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2 FRANCE
2.1 Summary

2.1.1 Existing small-scale wind installations
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2.3 Techno-economic analysis
2.3.1 General economic data
$ +*3 $ ( 6' "6 $ " " !
. Total Cost (for
. Investment: Average]lnstallation:  AveragelTotal Average . - [Type of], .
Type of turbine cost/Kw in € Cost /kW in € cost/kW in € i:urbme type) in technology Life Span
Ropatec
WRE.030 -3
kW 6 700 2 500 9 200 27 600} Vertical axis >30 years
Ropatec
WRE.060 -6
kW 6 700 2 500 9 200 55 200} Vertical axis >30 years
Fortis
Montana
5000 - 5 kw 7 300 2920 10 220 51 100|Horizontal axis |20 years
Atlantis
VB - 0,6 kw 6 000 2200 8 200 4 920|Horizontal axis |20 years
Windside
WS 2 - 06
kw 24 000 2 300 26 300 15 780|Vertical axis >30 years
Windside
WS 4 A - 12
kw 22 000 2700 24 700 29 640|Vertical axis >30 years




2.3.2 Comparison of the capital costs

Total investment cost / kW

in €
30 000
25 000
20 000
15 000
10 000
5000 -
0 I I I I I
Ropatec 3 Ropatec 6 Windside Windside Fortis 5  Atlantis
KW VAT KW VAT 0,6 KW 1,2 KW KW HAT 0,6 KW
VAT VAT HAT
L} ! ) * n ( n n ( I 6!
2.3.3 Productivity of the different wind turbines
H2/0 5 ! /-0 -33 2 $/%/ 0 2%#2 $ 5 1%0!
$0$ /% 3/ o+ $ + 0 % 0!'$0 0 $ 3% 0 $ 0!
$ 3/ %$3%$-3 2 + 30 3%
Average Wind Speed 5,5 m/s
Load factor (in hours/year) JEnergy production (in kWh)
Ropatec 3 KW
VAT 923 2 769
Ropatec 6 KW
VAT 903 5415
Windside 0,6 KW
VAT 955 573
windside 1,2 KW
VAT 945 1134
Fortis 5 KW HAT 1309 7 569
Atlantis 0,6 KW
HAT 1700 1280




Average Wind Speed 6 m/s

_ Load factor (in hoursyear) |Energy production (in kWh)

Ropatec 3 KW

VAT 1168 3567

Ropatec 6 KW

VAT 1168 7006

Windsde 0,6 KW

VAT 1154 692

Windsde 1,2 KW

VAT 1141 1369

Fortis 5 KW HAT 1 600 9247

Atlantis 0,6 KW|

HAT 2000 1550
Average Wind Speed 6,5 m/s

_ Load factor (in hoursyear) |Energy production (in kWh)

Ropatec 3 KW

l/AT 1484 4 452

Ropatec 6 KW

VAT 1461 8 766

Windside 0,6 KW

VAT 1343 806

Windside 1,2 KW

VAT 1326 1592

Fortis 5 KW HAT 1904 11 005

Atlantis 0,6 KW

HAT 2 400 1820




2.3.4 Average cost of produced Kwh
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Cost of kWh produced in Euro cents

g\grage Wind Speed 55 Average Wind Speed 6m/s |Average Wind Speed 6,5 m/s
'Ropatec 3 KW
VAT 70 55 43
Ropatec 6 KW
VAT 62 50 38
Windside 0,6 KW
VAT 102 96 87
Windside 1,2 KW
VAT 99 92 80
Fortis 5 KW HAT 41 34 28
Atlantis 0,6 KW
HAT 43 35 30
120+
100+
80+
60+ O Average Wind Speed 5,5 m/s
B Average Wind Speed 6m/s
40 OAverage Wind Speed 6,5 m/s
20+
0,
Ropatec 3 Ropatec 6 Windside Windside Fortis 5 Atlantis
KW VAT KW VAT 0,6 KW 1,2KW KW HAT 0,6 KW
VAT VAT HAT
[ +* " ( " / ! 6'




2.4 Conclusion
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3.1 Summary
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3.2 Methodology

3.2.1 Techno-Economic analysis
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3.2.2 Case studies
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3.3 Techno-economic analysis

3.3.1 Technology installation costs
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3.3.2 Cost per installed kW
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3.3.3 Factors affecting the economics of small wind turbines
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3.3.4 Building integrated turbines
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4 THE NETHERLANDS

4.1 Summary
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4.3 Techno-economic analysis
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4.3.1 Costs
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4.3.4 Life Cycle Costs

+ 2# 00% $#/#% 3 V "% B $%1V %' + [ 21V 7% +
I# $3V %7+ 3 $#% $# #! 5-0 $# - -1+
$HI# %
lifetime (N) 20 vyears
investment rate (D) 6%
inflation rate (i) 3%
X =(1+i/1+D) 0,972
P=A1-X")/(X"-1)
P=Fx"
LCC=C+M+E+R-S
Tulipo Montana Turby WindWall
presen presen
initial t initial present initial t initial present
worth costs costs worth costs
costs (€) (€) (€) worth (€) | (€) (€) (€) worth (€)
capital costs (C)
12.23
turbine 14950 14950 7115 7115 10920 10920 8 12238
mast | included 2660 2660 2000 2000 | no
include
inverter | included 3850 3850 d 2.670 2670
electrical items | included 375 375 600 600 1.113 1112,5
foundation 2000 2000 2495 2495 2700 2700 1.335 1335
lightening, include
grounding | included d 700 700 223 222,5
maintenance (M)
operational costs 175 1.499 | No No no
maintenance No No 1.758 1.758
energy (E) - - - - - - - -
replacement (R)
bearings 100 857 | No no
inverter 1300 1300 3850 2.168 | no
salvage (S)
20% of original
equipment costs 3390 1.909 3299 1.858 3384 1.906 3.516 1.980
LCC 16.697 14.310 15.014 17.356




4.3.5 Production volume in relation to the price development
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4.3.6 Experiences with mechanical and electrical installation
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4.3.7 Technical standards
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6 ANNEX 1: ECONOMIC VARIABLES

6.1 Variables included in the economic analysis
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6.3 ROC prices
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6.4 Energy price evolution
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7 ANNEX 2: ECONOMIC QUESTIONNAIRES FROM THE NETHERLANDS

Costs of urban Turbines

Cost of the installation: (€)

WES®TULIPO (2,5 kW)

Fortis Montana (5,6 kW-)I

Turby (2,5 kW)

WindWall (3,6 kW)

1]Wind turbine 14,950] 7,115 10,920] 12,238]
2]Mast (if required) Included in price 2660 2000] no mast
3|inverter Included in price] 3850 Included in price] 2670
ARectifier no| no| nol no|
5|Other control equipment (vibration auto brake, Included in price] none] nonej 245|
bearing temperature sensor, etc. - list as required)
6]Electrical items (AC isolators, additional distribution Included in price] 375 nonej 667.5
board, etc.)
7|Energy display board e.g. showing curren not included included| 600 web-site]
production, total production, etc.
8]Handover pack / Operation manual yes, Included in price] yes, Included in price] no manual no manual
9|Delivery of all items to site depends on distance] 200 depends on distance] 1335
10JFoundation & erection of wind turbine (installation) 2,000] 2,495 1,400} 1,335|
11]Electrical integration and commissioning Included in 10] Included in 10] Included in 10] 667.5]

Other costs (€)

WES®TULIPO (2,5 kW)

Fortis Montana (5,6 kW)

Turby (2,5 kW)

Winawall (3,6 kW)

12]Design work (technical drawings, wind Depends on project Depends on projec Depends on projecfno
measurements, site assessment, calculations, etc.)

13]Application for grid connection (where applicable) 250] 200] 45|no

[Ta]instaliation of an export meter 500] 500]no export meter no

15]Lightening protection / grounding no lightening, grounding included |no lightening, grounding included 700 222.5

16]Other? (insurance, etc.) no| noj noj no|
Operation-and Maintenance costs (€) WES®TULIPO (2,5 kW)| Fortis Montana (5,6 kW) Turby (2,5 kW) WindWall (3,6 kW)

17]Are there any operational costs? oplionﬂl no| noj no|

18]How much does yearly maintenance cost? optional no| noj 10% included]

De-commissioning costs (€)

WES®TULIPO (2,5 kW)

Fortis Montana (5,6 kW)l

Turby (2,5 kW)l

WindWall (3,6 kW)|

[19]Please estimate costs of taking down turbine

500]

500]

500]

2225|

Other aspects

How- often do-major parts need to be changed?

WES®TULIPO (2,5 kW)

Fortis Montana (5,6 kW)]

Turby-(2,5 kW)

Winawall (3,6 kW)

Major parts Lifetime (years) Lifetime (years) Lifetime (years) Lifetime (years)
bearings 10 year no 20 years no

mast /frame 20 years 20 years 20 years 30 years
blades 20 years 20 years 20 years 20 years
generator 20 years 20 years 20 years 20 years
electronics including inverter 10 years no 10 years 10 years

Varranty, safety and electricity: price: (€)

WES®TULIPO (2,5 KW)

Fortis:Montana (5,6 kW)

Turby (2,5 kW)

Windwall (3,6 kW)

constraints when connecting your wind turbines to
the grid? If so, please describe

A JHow many years is the turbine warranty valid for? Is 1 year, no extra costs| 5 years, no extra costs materials 2 year]10 years, costs included
there an extra cost to have a warranty?
B [What is the average price of the electricity produced
in EURO / kWh? 0,15 €/kWh at 6,5 m/s 0,18 €/kWh at 6,5 m/s depends on the site 0,20 €/kWh
C |What is the average electricity yield in kWh/year? 10.000 kWh/year| 8.000 kWh/year 5000 kWhtyear| 6000 kWh/year|
D JHave you encountered any particular problems / No problems so far No problems so far No problems so far| No problems so farj

Technical problems:

No problems so far

mechanical resonance]

no|




8 ANNEX 3: PROFILE OF FOUR URBAN TURBINES

8.1.1 WES® Tulipo
Iy

o

Ta £

#

WES” Tulipo is a horizontal axes
turbine (HAT) with three blades
and a capacity of 2,5 kW. The
tower is 12 m high and the rotor
diameter of 5 m. The tower is
placed on the standard
foundation of concrete block with
an anchor.

WES does not supply lightening
protection for the Tulipo. The
turbine is provided by a grounding
protection system, and complies
with the international safety
standards IEC 61400 which were developed for large wind turbines.

The turbine is produced by the Dutch company Wind Energy Solutions b.v. (WES) from Zijdewind,
Netherlands. The company produces three different kinds of wind turbines in the range of 2,5 kW, 80
kW and 250 kW.

Tulipo was developed specifically for appliances in built surroundings by the Dutch wind turbine
developer Lagerweij and introduced to the market during the Hannover Messe in the year 2000. After
Lagerweij went bankrupt, WES has taken over the technology for the production of Tulipo. This is the
only turbine in the Netherlands that has been certified by an official international certifying institution, in
this case NREL in the US.

Up to now, Tulipo has been placed on two locations in the Netherlands, in Elst and in Zevenbergen.
On both locations, the turbine was placed on the ground next to buildings. The manufacturer believes
that this is the optimal way of mounting this turbine. In the coming months 5 Tulipos will be installed on
different locations in England.

The total costs, including transport inside Netherlands, mechanical and electrical connection and the
operation manual are € 17.200 exc. VAT.

A display for the presentation of energy production is available as an additional feature. In order to
insure smooth operation of Tulipo, it is necessary to change the lubricating oil and grease the rotating
parts once in two years. The instructions for these maintenance activities are provided in the
Operation Manual and the maintenance can be completed by the owners as it does not require special
tools or qualifications. Wes also offers this maintenance service for € 175 per year. Once in ten years
the Tulipo must undergo the complete check up. The costs of check up are about € 1.000, and can be
paid in advance by € 100 per year.

Tulipo has a warranty for one year and the expected lifetime of 20 years.

According to the manufacturer, Tulipo generates 10.000 kWh/year at 6,5 m/s. Taking 15 years as
write-off period with no subsidies or fiscal incentives, WES calculates the electricity costs to 15
€ct/kWh. This yield data have not been verified by an independent party or in practice.

The de-commissioning costs are estimated to € 500.

The Life Cycle Costs of Tulipo are 16.697.

(7 !



8.1.2 Fortis Montana

Figure 2: Montana at Badger Wells Cottage
Sabden Clitheroe, UK
#

Montana is a HAT turbine with three blades, rotor diameter of 5 m
and the capacity of 5,6 kW. The turbine is can be supplied with a
tower of 12, 18 or 24 m height. This turbine has a very simple and
compact design, which makes it possible for users all over the
world to order it as do-it-yourself package and assemble it
themselves, simply by following the instructions from the
Handbook.

The turbine is provided by grounding protection and complies with
the international safety standards IEC 61400 for large wind
turbines.

This turbine has been developed 20 years ago. Since then, this
product underwent many modifications which improved the product quality, increased the efficiency
and lowered the costs. The best place for Montana is on the ground, next to buildings. The turbine can
be supplied for grid connected or for stand alone operation.

The manufacturer of Montana, Fortis Wind Energy, is located in Haren, Netherlands. This company
has a long tradition of producing small wind turbines in the range from 200 W up to 30 kW. Between
1997 and 2005, more than 40 Montana wind turbines have been placed all over the world. In the
Netherlands, ten Montana'’s have been placed in Zwolle, Stompetoren, Sebaldeburen, Hoogland,
Groningen, Raalte, Tolbert, Wapserveen, Cadzand and Assen.

Three more will be placed this year within the project ‘Voor de wind gaan’ in the three Northern
provinces Friesland, Groningen and Drente. Within this project 22 urban turbines from six different
manufacturers will be placed. The main goal of the project is to gather information on issues
associated with the implementation of small wind turbines in urban and rural areas and on industrial
sites. The project duration is from March 2004 till June 2007.

The total costs, including transport inside Netherlands, mechanical and electrical connection, energy
display and operation manual are € 16.895 exc VAT.

There are a few different options for the tower and the foundation. These have to do with the aesthetic
requirements of the location and the type of the ground. The costs as mentioned are calculated for the
standard option: a steel tube tower with one central anchor and four side anchors. Contrary to the
Tulipo, one can buy Montana turbine without a tower, foundation, inverter and/or grid connecting
items. The prices of all major parts are separately specified.

Due to compact construction, all sensitive parts of the turbine are air tight protected and lubricated.
Therefore there are no operational and maintenance costs. Montana has a warranty for 5 years and
the expected lifetime of 20 years. The owner will be charged no extra costs in case of faults of
malfunctions during the warranty period.

According to the manufacturer, Montana generates 8.000 kWh/year at 6,5 m/s. Taking 10 years as
write-off period, the manufacturer calculates the electricity costs of 18 €ct/kWh. Fiscal incentives of
14% of the investments costs were taken into account.

The de-commissioning costs are estimated to € 500.

The Life Cycle Costs of Montana are € 14.310.




8.1.3 Turby

Figure 3: Turby on the roof of the
apartment building in Tilburg,
Netherlands

#

Turby is a wind turbine with vertical
axes (VAT), Darrieus rotor and an
electrical capacity of 2,5 kW. With his
very light construction, Turby is
specially constructed for placing on flat
roofs. The turbine is developed in 2001
by the Dutch company Turby b.v. from
Lochem, Netherlands. This turbine was
an answer to the huge market interest
which started after the first
presentation of the Tulipo at the Hannover Messe. The shape of the rotor has been changed few
times in order to increase the efficiency. Furthermore, the manufacturer was confronted with some
unexpected vibration problems in the two first pilot projects, which were solved last year. Turby is
equipped with lightening protection and grounding system. The turbine does not comply with the
international safety standards for the large wind turbines.

Up to December 2005, Turby was placed on 10 different locations in the Netherlands: Amsterdam,
Enschede, Tilburg, Breda, Hague (2), Zutphen, Velschen, Leeuwarden and Delft. Four more Turbys
will be placed this year within the project ‘Voor de wind gaan’. There is a lot of interest for this turbine
in Canada, Australia, Ireland and France.

The total costs, including transport inside Netherlands, mechanical and electrical connection and an
energy display are € 16.920 exc VAT.

There are a few different options for the mast. The choice depends on the height of the building and
costs the investor is prepared to make. The costs as specified are calculated for the standard option:
a 6 m high steel pipe tower with one central anchor and four side anchors.

Due to compact construction, all sensitive parts of the turbine are air tight protected and lubricated.
This means that there are no operational and maintenance costs.

Turby has a warranty for 2 years and the expected lifetime of 20 years.

According to the manufacturer, this turbine generates 5.400 kWh at 5,3 m/s and 4.200 kWh/year at
5,1 m/s. Taking 4 years as write-off period, the manufacturer calculates the electricity costs of 15
€ct/kWh. The calculations take into account that the 14% of the costs will be covered by fiscal
incentives. Furthermore, the national feed-in tariff (MEP) of 7,7 €ct/kWh is taken into account. The
yield data have not been verified in practice.

The de-commissioning costs are estimated to € 500.

The Life Cycle Costs Turby are 15.014.




8.1.4 WindWall

# n
WindWall in Oost Watergraafsmeer, WindWall (WW) as shown on the
Amsterdam picture is a wind turbine with vertical

axes mounted horizontally. It has a
Darrieus rotor and an electrical capacity
of 3,6 kW. WW turbine has no tower. It
is mounted on a steel construction with
concrete ballast of 4.900 kg, without
anchoring.

WW is equipped with lightening
protection and grounding system. The
turbine complies with the Dutch safety
standards NEN 6702. It is officially
tested by the Dutch research institute
ECN.

The aluminium blades are shaped like airplane wings. All components are transported separately and
assembled at the location. The rotor can be produced with a diameter from 2 to 5,6 m. The length per
module is 5 m for the 2m diameter and 10 m for the 5,6 m diameter. The electrical power for the
modules with the diameter of 2 m is 1,9 kW per module. The large modules with 5,6 m diameter have
an electrical power of about 8 kW. The size of the installation can vary from one to four modules.

The turbine is developed in 2001 by the Dutch company NGUp b.v. (Never Give Up) from Delden,
Netherlands. The company has more than 20 years experience in the production of blades for wind
turbines in the range of 0,75 MW to 2,5 MW. The working principle of the WW turbine has changed
drastically after the first two pilot projects. The changes were made due to safety and efficiency
reasons. The results from the newest projects are very satisfactory.

Up to December 2005, WW was placed on 7 different locations in the Netherlands: Zwolle, Hague (2),
Rotterdam, Amsterdam, Wijk aan Zee and Schiedam. Four more WW will be placed this year within
the project ‘Voor de wind gaan’. This year several WW'’s will be supplied to customers in France and
UK.
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