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Abstract 

French wind farms are aging. By 2025, the French Environment & Energy Management Agency estimates 

that 1 GW per year of operating wind turbines will reach their expected lifetime. The handling of wind 

turbines end of life is relatively new to wind farm owners, both technically and economically. New aspects 

to handle appear, such as dismantling, strategies of maintenance for the last years of living or again the 

repowered wind farm construction timing.  

This work aims at giving an overview of the volume France is going to have to handle in the coming years 

and how to handle it. The report gives insights for the main questions’ developers should ask themselves 

when they start thinking about the repowering of their assets. Those insights are based upon what is 

permitted by the current regulation, which will certainly evolve with the growing experience authorities will 

soon acquire.  

From those insights, different strategies will emerge, some more attractive from a technical point a view, 

but more difficult to set up in agreement with the regulation, common sense, and acceptance of local 

population. The goal will be to find the best balance between technical feasibility and aimed improvement.  

Those strategies can then be studied from an economical point of view to try to find the optimum rate of 

return. This profitability is not unique for a chosen technical scenario but can be optimized. An economic 

analysis tool will be set up. This tool can perform sensitivity analysis on a scenario, accepting as inputs the 

parameters that have the most influence on the results.   

Finally, a concrete application is given on an old and still operating wind farm. This shows one methodology 

that can be followed when thinking of repowering. There is, of course, multiple available solutions. The goal 

of this work is to provide developers with all the tools to perform a quick, efficient and accurate analysis of 

their repowering.  
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SAMMANFATTNING 

 

Franska vindkraftparker åldras snabbt. Framemot år 2025 har Ademe (den Franska motsvarigheten till 

Energimyndigheten) beräknat att 1 GW per år av vindkraftverk blir redo att demonteras. Hanteringen av 

vindturbinernas avverkning ställer nya utmaningar till vindkraftsägarna, både tekniska och ekonomiska. 

Examensarbetet härmed redovisar för viktiga punkter som behöver hanteras när en vindpark nått sin 

livslängd, såsom demontering, underhållsstrategier för de flera sista driftåren eller det optimala valet av 

strategier för ombyggnation och installation av nya turbiner.  

Detta arbete ger en översikt över den volym som Frankrike kommer att behöva hantera under de 

närmaste åren och hur man skulle kunna gå tillväga. Rapporten svarar på de viktigaste frågorna som 

kommer upp när utvecklare börjar tänka på ”repowering”, d.v.s. ersättning av de uttjänta vindturbinerna 

med nya turbiner. Dessa insikter bygger på vad som tillåts enligt den nuvarande förordningen, som säkert 

kommer att förändras med myndigheternas växande kunskap om läget. 

Från dessa insikter kommer olika strategier att komma upp, några mer attraktiva från en teknisk synpunkt, 

men svårare att upprätta i överensstämmelse med förordningen, sunt förnuft och acceptans av 

lokalbefolkningen. Målet är att hitta den bästa balansen mellan teknisk genomförbarhet och riktad 

förbättring. 

Dessa strategier studeras sedan ur en ekonomisk synvinkel för att försöka hitta den bästa avkastningen. 

Denna lönsamhet är inte unik för ett valt tekniskt scenario men kan optimeras. Ett ekonomiskt 

analysverktyg kommer att skapas. Detta verktyg kan utföra känslighetsanalys i ett scenario, med som input 

de parametrar som har störst inverkan på resultaten. 

Slutligen ges en konkret tillämpning på en gammal och fortfarande fungerande vindkraftpark. Detta visar 

en metod som kan följas när man tänker på repowering. Det finns naturligtvis flera tillgängliga lösningar. 

Målet med detta arbete är att ge utvecklare alla verktyg för att utföra en snabb, effektiv och korrekt analys 

av deras repowering.  
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1 INTRODUCTION 

 

France has ambitious targets concerning renewable energy. By 2030, 32% of energetic and 40% of 

electric consumption should come from renewable sources (Eliott, 2018). In 2017, renewable 

sources represented 18% of electrical output and nuclear 71,6% which was the lowest share for 

this source since 1992 (RTE, 2017).  

France has the second largest wind resources in Europe (Including offshore - behind Great Britain) 

making wind power one of the most valuable energy source. Wind farm repowering is a relatively 

new branch of wind power but is going to be essential in reaching the goals set by the French 

government.  

This report will handle the many aspects of wind farm repowering. The aim will be to cover all the 

major issues encountered during a repowering project and find the best balance between technical 

optimization and economically viable solution.  

The technical and economic aspects were previously treated in different works such as (Weiss, 

2015) or (Castro-Santos, et al., 2016). Some other works (Colmenar-Santos, et al., 2014) or (Río, et 

al., 2011) focused on performing a qualitative analysis of the available options according to 

regulation and objectives. This work covers all those aspects and gives an overview of the different 

options available to wind developers for their repowering.  

First wind turbines implantation in France and worldwide goes back to 30 years ago. Considering 

an average wind farm, that is 5 to 10 years more than the expected lifetime of a well-maintained 

wind turbine. As a result, numerous wind farms have reached or will reach their expected end of 

life in the years to come.  

This work will first assess the size of the wind repowering market to evaluate the potential impact 

of this thesis and of further ones.  

Then, it will be necessary to discuss the concerns project developers may encounter when aiming 

at repowering their wind farm. Those concerns will be of three kinds: administrative, technical and 

social. The first is essential because it guides the developers towards the possible improvement that 

they are legally allowed to implement. The second will give an overview of the novelties 

encountered such as O&M strategies, dismantling or turbine after-life. Finally, the former will 

discuss how to handle a territory where the wind farm owner has already an experience. 

Afterwards, a decision help-tool will be set-up to try to evaluate the best moment to start a wind 

farm repowering. This tool will be based upon the economic profitability of the different parts of 

the project.  

Finally, all the results of the discussion of this work will be used on a real repowering case. The 

repowering optimization will be performed both technically and economically. This will be done 

through a technical analysis of the possible and probable scenarios and strategies, followed by a 

sensitivity analysis of the economical results of each of these scenarios.  
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2 ASSESSMENT OF THE FRENCH WIND MARKET 

 

The goal of this first part is to evaluate the situation of the wind market in France. This will be the 

base in order to assess the potential impact of the commercial offer that will be created. The data 

that are presented in this section are extracted from the database of the 24th of September 2018, on 

the website ‘Thewindpower’.  

2.1 Operating Technologies 

 

This first chapter will focus on the type of machines installed in France. Over the past 10 years, 

wind turbines technology has been greatly improved, especially in terms of nominal power and in 

the capacity to withdraw mechanical energy from the wind. The former is intimately linked to two 

characteristics of the wind turbine, its hub height and its rotor diameter.  

 

The first chart shows a classification operating wind farm. Wind turbines of the farms are sorted 

by their rotor diameter through 6 categories. Most of the operating wind farms have turbines with 

diameters comprised between 80 and 100m. Also, only 20% (19 + 1) of the turbines have diameter 

bigger than 100m and only 1% bigger than 120m.  

Now, it is enough to look at what diameters are currently installed to see that there is a real interest 

towards bigger size. Below is presented the same classification but only for wind farms yet to come. 

On this chart, only the farms that are planned, in construction or have an authorized permit are 

shown. The proportion of diameters bigger than a hundred meters becomes 81% (54 + 27) and 

27% bigger than 120 meters. 

Fig. 2-1: Operating wind farms, sorted by turbine rotor diameter 
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NB: Farms with unknown turbines diameters were removed (20 wind farms), accounting for 35% 

of total. The two precited categories were then respectively 53% and 18%.  

One important fact, however, remain unaccounted for. The data presented here are the result of a 

private but uncomplete database. It does not consider wind farm in development, protected by a 

company undisclosed data. By looking at the farms currently in development in Voltalia, none of 

them shows turbines with diameters below 120 m and most of them are 150m big. Those farms 

are generally expected to be constructed in 3 to 6 years, depending on local opposition.  Then, one 

can deduce that this trajectory will continue within the next years.  

Now, it is of interest to understand why wind developers and turbine manufacturers oriented their 

production towards bigger size. The local power in the wind is governed by the following equation:  

𝑃 =
1

2
𝜌𝑎𝑈3 

Where: 

 ‘P’ is the power in the wind 

 ’ρ’ is the air density  

 ‘a’ is the considered surface 

 ‘U’ is the wind speed 

Looking at this formula, the easiest factor to modify for wind turbines manufacturers will be the 

swept area and thus, the rotor diameter. Wind turbine manufacturers and wind farms developers 

set it as their growth priority. In the past, they were, first and foremost, limited by technological 

issues regarding the ability to build, transport and fix on the mast such important masses.  

This formula does not show the mechanical power extracted by the turbine. First, the area ‘a’ is 

here considered a plain area while, in reality, this surface is only covered by the 3 rotating blades. 

Fig. 2-2: Planned, in construction and authorized wind farms, sorted by wind turbines diameter 
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It also does not consider several essential factors such as local turbulences, wake effect, blades 

aerodynamism…  

Even though this is the most obvious, the swept area is not the only mechanical factor that can 

affect the reachable power in the wind. By increasing the total height of the turbine, it is possible 

to affect positively the ‘quality’ of the encountered wind. The two wind shear figures below show 

respectively the logarithmic profile of the wind speed against altitude and, qualitatively, the wind 

turbulences against altitude.  

  

 

 

Z0 is the roughness length, the factor that quantitively represents the roughness of the ground. This 

is the height for which the wind speed above ground is zero. As example, lawn and water have 

roughness lengths around 0.01m, bushlands around 0.1m and forests around 1m (Hamon, 2014).  

As a result of this observation, the same analysis as for the rotor diameter was done for total heights 

of wind turbines.  

 

Fig. 2-3: Wind shear example for two roughness lengths values. 
(Hamon, 2014) 

Fig. 2-4: Expected turbulences against wind 
shear. (Hamon, 2014) 
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Most of the operating farms have turbines with total height between 100 and 140m.  

There is a clear goal set by manufacturers and developers to aim for higher turbine to reach the 

best wind speed with less turbulences. However, as it was previously mentioned, those last data 

must be considered with care because most of the ongoing wind farms development are protected 

by company’s secrecy. Though, the tendency is clear and can be confirmed by the project currently 

developed at Voltalia.  

The number of 140m can be considered rather low compared to what is available on the turbines 

market (180, 200m). Nonetheless, one must consider the difficulties of French wind project 

Fig. 2-5: Classification of operating wind farms by total height of wind turbines 

Fig. 2-6: Classification of approved, planned and in construction wind farms by total height of wind turbines 
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development. Indeed, most projects encounter difficulties and strong opposition from local 

population and even larger association against wind power. Thus, French developers often choose 

to aim at big rotor and low hub height, resulting in somewhat low total height. If the same analysis 

was made in Germany or Denmark, it would have been important to extend the categories to 

comprehend the evolution of their market.  

 

2.2 Potential market of repowering 

 

The classification of the operating wind turbines showed the obsolescence of the French wind 

farms. The next step of the study is to determine the extent of the potential market of repowering. 

Thereby, an historical analysis of the turbines still operating and commissioned before 2011 was 

done. Indeed, considering how long it takes to develop a wind power project, which is usually 5 to 

8 years considering the juridical actions from wind opponents, this can be useful to start thinking 

of repowering early in the lifetime of the farm. 

As expected, it shows an exponential evolution of the number of turbines in the past 30 years. In 

the figure below, the number of wind turbines at the beginning of the year is in blue, and the 

number of turbines added during the year in red.  

The year 2010 has been chosen considering mainly 3 development factors and constraints:  

 Power purchase agreements of 15 years: A PPA is the contract that determines the tariff 

for each kWh sold on the market, for a certain number of years. For PPA signed before 

2010, 15 years is common.  

 Mean duration of project development in France: 5 years. This number is a mean value. 

Projects can take 3 years to develop in the best cases and up to 8 years in the worst cases 

(difficulties inherent to project development or related to local opposition). 

 Readiness of the technical and economic analysis: 2020. All the analysis and tools set up 

in this document should be ready-to-use by the beginning of 2020.  

Fig. 2-7: Yearly accumulation of still operating wind turbines number, commissioned before the end of 2010 
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Considering those 3 factors, the important value to remember from this graph is the number of 

turbines that are going to be ready to renew in the next years: 3466.  

It also of interest to perform the same analysis for the number of wind farms. Indeed, the preceding 

figure shows the capacity of renewal developers will have to achieve in the next years but does not 

show the repartition of this capacity and the scope of the market.   

 

Those 3466 wind turbines are divided in 628 wind farms, with mean repartition values summarized 

in the table below:  

Table 2-1: Repartition of the repowering market in the next years 

New wind turbines 
during the year 1 4 12 1 1 13 53 49 98 116 96 304 386 443 559 648 682 

New Wind Farms 
during the year 

1 1 1 1 1 2 8 6 12 17 21 54 71 81 102 124 125 

Wind turbines per 
farm – Mean value 

1 4 12 1 1 6,5 6,6 8,2 8,2 6,8 4,6 5,6 5,4 5,5 5,5 5,2 5,5 

 

  

Fig. 2-8: Yearly accumulation of still operating wind farms number, commissioned before the end of 2010 
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3 REPOWERING CONCERNS 

 

This chapter will go through the multiple steps of a wind farm repowering process. Doing so, it 

will look at issues that developers may encounter during the process and discuss the different 

strategies that can be used. It will finally conclude with recommendations on those strategies in 

order to be as efficient as possible. The stakes will be broached through 3 main topics, which are 

administrative, technical and social concerns. The approach of this chapter will be mainly 

qualitative. Indeed, each case is different and going through a quantitative analysis in this general 

chapter may be inadequate. Quick quantitative examples will be given to illustrate some parts and 

a quantitative analysis will be performed for a specific application in chapter 5. 

 

3.1 Administrative concerns 

 

With repowering being a relatively new issue in the wind market, French environmental ministry 

doesn’t have enough experience to set appropriate and definitive rules. As a result, French 

government recently decided to publish ‘guidelines’ intended for regional administration, leaving 

them the possibility to interpret those rules.  

The main point of these guidelines is to help the prefect (French regional representative) decide if 

the modification of the existing park can be considered unsubstantial. In other words, it determines 

if the repowering will need a new authorization (exactly like a wind farm on a new territory) or if a 

simplified document is enough to duly record the modification. This may be of great importance, 

if you consider it takes usually two years to get an authorization and that it can, then, be legally 

attacked for three more years by wind opponents. 

This section will focus on wind turbines that are regulated by the column 2980 of the classed 

installations for environmental protection. It is, nowadays, the only authorization wind developers 

need to develop, build and operate their wind farm. It supervises farms with wind turbines with 

hub heights equal or higher than 50 meters. As we saw in the chapter ‘ASSESSMENT OF THE 

FRENCH WIND MARKET’, they are the most commonly installed turbine. Five scenarios are 

considered by the French government, as presented in the next sections. 

3.1.1 Dismantling 

 

The dismantling of the wind farm has a financial guaranty that is established at the construction. 

The amount was fixed by the French government at 50 000€/WT. This amount has proven to be 

enough to dismantle small wind turbines but can reach its limit for recent turbines. The French 

government is currently working on a new evaluation of this guaranty that will certainly be linked 

to height or nominal power of the turbine.  

In addition to this first point, the aspect of the excavation depth of the foundation has to be 

broached. As it will be shown, it has a strong impact on the final cost of the dismantling, which 

will guide to one repowering strategy or another. The regulation states that the owner is responsible 

for dismantling the wind farm according to the specifications mentioned below:  
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The excavation profundity depends on the ground type the wind farm is implanted on. The owner 

will have to excavate the foundation: 

 On minimum 30 cm for grounds that are not used for agricultural purposes or if it is 

impossible to dig deeper due to particularity of the terrain.  

 On 2m in forest land 

 On 1m for all other cases, including agricultural soil 

Most wind farms are currently installed on agricultural land in France, living to owners the 

possibility to leave parts of the foundation into the ground. This aspect will be further discussed in 

the technical and social constraints, to assess how it will impact the repowering strategy.  

3.1.2 Possible repowering scenarios and relative jurisdiction – 5 

scenarios 

 

3.1.2.1 Substitution of the wind turbines, by turbines with the same size at the 

exact same location  

 

In this first scenario, the modification is always considered unsubstantial. However, it is still needed 

to notify the administration that may give prescription on the building period to protect certain 

species habitat for example.  

The scenario is rather easy to set up, administratively speaking. However, it may be considered 

insignificant in terms of production amelioration. There is, however, one configuration where this 

possibility is of great importance. Twenty years ago, when most of the ‘ready-to-repower’ wind 

farms where constructed, there were few rules supervising the new installations of wind turbines 

and lower regulations overseeing the French territory (preventing or limiting wind farms building).  

If a developer happens to have a park in a now protected zone, where all new wind turbines are 

prohibited, he can then decide to use this first opening to repower his park. It can:  

 Improve slightly his production by installing turbines with a better aerodynamic design 

 Increase his yield by increasing nominal power 

 Lower his operational cost with newer turbines, less prone to failure 

 Improve his yield by increasing the availability of the farm 

There is one example of such a case that have happened recently. The developer had an aging wind 

farm in a site protected for littoral preservation. To perform the repowering, only an unsubstantial 

modification could be used.  

NB: The scenarios are presented from the one with the less new impact on locality, to the one with 

the most impact. Therefore, the rules mentioned here are applicable to the next scenario and this 

statement is applicable for each scenario presented.   

3.1.2.2 Substitution of the wind turbines at the exact same location, with smaller 

hub height and longer blades (total height being the same) 

In this case, several characteristics of the farm are evaluated to assess the repowering impact on 

the local area:  
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 Civilian (weather forecast and aviation) and army radar are not affected by the new turbines 

 Sound level in operation is not higher than previously. The new park can have a curtailment 

plan to fulfil this condition.  

 The farm isn’t in an environmentally protected area and has successfully fulfilled 3 years 

monitoring of its environmental impact.  

If one or more of these conditions are not fulfilled, the appreciation of the substantiality is given 

to the prefect.  

This scenario is of great interest when the farm is in an area where maximum height is limited. This 

can be under aviation constraint or near a patrimonial monument where visual impact must be 

limited. However, as it was detailed in the ‘Error! Reference source not found.’ chapter, the rotor d

iameter plays an important role in the expected yield. Then, it can be a good compromise to increase 

the rotor diameter and reduce the hub height. Such a decision can only be taken after having 

performed yield simulations for several turbines. 

3.1.2.3 Substitution at the exact same location, with bigger turbines  

Here, the same rules as previously must be considered, with one addition. The wind developer 

creates a comparative analysis of the patrimonial impact of the bigger turbines.  

 Except for these conditions, it is generally admitted the following: 

Table 3-1: Substantiality of repowering relative to turbine total height increase 

Total height increasing Less than 10% Between 10% and 50% More than 50% 

Nature Unsubstantial Prefect appreciation Substantial 

 

In the second case, the nature of the modification can also be positively influenced by a potential 

diminution of turbines number.  

Here is the beginning of the most interesting cases of repowering. By increasing the total height, 

both the diameter and the mean wind speed are greater.  

3.1.2.4 Changing turbine type and location (within the same area) 

In addition to the previous points, the environmental impact will be assessed through a 

comparative analysis on biodiversity. The possible option of changing the location of the farm can 

be linked to the ‘Social concerns’ part. The wind power technology is generally well accepted by 

wind farms neighbors but some old French parks (before current regulations) are sometimes 

installed less than 500m from households. If a developer intends to install bigger turbines in the 

area, he may want to move them farther from habitations to avoid conflicts.  

3.1.2.5 Adding wind turbines to the farm 

 In this last scenario, the modification is substantial if: 

 The hub height of the turbine that is added is higher than 50m.  

 The hub height is between 12m and 50m, but the total capacity added is greater than 

20MW.  

We will not go further into this scenario, the hub height being usually higher than 50m.  



-11- 
 

3.1.3 Remuneration of wind power 

 

In France, there are several possibilities regarding the way to sell the electricity produced by the 

wind farm:  

 The more common is to answer to a call for bids from the government where the developer 

can obtain a power purchase agreement with a fixed tariff for each kWh injected in the 

grid. This PPA has a duration of 15 to 20 years.  

 Slightly less common, the developer can find a private PPA to sell its electricity for a private 

company. This PPA has a duration of 15 to 20 years. 

 The electricity can also be sold on the spot price market. This means that there is no fixed 

price, but the electricity is sold at the market price when the grid needs more power 

injection. This is uncommon for new wind farm, but it could appear for an old wind that 

has reach the end of its PPA. That is why it is mentioned here. The first two options may 

be preferred, considering the intermittence of wind energy. Indeed, the spot price market 

is interesting when it is possible to produce when the market needs it the most, resulting in 

high prices.  

 

3.1.4 Conclusion 

 

Those guidelines are going to be the basis of the scenarios work that will be further discussed. They 

will also be the basis of the decision tree concerning the possibilities offered to developers when 

they think about repowering.  

 

3.2 Technical concerns 

 

The whole point of repowering is to improve the technology of the turbine installed. Obviously, 

the windiest sites were prioritized at the beginning of wind power development in France. This 

means that the newly repowered sites may become the most productive farms in the years to come. 

This section will go through the different steps of repowering, from the end of life of the farm to 

dismantling and commissioning of the new wind farm, reviewing the different technical issues 

developers may encounter in real life applications. For more intelligibility, the multiples sections 

are tidied up by chronological order, following the life of a process of repowering.  

 

3.2.1 O&M strategies 

 

During the last years of a WF life, the O&M strategy will be the main factor impacting the project 

profitability. Therefore, it may be a key factor in the decision to launch the repowering process. 

Indeed, after 10 to 12 years of operation, the invested CAPEX is generally repaid. Hence, OPEX 

are the only expenditures that reduce the incomes.  
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Five strategies are going to be detailed with their pros and cons. The choice of a strategy over 

another is mainly guided by the confidence towards the installed technology. The feedback from 

other WF owner with the same machines may be helpful regarding their reliability, especially after 

several years of operation. If this turbine has been installed many times, it will obviously increase 

the number of possible feedbacks, thus increasing its reliability. Furthermore, the number of 

operating machines may increase the probability of finding spare parts from two sources: Spares 

parts or second-hand parts from existing WF and new spare parts from the manufacturer 

production lines. This last point may seem shallow, but it is not uncommon to not be able to find 

every spare part needed for old turbines. The companies that originally built the turbines may have 

gone bankrupt or they may have estimated that the market was too small to keep a production line 

open for these specific spare parts. 

 Strategy 1: Full scope maintenance by the manufacturer 

o This strategy is the safest because it implies the shortest production stoppage and 

limit the issue of finding specific spare parts even in case of major breakdown.  

o It is also the most expensive. Manufacturers tend to increase their maintenance 

contract prices when the wind farm is aging. This seems logical considering that 

the risk of failure is intimately linked to the age of the machines. 

 Strategy 2: Partial maintenance by the manufacturer  

o It is often possible to choose a partial maintenance contract. This contract can be 

limited to certain pieces without covering specific and rare breakdowns. It is also 

possible to choose to cover some of these specific breakdowns for a certain amount 

of time or number of turbines.  

o It is cheaper than the former but cannot counter all possible accidents. It is likely 

that one or several turbines will be stopped indefinitely at some point. It requires a 

certain confidence in the installed technology.  

 Strategy 3: Full scope maintenance by the wind farm owner 

o It is similar to the first strategy. However, it is necessary to have special internal 

competencies and a stock of spare parts. Both those factors can be expensive. 

Furthermore, even with specific internal competencies, some failures can only be 

fixed by the original manufacturer.  

o No expensive external contracts must be signed.  

 Strategy 4: Partial maintenance by the wind farm owner 

o Like the last two, it is necessary to have a spare parts reserve for frequent failures 

and it is less expensive than a partial maintenance by a manufacturer.  

o Necessitate a high confidence in the technology to limit the risk of definitive 

stoppage. 

 Strategy 5: Basic maintenance by the manufacturer or wind farm owner 

o This last strategy is a bit special because it is only applicable to an imminent 

repowering case. The owner decides to only keep the day-to-day maintenance and 

leave off any turbines that have a major breakdown. It can be a relevant choice in 

order to limit the OPEX in the last year of life of the farm for example.  
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3.2.2 Vertical dismantling 

 

The vertical dismantling is, in the simplest manner, the dismantling of the vertical parts of a wind 

farm’s elements, in other words, the turbines. It may be the first step that comes to mind when one 

talk about repowering a wind farm. Obviously, it is essential but strategically speaking, it may not 

be the most efficient chronology to follow, as it will be explained in this section. However, it is 

necessary to go through the step of the dismantling to understand what is at stake.  

The order of the 26th of August 2011 decrees that developers need to constitute a financial 

guarantee of 50 000 euros per wind turbine that are aimed at financing the end-of-life of the park. 

After having detailed the different steps of the dismantling, the numbering will show if this 

guarantee is enough and will give a good insight in the profitability of repowering.  

 

3.2.2.1 Preparation work 

 

In the exact same way preliminary studies are performed when building a new wind farm, similar 

studies are also carried out before dismantling a park. These studies aim at anticipating if the 

deconstruction is prone to impact local life. This phase also includes the preparation of the terrain. 

It can be a renovation of roads to support construction engines or creation of areas aimed at 

receiving a crane.  

3.2.2.2 Taking down the turbines 

 

There are several techniques for taking down wind turbines, each of them having pros and cons.  

 Using a crane 

The most classical and used of them is to use a crane to take each part of the turbine and slowly 

put them on the ground. This is a non-destructive technique. In France, this technique prevails 

over the next two mainly for images issues. In a country where wind power encounters opposition, 

it may be pertinent to play on the good, non-environmentally harmful scene.  

Moreover, using a crane opens a totally new market for the afterlife of the turbines. The different 

pieces can be reconditioned and sold to fix similar wind turbines or the whole turbine can also be 

sold for different market in wind power. Several specialized companies are currently involved in 

this sector. The most known are ‘Spares in Motion’, ‘My Wind Parts’ and ‘Wind Sourcing’. They 

aim at fulfilling the following demands:  

 Foreign developing countries, looking for cheap turbines, making their wind farms 

financially competitive.  

 Already well-developed countries, intending these turbines to repowered sites where 

developers can’t install big turbines due to regulations in the area. Indeed, as it was 

explained in ‘ASSESSMENT OF THE FRENCH WIND MARKET’, manufacturers 

decided to position their development towards big turbines. As a result, there are fewer and 

fewer small wind turbines (total height beyond 120m) available on today’s market.  
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 In those same developed countries, second-hand pieces can also be used to fix out-of-order 

wind turbines on an old but still operating farm. For the same reasons as above and as it 

has been explained in the O&M strategies section, pieces from old turbines are often no 

longer manufactured.  

However, this technique is, by far, the most expensive of the three. A crane costs between 8000 to 

15 000€ per day. Moreover, it is necessary to use 2 cranes to handle the parts of the turbine. Indeed, 

one crane will be used to take off the parts from the turbine while the other will help when landing 

the parts. But to understand the impact of this daily cost, it is necessary to look at the steps of 

dismantling a wind turbine with a crane.  

First, the blades are taken down, followed by the hub and the different sections of the mast. The 

former is usually divided in several sections of steel, screwed on to each other. It takes usually 2 

days to put up and strip down a crane. Dismantling one turbine and moving the cranes to the next 

takes 1.5 day per turbine. Then, for a 10 turbines wind farm, it is necessary to use the cranes for, 

at least, 16 days.  

It is not uncommon to face bad weather issues during dismantling. This problem may prevent the 

manipulation of the heavy parts of the turbine, blocking the cranes. Construction company may 

try to anticipate and find the right window to limit the periods of inactivity. Although, sometimes 

the blockages cannot be anticipated, that’s why, a 5 to 10 days delay may be considered. By a quick 

calculation, the crane post can cost around: 2*(16+8) *10000=480 000 € for all the park. 

 

 Using explosives 

This second solution is destructive, it means that the dismantling will destroy all the different parts 

of the turbine. The only available solution for the end-of-life is then to recycle the materials.  

This solution requires the intervention of specialists to handle the explosives. First, the dismantling 

company get rid of all the environmentally dangerous components of the turbine such as oil in the 

gearbox, pitching motors and all the components that may be ejected when impacting the ground.  

The base of the mast should be protected by a fence to prevent projection during the explosion. 

Then, a reception area is created to soften the impact on the ground and to limit the impact and 

the local environment.  

This solution is financially attractive because it doesn’t need the utilization of a crane. However, 

companies tend to not use it for two reasons. First, the impact on the environment may be difficult 

to control and governmental administrations for the protection of the environment are, generally, 

not prone to authorize this operation. And second, wind developers are considered 

environmentally friendly companies. Hence, they often choose to not use this solution in order to 

protect their image.  

However, this solution can be handy when facing specific conditions. For example, when a wind 

turbine as burned off, the first solution cannot be used for obvious reasons.  

 

 Using bulldozers 

This last solution is similar to the former. The first steps are to prepare the reception area and 

getting rid of the environmentally harmful pieces. Then the mast is partially cut using a welling 
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torch. Finally, 2 bulldozers take down the tower using steel cables. This solution is a bit less 

environmentally harmful that's why it is the most common solution in Germany where wind power 

is well accepted. It is less expensive than using cranes, but it is still a bit dangerous for a company 

image and therefore it has never been used in France.  

The ethical or image question has been mentioned several times throughout this section. This is an 

important part of the job of a wind company, therefore this question will be further discussed in 

the social concerns section.  

The subjects that have been mentioned here are summarized below for the sake of clarity.  

Table 3-2: Summary of pros and cons of the different techniques of dismantling 

Technique Pros Cons 

Crane Good image, environmentally 

friendly, keep the turbine parts 

intact 

Very expensive 

Explosives Quick and cheap Environmentally harmful, ethics and 

image, administratively complicated 

Bulldozers Quick and cheap Image 

 

3.2.3 Horizontal dismantling 

 

The rest of the dismantling can be regrouped in this category. They can non-exhaustively be 

summarized in the following steps:  

 Preparation of crane areas or mast reception (if necessary) 

 Excavation and destruction of the foundations 

 Dismantling of internal grid post 

 Excavation of internal grid cables 

 Reconditioning of crane areas and old wind turbine spots 

 

Most of these steps are obvious and don’t need further discussion. Only one of them is worth 

discussing because it will enter in the strategic decision detailed later, it is the foundation.  

3.2.3.1 Foundations excavation and destruction 

 

The soil around the foundation is first extracted in order to free it. Then the dismantling company 

uses a hydraulic breaker to destroy it on site. The use of the breaker is intense due to the presence 

of steel framework inside the foundation.  

Thus, the depth of the excavation will greatly influence the total cost of the dismantling. As it was 

discussed in the administrative section, in most cases, French legislation demands an excavation of 

1m deep. Considering that most wind turbine foundations are ‘conical’, the volume to extract will 
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be even more dictated by the depth of extraction. As an example, the cost per unit of materials has 

been numbered as 100 €/m3. A foundation for a wind turbine varies between 150 m3 and 700 m3.  

 

The final cost is not the only factor to account for when deciding the strategy to employ. Again, 

the question of ethics and company image plays its part. Indeed, the full extraction can positively 

impact the company’s image, showing that after the end of operation, local land is exactly as it was 

before, with no harm whatsoever to the local environment. Sometimes this part is also formalized 

by contract between the landowner or the mayor’s office and the company.  

The concrete is classified by the Ademe as an inert material. Basically, it is considered by the 

regulation as a regular natural rock. However, it is necessary to conduct studies regarding the steel 

framework to evaluate the possibility of time degradation. Nevertheless, the regulation concerning 

the obligation of total excavation is currently under study.  

 

3.2.4 Turbine after-life 

When talking about renewable energy, the idea is, with reason, associated with the concept of 

recycling and the second life. The second-hand market was approached in the section explaining 

the dismantling with a crane. However, the recycling process is applicable to the three techniques 

mentioned in the vertical dismantling section, that is why this process is mentioned aside.  

The question of recycling is going to be a growing issue in the next few years. Although 97% of a 

turbine is recyclable, the blades are still an issue. Nowadays, the blades of the turbines are made of 

composite non-recyclable materials (carbon fibber, glass fibber, epoxy resin, …). In addition to the 

type of materials, it is the design of the blades that makes the recycling difficult.  

 

 

Fig. 3-1: Wind turbine foundation drawing (Way & Van Zijl, 2015) 

5 to 7 m 

15 to 22 m 

0,5 to 1 m 
2 to 4m 
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The sandwich structure is an alternance of different materials, such as wood, foam, composites, 

etc. When those materials are bond together, they are almost impossible to separate, making the 

recycling very difficult.  

Thus, if a blade is not sold on the second-hand market, it is crunched into pieces and burned for 

its thermic potential. However, when burning, these materials tends to emit a lot of ashes and 

chlorine. To limit the emissions, the crunched pieces are mixed with other materials that emits 

fewer toxic products. Currently, this is possible regarding the low volume of material to mix. 

However, the Ademe expects of a volume of 1GW to renew per year per 2025. This corresponds 

to approximately 3000 to 15 000 tons of composite material per year which cannot be handle by 

the actual industry.  

The blades only represent 3% of the total mass of a turbine. The 97% remaining are recyclable:  

 The foundation concrete is crunched in large pieces on site and transported to the recycling 

center. There, it is crunched into smaller pieces to be reused in the road construction sector.  

 The steel and copper are metals that have been recycled for many years. The parts are split 

on site and transported to the appropriate site.  

In a recent report (SER, 2019) the renewable energy syndicate published its results for the 

estimation of volume to handle in the coming years. A figure of the repartition of volume of the 

different materials to treat until 2032 is presented in Appendix 1. In the same report, a focus on 

the volume of composite materials to treat is also presented:  

 

Fig. 3-2: Blade elements plan (Corporation, Gamesa; National, Sandia, s.d.) 
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The numbers presented are based on the following hypotheses:  

Table 3-3: Assumptions for volume of materials calculation (SER, 2019) 

Dismantling rate in year 15 Dismantling rate in year 20 Dismantling rate in year 25 

30% 80% 100% 

 

The scale of these volumes shows the importance of working on optimizing the treatment process 

of this materials.  

 

3.2.4.1 Work in progress for blade recycling 

 

To overcome the blade’s recycling issue, several solutions are currently under study within the wind 

power sector:  

 Some companies are now specializing in the parts audit of turbines in order to assess the 

possibility of increasing their lifetime. It is not a proper solution for recycling the blades, 

but it could be interesting to show that the preconized 25 years are no longer topical. 

Moreover, it could smooth the recycling needs over several years. 

 The AD3R initiative (association for dismantling, recycling, repackaging and resale of wind 

turbines) was launched in 2011 in the north-east of France. The aim is to create a ready to 

use solution for dismantling for developers who don’t have the competencies to do it. This 

solution includes the full recycling of the turbine, according to the process above. 

Fig. 3-3: Expected volume of composite materials coming out from the French wind industry per year, until 2032 
(SER, 2019) – Title and legend translated 

Volume of composite materials coming out of the 

wind power industry (in tons/year) 

Glass 

fiber 

Resin 



-19- 
 

 Finally, one of the most promising solution is the new generation of wind turbines blades. 

Those new blades are made of thermoplastics which are designed to be recycled from the 

very beginning. At the end of the turbine’s life, two solutions are possible:  

o The blades are depolymerized which means that the thermoplastic comes back to 

its original state. The raw material can then be used to create a new thermoplastic.  

o The thermoplastic of the blades can be crunched and mixed with raw materials to 

create a new blade.  

o Several companies are currently working on this project such as Valorem, Cinoma, 

Goldwind and Arkema. General Electric is also constructing a new factory 

especially for this type of blades.  

o In 2019, two blades of 25m each have been manufactured. The first blade is going 

to be installed on an operating farm to prove its efficiency. The second one is going 

to be depolymerized to prove the concept for further recycling.  

o Of course, this initiative is just beginning but very promising. If the two tests 

mentioned above are successful, the next step is to try to enlarger those blade to 

make them market ready.  

 

3.2.5 Building the new wind farm 

 

When building a wind farm on an already known site, there is mainly two scenarios developers can 

choose. This section will go through the pros and cons of each one of them. As it will be shown, 

repowering on new spots can be way more efficient than doing it at the same spots, which is maybe 

the first option that comes to mind when thinking about renewing a wind farm. 

In table 3-4 below, the points marked with “*” may need more explanation to get the whole sense 

of the statement. This is discussed further below.  

 

Table 3-4: Pros and cons of the different scenarios for the new wind farm building 

Scenario Repowering at the same spots Repowering on new spots 

Pros Allows to keep the same number of 

wind turbines  

Each city that was previously 

concerned by the wind farm is still 

involved and can keep the benefits 

of the farm. This statement is true 

only when considering a farm 

scattered on multiple towns. 

Yield is higher when compared to 

invested CAPEX. * 

The production stoppage may be shorter 

before commissioning the new farm. 

Most of the new wind farm building 

happens before the dismantling of the 

old farm. * 

A partial dismantling of the foundation is 

technically allowed as it was explained in 

the administrative section.  

Cons Yield is often lower compared to 

invested CAPEX * 

The number of wind turbine is often 

reduced. Legislations have been hardened 
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Production cessation is longer 

because the dismantling needs to 

happen before the building. * 

Full foundation’s dismantling is 

necessary to make space for the new 

foundation. 

over the last years, reducing the potential 

zones of implantation (see map below). 

For the same reason, some towns may 

lose the benefits of the farm. 

This scenario is often linked to a 

substantial modification of the permit, 

complicating the administrative process.  

Both pros 

and cons 

The wind turbines keep similar sizes, 

which facilitate the administrative 

procedures and the local acceptation 

but may reduce the yield. * 

Sizes can be way larger (often linked to a 

high increase in the overall yield) but this 

increase can harden the local acceptation. 

* 

 

The map on figure 3-4 shows an example of a site with strong constraints. Some of these 

constraints, such as the 500 m buffer around habitations or the airplanes low altitude network are 

crippling (800 feet limit reaches a ceiling to the total turbine height to 90m). Others, such as 

environmental constraints are not crippling but will lead to compensating measure to preserve the 

environmental quality of the site. These cartographic data are the first step when developing a new 

project but also a repowering project. Indeed, with regulation evolution, it is possible that the site 

is no longer viable for WT implantation.  

Fig. 3-4: Map of a site with strong constraints 
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For the sake of clarity, some of the points mentioned in the table above deserve to be further 

explained:  

 Yield is higher when compared to invested CAPEX (or opposite statement). Indeed, the 

CAPEX, therefore the profitability, of a wind power project is intimately linked to the wind 

turbines prices as presented in the figure below. By reducing the number of turbines, the 

overall CAPEX is often decreased even though small turbines tend to be cheaper than 

bigger modern ones (the relation between size and price is not constant). 

 

 The wind turbines keep similar sizes (or opposite statement). When repowering on the 

same spots, it is important to consider the different constraints that have been accounted 

for during the preliminary studies of the first farm. Indeed, wind turbines generates wake 

effect, reducing the wind speed received by the downstream turbine according to the 

following formula:  

 

𝑈2 = 𝑈1(1 −
1 − √1 − 𝐶𝑇

(1 + 2𝑘
𝑥

𝐷𝑟𝑜𝑡𝑜𝑟
)
2) 

 

Where:  

Fig. 3-5: CAPEX for a land-based wind power plant project (Stehly, et al., 2016) 
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 Drotor is the rotor diameter 

 ‘x’ is the distance between two turbines 

 ‘k’ is the expansion coefficient: Around 0.075, as found in the literature (Okulov, et al., 

2015). 

 Ct is the thrust coefficient: Can vary between 0 and 1.  

 U2 and U1 are respectively the wind speeds at the downstream and the upstream turbine 

In the case of a same spot repowering, the distance between the two turbines is identical. The 

thrust coefficient will depend on the aerodynamics of the turbine and may slightly vary. However, 

the size of the rotor is the important factor. From this formula, it can be concluded that the bigger 

the rotor, the lower the wind speed U2. Each repowering case is obviously going to be different 

but in most, the implantation was chosen to set up the maximum wind turbines, with less wake 

effect losses. With an important increase of the size of the new turbines, in most cases, important 

wake losses will be encountered.  

 The production stoppage may be shorter before commissioning the new farm (or opposite 

statement) 

One of the main advantages of a repowering on new spots is that the new wind farm can often be 

built for most parts before decommissioning the old one. To understand better the impact of this 

assertion, the chronological study of a wind farm is presented below. This chart is designed for a 5 

WT farm (Miceli, 2018). 

Table 3-5: Wind farm construction main steps - (Miceli, 2018) 

 Month 

Major steps 1 2 3 4 5 6 7 8 9 10 11 

Engineering pre-studies            

Internal roads construction            

Crane pads construction            

Foundation pouring            

Wind turbines erection            

Grid connection            

Operation testing and grid connection            

 

With this reference set, it is possible to include where the dismantling could be for the different 

repowering strategies, and therefore estimate the production stoppage.  
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Table 3-6: Wind farm repowering - Turbines at the same places 

 Month 

Major steps 1 2 3 4 5 6 7 8 9 10 11 12 

Engineering pre-studies             

Internal roads rehabilitation             

Old WF dismantling             

Foundation pouring             

Wind turbines erection             

Grid connection             

Operation testing and grid connection             

 

When repowering the WT at the same places, the dismantling happens before the new foundation 

pouring. This scenario considers that once a turbine is dismantled, the new foundation is 

immediately poured (not waiting for the full dismantling). This leads a production stoppage of 6 to 

9 months. 

Table 3-7: Wind farm repowering - Turbines at new places 

 Month 

Major steps 1 2 3 4 5 6 7 8 9 10 11 

Engineering pre-studies            

Internal roads construction            

Foundation pouring            

Wind turbines erection            

Old WF dismantling            

Grid connection            

Operation testing and grid connection            

 

If the developer chooses to new places, the dismantling intervenes just before the grid connection 

and after the new wind turbines erection. The production stoppage is only 2 to 4 months.  

 

 

 

 



-24- 
 

3.3 Social concerns 

 

Most common complaints against wind power can be categorized as below:  

 Landscape modification 

 Noise disturbance and induced stress 

 Property depreciation 

 Faunistic impact 

Directly linked to the rule’s evolution over the past 20 years, the social opposition of wind farm 

repowering can be of great issue for developers. Formerly, most of the old wind farms were not 

constrained by the restrictive rules of the classified installation for environmental protection. As a 

result, you can easily find old wind turbines less than 300 meters from households. Those turbines 

have generated disturbance for local population, mainly related to landscape modification and 

noise. Of course, noise disturbance has been minimized through curtailment with the rule’s 

evolution. However, wind farm owners couldn’t minimize the landscape impact except by 

dismantling their park.  

To these concerns, an increasing general opposition against wind power in France has appeared. 

Some towns which were prone to accept wind power projects 20 years ago are now strongly 

opposed to it. This can come from several sources such as demographic evolution, influence of 

public opinion or wind power weariness.  

More specific to a repowering case, developers have to consider the fact that the local population 

has a 15 to 25 years’ experience of wind power. Possible protests will be even more relevant when 

they will be justified by a living experience. On the contrary, living by a WF may have strengthen 

or even change the mind of local population. Five categories have been identified to classify the 

possible conduct regarding wind power in a repowering case:  

 Opponent who stayed opponent 

 Opponent who became pro wind power 

o Possible causes: Good relationship with the owner, limited or absence of 

disturbance, general change of mentality towards renewables, …  

 Ex pro wind power who became opponent  

o Possible causes: Proximity to a turbine (noise disturbance, …), poor relation 

handling by the owner, … 

 People in favor of wind power who stayed this way 

 New people in town 

 Indifferent 

A study on site is necessary. It is pretty much alike the study that is carried out when arriving on a 

new territory. The only difference is that developers may encounter all the categories of people 

precited, which they may not be used to.  

In October 2018, a survey was carried out by the agency Harris Interactive where the goal was to 

evaluate the perception of wind power by the French population. (Lévy, et al., 2018) 

The method chosen and the parameters gives a margin of error. For a sample of 1000 persons, this 

margin is given in the table below:  
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Table 3-8: Margin of error of the wind power appreciation study 

 Results 

Sample size 5% or 95% 10% or 90% 20% or 80% 30% or 70 % 40% or 60% 50% 

1000 persons 1,4 1,8 2,5 2,9 3,0 3,1 

 

Examples: If the result of the study is 10%, this means that, for a 1000 people sample, the results 

have a 95% probability to be between 8,2 % and 11,8 %. If the result is 30%, it has a 95% 

probability to be between 27,1% and 32,9%.  

 

The first survey was carried out online from the 25 to 27 of September 2018, on a sample of 1091 

persons aged more than 18 years old with a repartition similar to the global French population. 

The quota method was applied and the age, sex, profession group and living region factor were 

adjusted.  

The repartition of the different opinions is presented on the figure below.  

 

 

 

For the second survey, opinions were collected by telephone from the 24 of September to the 2 of 

October 2018. People were chosen for living near a wind turbine (within 5 km). The same method 

was applied, and the same factors were adjusted, except that the proximity to a town having at least 

one wind turbine was added as a factor. The results are presented in the figure below.  

Fig. 3-6: Perception of wind power from a representative sample of French population 
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These two surveys show that French population has, for the majority (73%), a good image of wind 

power. This number goes even up to 80% when people live near an operating wind turbine. These 

results are interesting for this study because it shows that the preponderant categories tend to be 

the 2 and 4 mentioned above. It shows that the development of a repowering project may 

theoretically be easier than for a project on a new territory.  

 

3.4 Possible strategies for wind repowering 

 

In this section, the main possible strategies are going to be presented. The goal is to summarize all 

the concerns that were described above and arrange them in an ergonomic manner to help 

developers in their process of decision. This summary will be presented as an organigram. 

When thinking about repowering, developers should not only consider the benefits of the new 

farm but also what they may lose by dismantling the old one. That is why they should always 

consider both projects at the same time weighted the pros and cons of each one.  

 

 

 

Fig. 3-7: Perception of wind power from French people neighbouring a wind farm 
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Operating wind farm

•Technical concerns: 

•How confident am I with the installed technology? 

•Do I have feedback from other wind farms, other developpers for this technology?

•Is this brand and model realiable? 

•Are there spare parts available on the market?

•Financial concerns: 

•When is the PPA ending ? 

•What are the remuneration possibilities at the end of the PPA? 

•What is the profitability of the farm if no PPA is found (i.e. selling directly on the electricity market)?

•What is the profitability according to the different O&M strategies?

Repowered wind farm

Technical concerns:

What is my long term feedback on the wind quality of the site? Is it in agreement with the first 
studies? 

oSocial and financial concerns: 

oWhat is the feedback on the operating wind farm from local populations?

oWhich dismantling strategy is forecast? Is it necessary to aim for a full foundation dismantling and 
use a crane to improve population acceptance? 

oAdministrative concerns:

oWhich administrative scenarios are conceivable considering this feedback? 

oIs an unsubstantial modification can be considered?

Profitability:

What is the profitability of the new project alone (according to the main hypothesis: PPA, 
comissioning date, CAPEX, ...)? 

Repowering optimisation 
according to results of  both 

studies
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4 DECISION HELP TOOLS 

All the qualitative concerns that wind developers may encounter during a repowering process have 

been studied. Now it is important to set up a tool that can help them decide, as objectively as 

possible, whether it is acceptable to start the repowering consideration. For this, the tool should 

take into account all the qualitative parameters mentioned above and deliver an indicator that can 

help evaluate the overall project. This indicator should also help compare different scenarios that 

the users may think of, according to the specific situation. 

The main tool will be based on the overall economy of the project. As it was designed in the 

industrial sector, the profitability is what guides the investments toward a project or another. Of 

course, all the other parameters are going to be considered in this economic tool, but the results 

will be a financial comparison.  

A smaller tool was also designed to evaluate the dismantling costs and will be presented in this 

chapter.  

4.1 Dismantling costs calculation tool 

 

The dismantling costs calculation tool is based on several internal studies that were ordered in 

different engineering offices. The results of those studies were aimed at assessing the dismantling 

costs of specific projects. The results were presented as a macro-economic analysis for all the wind 

farm, with few breakdowns of the costs. The main work that was performed for this part was to 

differentiate the costs, and to breakdown the cost to unit quantities.  For example, the foundation 

destruction costs, originally numbered as a flat fee for one foundation, was breakdown to the cost 

to dismantle a ton of steel framework and a cubic meter of concrete. Then, this template could be 

used as a tool to evaluate the dismantling of each wind farm independently of the type of turbine. 

Of course, it is only usable as a first approach tool because each dismantling will depend on the 

specificities of the farm. In more advanced step, a concrete request for quotations should be 

performed.  

In the table below, an example of costs breakdown is presented. Only the headings are mentioned 

for confidentiality reasons and the number presented were slightly modified. This breakdown is 

made for an 11 small turbines wind farm.  

Table 4-1: Example of dismantling cost breakdown (only headings) - Data were modified and complete 
breakdown is undisclosed 

Main posts Total prices 

Wind turbines dismantling 500 000 

Electrical post dismantling 200 000 

Foundation excavation 450 000 

Cables excavation around electrical posts and turbines 20 000 

Rehabilitation of working area with similar soil  100 000 

Recycling of materials -700 000 

Total 570 000      EUR 
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As a reminder, the French regulation require to set up a provision of 50 000€ per wind turbine to 

dismantle the wind farm. Consequently, it seems that the recommended financial provision is 

enough to cover the expected expenses induced by the dismantling.  

 

4.2 Main tool indicator 

To evaluate the repowering, the net present value (NPV) has been chosen as the indicator. The 

NPV has several advantages when comparing several scenarios of a project. It is calculated with 

the following formula:  

𝑁𝑃𝑉 =∑
𝐶𝐹𝑛

(1 + 𝑟)𝑛

𝑇

𝑛=0

 

Where:  

 ‘n’ is the current year, between 0 and 30 

 ‘T’ is the final year of the financial analysis, between 20 and 30 

 ‘CFn’ is the net cash flow for year ‘n’  

 ‘r’ is the discount rate, between 0 and 1. 

 

The NPV is calculated for a determined number of years. It has the benefit to represent the 

depreciation of the value of the cash-flows of the project. In other words, it shows the future value 

of the money invested or won. This is done using the discount rate, ‘r’ in the formula. The discount 

rate has a value between 0 and 100% and determine how fast the value of the cash-flows decrease. 

As a result, by adjusting the discount rate, it is possible to consider the specific characteristics (i.e. 

the different concerns expressed above) and therefore how much confidence is put in the project.  

For a specific project, if the NPV is positive the project is considered profitable, considering the 

assumptions taken. Indeed, it is important to challenge the parameters chosen in the scenario. If 

the parameters are too conservative, one may consider the project non-viable or weak in front of 

other projects or scenarios. On the contrary, with advantageous parameters, one may consider the 

project to be strong even though reality is highly unlikely to happen this way.  

 

4.3 Main tool setup   

This section will focus on the main characteristics of the tool. It will also go through the different 

versions that were created throughout this work. 

4.3.1 Final tool 

In order to calculate the NPV, the cash-flows of the project must be calculated. To do that, it is 

necessary to use a business plan where the cash-flows are calculated each year, considering the 

following:  

 Originally invested CAPEX 

 OPEX 

 Income 
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 Taxes 

 Energy yield 

 PPA 

 Yearly debt reimbursement  

 

A business plan was already used at Voltalia for the project in new territories. However, it had to 

be adapted to the repowering case because it didn’t consider specific characteristics or didn’t 

calculate important values. The original model is divided in several sheets with the two main ones 

as follows:  

 

 An input sheet where all the costs, CAPEX and OPEX are entered. It also determines the 

expected PPA and annual yield in order to calculate. This sheet must be exhaustive on the 

incomes and investments. It is possible here to enter several scenarios where the main 

assumptions can be changed. For example, it is possible to try scenarios with different 

number of turbines, different sizes, different models, …  

 The business plan sheet is based on the input sheet and calculates the incomes from the 

energy selling, how the CAPEX are reimbursed over the years, how the OPEX decrease 

the incomes. From this, it is possible to extract the main indicators for the project 

profitability such as LCOE, IRR on equity and on project or payback date.   

 

The characteristics that were added are essential for the assessment of the repowering project value:  

 The project NPV 

o The project NPV is calculated based on the cash-flows equity of the project, i.e. the 

company’s invested money and internal incomes (By opposition to the debt 

reimbursement income).  

 The dismantling date of the old farm and thus, the commissioning of the new one:  

o The dismantling date is one the most important parameter in the input sheet. 

Indeed, it decides how many years the old farm is producing and even more 

importantly for long the new wind farm cash-flows are discounted, even before the 

farm is commissioned. The model is based on the costs today, and how they will 

evolve in the next years. Then, when the dismantling date evolves, the CAPEX 

(mainly driven by the turbine prices) will decrease but the discount rate will be 

applied to compensate this decrease. These two factors will of course impact the 

overall project economy. An example is presented below. The figure shows that the 

first year (2019 here) is accounted for in the model but the cash-flows are equal to 

zero. Meaning that no CAPEX nor OPEX were invested and no income harvested. 

However, this year is accounted for in the NPV calculation, strengthening the 

discount on the cash-flows when they start to be different from zero.  
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 The date the inputs are based on. Indeed, as it was just mentioned, the inputs should be 

based on a specific date and evolve according to the market expectations.  

 The production stoppage between dismantling (old farm) and commissioning (new farm). 

The interest of this parameter will be further explained below.  

 The dismantling cost was not added. It is calculated aside with the tool presented earlier 

and sent to the finance department that takes care of the operating assets.  

o In this model, the dismantling cost is assumed to be paid with a money provision 

accumulated from several years of income from the operating wind farm. Indeed, 

as it will be shown in further section, the last living year income cannot fully cover 

the expected dismantling costs.  

 The expected evolution of the turbine’s prices. Indeed, the CAPEX of the project is mainly 

driven by the turbine prices, by far the most expensive cost in wind farm development as 

presented in Fig. 3-5: CAPEX for a land-based wind power plant project. The figure and 

table below show the evolution of turbine price per megawatt from 2008 to 2019. These 

data can be used in the tool to try to evaluate the yearly price fall.   

 

Table 4-2: Turbines price index evolution in the U.S (Statista, 2019) 

Year 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 

Price Index [M$/MW] 1,58 1,72 1,45 1,29 1,22 1,16 1,2 1,12 1,07 0,89 0,82 0,79 

Evolution by year [%] X 8,9 -15,7 -11,0 -5,4 -4,9 3,5 -6,7 -4,5 -16,8 -7,9 -3,7 

 

Fig. 4-1: Main financial indicator calculations 
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 The discount rate is what drives the depreciation of the cash-flows during the project 

lifetime. In the upcoming section, it will be shown that it has a great impact on the apparent 

profitability of a project.  

 A new sheet was created to account for the farm in operation. The cash-flows of the 

operating wind farm are taken from the real data provided by Voltalia’s financial services. 

Derived from those data, the expected cash-flows in the upcoming years are calculated.  

o The first approach was to try to model the operating farm through the same 

business plan, in another scenario. The NPV was then calculated by adding the 

NPV of the two parts of the projects, modelized as two distinct projects. However, 

this generated several issues, guiding this work towards another solution. The issues 

were as follow:  

 When modelling a wind project, it is necessary to use assumptions on the 

production, on investments and hence on the cash-flows from the 

beginning of its life. However, trying to proceed like this for the operating 

WF is equivalent as trying to model the past. This simulation can be more 

accurate considering that data of several years of the wind farm’s life are 

known. Indeed, the real cash-flows are known and consider all the 

unexpected events that may have occur (heavy unplanned maintenance for 

example). Moreover, the current financial situation of the project tells if the 

originally expected financial plan was respected. Thus, the payback date can 

be estimated more precisely.  

Fig. 4-2: Wind turbines price index in the US from 2008 to 2019 (Statista, 2019) 
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 Based on the past life, it is also possible to perform long-term expected 

yield simulation. Most of wind project business plan are based on a one-

year wind study. This is enough to cover all the seasonal changes of wind 

characteristics. However, it often happens to notice changes from a year to 

another. Long-term study (generally 10 to 15 years, according to the wind 

farm lifetime) allows for smoothening the possible overestimation or 

underestimation that can be encountered in a one-year measurement. 

o As presented in Fig. 4-3, the profitability of the operating project is calculated for 

four discount rates, between 8,0% and 9,5%, and for all the possible remaining 

years of the farm lifetime. The wind farm considered here was commissioned in 

2008, and modelized until 2031 (not all the years are presented in the picture).  

o The NPV presented in the figure is calculated for fully operating years. As it was 

presented in the ‘Building the new wind farm’ section, the dismantling strategy can 

guide towards strategies involving a production stoppage way lower than a year. 

Thus, when running the model, the cash-flows of the last year of operation are 

divided in order to match the expected production stoppage. This factor is an input 

as presented above.  

 

4.3.2  Previous versions of the tool 

 

All the inputs presented above are then used to calculate the project profitability. Many solving 

approaches were used in order to reach the final model. The most relevant of them are going to be 

presented here to better understand the reasoning that was employed when developing the model.  

 

4.3.2.1 First version 

 

In the premises, the goal was to evaluate the NPV as an indicator and if it was relevant to use. 

Thus, the first model calculated the project NPV for a wide range of discount rates, between 3,5% 

and 9,5% with steps of 0,5%. This study made clearer the influence of the discount rate and how 

it should be used in the final version. 

In the first approach the operating wind farm was modelized as an independent scenario. The 

production was stopped during all the dismantling and construction and the resulting chronology 

was as follow:  

Fig. 4-3: Financial simulation of the operating wind farm - Data were rounded up or down 
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The optimization of the dismantling was not possible with this approach because the construction 

of the farm had to be fully considered and could not be implemented at the same time as the 

dismantling.  

The other main limitation of this model was the impossibility of modelling multiple different 

scenarios. Every change had to be inserted manually.  

The results of this first model were quite elementary but give a good apprehension of the evolution 

of expected value with the discount rate.  

The figure below shows the NPV of: 

 In red: The old wind farm operating for the years 10 to 15 and then, the new wind farm 

operating for 25 years 

 In blue: the old wind farm operating for the years 10 to 15 followed by its dismantling 

 

 

The interesting information to recall for this graph is that the discount has very little influence on 

a scenario of simple operating and dismantling. There are two reasons that explain this behavior: 

 -
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N
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Discount rate

Operating and dismantling without repowering (15 years) Repowering after 15 years

Fig. 4-5: NPV evolution with discount rate for a specific scenario 

Old wind farm operation until a 
year chosen by the user

Dismantling and Construction 
period chosen by the user 
(generally 9 to 12 months)

New wind farm 
operating

Fig. 4-4: Simplified timeline of first decision help tool 
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 The number of years of discount rate application is different. As presented above, the 

discount rate is applied each year at the power of the number of years of calculation. 

Therefore, since the repowering scenario is calculated over 25 more years than the 

dismantling one, the discount rate has a deeper impact.  

 The CAPEX, OPEX and revenues are way larger for the repowering scenario because it 

considers all the investments of the new project and the induced incomes.  

However, with those hypotheses, the repowering scenario always showed higher returns, whatever 

the value of the discount rate.  

The first version showed the influence of the discount rate. Its value is generally chosen by the 

company’s investors and takes into account the risk they are willing to take with the specific project. 

NB: The value is calculated with a repartition between those risks, but the finality is to represent 

the expected return on investment for investors.  

In Voltalia, the discount rate is based on several criteria. The choice of the following items can be 

linked to the different concerns that were presented in the “REPOWERING CONCERNS” 

chapter: 

 The country economic risk is, as its name implies, specific to the country. It will be 

influenced by the financial stability, the history of similar projects, … 

 The country political risk represents the possibility of having an important shift of political 

aspiration resulting in a strong opposition against renewables and/or wind power.  

 The technological risk is relative to the expected technologies to be installed, and mainly to 

the turbine type. 

 The development’s risk is linked to the precise location of the project. Indeed, it accounts 

for the technical issues such as the wind quality but also the social concerns and the related 

opposition that developers may encounter. It also considers the possibility of the permits 

being rejected by the administration after having already spend a certain amount of money 

in development.  

 The local political risk can be linked to the development’s risk, but it is presented aside to 

strengthen its importance. It represents the possibility of a shift in political behavior locally, 

resulting in a possible opposition of the implantation town. It can vary depending on the 

proximity with a local or regional election.  

 The construction’s risk represents the possibility of having high over-costs due to 

unexpected incident during construction (important accident, subcontractor delay, etc.). 

Obviously, the last four criteria will be project dependent whereas the first two may only change at 

a more global level, affecting all developing projects. The repartition of importance of each of these 

items can be summarized in the table below. This repartition is related to the specific project that 

will be further discussed later in this report (Chapter 5).  

Table 4-3: Proposed discount rate breakdown 

Criteria Country 

economical 

Country 

political 

Technological Project 

development 

Local 

political 

Construction 

Discount 

rate  
2% 2% 1,5% 0,5% 3% 0,5% 
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The ‘Local political’ factor is high here because the next municipal elections in France are planned 

for 2020. 

 

4.3.2.2 Second version 

 

With the influence of the discount rate cleared, the second version of the tool could start to study 

the profitability of the repowering project. This second version of the tool allowed the user to study 

the repowering profitability for a wide range of dates and discount rates. The PPA corresponding 

to the first expected year of repowering had to be typed in by the user, and this PPA fell at a rate 

specified by the user.  

As stated before, a repowering project considers two parts: an old wind farm operating followed 

by the construction and operation of a new project. In the figure below, the blue part represents 

the old wind farm and the red parts the repowered project. For this simulation, the first possible 

date of repowering was 2022 with a PPA at 60€/MWh falling by 1€/MWh each year. It’s important 

to notice that the two parts are not discounted at the same rate. The repowered project is fully 

discounted at 9,5% whereas the old farm operation is only discounted at 8,5%. This comes from 

the unapplied 1% of construction and development criteria.  

A turbine price fall is also applied in this simulation and is a hidden factor. This fall was set up at 

2% per year to keep a conservative assumption (see Fig. 4-2: Wind turbines price index in the US 

from 2008 to 2019 ) 

 

 

Fig. 4-6: NPV breakdown per project part as a function of tariff and repowering date – Original data were modified 
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In this figure, one can easily see that the old project value increase when staying in operation, 

having more and more importance in the profitability balance. However, it starts to stagnate in the 

last years, mainly because of the loss of the PPA in 2024 and from the discount increasing its impact 

each year.  

The repowered part is, however losing parts in the profitability balance with each passing year. This 

shows the impact of the PPA on the expected value. Although the turbine price (main investment 

post) is decreasing, the overall value of the project decreases. To put things into perspective, it is 

important to consider what represents a 1€/MWh decrease. The scenario simulated considers 5 

turbines of 4,2 MW with a P50 of 2928h/year. As a result, a 1€ PPA fall represents a 61 488€ 

income loss each year.  

This version can also compare a repowering project with the scenario of operating the current 

project and dismantling it. With the scenario presented above, it is obvious that the repowering 

project will always be profitable since the repowering project always has a positive NPV. However, 

the repowered wind farm has 5 wind turbines with a total height of 180m each which can be 

difficult to accept in certain locations.  

To be more relevant, the scenario presented below considers 7 wind turbines with a total height of 

150m each. The blue curve represents the old farm operating and dismantled and the red one the 

repowering project. Before going further, it is important to remember that those scenarios are 

dependent on many hypotheses. Only the major ones are presented but a small change of multiple 

factors can lead to completely different results. This scenario shows that repowering a wind farm 

can sometimes be economically unviable if the developer does not choose the right assumptions. 

This is where this tool takes its relevancy.   

 

Fig. 4-7: NPV comparison between repowering and simple dismantling projects 
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However, this version of the tool has one major flaw that twist the results. It compares the NPV 

calculated with the project cash-flows. When comparing the value of different project, one should 

focus on the equity invested and not the overall project cash-flow. A project cash-flow considers 

all the investments necessary to the project operation. However, it doesn’t really matter if the 

project is not creating value because the excess of value created is supposed to go to the investors. 

To evaluate if the project is worth an investment, it is better to calculate its NPV on the created 

value for investors, therefore and the equity cash-flows.  

This version also allowed only the comparison of dismantling in year X with the repowering in the 

same year X and couldn’t compare quickly a dismantling at the end of the life (2030 for example) 

with an early repowering (2024 for example). This was a limitation corrected in the next version.  

4.3.2.3 Third version 

The major flaws presented above are corrected in this version. The NPV is now calculated on the 

equity cash-flows and it is possible to compare the dismantling in a set year with the repowering 

on different dates. A major characteristic of the final model appears here. The operating project 

economy is calculated according to the specification presented ‘Final tool’ chapter (on equity cash-

flows).  

 

For the chosen hypotheses, this figure shows that the repowering project is the most profitable for 

the year 2029. It also shows that it is more profitable to repower the farm between 2026 and 2031 

than simply dismantling the farm in 2031. However, repowering before 2026 is less profitable than 

a simple dismantling in 2031.  

  

Fig. 4-8: NPV comparison for repowered project vs simple dismantling at different dates 
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5 PRACTICAL STUDY: REPOWERING of LAURAGAIS 

WIND FARM – TECHNO-ECONOMIC CONSIDERATIONS 

5.1 Model input data 

All the preliminary work presented in this thesis aimed at setting the fundamentals of a practical 

analysis as it is performed in the industry. A classical project development includes at least 1 year 

of wind data collection at the expected hub height.  

The repowering case is specific. It does not require wind resource assessment and even though it 

might be needed in certain cases (for instance considering a change in hub height after repowering), 

new wind measurements would have been difficult considering the presence of the operating farm 

as a perturbating element. This is a strong advantage as long as the scaling of the wind data is done 

properly. Indeed, the new wind turbines are expected to be higher, changing the encountered wind. 

This extrapolation was performed in WAsP considering the land type, specific local relief, etc.. 

5.1.1 Project overview 

The project studied is in the southwest of France in the region called Haute-Garonne. The existing 

wind turbines are Ecotecnia E80, operating since January 2008. Ecotecnia is a Spanish brand, which 

was taken over by Alstom in 2007. The energy branch of Alstom was then purchased by General 

Electric in 2017.  

Eleven turbines are currently operating and are installed in a L-shape fashion as shown on the map 

below (Fig. 5-1). The height of each turbine hub is 60 m and the rotor diameter is 80 m, leading to 

a total height of 100 m. The surroundings are open fields with no vegetation to partially hide the 

turbines or disturb the wind flow.  

The main constraints of the area are presented and discussed here below, mainly because this site 

is not particularly difficult to repower, nevertheless it has its own specificities that make it an 

exemplary case.  
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A quick inspection of this map helps to notice three important characteristics.  

 First, some of the turbines are located closer than 500m of the nearby habitations. The blue 

area on the map represents the 500m buffer around places of human residence. This WF 

was constructed before the WT were included in the regulations for installations 

categorized for the protection of the environment. The regulation demands 500m 

minimum between a habitation and the first wind turbine.  

 The WF is located just at the west of a cliff which limits the possibilities for different wind 

farm shapes. The rest of the land around the farm is rather flat. The position of the wind 

turbines inside the WF are strongly determined by the incoming direction of the wind, 

often summarized in a wind rose. For this specific situation, three directions prevail. These 

three directions are ideal because of the shape of the potential implantation zone which 

form a line perpendicular to those directions (see Fig. 5-2).  

 The project is located on a ‘Natural zone of ecological interest, fauna and flora’. This 

constraint is not crippling to obtain the environmental authorization, but it may be a point 

that will be of importance during the environmental studies.  

 

 

 

Fig. 5-1: Current Implantion of Lauragais wind farm and main constraints of the area 
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5.1.2 Possible strategies for repowering 

 

Knowing the main constraints presented above, it is now possible to select possible repowering 

strategies, according to the recommendations specified in “3.4 Possible strategies for wind 

repowering”. 

The potential implantation zone was reduced since the first wind farm was commissioned. The 

first things to consider are the regulatory issues and whether to aim at an unsubstantial modification 

of the authorization and stay within the same size of turbine or increase the total size and obtain a 

new environmental authorization.  

Aiming at an unsubstantial modification implies to keep the same implantation and fully excavate 

the foundation, increasing the dismantling costs. Furthermore, it limits the size increase of the wind 

turbines, preventing the usage of the new generation of large turbines. However, it leaves the 

possibility of having 11 turbines, which is not possible with the substantial scenario, considering 

the reduction of the potential zone of implantation.  

From the social point of view, the first project development encountered some opposition, but the 

wind farm is today well accepted. Even with the recent grow of opposition against wind power, 

the development of the new project should be facilitated by a solid relation between the local 

population and representatives and the wind farm owner.  

As presented in the beginning of this chapter, one can see that this project is not particularly 

difficult. This leaves the possibility of studying a large range of scenario without a strong limitation 

on height (especially, no aeronautic or landscape regulation). The study of the most efficient and 

profitable scenario will be determined by a technical and economic analysis.  

First, 3 strategies are going to be presented. Each one of these strategies comprises several 

scenarios. Each scenario was tested with simulations tools, giving different results. The main goal 

Fig. 5-2: Wind rose obtained with 10 years 
measurements (Voltalia, 2018) 
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is to create a database for each strategy that can be used as a basis for further study, considering 

the main constraints and the profitability.  

When the database is constituted, a first selection can be done to compare the most profitable 

strategy.  

5.1.2.1 Strategy 1 – Repowering at the same exact places (11 new turbines) 

 

For this scenario, each one of the new turbines will be implanted on the same spot as an old one. 

This implies that the electricity production will be stopped for the whole duration of the 

construction work and the schedule will be as presented in Table 3-6.  

This option also involves that the developer chooses turbines with similar heights as the old farm 

to stay within the unsubstantial criteria for the modification of his authorization (Reminder: total 

height maximum increase of 50%). Indeed, since some of the turbines are located closer than 500m 

from the nearest habitations, a new authorization cannot be demanded to the state. For the 

production simulation, 5 turbines were simulated as presented in the table below.  

Table 5-1:  Strategy 1 - Repowering at the same places - 11 WT scenario – Data were modified 

Layout 
 

1 2 3 4 5 Current 

Number of WTG [ - ] 11 11 11 11 11 11 

Manufacturer [ - ] Nordex Senvion Siemens 

Gamesa 

Vestas Vestas Ecotecnia 

Type of WTG [ - ] N117/360

0-3.600 

3.4M104-

3.400 

SWT-3.2-113-

3.200 

V112-

3.6-3.600 

V117-3.6-

3.600 

1670 

Turbine 

price/unit 

[k€] 2 000 1 900 2 500 1 800 2 200 - 

Rated power [MW] 3,6 3,4 3,2 3,6 3,6 1,7 

Installed 

capacity 

[MW] 39,60 37,40 35,20 39,60 39,60 18,37 

Hub height [m] 76,0 78,0 74,5 69,0 80,0 60,0 

Mean distance 

between turbines 

[m] 240,0 240,0 240,0 240,0 240,0 240,0 

Total height [m] 134,5 130,0 131,0 125,0 138,5 100,0 

Total height 

increase 

[%] 34,5 30 31 25 38,5 - 

AEPgross [GWh/yr] 86,45 73,62 84,14 79,38 89,67 35,50 

FLHGross [h] 2 183,20 1 968,32 2 390,32 2 004,60 2 264,51 1 932,50 

LossWake [%] 7,0 5,9 6,8 6,7 6,8 4,1 
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From a technical point of view, those scenarios are equally difficult to complete successfully. The 

expected energy production of the fifth scenario is the highest, but the total height increase is also 

the highest with 38,5%. It is difficult to estimate if this increase will be accepted by the authorities 

since it depends on a regional jurisdiction (for a total height increase between 10 and 50%) and 

there is no precedent case to refer to.  

Environmental and curtailment losses are equal to 0 

 Environmental losses come from wind turbine stoppage for environmental reasons. For 

example, this could be bird migration or bat presence during the night between May and 

October (All bat species are protected in France). This loss is 0% because no environmental 

limitations are applicable to the currently operating project.  

 Curtailment losses are linked to acoustic levels of the turbines. Even though the regulation 

is new, it is applicable to all wind farm currently operating. However, it depends on the 

turbine type and position. Important improvements have been made during the last years 

to reduce the turbines sound emissions. It is difficult to assess losses at this stage of the 

project, as long as no acoustic study has been performed.  

 

5.1.2.2 Strategy 2 - Repowering at different places – 7 new turbines scenario  

 

For this scenario, only seven wind turbines will be implanted. Those turbines are going to be bigger 

and the unsubstantial case is going to be difficult to obtain. Therefore, it will be necessary to stay 

within the potential zone of implantation identified earlier, which is at least 500m for the nearest 

habitation.  

 

AEPwake [GWh/yr] 80,36 69,27 78,45 74,08 83,55 34,05 

LossAvailability [%] 3,0 3,0 3,0 3,0 3,0 3,0 

LossElectrical Efficiency [%] 1,5 1,5 1,5 1,5 1,5 1,5 

LossTurbine Performance [%] 1,0 1,0 1,0 1,0 1,0 1,0 

LossEnvironmental [%] 0,0 0,0 0,0 0,0 0,0 0,0 

LossCurtailment [%] 0,0 0,0 0,0 0,0 0,0 0,0 

LossTotal [%] 12,0 11,0 11,8 11,7 11,8 9,3 

AEPP50 [GWh/yr] 76,03 65,54 74,21 70,09 79,04 32,21 

CFP50 [%] 21,92 20,00 24,07 20,20 22,79 20,01 

FLHP50 [h] 1 920,19 1 752,00 2 108,53 1 769,52 1 996,40 1 752,88 

AEPP75 - AEPP90 [GWh/yr] 69,87 - 

64,34 

60,23 - 

55,46 

68,21 - 62,80 64,41 - 

59,31 

72,65 - 

66,89 
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Table 5-2: Strategy 2 - Repowering at different places - 7 WT scenario – Data were modified 

 

NB: The turbines tested have the same nominal power that those tested in the first strategy. The main 

difference is the hub height, much higher than in the first strategy. The generator and the rotor diameter 

are, however, the same.  

Layout 
 

1 2 3 4 5 Current 

Number of WTG [ - ] 7 7 7 7 7 11 

Manufacturer [ - ] Enercon Siemens 

Gamesa 

Senvion Vestas Nordex Ecotecnia 

Type of WTG [ - ] E-115 

EP2-

3.200 

SWT-3.2-

113-3.200 

3.4M114-

3.400 

V117-3.6-

3.600 

N117/360

0-3.600 

1670 

Turbine price/unit [k€] 2 700 2 500 2 600 2 400 2 250 - 

Rated power [MW] 3,2 3,2 3,4 3,6 3,6 1,7 

Installed capacity [MW] 22,40 22,40 23,80 25,20 25,20 18,37 

Hub height [m] 92,1 92,5 90,0 91,0 91,0 60,0 

Mean distance 

between turbines 

[m] 200,0 200,0 200,0 200,0 200,0 240,0 

Total height [m] 149,6 149,0 147,0 149,5 149,5 100,0 

Total height increase [m] 49,60% 49,00% 47,00% 49,50% 49,50% 
 

AEPgross [GWh/yr] 57,58 58,21 57,41 60,25 59,26 35,50 

FLHGross [h] 2 570,56 2 598,58 2 412,03 2 390,72 2 351,55 1 932,50 

LossWake [%] 2,9 2,7 2,5 2,7 2,7 4,1 

AEPwake [GWh/yr] 55,91 56,66 55,96 58,64 57,63 34,05 

LossAvailability [%] 3,0 3,0 3,0 3,0 3,0 3,0 

LossElectrical 

Efficiency 

[%] 1,5 1,5 1,5 1,5 1,5 1,5 

LossTurbine 

Performance 

[%] 1,0 1,0 1,0 1,0 1,0 1,0 

LossTotal [%] 8,1 7,9 7,8 7,9 8,0 9,3 

AEPP50 [GWh/yr] 52,89 53,60 52,94 55,48 54,52 32,21 

CFP50 [%] 26,95 27,32 25,39 25,13 24,7 20,01 

FLHP50 [h] 2 360,82 2 393,23 2 224,16 2 201,39 2 163,72 1 752,88 

AEPP75 - AEPP90 [GWh/yr] 48,61 - 

44,76 

49,26 - 45,36 48,65 - 

44,80 

50,99 - 

46,94 

50,11 - 

46,14 

- 

vm [m/s] 6,1 6,1 6,0 6,1 6,1 5,6 



-45- 
 

With the chosen turbines, the total height increase varies between 47 and 49,6% which is at the 

upper limit the regulation for unsubstantiality. This almost surely implies that a new authorization 

will be needed, then it will be treated similarly to a new project.  

The mean distance between the turbine has been reduced compared to the 11 turbines scenario 

but the wake losses have decreased. One could expect an augmentation of the wake effect losses. 

This goes the other way around because of the prevailing wind direction. As it can be seen on the 

map below, the new implantation forms a line that is perpendicular to the prevailing direction, 

reducing the wake effect losses.  

 

 

On this map, one can notice a specific zone at the north (circled in green) remains empty, whereas 

there is enough space for one more turbine. This zone is, in fact, lower than the rest of the turbines 

by about 20 to 30m as it can be seen with the level lines of the map. Putting a turbine there would 

increase the yearly production of the farm but the specific yield of this turbine would be way lower 

compared to the others. The CAPEX of the farm would also increase strongly, resulting in an 

unprofitable investment.  

 

 

Fig. 5-3: Repowered wind farm possible implantation - 7 wind turbines scenario 
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5.1.2.3 Strategy 3 - Repowering at different places – 5 new turbines scenario 

 

This last strategy considers only 5 turbines, which are much bigger. This enters in the category 

demanding a new authorization. Four turbines were tested. 

Table 5-3: Strategy 3 - Repowering at different places - 5 WT scenario – Data were modified 

Layout 
 

1 2 3 4 Current 

Number of WTG [ - ] 5 5 5 5 11 

Manufacturer [ - ] ENERCON SENVION Siemens 

Gamesa 

Siemens 

Gamesa 

Ecotecnia 

Type of WTG [ - ] E-126 EP3 

/ 4000 kW-

4.000 

4.2M140-

4.200 

SG 4.2-

145G-

4.200 

SWT-

DD-130-

4.300 

1670 

Turbine price/unit [k€] 3 200 3 000 3 000 2 850 - 

Rated power [MW] 4,0 4,2 4,2 4,3 1,7 

Installed capacity [MW] 20,00 21,00 21,00 21,50 18,37 

Hub height [m] 116,0 110,0 107,5 115,0 60,0 

Mean distance between 

turbines 

[m] 300,0 300,0 300,0 300,0 240,0 

Total height [m] 179,0 180,0 180,0 180,0 100,0 

Total height increase [m] 79 80 80 80 - 

AEPgross [GWh/yr] 52,91 61,59 64,25 58,32 35,50 

FLHGross [h] 2 645,65 2 932,79 3 059,59 2 712,79 1 932,50 

LossWake [%] 1,5 1,7 1,8 1,7 4,1 

AEPwake [GWh/yr] 52,12 60,54 63,08 57,34 34,05 

LossAvailability [%] 3,0 3,0 3,0 3,0 3,0 

LossElectrical Efficiency [%] 1,5 1,5 1,5 1,5 1,5 

LossTurbine Performance [%] 1,0 1,0 1,0 1,0 1,0 

LossTotal [%] 6,8 7,0 7,1 7,0 9,3 

AEPP50 [GWh/yr] 49,31 57,27 59,67 54,25 32,21 

CFP50 [%] 28,15 31,13 32,44 28,80 20,01 

FLHP50 [h] 2 465,94 2 726,99 2 841,74 2 522,88 1 752,88 

AEPP75 - AEPP90 [GWh/yr] 45,32 - 41,73 52,64 - 

48,46 

54,84 - 

50,50 

49,86 - 

45,91 

 

vm [m/s] 6,4 6,3 6,3 6,4 5,6 
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The mean distance between turbines increases resulting in a decrease of wake losses compared to 

the 7 turbines scenario. The implantation is similar, perpendicular to the prevailing wind direction. 

 

This project is however difficult to develop. The turbines are big, and few turbines of this size are 

approved to be installed in France. The opposition that can be generated by such a project could 

lead to a refusal of the authorization by the local government.  

5.1.2.4 Economic analysis  

 

From the constituted database, 3 scenarios are extracted and economically compared. In a first 

approach, a simple comparison of the main indicators will be performed. At this stage, it would be 

inefficient to perform optimization studies for each scenario. Then, a possible commissioning date 

will be chosen, hence comparing each scenario as if it was a new project. For a chosen repowering 

date, the benefits of the currently operating project will be almost the same. The only difference 

will be regarding the production stoppage during the construction phase of the repowered project. 

Indeed, the first strategy implies a longer stoppage. If the economic analysis shows that this strategy 

is the most valuable, a deeper analysis should be performed to impart the results.  

 

Fig. 5-4: Repowered wind farm possible implantation - 5 wind turbines scenario 
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Table 5-4: Preliminary financial results of the 3 strategies 

 Unit Strategy 1 – 

Scenario 1 

Strategy 2 – 

Scenario 5 

Strategy 3 -

Scenario 3 

Turbine type - N117/3600 N117/3600 SG 4.2-145G 

Number of turbines  11 7 5 

Turbine price/unit 

(Today) 

[€] 2 000 000 2250000 3 000 000 

Turbine price yearly 

fall 

[%] 2 2 2 

Turbine price/unit 

(Repowering date) 

[€] 1 701 526 1 914 217 2 552 289 

Total height  [m] 134,5 149,5 180 

Diameter [m] 117 117 145 

FLH P50 [h] 1920,19 2163,72 2841,74 

Repowering date - 01/2027 01/2027 01/2027 

Construction period [months] 10 11 12 

PPA new WF [€/MWh] 55 55 55 

PPA duration [Years] 20 20 20 

Banking debt [%] 80 80 80 

Equity investment [%] 20 20 20 

Discount rate (for 

NPV) 

[%] 9,5 9,5 9,5 

Total CAPEX [€] 27 389 302 19 364 710 17 500 000 

Total OPEX [€] 1 437 000 950 00 764 000 

Yearly yield [MWh] 76 039 54 526 59 677 

Financial results 

Project IRR [%] 7,07 8,3 12,43 

Equity IRR [%] 12 14,47 26,03 

Payback date Project - 12/2040 12/2038 12/2036 

Payback date Equity - 12/2037 12/2035 12/2031 

LCOE [€/MWh] 45,46 42,18 33,6 

NPV (equity) [€] 618 247 829 568 2 624 867 
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This comparison shows that minimizing the number of turbines is more profitable. This mainly 

due to the ratio of CAPEX and/or OPEX over yearly yield that increases when the number of 

turbines increases.  

The 5 turbines scenario is by far the most profitable. However, as discussed earlier, it implies to 

implant big turbines that can be considered unsuitable to the site, considering the absence of natural 

wall to limit visibility. This scenario has great chances to be denied by the administration when 

applying for a permit.  

The 11 turbines scenario has a much higher yield than the two others, mainly because the installed 

power is much higher. However, with a much bigger CAPEX, it is the less profitable scenario. As 

it was discussed before, the production stoppage will also impact negatively the full project (Old 

WF + repowered WF) NPV.  

The 7 turbines scenario is a good comprised between feasibility and economic results. It will be the 

scenario chosen for a deeper analysis.  

5.2 Economic analysis – 7 wind turbines repowering scenario 

 

The point of the next analysis appears when one asks the following question: Why repower a wind 

farm that can still operate, especially when the project CAPEX is payed back and only OPEX 

remain?  

It is true that after the payback, the project is certainly going to have fewer expenses. However, it 

may be possible that the turbines encounter important failure, increasing maintenance costs and 

decreasing availability and thus the yield. Moreover, the PPA of the project ends in 2024. The tariff 

will drop by 30% to 50% to align to the current market tariffs.  

All those reasons show that it is relevant to try to find the optimum repowering date, when the 

overall value is higher. This will be performed on the 7 wind turbines scenario with repowering at 

different places.  

NB: In all the following analysis, it is important to remember that all the results depends on the 

chosen assumptions (CAPEX, OPEX, tariffs after end of PPA, etc.).  

5.2.1 Broad economic analysis 

5.2.1.1 Operating wind farm 

 

Keeping in mind what was just mentioned regarding the profitability of a payed back WF, it is 

interesting to look at its NPV. For the figure presented below, the major hypotheses were:  

 The end of PPA is 2024 

 The payback is 2022 

 The tariff post-PPA is 57€/MWh, increasing by 2% per year with inflation  

 The availability stays at 97%.  

 The O&M contract goes from 55000 €/WT to 70000€/WT (full O&M contract to sustain 

high availability).  

 The discount rate is 8,5% 
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Such a high availability is a strong hypothesis considering that the turbine installed is not known to 

be very reliable. This was chosen to be more confident in the repowering profitability in case of 

positive results.  

This shows that even with the strong assumption of high availability, the project profitability 

decreases if staying for too long in operation. The maximum profitability of the operating farm 

happens for a dismantling in 2030. However, the work is now to find the best balance between 

operating and repowered wind farm. 

 

5.2.1.2 Repowered wind farm  

 

The first approach is to assess the profitability of the repowered farm. The first step is to perform 

a broad economic analysis over all the possible repowering dates with all the possible PPA that can 

be obtained. This is done by running the decision help tool described earlier. It allows to assess the 

defined scenario quickly, generating a visual view of the results. The main hypotheses for the 

calculations are:  

 Turbine prices drop: 2%/year 

 PPA varying between 60 and 45€/MWh 

 Repowering date varying between 2019 and 2031 

 Availability of 97% 

 O&M contract from 27000€/WT in year 1 to 70000€/WT in year 20.  

 Production stoppage of 2 months 

 Operation period: 25 years 

 Discount rate: 9,5% 

Fig. 5-5: Operating project profitability depending on dismantling year. The last year of operation last 10 months, considering a 
production stoppage of 2 months before commissioning the new WF. 



-51- 
 

 

On the ‘x’ and ‘y’ axis, the values are put in ascending order to make the figure readable. From this 

graph, the reader should understand the following:  

 With a PPA of 45€/MWh, the repowered project is never profitable. 

 For a PPA of 51€/MWh and higher, the repowered project is always profitable 

 In between those two values, it depends on the repowering date 

 

It is also interesting to notice the variation of the NPV with time for a fixed PPA: 

 For highly profitable scenario, the NPV decreases with time  

 For unprofitable scenario, it decreases with time 

 In between, it varies depending on the repowering year.  

This can be understood by looking at the cash-flow available for equity on each of those scenarios. 

The debt repayment depends and the amount remaining to pay. Then, even though the income is 

considered almost stable (increases slowly with inflation), the repayments for dividend and debt 

varies.  

The equity cash-flows are only positive if the remaining cash-flows after paying dividend and debt 

are positive. Thus, for a scenario that is at the limit of positive profitability, this variation affects 

the NPV variation. This effect is also strengthened by the timeline. Indeed, NPV calculation 

Fig. 5-6: Repowered farm NPV for different repowering years and expected PPA 
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depends on the time of cash-flow availability since a new increment of discount rate is added each 

year.  

For scenarios highly profitable, the available cash flow for equity is always positive, the variation 

of reimbursement doesn’t affect the NPV variation. The inverse can be done for unprofitable 

scenarios. 

This first approach helps choose the scenario that can be studied. When looking at those results, it 

is also essential to remember that some scenarios are feasible, and some aren’t: 

 A PPA of 60 €/MWh is maybe possible until the year 2022. Passed this year, the electricity 

cost coming from wind power would have decrease too much to obtain this PPA.  

 The repowering years from 2019 to 2024 are not possible if the project development is not 

already started.  

Considering this for further analysis, only the possible scenario will be kept: A PPA lower than 58 

and a repowering year after 2024.  

 

5.2.2 Detailed economic analysis 

 

In this thinner analysis, the operating wind farm is added to look at the overall profitability of the 

project. In addition, straight lines representing the profitability of dismantling the operating WF at 

a specified date is added as information.  

 

 

Fig. 5-7: NPV comparison on selected feasible scenarios 
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This figure shows that the best balance for repowering happens in 2029 or 2030.  

 

5.2.3 Conclusion  

 

What was shown here is only way to perform a technical and economic analysis of a wind farm 

repowering. All those results can vary according to the hypotheses chosen in both parts of the 

project. The goal was to show that it is relevant to start considering the repowering early and not 

wait for the end of life of the wind farm. 

The study is based upon current regulations that may change with the return of experience that 

France will have in the upcoming years. Moreover, it is difficult to evaluate the technological 

possibilities the wind power sector will have access to in 5 to 10 years, considering the rapidity of 

technological evolution nowadays.  

For the presented scenario, the study has shown that the more profitable and most probable 

strategy to employ is aiming at a repowering in 2029 with 7 wind turbines Nordex N117, 3,6 MW. 

However, this date could be closer to today if the availability of the operating wind farm was 

decreased. Indeed, most of the overall value is carried by the operating wind farm. Then, if the 

availability was decreased to better match reality, the operating part value would decrease and the 

ratio of the two parts of the project would be more in favour of the repowered wind farm. This 

has not been done yet because the cash flows of the operating wind farm derive from another 

financial model that was not accessible during the development of this work.  

 

5.3 Further work guidelines 

 

For the specific project presented, further analyses are currently ongoing at Voltalia. Those studies 

aim at improving the financial conditions (balance between equity and debt and how it is payed 

back) that can have an important impact on the profitability. These studies also involve varying the 

assumptions chosen. 

Some guidelines were given throughout the report and this is just a quick reminder.  

Generally, this first simulation tool could be improved to include the operating wind farm data in 

the same excel tool, making it possible to play on both parts of the project at the same time 

(especially post PPA tariff and availability).  

An option that is still currently under study is to generate several cash-flows chronicles for the 

operating farm and include them as different scenario. Then, it would be enough to cross all the 

operating wind farm scenarios with all the repowered farm ones. 
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6 GENERAL CONCLUSION 

 

This thesis has shown that repowering is going to be a huge part of wind power developers work 

in the next years. The volume of wind farms to handle is going to increase fast, and wind developers 

need to anticipate if they do not want to become overwhelmed and see their wind farms stopped 

waiting for their repowering.  

To contribute to this task, this work gives insights on the main issues one may encounter with 

repowering a wind farm.  

From an administrative point of view, the regulation is not yet set primarily due to the lack of 

experience of authorities. Guidelines have emerged that provide a starting point, which the studies 

can be based on.    

Technically, the repowering is almost like a classic wind power project with a few differences. End-

of-life strategies for maintenance are very important in the decision process and few returns of 

experience on the behavior of the turbines are available. Moreover, the dismantling must be 

considered. All studies performed tend to show that it is a demolition work that only specialized 

companies are capable to handle. However, it is important to consider the timing of the dismantling 

activity in order to minimize its impact on the energy yield. With the dismantling also comes the 

question of material recycling; 97% of wind turbine components are currently recyclable, the only 

problem arises from the composite materials in blades.  

Socially, the approach is slightly different than for a classic project due to the experience with local 

population. Even though wind power is largely contested in France, recent studies show that wind 

power is generally better accepted after people lived for some time near a wind farm. This result 

will be proved or refuted in the next years, with the multiplication of repowering projects.  

With those concerns discussed, it was possible to elaborate the different strategies that could be 

used. The technical scenarios studied are based upon administrative, technical and social factors 

but the final decision remains economical. Wind projects are a business and with several viable 

scenarios, the differentiation will come from financial profitability. Therefore, a financial decision 

help tool was set up. This tool can perform a sensitivity analysis on one specific scenario. The tariff, 

the date of repowering, the turbine prices and many other factors are input variables, leaving 

multiple choices for the user. The results are presented in a graph showing the profitability of the 

project depending on tariff and repowering date, which are the two factors that have the most 

influence on the results.  
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7 APPENDICES 

7.1 Appendix 1 – Expected volumes of materials coming from 

the wind power industry  

 

 

  

Year 

Fig. 7-1: Expected volumes of materials coming out of the wind power industry per year, until 2032 (SER, 2019) – Title and legend 
translated 
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