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Abstract 
 

The consolidation of the wind power industry in the last years requires companies to optimize 

their performance of the delivery of the wind energy asset’s lifecycle they cover in order to 

stay in the market. The Asset Management Standard ISO 55000 is a general framework 

applicable for companies which work with infrastructure assets. As the delivery of wind 

energy assets is very specific in all aspects of its lifecycle delivery, the Thesis identifies that 

there is a need for an Asset Management framework which is specific for the wind power 

industry. 

 

This Thesis uses the ISO 55000 and PAS 55 as a base for the development of a wind power 

industry specific Asset Management framework. The focus is on the lifecycle delivery of the 

wind energy assets which it traces back to the other Asset Management (AM) aspects. The 

different wind energy asset’s lifecycle phases Pre-Study, Planning, Construction, Operation 

and Maintenance and Decommissioning are explained and appended with related working 

tasks as well as their relation to the overall AM framework. The other AM groups AM 

Strategy & Objectives, AM Decision Making, Organization & People, Asset Information and 

Risk & Review are given an introduction to the specific topics. 

 

Asset Management is found to be a useful instrument to improve overall company 

performance and should be considered to be implemented by companies in the wind power 

industry to bring down the Levelized Cost of Energy of wind power and gain competitive 

advantage also against fossil fuels as sources of energy production to replace them in a near as 

possible future.  
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Nomenclature 
 

AM  Asset Management 

CAPEX Capital Expenditures 

EIA Environmental Impact Assessment 

GIS Geographic Information System 

IAM  Institute for Asset Management 

IEC International Electrotechnical Commission 

ISO International Organization for Standardization 

LCoE Levelized Cost of Energy 

OPEX Operational Expenditures 

PAS Publically Available Specification  

PM Project Management 

SCADA  Supervisory Control and Data Acquisition 
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I. Introduction 

The introduction of this Thesis talks about the background of Wind Power and the change of 

its market conditions, explains the motivation to elaborate on the topic of Asset Management 

Standard for the Wind Power Industry and justification of this topic as a focus of research and 

finally defines the target group the paper is addressing.  

1.1 Background: Wind of change in the wind power industry 

Mankind has used the power of wind since ancient times for propelling boats and ships, later 

for the grinding grain with different kinds of wind mills. In the end of the 19
th

 century the first 

attempts to use wind power for electricity production started and developed over the next 

decades. With the exploration of the at the time abundant fossil fuels the price of electricity 

production decreased below the price of production from wind power, leading to a 

discontinuation in the development of the technology. The oil crisis in 1973 led to a first 

reconsideration of the dependence on oil (Mathew, 2006). At the end of the 20
th

 century the 

increased attention to climate change and environmental pollution and resource scarcity like 

the discussion of peak oil renewable energy became a focus of research and development as a 

solution to these problems. Different subsidy schemes all over the world, the German feed-in 

tariff system “EEG” being possibly the most famous subsidy scheme, led to significant 

growth of renewable energy especially in the electricity production sector (Mathew, 2006).  

As wind power, especially onshore, quickly became a cost-effective source of renewable 

energy, also compared to electricity from fossil fuels (Kost et al., 2013), the deployment of 

wind turbines increased rapidly all over the world enticing companies to enter foreign markets 

leading to a saturated market. The cuts in subsidies this sector receives and the financial crisis 

in 2008 led to consolidation of these markets. Companies are merging to increase their 

portfolios and/or are specializing to gain competitive advantage to stay in the market which is 

increasingly competitive (Lutton and LaTrace, 2011).  

1.2 Motivation: Why Asset Management 

The delivery of a wind energy asset’s life cycle is generally complex due to the technology’s 

dependence on various external factors – wind characteristics in a location just to mention one 

of them. Increasing demand for renewable energy and thus also for wind power, incentivizes 

more research and development in this sector, resulting in a bigger variety of technical 

options. The increasing installation of turbines requires more wind power specific legislation 

by governments. With increasing profitability due to reduced LCoE the wind energy market is 
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maturing and consolidating. These recent developments in the wind power industry and its 

need to gain competitive advantage require companies to improve their overall performance. 

As “increased downtimes, low energy output, high cost of maintenance and repair operations 

… are attributable to poor assets integrity management” (Ossai et al., 2014) a focus on the 

overall management of the wind energy assets should be considered.  

It becomes more and more important for the wind power industry to introduce Asset 

Management frameworks into their management, especially but not only for the maintenance 

of wind turbines in order to reduce their downtimes and increase maximum production. The 

O&M of turbines which is responsible for about 25% of the total costs offers the largest 

saving potential for AM. Another aspect are costs which can be reduced introducing an Asset 

Management framework which is considering the whole lifecycle of a wind farm and the 

necessary working tasks connected to it. Adequate planning and decision-making according to 

the AM framework will reduce risks and costs throughout the different phases of the 

Lifecycle delivery (O’Mahony, 2016). 

The 2014 published ISO 55000 standard on AM aims to optimize the company’s performance 

in respect to the asset’s lifecycle delivery by taking a company-holistic approach on their way 

of how they manage their assets in order to optimize it. Implementing such an AM framework 

into the company structure can help reduce the lifecycle cost of energy and thus the Levelized 

Cost of Energy (LCOE) by for example reducing the downtime of wind turbines (van den 

Belt, 2016).  

The AM standard by the Institute of Asset Management (IAM) and ISO (International 

Organization for Standardization) are general in order to apply to any kind of infrastructure 

asset based industry. As wind energy is very specific in all the aspects of its life cycle delivery 

the need for an AM framework focusing on the wind power industry is necessary which is the 

motivation for the formulation of this Thesis.  

1.3 Structure and Content 

In Chapter 2.1 the literature review looks at the AM Standard itself, mainly “Asset 

Management – An Anatomy” as well as the previous publications the Publically Available 

Specifications PAS 55, leading to the ISO 55000 AM Standard. In chapter 2.2 papers which 

discuss the AM Standard and publications which have similar approaches are reviewed. 

Chapter 3 Methodology describes the central question of this Thesis, defining the problem, 

the proposed solution and how this Thesis approaches it, the arising challenges and 

recommendations regarding the use of the Thesis. Chapter 4 explains AM, what it means in 
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the context of the wind power industry, what assets and asset components in wind farm 

management are and the different phases of a wind farm lifecycle. Chapter 5 is the main body 

of the Thesis and develops an AM framework which is more wind power specific. It then 

elaborates on the different AM groups, however strongly focusing on the Lifecycle delivery, 

explaining the different tasks and working steps in a wind energy asset’s lifecycle delivery, 

while the other AM groups are only touched upon superficially. Each subchapter ties back to 

the bigger AM framework and the connections to other AM groups.  

 

1.4 Target Group 

Even though large companies must have some kind of AM framework in place in order to be 

able to have a structure for managing their assets, it might be worthwhile for them to 

reconsider it based on the ISO 55000 and possibly adapt and optimize their AM framework.  

The consideration of a proper AM framework might however be especially interesting for 

medium sized companies which cover only parts of the wind energy asset’s lifecycle and also 

for smaller companies which focus on only one phase of the wind energy asset’s lifecycle in 

order to optimize their performance and to gain competitive advantage. This claim is made on 

the assumption that medium and small sized companies do not have the time and human 

resources for using these on the consideration of holistic AM framework despite the benefits 

it might hold for them. 
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II. Literature Review 

The first subchapter of the literature review of this Thesis summarizes relevant information 

from the publications of the Institute of Asset Management PAS 55-1:2008, PAS 55-2:2008 

and “Asset Management – Anatomy”. Subchapter two looks at papers that review the Asset 

Management standards PAS 55-1:2008, PAS 55-2:2008 and the ISO 55000. The third chapter 

looks at the aspect of wind energy where a wide range of different books, papers and 

standards have been reviewed. 

2.1 Asset Management Standards 

With the increasing demand for a standardized Asset Management framework the Institute of 

Asset Management, partly in cooperation with the British Standards Institute, published a 

number of papers related to Asset Management. In 2006 the Asset Management frameworks 

were published.  In 2008 the Publicly Accessible Standard PAS 55 for Asset Management 

was published. On the basis of PAS 55:2008 the International Organization for 

Standardization created the ISO 55000, 55001 and 55002 and published them in the year 

2014. In 2015 the IAM published a review of the ISO 55000 series, called “Asset 

Management – An Anatomy”. It takes into consideration all the previously published 

documents and is an explanation of AM, why and how it should be used. It is the main 

reference of this Thesis and will be summarized in this chapter.  

“Asset Management – An Anatomy” argues that for the management of physical assets 

knowledge about their creation, operation, maintenance and decommissioning is required 

which is challenged by the fact that assets are complex, interdependent, dynamic in behavior, 

subject to rapid change, varying in lifetime, have to be monitored, analyzed and diagnosed in 

order to understand them and require technical knowledge. This challenge is approached by 

the ISO 55000 based on the six fundamentals summarized below: 

 The core value to the organization which has to be determined 

 Connectivity between the business plan and the asset management activities delivered 

by the team must be clearly visible 

 Leadership must be directly responsible for the conduction of AM to ensure that it is 

actually implemented, the organization’s objectives are achieved and that AM thinking 

and practices cross traditional boundaries – therefor it must be demonstrated by all 

authorities in the organization 
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 Assurance – monitoring and auditing – that assets and connected processes are 

operated as intended so the required purpose is achieved, AM activities conducted and 

AM objectives achieved sustainable over time 

 Understanding of life cycle activities through all phases and levels 

 AM decision making must be competent, consistent and optimal to be successful and 

requires to find the best compromise between competing subjects of AM 

 

AM is described as an interdisciplinary field of study which includes expertise from all the 

different aspects of the asset’s lifecycle and its management and has to be understood and 

supported by all the participants. It can require the person responsible for the AM to take a 

step back to enable a better overview of the complexity.  

The different components of AM according to the IAM are described in detail in Chapter 

4.1.1 Asset Management Scheme by the Institute of Asset Management (IAM).  

2.2 Reviews of the Asset Management standards and AM related papers 

The Australasian Procurement and Construction Council’s Guide to Asset Management 

provides an AM framework called Integrated Strategic Asset Management (see Appendix 

Figure 1) in order to deliver and manage infrastructure assets for meeting community and 

service delivery demands while stressing the need for minimizing risks, cost-efficiency and 

sustainability in an approach to form a holistic delivery of “built assets” which takes into 

consideration “economics, engineering, information technology, sustainability and human 

elements” (Brown et al., 2012).  

In their paper on sustainable asset integrity management Ossai et al., 2014 argue poor asset 

management can lead to inefficiency in the delivery of the lifecycle of renewable energy 

assets like increased downtime and higher costs of operation and maintenance resulting in 

higher LCoE and thus decreased profits. Therefor a structured approach towards AM is 

needed which incorporates socioeconomic and environmental demands into decision making 

and integrates communication and co-operation of the different sectors in a company and 

through that improves competence and control. They develop a framework for sustainable 

asset integrity management which focuses on maintenance of renewable energy assets.  

Van den Belt, 2016 finds that a “solid wind power specific Asset Management organization” 

is required as this could result in higher returns from wind energy assets. Unscheduled 

downtime can be reduced and therefor the lifecycle cost of energy can be reduced. It is argued 

that an AM framework should be set up as early as possible.  
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Figure 1: Integrated Strategic Asset Management scheme by AAMCoG (Brown et al., 2012)  

The “IIMM supplement” (IPWEA, 2015) has been developed with the argument that the ISO 

55000 is important but does not provide guidance on how to implement such an AM 

framework into an organization. The objective of this supplement is to do that: for every 

aspect of AM mentioned in the ISO 55000 the guidance provides steps of how to achieve 

them. The IIMM explains their understanding of the specific definitions regarding AM 

adapting definitions to their needs of infrastructure asset management.  
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III. Methodology 

Applying the developed Asset Management framework into practice is easier said than done – 

especially as the management of wind assets is very different to e.g. the management of 

public services which the ISO 55000 framework also is being applied on. Not only appears 

the overhead, the parts apart from the actual life cycle delivery, overly important but also is 

the general structure not well suited for the management of wind power asset life cycles. 

Creating a framework which is more suited for the wind power industry is required.  

The aim of this Thesis is to use the existing publically available literature which describes the 

Asset Management Standard (mainly by the IAM) and connected literature to develop a more 

applicable, wind power specific AM framework. Therefore the general AM framework 

provided by “Asset Management – An Anatomy” (IAM, 2015) is being kept as a basis around 

which a more wind power specific framework is being developed. The major changes 

conducted are  

 the centering of the “Life Cycle Delivery” absorbing some of the other AM groups 

subjects into its sphere,  

 its change into five instead of four phases which seems more suitable  

 the group “Asset Management Decision Making” is integrated into the groups 

“Strategy & Planning” and the “Life Cycle Delivery” as its subjects are crucial parts 

of these groups, as e.g. the “Demand Analysis” is a necessary step of the life cycle 

delivery phases “Pre Study” and “Planning”.  

This Thesis goes through the different phases and steps in the life cycle of a wind energy asset 

sufficient for illustrative purposes but not in depth as the reader is expected to read more 

specific literature on the aspects she or he will concentrate on. Each chapter in conclusion ties 

back to the overall AM framework and explains how it is connected to the bigger AM picture.  
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IV. Asset Management of Wind Farms 

In the following the term Asset Management is explained, how the IAM describes it and the 

scheme it uses, what assets, asset systems and asset components are in the wind power 

industry and what the wind energy asset’s lifecycle consists of.  

4.1 Definition of Asset Management 

The term asset management is most frequently used in the financial sector for the 

management of the different financial tangible and intangible assets. However the term is 

used more and more frequently also in the infrastructure sector where it has come to 

realization that especially when it comes to the management of many and large and often 

diverse infrastructure assets, it becomes crucial to have a well-planned management scheme 

in place (IAM, 2008).  

Since the publication of the Publicly Available Specification PAS 55-1:2008 in 2008 by the 

Institute of Asset Management and the British Standards Institution, Asset Management, 

hereafter AM, is a defined and applied term for organizations where physical assets are 

crucial for achieving its economic goals. They define AM as “systematic and coordinated 

activities and practices through which an organization optimally and sustainably manages its 

assets and asset systems, their associated performance, risks and expenditures over their 

lifecycles for the purpose of achieving its organizational strategic plan.” (IAM and BSI, 

2008). 

Of all the valuable elements or assets an organization or company has to take care of Asset 

Management in this context is focusing on physical assets. This will however impact also the 

other kinds of assets, which can be divided into:  

 Human assets (i.e. employees and their knowledge and experience) 

 Information assets (e.g. communication and documentation) 

 Financial assets (i.e. equity, e.g. money, shares, bonds, etc.) 

 Intangible assets (e.g. reputation, intellectual property, etc.) 

While the physical assets are the focus, it is the aim of AM to adequately consider the other 

kinds of assets and integrate them in the whole process. 

4.1.1 Asset Management Scheme by the Institute of Asset Management  

In 2008 the ISO 55000 Asset Management Standard was published as an answer to the call 

from industry for the standardization of how to organize the management of infrastructure 

assets. The PAS 55-1:2008 and PAS 55-2:2008 on Asset Management as well as “Asset 
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Management – an Anatomy”, base and addendum of the ISO 55000, are providing a 

framework of what an AM structure should look like. In an approach to create a framework 

which is valid for every kind of industry it results to be general and theoretic.  

Therefore introducing an AM framework for companies which work with one or more phases 

of a wind farm’s life cycle can help 

 being aware of company external developments in the wind energy sector and dealing 

with them 

 having not only a precise knowledge of the companies life cycle focus phase(s) but 

also about the other phases as a basis for good communication with partners (if not all 

phases are covered) 

 phasing out losses that occur due to misunderstanding and miscommunication, 

inadequate information management or organization structures, 

 optimizing working processes within the company. 

The scheme developed by the IAM consists of 39 subjects. These are divided into six groups:  

1. Strategy and Planning 

2. Asset Management Decision Making 

3. Lifecycle Delivery  

4. Asset Information 

5. Organization and People 

6. Risk and Review 

See Figure 2 to see which subjects are subordinated to which group. The different AM groups 

interact with each other as depicted in Figure 3. 

 

Figure 2: Division of 39 AM subjects into six groups (IAM, 2015) 
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Figure 3: Interaction of AM groups (IAM, 2015) 

 

4.2 Physical Assets and asset components in Wind Farm Management 

The main assets in wind farm management are the wind turbines and the farm internal grid 

with its cables and transformers. The wind farm itself can be described as an asset system. 

Wind turbines consist of a range of various parts which are significantly different in their 

composition, structure and function and thus the way how they have to be managed, operated 

and maintained. In this paper the different parts are called asset components.  

The different asset components of wind turbines are: 

 Foundation 

 Tower 

 Gearbox 

 Blades 

 Transformer 

It is clear that one could group the wind turbine components more in depth; especially the 

gearbox and the transformer consist of many components and could be further divided. This 

however would go beyond the scope of the paper.  
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4.3 Phases of a Wind Farm Lifecycle 

From the idea to realization and finally termination of a wind farm there are different phases 

in the lifecycle of a wind farm. While the general Asset Management lifecycle delivery 

identifies four phases, in this paper the wind farm lifecycle is considered to consist of five 

phases (see Figure 4), which are: Pre Study, Planning, Construction, Operation and 

Maintenance and Decommissioning. As depicted in Figure 4, each of the lifecycle phases has 

a variety of working tasks connected to it. They are described more in detail in the Chapter 3 

Lifecycle delivery.  

 

Figure 4: Lifecycle phases and their connected working tasks (by author, 2016) 
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V. Merge of Wind Farm Life Cycle and AM framework 

The overall AM framework developed in this Thesis for the management of wind farms is 

closely connected to the framework provided by “Asset Management – An Anatomy”. The 

different subjects and groups are directly taken from it. However the central topic here is the 

life cycle delivery, consisting of the five phases Pre Study, Planning, Construction, O&M and 

Decommissioning instead of four phases Acquire, Operate, Maintain and Dispose as in the 

AM framework from IAM, 2015.  

Another major change is the integration of the former group AM Decision Making mainly into 

the Strategy & Planning group, here mainly the strategy parts and into the Lifecycle Delivery 

group. The reasoning behind is that decision making as a process is so closely connected to 

the strategy development as well as the actual application. Generally the colors of the 

framework are kept similar to the original, general AM framework from the IAM, so 

comparison is easier. The interaction arrows are kept minimal and basic, as all of the outer 

AM groups are interacting with the Lifecycle Delivery group leading to confusion if 

otherwise done.   

 

Figure 5: Management scheme for wind power assets (by author, 2016)   
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The AM framework works within the Organizational Strategic Plan which is the basis for all 

further structures and decisions. The AM Policies, AM Strategies & Objectives are directly 

built on that and AM Decision Making always ties back to these. The Organization & People 

group is based on the AM Strategies & Objectives, creating organization structures and 

processes which support AM Strategies & Objectives the best. Organization & People define 

and work with Asset Information. Asset Information is the base for Risk & Review and 

receives feedback from it. The center of the AM framework is the Lifecycle Delivery 

consisting of the five phases Pre-Study, Planning, Construction, Operation and Maintenance 

and Decommissioning. All these phases are based on and continuously interact with the outer 

AM groups. Chapter five will explain the different AM groups more in detail and in relation 

to the wind power industry. A major focus is on the Lifecycle Delivery where wind power life 

cycle specific details are mentioned.  

5.1 Organizational Strategic Plan 

The Organizational Strategic Plan is the framework in which the company has to operate, 

defined by their customers, the investors, the national and possibly international legislation 

and the commercial environment. For a company that operates wind turbines that could mean 

that a certain level of electricity has to be provided according to the national standards, 

especially in terms of power quality. Safety and environmental standards have to be 

considered already during the planning process in order not to exceed noise levels close to 

populated areas and to infringe habitats of protected bird or bat species. In order to satisfy 

investors and to survive in the consolidating wind power market financial goals have to be 

met.  

5.2 Asset Management Policy, Strategy & Objectives and Decision Making 

The delivery of the asset’s life cycle is defined by the AM Policy, Strategy & Objectives. 

Decision Making is necessary in developing the AM Policy, Strategy &Objectives but 

especially important in the different life cycle phases of the wind energy asset development. 

5.2.1Asset Management Policy 

Knowing the basic required framework from the organizational strategic plan the asset 

management policies can be defined. According to the ISO 55001 they should be consistent 

with the organizational strategic plan and be appropriate for the organization’s purpose, nature 

and size. It ought to be committed to satisfy the applicable requirements like legal and 
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regulatory and the continuous improvement of the AM strategy. Further requirements are a 

framework for setting the AM objectives and communication within the team as well as with 

stakeholders and partners. The policy should be clearly stated how the organization aims to 

manage its assets, the principles and that the top management is committed to them. The 

policy is the basis of the AM Strategy & Objectives (IAM, 2015). To be more specific such a 

policy could state that requirements for social acceptance and environmental protection are 

met and possibly exceeded, and that safety for personal and the public is guaranteed.   

5.2.2 Asset Management Strategy & Objectives 

Both the AM policy and the organizational objectives are to be considered when defining 

which objectives the AM should achieve and how. These objectives should be SMART: 

Specific, Measureable, Achievable, Realistic and Time-bound (Bogue, 2005). There are a 

number of areas in which strategies should be developed. 

5.2.2.1 Objectives 

For a wind farm operator that could mean defining objectives like: how many wind turbines 

of which type should be installed/acquired in which location, how much energy should be 

produced per year, how much profit should be generated. Also goals of whether the company 

wants to grow or be divided into several companies or possibly shrink.  

5.2.2.2 Development Strategy 

The development strategy is rather general and should define in which locations the company 

plans to develop wind power assets and how. For example in country specific locations,  

which general approach is taken to do that and how to interact and cooperate with 

stakeholders.  

5.2.2.3 Financial Strategy 

The financial strategy is largely defined by the company’s organizational structure and how 

investors set the financial goals and the risks a company may take. 

A major aspect is the question of debt and how assets and their management are financed. The 

financial leverage – the ratio of debt to equity – defines the profitability and the risks of 

investments. Regarding the equity: how is it acquired?  

Generally banks give out loans at interest rates depending on the perceived risk. Usually this 

interest/perceived risk is higher where the legislation regarding the support of renewable 

energy is not clear and/or where wind power development is a more recent development – in 
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contrast countries like Denmark, Germany and Sweden where wind power has a longer record 

loans are given at lower interest rates (Noothout et al., 2016).  

There are different ways of how to finance the wind energy asset:  

 Corporate Financing: this is only possible for companies with high capital funds as the 

asset is developed and financed completely by the company. It receives all the profits 

but also bears all the risk. 

 Sale before Construction: this is done by companies which focus on development of 

projects only. All the planning, assessments, permissions and contracts. The project is 

then sold to an investor who takes care of construction, O&M and decommissioning.  

 Sale after Construction: the project is conducted completely by developer and then 

sold. Funding comes from banks which are repaid after construction. 

(Baumgaertner, 2013) 

5.2.2.4 Operation & Maintenance Strategy 

One aspect of choosing an O&M strategy is closely connected to the choice of organizational 

structure (See chapter 5.5.1 Organizational Structure) as it is largely dependent on the size of 

the company, whether it makes sense to do the O&M in-house or whether to outsource it to 

specialized companies.  

In case O&M is done in-house there are different O&M strategies which can be categorized 

into reactive, preventative, condition-based or predictive and reliability centered.  

 Reactive maintenance: repairing a part when it fails. Generally required in case of 

failures. As a general strategy maintenance costs are low but lead to a loss of 

electricity sales and high repair costs.  

 Preventive maintenance: regular, fixed-schedule maintenance of components 

which are prone to deterioration to be able to anticipate problems with them. High 

maintenance costs due to regular checks and possibly unnecessary replacement of 

components. Few down times lead to higher profits. 

 Condition-based or predictive maintenance: maintenance equipment gathers data 

indicating whether parts are about to fail (SCADA data) on which base 

maintenance and repair can be conducted. This data should only be gathered on the 

components which are prone to deterioration. 

 Reliability centered maintenance: based on records of deterioration and breakdown 

of previously used components. 
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Generally there should be a combination of all these strategies possibly with a stronger focus 

on one of them (WEU, 2014). The final strategy depends on the technical details of the 

turbines, the accessibility of them (e.g. on- or offshore) and external factors like weather 

conditions.  

5.2.2.5 Decommissioning Strategy 

The question of what happens after the end of the wind asset’s life time should be planned in 

advance, typically when designing the wind power asset. This allows optimizing the 

decommissioning of the asset in terms of cost-efficiency. Especially if repowering is an 

option first plans should be developed as early as possibly to make repowering as profitable as 

possible (Bezbradica, 2015). In case of site remediation it should be clarified which assets 

structures have to be removed and to what extent, as for example foundations might just have 

to be covered with top soil and streets and cables might be left complete. In case of 

repowering the park layout of the current asset should be developed in such a way that future, 

possible bigger turbines can be installed in an adequate manner. Many countries require 

decommissioning reserve accounts with a minimum amount of money available for 

decommissioning, which has to be kept in mind for financial planning (Aldén et al., 2014).  

5.2.3 AM Decision Making 

Decisions are required in each AM group and subject, every life cycle phase and task and 

each of them affects the outcome of the asset development. Minor decisions will always be 

done intuitive by experts themselves. Major decisions are often discussed within the team and 

have to be agreed on by the top management which serves as a control organ – this though 

depends on the structure of a company (see Chapter 5.5.1 Organizational Structure) the 

hierarchies and the responsibilities and given competences of the individuals. Good decisions 

can only be made based on correct information, therefor it is crucial that high quality 

information is gathered and a good information system in place (see Chapter 5.4 Asset 

Information). Wierzbicki argues that it is important that good options are presented which 

possibly are “out of the box”, they should be developed looking at the problem from different, 

possibly also from unusual perspectives allowing creativity. Otherwise Wierzbicki claims 

decisions are made by intuition based on the experience, which is generally good, but does not 

allow creative approaches to be considered (Wierzbicki et al., 2000). 

5.2.3.1 Multi-Criteria Decision Analysis 
Given that high quality information is available there are still decisions which are too 

complex and too important for intuitive decision making. Weighing the advantages and 
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disadvantages against each other is sometimes not that easy. While quantitative values like 

financial benefits and indicators like NPV or IRR are clearly comparable, qualitative values 

like environmental impact or social acceptance are not only difficult to measure but even 

more difficult to compare. However, Multi-Criteria Decision Analysis tools like 

PROMETHEE offer an option for quantitative and qualitative values to be taken into 

consideration for comparison. The main idea is to give numbers to the qualitative values to 

make them comparable and weigh (multiply) both quantitative and qualitative values with 

factors which represent their importance for the final decision (Behzadian et al., 2010). 

Whether the final decision is the optimal choice depends on the calculation of the qualitative 

values and finally on the weighing factors decided upon and is not trivial and should be done 

carefully. Considering the effort and delicacy of MCDA models they can only be applied on 

major decisions. It can be assumed that with increasing application the model will be 

optimized in terms of problem orientation and will require less time to be conducted.  

5.3 Life Cycle Delivery 

In the following the different phases of the wind energy asset’s lifecycle, Pre Study, Planning, 

Construction, Operation and Maintenance and Decommissioning and the connected activities 

are presented. 

5.3.1 Pre Study  

The Pre Study includes what the IAM, 2015 calls Demand Analysis, a part of the Strategy & 

Objectives group, as it plays an essential part in the development of wind power assets. While 

the Pre Study requires a market analysis as the Demand Analysis did, it requires the analysis 

of several more factors due to the wind industry specific nature and regulations in most 

countries where the main challenge lies in finding a sufficiently productive location which is 

not only economically feasible, but environmentally sound and socially accepted. The Pre 

Study has been divided into several categories: Market Analysis, Territory Exploration and 

Stakeholder Analysis. The general rule applies that the more information is gathered and used 

in the Pre Study the less problems will occur during the other phases (Bogue, 2005). All 

gathered information should be well documented, organized, archived and made available to 

the people who need access to it (see Chapter 5.4 Asset Information).  

5.3.1.1 Market Analysis  

Not only for the previous subchapter, and the later subchapter Capital Investment Decision-

Making, but in general an analysis of both the wind energy market as well as the electricity 
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market and prices is crucial to predict how profitable the acquisition of wind turbines is and 

how productive they have to be. As many countries have subsidy schemes, such as feed-in 

tariffs or green certificates in place these have to be clearly understood and considered as 

without them the investment is often not feasible. Knowing how much energy can be fed into 

the grid and at what quality is crucial and might be specific at the location – this should be 

consulted with the grid operator.  

For forecasting future developments in energy prices and subsidies it should be considered to 

investigate:  

 Historical energy prices and subsidy developments  

 Current developments of energy prices on the international market for electricity, oil, 

coal, gas & biomass 

 Future prospects of the before mentioned points 

 Political developments 

 Technological developments 

Additionally a market analysis should consider developments in the supply change from basic 

resources which are crucial as for example neodymium for permanent magnets in direct-drive 

turbines.  

5.3.1.2 Territory exploration 

There are several aspects regarding the exploration of the area in which the wind farm is 

proposed to be built. Some countries provide tools like Geographical Information Systems 

(GIS) for different applications. See maps.seai.ie/wind (Ireland) or vindlov.se (Sweden) as 

examples. 

5.3.1.2.1 Meteorological survey  

The first step in the territory exploration should be whether the area is at all suitable for wind 

power development in terms of wind resources. This first step does not necessarily have to be 

extremely in depth and for the moment requires merely the use of wind atlases which in some 

countries are provided by the government or like the National Renewable Energy Laboratory 

(NREL) even for other countries – the crucial point here is the resolution of the map the 

reliability of the provider.  

5.3.1.2.2 Infrastructure survey   

There are several infrastructures which play an important role for the development of wind 

power assets. One aspect is accessibility, usually by road, possibly by ship or train – are such 



V. Merge of Wind Farm Life Cycle and AM framework 

  

27 

 

structures available to a sufficient extent? A further aspect is connectivity: are sufficiently 

developed electrical grid structures within affordable distance, if not: who has to take care of 

it? Finally the question of other hindrances, such as people living nearby who might 

complain, airports or radars which do not allow the construction of wind turbines close by or 

even structures which produce wakes reducing the energy production of the asset.  

5.3.1.2.3 Legal survey 

Another crucial aspect which defines whether the development of wind power assets makes 

sense in an area is the aspect of legislation, especially when developing in other countries and 

not being familiar with the national legislation and possible support schemes. Which kinds of 

permits have to be acquired and what are other requirements? The Environmental Impact 

Assessment and the grid connection permit are just two important ones which should be 

considered early in the process. Other aspects are the possible support structures a 

government might provide. Knowing them and how to make full use of them is often crucial 

for economic feasibility.  

 

5.3.1.3 Stakeholder Analysis 

In the analyses above already many stakeholders will be discovered which are important to 

consider during the development of the asset. However, it should be made clear that all 

possible stakeholders are listed and a contingency scale attached to each in the 

communication plan. Very common stakeholders are: 

 Investors  

 Banks  

 Local government 

 Central government 

 Military & Aviation Office 

 Subcontractors / Suppliers 

 Grid owner 

 Land owner 

 Local population  

 NGOs 

 

Adequate communication with stakeholders can be the key for the success of a project. Public 

participation in decision making over land use has become a common requirement in many 
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parts of the world. At the same time the development of wind power assets is sometimes 

strongly opposed by the local community and has led to cancelation of projects. Stakeholder 

meetings open for public are recommended at an early state to assess the general atmosphere 

in the region regarding the development of the assets in order to develop strategies how to 

deal with it, as well as to gain knowledge and possibly realize win-win situation through 

cooperation with partners in the region (Jami and Walsh, 2014). 

5.3.1.4 Pre-Study in AM Perspective 

The Pre-Study is a preliminary and low cost study compared to the investigations during the 

Planning phase. Therefor the AM group Organization & People has to ensure that adequate 

tools and processes are in place to conduct efficient and high quality Pre-Studies. One aspect 

is the use of databases from which Pre-Studies can resort to and also feed into relevant 

information. The AM Decision Making group is responsible for evaluating whether a location 

is worth to continue further investigation and to decide whether the planning phase can be 

started.  

 

5.3.2 Planning 

If based on the Pre Study the decision was made that the wind energy asset should be 

developed in an area, the exact specifications have to be planned. This phase often takes 

several years. It is crucial that this process is done accurately as the whole wind energy assets 

future outcome depends on it. Correcting mistakes after the planning is generally much more 

complex and expensive.  

In the following the chapters Wind Resource Assessment, Choice of Turbine, Design of Park 

layout, Financial Plan and Obtaining Permits & Contracts are presented. The scope of these 

chapters is to mention the most important points to consider. Literature is provided and should 

be consulted for more in-depth information.  

5.3.2.1 Wind Resource Assessment 

For the optimal choice of turbine model and design of the park layout, as well as a precise 

calculation of the energy production and the economic feasibility, an adequate wind resource 

assessment is indispensable. There are several steps for such: 

Actual measurements: The aim is to understand the wind flow - wind directions, wind speed 

and air density over the whole turbine’s swept area for all turbines in the whole area to be 

developed usually during the period of at least one year to cover the different seasons. There 
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are different instruments which can be used. Still the most common one is the use of towers 

with anemometers, thermometers and humidity measurement devices at different heights. 

This data can then be extrapolated using simulation tools like WindPRO or WindSim. 

Depending on the size of the area and complexity of terrain it might be necessary to install 

more than one tower. The required size of the towers depends on the height of the turbines, 

tower cost, local height regulations and the shear. Generally it is recommended to use towers 

which range over the complete turbines swept area. Where the wind shear is well understood 

lower towers can be used – when the shear seems to be complex high towers might be a 

worthwhile investment. Towers are often required for receiving loans from banks as 

anemometers are certified as adequate measurement devices. However there are some 

disadvantages using towers: anemometers are prone to wrong measurements in case of icing 

(heated anemometers should be considered in cold climates) turbulences and wind gusts. The 

use of ground-based remote sensing technologies, LIDAR and SODAR is becoming more and 

more frequent and might become the standard measuring technique. They measure the wind 

speed at different heights through laser or sound waves. Using them for short times to achieve 

data might be considered in complex terrain (Brower, 2012).  

Wind Resource Analysis: After the wind measurement data has been collected it has to be 

checked for errors and completeness. This process serves also for the detection of potential 

problems with the instruments or the data collector. The data can then be analyzed to 

characterize the wind resource and to calculate main indicators like mean wind speed, the 

wind rose (presentation of frequency of wind direction), shear, turbulence intensity and wind 

power density. As measurement towers are often not as high as the turbines hub height where 

the power curve is defined it is usually required to extrapolate findings to the required height. 

As the wind speed measurements during one year might not be representative a MCP 

(measure, correlate, predict) technique is generally conducted using long-term historical 

measurement data – generally from the past 30 years. Still the wind resource is only known in 

the place of the measurements. Using simulation software allows the modelling of the wind 

flow to determine the wind resource for all the turbines. Knowing this data the energy 

production can be estimated, however the uncertainty of the measurements should be kept in 

mind which is then used later for the different probability values (see Chapter 5.2.2 Asset 

Management Strategy & Objectives – Financial Strategy).  
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5.3.2.2 Choice of Turbine Model 

There is a wide range of wind turbines on the market. The choice of the turbine manufacturer 

and model which is best suited for the asset depends on a variety of factors:  

Wind characteristics and Territory: wind turbines are optimized for different wind 

characteristics, mainly wind speed and turbulence intensity. The IEC 61400-1 II classifies 

wind turbines according to which wind characteristics they are best suited. Table 1 shows the 

different IEC 61400-1 II classes. Class I is for very tough wind characteristics with reference 

wind speeds Vref of up to 50 m/s for 10-minute average wind speed at recurrence time of 50 

years at the hub height of the turbine and average wind speed of 10 m/s.  A and B describe 

turbulence intensity which is defined to be the standard deviation of a wind speed series 

during a minutes period divided by its mean wind speed (Honrubia et al., 2012).  Class II and 

III are designed for higher production at lower wind speeds, Class IV for low wind speeds. 

The lower the wind speed, the longer the blades and the smaller the generator relative to their 

power rating (Brower, 2012).  

Wind Turbine Class 
I II III IV 

A B C A B C A B C   

Vave (m/s) annual average 

wind speed at hub height 
10 10 10 8.5 8.5 8.5 7.5 7.5 7.5 5 

Vref (m/s) 50-year maximum 

10-minute wind speed 
50 50 50 42.5 42.5 42.5 37.5 37.5 37.5 30 

Iref  16% 14% 12% 16% 14% 12% 16% 14% 12%   

Table 1: IEC Wind Turbine Classes (Brower, 2012 & Langreder, n.d.) 

 

The hub height depends on the wind profile and wind shear which is dependent on surface 

roughness – whether the terrain is flat or rough, whether there are obstacles and how high they 

are. Obviously turbines in forests generally have to be higher than in open fields.  

Ground conditions have to be investigated in order to choose adequate foundation structures. 

Main characteristics are ground structure and material as well as groundwater level and flow. 

The occurrence of natural disasters should also be taken into consideration.  

Controllability and Maintenance: There is a wide range of technical options that turbines 

can be equipped with in respect to remote control them, gathering different kind of data, how 

easy it is maintain, repair or replace parts in them. One example would be the choice of the 

generator: the common generator with a gearbox which is one of the components most prone 

to failure in contrast to the more expensive permanent magnet direct drive generator which 

requires less maintenance and repair (Bartos, 2011). 
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Contracts: some manufacturers require strict compliance with construction specifications like 

the choice of foundations, while others allow more flexibility. The use of the manufacturer’s 

service team might be required, optional or not available.  

Profitability: all of the above mentioned points are ultimately related to profitability. 

Choosing the optimal turbine class and turbine height will increase energy production and 

lower maintenance costs, while higher towers include higher costs. Different manufacturers 

offer different quality and services. Choosing the cheapest manufacturer might not be a good 

idea. In order to reduce the risk of bad quality material the record of the manufacturer and its 

compliance with international standards should be checked.    

5.3.2.3 Design of Park layout 

The park layout includes not only the planning of the wind turbines and their locations but 

also the electrical grid layout and the planning of the roads for construction and maintenance. 

It has to consider the proximity to houses due to noise emissions and visibility of the turbines, 

obstacles to construction, main wind direction and interaction of the turbines through wakes. 

An inadequate park layout reduces the annual electricity production, when wind turbines are 

constructed in a formation that they are affected by turbines standing in front of them (in wind 

direction). Increasing the distance between the turbines generally relieves this problem; 

however as reduction of total area use as a cost factor is trying to be reduced these two 

objectives contradict (Kusiak and Song, 2010). Software tools like WindPRO are generally 

used to design wind park layouts in a suitable way.   

5.3.2.4 Financial Plan 

The financial plan is more than a cost benefit calculation; it also serves to show banks and 

investors and not least the company itself to see that other (generally risk) factors have been 

considered. It should show the business structure, the financial leverage intended and how the 

necessary capital is acquired, payback plans, Net Present Value (NPV), Internal Rate of 

Return (IRR). It takes into consideration many aspects of the whole structure of the 

organization and the financial strategy. A well-established AM is helpful for providing a 

thorough financial plan. 

5.3.2.4.1 Project Finance Structure 

How a project is financed, what the financial leverage is and where the capital comes from is 

interesting for many stakeholders (Baumgaertner, 2013). See chapter 5.2.2 Asset Management 

Strategy & Objectives – Financial Strategy for more details.  
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5.3.2.4.2 Costs 

The central part of the financial plan is the listing of all the costs which occur during the life 

cycle of the wind energy asset. Costs are generally divided into Capital Expenditures 

(CAPEX) and Operational Expenditures (OPEX). The major parts of the capital costs in 

decreasing order are the wind turbine parts, the foundation, grid connection and planning and 

miscellaneous (IRENA, 2012) see Figure 6 for detailed illustration. The operational 

expenditures can be spilt up into service and spare parts, administration, land lease costs, 

insurance and miscellaneous, see Figure 7 for detailed illustration.  

 

 

Figure 6: Capital Cost breakdown for a typical onshore wind power system and turbine 

(IRENA, 2012)  
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Figure 7: Operational Cost Breakdown (Deloitte, 2014)  

5.3.2.4.3 Revenues: Energy production, Prices and Tariffs 

The income stream is provided by the energy production which is sold at the momentary 

electricity price. This electricity price can according to the national regulation either be fixed 

or fluctuating according to supply and demand, especially in countries which have introduced 

electricity exchanges. Additional to the electricity price many countries have subsidy schemes 

which provide financial incentives for renewable energy production. There is a large variety 

of different incentive schemes in different countries ranging from production subsidies like 

fixed or floating Feed-in-Tariffs which add a certain value on top of the electricity price, to 

Green certificates which can be traded or interact with the tax system of a country. It is not 

only crucial to be well aware of the national subsidy scheme, but also to watch political 

debates on the topic as such subsidy schemes have in the past been changed, partly abruptly 

and caused trouble to the whole wind power industry as this was the case in Spain in 2012 

(IEA, 2015). 

5.3.2.4.4 Uncertainty and Risk 

The probability of how much energy the wind energy asset developer expects to be produced 

is generally called P50, the probability of 50% that this amount is produced. However there is 

a level of uncertainty mainly in wind resources and the technical design. To be on the safe 

side many financial institutions require P85 or P90 values, which describe the amount of 

electricity produced at a probability of 85 or 90% and is therefore lower. A risk analysis and 

risk plan is generally required as well as standard insurances (see Chapter 5.6.2 Insurances). 

5.3.2.4.5 NPV, IRR, WACC and APV 

In order to evaluate a project’s profitability and to be able to compare it with other 

investments different, partly very complex calculations exist. The ones listed here are basic. 
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An important aspect is that they take into consideration the time value of money by using the 

interest rate. The Net Present Value (NPV) is defined as the difference between the present 

value of an investment and the sum of the present values of the profits. The main factor 

defining this is the value of money, the discount rate or the interest rate. As long as the NPV 

is positive, the project is generally profitable. The higher the NPV, the more profitable is the 

project. The Internal Rate of Return (IRR) is the average rate at which each Euro invested is 

paid back each financial cycle, usually each year, also called interest. It is used to compare the 

profitability of different projects. The calculation of the IRR is based on the same equation as 

the NPV. The Weighted Average Capital Cost takes into account the ratio of debt and equity. 

In order to take into account the financial leverage as well as the effects of a tax shield (as 

debt payments are generally regarded as costs a higher amount of debts allow lower tax 

payments), therefor it is the recommended calculation (Deloitte, 2014).  

5.3.2.5 Obtaining Permits & Contracts 

As soon as the decision is taken that the wind power is to be developed the process of 

obtaining permits and contracts should be started, as some of them take time to be received. 

Even when applications are submitted on time there could be risk of operationally ready 

turbines being shut down due to lack of approvals. Applying as early as possible and 

following up their processing reduces this risk. The most important permits and contracts are 

listed and explained here: 

5.3.2.5.1 Environmental Impact Assessment (EIA) 

The EIA is an assessment stating the positive and negative impact a project will have on the 

surrounding environment. One important aspect of EIAs is to allow public participation in the 

process (Lähdesmäki, 2011).  

In case of the development of a wind energy asset the main aspects to be considered are: 

 Construction and infrastructure Impacts  

 Landscape and Visual Impact 

 Noise Impact 

 Ecological and Ornithological Impacts 

 Hydrological impacts, groundwater protection 

 Archaeological Impacts 

 Electromagnetic Interference and Air Safeguarding 

 Public Access, Recreation, Safety 

 Shadow Flicker 
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 Socio – economic effects – both positive and negative 

 Wider global environmental benefits 

(Stevenson, 2006) 

5.3.2.5.2 Land lease agreements 

To be allowed to construct on and use the land for the turbines land lease agreement are made 

with the land owners. It specifies: 

 Period of the contract, usually at least 20 years, often with the option to prolong, also in 

case repowering is considered 

 Construction work done on the land, like foundation size, turbine size, roads and cables 

 Payments, can be fixed or are often positive related to the energy production which 

reduces the risk for the producer and can generate higher income for the land owner  

 Liabilities: during, in case of an accident, and after the period of contract, mainly the 

extent of site remediation, e.g. whether the foundation has to removed completely or just 

partly and covered with top soil.  

5.3.2.5.3 Loan Agreement 

The loan agreement mainly specifies the interest rate and the period of a loan received from a 

bank. The before mentioned financial plan is usually the prerequisite for such. 

5.3.2.5.4 Cooperation contracts 

It is rarely the case that wind energy asset owners conduct every task in all the Lifecycle 

Delivery phases (see Figure 11) and instead outsource tasks to subcontractors. With these 

partners contracts have to be made such that exact conditions, responsibilities, liabilities and 

consequences in case of non-compliance are clear. An important contract is the turbine supply 

agreement with the turbine manufacturer which often includes a commissioning agreement, if 

not this has to be done separately. 

5.3.2.5.5 Interconnection agreement 

In order to be able to transfer electricity through the grid the regional transmission operator 

has to agree. There are many country specific regulations which the producer has to follow 

being a prerequisite for the interconnection agreement. Generally it is the transmission 

operator responsible providing the necessary infrastructure for connecting the wind farm to 

the grid, however in order to feed-in the energy into the grid the voltage level usually has to 

be increased by power transformation substations which often the producer has to take care of 

or pay for (Daniels, 2007).  
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5.3.2.5.6 Power Purchase Agreement 

This agreement is the necessary document to be able to make profit from the electricity 

produced. It is usually done with an electricity supplier, electricity exchange or energy 

intensive companies. The crucial conditions to which have to be agreed on are usually:  

 price usually per kWh 

 length of the agreement which is generally at least 20 years 

 commissioning process 

 agreements on curtailment of who bears the financial risk   

 transmission specifications  

 milestones, deadlines and default issues 

 insurance and environmental issues  

(Daniels, 2007 [2]) 

5.3.2.5.7 Building Permission  

Before starting construction a building permission has to be granted by the local authorities. 

They usually require an EIA, the Interconnection and the Power Purchase Agreements 

mentioned before (Hau, 2013). 

5.3.2.6 Planning in AM perspective 

The planning phase in wind asset development is closely connected to the overall AM 

Strategy & Planning group as wind asset development plans have to be aligned with the AM 

policy, strategy and general planning. Also it is connected to the AM Decision Making group 

as the choice of location, park layout and turbine has to be made considering the organizations 

resources (capital, human and information) in a strategic way (see Chapter 5.2.2 Asset 

Management Strategy & Objectives), e.g.: how much equity is available and which part 

should be invested into the wind asset at what risk? Regarding AM Organization & People: 

Does the team have the capacities and skills to manage the wind asset? Is the information 

acquired for further proceeding in the life cycle delivery sufficient, is it well documented and 

accessible (Asset Information)? Are all risks considered in the planning and well assessed? 

These questions have to be answered.  

 

6.3.3 Construction 

Construction of wind farms generally happens in cooperation with different specialized 

companies, using special equipment like heavy lift capacity cranes, depending on the size of 
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the turbines. The limitations to onshore turbine construction are not the turbines themselves, 

but problems in transportation routes and construction equipment. Good planning and time 

management are crucial as every day a team cannot work due to missing machinery or 

equipment means a substantial financial loss. Seasons and weather have to be taken into 

consideration as unsuitable climate conditions can hinder construction. The following 

subchapters in this section describe Site Preparation, Collector System, Foundation, Tower 

Construction, Commissioning and Technical Standards.  

Site Preparation 

Preparing the site of construction and the access to it is crucial. The main aspects are the 

construction of access roads and possibly extending of existing ones as well as the preparation 

of crane pads for the later construction. This can include clearing of trees and the deposition 

of gravel on top of insufficiently stable ground. Depending on the liabilities defined in the 

land lease agreement and predicted in the EIA it should be kept in mind that usually the crane 

pad and possibly parts of the roads have to be removed and trees often have to be replanted. It 

is recommended to be as little invasive as possible both to reduce environmental and social 

disturbance as well as costs (Scottish Renewables et al., 2010).  

Collector System 

The main objective of a wind farms collector system is the transport of the produced 

electricity to the point of interconnection with the grid. Lifecycle costs should be minimal and 

the technical performance has to meet the requirements defined by the grid operator. The 

layout and features depends on a variety of factors such as placement of the turbines, turbine 

choice, terrain, expected reliability or acceptable risk and costs, landowner requirements and 

climate. The main aspects during the construction are: lines or cables (which require trenches 

to be excavated) and the installation of transformers and substations (Miller et al., 2012).  

Foundation 

The two basic functions a wind turbine foundation has to fulfill are firstly to bear the weight 

of the wind turbine and the tower and keeping it in the designed position. Secondly is the 

design to counter the wind forces acting on this large cantilever, not letting it tip over. How 

such a structure is designed depends mainly on the underlying soil properties such as soil 

structure and stiffness, the groundwater conditions (depth and flow velocity). Foundations for 

wind turbines consist mainly of two parts, one: the plate, a concrete cover, which is protecting 

the underlying structure and being a stabilizing mass, two: the piles, an anchoring structure 
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which is giving strength to the construction by connecting it to the ground. The main basic 

designs are slab, multi-pile and mono-pile constructions. Choosing the design can be divided 

into three steps:  

 Choice of foundation method 

 Geotechnical design 

 Structural design 

The construction of the foundation is labor and time intensive: excavation, often groundwater 

damming, pouring of concrete, installation of steel structures. Especially for the concrete 

weather conditions have to be taken into consideration (Svensson, 2010).  

Tower Construction 

There are different options for the kinds of towers for the turbine. The most frequent option 

are tubular steel and concrete towers, with increasing height a concrete base can be used and a 

steel part on top. Another less frequent option is the steel lattice tower. While sufficient 

stability is a prerequisite, height, price, maintainability and visual impact can vary. Lattice 

towers for example are generally cheaper in terms of material, but more complex regarding 

construction and require more maintenance, also their visual impact is regarded less aesthetic 

than tubular towers (Hau, 2013).   

Nacelle, Hub and Blades 

On top of the tower frequently more than 100 meter high towers the often several tones heavy 

nacelle is lifted by special cranes. The hub is usually connected with the blades on the ground 

and then a big crane lifts up the hub while a (often smaller) crane lifts the lower blade in order 

to prevent it from damage (Cranes Today, 2006).  

Logistics and supply chain management 

There are many details in the previous subchapters which have to be considered in terms of 

time management and logistics, some aspects in terms of time/supply chain management are: 

 Foundations have to be built early enough at adequate weather conditions so the 

concrete foundations can harden sufficiently before construction continues 

 Parts have to be at site before they are needed, though not too long in advance as they 

might get damaged or hinder precedent work 

 Specialists and experts such as commissioning teams have to be informed in time so 

production can start as soon as construction is completed. Anticipating the exact date 

is difficult as several external factors such as weather conditions impact this.  
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and in logistics are: 

 Trucks and other means of transportation used for the delivery of the turbine 

components and their construction (especially cranes) have to be able to transport 

them from the manufacturer or storage site to the site of construction. Narrow roads, 

sharp curves, low bridges and tunnels, small ferries and low bearing strength are 

obstacles. Solutions often require large detours for components which are especially 

difficult to transport, expansion of roads and curves and even construction of new 

ways.  

 Transport of the turbine blades or tower sections generally disturbs normal traffic flow 

and requires special authorizations and underlies restrictions such as the requirement 

of additional security vehicles behind and in front of the truck or the transportation 

during the night.  

(Hau, 2013). 

Commissioning 

When construction is completed the turbine has to be synchronized with the electrical grid, 

tested, examined and certified as safe for production which is generally done by the turbine 

vendor or manufacturer. Doing this carefully is crucial for the maintenance of a good quality 

wind farm. The turbine has to run for a defined period (usually several days) to show the 

operator that it is running without problems. It is in the interest of the operator to have an 

external expert checking over the turbine as well to search for any faults or defects e.g. 

beginning corrosion which can result in damage and expenses after the warranty expires (Hau, 

2013).  

Technical Standards 

In order to ensure that technical requirements are met, e.g. the annual power production, 

safety for workers and the environment, a wind farm manager should develop its own 

minimal requirements which have to be met and which have to comply with the legal 

requirements in the country. When buying or installing turbines or turbine parts, as well as in 

measuring wind it is recommended that they are built according to international or at least 

national standards of the country of instantiation. The IEC 61400 standard series by the 

International Electrotechnical Commission is a range of standards setting the requirements for 

wind turbines to ensure that they are developed properly so they can work through their 

lifetime without damage. The complete IEC 61400 series is found in Table 2 in the Appendix 
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listed by topic name, although Number 1 and 22 are described here in more detail as they are 

regarded as important for the management of wind farm life cycles, while the others are more 

specific.  

 

IEC 61400-1:2005 classifies three wind classes I, II, III and IV according to high (10 m/s), 

medium (8.5 m/s), low (7.5 m/s) and very low (6 m/s) average wind speed and different  

turbulence intensity levels A (18%) and B (16%) (see Table 1). As turbines are optimized for 

different wind classes this standard helps to choose the best turbine for the specific location.  

IEC 61400-22:2010 involves the evaluation of the design basis and the design itself, the 

manufacturing, testing of the type, evaluation of the foundation design/manufacturing 

(optional), the measurement of the type characteristics and a final evaluation. The design 

evaluation requires the evaluation of the manufacturing plan and the installation plan as well 

as the evaluation of personal safety (see Figure 8).  

The certification of projects is based on the certification of types, at least the obligatory parts, 

and consists of site condition assessment, evaluation of the design basis, the analysis of the 

integrated load, the assessment of the wind turbine design and their manufacturing 

surveillance, the assessment of support structure design and their manufacturing surveillance, 

the manufacturing surveillance of other installations is optional as well as the measurement of 

the project characteristics. Again mandatory are the surveillance of transportation, installation 

and commissioning of the turbines as well as the final evaluation. The surveillance of the 

operation and maintenance is not mandatory (see Figure 9). All these modules are concluded 

with conformity statements (Woebbeking, 2008). 
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Figure 8: Certification process of wind turbine 

type according to ISO 61400-22:2010 

(Woebbeking, 2008). 

 

 

 

Figure 9: Certification process of project according 

to ISO 61400-22:2010 (Woebbeking, 2008). 

 

Construction in AM perspective 

As construction is the direct implementation of the planning phase there are large overlaps in 

terms of their connection to the overall AM perspective, especially in terms of the AM group 

Strategy & Planning and its subject AM Planning. Besides that, as the construction phase is 

prone to risks in terms of compliance with time plans and direct major damage as well as 
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minor damages which can lead to major damages or required repair during operation phase. 

Therefor the AM group Risk & Review is strongly related to the construction phase:  

 risks have to be analyzed and evaluated in terms of probability and impact on the asset 

 emergency response plans have to be in place which prepare for risks probable to 

occur and/or have a large impact 

 additional to the commissioning by the manufacturer external experts should review 

the turbine to make sure that the asset is handed over in perfect condition 

Additionally, it has to be made sure by Asset Information that all these standards are well 

documented and easily accessible for those who work with them – both in the life cycle 

delivery as well as the people working with the risk assessment.  

 

 

6.3.3 Operation and Maintenance 

This chapter provides general knowledge on Operation and Maintenance (O&M) of wind 

energy assets and is divided into the chapters operation, safety, maintenance and finally 

discusses O&M in AM perspective. The different O&M strategies are discussed in in the 

subchapter O&M Strategy of chapter 5.2.2 Asset Management Strategy & Objectives.  

Operation 

The production from wind energy is too low to have permanent operator staff available and 

works completely automatic. The main aspect in operation from a technical point of view is 

thus the monitoring of the turbines. Therefor wind turbines have equipment for measuring, 

monitoring and control devices. The collection of data is crucial for different kinds of 

maintenance of the turbine as well as for feeding electricity into the grid. The data collected is 

generally called Supervisory Control And Data Acquisition (SCADA) data and collects data 

from the turbine, the met mast and the substation. The following data are usually gathered in 

the:   

 Wind turbine: status – working, ready to start, pausing or stopped, rotational speed of 

rotor and generator, wind speed, temperatures in different components, voltage and 

current at each phase and whether any alarm system is activated 

 Met mast: wind speed and direction, air humidity and temperature, pressure and 

energy level of battery  
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 Substation: voltage and current in the line, active and reactive power delivered, the 

status of the alarms and protection systems 

This data should be accessible locally as well as from remote sites via modem or satellite, 

internet or others. Also it should be possible to start and stop the wind turbines and change 

their orientation by remote control. Also the main switch in the substation should possible to 

open and close while being in the operator center. The SCADA data can be used to produce 

valuable information such as the drawing of the power curve, the generated power, the 

availability of the turbine, failure statistics, wind speed and turbulence which can be used for 

later projects. This information can be used by different stakeholders: the operation center can 

in case of damaging production or an emergency shut down the turbines or inform the 

maintenance team to check or repair a part. The asset owner can see whether power 

production is running as predicted and how this affects the total project (Miceli, 2012).    

Exchanging broken parts in a turbine, especially bigger ones is very expensive due to the 

construction machines which have to be ordered. A standstill of a turbine due to reparation 

can cause significant losses especially when reparation cannot be conducted due to bad 

weather conditions. Therefor it is usually cost-effective to closely observe the technical 

conditions of the turbine (Hau, 2013). 

Safety  

As the turbines operate automatically there is minimal danger to the staff during operation. In 

this regard the aspect of safety only comes into play when maintenance teams enter the 

turbines for reparation or inspection. Then turbines are usually halted. The other regard is the 

safety towards the surrounding environment. The most important aspects regarding safety are:  

 Electrical equipment has to comply with national or the IEC safety standards, which give 

safety measures regarding design and handling of the electrical components.  

 Stopping the rotor quickly in case of an emergency is crucial to prevent disastrous events. 

Therefor “fail-safe” systems are especially important here. Usually there are mechanical 

rotor brakes as well as aerodynamic brakes by switching the blades and in modern blades 

additionally the blade tips have automatic aerodynamic brakes.  

 Structural blade strength has to be guaranteed and material fatigue to be recognized early 

to prevent damage. Generally blades which are made from several components are more 

prone to breaking than blades made in one pour. Quality control is crucial.  

 Vibration instability can lead to destructive outcomes. Therefor vibration detection 

systems have to be in place. 
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 Fires in turbines are not very common, but do occur usually because of lightning strikes or 

electrical short-cuts, as lubricants and the nacelle cover are combustible. Fire alarm 

systems and even fire extinguisher systems are used and partly required.  

 Like high constructions in general turbines require signaling to prevent air traffic to 

collide with them. Depending on the height marking on the blades and lighting on top of 

the turbines are often required. 

Risks due to weather extremes 

 Even though turbines are constructed to withstand extreme storms it is possible that they 

fail in case they coincide with some kind of technical failure the safety system.  

 Turbines are prone to be hit by lightning due to their high, generally in the plane exposed 

structure. In order to keep damage from the turbine and its electrical components it is 

important to have good lighting protection systems in place, especially when the blades, 

which are most probably to be hit are not made from metal but as today mostly the case 

from glass fiber. 

 Ice aggregation on the blades or the measuring devices can lead to malfunctioning and 

even danger to people in the surrounding by being hit by flying ice pieces. Icing occurs at 

cold temperatures and high air humidity. Heating devices in the different parts can deice 

them.  

(Hau, 2013) 

Maintenance and Repair 

Maintenance and especially repair represent the major contributions to operational 

expenditures, thus the aim is to reduce them as far as possible. Using good quality 

components which are resistant to corrosion and material fatigue, and maintenance poor 

designs as for example direct drive turbines is one strategy which has to be considered in 

comparison to the higher capital expenditures.  

In order to avoid the need for repair, regular maintenance is required. Basic routine 

maintenance is usually done every six months. More in-depth inspections are once every year 

or every second year. Routine maintenance implies usually the visual inspection of 

components such as blades and gearboxes, tightening of screws and such, exchange of oil for 

the hydraulic components and the gearbox and testing of the different mechanisms such as 

blade pitching and emergency stop. 

It is very probable that repair has to be conducted at some point during a wind energy assets 

life time, the more turbines it consists of the higher the probability. Mechanical-break 
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insurance covers damages in individual faults of components which can statistically not be 

avoided. In contrast the wrong dimensioning of components due to wrong load assessment 

which will then occur in all turbines at a site, called series-product damage is not covered by 

the insurance. Proper assessment of the site specific conditions is there for even more 

important. However whether it is an individual component fault or a series-product damage is 

not always clear to determine, so it is not uncommon to split the costs with the insurer.  

Some components are more probable to fail than others: “bearings and gearing in the 

gearbox, roller bearings in the generator, rotor bearings, yaw drive, nacelle mounting, rotor 

blades, rotor shaft, electronics” are the components which fail most often (Hau, 2103). 

Knowing the failure statistics helps to develop adequate response strategies.  

 

Operation and Maintenance in AM perspective 

Generally the O&M function covers what the IAM divides in several subjects in the Life 

Cycle Delivery group. The main consideration in respect to O&M is about cost-efficiency: 

having high CAPEX due to high quality components and a low OPEX due to reduced 

maintenance and reparation work or vice versa. Planning the inspections for the point when 

the manufacturer’s warranty ends and how to proceed with O&M after is an important aspect 

of the Asset Management Planning subject.  

Gathering high quality SCADA data continuously during the assets life time, cleaning it from 

erroneous entries, storing, managing, making it accessible and making good use of it is a 

major task of the Asset Information subject Data & Information Management. This data is 

valuable for current and future project. Analyzing and reviewing it can show where asset 

management can be improved. This is the point where many Risk & Review subjects come 

into play: Risk Assessment and Management should take SCADA data into consideration as 

well as review the experience during O&M finding out where the highest risks are and 

possibly develop strategies to minimize them. It would be subject for Contingency Planning 

& Resilience Analysis to find out whether spare parts should be stored at the site. During the 

analysis different findings might recommend changes in the structure of the company, how 

e.g. legal issues or O&M in general is being handled. The organization should always be open 

for improvement and change (Management of Change).  
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6.3.5 Decommissioning 

This chapter is divided into the subchapters Deconstruction, Site remediation and 

Repowering. Generally the projected life time of a turbine is at least 20 years. Nevertheless it 

is recommended to develop a decommissioning strategy already when planning the wind 

energy asset design and layout, as in case of repowering its early consideration can incur great 

savings in costs. Also many national legislations require owners to have a decommissioning 

reserve account which holds a defined amount of capital sufficient for deconstruction and site 

remediation which can be used in case the liable organization goes bankrupt (Aldén et al., 

2014) which is important to keep track of when making the financial calculations.  

Deconstruction 

Generally deconstruction has to take place whether repowered or not, however in case of 

repowering some parts like the tower might be spared from deconstruction. There are several 

options when the turbine’s end of life is reached. When deconstructed and transported to a 

recovery facility the components are checked and reused if completely fine, if there are minor 

damages these parts can be repaired or remanufactured. Otherwise they are taken apart and 

the material is recycled. See Figure 10 for graphical illustration. 

 

Figure 10: Life cycle and after end of life procedure of a wind turbine (Ortegon et al., 2013) 
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 Site remediation 

In case the decision is taken that no repowering will be conducted, the site has to be “cleaned 

up”. The specifications for it have to be defined in the land lease agreement. It is usually the 

case that all structures above and below ground are removed. In some cases cables and roads 

might be left in place if the land owner agrees, crane pads and foundations usually have to be 

removed, while in case of the foundations often just the first meter(s) have to be removed, 

while the rest is covered with topsoil (Stecky-Efantis, 2013). 

Repowering 

Due to the rather new development of wind power on an industrial scale repowering is an 

issue that is not a major focus yet. This though will change in coming years when more wind 

turbines reach their end of life. Repowering is an interesting option also before the end of life 

of turbines. The following factors speak in favor of repowering: 

 The wind conditions in the location are (or will by the time of repowering) be known 

in detail, this reduces the risk and allows the installation of even more site optimized 

turbines and improved O&M 

 Cables, roads and foundations are already in place 

 Landowners and local population are unlikely to oppose repowering plans if they 

approved the original project 

 There is generally little additional environmental damage  

 Acquiring permits might be easier 

The following aspects are hindrances to repowering: 

 Grid might have to be upgraded if it cannot handle the increased power production 

 The assumedly larger turbines might not to be transported to the site due to transport 

hindrances 

 Legislation might not approve larger turbines (e.g. due to flight corridors of airports, 

visual impacts, etc.) 

 Foundations might be too close to each other for complete repowering of all turbines 

Many of the above mentioned hindrances can be prevented considering the option of 

repowering already in the planning stage of the original wind energy asset (del Río et al., 

2011).  
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Decommissioning from AM perspective 

It is highly recommended to consider decommissioning in the AM Strategy & Objectives 

subject, the Strategic Planning and AM Planning. Generally repowering should be anticipated 

due to the profit potential it offers. The decision whether to repower or not has to be made 

based on the data collected during the original wind energy assets life time, which gives 

another reason for having an adequate Asset Information System in place.  

As repowering is the restart of the Life Cycle Delivery again all AM groups have to be 

involved. 

 

5.4 Asset Information 

The management of information is about the acquirement of information that is relevant to the 

company from different sources, its safekeeping and making it readily accessible to those who 

are supposed to use it and its archiving. Information in this case is data, knowledge, skills, 

technology and software. It is the task of the information management to plan, organize, 

structure, process control, evaluate and report the mentioned information (Middleton, 2002). 

In the case of the wind power industry major aspects of information management should be: 

 Data collection, handling and archiving: the prediction of wind resources is based on 

different data from different measurements; the O&M of turbines is often based on 

SCADA data and failure records and statistics. All this data is central to the successful 

delivery of the wind energy asset life cycle.  

 Legislation: being up to date about the legislation that is regulating the power industry 

and in particular the renewable energy sector, as for example the development of 

subsidies like feed-in tariffs, green certificates, etc. 

 Market: watching the developments of electricity prices as well as the prices of 

complementary products like oil, coal, gas and biomass. Also the wind turbine market 

and the market of resources which are important for their production is important to 

predict economic impacts on the company and enable early counter-measures.  

 Technology: as the wind power sector is still developing it is important to be up to 

date in respect to new technologies in every phase of the life cycle delivery as for 

example the use of LIDAR systems for wind resource assessment or smart systems 

that adapt automatically to changing wind conditions.  
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 Software: similar to technology there are continuously software developments for the 

wind power industry in terms of wind simulations for assessment and park layout 

planning, organization, communication, logistics, etc.  

 Training & Development: together with new developments in all the before mentioned 

points the team needs to learn about these through seminars, online courses, trainings, 

etc. 

  

5.5 Organization & People 

The AM group Organization & People covers the topics of Organizational Structure and 

Human Resource Management without which no company can function.  

5.5.1 Organizational Structure  

The organizational structure of a company defines how work processes and their requirements 

are organized to achieve the objectives and goals the company has set itself (Jones, 2001). 

Forming organizational structures requires:  

1. Define the goals and identify the necessary activities  

2. Structure and assign activities to departments, teams or individuals  

3. Delegate authority according to the responsibility of a position  

(Kondalkar, 2007) 

This requires choosing the field of specialization and to decide on legal and financial 

structures as well as hierarchical structures of the organization. Changing the organizational 

structure can be challenging but also holds great opportunities and might require meeting 

major challenges the company is facing.  

Choice of Specialization 

Choosing an appropriate field according to the organizations type is one major aspect to be 

decided upon. There are a number of fields companies choose to engage in one or more of the 

following: Development, Construction, Operation & Maintenance, Commercial Management 

and Equity-Investment/ Ownership. See Figure 11 for illustration. Another aspect which 

should be very clear is whether wind power assets are onshore or offshore. As these two 

aspects are so different in respect to details of their life cycles (e.g. how foundations are 

planned and constructed or how operation and maintenance is conducted) thus the structure 

and equipment to manage, that they should have individual management plans.  
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Figure 11: Major players in the German wind energy market and their degree of vertical integration in 

the different value adding segments of wind power development (ENERTRAG, presented in lecture Wind 

Energy Economics, 2014).  

It is recommended to be aware of the organizational framework the individual institution is 

operating in as this is the basis for developing the AM plan.  

Legal & Financial Structure 

The choice of the financial and legal structure used for the developments of wind power assets 

can vary according to the national legislation. Choosing an appropriate structure is crucial for 

minimizing the risk an asset poses to its developer. The best structure depends largely on the 

organizational structure, the bigger the company or the larger its equity the larger the risk it 

can handle. One major aspect in respect to structure and the attached risk is whether the asset 

is recourse or non-/limited recourse funded: whereas recourse funded projects while generally 

receiving low interest from banks, they bear the risk that in case of project failure the bank 

has the legal possibility to attack the capital of the developer. Therefor most wind energy 

assets are non- or at least limited recourse funded. Generally therefor usually a Special 

Purpose Vehicle (SPV) is chosen as a legal structure, which is virtually a subsidiary company. 

In case of bankruptcy of either SPV or developer it does not impact the other party 

(Baumgaertner, 2013).  
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5.5.2 Human Resource Management 

To achieve its objectives every organization is dependent on the employees, its human 

resources. Managing them so the objectives are achieved not only in the short-run, but also in 

the long term is not trivial. Human Resource Management (HRM) concerns itself with the 

design and analysis of jobs, the planning of the workforce, recruitment and selection of staff, 

training and development of employees, performance management of tasks being worked on, 

compensation and legal issues. It is concerned with: 

 Organizational effectiveness by creating a good working environment and 

developing knowledge and talent among employees 

 Human capital management is about obtaining and keeping skilled, committed and 

motivated employees. This involves appropriate selection processes, having systems in 

place incentivizing good performance and the development and training of employees 

according to the needs of the business 

 Knowledge management is about creating, acquiring, capturing, sharing and using 

company relevant knowledge and skills.  

 Reward management is about enhancing motivation, engagement and commitment 

for the work through the introduction of policies and procedures that make sure the 

employees feel that they are valued and are rewarded for the efforts they make and the 

skills and competence they reach. 

 Employee relations is about creating a harmonious relationship between employees 

and management so good communication is maintained. 

 Meeting diverse needs is required as the balance has to be found between meeting the 

demands of other stakeholders while meeting the different needs of a diverse 

workforce, considering the individual needs and providing equal opportunities.  

(Armstrong, 2006) 

 

5.5.3 Human resource management policy in AM perspective 

As the wind power life cycle delivery consists of so many different working steps a workforce 

with various backgrounds and diverse education is needed. Providing a working environment 

which attracts and keeps these employees is necessary. . Training on new software for 

planning and simulation must be planned for and organized. Developing communication skills 

is important for contact with stakeholders as well as inside the company. Employees are assets 

themselves to the company and have to be managed carefully. HRM policies should be 
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aligned with the overall AM policies, strategies and objectives. Generally it is recommended 

to create flat and flexible organization structures so the company is able to respond quickly to 

changes. Team work and cooperation should be encouraged between the units and levels to 

avoid losses due to misunderstanding and improve the working climate. Employees should be 

empowered to manage their self-development and training (Armstrong, 2006). Asset 

Information is interwoven with HRM as it also manages knowledge and needs to be interacted 

with when deciding about staff training.  

 

 

5.6 Risk & Review 

Every project development is prone to different risks, so is the development of wind energy 

assets. The nature of wind power with its dependency on weather conditions poses different 

risks compared to fossil fired power plants. Generally the notion of risk is defined as the 

combination of two concepts: the likelihood that a problem will occur and the impact this 

problem has on the asset (Nicholas, 2004). The risks for the development of wind power 

assets are diverse and are often divided into political, economic, social, technological, 

environmental and legal. Minimizing these risks to the asset should not just be a major 

concern to the developer; banks often require convincing risk management plans before 

granting loans to a project.  

5.6.1 Managing Risks for Wind Power Assets 

The general approach to risk management includes the following steps: defining the goals and 

the requirements of a project, identification of risks, risk evaluation, risk control, risk follow-

up, risk feed-back and the implementation of risk management into future investment life 

cycles. These steps are explained in the following points: 

Definition of goals and requirements: in order to be able to locate risks it has to be known 

which goals and requirements might be endangered. These requirements have to be stated for 

all the stakeholders of the asset, including the developer, banks, NGO’s, local authority and 

residents, etc. Such goals can be quantitative like reaching a certain profit, NPV or IRR or 

qualitative like being environmentally sound and socially accepted. The goals should be stated 

already in the AM objectives (see chapter 5.2.1 AM Objectives).  

Identification of risks: in order to identify the risks to the different defined objectives 

different perspectives on the project have to be taken. There are different approaches for that, 

some are:  
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 Brainstorming with the team 

 Delphi Method – a method where experts give anonymous feed-back to a risk related 

questionnaire 

 Expert interviews – should be considered if risk related knowledge does not seem 

sufficient 

 Database – often similar projects or with similar features have been developed before, 

if these were well documented databases can be very helpful to identify risks 

Typical risks for wind power assets are related to: 

 Technology: wind energy assets are exposed to harsh conditions, technological failure 

is always a risk  

 Grid integration: as electricity from wind power is not a constant flow it is generally 

more difficult than conventionally produced power and thus partly problematic and 

even risky to feed-in 

 Weather dependency: there is always the risk that there is not sufficient wind 

 Financial support: as many wind power assets are often financed partly through 

subsidy schemes decided upon the government, there is always the risk that they are 

reduced or even canceled. 

 Permission: from the construction of a turbine to the feed-in of electricity there are 

many permits to be acquired on which the success of the construction depends on.   

Risk evaluation: in order to deal with the risk they have to be evaluated in terms of their 

probability of occurrence (e.g. in percentage) and the consequence or impact is has on the 

project’s objectives (e.g. low, medium, high impact). Matrices can be used to then rank these 

risks so their importance of developing response strategies can be seen.  

Risk Control and follow-up: Knowing the risks response strategies can be developed. The 

higher the importance the higher the investment in counter measures should be. The strategies 

should aim to deal with them in the following order: avoid, mitigate, transfer/share and 

accept. The next question is: what are the remaining or secondary risks? It should then be 

monitored that these strategies are actually applied and appropriate and updated if necessary. 

The risks and their management should be documented and reported to stakeholders. 

Risk feed-back and the implementation of risk management into future investment life 

cycles: comparing the predicted with the actual outcome of the project shows what should be 

improved and learning for future developments is possible.  

(Michelez et al., 2010) 
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5.6.2 Insurances 

One possibility to manage risks is the use of insurances, which in terms of risk management 

would be regarded as transferring the risk. While there are insurances for everything, 

choosing reasonable ones is crucial for the economic feasibility of the asset. Common 

insurances are:  

Transit physical-damage coverage: insures any damage that occurs during transportation to 

the construction site. 

Construction All Risk coverage:  starts when equipment arrives at construction site, insures 

any damage that occurs during the construction of the turbine – remains in force until turbine 

is erected, tested and commissioned.  

Operating All Risk policy: starts with commercial operation and should cover full-non 

warranty mechanical and electrical breakdown coverage, so there is no need for separate 

machinery insurance.  

The above insurances should be defined such that no gap occurs between their coverage so no 

claim jurisdiction dispute will start.  

Time Delay exposure protection: Insures against losses in revenue due to delayed operation 

start because delays in transportation and/or construction, as well as revenue losses in 

operation. The revenue covered has to cover the whole package of electricity price plus any 

incentive scheme by the government.  

Generally full project coverage is standard to ensure against external physical damages. 

However this is different in high risk regions where the probability natural disasters such as 

earthquakes, tsunamis or floods is especially high – in such a case special insurances from the 

catastrophic insurance market have to be applied. These are generally expensive so that often 

no full project coverage is obtained. Commercial general liability should cover all of the 

above mentioned, but possibly more than what is wanted – flexibility to the needs of the 

individual project or asset is important (Maloy, 2010). 
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7 Results, Discussion and Conclusion  

This Thesis identifies the need of companies in the wind power industry to implement an 

Asset Management framework into their overall management system in order to improve 

performance, gain competitive advantage and sustainability in the currently consolidating 

wind energy market. The Thesis argues in accordance with topic specific literature that the 

AM Standard ISO 55000 is difficult to apply due to its general multi-industry AM framework. 

Therefore a wind power specific AM framework has been developed in this Thesis based on 

the ISO 55000 AM standard. It has been simplified and adapted mainly by customizing the 

Lifecycle delivery to a more wind power industry related approach. The focus of this AM 

framework is on the Lifecycle Delivery. The different phases are explained and appended 

with information about essential working steps. It serves as an explanation and example but is 

not a step-by-step instruction on how to implement an AM framework as this is very company 

specific and would require a more specifically focused approach.  

 

The focus on the Lifecycle Delivery covers the most important tasks of the different lifecycle 

phases and tying them back to the overall Asset Management framework to provide a holistic 

overview and understanding of AM for the wind power industry. The other AM groups AM 

Strategy & Objectives, AM Decision Making, Organization & People, Asset Information and 

Risk & Review are only looked at in the context of AM and as they are not a focus of this 

Thesis just give an introduction to the specific topics. In operating practice the officers in 

charge of the specific AM groups have to elaborate on their duties through other literature – 

some of the literature referred to herein might be useful for that. 

 

Asset Management is found to be a useful instrument to improve overall company 

performance and should be considered to be implemented by companies in the wind power 

industry to bring down the LCoE of wind power and gain competitive advantage also against 

fossil fuels as sources of energy production to replace them in a near as possible future.  

 

7.1 Challenges 

Even though this document tries to be as applicable as possible it must remain general as it 

considers both selected aspects of the wind power assets life cycle and holistic view, thus an 

in depth, e.g. technical analysis is not within the study latitude. Finding the right balance 

between being overly general or too detailed is a challenge.  
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It can be argued that the paper does not give sufficient attention to the groups Asset 

Information, Organization & People and Risk & Review – going deeper into these aspects 

would go beyond the scope of this paper which tries to focus on the life cycle aspect.  

7.2 Recommendations 

This Thesis can be used to improve organizational structures in a company or as a guideline 

for building a new structure. The scheme should be adapted according to organizations 

structure and focus. For the actual development of the specific groups more specific literature 

should be consulted.   
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Appendix  
 
Table 2: List of wind energy related industry standards by the International Electrotechnical 

Commission (IEC, 2016) 

 

 IEC 61400-1:2005+AMD1:2010 Design requirements 

 IEC 61400-2:2013 Small wind turbines 

 IEC 61400-3:2009 Design requirements for offshore wind turbines 

 IEC 61400-4:2012 Design requirements for wind turbine gearboxes 

 IEC 61400-11:2012 Acoustic noise measurement techniques 

 IEC 61400-12-1:2005 Power performance measurements of electricity producing wind 

turbines 

 IEC 61400-12-2:2013 Power performance of electricity-producing wind turbines 

based on nacelle anemometry 

 IEC TS 61400-13:2015 Measurement of mechanical loads 

 IEC TS 61400-14:2005 Declaration of apparent sound power level and tonality values 

 IEC 61400-21:2008 Measurement and assessment of power quality characteristics of 

grid connected wind turbines 

 IEC 61400-22:2010 Conformity testing and certification 

 IEC 61400-23:2014 Full-scale structural testing of rotor blades 

 IEC 61400-24:2010 Lightning protection 

 IEC 61400-25-1:2006 Communications for monitoring and control of wind power 

plants - Overall description of principles and models 

 IEC 61400-25-2:2015 Communications for monitoring and control of wind power 

plants - Information models 

 IEC 61400-25-3:2015 RLV Communications for monitoring and control of wind 

power plants - Information exchange models 

 IEC 61400-25-4:2008 Communications for monitoring and control of wind power 

plants - Mapping to communication profile 

 IEC 61400-25-5:2006 Communications for monitoring and control of wind power 

plants - Conformance testing 

 IEC 61400-25-6:2010 Communications for monitoring and control of wind power 

plants - Logical node classes and data classes for condition monitoring 

 IEC TS 61400-26-1:2011 Time-based availability for wind turbine generating systems 

 IEC TS 61400-26-2:2014 Production-based availability for wind turbines 

 IEC 61400-27-1:2015 Electrical simulation models - Wind turbines 


