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The successful implementation of wind energy in Europe during the past decade and the
continuing economical support by national legidations has led to an upcoming market for
second hand wind turbines. Repowering of plant after 5 to 15 years of operation releases a
large number of turbines into the market. These plant in the range of 30 to 1000 kW often
represent state-of-the-art technology enabling 10 to 20 years of remaining life expectancy and
are available at relative low initial costs. For some countries these plant could facilitate
project implementation during the market opening period. However, when re-erecting used
plant certain precautions have to be taken to ensure high availability of operation. Service
and maintenance become more serious issues to be considered at an early stage of project.

Origin of second-hand wind energy converters

The second booming development of wind energy techngiagtycularly affects countries
like Denmark and Germany that are running short on produdte® Jherefore, it can be
more efficient for investors to replace smaller and neidslzed Wind Energy Converters
(WECSs) on highly productive sites with a smaller numbene larger ones instead of just
building the new WECs on less productive sites. In amuitihis “Repowering” process is
often applied to restore landscape and scenery sincenthease of installed power is
accompanied by slowing down of rotor speed and the reductionrobers of turbines. A
large number of these second-hand WECs are alreadgl@gain the international market.

Launching of wind power technology becomes easier utilitoagh plant of the second WEC
generation due to less demands concerning installation andenaice in comparison with

newer WECs of larger capacity that require a sophisticaifrastructure. By now, it is the

first time since technology and size of plant have badwanced that used WECs are
appropriate for re-erection. In past Repowering aatwiin the USA and Denmark plant of
the first WEC generation were scrapped due to their ekpfeeexpectancy.

Trading business with used turbines of manufacturersatieasuccessfully established on the
wind power market has already been started by sevarglaities specialized in this business.

Countries eligible for second hand WEC application

Successful implementation of wind energy converters imeige is always dependent on
sufficient wind energy potential. This is the basis Bmth new and second-hand wind
turbines. Electrical stability in weak grids with stastic feeders limits the permissible load
of wind turbines. That is why only small generators indlass of 100 to 600 kW are suitable
for uncomplicated grid connection. Turbines of this sizenatebeing manufactured any more
but only available on the second-hand market. This opatilonvs lower costs for the initial
expenditure resulting in a shorter project duration ¢hatbe favourable for countries without
long-term planning reliability in the initial implementat period.

Additionally, the stability of the electrical grid has comply with standards concerning
voltage, frequency, drop-outs, etc...; a certain technidahstructure is required (cranes,
roads, companies for basic maintenance ...) and access toatfonal grid should be
supported by a sufficient buyback price.



Currently, second hand wind turbines are mainly being demanddeoland, Russia,
Romania, Bulgaria and Turkey. In most of these countee®wable energy laws have
recently passed the legislation to initiate projechipiiag.

General overhaul and adaptation

In some cases the time of Repowering coincides witomnapairs of the wind turbine — but
even if the plant is in good condition it may be adble to tackle repairs to prevent
downtimes that will become costly after re-erection.

Gearbox tooth flanks can be reshaped if the inspection ypmltieg damage. Exceeding
acceptable tolerances in this process would necessitatecdstly replacement of the
gearwheels. Usually, the main bearings are replaced asmgearts. Minor damages of the
rotor blades have to be repaired and sealed against envir@hingpéacts. New balancing of
the rotor and new alignment of the shafts are essdntisdduce dynamic loads for a long
remaining life expectancy. The generator insulation havetcchecked. Additionally, oil

change and replacement of rubber components and ssx&tlparts needs to be carried out.

Wind turbines are microcontroller or plc operated and thespasswords to the software
become important for the commissioning on the new aité service afterwards. Often,
missing or incomplete documentation as well as techeitalts in the control system cause
long down times if no expert of the manufacturer candresulted.

A good maintenance concept in the first operating peritll negular vibration monitoring of
gearbox shafts can give indication of the status of weadeduce the remaining life
expectancy with better certainty. Alternatively, @ecoor two day monitoring campaign can
certify the condition before the plant is dismaatltn most cases this report (e.g. provided by
German Lloyd) is the only possibility to obtain dynardata since condition monitoring data
is hardly available.

Some adaptations to the local requirements of the newcsuld easily be included in the
general overhaul. This may concern additional coolingemferator and adapted oil viscosity
for the gearbox if operated in a warmer climate, legqaidge protection for the rotor blades
against erosion from sand and corrosion protection agsalisivater.

Most of the available wind turbines from Europe are fodggwith a frequency of 50 Hz

which makes them unsuitable for Central or South Ata@rcountries operating 60 Hz grids.
Only converter driven plant can be adjusted to 60 Hzlatively low additional cost. The

replacement of gearbox or an additional frequency coevérr a small wind farm is often

too expensive.

Normally, the general overhaul can be carried out bynthnufacturer or a general contractor
that is specialized in certain types of wind turbines. Aidavarranty is included for the
overhauled components if the commissioning will be condutie experts from Europe.
Extending the warranty to 24 month is also possible wijood maintenance concept but at
relative high additional costs.

Service and maintenance

Often, projects with second-hand wind turbines represenfirdtecontact with large scale
wind energy for the respective country. To provide sualality for a demonstration project
and initiate further WEC installations, awareness aeatf utility operators, service
technicians, politicians and public towards the entire veindrgy background is advisable.
The subsequent step will be the realization of capdmiiiding for the turbine operators,



service technicians and grid operators. Proper local egpestiould be built up in co-
operation with local universities or permanent training research centres.

A comprehensive service concept includes spare part aligyléiviost of these wind turbines

use standard components). It could be advisable and leslyalbeen put into practice to
acquire more plant of the same type than actually pue install in order to put gearboxes,
generators, rotor blades and control systems of the epdrabine type on local stock.

The infrastructure in the respective country concerniagsportation and availability of large
cranes should be thoroughly matched with the site whergvind turbines are reinstalled. To
decrease the financial risk the WEC should be small endoighe erected with cranes
available locally reducing costs in case of any repaatsdiop up.

Cost of project

Projects with second-hand WECs have a similar costtsire to projects using new plant; life
expectancy is 10 to 15 years respective 20 years. Comparigavo small wind farms (one
with new and the other one with second-hand wind turbstes)vs that the main reason for
cost reduction is explained by the lower turbine costdlerused one. To compare initial
project costs the projects displayed below are designbdvie the same energy output:
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Conclusion

Projects with second-hand wind turbines that have alreagly t&alized in several countries
represented the initial step for the long-term altenatid these countries’ energy sectors
concerning the introduction of wind power technology.

These projects differ from projects with new equipnregarding certain aspects that need to
be taken into consideration and evaluated in the pradgssject planning.

In summary, any project with either new or used WECsocdy be profitably carried out if a
number of different crucial basic requirements are ragarding the existence of sufficient
wind speeds, a stable grid, minimum buyback prices, technigahlified personal, spare
parts and reliable economical and political conditiofise option of reusing second-hand



turbines mainly makes a difference concerning the simoalibn of financing due to lower
initial expenditure.
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