this on the wind backup calculations
 Although all generation means have an ‘own use in production’ of electricity, there appears to be no 

comparisons of this across the plant types. Wind turbines may use more electricity  than other generation 
plants. It is needed to skew the turbine for wind direction, change blade pitch for different wind speeds39

(combined the weight of the turbine assembly and nacelle is about 80 tons), for air conditioning and de-
humidification, and to keep the turbine rotating for lubrication of bearings.

This analysis will show the effects of different assumptions with respect to the costs of industrial wind power and will 
include the impact of:

 More realistic Capacity Factors 
 Capacity Credit concepts are used to set the amount of backup requirements. This results in a 90% backup 

required at penetration levels planned for Ontario. This analysis also allows for inefficiency in the operation of 
fossil fuel backup of 10%40,41,42,43

Table 4 shows a selection of published costs of electricity generation means including wind backup costs. This is 
sometimes referred to as the Levelized Unit Energy Cost (LUEC).

Table 4 – Selection of Published Electricity Generation Costs
Showing Operating Costs in CDN$ per MWh

Generation Type Royal 
Academy of 

Engineering44

Ontario 
Power 

Authority45

Used in 
Following 

Calculations

Comments

Coal – Pulverized 
Fuel

$50 $41 $50

Coal – Integrated 
Gasification

$64 $46-51 $55

Gas Turbine – OCGT $62 $80 $80 OPA uses 50% 
higher fuel costs

Gas Turbine – CCGT $44 $47 $47
Nuclear Fission $45 $40-50 $45
Onshore Wind 
excluding Backup

$74 $65-85 $75 Using 35% Capacity 
Factor

Onshore Wind 
Backup

$33 Using 35% Capacity 
Factor

Offshore Wind 
excluding Backup

$110 Using 35% Capacity 
Factor

Offshore Wind 
Backup

$33 Using 35% Capacity 
Factor

Hydro $30-$50

The only major difference is with OCGT gas turbine. Because this is primarily used for peaking power, its costs will 
vary considerably depending on the amount of time it is used. The cost per MWh is very sensitive to this assumption. 
Normal usage for OCGT is in the range of 10-20% of the time. The resulting costs per MWh are more sensitive to 
capital costs in the lowest portion of the operational range, and as use increases above that the costs of fuel (which 
represents over two-thirds of the costs per MWh) become predominant. It is possible that the OPA is already factoring 
in greater use of OCGT gas turbine as wind backup.
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Wind Backup Costs

All forms of electricity generation require backup for scheduled and unscheduled maintenance, and extremes in 
weather conditions. On a system-wide basis, reserves of 18-24% of the total installed capacity are provided for this 
purpose. The cost of this should be allocated across all generation plants and is not taken into account in any of the 
above calculations. The backup requirements for wind power are in addition to this and are unique to wind power at 
the penetration levels under discussion. The reason that wind is unique, especially at these penetration levels, is 
because of the random, highly fluctuating (with sometimes very large fluctuations) nature of wind production over the 
full range of the wind power capacity.

The Royal Academy of Engineering (RAE) shows the backup cost for wind at about 44% of the wind costs alone. 
Their analysis is based on gas turbine backup and an admittedly generous Capacity Factor of 35%. It assumes a 
simple calculation that does not take into consideration the reduced efficiency of the gas turbine operation. Table 5
below demonstrates the effect on costs if these considerations are taken into account.

Table 5 – Less Generous Calculation of Wind Backup Costs
CDN$ per MWh

RAE RAE Adjustment 
#1

RAE Adjustment 
#2

RAE Adjustment 
#3

Capacity Factor 35% 30% 25% 20%
RA Engineering Wind 
Backup Cost (from 
Table 2 above)

$33

Adjusted Wind 
Backup Costs

$39
(Same costs over 

86% of the 
production)

$46
(Same costs over 

71% of the 
production)

$58
(Same costs over 

57% of the 
production)

Adjust Backup Costs 
for Inefficient 
Operation of Backup 
of 10%

$36 $42 $51 $64

Onshore Wind Costs 
excluding Backup $75
Adjusted Onshore 
Wind Costs 
excluding Backup

$86
(Same costs over 

86% of the 
production)

$105
(Same costs over 

86% of the 
production)

$131
(Same costs over 

86% of the 
production)

Resulting Total 
Costs for Wind $111 $128 $156 $195

The adjusted wind backup costs in columns 3, 4 and 5 are arrived at by taking the RA Engineering cost of $33 per 
MWh and allocating this cost over the reduced production represented by lower Capacity Factors. For example, the 
calculation to arrive at $39 in column 2 is $33 x 35%/30%. Or another way, the production is reduced to 30%/35% or 
86% of that for a Capacity Factor of 35%, and $33/86% is $39.

Adjustments are also made for the inefficient operation imposed on the wind backup, assuming efficiency loss of 10%. 
Note that the difference in efficiency for cars on the highway versus the city is about 25%. 

This is a calculation of wind backup costs per MWh based on the Royal Academy of Engineering report with the 
adjustments shown. It does not necessarily mean that the wind backup capacity needed is 80% of the wind capacity

Other considerations which have not been accounted for include:

 There are additional maintenance costs incurred by the backup generation units because they are now 
operating in more of a speed-up/slow-down or start/stop mode than they would in normal operation, and for 
which they were not designed.

 In the event of a carbon tax imposed on generation sources that produce emissions, the cost of this tax 
should be fully reflected on the wind backup costs
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If some of these numbers seem unreasonably high, they are comparable to the reported emissions mitigation costs 
for wind expressed in tons of CO2 emissions per MWh as shown in Emissions Reduction, Section 5. A coal plant 
produces about one ton of emissions per MWh so the mitigation costs per ton can be compared directly to the costs of 
wind production per MWh for the purpose of replacing coal plants.

In general all such calculations are subject to adjustment for a variety of reasons. All considered, the reality is that the 
cost of wind power is very high compared to other means of electricity generation. In summary, Figure 10 shows the 
costs of electricity generation per MWh for various generation plants. In the case of wind, the backup costs are shown
and a Capacity Factor of 20% is assumed for Onshore Wind and 25% for Offshore Wind.

Figure 10 – Comparative Costs of Selected Generation Plants
CDN$ per MWh

0
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250

Coal PG Coal - Int.
Gassif

OCGT CCGT Nuclear Hydro Onshore
Wind
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Offshore
Wind
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M
W
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Generation Costs Wind Backup Costs

Source: Royal Academy of Engineering, OPA

OCGT costs may be high, as discussed in connection with Table 4, and may be reflecting higher than normal use as 
wind backup.

In very general terms, the capital costs of most plants, including wind plants, is in the $2 million per MW range. Gas 
plants are less and closer to $1 million per MW.
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5. Emissions Reductions

General

Every renewable energy source has drawn criticism from environmental groups: hydro for river habitat destruction, 
wind for avian mortality, solar for desert overdevelopment, biomass for air emissions, and geothermal for depletion 
and toxic discharges. The environmental establishment endorsed nuclear power in the 1960s for its non-emissions 
characteristic and abandoned it in the 1970s. Hydro was endorsed until the 1980s for new capacity. Will wind power, 
the currently favoured choice, be similarly abandoned in the future?46

The January 19, 2008, issue of the Economist provides a very critical analysis of the recently announced over-
ambitious European energy policy, which claims to curb climate change, increase energy security, shield economies 
form volatile fuel prices and foster new industries in which Europe will lead the world. Also Dieter Helm views the new 
European energy policy as: putting too many eggs in one basket (wind power); not putting enough emphasis on 
demand side reductions (conservation); unimpressive content; committed to picking winners at the political level; and 
therefore potentially doomed.47

Much has been published on this subject. Here is what the Renewable Energy Foundation has to say about the 
various approaches to calculating emissions reductions related to the introduction of wind.

“The extant literature presents a wide range of methods for the quantification of CO2
emissions abatement consequent on the introduction of wind power. Some methodologies
proceed by considering the UK’s current installed capacity, while other analyses
estimate the emissions from the capacity that will become necessary to back up every
1,000 MW of new wind capacity introduced to the system. It is evident, however, from
the limitations of the various approaches that the emissions abatement effect of a
randomly intermittent renewable within a dynamic operating system cannot be
predicted with a single emissions factor.”48

It goes on to say that only the power generators, and certain equipment suppliers, have remarked on the increase
in CO2 emissions of backup generators consequent on a decline in generating efficiency and reduced load, though
recent comments by the Council of European Energy Regulators suggest that there is growing European recognition 
of this issue.

In the same report, on pages 15 and 16, the Renewable Energy Foundation points out that relatively small reductions 
in efficiency can produce greater percentage increases in emissions for fossil fuel plants. For example, for a reduction 
in efficiency of 10% in gas turbines, the resulting emissions increases range from about 20-30%, depending on plant 
type.

Further, in the same report, on pages 25-26, it is noted that the Irish ESB National Grid points out that a single start-
up of one of their large thermal plants (gas turbine) would use €10,000 worth of fuel, and produce significant 
quantities of CO2 without generating a single kWh. It may be possible to shut down some capacity for brief periods, 
fuel is then wastefully consumed and CO2 emitted as the plant is started up again, without any power being 
generated, before it is returned to load-bearing grid service. While gas turbines can be started up relatively quickly,
this is not true of coal-fired stations, and if this capacity is used to balance the wind generators, the control is achieved 
merely by reducing power output while continuing to burn fuel. Obviously, this causes an increase in CO2 emission 
per kWh generated. CO2 emissions from the fossil-fired plant will also vary according to the level of wind capacity 
installed. The Irish evidence shows that as the level of wind capacity increases, the CO2 emissions actually increase
as a direct result of having to cope with the variation of wind-power output.

Dr. John Etherington quotes a Tyndall Centre project as follows:49

"Due to a disproportion between the conventional capacity and the energy substitution by the wind source, a 
considerable number of thermal plants will be running at low output levels over a significant proportion of their 
operational time in order to accommodate wind energy. Consequently these plants will have to compromise 
on their efficiency, resulting in increased levels of fuel consumption as well as emissions per unit of electricity 
produced."

Dr. Etherington goes on to say that using wind to reduce CO2 emissions is akin to emptying the Atlantic Ocean with a 
teaspoon.50
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Coal Plant Replacement

One strategy to combat climate change is to eliminate electricity generation by coal fired plants. Figure 11 shows
CO2e emissions in tons per MWh (megawatt-hour) for various generation means. The specific numbers vary 
somewhat by source and currency exchange rates used. Conservation, nuclear and large hydro, do not produce 
significant, if any, emissions. At the point of generation of wind power there are no emissions as well, but there are 
considerable emissions in the backup for wind due to wind’s random, and sometimes large, fluctuations from 0-100% 
of wind capacity on a continuous basis. Although wind production does offset production in the backup generation, the 
backup is not operating in its normal mode. It is operating inefficiently, consuming more fuel and producing more 
emissions like a car in city versus highway driving. As a result the overall reductions, if any are very small. Because 
the backup plant must be there, the wind is duplicate capacity.

As you can see there are two types of gas turbine, CCGT (Combined Cycle Gas Turbine) and OCGT (Open Cycle 
Gas Turbine). The former is more efficient because it uses the turbine exhaust gases to operate a second stage 
steam turbine. On the other hand, an OCGT is more responsive to demand changes.

Figure 11 – CO2e Emissions in tons/MWh for Various Means of Electricity Generation
(Wind is shown ignoring the emissions for backup)
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An approach to replacing coal generation is to employ CCGT and the savings are about 60 percent. If wind power is 
used then both CCGT and OCGT would likely be employed, CCGT for longer periods of backup and OCGT to 
respond to the short-term rapid fluctuations of wind. In this case, the gas turbines would be operating less efficiently 
than in their normal operating mode and would consume more fuel and produce more emissions. In effect nothing 
would have been gained by adding wind power to the mix. See Appendix C for an example using the planned Wolfe 
Island wind plant as the basis.

There is not sufficient new hydro generation capacity in Ontario to replace the coal. Even if hydro is used to back up 
wind there is no reduction in emissions for any displaced capacity. The majority of the emissions savings of this 
combination replacing coal generation is provided by the hydro. Take wind out of the equation and hydro could more 
effectively do the whole job.

The other options for coal replacement are extensive conservation and nuclear plants.

Clean coal could provide about half the savings as OCGT53
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Denmark

In spite of the largest commitment to wind power relative to overall electricity generation capacity, Denmark has one 
of the worst records in Europe of CO2 emissions reductions.54,55,56 Electricity prices in Denmark are also the highest in 
the 27 country group of the European Union at €24.25 per 100 KWh (about 38 cents CDN per KWh).57 The average 
price in the EU27 is €14.51 per 100 KWh.

Germany

Notwithstanding reports to the contrary there are hundreds of citizens groups in Germany opposing wind plants.58

The German Energy Agency (dena) published a report in 2005, “dena Grid Study”59, looking at the impact of wind 
implementation out to 2020. It contains some interesting information on the outlook for emissions reduction in 
Germany. The report shows emissions leveling off at 318 million tons per year between 2010 and 2015. This can be 
explained by reductions due to the presumably more efficient 26,000 MWs of new coal plants that are planned for the 
next five years. Inexplicably, no increase is shown for the roughly one-third of nuclear plants which are scheduled to 
be removed by this time. Is it possible that this has been ignored due to the possibility (likelihood?) that this schedule 
will not be met?

Curiously, the period forecast for emissions stops at 2015, even though the report covers the period up to 2020, by 
which time almost all the nuclear plants are ‘scheduled’ to be removed. If projections are made about the emissions 
situation in 2020, assuming all nuclear plants are removed and giving full credit for increases in wind (proportionally 
based on the claimed 2015 emissions reductions), then emissions will increase dramatically to over 400 million tons 
per year by 2020. Is this the reason that the emissions reduction forecast stops at 2015? What can be speculated 
about the likelihood of the nuclear plant phase out as ‘planned’? Supporting this is summary of a report by VDE 
(German Engineering Association) on the Leonardo Energy site that shows that the difference in emissions between 
retaining the nuclear plants and removing them by 2020 is about 100 million tonnes of emissions.60

Neither dena nor Leonardo Energy convincingly explains how the emissions levels will be maintained at current levels 
in the circumstances that the nuclear plants are removed. In the case of Leonardo Energy in scenarios 1 and 2 the 
2020 levels should be higher, and in scenario 3, should be about the same as current levels. Professor Helmut Alt 
also agrees that the removal of nuclear power plants will increase CO2 emissions, not reduce them.61

Ireland

Ireland has a good wind regime and should, on this account, be a good candidate for wind power. What do they have 
to say about it? In a study performed by the Irish ESB (Electricity Supply Board) National Grid organization, “Impact of 
Wind Generation in Ireland on the Operation of Conventional Plant and the Economic Implications”62, concluded that: 
using wind power to comply with the EU target will increase electricity generation costs by 15%; this translates into a 
CO2 abatement cost in excess of €120 per tonne, which appears high relative to other alternatives.

As a comparison, the equivalent CO2 abatement cost of a CCGT gas turbine is about CDN$60 per ton (or €44 per 
tonne), or 37% of the cost of using wind power.

United States

The Electric Power Research Institute (EPRI) in California, an internationally renowned research facility operating on 
behalf of the whole of the US Power Generating Industry, recognizes the operability problems associated with 
accommodating wind production into complex power distribution networks and the need to operate CO2 emitting 
reserve.63
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Summary

Table 6 provides a summary of CO2 emissions mitigation costs for wind from a number of sources. The rows in bold 
type show the equivalent costs in CDN$ per ton for the preceding row, and extend them for lower Capacity Factors 
where this was done by the source. In the case of the dena and EWI consortium reports a range of costs were 
reported and the extensions where calculated. Both of these studies included wind energy participation and this may 
explain why a range of values resulted.

Table 6 – Costs of CO2 Emissions Avoidance

Capacity Factor 30-35% 25% 20%
Renewable Energy 
Foundation64

US$95
per tonne

US$141
per tonne

US$181
per tonne

Convert to CDN$ 
and tons 
(Exchange rate of 
US$0.90 = 
CDN$1.00)

CDN$96
per ton

CDN$142
per ton

CDN$183
per ton

Electricity Supply 
Board (ESB) 
National Grid65

€138
per tonne

Convert to CDN$ 
and tons 
(Exchange rate of 
€0.68 = 
CDN$1.00)

CDN$185
per ton

University of 
Victoria, BC, 
Department of 
Economics66

$173
per tonne

Germany Energy 
Agency (dena) 
report67

€41-€77
per tonne

Convert to CDN$ 
and tons 
(Exchange rate of 
€0.68 = 
CDN$1.00)

CDN$55-
CDN$103

CDN$76-
CDN$144

CDN$95-
CDN$180

EWI et al 
consortium68

€59-€105
per tonne

Convert to CDN$ 
and tons 
(Exchange rate of 
€0.68 = CDN$1.00

CDN$79-
CDN$140

CDN$112-
CDN$195

CDN$138-
CDN$243

The Renewable Energy Foundation costs shown in Table 5 are based on complex models employed by the US 
Department of Energy and the United Nations Intergovernmental Panel on Climate Change (IPCC). The ESB costs 
are based on different models. The University of Victoria report reviews the ESB findings and notes that they do not 
take into account additional maintenance cost for backup generation and the effect of wind’s continuous fluctuations 
on backup plant efficiency (additional fuel consumed and CO2 emissions).

On a different subject, the University of Victoria report notes that wind plants may have a discernable impact on the 
local meteorological patterns.

Figure 12 shows the relative values of various approaches to replacing coal-fired generation plants, which produce 
about one ton of CO2 emissions per MWh. The costs used are from the OPA report and from the calculations for wind 
with backup from above. Conservation avoids having to build or replace generation plants and is properly considered 
a generation means for comparison purposes. Conservation provides net savings and the basis for this is contained in 
the Conservation Brief.
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Figure 12 – Relative Costs to Replace Coal-Fired Generation Plants
CDN$ per MWh
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6. Grid Issues

There are many documents that address this issue. The following is taken from European experience.70

The Union for the Co-ordination of Transmission of Electricity in Europe has considerable experience with industrial 
scale wind power. It recognizes the limitations of wind power, which are:

 The limited predictability and the high fluctuations in production levels of wind turbines, i.e. the wind is hardly 
controllable and fluctuates randomly.

 Wind power has limited availability
o An average of 20 per cent of the total wind power installed in a control area was available for 

electricity generation over the year.
o For two thirds of the year less than 20 per cent of the installed power was available for electricity 

generation.
o For one third of the year, less than 10 per cent of the capacity was available for electricity generation. 

This was particularly the case in peak consumption periods (annual peak load in winter) or under 
aggravated generating conditions (e. g. heat wave in the summer 2003).

 Forecasting the electricity production from wind power is possible only to a limited extent – and the 
forecasting quality significantly depends on the quality of the weather forecast. Despite the use of advanced 
tools, the average forecasting error for wind energy supply could only be reduced to some 10-12 per cent of 
the installed wind capacity. On certain days the forecasting deviations may be as high as 50%.

 Maximum expected forecasting deviations increase with the rise in the installed wind capacity. [This also 
serves to offset the claim of wind proponents that geographic dispersion increases wind’s fluctuations]

 Back-up capacities from other power plants have to be kept in reserve for cases of low or zero generation 
from wind power plants (e.g. summer heat waves) as well as for balancing variations in wind energy. It will be 
a big challenge for the future to always guarantee for sufficient amounts of backup and balancing energy to 
keep up with the massive expansion of wind power. [This further illustrates the need for backup/shadowing 
capacity of 90-95% of the wind capacity]

 An increase in installed wind power capacities results in further congestion of the existing infrastructure. New 
bottlenecks will arise and existing bottle necks will be enhanced, including cross border inter-connections.

The European Transmission System Operators, which includes the UCTE as well as ATSOI (Ireland), NORDEL
(Nordic region), UKTSOA (UK), echoes these concerns in their report issued in 2007.71

Grids in neighbouring countries are massively and adversely affected by the electrical energy generated in wind 
energy plants in Germany.72

There was a major blackout in Europe on November 4, 2006. The UCTE73 found that much blame could be attributed 
to wind power in the E.ON Netz area of operations in Germany. Their report says that the tripping of wind generation 
with an estimated value of 6,200 MW (approx. 5,400 MW located in the North of Germany and 800 MW in Austria) 
played the crucial role in decreasing frequency during the first seconds of the disturbance. Conventional power 
stations do not disconnect from the grid even following serious grid failures. Instead, they generally trip into auxiliary 
services supply and “support” the grid. Wind plants, however, have so far disconnected themselves from the grid even 
in the event of minor, brief voltage dips.74 Further the automatic restarting of a considerable amount of wind generation in 
the North part of Germany was not immediately compensated by a corresponding amount of decreased generation in 
thermal or hydro power plants causing further problems.
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7. Homes Powered

Most claims typically use the simplistic approach of using average production of wind over a long period, usually a 
year. Remember the old saying that with your head in the freezer and your feet in the oven (turned on of course) on 
average you are fine. The average household will peak at higher KWs (kilowatts) than the average over a year, and 
this is a much more important number from the point of view of the generation capacity required to truly power these 
houses at all times. A 200 amp house has the capability of 200 amps x 200volts x 0.7 giving 28 KW. A 100 amp 
service house – 14 KW , and a 60 amp service house – 8 KW. There are some other considerations such as phasing
and built in safety factors but even reducing these by one-half still makes the point.

So continuing with the simplistic approach, on this basis alone, at peak demand, and most households peak at about 
the same time, the number of households powered is reduced in proportion for a given generation capacity.

The results of comparing a 2 MW turbine to most other generation means, assuming down time for scheduled and 
unscheduled maintenance is the same for both, is shown in Table 7.

Table 7 – Comparing Houses Powered by a Wind Turbine Versus Another Generation Type

Wind 
Turbine

Other 
Generator

Comment

Rated Capacity 2 MW 2 MW
Capacity Factor 30%

(generous)
100% Don’t be distracted by the fact that other 

generation means may not operate all the time 
by choice of the system operator. Wind can 
operate only when fuel is available and the 
system operator has no control over this.

MWh per year 5,256 17,520 Available to system operator
Average consumption 
per household MWh

11 11 Uplifting for transmission loss of about 9%.

Households powered 
(using averages)

478 1,593

Assumed peak usage 
KW

7 7

Peak over 1 hour KWh 
(including transmission 
losses)

7 7 Or even relatively instantaneously say 5 
minutes. Admittedly all may not peak at the 
same time but the 7 KW peak is a rough (and 
an average) number anyway.

Households powered 86 287

When the wind turbine is running at full capacity, a relatively rare event, it can power the 287 households that other 
generators can. However, within an hour the wind generation output can change and the number of households 
powered will be reduced accordingly. Mathematically speaking, on average over the year, 478 households are 
‘powered’ (the quotes used here recognize the shortcoming in using the average). When there is very little or no wind, 
a more frequently occurring event, no households are powered.

The number of households powered by wind under peak conditions is calculated as follows:

The annual average for KW per household is 11,000/(24x365) = 1.26 KW
Assuming a peak of 7 KW the number of households powered is 478x(1.26/7) = 86
A similar calculation is made for the other generator type or 1,593x(1.26/7) = 287

So, as indicated above, with respect to the typical analysis of houses powered, it is mathematically correct (and this is 
the basis for its wide and superficial acceptance) but it contains overly simplistic assumptions and logic. However,
even some scientists make a similar mistake – for example the often quoted Socolow and Pacala in their article ‘A 
Plan to Keep Carbon in Check (Scientific American Special Issue Sept 2006). They invite readers to their website for 
detailed calculations. I did and was amazed and disappointed at the overly simplistic basis for their calculations with 
respect to wind power.

That aside, and as explained, there is a problem with the above approach to determine the number of homes 
powered. The number powered is arguably zero, unless those homes accept that they will not have adequate 
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electricity, if any, a high percentage of the time. Here is a proxy for this consideration. The electricity company that 
has the largest number of wind turbines in Germany in its area of operations, E.ON, states that the wind capacity 
requires 90% backup to provide reliable supply. This is because of the continuous, random and sometimes large 
fluctuations of wind power output. Further exaggerating this is the fact that the energy produced varies as the cube of 
the wind speed over the normal operating range of a wind turbine. So, within this range, for 2 times the speed of the 
wind turbine you get 8 times the electricity. If this sounds good, it works the same on reductions in wind speed. 
Remember that we are talking about changes in wind speed. Also the poor relationship between wind supply and 
demand is a problem. The best wind conditions are usually at night when demand is the lowest and being met by 
generation capacity that is not easily varied, and for Ontario, the best wind production is in winter, but our greatest 
demand is in summer.

So, again, in summary, no houses are truly powered by wind turbines within a reasonable and practical interpretation 
of the word ‘powered’, as this is might be used with almost any other means of electricity generation. To achieve this 
realistically, a very large storage capability must exist and this is not feasible today on an industrial scale. Do not be 
distracted by ideas that exist in this connection (hydrogen production for fuel cells, pumped storage, and others). On 
the other hand, at a single household level, that of a very small community, or a suitably located facility (e.g. a hospital 
– think of our own PEC hospital), lead-acid battery storage is feasible (although the system is expensive overall) and 
this represents the practical use of wind energy for the foreseeable future.
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8. Additional Information by Country and Province

Denmark

As shown in Figure 1, Denmark has stopped implementing wind turbines. Let’s look at some of the reasons why. One 
reason is the high level of penetration that they have allowed. This can be explained in part by the fact that they were 
amongst the first to use wind power extensively and have learned the hard lessons of exploring new territory that 
pioneers can expect. Another reason is the high cost of government subsidies to this industry. An advantage that 
Denmark has gained is a large share of the world market for wind products and services, but this presents them with a 
problem of keeping up the image.75

One aspect of this image is the wide-spread belief that 20% of Denmark’s electricity demand is met by wind energy. 
This is not the case. Strictly speaking, the Danish Energy Authority (DEA) states that wind production represents 
18.5% (16.8% as of 2006 data) of domestic supply, the implication being that this is how demand is met. The DEA 
statement is mathematically true but interpreting it to mean that this is how demand it met is not logically correct. The 
18.5% (or now 16.8%) number is calculated by taking the gross amount of wind production and dividing it by the total 
production, plus imports and less exports, and less ‘own use in production’ by the other means of generation. The 
denominator in this calculation is domestic supply. This is an ‘apples to oranges’ comparison because the DEA is 
dividing a gross number by a net number. It totally ignores the fact that wind represents about 80% of the 
exports76,77,78,79, does not take into account the ‘own use in production’ by wind, and uses the overall net of imports 
and exports by country (Norway, Sweden and Germany) as opposed to separating these transactions out. When this 
is done the export picture emerges more clearly. After all this is taken into account, the domestic consumption falls 
into the mid single digit range, about 5%.80,81,82,83

This is like saying that the weight of wheat that is produced in Saskatchewan divided by the weight of all food 
products consumed in that province is a valid measure of the percentage by weight of wheat that Saskatchewan 
residents consume. Of course this is obviously not true because it ignores the fact that most of the wheat is exported.

Why does the DEA do this? It appears that this is the standard way of analyzing electricity use in Europe, at least. In 
other cases the amount of imports/exports is small relative to the total domestic electricity system, and any error 
introduced is negligible. In Denmark’s case the exports/imports are relatively large84 with respect the domestic 
electricity system and this produces unusual results.

The result of this high level of import/export activity Denmark has among the highest costs of electricity in Europe85. 
This is partly because they sell 40% of their wind energy to Sweden and Norway, and 40% to Germany, at discounted 
rates. Denmark then buys electricity when they need it at market rates, and they do import significant amounts of 
electricity. Sweden and Norway can absorb the Denmark wind power because, individually, they have larger electricity 
systems than Denmark, and together, have hydro generation representing about three-quarters of their total capacity. 
Hydro power can respond more easily than other generation means to the fluctuations in wind output. Germany easily 
absorbs their share of Danish wind and if they shadow it with fossil fuel generation do not experience a reduction in 
emissions as shown in Section 5 above. See Figure 13 showing the relative use of fuels for electricity generation for 
Denmark and selected other European countries.

The Danes escape having to provide their own backup (hard enough at their penetration levels), but pay the price 
through the import/export price difference.86
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Figure 13 – Use of Fuels in Electricity Production for Selected European Countries
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Figure 13 tellingly illustrates the task that wind power has to have any significant impact on reducing other means of 
electricity generation. Denmark can produce as much as it does, representing just less than 20% of its total electricity 
production, but it exports 80% of the wind production to Germany, Norway and Sweden who can easily absorb it. To 
illustrate what Denmark actually uses of its own wind production the circle shown for Danish wind would have to be 
reduced by about 80% in size. In the case of Germany and Spain even doubling the electricity produced by wind 
would have an extremely limited impact, and represents a level of wind penetration that would be difficult to manage.

United Kingdom (UK)

The UK provides an interesting study in wind plant performance both onshore and offshore, because of its relatively 
good wind regime. Recent statistics show the following Capacity Factors for wind power plants as follows: Onshore –
26%; offshore – 29%: overall average 27%.88 What is particularly interesting is the relatively poor performance of 
offshore wind power plants compared to expectations of well above a Capacity Factor of 30%, given the extensive 
opportunity available for such installations in the UK.

Ireland

As a result of reviewing the wind power situation the ESB National Grid has created a new Grid Code, the “Wind Farm 
Power Station Grid Code Provisions”, which places stringent constraints on owners of new capacity The new 
provisions dictate some very specific steps that the owner must take to “manage” the input to the grid with careful 
control of frequency, percent Active Power and other relevant matters, thereby making the owner a responsible 
member of the generation/distribution team.89 Note the parallel with Alberta in subsequent pages.

France

France obtains about 75% of its electricity from nuclear plants.
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Alberta

Alberta has been a leader in the implementation of wind power in Canada.

Figures 14 – 15 show how the Alberta Electric System Operator (AESO) views wind power within the electricity system in a 
presentation to a stakeholder meeting in 2005. The report, Incremental Impact on System Operations with Increased Wind 
Power Penetration, dated November 17, 2005, had the following key findings

 There are no simulated violations to the two reliability criteria at the current 254 MW level (Alberta now has 
522 MW representing 4% penetration)90

 All three growth scenarios resulted in one or more performance violations
 Increasing wind power development increases operational uncertainty
 Wind power variability has a persistent ramping effect where, in some instances, a significant portion of the 

total wind power capacity in the province is ramped over a 3-5 hour time period
 There is an observable relationship between increased wind power development and:

o Decreased CPS2 performance (North American Electricity Reliability Council (NERC) Control 
Performance Standard 2 measuring the quality of the Area Control Error) 

o Increased Operating Transfer Capability (OTC) violations where the Transmission Reliability Margin 
(TRM) was surpassed.

Figure 14 – Situation in an Electricity System Before Wind

Source: AESO presentation dated October 4, 200591

Figure 15 – Situation in an Electricity System With Interconnections to Other Jurisdictions

Source: AESO presentation dated October 4, 2005
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Figure 16 – Situation in an Electricity System With Wind

Source: AESO presentation dated October 4, 2005

Subsequently Alberta imposed a cap on wind implementation at 900 MW. This was removed last year. In the report, 
Market and Operational Framework for Wind Integration in Alberta, dated March 7, 2007, the AESO continues to 
acknowledge that wind power makes the managing of system reliability more challenging than managing the existing 
predominantly thermal generation because of:

 The potential for extremely fast ramps (wind increases and decreases)
 Unpredictable wind (fuel source uncertainty)
 Output variability
 Production uncorrelated with load

The report suggests the following methods of mitigating these if the System Operator (AESO) receives a reasonable 
forecast of wind power generation:

 The Energy Market Merit Order (EMMO). This is the primary mechanism by which the relative economic merit 
of supply offers are evaluated and dispatched to meet load requirements.

 Regulating Reserves from other generation means
 Load/Supply Following Services from other generation means
 Wind generation power management, which means that curtailment, or power limiting, will be used when 

regulating services and load/supply following capacities do not enable the system to absorb all of the wind 
production.

Note that the primary and significant proviso is wind generation forecasting. The emphasis on the word “if” in the 
previous paragraph is as this word appears in the report. Alberta has announced the building of a 1,200 MW new
power station in Southern Alberta fired with natural gas, partly to help boost the provincial grid's reliability after 
Alberta's aggressive expansion into wind energy made it vulnerable to power disruption.92 The cap has since been 
lifted.
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9. Conclusions

Conventional wisdom, of which public opinion is a component, supports industrial wind power well beyond its merits 
for electricity generation. Although not well informed, this popular view is understandable because of: concerns about 
climate change; media hype; political policies that claim to address this issue; and effective promotion by wind power 
organizations. Europe is looked to, undeservedly, as a model. This drives political motivation for governments to take 
action in support of wind power, and for opposition parties to criticize any apparent lack of action.

The effort to fully understand all the aspects of industrial wind power is significant and falls to many hundreds of 
groups of citizens in North America and Europe, all of whom are going through the same research and education 
process in a massive duplication of effort. Why is it necessary for so many ordinary citizens to spend their time and 
other resources doing this? Why are the more extensive resources in government and industry not taking up this 
important task?

These many citizens’ groups and some organizations, especially those that are responsible for the operation of 
electricity systems containing notable industrial wind plants, are concluding that:

 There is unwarranted and excessive enthusiasm for this form of electricity generation
 Wind power produces insignificant amounts of useful electricity – a few percentage points of total demand

even at levels of high penetration, in part because of its frequent, random and sometimes large fluctuations
 Increasing in wind capacity at any level results in decreasing in its value in terms of cost and effectiveness
 Wind power requires backup approaching 100% of its full capacity and represents a duplication in costs – the 

capital costs per megawatt for wind plants is the same as that for nuclear plants
 Wind power does not contribute in any meaningful way to the reduction of CO2 emissions by the electricity 

generation system, and may actually cause an increase in emissions. Assuming some reduction is possible 
the costs are very high compared to other means of achieving emissions reductions

 Wind power is a challenge for electricity systems operators to manage and a threat to system reliability

Given the above considerations all the other issues with industrial wind, such as impacts on health, safety, wildlife, 
environment, natural beauty of the countryside, real estate values and divisiveness within communities are needless.

If we are truly concerned about climate change then we must look to areas that will have high impact. These include: 
proper care of the surface of our planet, primarily in the areas of agriculture and land use; overhaul of our food 
system, which is awash in oil; overhaul of our transportation system, especially ground transportation; and employing 
electricity generation means capable of producing massive amounts of energy without CO2 emissions. 

If adequacy and reliability of electricity supply, costs to society, and reductions in emissions are the goals, there are 
significantly better answers to our electrical energy needs than industrial scale wind power, and conservation is not 
the least among the other alternatives.

In the final analysis, our current situation can be summed up by saying that we have to choose among the least 
problematic of available electricity energy generation means that are equal to the task of supplying the required 
electricity. We will have to accept the associated issues. Because of these attendant issues, the amount of electricity 
required must also be reduced substantially by serious conservation programs. We are necessarily bridging to new 
electricity generation means, which do that have the attractive characteristics that we want. Unfortunately they are 
decades away, perhaps as much as 50 years. 
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Appendix A – Wind Turbine Characteristics

Wind Turbine Power Curve

Figure A1 shows the power production for a typical wind turbine versus wind speed in metres per second. This 
represents a steady state condition and it must be remembered that wind turbine performance is random and highly 
variable on a continuous basis, with some very large fluctuations. In effect the electrical power output moves fairly 
rapidly up and down the curve shown. In the normal operation range between cut-in and rated wind speeds the output 
varies as the cube of the wind speed. For double the wind speed the output is eight times. For one-half the wind 
speed the output is one-eighth. This contributes substantially to the size of fluctuations.

Figure A1 – Typical Wind Turbine Power Curve

Source: UK Sustainable Development Commission93

For ease of reference, Table A1 shows the equivalent wind speeds in miles per hour and kilometers per hour.

Table A1 – Equivalent Wind Speeds

Cut-in Wind 
Speed

Average Wind 
Speed

Rated Wind 
Speed

Storm 
Protection Shut-

down
Metres per second 4 m/s 9.4 m/s 14.5 m/s 25.5 m/s
Kilometres per hour 14.4 km per hour 33.8 km per hour 58.3 km per hour 91.8 km per hour
Miles per hour 8.9 mph 21 mph 36.1 mph 56.9 mph

The conditions surrounding each of the above wind speeds are:

 Cut-in Wind Speed – At wind conditions at this level the wind turbine can be a net consumer of electricity94

because of the need to provide power to: skew the turbine blades and nacelle properly for wind direction; 
adjust blade pitch for wind speed; and to provide power for air conditioning, de-humidification and lubrication 
of moving parts.
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 Average Wind Speed – This is at the centre of the normal production range of the wind turbine. As stated 
above, It is important to understand that output in electrical energy varies as the cube of the wind speed. This 
means that a doubling of wind speed or decrease by one-half results in an eight fold change in power output 
magnifying the variability of the wind conditions considerably.

 Rated Wind Speed – Once this wind speed is reached the production of the wind turbine must be reduced as 
the wind speed increases. It appears that this can be achieved by varying the turbine blade pitch to produce 
less electrical energy as wind speed increases.

 Storm Protection Shut-down – the wind turbines have to be stopped otherwise they will continue to accelerate
out of control and catastrophically self-destruct.95

More Detailed Description of Industrial Wind Turbine Characteristics

This section is for readers who wish to know more about the details of industrial wind plants. The follow quotations are 
from “Wind Generation Technical Characteristics for the NYSERDA Wind Impacts Study” by Enernex Corporation (for 
the New York State Energy Research and Development Authority), which is a US based electric power engineering 
and consulting firm specializing in the development and application of new electric power technologies. References to 
Figures contained in the document have been removed. New features projected and required for wind plants are 
discussed. However, these must be viewed in the context that, if we must have wind plants because of political 
pressures for example, then we must have these advanced capabilities. There are suppliers only too happy to provide 
them. The full document is recommended for further reading.96 Within the text, emphasis has been added to highlight 
important points.

Page 5
Models for conventional power system elements such as generators and their various control systems, switched and 
static compensation devices, load, and transmission network elements are well understood by power system analysts. 
Wind plants, however, pose several new challenges. The fundamental nature of a commercial bulk wind plant, 
with large numbers of relatively small turbines interconnected by a substantial medium-voltage network, requires 
equivalencing and simplification without loss of important detail. For some phenomena, the wind plant can be treated 
as a single entity – transmission power flow is an example, where definition of real and reactive power injection at the 
point of interconnection with the transmission system at an instant in time provides adequate representation. In 
dynamic studies, it would be desirable to treat the wind plant as a single large plant, but such treatment may not 
represent the full range of dynamic behavior or be appropriate for all types of system disturbances. Because each 
individual wind turbine is a relatively sophisticated machine, determining the dynamic behavior of the aggregate plant 
model can be difficult.

The technology employed in commercial wind turbines deviates from the much better understood 
conventional generation equipment. Induction machines, rather than synchronous generators, are used in 
nearly all U.S. commercial wind turbines. Further, some of the turbine designs employ sophisticated power 
electronic controllers that alter the fundamental behavior of the induction machines in both steady state and dynamic 
operation. The characteristics of other wind turbine elements and wind plants that may have an influence on the 
design, operation, or security of the bulk power system, such as the rotational inertias and torsional constants of the 
mechanical systems or the variation of real and reactive power output as functions of time, are unknown to power 
system analysts.

For analytical studies of large power systems, the time frames of interest range from tens of milliseconds to steady 
state. Device and component models, therefore, must accurately reflect behavior over the entire bandwidth, and 
properly account for any phenomena outside of the simulation bandwidth that may have an “aliasing” effect on the 
time frame of interest. Because the purpose of the models is to facilitate investigation of electrical power system 
issues, certain details of the mechanical system or energy conversion process may not be represented if they have no 
impact on electrical performance. In conventional models for large power plants, for example, details of the 
mechanical system, e.g. combustion process, steam cycle control, governor, etc., are included only to the extent that 
they influence the electrical behavior of the plant during the time frames of interest in a particular study.

Pages 7-8
Mechanically, the turbine must be protected from rotational speeds above some value that could lead to 
catastrophic failure. Mechanical brakes are provided for stopping the turbine in emergency conditions, but are not 
used in normal operations. Controlling the power (and hence, torque) extracted from the moving air stream is the 
primary means for protecting the turbine from over-speed under all but emergency shutdown conditions.
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Large wind turbines employ a more sophisticated method of aerodynamic torque regulation that has benefits in 
addition to preventing mechanical over-speed. The performance coefficient can also be changed by adjusting the 
“angle of attack” of the blades, as is done on some modern propeller-driven aircraft. Blade pitch adjustment allows the 
energy capture to be optimized over a wide range of wind speeds (even if the rotational speed of the shaft is relatively 
constant), while still providing for over-speed protection through large adjustments in pitch angle.

Pages 19- 20
Since wind turbines are complex machines that require preventative, predictive, and on-demand maintenance to 
achieve the highest availability, it is better from a maintenance and operations perspective to utilize the same turbine 
throughout the wind plant and have a maintenance and operations staff that specializes in all aspects of this single 
turbine design.

 Medium voltage collector systems and interconnect equipment – The electrical infrastructure which 
“collects” power generated by each turbine in the plant and delivers it to the transmission system utilizes 
standard overhead and underground medium voltage (15 to 35 kV) equipment and design practices. 
Some variations from standard utility practice for medium voltage design are necessary, however, as the 
operation of wind turbines varies significantly from the distributed end-use loads for which the utility
practice is optimized. For example, voltage regulation and protection schemes must be modified to 
account for generation, rather than load, distributed along the collector lines. The collector lines are an 
integral part of the wind plant; i.e. they are not utilized to serve non-wind plant load or other electric utility 
customers. [This speaks to lines within the wind plant]

 Reactive compensation – Maintaining voltages within tolerances at individual turbines within a wind 
plant while at the same time meeting power factor or voltage regulation requirements at the point of
interconnection with the transmission system requires careful management of reactive power. Typical 
locations for reactive power compensation within a wind plant are 1) at each individual turbine, dependent 
on the reactive power requirements and characteristics of the rotating machinery in the turbine; 2) at the 
interconnect substation in the form of switched shunt capacitor banks; and 3) at locations along the 
medium voltage collector lines depending on the layout of the plant. Some plants have the ability to
dynamically control reactive power from each turbine, which offers the possibility of reactive power 
management for transmission system considerations to be accomplished by the turbines themselves. 
Terminal voltages at individual turbines, however, may be a constraint on the amount of reactive power 
that can be delivered to the interconnect substation during periods of high wind generation. In addition, 
when reactive power is required at the point of interconnection to the transmission network to support 
voltage, substantial reactive power may be “lost” in the medium voltage collector system between 
individual wind turbines and the interconnect substation.

 SCADA and Plant Control – [SCADA is the acronym for Supervisory Control And Data Acquisition]
Large wind plants typically have fairly extensive means for remote operation of individual turbines and 
collection of high-resolution operating data. Interfaces to power system operations centers are also being 
implemented, allowing automated implementation of control area operator commands during 
certain system conditions – e.g. automatic curtailment. [This means that the electricity system 
operator can “shut down” wind plants if required for security of the overall system]

The most important influence of the wind plant infrastructure on the interconnection bus bar characteristics of the wind 
plant is on the net reactive power capability of the wind plant. Voltage profiles along the collector lines are an internal 
issue. For purposes of characterizing the plant for transmission studies, the static, dynamic, and load dependent 
effects of the collector system on the net reactive power at the interconnection substation must be characterized. The 
net reactive power is entirely a function of reactive losses in the lengthy overhead collector lines, since the turbines 
are assumed to be operating at unity power factor. As wind speed – and power output – vary, so will the net reactive 
requirements. Details of the capacitor switching scheme are critical here, since there will be time delays and hysterisis 
associated with the capacitor bank controls. These parameters must be selected with some knowledge of the time 
variation of wind generation on the collector line to prevent unnecessary capacitor switching operations and potentially 
associated voltage flicker.

For more information on reactive power the following sources are recommended.
http://www.nrel.gov/docs/fy01osti/28607.pdf pages 12-15
http://www.pserc.wisc.edu/Sauer_Reactive%20Power_Sep%202003.pdf
http://www.allaboutcircuits.com/vol_2/chpt_11/2.html
http://en.wikipedia.org/wiki/AC_power
http://www.reactive-power.info/
http://www.leonardo-energy.org/drupal/node/88
http://www.uwig.org/wind_turbine_tech_charac_draft_final.pdf See diagram page 21.



32

Pages 22-23
The dynamic nature of the wind resource can introduce a new dimension to power system studies, especially where 
the transmission interconnection is weak. Reactive power support for maintaining target voltages at the transmission 
interconnection will vary with the real power injected. Temporal variation of wind plant aggregate power is a very 
complicated function of a number of plant parameters and variables, but it also can be a defining factor for the 
dynamic characteristics of the reactive compensation system.

Additionally, the reactive compensation devices within the plant – turbines (shunt capacitors or advanced control), 
collector line capacitor bank, and possibly interconnect substation-based deviced – are dynamic devices themselves, 
with set points and delay for toggling on or off of switched devices and continuous control for static var [volt-amps 
reactive] capabilities.
Some of the factors that influence the variability of the aggregate production of a wind plant include

 Variations in wind speed at each turbine location in the plant;
 Topographical features that introduce turbulence and shear into the moving
 The mechanical inertia of individual turbines, which influences how the wind speed variations, turbulence, and 

wind shear affect the output of individual turbines
 The wind turbine control scheme, including the generator control and pitch regulation systems that determine 

how the electric power at the terminals of the turbine is influenced by fluctuating prime mover input;
 The number of turbines within the plant, since a larger number of turbines implies a larger geographical area 

for plant, and more statistical diversity in the local characteristics that contribute to output fluctuations;
 The grouping of turbines within the plant – if turbines are grouped into “strings”, rather than more uniformly 

distributed over the area of the plant, local fluctuations in wind speed will affect more than a single turbine at 
an instant of time.

Wind generation is often characterized as “intermittent”, but, to better understand how it can impact power system 
operations, it is useful to consider the output variability is [in?] more detail.

On the shortest time scales, say tens of seconds to minutes, the output of a wind plant can fluctuate because of 
varying wind speeds at the individual turbines comprising the plant due to effects of terrain and turbulence in the 
moving air stream. This is more likely the case in light to moderate winds, as modern wind turbines are capable of
holding the output power “flat” for wind speed at or above the rated value. Measurement data shows that the 
fluctuations on this time scale as a fraction of the plant rating decrease in magnitude as the number of turbines in the 
plant increases.

Over longer time periods – tens of minutes to hours – wind plant generation will again exhibit fluctuation, and may 
also trend down or up as the larger scale meteorology responsible for the wind changes. Passage of a weather front 
is an example. Experience is showing that these trends can be predicted, but the accuracy of the prediction degrades 
quickly with time. Forecasts for the next hour, for instance will be much better than those for several hours ahead.

Longer-term forecasting for the next day or week is even less accurate, especially when timing is important. 
Predictions of a weather front passing an area tomorrow can be relatively accurate, but the accuracy for predicting 
which hour it will pass will be much lower.

“Intermittent”, as the term is applied to wind generation, encompasses both the fluctuating characteristics 
along with the degree of uncertainty about when the resource will actually produce. Both of these attributes are 
important for power system engineers and operators who have come to understand well the fluctuations and 
uncertainties inherent in conventional generating resources and system loads. Because wind generation is new, these 
characteristics are only beginning to be quantified, and procedure for dealing with them remained to be developed.

As of this writing, there are no practical analytical methods for characterizing the output fluctuations from a large wind 
plant.

Page 31
Finally, with wind generation becoming a visible fraction of the generating assets in some control areas, transmission 
service providers are beginning a push for more stringent wind plant performance requirements and 
interconnection standards. [See the comments under Alberta in the main document]
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Pages 31-33 – Wind Turbine Technology Trends
[Machine] Topology
At present, the doubly-fed induction machine topology is favored both in the U.S. and globally. As the size of 
individual turbines continues to grow, there is an emerging consensus that future turbines will likely employ machines 
other than induction generators, possibly advanced synchronous or permanent magnet designs. For variable speed 
operations, these new machines will require that all of the electrical output flow through some type of power converter. 
This converter would almost completely define how the turbine “looks” to the power system, offering some new 
opportunities for improving interconnection and integration.

Electrical Robustness
Wind turbine vendors are now well aware of the need for improving turbine electric robustness, especially in terms of 
the ability to ride-through faults on the transmission system. Enhanced low-voltage ride through is already and [an?]
option for several commercial turbines, and will likely be a standard feature in the coming few years. Farther down the 
road, it is expected that wind turbines will be no more sensitive in terms of tripping for transmission system faults than 
conventional generators, and will provide flexibility with respect to “programming” their shutdown modes for grid 
events.

Reactive Power Control
Dynamic reactive power control is an important feature, and provides the plant designer with an additional tool for 
managing collector line voltage profiles within the plant and the overall reactive power characteristics of the plant. It 
should be recognized, however, that turbine-based reactive power control is not a “magic bullet”, especially in cases 
where reactive power is required to support the transmission system, since in this situation the reactive power is being 
produced as far away as possible from where it is needed. The fast dynamic response of turbine-based reactive 
compensation may be very important, however, for assisting with system voltage recovery following faults. To realize 
the full value for dynamic reactive power control, future wind turbines must be able to make reactive power available 
even when not generating.

Real Power Control
At present, commercial wind turbines generally operate to maximize energy production. When winds are at or 
above the rated speed, electrical output is “capped” at the nameplate rating. In light to moderate winds, 
however, the turbine is operated to capture as much energy as possible, such that the output will fluctuate 
when wind speed fluctuates. These fluctuations are not optimal from the perspective of the grid, as they can 
lead to voltage variations and potentially increase the regulation burden at the control area level. In future 
generations of wind turbines, it will be possible to “smooth” these fluctuations to a greater degree than is achieved 
now with mechanical inertia alone. More sophisticated pitch regulation schemes, improve blade aerodynamic designs, 
wider operating speed ranges may provide a way to limit the short-term changes in turbine output while at the same 
time minimizing the loss of production. Such a feature could be enable only where and when it has economic 
value in excess of the lost production. Extending this type of control would allow wind turbines to participate in 
Automatic Generation Control (AGC). In this mode, the turbine would have to operate at a level somewhat below the 
maximum available from the wind to provide room for “ramping up” in response to EMS [Electro-Mechanical 
Services?] commands. Again, the value of providing this service would have to be evaluated against the cost 
in terms of lower production as well as the cost of procuring this service from a different source. Technically, 
though, such operation is possible even with some of the present commercial technology.

Dynamic Performance
The dynamic characteristics of the more advanced commercial turbine technologies are complicated 
functions of the overall turbine design and control schemes. Little consideration has been given thus far to 
what would constitute desirable dynamic behavior from the perspective of the power system. Much of the 
attention to date in this area has been focused on the ride-through question. Once that matter is resolved, there may 
be opportunities to fine-tune the dynamic response of the turbine to transmission network faults so that it provides 
maximum support for system recovery and enhances overall stability. Given the sophistication inherent in the topology 
and control schemes of future wind turbines, it should be possible to program the response to a degree to achieve 
such stability benefits. Such a feature would allow a wind turbine / wind plant to participate in a wide-area Remedial 
Action Scheme (RAS) or Special Protective System (SPS) as is sometimes done now with HVDC converter terminals 
and emerging FACTS [Flexible AC Transmission Systems] devices.

Pages 33-35 – Wind Plant Design and Operation
Realizing the benefits of enhanced capabilities of wind turbines will depend in large part on the overall wind plant 
design, since the actions of a large number of relatively small wind turbines must be coordinated to have positive 
impacts on the overall power system.
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Reactive Power Management and Dispatch
Because of the fast pace at which the wind industry has emerged and grown over the last decade, the reactive power 
characteristics of a wind plant are more often than not an “outcome” rather than a design requirement. With more 
stringent interconnection requirements, more attention and analysis will be given to this topic for plants built over even 
the next few years. The required reactive power capability of a wind plant will be determined from the results of the 
interconnection study, and will drive the overall wind plant design, possibly impacting even turbine selection. Where 
the transmission system interconnection is weak or vulnerable, there will be more use of auxiliary equipment such as 
static var compensators. As design experience accumulates, the ability of the wind plant to provide for the needs of 
the transmission system at the point of interconnection will be much improved.

Communications and Control
The communications and control infrastructure of even present-day wind plants is quite sophisticated, with high-speed 
SCADA [Supervisory Control and Data Acquisition]  to each turbine and other critical devices or points within the 
collector system. This sophisticated infrastructure has yet to be exploited for purposes of improving the 
interconnection performance and integration of the wind plant with the power system; mostly it has been used for 
maximizing plant production and availability. In the future, this infrastructure will be the foundation upon which many of 
the advanced features and capabilities will be based. The interface between the wind plant control center and power 
system control area operations will also be developed to a much higher degree. Advanced wind plant performance 
such as AGC participation will likely be accomplished by the control area EMS interacting with the wind plant control
center, rather than from EMS to individual wind turbines. Such an interface would also facilitate other plant capabilities 
that could benefit power system security and reliability, such as automatic full- or partial-curtailment of wind 
generation under severe system contingencies.

Wind Plant Production Forecasting
While the fast fluctuations in wind plant output can create problems with respect to voltage flicker and reactive power 
management, somewhat longer term fluctuations in wind plant production appear to be of the most consequence for 
control area operators. More specifically, the uncertainty over what wind plant production will be during the
next hour, or by hour for the next day is the major question. Planning conservatively to cover a possible reduction 
in wind plant generation results in higher reserve margins and higher cost if not needed. Backing down economic 
generation to accommodate a sudden increase in wind generation can also increase costs.

All of the analytical studies of the impacts of wind generation on power system operations have one theme in 
common: Better predictions of what wind generation will do at some time in the future allow the control area operators 
to better plan for the most economic set of resources to meet the remaining load. Much research work is ongoing in 
the area of wind production forecasting, and at least two commercial services have been launched to assist wind 
plant operators with sophisticated meteorological and statistical methodologies for improving the accuracy of 
production forecasts.

Wind generation forecasting has already been incorporated into the market rules for the California ISO, in exchange 
for preferable treatment with respect to settlement of imbalance energy and unscheduled deliveries. Continued focus 
on wind generation forecasting as a way to mitigate the uncertainty in future wind energy deliveries are expected to 
improve the science and methods that underlie these systems.

Assumptions about the ability to forecast wind generation at some time in the future can make a critical difference in 
the analysis of wind generation of power system operations and control. On shorter time scales, say for the next hour, 
the uncertainty about average wind speed will be smaller, so the variations in wind plant production compared with an 
average or scheduled value have more to due [do?] with the variability of the resource over the expanse of the wind 
plant and the factors discussed previously. As the forecast moves out into the future, the meteorological details take 
precedence. [Although improving, ability to forecast remains a problem97,98]

The following documents also provide good descriptions of wind turbine characteristics:
 Bonus Energy - http://www.windmission.dk/workshop/BonusTurbine.pdf
 Enernex Corp. - http://www.uwig.org/wind_turbine_tech_charac_draft_final.pdf See diagram p 21 re reactive 

power. Also see p 22 and following for wind plant characteristics especially the ability to hold power output 
constant once rated capacity is achieved. Variability and forecasting p 23. Complexity of analyzing 
performance. Pitching changes p 24. Ride through fault tolerance p32. Capping at name plate capacity level p 
32. Fast fluctuations p 34. Production forecasting problems p 34. Also reactive power losses in a wind plant 
page 20.

 National Renewable Energy Laboratory - http://www.nrel.gov/docs/fy01osti/28607.pdf
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Appendix B – Der Spiegel Article on the DENA Report

The following information is from a British translation of a January 2005 article in Der Spiegel, as well as an article on 
the same subject from the Sunday Telegraph. This translation can be found at in a document entitled “Why energy 
conservation trumps windmills”, 2005, at 
http://www.greenberkshires.org/wind_power_postings/why_energy_conservation.html. See note 25.

Frank Dohmen and Michael Sauga, “Wind Calculations,” Der Spiegel, January 2005.
The results of a study commissioned by the federal government into the expansion of wind force have caused quite a 
stir: The “green” electricity propagated by the Red-Green coalition will indeed be considerably more expensive for the 
consumers than previously thought. Everything had, in fact, already been regulated. Over months, representatives of 
the federal government, the large energy producing groups and the wind-power sector had carried out energetic 
discussions in order to end the smoldering dispute as to whether a further expansion of wind power made sense or 
not.

A scientific study was to be set up. A work under the direction of the federal government’s own Agency for Energy 
(DENA), which would be able to answer major questions free from the influence of any ideology: Is the amount of 
additional wind power planned by the federal government feasible at all? What costs would arise? Which technologies 
must be used in order to feed in the green electricity? What would be the effects of the wind power on the supply of
power in Germany?

Well known scientific institutes such as the Deutsche Windenergie-Institut (DEWI: German Wind Power Institute) or 
the Energiewirtschaftliche Institut zu Köln (EWI: Institute of Energy Economics at the University of Cologne) were 
involved, and high caliber external consultants were entrusted with the checking of the results. When the 
representatives of the power industry and the wind power sector met last Monday, it should merely have been a 
matter of formalities: the approval of a summary that would then be presented to the general public.

The meeting led to a confrontation, however. Instead of approving the largely complete investigation, participants of 
the meeting have reported that the representatives of the wind power sector demanded an editorial revision. Without 
this, they let it be known to the group, they would not agree to the publishing of the study.

Probably with good reason: Because what the scientists had brought together on 490 pages regarding wind power 
and its expansion is hardly flattering for the ecological prestige project of the Red-Green coalition. The discussion 
regarding the study, which has been made available to DER SPIEGEL, could bring additional turbulence to the wind 
power sector, which has already suffered some setbacks.

It was also hardly helpful when the Green Federal Minister for the Environment, Jürgen Trittin, joined with the 
representatives of the wind power sector in warning against “misinterpretations” of the results, even before their 
publication. The figures and the statements raise delicate questions, even if meticulous attention has been paid to 
ensuring that every side can still publicly represent its position while referring to the expertise.

According to the study, a further financial and technical strong-arm effort would be required in order to be able to even 
input the quantity of green electricity planned by the federal government into the German electricity network by the 
year 2015.

845 kilometers of powerful high-voltage routes will have to be built in the next few years, at a cost of 1.1 thousand 
million Euro, in order to be able to integrate the wind parks that will be shooting out of the ground throughout the 
federal republic.

 Despite substantial investments into improved techniques, the risks for the supply of power cannot be 
completely excluded.

 The quantity of climate-damaging CO2 gas that would be saved by wind power could be achieved more 
cheaply with other measures.

 The costs that the consumers would have to pay for green electricity are considerably higher than previously 
assumed. According to the study, the “net additional costs" for the increase of the amount of wind power 
electricity planned by the federal government from 2003 to 2015 alone amount to between12 to 17 thousand 
million Euro. The investment for the network and the support of existing inventory is not even included in this.

The statements made in the study are a blow to the wind power sector in a situation that was already critical. 
Throughout the country, the resistance of the affected population against the increasing “Verspargelung” of the 
landscape (turning the German countryside into asparagus fields) is growing. And even those who wanted to profit 



36

from wind power are becoming increasingly disappointed. Capital investors have had to accept that the profit 
forecasts of wind park operators and installation builders have sometimes turned out to be questionable.

Some companies who, only a short time ago, were celebrated as the “great white hope”, have had to accept sharp 
setbacks in the meantime.

In addition, an increasing number of scientists, politicians and company managers are warning about a possible false 
path in the energy policy.

"We are risking a blackout in the supply of power if we continue with the promotion of renewable energy in this way," 
said the President of the Federal Association for Industry, Jürgen Thumann, last week. This kind of criticism could be 
further nurtured by the DENA investigation.

Because, according to the data collected by the scientists, the amount of wind power in Germany will be dramatically 
increased in the coming years through the statutory promotional measures of the Red-Green coalition. From around 
23 terawatt-hours (in 2003), the amount of wind power electricity will rapidly increase to more than 77 terawatt-hours 
by the year 2015. This would represent more than 16 percent of the electricity consumption in Germany.

In addition to further “asparagus poles” in the country, the so-called Offshore Installations in the North Sea and the 
Baltic will contribute to the planned increase. But the connection of the wind parks apparently involves hidden risks.

In the year 2003, according to the study, the incalculable wind electricity has already led to substantial safety risks. In 
the winter months in particular, with their strong winds, "large area voltage and network failures could have occurred," 
which would have led to considerable "risks for the reliability of the supply to the German and European grid 
interconnection."

The wind power sector and Federal Minister for the Environment Trittin believe that they can avoid such serious 
dangers in the future. For example, the regulations for inputting into the network have already been changed. 
Furthermore, additional technical measures in the electricity network and to the individual installations should ensure 
reliability. Whether this will succeed in good time and to a sufficient extent remains to be seen, however. From 2015 at 
least, according to the DENA paper, critical situations could arise once again, following a temporary stabilization in 
some network areas. The statements are also less flattering for the argument that is always mentioned as the main 
reason for the promotion of wind power: The reduction of the greenhouse gas CO2.

The emission of the climate killers will in fact be considerably reduced by the avoidance of the use of fossil fuels such 
as coal, gas or oil. According to the study, however, this effect could also be achieved through other technical 
measures - but considerably cheaper. For example, if older power stations were modernized and their efficiency was 
thereby increased.

Wolfgang Clement, the Federal Minister for the Economy, warned quite openly against further experiments in the 
energy policy last week. For months now, Clement has been involved in an argument with his government colleague 
Trittin regarding the further expansion of wind power. Based on the results of the study, Clement has now also 
publicly expressed doubts. The costs for the green electricity, according to the minister, would increase from today’s 
1.4 thousand million Euro to 5.4 thousand million Euro in the year 2015.

One has to ask, says Clement, whether Germany can afford that.

Trittin’s rejoinder was not long in coming. Clement must have been working with the wrong figures, blustered the 
Minister for the Environment. The expertise from DENA actually showed that a further expansion of wind power was 
feasible at acceptable costs. The households would be burdened with a maximum of one Euro per year.

The mollifications of the Minister for the Environment are just as misleading as the figures of his opponents. In fact, 
according to the study, the payments to be made to the operators of wind parks according to the Energy Input Law 
(EEG) will increase from an annual amount of around 2.1 thousand million Euro (2003) to around 5.4 thousand million 
Euro in the year 2015. This sum also includes the market price for the corresponding amount of electricity, however.

This will have to be subtracted from the development total in order to determine the added costs of wind electricity 
compared to conventional electricity. Other costs will also have to be added or subtracted, for example, the added 
outlay for standard and reserve energy in times of low wind, which the large power companies can reallocate to the 
running electricity costs. And this is exactly what the authors of this study have done, in a complex model taking a
number of scenarios into account regarding the development of raw material prices (gas, coal or oil) in the future.
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The result: For the wind electricity that will be produced in installations that will be additionally built from 2003 alone, 
the consumers will have to pay between 1.4 und 2.1 thousand million Euro more than for conventional electricity from 
2015.

For a normal household with an annual consumption of around 4,000 kilowatt-hours, this would amount to additional 
costs of between 15.40 and 19 Euro for the additional wind electricity expansion according to the study. These 
amounts only indicate the "lower edge", however, as the "indirect costs" that result from the promotion of other 
regenerative energy and the windmills that already exist in 2003, "have not been taken into consideration." If these 
are also included, an annual "increase in the costs of obtaining electricity" for a normal household of between around 
36 and almost 44 Euro results for all regenerative energy from 2015.

Calculations of this kind are very different from the sometimes very different figures that have been mentioned up to 
now by the green electricity lobby and the Green party. They assume that the price for conventional electricity will 
increase rapidly and that green electricity could perhaps become competitive at some time.

It is exactly here that the problem lies. Instead of openly stating the difficulties and risks that are hidden in the energy 
path that is being followed, and the costs that the citizens could really be asked to pay, the reaction is wheeling and 
dealing, fiddling and smooth talking.

There are certainly citizens who would be prepared to promote wind energy, despite the higher costs, in order to 
reduce the current dependency on gas, coal and oil. In general, there is no objection to the technology itself. At 
locations with really strong winds, they can make a contribution - even if considerably smaller - to the supply of power.

Massive over-promotion and an unbridled expansion, however, include risks and could cause costs in thousands of 
millions, which are documented in the DENA study for the first time.

Whether such realizations will be quickly reflected in politics is, however, questionable. Economy Minister Clement 
will, however, make use of the data from the study in order to make the planned expansion of renewable energy 
somewhat more modest than previously planned. It seems unlikely, however, that he will start this attempt within the 
current legislative period.

Because, above the adversaries Clement and Trittin, there is somebody who wants to avoid a new fundamental 
conflict between economy and ecology under all circumstances in the upcoming continuous election campaign of the 
next few months: Federal Chancellor Gerhard Schröder. He wants as much calm as possible in this matter, no wind at 
all.

The Sunday Telegraph article on the Der Spiegel article is by Tony Paterson, “Germany shelves report on high cost of 
wind farm-produced energy,” SundayTelegraph, 1/30/05, 
http://www.telegraph.co.uk/news/main.jhtml?xml=/news/2005/01/30/nwind130.xml
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Appendix C – Wolfe Island Wind Plant Example

This appendix provides an analysis of using the wind capacity of the Wolfe Island wind plant (198 MW) to replace an 
equivalent coal plant capacity. As we have seen at the projected levels of wind penetration in Ontario, the Capacity 
Credit for wind plants would be 9%. This means that the wind plant requires 91% backup/shadowing gas turbine 
capacity (180 MW) to achieve displacement of 198 MW of coal plant capacity. We will compare this to just using gas 
turbine generation to replace the same amount of coal plant capacity. Figure C1 illustrates this arrangement.

Figure C1 – Generation Options to Replace Coal Plant Capacity
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The following assumptions, which are based on the previous references in this document, apply to the analysis:

 All three situations, or scenarios, wind/gas turbine, coal, gas turbine produce the same amount of electricity. 
The Capacity Factor for wind is 20% and for coal or gas turbine 85%. In the gas turbine alone case, the more 
efficient gas turbine Combined Cycle Gas Turbine (CCGT) is assumed. Gas turbine use in the wind 
backup/shadowing mode is assumed to be a 50/50 combination of CCGT and Open Cycle Gas Turbine 
(OCGT). The OCGT is less efficient but more responsive to the larger fluctuations of wind. At times of little or 
no wind the CCGT would predominate, and during times of high wind production more OCGT would be used. 
In the 50/50 combination, the Capacity Factors for each type of gas turbine would be 42.5% (85%/2).

 Fuel consumption for the for coal and gas turbines is in proportion to the electricity produced for normal 
operations, not in backup mode. In the case of gas turbine it is based on the CCGT turbine fuel consumption. 
A simplification is that the same amount of fuel is used per MWh in OCGT production, although this would be 
higher than CCGT. This produces more favourable results for the wind/gas turbine case.

 CO2 emissions are assumed to be: coal – 1 ton/MWh, CCGT – 0.4 tons/MWh, OCGT – 0.6 tons/MWh, wind 0 
tons/MWh.

 CCGT and OCGT efficiency loss when acting in wind backup/shadowing mode is assumed to be 10%, on 
average over the year, and this increases the fuel consumption proportionately.

 The Wolfe Island wind plant is part of the overall projection of almost 4,685 MW of wind power for Ontario.
 Emissions increase for a 1% loss in efficiency is assumed to be: 

 Case A, without any increase in emissions for loss in efficiency: CCGT – 1%, OCGT – 1%.
 Case B, with increase in emissions for loss in efficiency: CCGT – 2.3%, OCGT – 2.9%.

Tables C1 and C2 summarize the effect of these assumptions.

Table C1 – Summary of Effect of Above Assumptions
Case A (no increase in emissions due to inefficient operation of gas turbines)

Electricity Produced 
(MWh/year)

Fuel Consumption
(units)

CO2 Emissions
(tons/year)

Coal Plant 1,473,000 1,473,000 1,473,000
CCGT Plant 1,473,000 1,473,000 589,000
Wind/Gas Turbine Wind Portion 347,000 0 0

Gas Turbine Portion 1,126,000 1,239,000 619,000
Increased 
Emissions with 
Wind

30,000

The increase in fuel consumption for the gas turbine in the wind/gas turbine scenario is calculated on the basis of 
being in proportion to the electricity produced uplifted by 10% due to the less efficient operating mode. It is not just 
80% of the gas turbine alone mode because of the Capacity Factors used.

Table C1 shows that the presence of wind increases CO2 emissions by 30,000 tons/year over gas turbine alone.

Table C2 – Summary of Effect of Above Assumptions
Case B (increase in emissions due to inefficient operation of gas turbines)

Case Electricity Produced 
(MWh/year)

Fuel Consumption
(units)

CO2 Emissions
(tons/year)

Coal Plant 1,473,000 1,473,000 1,473,000
CCGT Plant 1,473,000 1,473,000 589,000
Wind/Gas Turbine Wind Portion 347,000 0 0

Gas Turbine Portion 1,126,000 1,239,000 713,000
Increased 
Emissions with 
Wind

124,000

Table C2 shows that the presence of wind increases CO2 emissions by 124,000 tons/year over gas turbine alone.
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To see the effect of varying some of the assumptions, Table C3 provides a sensitivity analysis. All are based on the 
increase in emissions for the loss in gas turbine efficiency. 

Table C3 – Sensitivity Analysis

Wind Capacity 
Factor

Ratio of CCGT to OCGT in 
wind backup/shadowing mode

Increase in CO2 
Emissions over Gas 

Turbine Alone
20% 65/35 76,000 tons/year
20% 75/25 44,000 tons/year
25% 65/35 25,000 tons/year
25% 75/25 (5,000 tons/year)

In the last case, wind provides 0.8% of the CO2 emissions savings of gas turbine alone (5,000/589,000). This minor
amount would be better achieved by some small measure of conservation.
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Appendix D – Sources/Selected Bibliography

Organizations Cited

ABS Energy Research – a UK independent energy market research company specializing in energy market research 
reports, energy market databases and energy market consulting as well as analysis and market forecasts. 

Ontario Power Authority (OPA) – responsible for the development of a reliable and sustainable electricity system for 
Ontario. It plans for the long term and procures and coordinates conservation and electricity supply from diverse 
resources.

The German Energy Agency (dena - Deutsche Energie-Agentur GmbH) – develops strategies for the future 
supply of energy in Germany. Its shareholders are the Federal Republic of Germany, the KfW Bankengruppe (KfW 
banking group), Allianz SE, Deutsche Bank AG and DZ BANK AG. It is the competence centre for energy efficiency 
and renewable energies. Its objectives include the rational and thus environmentally friendly production, conversion 
and use of energy, and the development of sustainable energy systems with a greater emphasis on renewable energy 
sources.

Danish Energy Authority – under the Ministry of Climate and Energy is responsible for security of supply and the 
responsible development of energy in Denmark.

Eurelectric – is the professional association which represents the common interests of the electricity industry at pan-
European level, plus its affiliates and associates on several other continents.

Department of Energy/Energy Information Administration (US) (DOE/EIA)

Renewable Energy Foundation – a UK based, registered charity encouraging the development of renewable energy 
and energy conservation whilst emphasizing that such development must be governed by the fundamental principles 
of sustainability.

Enernex Corporation – a US based electric power engineering and consulting firm specializing in the development 
and application of new electric power technologies

Bonus Energy A/S (now Siemans Wind Power) – is one of the world’s leading suppliers of components and 
systems to companies in the energy and electricity industry.

deENet, Energie mit System – a consortium of 90 research institutions and service providers in Germany

E.ON Netz – E.ON Netz controls a high-capacity transmission grid that reaches from Scandinavia to the Austrian 
Alps. It has over 7,500 MW, representing about 40% of Germany’s wind plants in its area of operations.

European Wind Energy Association

Incoteco (Denmark) ApS – a Danish energy consulting firm

Energy Probe - Energy Probe is an Ontario consumer and environmental research team, active in the fight against 
nuclear power, and dedicated to resource conservation, economic efficiency, and effective utility regulation.

VTT Technical Research Centre of Finland – VTT Technical Research Centre of Finland is the biggest contract 
research organization in Northern Europe. VTT provides high-end technology solutions and innovation services. From 
its wide knowledge base, VTT can combine different technologies, create new innovations and a substantial range of 
world class technologies and applied research services.

University of Victoria (BC), Department of Economics – This department has prepared a number of papers on 
wind power.

Union for the Co-ordination of Transmission of Electricity (UCTE) – is the association of transmission system 
operators in continental Europe, providing a reliable market base by efficient and secure electric "power highways”.
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Royal Academy of Engineering – Britain’s national academy for engineering, which brings together the country’s 
most eminent engineers from all disciplines to promote excellence in the science, art and practice of engineering.

Tallinn Technical University, Estonia

Royal Society – is the independent scientific academy of the UK and the Commonwealth dedicated to promoting 
excellence in science.

Ontario Power Workers’ Union – is the union of power workers in Ontario. It has provided a thoughtful and complete 
analysis of Ontario’s electricity situation.

EEA (European Environmental Agency) – supports sustainable development to help achieve significant and 
measurable improvement in Europe's environment through the provision of timely, targeted, relevant and reliable 
information to policy making agents and the public.

Leonardo Energy – is a web site delivering a range of virtual libraries relating to electrical energy. It is an initiative 
dedicated to building information centres to serve designers, engineers, contractors, architects, general managers, 
regulators, journalists, teachers and students, who are professionally or otherwise involved with electrical energy.

European Transmission System Operators – Four regional organizations have emerged from this co-operation: 
TSOI, the association of TSOs in Ireland; UKTSOA, the United Kingdom TSO association; NORDEL, the Nordic 
TSOs, and UCTE, the Union for the Co ordination of Transmission of Electricity, association of CENTREL, TSOs of 
the Continental countries of Western and Central Europe.

Alberta Energy – The Department of Energy manages the development of provincially owned energy and mineral 
resources by industry and the assessment and collection of non-renewable resource revenues in the form of royalties, 
freehold mineral taxes, rentals and bonuses.

Alberta Electric System Operator – is responsible for the safe, reliable and economic planning and operation of the 
Alberta Interconnected Electric System.

UK Sustainable Development Commission – The Sustainable Development Commission is the UK Government's 
independent advisory body on sustainable development.

Institute of Energy Economics at the University at Cologne (EWI) et al (consortium)

Department for Business, Enterprise and Regulatory Reform –  This UK government department’s purpose is to 
help ensure business success in an increasingly competitive world. It is the voice for business across Government.

ABB Group – a global power and automation technologies company.

International Energy Agency - The International Energy Agency (IEA) acts as energy policy advisor to 27 member 
countries in their effort to ensure reliable, affordable and clean energy for their citizens.

European Commission – the executive body of the European Union.
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Individuals Cited

Etherington, Dr. John – educated at Imperial College in the 1950s-60s. Much of his research and teaching was in 
the field of environmental chemistry and physics. He first wrote about the impact of human activity on carbon dioxide 
emission and the possible "greenhouse effect" in a book published in 1975 and re-editioned in 1982.

Schleede Glen R. – is the author of many papers and reports on energy matters.  Since 2001, Schleede has 
analyzed and written about wind energy. From 1992 until September 2003, Schleede maintained a consulting 
practice, Energy Market and Policy Analysis, Inc. (EMPA), providing analysis of energy markets and policies.
Prior to forming EMPA, Schleede was Vice President of New England Electric System (NEES), Westborough, MA, 
and President of its fuels subsidiary, New England Energy Incorporated. Previously, Schleede was Executive 
Associate Director of the U.S. Office of Management and Budget (1981), Senior VP of the National Coal Association 
in Washington (1977) and Associate Director (Energy and Science) of the White House Domestic Council (1973).  He 
also held career service positions in the U.S. OMB and the U.S. Atomic Energy Commission.

Bradley, Robert L. Jr. – Robert L. Bradley Jr. is president of the Institute for Energy Research. He is an expert on 
energy policy and its relation to the environment. He is the author of ”Oil, Gas, and Government: The U.S. 
Experience”.

Helm, Dieter – an economist, specializing in utilities, infrastructure, regulation and the environment, and concentrates 
on the energy, water and transport sectors in Britain and Europe.

Mason, Dr. V.C. – is a UK-based scientist who has specialized in the Agricultural and Biological Sciences. He is 
representative of many thoughtful people from all walks of life around the world who have studied and spoken out on 
the subject of industrial wind power. Having lived in Denmark for a number of years he speaks and reads Danish 
fluently and is thus well positioned to be aware of Danish scientific and newspaper reports on the subject, which are 
frequently not reported in the Engish-speaking world. This is particularly evident in the sources he cites.

White, David J – is a UK-based energy consultant with over thirty years previous experience in senior management 
positions with the Exxon Group. He focuses on technologies that offer solutions to emissions problems from a range 
of fossil fuels and wastes. He monitors energy related developments in the EU and US environmental legislation 
along with data prepared by the Inter-Governmental Panel on Climate Change (IPCC).

Alt, Helmut, Prof. Dr.-Ing. University of Aachen
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Other Sources Used as Background

Organizations

Canada
Pembina Institute
Torrie Smith Associates
Canadian Energy Research Institute
The Delphi Group
Ontario Sustainable Energy Association
University of Calgary
Queen’s University
Georgian Bay Association
General Electric
DSS Management Consultants Inc.

United States
Rocky Mountain Institute
National Academy of Sciences
California Energy Commission
California Wind Energy Collaborative
Efficiency Vermont
TSAugust (“The False Promise of Renewable Energy”)
Renewable Energy Research Laboratory, University of Massachusetts at Amherst
Energy Ventures Analysis Inc

Europe
British Wind Energy Association
Danish Wind Industry Association
Environmental Change Unit at the University of Oxford
Danish Energy Association (an industry association separate from the Danish Energy Authority)
Tyndall Centre for Climate Change Research
Centre for Energy Policy & Technology, Imperial College

International
International Energy Agency (OECD/EIA)
Institution of Engineering and Technology

Individuals
Lovelock, Dr. James – author of more than 200 scientific papers and the originator of the Gaia Hypothesis.
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Endnotes

Web links have been provided for convenience. As web sites do change, those shown may not stay current. It is
possible that a web search may be required in some cases.
                                                
1 ABS Energy Research, The Wind Power Report Ed 4, 2007, Sample only. The report cost about $1,500. 
http://www.absenergyresearch.com/cmsfiles/reports/Wind-Power-Report-2007.pdf

2 Ontario Power Authority, Supply Mix Advice, 2005, Part 4.3 Electricity Generation Technologies: Performance and
Cost Characteristics, prepared by the Canadian Energy Research Institute.
http://www.powerauthority.on.ca/Storage/15/1107_Part_4.3_CERI_Report_to_OPA_August_24_2005_D.pdf

3 Quote from the director of the German Energy Agency (dena) in Die Tagezeitung, March 2, 2005 
http://www.euractiv.com/en/energy/german-wind-energy-report-opens-heated-debate/article-136239

4 The Guardian, Report Doubts Future of Wind Power, Feburary 26, 2005, The complete report is published in 
German except for a summary for which there is an English translation. The summary does not touch on these 
considerations.  http://society.guardian.co.uk/environment/story/0,14124,1425868,00.html

5 Eurelectric, Latest Industry Statistics as at 31 December 2006 
http://www2.eurelectric.org/content/default.asp?PageID=618

6 Department of Energy/Energy Information Administration (US) 
http://www.eia.doe.gov/cneaf/electricity/epa/epat2p2.html

7 Renewable Energy Foundation, Renewable Energy Data Technology Analyses: Wind 2006, 2007, slide 20 of 25
http://www.ref.org.uk/Files/wind.overview.2007.(ii).pdf

8 University of Victoria (BC), Economics Department, “Utility-scale Wind Power: Impacts of Increased Penetration”, 
2005, Conclusion 3. For the University of Victoria report go to http://www.windaction.org/documents/5887 and follow 
link at bottom of page.

9  Enernex Corporation, “Wind Generation Technical Characteristics for the NYSERDA Wind Impacts Study”, 2003,
page 20, http://www.uwig.org/wind_turbine_tech_charac_draft_final.pdf. See description of UWIG in endnote 62. 
EnerNex is a US based electric power engineering and consulting firm specializing in the development and application 
of new electric power technologies.

10 University of Victoria (BC), Economics Department, “Utility-scale Wind Power: Impacts of Increased Penetration”, 
2005, page 25. For the University of Victoria report go to http://www.windaction.org/documents/5887 and follow link at 
bottom of page.

11 Bonus Energy AS, “The Wind Turbine: Components and Operation”, 1999, page 5. Although slightly dated it is a 
good document on many aspects of industrial wind turbines. http://www.windmission.dk/workshop/BonusTurbine.pdf  

12 Corten, Gustave P. and Veldkemp Merman J., “Insects can halve wind-turbine power”, Nature Vol. 41215, July 
2001.

13 ABB Group, “Wind: intermittent Power: continuous”, 2004, cover page, http://www.abb.com/ (search on document 
title)

14 Incoteco (Denmark) ApS, Denmark and Energy Storage, 2007, presentation (author has copy)

15 Adams, Tom, Energy Probe, Review of Wind Power Results in Ontario: May to October 2006, 
http://www.energyprobe.org/energyprobe/articles/EPreviewofwindpowerresults.pdf

16 Holttinen, Hannele, VTT Technical Research Centre of Finland, The impacts of hourly variations of large scale wind 
power production in the Nordic countries on the system regulation needs.

17 University of Victoria (BC), Department of Economics, Utility-scale Wind Power: Impacts of Increased Penetration, 
2005, page 10. For the University of Victoria report go to http://www.windaction.org/documents/5887 and follow link at 
bottom of page.
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18 Union for the Co-ordination of Transmission of Electricity (UCTE), Integrating Wind Power in the European Power 
Systems – prerequisites for successful and organic growth, 2004, page 12/13 
http://www.ucte.org/_library/otherreports/UCTE-position-on-wind-power.pdf

19 deENet, Energie mit System (a consortium of 90 research institutions and service providers in Germany)
http://www.deenet.org/ . Presentation was made at the Large Scale Integration of Wind Energy EWEA Policy 
Conference in 2006, and can be accessed through the European Wind Energy Association site at
http://www.ewea.org/fileadmin/ewea_documents/documents/events/2006_grid/Martin_Hoppe.pdf

20 E.ON Netz, Wind Report 2005, page 9. http://www.eon-
netz.com/Ressources/downloads/EON_Netz_Windreport2005_eng.pdf

21 European Wind Energy Association, Large Scale Integration of Wind Energy in the European Power Supply, 2005, 
page 124, http://www.ewea.org/fileadmin/ewea_documents/documents/publications/grid/051215_Grid_report.pdf

22 E.ON Netz, Wind Report 2005, page 9.

23 University of Victoria (BC), Department of Economics, “The Economics of Wind Power: Destabilizing an Electricity 
Grid with Renewable Power”, 2007, page 14, http://web.uvic.ca/~kooten/REPA/WorkingPaper2007-04.pdf

24   Spiegel Online International, “Germany Plans Boom in Coal-Fired Plants”, May 21, 2007,
http://www.spiegel.de/international/germany/0,1518,472786,00.html

25 Etherington, Dr. John, Wind Power – ‘Variable’ or ‘Intermittent’? – A Problem Whatever the Word, 2006   
http://www.juracretes.ch/d2wfiles/document/5274/5019/0/Wind%20Power%20-
%20'Variable'%20or%20'Intermittent'%20.pdf

26 Royal Academy of Engineering, Response to the House of Lords Science and Technology Select Committee 
Inquiry into the Practicalities of Developing Renewable Energy, 2003, page 15,
http://www.raeng.org.uk/news/publications/list/responses/practicalities_of_developing_renewable_energy.pdf

27 Royal Society, Response to the House of Lords Select Committee on Science and Technology, 2003, 
http://www.publications.parliament.uk/pa/ld200304/ldselect/ldsctech/126/126we41.htm

28 European Wind Energy Association, Large Scale Integration of Wind Energy in the European Power Supply, 2005, 
pages 123-I 124, ILEX (now Pëyry Energy Consulting) is a leading European energy consulting company. 
http://www.ewea.org/fileadmin/ewea_documents/documents/publications/grid/051215_Grid_report.pdf

29 E.ON Netz, Wind Report 2004, pages 8-9, http://www.windaction.org/documents/99

30 University of Victoria (BC), Department of Economics, “Integrating Wind Power in Electricity Grids: an Economic 
Analysis”, last page, Proceedings of the International Green Energy Conference, 2005, 

31 Union for the Coordination of the Transmission of Electricity ((UCTE), “Integrating Wind Power in the European 
Power Systems – prerequisites for successful and organic growth”, 2004, page 4, 
http://www.ucte.org/_library/otherreports/UCTE-position-on-wind-power.pdf

32 Kruesel, Jochen, ABB Power Technologies, “Wind: Intermittenet Power: continuous”, 2004, http://www.abb.com/
(search on document title).

33 Union for the Coordination of the Transmission of Electricity ((UCTE), “Integrating Wind Power in the European 
Power Systems – prerequisites for successful and organic growth”, 2004, page 4, 
http://www.ucte.org/_library/otherreports/UCTE-position-on-wind-power.pdf

34 Adams, Tom, Energy Probe, Ontario Wind Power Analysis, PowerPoint presentation.

35 Liik, O. et al, Tallinn Technical University, Estonia, Estimation of real emissions reduction caused by wind 
generators 2003, discussion about Figure 3, http://www.etsap.org/worksh_6_2003/2003P_liik.pdf
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36 E.ON Netz, Wind Report 2005, (see Summary section)

37 E.ON, website   
file:///E:/My%20Documents/Wind%20Power/Germany/eon%20says%2095%25%20backup%20required.htm

38 Leonardo Energy, Electricity Generation in Germany – Scenarios for 2020, 2006, a summary of a VDE (German 
Engineering Association) analysis. http://www.leonardo-energy.org/drupal/node/192/print  

39 Department for Business, Enterprise and Regulatory Reform, “UK Wind Energy Resource: Variability, Intermittency, 
Dispersal”, by Eward M. Reeves, 2006, Part 2 on page following Figure 7. This department’s purpose is to help 
ensure business success in an increasingly competitive world. It is the voice for business across Government. 
http://www.berr.gov.uk/files/file31255.pdfhttp://www.berr.gov.uk/files/file31255.pdf

40 Renewable Energy Foundation, Reduction in Carbon Dioxide Emissions: Estimating the Potential from Wind-Power, 
2004, page 15, http://www.ref.org.uk/Files/david.white.wind.co2.saving.12.04.pdf

41 Liik, O. et al, Tallinn Technical University, Estonia, Estimation of real emissions reduction caused by wind 
generators 2003,  Part 4, The discussion states that keeping the additional reserve capacity will increase the fuel 
consumption (emissions) by up to 8.1%. To get the more realistic fuel consumption (emissions) estimate that 
considers also fluctuations of wind power reduced to the mean power of windmills, the initial fuel consumption curve 
should be lifted up also by 8.1%. The conclusions show a more conservative amount of 8-10%. 
http://www.etsap.org/worksh_6_2003/2003P_liik.pdf

42 University of Victoria (BC), Department of Economics, “Utility-scale Wind Power: Impacts of Increased Penetration”,
2005, page 23. The study states that the impact of wind penetration on thermal gas plant is dramatic and is akin to the 
impact of fuel economy on vehicles switching from highway to city driving. Examples from the top ten fuel misers in 
Canada can be found at http://en.autos.sympatico.msn.ca/vehicle_guides/article.aspx?cp-documentid=636024  and 
include 2005 Honda Civic 7.6/5.9 L/100km, giving 29% efficiency loss, and 2005 Honda Civic (hybrid) 4.9/4.6, giving 
7% efficiency loss). For the University of Victoria report go to http://www.windaction.org/documents/5887 and follow
link at bottom of page.

43 Schleede Glen R., Misplaced State Government Faith in Wind Energy – This time by the Kansas Energy Council, 
2005, page 18. http://johnrsweet.com/Personal/Wind/PDF/Schleede-KansasWind-20050301.pdf

44 Royal Academy of Engineering, The Cost of Generating Electricity, 2004, Annex 1,
http://www.raeng.org.uk/news/publications/list/reports/Cost_of_Generating_Electricity.pdf

45 Ontario Power Authority, Supply Mix Advice, 2005, Part 4.3 Electricity Generation Technologies: Performance and 
Cost Characteristics, prepared by the Canadian Energy Research Institute.
http://www.powerauthority.on.ca/Page.asp?PageID=122&ContentID=1139&SiteNodeID=139

46 Bradley, Robert L. Jr., Renewable Energy: Not Cheap, Not “Green”, 1997, 
http://www.cato.org/pub_display.php?pub_id=1139&full=1 . Although this document is not new it contains many 
considerations that are still valid today.

47 Helm, Dieter (an economist, specialising in utilities, infrastructure, regulation and the environment, and concentrates 
on the energy, water and transport sectors in Britain and Europe), The EU Climate Change package – even more 
radical than it looks, 2008, 
http://www.dieterhelm.co.uk/publications/Commentary_Jan08.pdf

48 Renewable Energy Foundation, Reduction in Carbon Dioxide Emissions: Estimating the Potential from Wind-Power,
2004, page 14, http://www.ref.org.uk/Files/david.white.wind.co2.saving.12.04.pdf

49 Etherington, Dr. John, Wind Power – ‘Variable’ or ‘Intermittent’? – A Problem Whatever the Word, 2006, page 5,  
http://www.juracretes.ch/d2wfiles/document/5274/5019/0/Wind%20Power%20-
%20'Variable'%20or%20'Intermittent'%20.pdf

50 Etherington, Dr. John, “The case against Wind Farms”, 2006, page 7. This document is a extensive compendium of 
information on wind power. http://www.countryguardian.net/Case%202006.htm
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51 Renewable Energy Foundation, Reduction in Carbon Dioxide Emissions: Estimating the Potential from Wind-Power, 
2004, pages 9 and 16, http://www.ref.org.uk/Files/david.white.wind.co2.saving.12.04.pdf

52 Ontario Power Authority, Supply Mix Advice, 2005, section 2.6 page 176 for CCGT and OCGT.
http://www.powerauthority.on.ca/Storage/18/1350_Part_2-6_Methodologies_and_Assumptions_Adopted.pdf

53 Ontario Power Workers’ Union, A Better Energy Plan, http://www.abetterenergyplan.com/the_plan_clean_coal.php

54 EEA (European Environmental Agency), Greenhouse gas emission trends and projections in Europe 2007. 
Download through http://www.mybloop.com/download-interstitial/SPfIIY

55 White, David J, Danish Wind: too good to be true, The Utilities Journal, July 2004, page 39, 
http://www.aweo.org/White-DenmarkTooGood.pdf

56 Schleede Glen R., Misplaced State Government Faith in Wind Energy – This time by the Kansas Energy Council,
2005, page 20. http://johnrsweet.com/Personal/Wind/PDF/Schleede-KansasWind-20050301.pdf

57 European Commission, 
http://ec.europa.eu/dgs/energy_transport/figures/pocketbook/doc/2007/2007_energy_en.pdf

58 The Christian Science Monitor, As Windmills Spread, some Germans Balk at ‘Asparagus Fields’ 2004, 
http://www.csmonitor.com/2004/0505/p01s04-woeu.htm

59 German Energy Agency (dena), dena Grid Study, 2005, 
http://www.dena.de/fileadmin/user_upload/Download/Dokumente/Projekte/kraftwerke_netze/netzstudie1/dena-
grid_study_summary.pdf

60 Leonardo Energy, Electricity Generation in Germany – Scenarios for 2020, 2006, a summary of a VDE (German 
Engineering Association) analysis. http://www.leonardo-energy.org/drupal/node/192/print

61 Alt, Helmut, “The economics of wind energy within the generation mix”, 2003, page 27, 
http://www.viewsofscotland.org/library/docs/Economics_of_Wind_Energy_Nov03.pdf

62 ESB National Grid, Impact of Wind Power Generation in Ireland on the Operation of Conventional Plant and the 
Economic Implications, 2004, Ireland, 
http://www.eirgrid.com/Eirgridportal/uploads/Publications/Wind%20Impact%20Study%20-%20main%20report.pdf

63 Renewable Energy Foundation, Reduction in Carbon Dioxide Emissions: Estimating the Potential from Wind-Power, 
2004, page 31, http://www.ref.org.uk/Files/david.white.wind.co2.saving.12.04.pdf

64 Renewable Energy Foundation, Reduction in Carbon Dioxide Emissions: Estimating the Potential from Wind-Power, 
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