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Abstract  

Nordex, a wind-turbine manufacturer and developer, has just launched the development activity over 

Belgium’s French-speaking Region – the Walloon Region – with the current political context favorable to 

wind energy deployment. Since the Walloon market is unknown, the master thesis aims to identify the 

appropriate approach to use for optimal wind farm development and the critical issues that may impinge 

on it. The scope of the master thesis is thus to find two to three sites well suited for wind farm 

implementation in the province of Luxembourg and to develop these sites.   

An exhaustive study of the wind farm potential of the province of Luxembourg has been led, based on 

geographic data analysis with the GIS ArcGIS®, feasibility studies conducting, meetings with districts’ 

administration as well as visits onsite. In addition, a thorough comparative analysis of the Belgian 

specification for grid connection has been performed to identify any requirement that is not included in 

the French and German grid codes, which are the benchmarks of the development activity in Nordex 

France.  

Many obstacles have been encountered in wind farm development, chiefly a strong existing competition in 

the wind energy sector and a limited grid capacity. In addition time can be a friend but it can also 

sometimes be a foe at some stages that rely on public administration. Consequently from the 40 identified 

sites with ArcGIS®, only three have succeeded. Regarding the Belgian requirements for grid connection, 

all can be met thanks to an existing German specification data sheet. 

Eventually the Walloon policy towards wind energy development is expected to evolve so as to foster 

wind farm deployment in Wallonia and to reach the objectives set for 2020 (2200 MW of installed wind 

capacity while in January 2011 only 440 MW were in operation). Consequently to that, Nordex’ approach 

may have to adapt to the new regulations.      
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Introduction 

The necessity and emergency of finding alternatives to fossil fuel sources for the energy generation is no 

longer questioned not only because of the recognized adverse effect of fossil fuel utilization on the 

environment but also due to the ongoing depletion of these resources. In addition, due to a highly 

increased environmental awareness, only environmentally-friendly ways of producing energy are fostered. 

Nevertheless, the research and technical advancements have not been the same for all the recognized 

renewable energy sources, leading to significant differences with regards to investment cost, payback time 

and existing incentives between them. Wind energy has probably generated one of the strongest interests 

since wind energy deployment has witnessed an impressive development over the past 20 years, not only 

in wind turbine technology but also in wind farm sites. Thanks to the current technical progress and the 

existing incentives, it is depicted as the most cost-effective renewable energy technology.  

In the European Union, the wind energy capacity has increased by more than 15 times over the past 12 

years, going from 4,753 MW in 1997 to 74,767 MW in 2009 (EWEA, 2009 as cited in European 

Commission, 2010). In that way, in 2009 more than 39% of all new electricity added to the European grid 

was generated by wind turbines (European commission, 2010), making Europe today the leader in wind 

energy technology and development worldwide. In spite of that, wind energy development has not been 

uniform in all the European countries and some are still lagging behind in terms of wind farm 

implementation. However, due to new European Union directives, including the Directive 2009/28/EC 

which sets a mandatory target of 20% for renewable energy’s share of the overall E.U. energy 

consumption by 2020 (the “RES Directive” adopted in April 2009), wind energy interest has significantly 

increased in many countries and is expected to keep on developing even further.  

Belgium is actually part of the countries which have planned to substantially develop wind energy for 

electricity production. Indeed, Belgium has set the global objective of 13% renewable energy’s share in the 

energy gross final consumption (while it was only 2.2 % in 2005) and a specific objective of 27% of the 

consumed electricity coming from renewable energy sources, both to achieve by 2020. Based on the wind 

potential in Belgium, the targets have been set as 2200 MW for Wallonia (the southern and French-

speaking region), 1500 MW for Flanders (the northern and Dutch-speaking region) and 2800 MW 

offshore.  

Focusing on Wallonia, the wind potential is really important and thus the region is largely involved in 

fostering wind energy development. Consequently, Wallonia represents a really attractive location and 

market for wind energy deployment. While the objective set in 2003 was to install 200 MW by 2010, the 

total implemented wind farm power in January 2011 was 442.3 MW (see Figure 1), i.e. 121.15 % more 

power installed than planned (Région wallonne, 2010) (APERe, 2011). 
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Figure 1: Wind farms in Wallonia (APERe, 2011) 

In that context, Nordex, leading wind turbine manufacturer and developer in Europe, has, through its 

French subsidiary Nordex France, just started to work in Wallonia. Owing to the high wind energy 

potential in Wallonia, it intends to be deeply involved in wind farm development in order to fulfill the 

objective set for 2020, while placing importance on the natural environment preservation and the local 

population acceptance.     

 

Therefore the Master thesis scope is to find two to three sites well suited for wind farm implementation in 

the province of Luxembourg, in Wallonia, and to develop these sites. The Master thesis aims to analyze 

the approach to use in site prospecting and the critical issues which may come up in wind farm 

development. In particular, the grid connection requirements in Belgium are studied to pinpoint any 

technical specifications which have to be considered when planning to connect a wind farm to the grid.  
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Literature review 

Within the frame of the master thesis carried out in a company, a literature review was carried out at the 

beginning of the master thesis and it was mainly based on the literature provided by the company Nordex. 

Thus, the literature review has aimed to get acquainted with all the relevant information related to the 

project development activity in Nordex, in order to fulfill the objectives set for the master thesis. 

However, the literature review has not included the study of other similar works carried out in other wind 

companies: indeed, on the one hand, such works on the strategy adopted by competitors are not available 

for confidentiality reasons and on the other hand the master thesis has had to be in line with the work 

methods and the strategy in effect in Nordex. 

The literature review has enabled to study the following three aspects: 

 The critical points to consider from the beginning of a wind farm project, which are afterwards 

assessed in an environmental impact assessment 

 The wind energy context in the Walloon Region, in order to be aware about the sector’s 

dynamism and the legislation 

 The wind farm development process, with a thorough study of the different steps of this activity 

in Wallonia 

 

The first aspect has been thoroughly studied based on a typical environmental impact assessment carried 

out by Nordex, Etude d’impact – Parc éolien des Pelures Blanches et Aubigeon (Nordex France, 2009). The study 

of a wind farm impact assessment is really relevant as it helps identify the key issues to consider when 

prospecting and developing sites for wind farm implementation, such as the site’s physical characteristics, 

the ecological environment, the landscape, etc. This environmental impact assessment, carried out for a 

project developed by Nordex, points out the issues that are the subjects of a special attention during a 

Life-cycle Assessment, which will constitute a benchmark for the final acceptance decision of a wind farm. 

A summary of this study’s outcomes and learning is given in Appendix 1. 

 

In addition the wind energy sector in Wallonia has been analyzed in order to be acquainted with the 

effective regulations and the current situation with regard to wind farm development. Therefore several 

works on this field have been reviewed. 

The renewable energy policy is reviewed by EREC1 (2009) in each region of Belgium: Flanders, Wallonia 

and Brussels-Capital. The targets set by each region and the measures to achieve them are described, 

particularly the support measures such as the green certificate mechanism and the fiscal incentives. This 

study has clarified the energy background in Belgium, and especially in the Walloon Region, and the 

various renewable energy source support mechanisms in effect there.  

EDORA2 (2010) goes further and proposes a roadmap for 2020 based on the Belgian objectives for each 

renewable energy source. More precisely, the author proposes targets and associated development 

trajectories for each renewable energy source (RES) and estimates the annual evolution of the renewable 

energy share in the final consumption until 2020. The author furthermore suggests various measures, 

including policy measures, to strengthen renewable energy development and assesses the costs and 

benefits of such measures. This exhaustive study has enabled to be aware of possible evolution prospects 

of the Belgian policy of renewable energy development.  

                                                      
1 The European Renewable Energy Council, created in 2000, is the umbrella organization of the European 
Renewable Energy Industry, trade and research associations active in the sectors of photovoltaics, small hydropower, 
solar thermal, bioenergy, geothermal, ocean, concentrated solar power and wind energy 
2 EDORA is the Belgian federation of renewable energy producers 
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Regarding the legislative level, APERe3, Région Wallonne (2010) presents all the regulations in effect in 

Wallonia for wind farm development (see section 1.2.3). Despite the lack of legal frame for wind farm 

development (no law in effect to supervise this activity), the Walloon Region has prescribed rules and 

approaches to use in wind farm planning, which are commonly the benchmarks of wind farm 

development in Wallonia.  

Ipsos Public Affairs (2010) has carried out an opinion poll in Wallonia in order to gauge the general 

feeling towards wind turbines, whose results have been examined. The opinion poll reveals a rather high 

wind energy acceptance in Wallonia with 86% of the interviewed people in favor of wind farms and only 

4% against.  

 

Eventually the third aspect, the wind farm development process, has been studied based on Nordex 

internal documents and APERe, Région Wallonne (2010). The study of these documents has aimed to 

learn about the work methods in effect in Nordex in the development activity, through a study of each 

step described in section 1.3, and about the approach prescribed by the Walloon Region.   

 

  

                                                      
3 Belgian organization that promotes renewable energy development 
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1 Chapter one – Master Thesis background  

1.1 The company 

1.1.1 Overview of Nordex 

Nordex is one of the leading wind turbine manufacturers worldwide and one of the leading wind farm 

developers in Europe. This German company was initially launched in 1985 in Denmark. Currently the 

head office is located in Hamburg, in Germany and Nordex is present in 18 countries all around the world 

through its subsidiaries consisting in sale companies or development offices. Regarding the production 

facilities, there are three factories located in Germany, China and in the USA. 

From the beginning, Nordex focused on large, powerful turbines suitable for almost all geographic regions 

and wind conditions in the world. In that way, Nordex has succeeded in strengthening its leading position 

worldwide by continuously offering turbines of increasing performance. Thus in 1995 Nordex was the 

first company to produce a one-megawatt wind turbine, the Nordex N54/1000 kW, and in 2000 Nordex 

once again developed the first series 2.5 MW wind turbine, N80/2500 kW. Currently the company 

proposes ranges of wind turbines from 1.5 MW to 2.5 MW.  

When it comes to the installed capacity, more than 4,000 Nordex wind turbines have been set up since 

1985 and are operating in 34 countries, leading a total rated output of more than 6.5 GW. This 

corresponds to approx. 3.35% of the total wind power capacity in 2010 (about 194.15 GW) 

(TheWindPower, 2010). 

 

1.1.2 Nordex France 

While Nordex was already active in France from the middle of the 1990’s, the French subsidiary Nordex 

France was created only in 2001. It was launched with the aim to strengthen Nordex’ position in France 

when the French market significantly started. Today there are about 130 people working at developing 

wind farm projects (mainly in France), at obtaining the permits which are necessary for wind farm 

construction, at erecting the wind farms and at connecting them to the grid. Afterwards, the wind farms 

are sold to one or a couple of investors which will then be in charge of the operation. However Nordex 

France still remains in charge of the maintenance throughout the lifespan of the wind farm whereas it is 

incumbent on the operator to be in charge of wind farm dismantling.  

With a total of 250 MW of granted permits, Nordex France was ranked as the first wind farm developer in 

France in 2008. 

However, Nordex has not any experience in Wallonia yet as it has just started to work there but it is 

expected to be deeply involved from this year 2011 in the full of potential market that Wallonia 

represents. 

 

1.2 The location  

In order to work efficiently in wind farm planning where the approach involves the authorities’ 

participation, it is necessary to have the basic knowledge about the country’s institutions and legislation 

and even about the sub location (here Wallonia) chosen for wind farm implementation if the regulations 

there are more specific.   

 



CONFIDENTIAL  -14- Wind farm development in Wallonia  
 

1.2.1 Overview of Belgium 

Belgium is a federal state ruled as a constitutional popular monarchy and parliamentary democracy. It is 

composed of three communities: the Flemish Community (Dutch-speaking community), the French 

Community and the German Community – leading then to three official languages spoken in the country. 

 

Figure 2: Overview of the three communities in Belgium 

Besides, the country is geographically divided into three regions: the Flemish Region (which coincides 

with the Flemish Community), the Walloon Region and the Brussels-capital Region (see Figure 3). 

 

 

Figure 3: Overview of the three regions in Belgium 

Both communities and regions are self-governing, meaning that each community and each region has its 

own regulations.  
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1.2.2 The region of interest: Wallonia 

The Walloon Region stretches over 55% of Belgium’s territory and is peopled with 32% of Belgium’s 

population. It is subdivided into five provinces, as it can be seen in the figure below: Hainaut, Braban 

wallon, Liège, Namur and Luxembourg. 

 

Figure 4: The provinces in Wallonia 

 

1.2.3 Wallonia’s regulations regarding wind farm implementation 

The Walloon government has been involved in developing wind farms in Wallonia for about 10 years. In 

order to manage wind farm development efficiently, a special wind cell was created in 2002, in charge of 

defining a frame of reference for wind farm implementation to project developers and to the authorities which 

decide on permit granting. 

The frame of reference, which was adopted by the Walloon government in 2002, consists in principles and 

regulations which should be respected but which are not compulsory. In addition to the frame of reference, a 

guide for wind farm implementation in Wallonia has been published by the Ministry of the Walloon 

Region for project developers and for the districts in Wallonia and is regularly updated. Both guides 

consist in regulations and the approach to use, specific to Wallonia, regarding all the aspects in wind farm 

planning (from the site choice to the application for a building permit). The guide intended to the project 

developer has been the basis for my way of working in Wallonia. 

 

1.3 The wind farm development process 

The development process corresponds to the first step of the whole wind farm project: 
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DEVELOPMENT

• Site prospecting

• Consultations

• Technical studies

• Administrative 
permits 

• Business plan

MANUFACTURING

• Turbine 
manufacturing 
(nacelle, blades, 
tower...)

• Mechanical system 
assembling in 
factory 

SITE CONSTRUCTION

• Construction 
management

• Site access 
strenghtening

• Wind turbine 
erection

• Grid connection

MAINTENANCE

• Telesurveillance

• Preventive 
maintenance 

• Turbine 
maintenance

• Secondary facility 
upkeep

DISMANTLING

• Site 
reinstatement

• Wind farm 
dismantling 
ensured thanks 
to the prior 
constitution of 
financial 
guarantees

In that way, for any project, Nordex is in charge of all the steps except secondary facility upkeep 

performed by local subcontractors in the maintenance step and wind farm dismantling which is supported 

by the wind farm operator. 

 

The approach to use in the development stage is quite specific to the country in question, especially since 

the administrative consultations are an important part of the process. The detailed approach of wind farm 

development in Wallonia is thus summarized in the following figure: 

 

Figure 6: Development steps (Nordex internal document) 

The first step in the development process corresponds to a pre-study of the project: it consists in site 

prospecting based on various criteria (technical and environmental constraints, wind potential and grid 

accessibility). Besides the first contacts with the district(s)’ administration and with the landlords are 

Figure 5: Wind farm project steps 
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already made at this stage, at the end of which a pre-project is defined if the studied site fulfills all the 

criteria.    

Once a pre-project is set up, an exhaustive study of the project is carried out. First an environmental 

assessment is performed, leading to the identification of various possibilities for the wind farm 

implementation. In addition, wind measurements are carried out on site for one year. Thereafter the 

optimal project is chosen after consulting the administrations, which will then be presented to the local 

population during a public information meeting. 

Afterwards, an application for simultaneously an urbanism permit and a construction permit, known as 

single permit in Belgium, is submitted. Meanwhile a public inquiry is organized within the district(s) where 

the wind farm is expected to be implemented. It aims to inform the public, to collect the public’s 

opinions, suggestions and possibly counter-propositions often based on the impact assessment and to 

collect as much information as possible which is necessary for the authorities in charge of deciding before 

any decision is made. Eventually a decision is made whether the single permit is granted or not. 

In case the single permit is granted, the construction phase is organized through various aspects: the 

financial aspect, the grid connection issue, the local subcontractor selection and the lease signing with the 

landlords who are expected to have one or several wind turbines on their land. More precisely, regarding 

the grid connection aspect, it consists in studying and agreeing with the Distribution System Operator on 

the way of connecting the wind farm to the grid. Eventually the wind farm project would lead to 

construction and then to operation. 

 

1.4 General objectives of the work  

The Master Thesis is mainly focused on the development pre-study step. More precisely, the objectives 

which have been set to carry out through the thesis work are:  

 Identify prospective sites for wind farm implementation according to technical and geographical 

constraints 

 For each suitable site determine the optimal wind farm configuration 

 Conduct the feasibility studies for the identified projects 

 Secure the sites 

In addition to the wind farm development objectives, the work also aims to analyze the grid code 

requirements specific to Belgium for wind farm connection to the distribution grid. Indeed since Nordex 

has just launched the development activity in Wallonia, the technical specification for grid connection is 

not known yet. Therefore the study aims to check whether there are new or stricter requirements in 

Belgium compared to the French and the German grid code characteristics which are the benchmarks in 

Nordex France.  
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2 Chapter two – Own work description 

2.1 Method of attack 

To conduct the wind farm development project, a prior literature review has been carried out. This has 

resulted in identifying the critical aspects which have to be considered in wind farm planning and more 

particularly in Wallonia, where the regulations and technical requirements are quite specific.  

Wind farm development activity has started with site prospecting which has been performed by using the 

GIS (Geographic Information System) software ArcGIS®. The approach is based on locating the areas 

which are not suitable for wind farm implementation with regards to several constraints: military and civil 

aviation, electromagnetic interference, protected natural areas (such as Natura 20004 sites), forests, 

inhabited areas, areas listed on Wallonia’s cultural and natural Heritage… This first step has resulted in 

identifying potential areas which are then further studied with regards to various specific criteria (such as 

the wind farm configuration and the grid connection accessibility).  

Once project zones have been identified, feasibility studies have been conducted with regard to the 

aviation safety, the interference risk and the grid connection accessibility. The competent authorities in 

Wallonia have been referred to for this step in order to have independent and official recommendations.  

For the projects for which all the competent authorities have expressed a favorable recommendation, the 

next step has been to meet the district’s administration and to go onsite to validate the site investigation 

outcomes. This important phase aims to present and discuss the wind farm project with the 

representatives, following which contacts will either be taken with landlords and farmers for securing the 

sites or not.   

Regarding the study of Belgium’s grid connection requirements, I have worked with the person in charge 

of the grid connection in Nordex France – David Moutama – and electrical project engineers. The latter 

have especially had an advisory role with regard to my results. My work has been based on the analysis of 

technical specifications for the Belgian, French and German grid and a meeting with a representative of 

the Walloon Distribution Network Operator – ORES – has been carried out for additional information. 

This has resulted in a comparison between the Belgian system and the French and German ones. 

 

2.2 Project development activity 

2.2.1 Presentation of the work tool: ArcGIS® 

The main tool I used for site prospecting is the Geographic Information System (GIS) ArcGIS 9.3®. 

 

2.2.1.1 What is a GIS? 

A Geographic Information System consists of hardware, and software to access, store, analyze and 

manipulate all kinds of geographically referenced information. In particular, it enables to: 

 Create maps 

 Analyze geographic data 

 Manage geographic data 

GIS overall corresponds to the fusion of cartography, statistical analysis and database technology. More 

information about GIS is given in Appendix 2. 

                                                      
4 Natura 2000 is an ecological network of protected areas in the European Union.  
  Website: http://www.natura.org/  

http://www.natura.org/
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2.2.1.2 ArcGIS® 

ArcGIS® corresponds to a software suite composed of a group of GIS software developed by the 

Californian company ESRI. It actually is the most used GIS worldwide.  

ArcGIS® is available through Desktop GIS products as well as through GIS products that run on a server 

or a mobile device.  

In my case, I have worked with ArcGIS Desktop® (version 9.3 while the last version is 10.0) which 

includes the following products with different functionalities:   

 ArcReader, which allows to view, print and query maps generated with other Arc products 

 ArcView, which enables to visualize spatial data, create layered maps and carry out basic spatial 

analysis 

 ArcEditor, providing advanced tools for manipulation of shape files and geo-databases in 

addition to ArcView 

 ArcInfo, which enables data manipulation, editing and analysis 

 

In practice, ArcGIS® consists of three main tools: 

 ArcMap® which allows to create maps 

 ArcCatalog® for data management 

 ArcToolbox® which provides complementary tools for geodatabases  

 

 
Figure 7: Overview of ArcMap® 
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Figure 8: Overview of ArcCatalog® 

 
Figure 9: Overview of ArcToolbox®  
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2.2.2 Site prospection 

The first step of the whole development process corresponds to site prospecting. It consists in locating 

the sites which have a good potential for wind farm implementation based on technical constraints, grid 

accessibility and wind resources.  

 

2.2.2.1 An integrated approach 

For the development process to be successful, it is necessary to have an integrated approach of the wind 

farm project from the very beginning of the process. It means that the way of working to identify 

potential sites is already part of a decision-making process, since all the stages of a wind farm life-cycle 

(development process, construction, deployment, operation and dismantling) are taken into account when 

site prospecting so that their impacts can be reduced to minimum levels.  

The approach used to scan the wind potential of the whole province of Luxembourg has been Strategic 

Planning. The approach is relevant to ensure a successful deployment of wind energy over a broad 

geographic area while simultaneously protecting sensitive wildlife from inappropriate development. Thus, 

not only does strategic planning help identify the most suitable sites for wind farm implementation with 

regards to wind energy capacity, grid accessibility etc. but it also helps avoid and minimize the impacts on 

the surrounding environment from the very beginning in the planning process. Furthermore, the approach 

is expected to result in a more integrated and sustainable form of spatial planning which takes into 

account societal impacts and concerns at an early stage.  

 

2.2.2.2 Site conceptualization with ArcGIS® 

Based on strategic planning, the first step is to identify all the locations that are incompatible with wind 

farm implementation because of technical constraints. Afterwards, the criteria related to the integration in 

the environment and to the economic viability scheme have a paramount influence in the site analysis. 

The site screening, carried out with ArcGIS®, consists in creating overlay maps from collected data related 

to technical, ecological and societal constraints. This results in the identification of areas which may not 

present any influential obstacle to the implementation of wind turbines later on.  

 

2.2.2.2.1 Listing of the constraints 

2.2.2.2.1.1 Technical constraints 

The first preoccupation when site prospecting is the compatibility with technical constraints. There are 

various types of technical constraints: 

 Security of air space: 

To guarantee the air space security for air traffic, some areas are forbidden for wind turbines while others 

need the approval of the competent authorities depending on the location chosen for wind farm planting. 

There are four categories of critical areas: 

 Low-altitude military training areas 

A general chart was published by the Belgian Defense Ministry in 2009 in which the military areas had 

been located (see Figure 10) 
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Figure 10: General chart for military obstacle evaluation (National Geographic Institute, 2009) 

In the map, the red areas correspond to high danger zones where the implementation of wind turbines is 

completely ruled out. In the yellow and orange areas, the implementation of wind turbines might be 

possible after evaluation of the site. The white areas have no military restriction. 

 

 Terminal control areas of military and civil airports 

The Defense Ministry and the organization in charge of the air traffic security – Belgocontrol – have 

defined areas around civil and military airports, terminal control areas, where the implementation of wind 

turbines is not allowed.  

 

 Exclusion area surrounding aerodromes 

The implementation of wind turbines is ruled out within an area of 2 km surrounding the center of the 

take-off lane.  

 

 Civil and military radars 

An area of 1 km around radars is defined as an exclusion area for wind farm implementation while the 

area from 1 km to 16 km around radars is considered as a critical area. Indeed in this specific area, the 

implementation of wind turbines can be contemplated only if a scientific study, meeting the requirements 

of Eurocontrol (the European organization for the safety of air navigation), provides the evidence of no-

risk of significant interferences.   
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 Telecommunication and radioprotection: 

Another major technical constraint on wind farm implementation refers to the possible interferences 

which may occur with radar signals and radio links. Therefore it is important to locate the existing radio 

links and the presence of radars within the site as no signal is supposed to go across the wind farm area. 

The criteria related to telecommunication for site research are for:  

 Radio links: an exclusion area of 60-70 m (depending on the radio link) must be respected. 

 Telecommunication antennae: an exclusion area as long as 600 m from television transmitting 

antennae has been defined by the frame of reference in application in Wallonia.   

 Weather radars: the implementation of wind turbines is excluded within an area of 2 km 

around weather radars. 

The assessment of the impact(s) that a wind farm may have on telecommunication is performed later, 

after identifying potential sites based on other criteria. To do so, the layout of the site with the wind 

turbine number and spatial coordinates are sent to the Belgian organization in charge of 

telecommunication, l’Institut Belge des Postes et Télécommunications (IBPT), which will analyze it and check that 

there is no risk of interference with any radio link. 

 

 Safety of transport infrastructure: 

 Distance from transport roads 

A safety distance equal to a wind turbine height for highways and railways – 150 m in our case – and half a 

turbine height for the major roads (the national roads mainly) – i.e. 75 m – must be respected on both 

sides.  

 
 Distance from underground facilities 

An exclusion zone of 150 m around the pipe axis has been defined by Wallonia’s frame of reference in 

order to prevent the risk of accident linked to blade projection. However depending on the facility and on 

the location, the width of this safety area may be not large enough and may require additional safety 

measures.   

 

 Distance from high-voltage lines 

As for underground facilities, Wallonia’s frame of reference has defined an exclusion area of 150 m around the 

line axis. 

 

2.2.2.2.1.2 Ecological criteria 

 The Natura 2000 Network: 

Based on two European Directives, the Habitat Directive and the Birds Directive, the Natura 2000 

Network has been created in order to list key sites for certain species and habitat types that need 

protection. This network currently spans 27 E.U. countries.   

 

Yet, the Natura 2000 network is not intended to exclude all human activities and only be of strict nature 

reserves. Actually human activities, including wind energy activities, may be allowed provided that they 

will not negatively affect the integrity of Natura 2000 sites (European Commission, 2010). 
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However in practice the areas listed in the Natura 2000 network are currently considered as incompatible 

with wind farm implementation. Consequently they correspond to zones where the implementation of 

wind turbines is excluded.  

 

 Forests: 

Wind farm development is excluded in forests and within a buffer zone of 200 m around the forests. This 

rule has been set by the Belgian Nature and Forest Department in order to minimize the impacts on bats.  

 

 Protected specific zones: nature reserves and areas with a specific biological interest:  

Both zone types which include an important fauna and flora richness and which are legally protected 

correspond to an exclusion area for wind turbines. 

 

2.2.2.2.1.3 Living environment criteria 

 Inhabited areas: 

Wind farm implementation is excluded in urban and rural inhabited locations (grouping of several houses) 

and within an area of 500 m around them. By experience it is commonly known that this minimal distance 

of 500 m is necessary to minimize noise, shadow and visual overhanging effects.  

Furthermore wind turbine implementation is not allowed within an area of 500 m around any isolated 

house, even those located outside inhabited locations. 

 

 Landscape and heritage: 

Some areas which present a major landscape interest are not allowed for wind farm development. For 

these areas, the introduction of wind turbines would negatively affect the landscape, which may have 

adverse consequences on tourism. 

Also the sites which are listed and legally protected, such as the areas which present a cultural, historical or 

aesthetic interest and the heritage listed sites, constitute exclusion zones for wind turbines. 

 

2.2.2.2.1.4 Economy criteria 

 Wind resources: 

In average Belgium has a quite high wind energy potential since the average wind speed is mainly 5 – 6 

m/s according to a study carried out by the European Environment Agency (EEA) in 2009, as cited in 

European Commission in 2010 – see Figure 11 – in which the wind velocity has been estimated at 80 m 

high onshore and 120 high offshore.  
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Figure 11: Wind velocity distribution in Europe (EEA, 2009 as cited in European Commission, 2010) 

More precisely the wind speed distribution in Belgium is given in Figure 12. It can be seen that the lowest 

wind speed is about 5 m/s, which gives a rather good potential for wind energy development.  

 

Figure 12: Wind velocity distribution in Belgium (Sciences au quotidien, 2009 as cited in Electricité du futur, 2009) 
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Furthermore, in our case the wind turbine model which is expected to be used is either the Nordex 

N100/2500 kW or the Nordex N117/2400 kW (both up to 150 m tall maximum), depending on the 

location and the wind resources.  

The model N100/2500 kW is featured by the fact that it offers high yields in low-wind locations and it 

operates at a large wind speed range (from 3m/s to 25 m/s, i.e. from 10 km/h to 90 km/h). Regarding the 

model N117/2400 kW, it is the largest turbine, with its 117-meter rotor diameter, in the product family 

and it is particularly adapted and profitably productive in low-wind regions with a yield 15% higher than 

for the previous model. A brief technical description for both models is given in Appendix 7. 

Consequently the criterion related to the wind resources in our location will not be a brake for site 

prospecting and wind farm development.  

Yet a wind condition assessment is still carried out for each interesting site once a pre-project is defined 

and the environmental impact assessment is launched. The main objective is to estimate the annual 

electricity production for the specific project.  

 

 Grid connection: 

The grid accessibility is an important parameter to consider since it can be an influential obstacle to the 

implementation of a wind farm technically or economically. In Belgium this criterion is even of paramount 

importance because developers are not allowed to finance the grid reinforcement in case there is not 

enough capacity to integrate a supplementary wind farm to an electrical substation. Consequently if there 

is no available capacity for a new wind farm, the project falls through.  

In addition a wind farm site must be located within a maximal distance of 15 km from a substation to be 

connected to the grid, for economic reasons. 

 

2.2.2.2.2 Application with ArcGIS® 

The approach I have used with ArcGIS® consists in creating layers corresponding to the listed constraints. 

The layers are superimposed one on top of the other. In addition the layers are generated in the order of 

the constraints listed above, which has the advantage of rapidly refining the site research by eliminating 

the largest forbidden areas from the beginning.  

The approach is summarized by presenting the successive steps: 

 1st step: military exclusion areas 

Only the red areas are totally excluded for wind turbines and are represented with a layer on our work 

interface. To do so, the Figure 10 is geo-referenced in our data base: it is first given the location spatial 

coordinate system (the one in application in Belgium) and then the appropriate coordinates in the work 

map. In that way, the figure and the work map match for each point. Afterwards, the layer corresponding 

to the exclusion military areas can be generated. 

 

 2nd step: airports and aerodromes 

The province of Luxembourg does not include any terminal control areas for military and civil airports. 

However an aerodrome has been located and a 2 km-exclusion zone has then been converted into a layer. 

 

 3rd step: civil and military radars 

Three radars have been located in Luxembourg, for which a critical and exclusion area have been drawn. 
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The Figure 13 shows the overlaid layers related to the technical constraints: 

 

Figure 13: Layers corresponding to the technical constraints 

 4th step: the Natura 2000 network 

The Natura 2000 registered sites in Wallonia have been represented in the work map as it can be seen in 

the figure below: 

 

Figure 14: The Natura 2000 sites 

 5th step: forests and inhabited areas 

To create the layers related to the forests and inhabited areas located in Luxembourg, the province zoning 

maps have first been geo-referenced in the work data base, as the following figure shows: 
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Figure 15: Geo-referenced zoning maps 

Then, the Luxembourg forests and inhabited areas are each assigned a layer. Afterwards, a 200 m-buffer 

zone is created around the forests and a 500 m-buffer zone around the inhabited areas. The resulting map 

is: 

 

Figure 16: Resulting map from the addition of new layers 
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 6th step: thorough analysis of the remaining free zones 

The zones which have not been covered by any layer so far have been thoroughly analyzed to identify any 

legally protected area and any isolated house. The latter have been searched out thanks to the BNGI5 

maps and satellite web views and included in the inhabited area layer.  

 

 7th step: identification of the areas of interest 

The areas which seem not to include any obstacle for wind farm development are identified and assigned a 

layer. However, there is a supplementary constraint regarding the site choice: owing to a regional 

regulation and profitability reasons, only the sites which are big enough to include a wind farm with at 

least five turbines are considered.  

Each interesting zone is assigned a layer named with the nearest village name. In addition, in case such 

areas include a localized constraint (underground facility, major transport roads etc.), an associated layer is 

created and the area is still considered if enough space is left for at least five turbines.  

 

2.2.2.3 Survey amongst local governments 

Based on the identified areas with ArcGIS®, the following stage has been to contact the administration for 

each district that includes one or more spotted sites. The goal of this survey is to obtain information about 

the situation of each district with regard to wind farm development: whether any wind company is already 

active in the district and more specifically in the areas of interest, whether there have been any influential 

obstacle which has come up with a previous project attempt and which has not been taken into account in 

the site research, whether the administration and the local population are in favor of wind energy 

development or not etc.  

The survey results in eliminating the sites which present significant obstacles to any project development 

(such as the prior presence of other wind companies, a strong opposition of the local government etc.).  

 

2.2.2.4 Turbine micrositing 

Turbine micrositing is the planning process that consists in designing a turbine layout for the project site 

and more precisely in choosing the type of wind turbine and the turbine positions. It represents a 

significant part of the planning work for a wind farm. 

Several aspects have to be taken into account in the process: 

 Wind conditions: statistic data regarding wind speed and main wind direction 

 Technical, environmental and human constraints 

 Accessibility (existing roads) 

 Distances between the turbines in the site 

The wind condition knowledge is of paramount importance in this process (and obviously in general for 

the decision regarding a wind farm development). The information about the wind conditions is essential 

to choose the wind turbine type and the layout expected to provide the highest energy output. In addition, 

it is important to be aware about the main direction of the wind flow to decide about the distances 

between the individual turbines. Indeed the distance is a very significant parameter for the energy 

production yield and the turbine lifespan: if the turbines are placed too close to each other, high 

turbulences are generated by the rotor of the “first” turbines (the turbines which do not undergo any 

                                                      
5 Belgian National Geographic Institute: national mapping agency in Belgium  
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impact from the other turbines) leading to a significant energy output reduction of the next turbines. 

There are also higher loads on the following turbines, which may result in reducing their operating life. 

Consequently the minimum distance to set between the turbines depends on the wind conditions and 

more precisely on the main flow direction: in practice in the main wind direction, a distance of at least 5 

rotor diameters must be set between the turbines and in the perpendicular direction there must be a 

distance of at least 3.5 rotor diameters between the turbines.  

 

Figure 17: Minimum distances between the turbines 

Another aspect which must be considered is the integration of the wind turbines in the environment, not 

only from an ecological viewpoint but also to strengthen the population acceptance. In that way, the 

simple geometric shapes must be favored in general (such as lines, curves etc); but in some cases, 

depending on the location and the relief, the turbines can be positioned to emphasize the landscape lines. 

The main purpose is to have the wind farm in harmony with the surrounding environment as much as 

possible. 

At this stage a prior turbine micrositing is carried out for each site based on the main wind direction in 

Luxembourg, which is south-west, the site geometric shape and the concern for a good integration in the 

surrounding environment (see Figure 18). This first turbine layout is most likely to evolve all along the 

project, depending on the following studies (such as telecommunication study, site topography study, 

wind resource data etc). 

 

Figure 18: Example of a preliminary turbine micrositing 
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2.2.3 Authorities consultation 

The next stage for the sites under study is to consult the competent authorities in order to confirm that 

the sites do not present any obstacle for wind farm development. The authorities in question are: 

 The General Direction of the Air Transport (GDAT), including the Defense Department and 

Belgocontrol (the organization in charge of the air traffic security) 

 The Belgian organization in charge of telecommunication, l’Institut Belge des Postes et 

Telecommunications (IBPT) 

 The Distribution Network Operator in Wallonia – ORES – which states for each site whether 

there is a possibility for grid connection or not.  

Therefore for each site a file has been set up, including the turbine positions, the site layout and the 

turbine model, and sent to the competent authorities. 

 

2.2.4 Meetings with the districts’ administration 

The next step, for the projects still under study, has been to contact the administration of each district 

concerned by one or several projects in order to meet the districts’ representatives and present the 

project(s) to them. This represents also an opportunity to go onsite and compare the real site(s) of interest 

to the simulated one(s). 

The meetings have more precisely aimed to: 

 present the company Nordex, sometimes already known as a turbine manufacturer, with the 

turbine models likely to be used  

 explain the development process with the various steps 

 present the project zones: the site localization, the layout and the technical and environmental 

constraints nearby 

 present the procedures for the environmental impact assessment, which will be carried out if a 

pre-project is accepted 

 present the spillover related to a wind farm project 

The meetings have also aimed to discuss with the representatives about their feeling with regard to wind 

power and the feasibility of the presented project(s). 

 

2.2.5 Collecting the landlords’ identity 

The following step is designated to determine the identity of the landlords whose plot(s) lie(s) on the 

projects’ zones. This step has been performed for the projects for which the districts’ representatives met 

had allowed Nordex to meet the landlords. 

To do so, the first stage has been to draw each piece of land composing the project area, on ArcGIS®. 

This task has been performed based on the cadastre map, available on a website managed by the Walloon 

Region6. This website offers WebGIS applications for map data visualization and associated information 

data. Based on a cadastre map extracted from the website, the plots have been recreated and labeled with 

their identification code on ArcGIS, as it can be seen in the figures below: 

                                                      
6 http://mrw.wallonie.be/dgatlp/dgatlp/Pages/Observatoire/Pages/DirOHG/Geomatique/WebGIS/index.asp  

http://mrw.wallonie.be/dgatlp/dgatlp/Pages/Observatoire/Pages/DirOHG/Geomatique/WebGIS/index.asp
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Figure 19: Plot drawing 

 

Figure 20: Labelled land plots 

Afterwards, an excel sheet collecting the plots’ identification code has been sent to the district’s 

administration concerned by the project and to the Cadastre Direction in the Walloon Region, in order to 

obtain the identity of the land owners. An extract of the Excel sheet associated to the project area 

displayed in Figure 19 is given in Appendix 3. 
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2.3 Analysis of Belgium’s grid connection requirements 

2.3.1 Integrating wind energy into the grid 

Power grids are, on a national but also international level, organized in a hierarchy. As an example on the 

European level, the highest level is the UCTE 7 grid which covers 23 countries synchronously. The power 

coming out of the producing plant is transmitted through the transmission grids, whose voltage level is 

around 220 kV but it can even be higher. Below the transmission grids, there are distribution grids, whose 

voltage level ranges from 10-30 kV for medium voltages to 110 kV for high voltages, that deliver the 

power across substations within the region. These substations afterwards transport the electricity to 

individual consumers in low-voltage grids (usually around 220V in Europe). 

 

Figure 21: Grid infrastructure (adapted from United States Department of Energy, 2004 as cited in Wikipedia, 2011) 

Usually wind farms are connected to the distribution grid but for big wind farms with a rated power 

superior to 20 – 25 MW, the connection is carried out to the transmission grids.  

There is a set of rules (legal regulations, standards, guidelines etc.) for the operation of each grid type, such 

as for example: 

 UCTE Operation Handbook for the European Electricity Network 

 Rules for connections to the grid (individual network operator)  

 Contract for the individual grid connection 

 

2.3.2 Grid code: the epitome of the grid connection requirements 

A grid code consists of technical requirements that an electricity generating facility has to meet to 

guarantee efficient functioning of the electric grid. More precisely the grid code, which may vary from one 

country to another, specifies day-to-day procedures for both planning and operational purposes and 

covers both normal and exceptional circumstances. 

The aim of the grid code is to strengthen the development of optimal wind farms with regard to the 

delivery and distribution of electricity to the grid and to provide a set of rules for abnormal operation in 

order to prevent any significant power failure.  

A grid code is usually divided into the following sections: 

 General information about the precise grid code (the country in which it is in application, the 

frame of enforcement, definitions etc.) 

 Voltage: this part deals with all the requirements related to the voltage to deliver by the wind 

farm and to the behavior to adopt in case there is a voltage variation at the connection point 

                                                      
7 Union for the Coordination of Transmission of Electricity 
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 Frequency: this part deals with the behavior to adopt when the grid frequency varies and with 

the way to regulate the power production depending on the frequency variations 

 The behavior during grid failures: the variations the wind farm must be able to support (such 

as grid voltage variations) and the behavior to adopt when a grid failure occurs are mentioned 

 The grid protection features for wind turbines against over- and undervoltages and against 

over- and underfrequencies: for the voltages (and frequencies) which are not included in the range 

of operation, the grid code informs about the behavior to adopt and the dead times beyond which 

the wind turbines must be disconnected from the grid 

 

2.3.3 Analysis of the German and French grid code characteristics 

The first task has been to study the German and French grid code characteristics. The documents I have 

studied are actually used in Nordex construction facilities for the electrical components (converters, 

transformers etc.) whose choice depends on the grid characteristics. 

The German grid code characteristics document I have initially used is the E.ON 2006/K08 data sheet. It 

gives all the specific characteristics a wind turbine must fulfill in order to be integrated into the E.ON 

Netz GmbH grid – E.ON Netz GmbH, referred to as ENE, is the Transmission System Operator in 

Germany. This document is still in application at the present time. 

The French specification I have analyzed consists of a summary of grid code requirements for the wind 

farm projects which are connected to the distribution network. The fact that only the distribution network 

is considered leads to some consequences: it only concerns wind farm projects with a rated power below 

17 MW per grid connection and rated voltages below 50 kV. In reality it corresponds to most of the wind 

farm projects in development. 

The analysis of both specifications has aimed to understand the critical issues when connecting a wind 

farm to the grid, during the planning step as well as during operation. In addition, this first task has been 

necessary to have in mind the requirements in application in Germany and in France so that a comparison 

could be done while studying the Belgian specification. In that way, any stricter requirement in Belgium 

could be pinpointed.  

 

2.3.4 Analysis of the Belgian specification 

The second step has been to analyze the technical requirements for a wind farm connection to the grid. 

Only the distribution network has been focused on since all the projects intended to be developed have a 

rated power lower than 25 MW, value above which the connection is carried out to the transmission 

network in Belgium.  

Contrary to France and Germany, in Belgium there is not any grid code specific to the connection of wind 

turbines to the grid yet. I have then work through mainly two documents: 

 A document dealing with the conditions and procedures for a grid connection request in the 

Walloon Region, provided by the Walloon Distribution Network Operator (DNO) which is 

ORES: Technical conditions for grid connection 8 (1) 

 The technical specification for the connection of decentralized electric generating facilities to the 

distribution grid, developed by the federation of the Belgian DNOs which is Synergrid: Technical 

requirements specific to the decentralized production plants operating in parallel to the distribution grid 9 (2) 

                                                      
8 Translation for: Les conditions techniques de raccordement au réseau électrique 
9 Translation for: Prescriptions techniques spécifiques pour les installations de production décentralisées fonctionnant en parallèle sur le 
réseau de distribution 
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The document (1) has been all the same enriching as it informs about the procedure for a grid connection 

request for a wind farm project, which is part of the development pre-study. Regarding the document (2), 

it has provided the main information about the technical requirements an electric generating facility (a 

wind turbine in our case) must meet for efficient and coordinated functioning of a wind farm and the 

electric grid.  

 

2.4 The Walloon policy towards wind energy development 

Wind energy development has expanded rapidly for the last decade owing to a regional policy in favor of 

such boom based on ambitious objectives, and, in spite of a great deal of technical and environmental 

constraints. One of the specificity of the Walloon Region is the absence of any legal framework which 

would supervise the wind energy sector but only incentives and the much talked-about Walloon frame of 

reference have been set to give directions for an optimal development.  

However some incentives and the frame of reference which are still effective were decided about ten years ago 

and are not adapted anymore with the evolution that the wind energy sector has known so far and the new 

objectives set for 2020. Furthermore the ambitious objectives for 2020 in terms of wind energy (i.e. 2200 

MW in the Walloon Region) will be far from being reached if the frame of reference is not updated, taking 

into account the current situation and the targets in view. Indeed about 1/5 of the objectives for 2020 has 

been reached so far (442.3 MW in operation in January 2011) and thus 4/5 of them are still to be 

implemented in the next 9 years.  

Therefore the Walloon government has set up a think tank to update the frame of reference by the end of 

2011 and introduce new measures to foster wind farm development even more.  

An investigation has been led to know the orientations in view for the new version of the frame of reference 

and the support means for wind farm development.  

 

 

  



CONFIDENTIAL  -36- Wind farm development in Wallonia  
 

3 Chapter three – Results  

3.1 Results of the project development activity 

In this area, wind farm development, the results are progressive: consequently the first results will affect 

the steps that follow and therefore the following outcomes.  

3.1.1 Results 1 – from site identification 

The first stage of site research with ArcGIS® has resulted in the identification of approx. 40 sites (located 

in about 20 districts) which seem not to include any major constraint.  

However, the survey conducted amongst the local governments has resulted in refining the site number to 

only 14 sites, mainly due to a prior presence of wind companies on the identified sites. The table below 

collects for the prospected sites, numbered 1, 2, 3 etc., the number of wind turbines based on the 

preliminary micrositing: 

Table 1: Number of wind turbines for each identified site 

Number of wind 
turbines 

5 6 7 8 

Projects 5 – 7 – 8 – 9 – 10 - 14 1 – 11 – 12 - 13 2 – 3 – 4  6 

 

3.1.2 Results 2 – from the competent authorities consultation 

Consulting the competent authorities has aimed to have an official and independent position about the 

feasibility of the projects with regard to the telecommunication and radio constraints (IBPT10), the 

aeronautical constraints (GDAT11) and the grid connection accessibility (ORES12). The results are 

summarized in the table below. The consultation has been carried out for 15 projects, among which the 

first 14 sites correspond to the prospected sites, numbered the same as previously, and the last one 

corresponds to a project developed by a local citizen organization for which a call for tenders has been 

launched. So far it has not been known yet whether Nordex France has been selected to take part to this 

project.   

                                                      
10  Institut Belge des Postes et Télécommunications 
11  General Direction of the Air Transport 
12  The Walloon Distribution Network Operator 
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Table 2: Results of the competent authorities consultation (black: feedback from the authorities / blue: actions taken) 

Sites IBPT ORES GDAT  

1 
Based on the wind turbine configuration, no risk 
of interference with radio links 

No available capacity for grid connection 

No radar nearby 
Located in a military area => favorable 
recommendation from the Defense Department 
provided the presence of lighting 

2 
Based on the wind turbine configuration, no risk 
of interference with radio links 

No available capacity for grid connection 

No radar nearby 
Located in a military area => favorable 
recommendation from the Defense Department 
provided the presence of lighting 

3 
Based on the wind turbine configuration, no risk 
of interference with radio links 

No available capacity for grid connection 

No radar nearby 
Located in a military area => favorable 
recommendation from the Defense Department 
provided the presence of lighting 

4 
Based on the wind turbine configuration, 3 wind 
turbine positions are incompatible with the local 
radio diffusion   

No available capacity for grid connection 
No radar nearby 
No information from the Defense Department 
about the feasibility of this project 

5 

2 wind turbines are too close to 3 radio links: 
based on the coordinates of the concerned radio 
links and the safety distance to respect, the 
positions have been re-considered with no success 
because of the surrounding constraints. The two 
turbines have then been taken away, reducing the 
turbine number to 3  

No available capacity for grid connection 

Close to the critical zone associated to a civilian 
radar (15 – 16 km from the radar) 
Located in a military area => favorable 
recommendation from the Defense department 
provided the presence of lighting 

6 
One wind turbine is too close to a radio link : the 
position has been readapted based on the radio 
link coordinates and the safety distance to respect 

The current available capacity in the closest 
substation is not enough for the project => 
possibility to apply for a place in a waiting 
list for this substation 

Situated in a civilian radar critical area (approx. 11 
km far from the radar) 
Located in a military area => favorable 
recommendation from the Defense Department 
provided the presence of lighting 
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7 

2 wind turbines are too close to 2 radio links: 
based on the coordinates of the concerned radio 
links and the safety distance to respect, the 
positions have been readapted 

The current available capacity in the closest 
substation is not enough for the project => 
possibility to apply for a place in a  waiting 
list for the substation 

No  radar nearby 
Located in a military area => no information so 
far about the feasibility of the project from the 
military viewpoint 

8 
One turbine is not compatible with a radio link: 
the turbine position has been changed so that it 
will not interfere anymore 

The three projects, located on the same 
district, have the same substation as the 
closest substation to each one. However 
there is not enough available capacity for 
the three projects: there may be enough 
capacity for one or two of them or it is 
possible to apply for a place in the 
substation waiting list for the three projects 
if they all are promising 

No radar nearby 
Not located in a military area 

9 
No radio link on the site: no risk of interference 
that could have been generated by the turbines 

No radar nearby 
Not located in a military area 

10 
No risk of interference with the radio link 
localized on the area, based on the wind turbine 
layout 

No radar nearby 
Not located in a military area 

11 
3 wind turbines are not compatible with 2 radio 
links : based on the localization of the radio links, 
the wind turbine positions have been changed 

Capacity available 
No radar nearby 
Not located in a military area 

12 No radio link on the site: no risk of interference  
The three projects, located on the same 
district, have the same substation as the 
closest substation to each one. However 
there is not enough available capacity for 
the three projects: there may be enough 
capacity for one or two of them or it is 
possible to apply for a place in the 
substation waiting list for the three projects 
if they all are promising. 

No  radar nearby 
Located in a military area => no information so 
far about the feasibility of the project from the 
military viewpoint 

13 No radio link on the site: no risk of interference  

No  radar nearby 
Located in a military area => no information so 
far about the feasibility of the project from the 
military viewpoint  

14 
No risk of interference with the radio link 
localized nearby the area, based on the wind 
turbine layout 

No  radar nearby 
Located in a military area => no information so 
far about the feasibility of the project from the 
military viewpoint 

15 13 No risk of interference based on the site layout Capacity available 
No radar nearby 
Not located in a military area 

                                                      
13 Project within the frame of a call for tenders to which an application has been sent 
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It can be noticed that some leeway is possible based on the results of the authorities consultation only 

with telecommunications. Indeed, except for one project for which it has not been possible to re-adjust 

the turbine positions so that they could fulfill all the constraints, the feedback from IBPT has led to re-

adjustments in the turbine layouts.  

However, regarding the Distribution Network Operator ORES and the General Direction of the Air 

Transport, when their feedback is negative, nothing can be done, despite the feedback from the other 

authorities. Therefore for the projects 1, 2 and 3, for which the feedback was positive for both IBPT and 

the Defense Department, there is no possibility for grid connection since all the capacity has already been 

booked or distributed to other wind farm projects. This will result in abandoning the projects. 

There is also a situation in which the available capacity is not enough for the project but there remains a 

possibility to apply for a waiting list. This system enables the developers to be registered on a list, managed 

by the DNO, with a priority order so that they could have access to the needed capacity for their 

project(s) in case additional capacity becomes available either due to a project cancellation or thanks to 

investments made to strengthen the capacity. This system enables the developers not to give up their 

project because the available capacity is not enough for their project(s).  

Regarding the aeronautical constraints with the Defense Department and the organization in charge of air 

traffic security, two projects (5 and 6) seem to be critical because of their proximity to a civilian radar. 

Indeed one of them (6) is located inside the critical area while the other (5) is close to it. The feasibility 

does not seem obvious but there are examples of projects in the Walloon Region which have been carried 

off whereas they were located in an airport exclusion area (the terminal control area). 

Based on the results obtained from the competent authorities consultation, the table below sums up the 

consequences on the projects under study:  

Table 3: Consequences on the projects under study 

Consequences Dropped On standby Going on 

Concerned projects 1 – 2 – 3 – 4 – 5 6 
7 – 8 – 9 – 10 – 11 – 12 – 

13 – 14 – 15 

 

3.1.3 Results 3 – from the meetings with the districts’ administration 

Five districts have been contacted for a meeting request: 

 District A, concerned by the projects 8, 9 and 10 

 District B, concerned by the project 8 

 District C, concerned by the project 7 

 District D, concerned by the project 11 

 District E, concerned by the project 12, 13 and 14 

Only the district A has refused the meeting request because there are already a great many wind farm 

projects and/or ongoing pre-projects on the district according to the district representatives. 

 

The meetings which have taken place have proceeded differently. The results are collected in the following 

table. 
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Table 4: Outcomes of the meetings with the districts' administration 

District B C D E 

Person(s) attending 
the meeting 

Agent from the urbanism 
service and the person in 

charge of Energy Efficiency 

Deputy mayor for land 
settlement and urbanism 

Whole district council Mayor 

Feeling towards 
wind energy 

- In favor of wind farm 
development 

- Interested in taking part to 
the investment 

In favor of wind farm 
development 

In favor of wind farm 
development 

- Pretty loath to wind energy 

- Demand of significant 
spillover from the wind farm 
projects 

Obstacles to the 
project(s) 

- The project site is on two 
districts and the other one 
(A) is not willing to go 
further with this project 

- Presence of a gas line across 
the project area 

- Existing ongoing project near 
the localized zone 

- Presence of a very sensitive 
bird species nearby the site 

Presence of a wind company 
which has already had lease 
signed with some landlords 

2 projects (12 and 14) have 
already been undertaken by a 
wind company (lease signed with 
most of the landlords present on 
site) 

Consequences on 
the projects 

- Contacts will be taken 
with the onsite 
landlords 

- The gas line will be 
taken into account and 
more information will 
be taken about it with 
the gas operator in 
Belgium 

 

Project dropped 
Contacts will be taken with the 
onsite landlords 

- Contacts will be taken with 
the landlords concerned by 
the project 13 

- Study of the possibility for the 
district to take part to the 
investment to obtain spillover 
with the electricity sale  
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Several comments can be made from the results collected in the table above.  

First regarding the wind energy acceptance, it can be seen that, except for one district, wind energy 

conveys a better image that it used to and the acceptance becomes obvious owing to an improved 

awareness regarding the environmental issues. However, the wind turbine acceptance has some 

limitations. The most obvious limitation concerns the impacts on the surrounding environment. Even if it 

is not written in the table above, the acoustics remains the main concern for the local population as well as 

the visual impact. Another surprising demand expressed by the district representatives concerns significant 

spillover from the wind farm project for the district and, if possible, a participation to the investment in 

order to own a share of the wind farm. The possibility for the community to take part to the financial 

investment has been afterwards studied through an investigation of such existing partnerships in the 

Walloon Region. The results of the survey is given in Appendix 5. In addition, a financing plan has been 

submitted to the district B, explaining the level of investment from each investor (banks, investment 

funds, community etc.) in a typical wind farm project (see Appendix 6). Regarding the district E, more 

information has been given about the various types of spillover that can be received by the community 

through a wind farm project.     

It can also be seen that some projects have been dropped due to the prior presence of another wind 

company. The cases indirectly show the existing competition in the wind energy sector in the Walloon 

Region between all the active wind companies. One strategy chosen by some companies is to directly go 

to see the landlords and financially negociate with them the presence of wind turbines on their lands. In 

case the landlords are interested, they sign a lease pledge agreement with the wind company which, in that 

way, has the sole rights on the land(s) for a long time period (usually 5 or 6 years) for a wind farm project. 

Afterwards the company makes its presence known to the district representatives. The consequence of 

such a behavior is that the lands which are subject to a lease pledge agreement become inaccessible to any 

other wind energy company all along the agreement’s term even if no wind farm project has been officially 

presented to the district by the wind company which owns the signed agreements.  

Eventually Nordex has been allowed to contact the landlords for the three remaining projects under study. 

Once the name and address of the owner(s) of the land plots collected for each project zone (section 

2.2.5) are obtained, the next task will be to contact the landlords.   

 

3.1.4 Results 4 – from meeting landlords and farmers 

Due to long administrative delays, I have only been able to collect the landlords’ identity for two districts 

(B and D). Consequently, given the allotted time for the master thesis, I have not been able to meet them 

so far, while I’m completing the final report. However, I have been able to assist the land lease expert 

from Nordex, who is working in Wallonia, in meeting landlords and farmers for other projects similar to 

mine. I have thus experienced the connection with the local population and I could directly witness their 

feeling towards wind turbines. As far as I have seen, most people directly concerned by wind turbines on 

their land are interested in the economic aspect of wind farms, and consequently are in favor of wind 

turbines. Obviously I have only been able to meet a small proportion of the local population, but what I 

can conclude from what I have seen is that people do not seem to be bothered by wind turbines, 

especially from the visual and acoustic viewpoints, when it is question of spillover.  
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3.2 Results of the analysis of Belgium’s grid connection 

requirements 

3.2.1 Results 5 – comparison of the studied characteristics 

From the analysis of the technical requirements for an optimal grid connection and operation of the three 

countries – Belgium, France and Germany – a comparison has been drawn between these characteristics, 

especially a comparison Belgium-France and a comparison Belgium-Germany. The purpose of the 

comparisons is to identify any requirement which is only specific to Belgium, and not included in France 

or in Germany either, or any stricter requirement in Belgium than in France and in Germany. Thus such 

requirements will be taken into account during the turbine construction and monitoring for Belgian wind 

farm projects. In that case, a new data sheet collecting the requirements specific to Belgium would be 

created. Otherwise, the French or the German data sheet, depending on which one covers all the 

requirements specific to Belgium, would be used by the turbine construction facilities.  

The Table 5 collects all the technical data related to the grid connection requirements for Belgium, France 

and Germany. From this table, a comparison will then be drawn between Belgium and France and 

between Belgium and Germany to see whether the grid code characteristics of either France or Germany 

can be applied to the Belgian case.  

 

Definitions of the abbreviations used in the tables below: 

 DNO: Distribution Network Operator 

 PCC: Point Common of Coupling = wind farm substation circuit breaker 

 UPCC: voltage at PCC  

 Un: rated distribution network voltage – in Belgium Un = 15 kV and in France Un = 20 kV or 15 

kV 

 Uc: no load voltage at the PCC (contractual voltage level which is specific and fixed for each 

project) – Uc is included inside [Un ; Un + 8%14] in France while Uc = Un in Belgium 

 Pact: active power before a grid fault 

 Pn: rated active power. For a turbine N100 Pn =2500 kW and for a turbine N117 Pn=2400 kW 

 Sn: rated apparent power of the whole wind farm project  

 In: rated current 

 

 

 

 

 

                                                      
14 The maximum of 8% is compensated by the wind turbine transformer whose rated medium voltage can be 
adjusted with voltage tap changers during commissioning. 
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Table 5: Summary of the technical data related to the grid connection requirements for Belgium, France and Germany 

Characteristics   

Belgium France 
Germany 

E.ON 2006/K08 

Voltage UPCC 
Normal operation: 

UPCC = Uc +/- 10% 

 Normal operation: UPCC = Uc +/- 5% 

 Quasi-static operation:  
UPCC = Uc +/- 10%  → the wind 
turbine must stay connected at least 20 
min / 5% active power decrease 
allowed  

Normal operation: 
UPCC = Uc +/- 10% 

Frequency operating 
range 

[47.5 Hz ; 51.5 Hz] with a rated grid 
frequency of 50 Hz 

[47 Hz ; 52 Hz]  with a rated grid 
frequency of 50 Hz 

[47.5 Hz ; 51.5 Hz] with a rated grid frequency 
of 50 Hz 

Frequency variations 

The wind turbine must stay 
permanently connected to the grid as 
long as the frequency is in the range 
[47.5 Hz ; 51.5 Hz] 

The wind turbine can be disconnected 
from the grid after a certain delay time if 
the frequency is not in the range [49.5 Hz 
; 50.5 Hz] – see Table 6 

The wind turbine can be disconnected from the 
grid after a certain delay time if the frequency is 
not in the range [49 Hz ; 50.5 Hz] – see Table 7 

Frequency regulation 

There is no constraint with regard to 
the active power production by the 
wind turbine depending on the 
frequency variations 

The active power output decreases 
following a slope if the frequency varies in 
the range [50.5 Hz ; 52 Hz] – see Figure 
22 

The active power output decreases following 
fixed slopes if the frequency is not in the range 
[49.5 Hz ; 50.2 Hz] – see Figure 24 

Power factor 15 tan (φ) in the range [-0.1 ; 0.33] tan (φ) in the range [-0.35 ; 0.4] 
tan (φ) in the range [-0.33 ; 0.33] when the 
frequency is in the range [49.5 Hz ; 50.5 Hz] ; 
otherwise tan (φ) = 0 – see Table 7 

Grid failure behavior See Figure 25 See Figure 26 See Figure 28 

                                                      
15 tan (φ) informs about the reactive power which can be absorbed or supplied to the grid by the wind farm. When tan (φ) is negative (capacitive regime leading to a negative reactive 
power), it means that reactive power is absorbed by the wind turbines, which results in a voltage decrease at the PCC node. On the contrary, when tan (φ) is positive (inductive 
regime with a positive reactive power), reactive power is injected into the grid by the wind turbines, leading to a voltage increase at the PCC node.    

Country 
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The data in the table above are explained in the following sections. 

3.2.1.1 Frequency variations 

Table 6: Frequency variations in the French grid code (Nordex Energy GmbH, 2010) 

Operation at PCC Frequency level Minimum delay time 
Power decrease range 

accepted 

Steady state/normal 
operation 

50 Hz +/- 0.5 Hz 
Normal operation => 

no disconnection 
0% of Pact 

Quasi-static operation 

47 – 47.5 Hz 20 s 0 – 20% of Pact 

47.5 – 48 Hz 3 min 0 – 15% of Pact 

48 – 49 Hz 3 min 0 – 10% of Pact 

49 – 49.5 Hz 5 h 0 – 10% of Pact 

50.5 – 51 Hz 1 h 0 – 10% of Pact 

51 – 51.5 Hz 15 min 
See frequency regulation 

51.5 – 52 Hz 20 s 

 

Table 7: Frequency variations in the German grid code (Nordex Energy GmbH, 2006) 

Frequency level Minimum delay time 
Maximum active 

power 
Power factor 

47.5 – 48 Hz 10 min 

80% to 100% Pn cos (φ)=1 
48 – 48.5 Hz 20 min 

48.5 – 49 Hz 30 min 

49 – 49.5 Hz 

permanent 49.5 – 50.2 Hz 100% Pn cos (φ)=0.95 capacitive  to 
cos (φ)=0.95 inductive 50.2 – 50.5 Hz 

100% to 48% Pn 
50.5 – 51.5 Hz 30 min cos (φ)=1 

 
It can be seen from the tables above that, depending on the frequency level, there is a minimum delay 

time during which the wind turbine must stay connected to the grid and beyond this time, it is possible to 

disconnect the wind turbines to protect them from any failure. It can also be noticed that if the frequency 

is not included in a certain range ([49.5 Hz ; 50.5 Hz] for the French case and [49.5 Hz ; 50.2 Hz] for the 

German case), the active power can be regulated up to a certain limit to prevent any adverse impact on the 

wind turbines. Actually, when the frequency is equal to 50 Hz (possibly +/-0.5 Hz), it concretely means 

that the electric consumption is equal to the electric production. When the frequency is below 49.5 Hz, 

the consumption becomes “significantly” higher than the production, probably due to a failure occurring 

in an electric generating plant. The delivery of active power by the wind turbines becomes stiffer: 

consequently a power output decrease is allowed to smooth the wind turbine operation while it remains 

connected to the grid. On the contrary, when the frequency is higher than 50.5 Hz, the consumption 

becomes “significantly” lower than the production and a decrease of the power output delivered by the 

wind turbines helps the grid to recover and prevents the wind turbines from any major impact.   

 

3.2.1.2 Frequency regulation 

In the figures below, it can be seen how the frequency deviations are regulated with the active power 

production in France and in Germany. It can also be noticed that there are different curves depending on 

the load. This parameter is intrinsic to the wind speed. Indeed depending on the wind speed, the power 

production will not be the same. Thus for a full load operation, the wind speed enables a power 
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production equal to the wind turbine rated power. However for a partial load of 50 %, the wind speed 

enables a power production of half the wind turbine rated power. 

In the French case, beyond a fixed frequency set-point (usually 50.5 Hz)until 52 Hz, the active power 

delivered by the turbines decreases following a slope that may be defined, after discussion between the 

DNO and the wind farm owner, for each project. The graphic below summarizes the power decrease 

range that may be required: 

 

 
Here is an example for a project in France, Germinon, for which the settings adopted for frequency 

regulation can be seen in the figure below. 

 

Figure 23: Power decrease for high frequency variations applied for the project Germinon in France (Nordex Energy 

GmbH, 2010) 

The threshold frequency is 50.5 Hz (beyond which the active power decreases with the frequency 

increase). The slope has been defined as 6.67% of the permitted power for full load (i.e. 2500 kW) per 0.1 
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Figure 22: Frequency regulation in effect in France (Nordex Energy GmbH, 2010) 
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Hz, i.e. 1667.5 kW/Hz, and it is the same whatever may be the load regime. It can be noticed that for 

partial loads, 0% of permitted power is reached before 52 Hz. 

 

Regarding Germany (Figure 24), two cases are distinguished: 

 In the underfrequency situation, for a frequency lower than 49.5 Hz, the active power is linearly 

decreased to a maximum of power output of 80% Pn at 47.5 Hz. This is the case only for the 

loads initially superior to 80%, otherwise the active power does not decrease with the frequency 

reduction. 

 In the overfrequency situation, above 50.2 Hz, the active power is reduced by 40% of Pn per Hz, 

Pn depending on the wind load. However if the wind increases during the overfrequency, the 

active power output is still determined with respect to the original partial load curve.  

 

Figure 24: Frequency regulation behavior applied in Germany (Nordex Energy GmbH, 2006) 

 

3.2.1.3 Power factor 

According to the Belgian technical specification, the wind turbines must be able to reach a power factor of 

cos (φ) = 0.995 capacitive (corresponding to tan (φ) = - 0.1) to cos (φ) = 0.9496 inductive (equivalent to 

tan (φ) = 0.33).  

In France, the wind turbines must be able to reach a power factor of cos (φ) = 0.9438 capacitive 

(corresponding to tan (φ) = - 0.35) to cos (φ) = 0.9284 inductive (tan (φ) = 0.4).  

If the comparison is made between France and Belgium with regard to the power factor parameter, based 

on the French requirement, it is possible to meet the requirement applied in Belgium. Indeed since in 

France tan (φ) belongs to [-0.35 ; 0.4], it is then possible for the wind turbines to absorb a reactive power 

up to -0.1 Pn from the grid and to provide a reactive power of 0.33 Pn to the grid, as it is demanded in the 

Belgian technical specification.  

However, based on the German grid code characteristics, the power factor requirement in effect in 

Belgium can only be met when the frequency is in the range [49.5 Hz ; 50.5 Hz].   
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3.2.1.4 Grid failure behavior 

When electric short-circuits happen, it generally results in briefs voltage dips. Depending on the location 

of such short-circuits, the consequences can be significant in a geographic area, whether it is large or not. 

In that way, to ensure the grid stability, the production facilities must withstand voltage variations, whose 

intensity depends on the country. The Fault Ride Through (FRT), defined according to the country’s 

specification, shows what an electric generating unit is required to be capable of when the grid voltage is 

momentarily reduced due to a fault or a load change in the grid.  

 

In Belgium the associated FRT is shown below: 

 

Figure 25: Belgian Fault Ride Through 

If the grid voltage drops by 30 % (reaching a residual voltage UPCC/Uc of 70%) the wind turbines must 

stay connected to the grid for at least 0.2 s. Beyond this time limit, if the grid voltage has not recovered, 

the wind turbines can be disconnected. In case the grid voltage drops by 15 %, the wind turbines must be 

connected to the grid for at least 1.5 s. It can be noticed that if the grid voltage drop is up to 10%, the 

wind turbines must stay permanently connected to the grid.  

 

The Fault Ride Through applied in France is shown in the following figure.  

 

Figure 26: French Fault Ride Through 

 

When the curves associated to the Belgian and the French FRT are overlaid it results in:  
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Figure 27: Comparison of the Belgian (brown curve) and the French (blue curve) Fault Ride Through 

It can be seen that a part of the brown curve corresponding to the Belgian FRT is below the blue one, 

which corresponds to the French FRT. It would mean in reality that beyond the time corresponding to 

the intersection point and until 1.5 s (during approx. 0.15 – 0.2 s), if the residual voltage remains at 85%, it 

would be allowed in France to disconnect the wind turbines while it would not in Belgium.   

 

Finally the Fault Ride Through applied in Germany can be seen below: 

 

Figure 28: German Fault Ride Through (Nordex Energy GmbH, 2006) 

If the focus is put on the voltage level before the transformer (i.e. after the generator), then one should 

refer to the dark blue line while if the voltage level after the transformer is looked at, then the curves 

extend to the green curves.  

Considering that a grid failure occurs at t = 0 s, the wind turbine must remain connected to the grid as 

long as the voltage level at the generator is included between the two dark blue curves. When considering 

the voltage after the transformer, it is extended to the green line. In addition, the wind turbine still 

provides a power output even if the production is reduced. 

However the wind turbines still remain connected to the grid between the dark blue and light blue curves 

(and between the green and yellow curves) whereas active and reactive power are no longer output.  
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When the curves associated to the Belgian and the German FRT are overlaid it results in:  

 

Figure 29: Comparison of the Belgian FRT (brown curve) and the German FRT 

The German FRT is stricter than the Belgian one since the brown curve corresponding to the Belgian 

FRT is included within the area enclosed by the curves corresponding to the German FRT.  

 

3.2.2 Discussion of the results 5 

From this comparative study, several comments can be made: 

 When considering the comparison Belgium-France, it is observed that the French grid code 

characteristics fulfill most of the Belgian technical specification but not all:  

o the voltage operating range Uc +/- 10% , for which in France the wind turbines must be 

connected at least 20 min only while in Belgium it corresponds to the normal operating 

range (meaning permanent connection of the turbines to the grid if the voltage 

undergoes dips and increases up to 10%) 

o the permanent connection to the grid whatever may be the frequency in the range [47.5 

Hz ; 51.5 Hz]  

o the grid failure behavior as in effect with the Belgian grid 

 When it comes to the comparison Belgium-Germany, not all the requirements in effect in 

Belgium can be met based on the German grid code characteristics, such as: 

o the permanent grid connection when the frequency is in the range [47.5 Hz ; 51.5 Hz]   

o the ability to absorb or provide reactive power, independently of any frequency range 

After a consultation with the person in charge of the grid connection issue at Nordex France and the 

electrical engineers, it has first been decided that a new data sheet specific to the Belgian system would 

have to be set up. 

However, a data sheet associated to a grid code variant, the Grid Code Variant 12 “SDLWindV 2009”, has 

just been effective in Nordex for Germany recently (for 6 months approx.). This grid code variant is not a 

substitute for the previous grid code characteristics present in the E.ON 2006/K08, which are still in 

application in Germany, but it includes new requirements which enable the German wind farm owners to 

have supplementary advantages with electricity feed-in tariffs.  
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3.2.3 Results 6 – comparison with the Grid Code Variant 12 “SDLWindV 

2009” 

Table 8: Comparison between Belgium's technical specification and the German grid code variant 

Characteristics 
Belgium 

Germany 
SDLWindV 2009 

Voltage UPCC 
Normal operation: 

UPCC = Uc +/- 10% 
Normal operation: 

UPCC = Uc +/- 10% 

Frequency operating 
range 

[47.5 Hz ; 51.5 Hz] with a rated grid 
frequency of 50 Hz 

[47.5 Hz ; 51.5 Hz] with a rated grid 
frequency of 50 Hz 

Frequency variations 

The wind turbine must stay 
permanently connected to the grid as 
long as the frequency is in the range 
[47.5 Hz ; 51.5 Hz] 

The wind turbines remain connected 
continuously to the grid whatever 
may be the frequency within the 
range [47.5 Hz ; 51.5 Hz] 

Frequency regulation 

There is no constraint with regard to 
the active power production by the 
wind turbine depending on the 
frequency variations 

The active power output is reduced if 
the frequency exceeds 50.2 Hz – see 
Figure 30 

Power factor tan (φ) in the range [-0.1 ; 0.33] tan (φ) in the range [-0.32 ; 0.37] 

Grid failure behavior See Figure 25 See Figure 31 

3.2.3.1 Frequency regulation 

The power decrease depending on the frequency variations as stated in the German grid code variant can 

be seen in the figure below: 

 

Figure 30: Frequency regulation as defined in the German grid code variant (Nordex Energy GmbH, 2009) 

In underfrequency situations, there is no limitation in the active power output. So the turbines can provide 

the maximum rated power depending on the wind speed and in that way help the grid to recover.  

Country 
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In overfrequency situations, when the limit value of 50.2 Hz is exceeded, the active power output must be 

reduced following a slope of 40% Pact_50.2 per Hz, where Pact_50.2 represents the momentary active power at 

the moment in which the frequency exceeds 50.2 Hz.  

In addition, when the frequency decreases in an overfrequency situation, the setpoint of the active power 

output is not increased as long as the frequency is not below the hysteresis value of 50.05 Hz.  

 

3.2.3.2 Grid failure behavior 

 

Figure 31: Fault Ride Through in effect in the German grid code variant (Nordex Energy GmbH, 2009) 

Note: Point A: t=0.328 s, U = 0% Uc 

Within the range Uc +/- 10%, the wind turbines are able to withstand transient voltage dips and increases. 

If a grid failure occurs at t = 0 s, the wind turbine will stay connected to the grid as long as the voltage 

level is included in the area enclosed by the solid curves. In addition, in case the voltage level is between 

the solid curve and the dotted curve, the wind turbine still remains connected to the grid but neither active 

nor reactive current is output.  

Note: in order to preserve the grid, the active power output is usually reduced during a grid fault and 

when the voltage level is near 0% Uc, the reactive current is adjusted to zero.   

 

In the figure below the Belgian Fault Ride Through is overlaid on the FRT of the grid code variant: 
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Figure 32: Comparison of the Belgian FRT (brown curve) and the FRT from the German grid code variant (blue curve) 

It can be seen that the Fault Ride Through from the German grid code variant fulfills the Belgian 

requirements. 

 

3.2.4 Discussion of the results 6 

Eventually the studied variant of the German grid code, already in application with the Nordex turbines, 

fulfills all the requirements in effect in Belgium. Though, there is a limitation with this variant: currently 

only one converter, among those which can be used by Nordex for the turbines, fulfills the variant 

requirements. Yet, it is only incumbent to Nordex to choose the converters for the turbines and this 

limitation can be managed.  

 

3.3 Results of the investigation of the Walloon policy 

evolutions 

3.3.1 Results 7 - the frame of reference evolution 

The frame of reference evolution is a topic of current interest since the new version is expected for fall 2011. 

Through the new version, the Region aims to clearly set their objectives for 2020 for the Walloon Region 

and the orientations and action principles which will enable to attain the targets. A constraint relaxing, 

especially regarding the military constraints and the wind farm development in forests, is in view as well as 

a better consideration for citizen participation to wind farm projects. Furthermore a pioneering action 

principle is under study by the government in order to supervise the wind energy sector more efficiently: it 

is the land grant principle. It basically consists in organizing public call for tenders to private investors for 

sites considered with a high potential for wind energy, whether the sites are public or private. This idea 

has come in for a discussion meeting between the personal staff of one the Walloon ministers who have 

sparked off this principle, the Energy Minister Jean-Marc Nollet, and most of the wind companies active 

in the Walloon wind energy market. My supervisor and I have attended this meeting on behalf of Nordex 

as well.  

According to the minister’s spokespersons, the principle aims to foster an optimal land use as well as the 

wind farm development in the sites which have the highest potential for wind energy. One of the targets is 

also to question the principle currently in effect: “first come, first served”. This principle is as effective for 

lease signing with landlords as at the single permit (construction and urbanism permit) introduction. This 

informal rule is a brake to the optimal wind farm development in Wallonia according to the speakers, 
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since it prevents the possibility of better projects from emerging by adopting a strategy more oriented 

towards business than towards project quality focus. (Nollet’s cabinet, 2011)  

In that way, the Walloon government wants to adopt a global approach of the wind energy development 

over the region through the will of optimizing land space to reach the regional objectives for 2020. 

However, nothing has been decided yet regarding the process and practical details to put into practice the 

land grant principle. They still have to work on the selection criteria and the accessibility to land grant. 

Though some criteria are already in sight: environmental impact, wind potential optimization, project 

quality, the citizen participation share in the investment etc. Yet, the financial remuneration per kW is 

expected not to be part of the criteria. Eventually the principle is intended to be in application by 2013 if it 

is included in the new frame of reference. (Nollet’s cabinet, 2011) 

Nevertheless, the main limitation of such idea is the acceptance uncertainty of landlords to yield their 

land(s) to the Region. Consequently the expropriation contingency is considered in case a landlord 

obstinately refuses to give up his land(s) as a last resort. In such situation a benchmark price will be set for 

the expropriation financial compensation (Nollet’s cabinet, 2011). Another limitation concerns small (and 

most of the time local) wind companies which would not measure up to the competition with big 

companies (and a fortiori with international firms which might be attracted by the Walloon market) to be 

selected for the call for tenders. However the government is aware about this possibility and intends to 

include measures to avoid it if the land grant principle is adopted.   

 

Finally the Region intends to introduce the energetic objective and an annual wind energy path by decree 

(while the frame of reference has no legal dimension). The annual path would be studied and re-adjusted every 

year in order to keep up with the evolution and support the wind farm development steadily. (Nollet’s 

cabinet, 2011) 

 

3.3.2 Results 8 - the economic policy support: the Green Certificates 

The market policy adopted in Wallonia is the Green Certificate principle16. The green certificates (GC) are 

equities that are emitted by la Commission Wallonne Pour l’Energie (CWaPE), the official Walloon 

organization that regulates the Walloon electricity and gas markets. They are given to the “green 

electricity” producers following the quantity of produced electricity. Therefore a green certificate market 

has been created on which the GCs are traded at a price that is set by the market.  

The main GC buyers are electricity suppliers to reach their “green electricity quotas”. Indeed the GC 

mechanism is based on a quota obligation that is incumbent to all the electricity suppliers: they have the 

obligation to supply a fixed share of “green electricity” (produced from a renewable energy source) in the 

total quantity of provided electricity every year (CWaPE, 2009). This “green electricity” share results in 

quotas that evolve every year. The table below shows the annual quotas that have been set until 2016 

(Jacquet Annabelle, 2011): 

Table 9: Green electricity quotas defined for each year until 2016 (Jacquet Annabelle, 2011) 

Year 2011 2012 2013 2014 2015 2016 

Quotas 13.5% 15.8% 19.4% 23.1% 26.7% 30.4% 

 
Therefore, for the year 2011 the quota has been set to 13.50 % for the whole year, meaning that 13.5% of 

the electricity provided by an electricity supplier must come from a renewable energy source. 

Consequently, to reach their annual quota, the electricity suppliers can either directly produce green 

                                                      
16 Explanation of the mechanism as applied in the Walloon Region in Appendix 4 
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electricity or resort to purchasing green certificates (the number of green certificates purchased 

corresponding to the quantity of green electricity that must be supplied).  

Thus the quotas are continuously evolving and increasing every year to promote renewable energy 

production more and more. It is expected that the annual quota for 2020 would reach 37.9% (Jacquet 

Annabelle, 2011). 
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4 Chapter four – General discussion 

4.1 Discussion of the project development activity 

4.1.1 Final results and discussion 

The project development activity has resulted in three projects which are still under study: the project 8, 

the project 11 and the project 13. An overview of the status resulting from the studies carried out for the 

last six months for each project is given in the figures below: 

 Project 8: 

 

Figure 33: Overview of the layout of the project 8 

 

Figure 34: Scheme of the land plots of the project 8 located in the district B 
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 Project 11: 

 

Figure 35: Overview of the layout of the project 11 

 

Figure 36: Scheme of the land plots of the project 11 
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 Project 13: 

 

Figure 37: Overview of the layout of the project 13 

 

Figure 38: Scheme of the land plots of the project 13 

Yet, there remain a couple of significant obstacles which may impinge on the achievement of each project: 

 Project 8: the zone is located on two districts among which one is not willing to go further with 

the project (that is the reason why only the land plots located on the district B have been 

collected so far) 

 Project 11: the presence of another wind company on the same area may impinge on the 

project success 

 Project 13: the local government is not willing to support the project if no significant spillover 

for the district is guaranteed 
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Obviously, these obstacles need to be managed for succeeding in the projects but they do not necessarily 

need to be managed immediately, before going on working on them. Indeed, they do not represent a curb 

on the project advancement at this stage but they are likely to influence the progress of the project 

development from a certain moment. Therefore the next stage is to meet the landlords and farmers for 

these projects and make them sign a lease pledge agreement, which would guarantee Nordex the 

exclusivity for the concerned land plots. 

 

4.1.2 Limitations in the development activity and discussion 

4.1.2.1 A necessary constraint suspension 

One of the main limitations that quickly appeared in the development activity is related to the heavy 

constraints (chiefly technical and environmental) that make most of space inaccessible for wind farm 

development. The suspension of some constraints, such as some military areas and the ban on wind farm 

development in forests, are under study currently with the project of updating the current version of the 

frame of reference. Indeed if no constraint is suspended or relaxed, based on the constraint cartography, such 

as the one showed in Figure 16, it is clearly obvious that the objectives set for 2020 in the Walloon Region 

will not be achievable.  

Regarding the constraints to alleviate in the development phase without compromising the ecological, 

human and economic aspects, two main constraints are focused on: 

 A suspension of military constraints 

 A possibility for implementing wind turbines in forests 

When considering military constraints, as shown in Figure 10, it can be seen that the military areas cover 

most of the Belgian space. Knowing that most of the military areas correspond to training areas, it can be 

envisaged that a reevaluation of the military space actually used or needed for training should be done to 

clear the room for wind farm development. 

Regarding the second constraint in view, i.e. the possibility to implement wind turbines in forests, it 

requires as much attention. Indeed the wind turbine development in forests is not forbidden everywhere; 

furthermore, in Sweden most of the wind farm development is carried out in forests. The fact that the 

prohibition has not been relaxed in Belgium is mainly due to the accepted idea that wind turbines would 

have a greater impact on fauna and flora in forests than at several hundreds of meters from the forest 

border. Actually the idea is partly wrong: since the migration corridors are mainly located at the forest 

borders or even farther, the impacts on birds would be much lower in forests than near forest borders, 

especially during migration periods. In addition, knowing that the wind turbines’ impacts on fauna mainly 

concern the impacts on birds and bats, the strict ban can be abolished and a possibility to implement wind 

turbines can be given on a case by case basis, once a specific study has been led and has provided evidence 

that the impacts on birds and bats do not exist or are minimal. However the development in forests will 

likely impact on the production yield since the trees’ height creates turbulences in the wind flow.   

 

4.1.2.2 A strong competition in the wind energy sector 

In the development activity, it is now a reality to be faced with a strong competition, especially in the 

Walloon Region where there are many incentives to foster wind energy development. Indeed when 

looking at the preliminary results, it can be seen that about 40 sites have been identified based on the 

effective criteria but after a consultation of the associated districts only 14 sites have a priori not been the 

subject of interest of wind companies so far. Therefore at this step, only 35% of the identified sites could 

still be available, the others being already under the control of other wind companies. Despite this first 
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attempt to filter the sites already invaded by wind companies, even later in the studies other sites were 

found to be in view or already the subject of signed agreements by rival wind companies.  

There has actually been a great deal of property speculation owing to the attractive wind energy incentives. 

Indeed some wind companies, in their wind farm development strategy, focus first on meeting the 

landlords concerned by a promising site and negotiating with them in order to sign the lease pledge 

agreement. By doing that, the wind companies want to make sure to have as many land plots as possible in 

their exclusive possession for a certain time period (such as 5 years) in order to conduct the feasibility studies 

and the development process regardless of the competition that may arise. There are two main pernicious 

effects of such an attitude: first the approach involves not consulting the district(s) representatives 

beforehand to present the project to them. However in rural regions, rumors spread fast and a strong 

opposition, sometimes to any wind farm project such as in the district E, grows very quickly, not only 

from the local population but even from the representatives on non-transparency principle. On the other 

hand, such a strategy corresponds in some way to unfair competition since it only aims to block a zone so 

that it could not be accessible to other wind companies. Indeed, the landlords who have already signed 

with a first company cannot forswear and finally choose a rival company which works on the same sector.    

The Walloon Region is willing to regulate the existing competition by establishing a call for tenders 

mechanism. The Region therefore aims to boost a sound competition in order to develop the best wind 

farm projects possible and to eradicate the so-called unhealthy competition for which the purpose is to be 

in possession of the most land plots as possible. 

Consequently to the strong existing competition, the province of Luxembourg, in which there is a lot of 

space owing to an important agricultural activity, has been faced with a significant wind actor saturation 

lately. As a result, few wind farm projects (one or two maybe) among all the projects identified during the 

master thesis, may be developed only thanks to Nordex initiative.    

 

4.1.2.3 A weak grid with a low absorption capacity 

Another major limitation in the wind farm development in the province of Luxembourg concerns the 

limited grid capacity to absorb power from wind farms. Indeed it can be noticed that 33% of the identified 

projects (5 out of 15) have been given up due to grid connection saturation at the substations near the 

associated sites.  

In fact, the province of Luxembourg is poorly populated, with a density of population around 61 per km² 

(Belgian National Statistics Institute as cited in Wikipedia, 2010) while the Belgian density of population is 

around 361 per km² (National Register as cited in Wikipedia, 2011). The province is featured by the fact 

that it mainly is a rural province with a lot of remote inhabited areas. As a consequence, the electric system 

in Luxembourg, including the grid, has been designed and sized based on this fact, leading to a weak grid 

with a low grid capacity.  

A weak grid is a grid where it is necessary to take voltage level and fluctuations into account because of a 

probability that the values might exceed the standard requirements when load and production cases are 

considered – in other words, the grid impedance is significant and must be taken into account (Bindner 

Henrik, 1999). They are generally found in remote places, where the feeders operate at medium voltage 

level, and are usually designed for relatively small loads (ibid.). The problem of weak grids with wind 

energy is that, due to the high grid impedance, the quantity of wind power that can be absorbed by the 

grid at the connection point is limited because of the upper voltage level limit (ibid.).     

In our case, the electric system is undersized with the wind energy objectives (implementation of approx. 

1,000 wind turbines by 2020 in the Walloon Region).  
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The consequence of the high interest for wind energy has been a rapid wind farm project multiplication, 

quickly leading to grid connection saturation in some locations suitable for wind energy deployment. 

Concretely there are three saturation criteria: 

 The electric substation (absorption capacity limit already reached) 

 HV/MV17 transformer (magnetic flux limit in the core reached) 18 

 HV line which supplies the substation 

The saturation problem is currently managed by either one or several of the following alternatives: 

 Technical and economic feasibility study for a connection on another electric substation (located 

in an area within 15 km from the project site) 

 Connection with conditional injection, meaning that the wind farm will be able to inject power 

into the grid in particular conditions that are defined specifically to the project and to the location 

 Registration on a waiting list 

However these solutions are only short-term arrangements and do not solve the main problem source 

which is the grid weakness. Some prospects are already in sight for solving this critical issue. The first one, 

which also corresponds to a necessary step, relies on a grid reinforcement. In Belgium, only the TSO 

(Transmission System Operator) is in charge of such initiative. Consequently, when the capacity is not 

enough (or not anymore available) for a wind energy integration into the grid, the wind company cannot 

solve this problem by financing a grid reinforcement. However, the grid weakness in some locations, such 

as the province of Luxembourg, starts to be a major obstacle to wind farm development. Thus grid 

reinforcement seems necessary to significantly decrease the saturation phenomenon in many electrical 

substations. 

Another outlook which arouses much interest is based on Smart Grid development. Indeed this concept is 

seen as not only the way to improve the grid capacity, particularly for the grid integration of renewable 

energy technologies, but also to improve the efficiency of the electricity feeding, supply and distribution.  

 

Up to now, electricity supply has most often been organized in a centralized way and vertically. From the 

top, electricity is generated in “big” production plants and thereafter is injected in a transmission and 

distribution network. In the bottom, the consumer “passively” gets the electricity he/she uses to meet 

his/her needs. This unidirectional scheme with the current grid architecture is now being questioned 

because it is not anymore compatible with the energy roadmap in view. It actually needs to be upgraded in 

order to be able to more efficiently integrate distributed, small- and large-scale (and possibly intermittent) 

sources of renewable power into the grid.  

From this identified issue, the smart grid concept has emerged. Smart grid is a general term that 

encompasses the techniques and technologies that aim to optimize the use of electricity transport and 

usage in a grid system, reduce costs for the producer and consumer, foster grid reliability and stability, 

integrate renewable energy technologies into the energy mix and make consumers more aware of their 

energy usage. Such system is based on a two-way communication technology with measurement devices, 

computer-based remote control and automation, resulting in bi-directional information and electricity flux 

through the grid between the producer and consumer. Consequently, a large number of small local 

networks fed by wind farms and/or photovoltaic panels on house roofs will be able to get integrated into 

the national or even international network. When the small networks don’t produce enough electricity for 

the local consumption, the main grid will supply the missing electricity. On the contrary, the small 

networks will be able to sell the electricity excess to the main grid. Therefore, in this scheme, the electricity 

flows in a double-sense flux, in which the consumer is no longer passive but turns into an active producer.  

                                                      
17 High Voltage/Medium Voltage 
18 Transformers are also limited in their performance by the magnetic flux limitations in the core  
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Such system promotes the possibilities of distributed generation by bringing generation closer to 

consumption, resulting in significantly fewer losses and transport cost reduction. Indeed, the shorter the 

distance from generation to consumption, the more efficient, economical and furthermore 

environmentally-friendly it is.  

Another important advantage is the (instantaneous) visibility of the energy usage, making the consumer 

more aware of his/her energetic behavior. It may encourage consumers to change patterns of electricity 

usage, including timing and level of electricity demand. This will pave the way for flexible price ranges set 

by Distribution Network Operators: they will be able to adjust to the demand and smooth out the 

consumption peaks. “Smart metering” is a technology set complementary to smart grid for the consumer 

to be instantaneously informed about the energy usage.  

Eventually, smart grid development is a key tool for tackling the climate change challenges by significantly 

reducing greenhouse gases. Indeed, according to a study led by the Climate Group (2008) as cited in 

PricewaterhouseCoopers LLP (PwC), et al. (2010), smart grid technologies could save more than 2Gt of 

CO2 annually by 2020, chiefly by fostering renewable energy development and integration into the grid 

and by optimizing the power generation, transmission and distribution. Furthermore thanks to the 

“window” provided by smart grid to the consumers about their energy usage, they will be able to lessen 

their environmental impacts by reacting in near real time to improve their energy consumption and carbon 

footprint.   

 

In Wallonia, smart grid deployment is already in mind for integrating even more wind power into the grid 

with the installation of smart devices of networks and on production facilities. This will most likely 

provide more flexibility in the grid connection and disconnection and help manage the congestion 

phenomena more efficiently. 

 

4.1.2.4 Wind energy acceptance by the community 

An opinion poll19 carried out in June 2010 by the global market research company Ipsos reveals a rather 

high wind energy acceptance in the Walloon Region. This poll has aimed to assess the opinion of the 

Walloon people who are directly concerned by wind farm implementation20 and to gauge whether the 

worries pointed up by the lobbies against wind energy are true or not. According to the poll’s results, 86% 

of the concerned people are in favor of wind power against 4% of opposed people. Furthermore, the poll 

shows that the number of persons in favor of wind energy increases by 40% when they already have 

experienced living close to a wind farm for more than one year. (Ipsos Public Affairs, 2010a) 

 

Figure 39: Results of the opinion poll conducted in Wallonia in June 2010 (Ipsos Public Affairs, 2010a) 

                                                      
19 The poll was performed on the phone, from May 28th to June 22nd, among 1,000 people living in small and rural 
districts in the Walloon Region. See Bibliography for the poll’s reports (Results and Executive Summary) 
20 Either they already live next to a wind farm or they live in a district where a wind farm is likely to be implemented 
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In the facts, based on the meetings carried out in the Walloon Region for the projects, a certain general 

acceptance is admittedly conveyed, although sometimes some persons against wind energy were met with, 

but not always for environmental reasons.  

Some people indeed see wind power as an environmentally-friendly alternative source of energy, which 

furthermore enables a certain energy independence thanks to the local production. The will to develop 

renewable energy has also been strengthened lately with the nuclear catastrophe Fukushima21 which 

occurred in March 2011 in Japan. The people who have such a vision want to implement wind farms but 

with minimizing the environmental impacts (especially the impacts of fauna and flora which should be 

very restricted or compensated for by measures defined early in the project). 

There is also another trend of wind energy acceptance which is not necessarily based on environmental 

convictions. This trend is accounted for by the fact that most people have become familiar with wind 

turbines and that often they have already seen a real wind farm. Even if the NIMBY22 effect keeps on 

persisting sometimes, wind energy is significantly less controversial than it could use to be and the 

landscape sensitivities seem to be less a critical issue than before. The mentality and legislation evolutions 

take part to the general acceptance of wind energy.    

Eventually, there is another major reason why wind energy is largely accepted or even the subject of high 

interest: the attractive spillover. Indeed wind energy is highly profitable in the Walloon Region (thanks to 

feed-in tariffs and the Green Certificate mechanism) and consequently the districts want significant 

spillover associated to any wind farm. Furthermore the districts are more and more interested in taking 

part to the investment in a wind farm in order to receive financial returns all along the wind farm’s 

lifespan (20 years).   

 

4.2 Discussion about the study of the Belgian requirements 

for grid connection 

Connecting wind turbines to the grid is not without any impact on the grid efficient operation and 

stability. In some cases, if behaviors are not anticipated, wind turbines can even be significantly affected in 

their operation. Consequently, it is of paramount importance to be aware of the technical requirements for 

grid connection in the region of interest in order to make the wind turbines (especially in this case since 

Nordex is first and foremost a wind turbine manufacturer and assembler and also because Nordex carries 

out the wind farms’ monitoring and maintenance all along their lifespan) fulfill the effective rules.  

Therefore, this study has aimed to determine whether the Belgian technical grid connection requirements 

are compatible with the data sheets which have already been set up based on the French and German grid 

codes.  

On the Belgian side, the study has not been based on a grid code, unlike the French and German cases, but 

on a set of technical requirements for grid connection of any decentralized electricity production facility. 

Thus the available information for the study is not specific to wind turbines, which may make the results 

incomplete or not entirely relevant.  

The reason why the study has not been based on a Belgian grid code is due to the fact that currently there is 

no grid code in effect in Belgium. Indeed wind power development is pretty recent in Belgium (it really 

started less than ten years ago) and so far there has been no major problem with wind turbine integration 

into the grid, on both sides i.e. grid and wind turbines operation, based on the technical requirements 

analyzed in the study. Nevertheless, the wind turbine number is continuously increasing in Belgium, and 

                                                      
21 Nuclear energy represents 53.70% of the Belgian electricity production (SPF Economie, 2008 as cited in Al-Bitar 
Fawaz, 2011)  
22 Not In My Back Yard: people are in favor of wind energy as long as they do not have any wind turbine close to 
their home  
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particularly in the Walloon Region, and as a consequence the requirements currently in effect may not be 

still relevant or enough to ensure the grid stability and efficient operation. Therefore, the grid operators 

(the federal and local TSOs and the DNOs) are working on implementing a grid code in Belgium whose 

content will be based on the actual operation and management of the existing wind farms in Belgium.  

Consequently the study carried out during the master thesis will have to be updated once the Belgian grid 

code is ready. However, when focusing on the comparative results between the Belgian, French and 

German cases, it can be seen that the effective requirements in Belgium cover most of the grid code 

features (except the grid protection features which deal with measures which can be taken to protect wind 

turbines from grid instability) and that they are neither totally out of phase with the French and German 

requirements nor less restrictive on all the aspects (as for example concerning the frequency range for 

which the wind turbines must be permanently connected to the grid). Consequently, even if the 

comparison base is not the same, it can be acknowledged that the study results are consistent and that they 

can be used as long as the Belgian grid code is not up.  

 

4.3 Discussion about my performance 

This part is dedicated to draw a review of my work and achievements. First it can be noticed that the 

major part of the objectives set initially have been achieved: 

 Three sites (associated to the projects 8, 11 and 13) have been identified as suitable for wind farm 

implementation based on the performed studies 

 The development pre-study has almost been completed at the end of the master thesis period. 

 The Belgian technical specification for grid connection has entirely been analyzed and checked for 

conformity with the grid code characteristics for France and Germany 

Unfortunately, one of the objectives stated in section 1.4 has not been attained: site securing. Indeed, the 

identity of the landlords for two projects (out of the three identified) has just been obtained and contacts 

are about to be made.  

Therefore several comments must be added with regard to the final results compared to the expected 

ones. First from the 14 prospected sites, five of them have been ignored because of a lack of grid capacity 

for the integration of wind turbines. Thus these sites can still be of interest if grid reinforcement is carried 

out.  

In addition, the main obstacle in the site investigation in Luxembourg (and most likely in many regions) is 

the high number of wind companies which brings about a lot of competition. This competition can 

sometimes be fruitful when it leads to improve the project quality but it can also have adverse effects when 

some companies are urged on blocking the accessibility to potential sites for wind farm implementation 

without really launching the development process. 

Time has a high value in wind farm development as well, especially since one of the main constraints in 

conducting projects is the high administration dependency. Indeed, the administration (the competent 

authorities, the local governments, the cadastre service etc.) is consulted several times during the 

development process and the waiting periods as well as their feedback play a major role in the project 

performance. Thus in my case, there have been long waiting periods (several weeks) which have slackened 

the project pace. In the wind energy frame, time is all the same a key factor as there is a lot of competition 

in this sector in the Walloon Region.  

Some comments can be made about the chosen approach for wind farm development in Wallonia. To 

describe it clearly, it overall consists in conducting all the studies and consulting all the concerned 

authorities before contacting landlords for lease agreement signing. As it could be seen, another strategy 

adopted by other wind actors focuses first on dealing with landlords and farmers before consulting the 

administrations. It can be admitted that the second approach may be more successful in terms of captured 
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sites but the approach adopted in the master thesis takes into consideration the feelings and suggestions of 

the local actors all along the project development, from the very beginning. The approach is most likely to 

enjoy a strong local support once the project is defined.  

In addition it should be underlined that the failure of a proportion of the projects due to the presence of 

wind companies on the sites is chiefly accounted for by the fact that there were already many actors 

involved on the wind energy sector in Wallonia before Nordex launched its activity there. This is a sure 

sign that wind energy has aroused a lot of interest over the past years. Henceforth mainly the interest of 

districts, which are more and more interested in participating to wind farm projects, and the project 

quality are most likely to prevail over anything.   
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Conclusion 

 

Eventually several conclusions can be drawn from the work carried out throughout the master thesis 

period: 

 Focusing on the development activity and the achieved objectives, three projects, respectively 

numbered 8, 11 and 13, are still under study. The next step is to meet landlords and farmers for 

lease pledge signing. 

 Regarding the Belgian requirements for grid connection, they are all included in the grid code 

variant “SDLWindV 2009”, which has just been effective in Germany (for approx. six months). 

Therefore no data sheet specific to the Belgian regulations has needed to be done for turbine 

management in Belgium. 

 Finally, the Walloon policy towards wind energy and the associated legislation are expected to 

change soon (probably by the end of the year and the new regulations would be effective by 2013 

according to Nollet’s cabinet (2011)). Consequently Nordex’ work methods in the Walloon 

Region may have to change to conform to the coming rules. 

The six-month work has enabled to reach several objectives in wind farm development but it is necessary 

to go on with the projects still under study until the single permit (environmental and construction) filing, 

starting with meeting the landlords and farmers and securing the sites related to the projects. In addition, a 

grid code is being built up in Belgium. Therefore once the Belgian grid code is ready, future work can 

consist in analyzing the new Belgian requirements in order to check conformity with the existing data 

sheet set for France and Germany.  
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Appendix 1 – Study of an environmental impact 

assessment: Outcomes and learning 

 

The study of an environmental impact assessment has been based on Etude d’impact – Parc éolien des Pelures 

Blanches et Aubigeon (Nordex France, 2009), a typical environmental impact assessment carried out by 

Nordex France.  

 

Impact assessment 

The study of a wind farm impact assessment is really relevant as it helps identify the key issues to consider 

when prospecting and developing sites for wind farm implementation.  

A project impact assessment applies to the whole life of a wind farm and thus refers to a Life Cycle 

Assessment (LCA). It includes the following steps: 

 Feasibility studies, whose impact is almost negligible 

 Construction  

 Running phase 

 Dismantling  

When considering a site for a LCA study, the global approach consists of several specific studies not only 

about the wind farm impacts on the surrounding environment but also about the site characteristics. 

(Nordex France, 2009) 

 

Study of the site’s physical characteristics 

The study basically describes the site through its physical properties:  

 the topography 

 the hydrogeology 

 the meteorology, especially the risks of storms, thunder, gales, etc. 

 the presence of natural risks such as seismicity, forest fires, flooding, landslide, etc. 

 the presence of technological risks such as dams, harmful substance transport, nuclear activity or 

industrial risks 

The study aims to confirm that the site is physically suitable for a wind farm implementation. (Nordex 

France, 2009) 

 

Study of the site’s natural features 

An exhaustive analysis of the site’s fauna and flora is carried out in order to identify the critical areas 

related to the presence of wind turbines and consequently spot the areas where any wind turbine 

implementation is ruled out.  

 

Study of the site’s landscape 

The study highlights the key issues related to the landscape when planning a wind farm implementation. 

More precisely it focuses on the critical issues related to: 
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 proximity to inhabited areas 

 significant built up areas 

 major roads 

 heritage listing 

 technical constraints 

Through various surveys of the relief, the population distribution and the communication networks 

among others, the study aims at measuring the landscape’s sensitivity, i.e. the ability of the landscape to 

undergo land alterations. In that way, the study results in determining the degree of vulnerability and 

protection of the landscape. (Nordex France, 2009)  

 

When analyzing the human environment, several aspects are focused on: 

 the population distribution and the geographic position of the site 

 the local economic activities 

 the region economic and cultural dynamism 

The results help conclude whether a wind farm would have any adverse impact on the human 

environment and help define areas where any wind farm implementation would be impossible.  

 

In the same way, an exhaustive study of possible technical constraints is necessary in order to bring out 

any influential obstacle to the development of wind farms on the site. First, the site’s situation with 

regards to military and civil aviation is analyzed, i.e. whether there may be any airports, airfields, military 

air base or military low- and fast- flying corridors in or close to the site.  

Another major technical constraint to wind farm implementation is about the possible interferences which 

may occur with radar signals and radio links. Therefore it is important to locate the existing radio links and 

the presence of radars within the site as no signal is supposed to go across the wind farm implementation 

area.  

In addition, the underground public gas and oil pipelines have to be located as well as the high-voltage and 

very high-voltage electric lines in order to respect a distance long enough not to cause any accident. 

Furthermore it is necessary to check if there are any drinking water catchment stations, facilities requiring 

environmental impact assessment (such as SEVESO23 facilities) or even archaeological sites in or near the 

implementation area.  

Eventually since a planning permission is required for any wind farm project, it is thus highly relevant to 

design the project in accordance with the local urbanism rules and constraints. (Nordex France, 2009) 

  

Study of the acoustics 

Lastly an acoustic analysis has to be done since one of the most influential factors for wind turbine 

acceptance is the level of noise disturbance generated by wind turbines. And this factor mainly depends 

now on the local regulations about the noise pollution and on the site itself. Thus a series of 

measurements of noise levels has to be performed at different points of the site and at different time 

periods (such as daytime/night), which then will be analyzed. (Nordex France, 2009) 

 

                                                      
23 The SEVESO disaster refers to an industrial accident that occurred July, 10th 1976 in a chemical manufacturing 
plant approx. 15 km north of Milan in the Lombardy region in Italy. It resulted in the highest known exposure to 
dioxin smog in residential areas and which gave rise to many scientific studies and standardized industrial safety 
regulations. Seveso was the Italian community that was most affected by the accident. 
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Finally the synthesis of all the studies described above enables to draw the conclusion about the potential 

and the feasibility of implementing a wind farm in the studied site.  

 

Wind farm development 

It mainly consists of two major steps: choosing a site and a project and designing the wind farm. 

 

Choosing a site and a project 

Surprisingly, in practical experience, the first requirement for the site choice is not the site wind potential 

but the site compatibility with technical constraints. Afterwards, the criteria related to the integration in 

the environment and to the economic viability scheme have a paramount influence in the site analysis.  

 

Therefore the main criteria which help find a site suitable for a wind farm project are classified in three 

categories (Nordex France, 2009): 

 Compatibility with technical constraints: 

o Military and civil aviation constraints 

o Hertzian constraints (radars, radio link…) 

o Distances from energy facilities (gas and oil pipeline, high-voltage and very high-voltage 

lines) defined by the local regulations have to be respected or, if not defined previously, 

have to be big enough for not interfering with them 

o Distance from facilities which require environmental impact assessment has to be big 

enough for not jeopardizing the site 

o Constraints related to various underground networks (such as fiber optic cables, drinking 

water catchment stations and pipes, telephony cables…) 

o Distances from railroads and major roads have to be big enough (usually as big as a wind 

turbine height)  

 

 Project economy, depending on: 

o Site’s wind potential which is determined through numerical simulations and afterwards 

with measurements onsite 

o Grid accessibility: distance from the electrical substation of the distribution network, 

improvements to carry out on the grid, lead time 

o Access to the site: whether road constructions or improvements are necessary or not to 

facilitate or strengthen the access to the site. 

 

 Integration in the environment: 

o Remote as much as possible from inhabited areas: wind turbines should not be installed 

within 500 m from houses in order to avoid visual crushing effects and noise disturbance 

o Zoning: identification of the areas where the implementation of wind turbines is not 

compatible with the actual land use (examples: Natura2000 listed sites, Heritage listed 

sites…) 

o Identified bird migratory lanes avoided 

o Identification of the ancient monuments on Heritage list 

o Quest for landscapes well suited for wind turbines 
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o Quest for locations which allow a maximum wind turbine grouping: grouping at least 

four to five wind turbines when designing a wind farm is advised in order to avoid any 

sprawl phenomenon and to shape a landscape harmony  

o The sites with the strongest local support are favored 

 

Another criterion which must significantly be taken into account is the proximity to existing wind farms. 

Indeed the increase in the number of wind farm projects in wide plains may lead to the risk of visual 

saturation. The factor which measures the risk of visual confusion and saturation is known as the covisibility 

factor and mainly depends on the horizon occupation24, on the angle of perception25 and on the scale 

ratio26. Therefore it seems appropriate to be as far as possible from existing wind farms during the 

planning stage in order to prevent a too strong accumulation and risks of confusion. (Nordex France, 

2009)  

 

Designing the wind farm 

The various implementation criteria are listed below (Nordex France, 2009): 

 Maximizing the wind turbine electrical production 

 

 Splitting the spin-offs among the local actors: 

o Maximizing the number of owners and farmers who may be concerned 

o Maximizing the sharing out between the towns in question 

 

 Optimizing the impact on the landscape 

o Being as far as possible from any house 

o Creating a clear landscape harmony 

o Avoiding any covisibility 

o Maximizing the wind turbine number on a site 

 

 Minimizing the impact on the fauna and flora 

 

 Minimizing the noise impact regarding the inhabited areas 

 

  

                                                      
24 Horizontal landscape coverage by the wind turbines  
25 Visual impact depending on the distance 
26 It informs about the level of possible confusion between two wind farms. If it is high, the plan difference is 
discernible and the wind farms are distinct. Otherwise, the wind turbines’ apparent height is similar and the wind 
farms are merged.   
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Appendix 2 – Key concepts on GIS 

 

The GIS (Geographic Information System) technology is considered as state-of-the-art information 

technology since it aims to integrate knowledge coming from various sources and to create a versatile 

environment. It thus gathers an efficient environment for visualization and a powerful analysis and 

modeling infrastructure suitable for geography. 

All the information that follows is provided by ESRI (2008). 

 

GIS is featured by three constituents to display and manipulate geographic information (ESRI, 2008): 

 The geodata constituent: GIS corresponds to a spatial database which includes datasets 

representing geographic information based on a model of generic GIS data 

 The geovisualization constituent: GIS consists of a set of intelligent maps and views showing 

entities and their relationships on the earth surface 

 The geoprocessing constituent: GIS includes tools for information conversion that generate 

information from existing datasets. Geoprocessing also involves the possibility to program the 

work tasks and to automate workflows by creating an ordered sequence of operations 

The three GIS constituents are present in ArcGIS® developed by ESRI and are represented by 

ArcCatalog® for geodatabase composed of geographic datasets, ArcMap® for intelligent cartography 

view and ArcToolbox® for geoprocessing tools. The three elements constitute the core of a complete 

GIS and are used at different levels for all the GIS applications. The structure and utilization of each 

element are more thoroughly described in the following parts. 

 

The geodata constituent 

 The GIS geographic datasets can for example represent: 

 Raw measures, such as satellite views 

 Compiled and interpreted information, such as ground polygons and land plot boundaries 

 Data resulted from processing operations for modeling and analysis 

 

The GIS geodata is governed by paramount principles which are listed below (ESRI, 2008): 

 Thematic layers and datasets 

Homogeneous collections of objects are organized in data themes – layers – covering a given 

geographic area (such as roads, location names, buildings, land plots, surface altitude and satellite 

images). Most of the spatial relationships between the different layers can be easily identified from 

their common geographic location. 

 

 Georeferencing 

It is necessary to have an infrastructure which enables to define the real locations in order to 

accurately describe the location and the entities’ shape. Thus a system of geographic coordinates 

allows to associate geographic locations with objects (example: system of global 

longitude/latitude coordinates) 
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 Types of geographic datasets 

Dataset is one of the main concepts in terms of geographic data. It constitutes the main 

mechanism which allows to organize and to create geographic information in GIS. The latter 

includes three main dataset types: 

 Ordered sets of vector entities (such as point sets, lines and polygons) which constitute 

entity classes 

 Raster datasets, such as land numerical models and images 

 Associated tables of attribute data which contain descriptive information on 

geographic entities and objects 

 

 Types of GIS data and utilization 

Usually users start by creating a certain amount of the basic dataset types. While designing a 

geodatabase, the way some entities must be represented is precised. As an example, land plots are 

generally represented as a polygon while streets are designed as a line and wells as a point. 

Once the entity representations are organized in datasets (entity classes, raster datasets and tables 

of attributes), it is possible to either add more advanced functionality to the geodatabases or to 

develop them.  

 

The geovisualization constituent 

Maps constitute a powerful tool for using and processing geographic data. In that way, interactive maps 

are the main user interface for most of the GIS applications: users can select locations and discover new 

relationships, carry out changes and analyses and communicate the results through geographic views such 

as maps and globes. Therefore the GIS maps provide an access to geographic information and include a 

series of tools which enable to use and manage the map’s content. (ESRI, 2008) 

In addition to traditional 2D maps, other interactive views are also possible such as time views and 

animations, 3D globes and scheme representations. 

 

The geoprocessing constituent 

Geoprocessing corresponds to the systematic implementation of an operation sequence on geographic 

data in order to generate new information. It can consist in simple operations, such as the conversion of 

several files from one format into another, or more advanced operations, such as the creation of high-

quality maps or of a sophisticated analytical model. Geoprocessing is mainly used to automate the GIS 

tasks and to perform spatial analyses. (ESRI, 2008) 

Geoprocessing enables to model the way the data circulates from one structure and another one in order 

to carry out many usual GIS tasks. For example, to import data with several formats, the user can 

integrate the data to the GIS, perform the quality control of the imported data and carry out an advanced 

analysis and modeling. The ability to automate and repeat such a workflow represents a key use of GIS. 

(ESRI, 2008) 

In addition, geoprocessing enables to automate the data compilation procedures, which ensures the data 

quality and integrity. At the same time, geoprocessing is at the heart of modeling and analysis operations. 

The most common modeling applications include: 

 Models of aptitude, support, forecast and assessment of alternative scenarios 

 Integration of external models 

 Model sharing 
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Eventually, in all GIS applications, the data flow management is a critical issue. GIS users resort to 

geoprocessing functions to import and export the databases’ data, publish the data in many formats, such 

as GML (Geographic Markup Language) profiles, associate adjacent datasets, update database structures 

and perform batch-processing on the GIS databases. (ESRI, 2008) 

 

GIS applications  

GIS can be configured and deployed in many structures, for a private use, in working groups, in 

companies as well as in a federate GIS network covering several organizations. In that way, GIS has more 

and more the ability to assemble sophisticated and voluminous multiuser systems but it still must be able 

to meet the needs of smaller working groups and individual users.  

Therefore a GIS platform must provide all the following functionality (ESRI, 2008): 

 A professional GIS desktop tool to create, update, publish, use, analyze and visualize geographic 

information 

 Geographic database to store and manage geographic data 

 A Web type GIS server infrastructure which enables to manage geographic information, to 

analyze, share and use them 

 A series of development tools to create a whole GIS application range and integrate GIS to other 

technologies on desktop computers, servers, Web applications and mobile devices 
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Appendix 3 – Extract of a land plot identification table 

 

The figure below is an extract of the table from Excel collecting the land plots of the project 11 with their 

identification code. The first two letters refer to the location of the project (first letter for the district’s 

name and second letter for the sector’s division). 

 

Figure 40: Extract of the land plot table for the project (from an Excel file) 

As said previously, the data have been extracted from the cadastre map managed by the Walloon Region 

and available on the web. In total 390 land plots have been listed for this project area. 

 

The landlords’ identity has been obtained from the Cadastre Direction of the province based on this table. 

  

Id Nordex Land plot Section Radical Bis Exponent

AH-C192A C192A C 192 A

AH-C194 C194 C 194

AH-C195 C195 C 195

AH-C198A C198A C 198 A

AH-C211A C211A C 211 A

MH-C203 C203 C 203

MH-C204 C204 C 204

MH-C211A C211A C 211 A

MM-A1221C A1221C A 1221 C

MM-A1222F A1222F A 1222 F

MM-A1237H A1237H A 1237 H

MM-A1237K A1237K A 1237 K

MM-A1238A A1238A A 1238 A

MM-A1239 A1239 A 1239

MM-A1240 A1240 A 1240

MM-A1241A A1241A A 1241 A

MM-A1244B A1244B A 1244 B

MM-A1246B A1246B A 1246 B

MM-A1246C A1246C A 1246 C

MM-A1247A A1247A A 1247 A

MM-A1248A A1248A A 1248 A

MM-A1249 A1249 A 1249

MM-A1250B A1250B A 1250 B

MM-A1250C A1250C A 1250 C

MM-A1251A A1251A A 1251 A

MM-A1251B A1251B A 1251 B

MM-A1256 A1256 A 1256

MM-A1262B A1262B A 1262 B

MM-A1262C A1262C A 1262 C

MM-A1262D A1262D A 1262 D

MM-A1262E A1262E A 1262 E
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Appendix 4 – Green electricity market in Wallonia 

 

The electricity produced from renewable energy is traded on two markets: 

 The physical market (corresponding to the injection into the grid) on which the electricity 

produced is sold to the electricity supplier at a price set by the market itself 

 The virtual market, corresponding to the Green Certificate market: Belpex27 

The green certificates (GC) are equities that are emitted by la Commission Wallonne Pour l’Energie (CWaPE), 

the official Walloon organization that regulates the Walloon electricity and gas markets. They are given to 

the “green electricity” producers following the quantity of produced electricity. Therefore they are 

exchanged on the virtual market at a price that is regulated by the market. The main GC buyers are 

electricity suppliers to attain their “green electricity” quota28.   

 

Green certificate mechanism in the Walloon Region 

 Green certificate grant terms and conditions 

In order to obtain green certificates for the green electricity production, the producer must first have 

his/her production site registered by performing a granting prior request to the CWaPE. The producer must 

join an origin guarantee certificate to the request, which is delivered by an authorized control organization. 

Once the request accepted by the CWaPE, the site is registered as certified green electricity production site. 

(CWaPE, 2009) 

Afterwards, every three months, the producer must hand in the energy meter statements to the CWaPE, 

which allocates the producer GCs on this basis. The GCs issued are valid for 5 years to vouch for the 

facility conformity: they can be exchanged, traded and canceled for a time period of 5 years. At the same 

time, to guarantee the GCs’ authenticity, they are registered in a data base, which is centralized and 

managed by the CWaPE. (CWaPE, 2009) 

Once the GCs acquired, the producer can negotiate the sale with any active buyer on the GC market, 

independently of the physical sale of the produced electricity. 

In addition, to ensure the GC profitability to the producers, a mechanism of GC purchase obligation has 

been set up. In the Walloon region, it is incumbent to the local Transmission System Operator to buy the 

GCs to a minimum price of 65 €/GC. The GC owners can also sell them to the federal Transmission 

System Operator (TSO) to a minimum price of 50 €/GC. Such a sale results in cancelling the GCs sold to 

the local or federal TSO. (CWaPE, 2009) 

 

 Number and grant term for GCs 

As a general rule, a GC is given for a saved CO2 quantity of 456 kg by the renewable energy source. In the 

wind energy case, a GC is granted for each MWh of produced electricity. (EREC, 2009) 

The GC grant term is limited to 15 years in the Walloon region. However, a reduction coefficient – factor 

k – is applied 10 years after getting the first GC, and all along the last 5 years. It means that during the 

first ten years, the GCs are granted at 100% (i.e. 1 GC/MWh), then during the last five years, the factor k 

(0 ≤ k ≤ 1) is applied, i.e. k GC are granted for each MWh. (CWaPE, 2009) 

                                                      
27 http://www.belpex.be/  
28 Obligation to include a certain share of electricity coming from a renewable energy source in the electricity 
provided to the consumer  

http://www.belpex.be/


 

CONFIDENTIAL  -78- Wind farm development in Wallonia  

The factor k, set for each renewable energy technology, depends on the following criteria: 

 The operation and maintenance cost overrun of the considered technology  

 The cost reduction prospects related to the technology development 

 The benchmark profitability 

The factor k which is applied corresponds to the one in effect when getting the origin guarantee certificate for 

the facility and is re-adjusted every 3 years. Introduced for the first time in a decree October 4th, 2007, it 

was set to 1 for the time period 2008-2011 (i.e. 1 GC granted per MWh for 15 years) and it was supposed 

to be re-adjusted for the first time January 1st, 2011. Though, it has been postponed to October 1st 2011. 

(De Stexhe Guillaume, 2011) 

 

 GC purchase 

Concretely, every three months, the Belgian electricity suppliers must submit a number of GCs 

proportional to the electricity quantity provided during the previous quarter to the CWaPE. In case of GC 

shortage, a financial penalty of 100€ per missing GC is applied. In that way, the electricity suppliers are 

fostered to directly buy GCs on the market at a price depending on the law of supply and demand or else 

to provide them by themselves by directly producing green electricity. (CWaPE, 2009) 

Nevertheless the electricity suppliers can get a reduction of the GC number to submit to the CWaPE 

proportional to the electricity volume sold to some customers which are high electricity consumers. The 

latter must fulfill the following conditions (APERe, Région wallonne, 2010): 

 The consumption of the quarter considered must exceed 1.25 GWh29 per plant  

 The clients have signed a convention with the Walloon Region aiming at improving their energy 

efficiency in the short, medium and long run 

The reduction which can be applied is calculated according to the following situations (ibid.): 

 If the quarterly consumption is included between 0 and 5 GWh: the new quota becomes equal 

to the sum of the quota of the year before the current one and half the increase of the annual 

quota 

Table 10: First level quota reduction 

 2010 2011 2012 

Original quota 11.75% 13.50% 15.80% 
Reduced quota / 12.62% 14.65% 

 
For example for 2011, the new (reduced) quota is calculated in this way: 

q red_2011 =q2010 + 0.5*(q2011 - q2010) = 11.75% +0.5*(13.50% - 11.75%) = 12.624% 

 If the quarterly consumption is between 5 and 25 GWh: the new quota applied is half the 

original annual quota 

o For 2011 the new quota becomes 6.75% 

o For 2012, it becomes 7.90% 

 

 If the quarterly consumption exceeds 25 GWh: a new quota is annually fixed to 2.00% 

In case the end-user is supplied by several electricity suppliers for the same plant, the GC reduction is 

distributed following the provided quantities by each supplier (APERe, Région wallonne, 2010). 

                                                      
29 Threshold applied from 2008 
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Example of the calculation of the GC number to submit taking into account the reduction rules 
for the year 2011 
 
Considering a client which fulfills the conditions for the quota reduction application and which has an 

electric consumption of 35 GWh: 

 Without any reduction, since the quota for 2011 is 13.50%, the GC number          to provide 

is: 

NGC_orig = 0.135 * 35 * 1000 = 4725 30 

 

 If the reduction is applied, the quota becomes 2% and the GC number as well becomes: 

NGC_red = 0.02 * 35 * 1000 = 700 

 

The reduction applied is therefore around 85%. 

 

 GC price 

The GC price is determined by the market, following the law of supply and demand. However it remains 

included in a price range, from 65 € to 100 € per GC. Indeed, as 65 € is the minimum price for the 

purchase obligation by the local TSO and 100 € is the penalty applied to the suppliers for each missing 

GC, the market price varies between the two values. Thus, the GC’s average price in the Walloon region is 

around 85-90 € (84.87 € for the last 2010 quarter as registered by the CWaPE) and a realistic price varies 

between 74 € and 82 € (Les compagnons d’Hélios, 2011).  

  

                                                      
30 1000 = Ratio GWh/MWh 
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Appendix 5 – Participative investment in a wind farm 

project in Wallonia: what options? 

 

 General situation of funding opening to citizens 

In case a wind company is willing to open the funding to citizens, there is obligation for the wind 

company to inform as many people as possible about the possibility to take part to the investment 

(APERe31, 2011).  

The wind company can only make the local government take part to the investment as well. In that case, if 

the district wants to open its investment share to the citizens, it is incumbent to the local government to 

inform everyone. (ibid.)   

Implementing and managing such an initiative is quite intricate on the legislative level, which deters most 

companies to resort to it. (ibid.)   

 

 Investment in one wind turbine  

Participating in the investment can also consist in buying one turbine of a wind farm. Such option is really 

interesting if the district already owns land plots in the project area, and particularly if it is most likely to 

plant at least one wind turbine on these plots.  

Such an initiative is often from a district that not only wants to develop a wind farm in the vicinity but 

also to take part to the development process and to the investment. Consequently the wind farm 

developer (and the wind farm operator if both do not constitute the same entity) is chosen by the district 

through a call for tenders. (APERe, 2011)   

In addition, in practice, if the district’s interest is focused on financing one wind turbine of the wind farm 

project, the right of acreage for the associated land plot must be done on behalf of the district. This means 

that, in a five-turbine wind farm case for example, two rights of acreage must be performed: one for four 

turbines on behalf of the wind farm developer and one associated to the district’s land plot for the 

remaining wind turbine. (ibid.)   

Furthermore, two single permits must be introduced as well: one for the “district’s” wind turbine and 

another for the other wind farm’s turbines. The same applies for the grid connection requests. (ibid.)   

Consequently, in this option, the district is charged with the fees related to the single permit deposit and 

the grid connection request for the wind turbine, as well as with study costs that correspond to the same 

proportion of the total study costs as the district’s share in the wind farm (i.e. 20% for a five-turbine wind 

farm). (ibid.)   

 

 Public-private partnership with creation of a SPV (Special Purpose Vehicle) 

A district and a wind company can go into partnership for a wind farm project through a Public-private 

partnership (PPP32). A PPP is a partnership between a public sector authority and a private company, 

through which the private party provides a public service or project and takes responsibility for significant 

financial, technical and operational risk in the project. However in projects whose purpose is to create 

public goods, as in the infrastructure sector, the public party (local, regional or national government) may 

provide subsidies under various forms (examples: capital funds, tax breaks, annual revenues for a fixed 

period, etc.). 

                                                      
31 Interview performed with APERe’s wind energy facilitator on the phone  
32 Sometimes referred as P3 or P3 as well 
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Typically, such a partnership often takes the form of a special company, so-called Special purpose vehicle 

(SPV). SPV is a legal entity that is created to fulfill limited, specific or temporary goals. It usually 

corresponds to a limited company of some type or to a limited partnership. In the PPP frame, a SPV aims 

to develop, manage and operate the asset for the contracted period.  

Therefore in case a district and a wind company initiate a PPP, both parties create a joint venture – a SPV 

– through which the wind farm will be developed and managed. The district can thus take part to the 

project through two different ways: 

 

 Situation 1: the district is involved from the beginning of the wind farm project 

The PPP between the district and the wind company is set up from the development stage of the 

wind farm project. The associated SPV is therefore created from the very beginning of the 

project: an agreement is then set between the different SPV’s shareholders (possibility for the 

district to open the capital to the inhabitants). (APERe, 2011) 

At the end of the development process, only one permit for the whole wind farm is introduced 

and only one grid connection request is carried out. 

Since the district is involved from the beginning of the project, it is charged with a part 

(corresponding to the share owned by the district in the wind farm) of all the studies that have 

been performed during the development phase (such as the environmental impact assessment, the 

grid connection studies etc.) as well as with a part of the costs related to the single permit deposit 

and the grid connection request. Taking into account the possibility of permit rejection, this may 

represent risk-taking related to early financing. (ibid.)   

Eventually in such situation, as the district is involved in the development process, according to 

the Belgian legislation, there is obligation for the district to launch a call for tenders for wind 

companies interested in developing the wind farm. (ibid.)   

 

 Situation 2:  the district gets involved once the single permit is granted 

In this situation, the PPP between the district and the wind company is contracted after obtaining 

the single permit, introduced on behalf of the wind company. The whole wind farm development 

is incumbent to the wind company which will afterwards sell shares of the wind farm to the SPV 

created with the PPP. (APERe, 2011)   

The SPV can though be created before the PPP’s official enforcement, so that the district would 

gather all the citizens interested in participating to the projects together early enough, in case the 

district opens the capital to the inhabitants. (ibid.)   

In such situation, since the district is not involved in the development process, there is not the 

obligation for call for tenders anymore. 

This type of situation has already occurred in the Walloon Region, more precisely in the district of 

Villers-le-Bouillet (province of Liège). Through the SPV EnerCity scrl, the district invested in 

one wind turbine in a five-turbine wind farm, developed by the wind company SPE-Luminus in 

2009. The district’s wind turbine is owned by the citizens (20%) and the district (80%). (ibid.) Such 

a partnership with citizen participation has been the first one to be set up in Belgium (Villers-le-

Bouillet, 2010).  
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Appendix 6 – Financing model for a wind farm 

The current market price for a five-turbine wind farm is estimated between 15,000 k€ and 25,000 k€. 

The price range is not accurate and mainly depends on the results of the studies carried out all along the project development 

phase (wind study, grid connection study, etc.)  

 

Financing model 

The financing model described below is intended for a wind farm investment with a participation of a 

district: 

 

Figure 41: Typical wind farm financing distribution (Nordex France, n.d.) 

Typically a wind farm is financed up to 80% by banks and the remaining 20% are distributed among 

investors (up to 60% of the remaining funding) and investment fund (40% of the remaining funding). In 

that way, investors can correspond to a cooperative company (probably a Special purpose Vehicle) that the 

district owns some shares. 

 

Based on a wind farm project cost that amounts to 20,000 k€, the distribution would be the following one: 

 Banks’ contribution:   16,000 k€ 

 Capital:      4,000 k€ 

o Investors:     2,400 k€ 

o Investment fund:   1,600 k€ 

If the district provides 25% of the investors’ capital for example, it then represents a contribution of 

600,000 €. 

 

Comments:  

If a district took part to a wind farm investment, the spillover would come from: 

 Electricity selling (around 40 €/MWh in Wallonia) 

 Green certificates’ trading (around 85 €/MWh) 

 Taxes   

  

Throughout the wind farm’s 

lifespan (20 years) 
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Appendix 7 – Technical description of Nordex wind 

turbine models: N100 and N117 

N100 model 

 

Figure 42: N100 scheme 
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The following table gives the main technical features of the model N100 

Table 11: Technical features of the model N100 

Nordex N100 

Nominal power [kW] 2,500 

Rotor diameter [m] 100 

Hub height [m] 100 

Swept area [m²] 7,854 

Cut-in speed/cut-out speed [m/s] Approx. 3 / approx. 20  

 

An overview of the foundation characteristics is given below: 

 

Figure 43: Overview of foundations 

Table 12: Foundation features 

Foundations 

Maximum depth [m] 3 

Upper diameter [m] 5.5 

Lower diameter [m] 22 to 25 
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N117 model 

The main technical characteristics of the model N117 are given in the following table (Nordex SE, 2011): 

Table 13: Technical features of the model N117 (Nordex SE, 2011) 

Nordex N117 

Nominal power [kW] 2,400 

Rotor diameter [m] 117 

Hub height [m] 91 

Swept area [m²] 10,751 

Cut-in speed/cut-out speed [m/s] Approx. 3 / approx. 20  

 

According to Nordex SE (2011), the first N117 installation in the E.U. is expected for 2012. 

 

Comparison of the models N100 and N117 

With a rotor diameter 17m larger than the model N100’s, the N117 is notably more productive than the 

N100 at low wind speeds (between 5.5 and 10.5 m/s) as it can be seen in the diagram below: 

 

Figure 44: Power curves of the models N100 and N117 (Nordex SE, 2011) 

More precisely, the model N117 has a yield 15% higher than the N100’s and operates 20% longer at full 

load hours than the N100 at a wind speed of 6.5 m/s.  

Consequently the N117 suits very well low-wind locations.     

 


