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ABSTRACT 

 

     Growing industrialization and rising global population have led countries to look for 

ways to build sustainable energy capabilities. Wind energy has been a promising source 

of electricity. Offshore and Onshore wind power technology has the ability to tackle big 

energy and climate challenges, to cause economic growth and create employment. This 

thesis’ focus will be on offshore technologies. In order to expand globally the installation 

of these technologies, the installation costs as well as the operation and maintenance 

(O&M) costs during production stage for them must be reduced and accordingly, the right 

maintenance strategy should be identified to achieve that. The choice of offshore sites 

depends heavily on availability, acceptance, funding, availability of the grid and on such 

factors as depths of sea, weather conditions, logistics, distance from the shore and harbors 

and soil types are very important economic drivers for project and farm life.  These factors 

also affect the choice of the appropriate maintenance strategy of the wind farm, and it is a 

great of importance to reduce O&M costs and increase the profits. In this paper, a 

maintenance strategy appropriate for a specific wind farm located in the Belgian North 

Sea will be tried to be chosen based on some criteria by the software Decision Analysis 

Module for Excel (DAME). 

 

Keywords: Offshore wind energy, Operation and maintenance (O&M), Maintenance 

Costs, DAME,  
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NOMENCLATURE 

 

AHP                                The Analytic Hierarchy Process 

 

CTV                                Crew transfer vessel  

                 

DAME                            Decision Analysis Module for Excel 

 

MW                                Megawatt 

 

NHCTMP                       Non-Homogenic Continuous-Time Markov Process 

 

O&M                              Operation and Maintenance 

 

OPEX                             Operational Expenses 

 

OWF                               Offshore Wind Farm 

 

QHSE                                 Quality Health Safety Environment  

 

RCM                               Reliability-Centered Maintenance 

 

SCADA                          Supervisory Control and Data Collection System 

 

SOV                                Service operating vessel 

 

WTG                               Wind Turbine   
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CHAPTER 1. INTRODUCTION  
 

     In the past few years, the market for offshore wind energy has grown substantially. The 

construction of offshore wind farms in a place with strong and stable winds, offer many 

advantages. Nevertheless, investing in an offshore wind project involves significant 

financial risks, primarily due to varying operating costs and extreme weather conditions 

at sea. The key factors are a lack of expertise in this branch and low levels of reliability 

and availability. Operation and maintenance (O&M) costs add up to approximately 30 per 

cent to the overall cost. These costs are caused not only by replacement parts and 

maintenance steps, but also by reductions in production due to downtime. One primary 

aspect impacting downtime is the accessibility of a turbine in the event of a malfunction. 

Because of the marginal economic nature of offshore wind energy projects, even losses of 

a few percent can be important (Scheu et al., 2012). High costs associated with operation 

and maintenance  are challenging the offshore wind farm industry, and  studies on how to 

substantially reduce these costs are necessary to make this industry competitive with other 

energy industries (Hagen, 2013). It is important to improve the safety and availability of 

equipment and to reduce maintenance costs as electricity companies enter the market and 

engage in competition. Fair and productive maintenance activities will significantly 

reduce the cost of maintenance and improve power plant’s reliability, availability and 

production. Although long-term lower focus than service and manufacturing, maintenance 

productivity is still at a low level. The proportion of maintenance costs has become greater 

and greater in recent years. Maintenance, on the other hand, plays an important role in 

ensuring standards of availability and reliability, product quality, and safety specifications. 

The function of maintenance therefore moves from the "necessary evil" to the "profit 

contributor" and to the "partner" of the organization to achieve competitiveness in the 

international market. The basic maintenance approach then moves to more complicated 

and nuanced maintenance strategies, including predictive maintenance, condition-based 

maintenance, preventive maintenance, opportunistic maintenance and corrective 

maintenance (Dong, Gu and Dong, 2008) 
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1.1. RESEARCH QUESTION 

     What is the appropriate maintenance strategy for an offshore located wind turbine’s 

equipment? Is it possible to apply the same maintenance strategy for wind turbines located 

in different offshore environments? 

 

1.2. THE SCOPE OF THE THESIS 

 

     In general, there are numerous competing priorities in the choice of the maintenance 

strategy. These include cost savings, easier access, reducing accidental failure of 

equipment and most importantly increasing the availability of the wind farm throughout 

its life cycle. Maintenance has now become one of the key foundations of the sustainability 

of every industry. Market competition pushed industry to search for new ways to perform 

maintenance operations and further explore them. Many maintenance techniques have 

been established over the past 60 years. Which approach should be selected is a key choice 

as it would calculate the available facilities, security levels, production plans and 

maintenance costs (Mostafa and Fahmy, 2020). Therefore, the scope of this thesis is to 

identify an appropriate maintenance strategy for an offshore wind turbine with the help of 

DAME-Decision Analysis Module for Excel (Perzina and Ramik, 2014). The methodology 

will be applied to an offshore wind farm located in the north Belgium Sea and this could 

give a picture for other wind farms located in different locations. 

 

 

1.3. THE STRUCTURE OF THE THESIS 

 

     Subsequently the introduction, in Chapter 2, the literature related to this thesis is 

presented, summarized and concluded as the majority of the O&M strategies aim to 

increase availability by reducing waiting time. 
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     Chapter 3 describes the details of the methodology, DAME used, and an application of 

it in a case study in this Thesis, in order to get the results needed to answer the research 

question. 

 

     The results presented in Chapter 4 contain the quantitative and qualitative analysis, 

categorization, as those were derived from the application of the research methodology.   

 

     In Chapter 5, both the methodology implemented, and the results generated are 

discussed and further analyzed. 

 

     Under Chapter 6, the conclusions of the thesis are drawn and presented, based on the 

research topic, the methodology implemented, and the analysis of the results. 
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CHAPTER 2. LITERATURE REVIEW 
 

2.1. GENERAL 

     The purpose of maintenance is to keep the turbines in good condition and repair them 

when they stop due to failure, so that it is achieved high availability. Wind Park owners 

onshore or offshore expect availability of 98%. However, the problem is that offshore is 

much more difficult as it requires special transport of the crew and its equipment from and 

to the service place which is often very difficult or impossible sometimes due to adverse 

weather conditions (Shafiee, 2015). Definitely the operation and maintenance of an 

offshore wind farm is much more costly and difficult than an onshore one. There are 

several important factors to consider finding one optimal solution such as: 

- How the basic maintenance will take place. 

- The transfer of the crew. It can be done by helicopter or by vessel. The helicopter requires 

a landing installation, while the boat transport for all distances up to 70Km is a lot cheaper. 

- The lifting mechanism for most repairs is a lot significant. It can be done either by 

helicopter, which is the most expensive option, either with lifting barges, or finally with 

self-propelled lifting platforms that have the advantage to offer stability during the repair 

process or disassembly. 

The availability of turbines is very important and has a critical impact issue regarding the 

finances of the wind farm: 

- The more remote the area, the more difficult and expensive it is the visits to it. 

- The more adverse the weather conditions, the more failures we have at the same time 

and more difficult it is to approach turbines to repair. Ultimately the design of the turbines 

is very important to reduce operating and maintenance costs throughout the life of the 

park. For this reason, maintenance is completely correlated with engineering and electrical 

components of the wind turbine, since they are the ones that present damage more often 

than others with the support structure (tower, bearing) and the energy exploitation 

system. With that in mind, the wind turbine should be designed to minimize the need for 
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preventive and corrective visits (Van Bussel and Zaaijer, 2001).  To date the offshore wind 

farms that are in operation are in relatively shallow water and in sheltered areas. In these 

cases, it is possible to use machines that are similar to those that we use on land and 

maintain availability through careful investment in maintenance facilities. One of the 

important skills that can be transferred to offshore supply chain is the experience gained 

in operation and maintenance from onshore. By doing this, the maintenance labor can be 

used in offshore. More, strategies and methods developed for onshore supply chain for 

optimization of spare parts is also another section that can be adapted to offshore. Almost 

all the current onshore companies which initially launched offshore technology after 2007 

expand their business to offshore wind. They are also the businesses which will foster 

offshore technologies further. Those adopters may have learned that utilizing in offshore 

onshore goods is not enough and that a compromise of very specialized offshore goods 

must be found. Thus, the equipment currently being used in existing offshore wind farms 

is equipment that has been adapted from the onshore industry (Wüstemeyer, Bunn and 

Madlener, 2012). The design of an offshore wind farm needs components, normally huge, 

very heavy yet often quite fragile, to be transported and treated. The logistics of offshore 

wind turbines were largely borrowed from the onshore wind industry. Many of the 

emerging techniques and technology actually being utilized in offshore wind 

developments are effectively marinized from onshore wind projects (accenture, 2013). 

What is being considered is the interaction between its design engine and reliability, 

accessibility, and energy capture. 

The general conclusions are: 

- Improved machine reliability reduces operating costs and maintenance and increases 

availability and energy performance. So, it also reduces the unit cost of capital. 

- More maintenance visits increase costs, decrease failures, increase availability and 

energy collected. 

- Moving more offshore, the wind speed increases and wind potential, but availability is 

declining due to more frequent and intense weather phenomena such as extreme storms. 
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- With the plans of advanced technology, the increase in energy potential is undone by the 

reduction in availability and therefore there is no advantage in moving to less accessible 

areas but with higher wind speeds. With improved reliability, availability is less 

accessibility sensitive. This philosophy that looks at maintenance and reliability as one 

tangible basic guide when designing the engine of a large offshore wind turbine, has a 

significant impact on its future focus machine design, and may, for example, occupy the 

principle for important issues that dominate the design of large offshore engines (Harrison, 

Hau and Snel, 2000). 

 

2.2. OPERATION OF THE WIND FARM 

 

     By commissioning we mean all these activities that take place immediately after the 

installation of all its components of an offshore wind turbine. It takes about two to three 

days, including the standard electrical tests of the electrical infrastructure and the wind 

turbine, as well as the usual inspection of civil-mechanical engineers. The first operation 

test of the wind farm usually takes from six months to one year until its complete 

commercial operation. Which means that its availability increases by 80-90% after the 

start in the long run at an average of 97% and more. The daily operation of a wind farm is 

monitored and controlled using a supervisory control and data collection system 

(SCADA). This system interconnects all the components the wind farm on a central 

computer that enables the operator to monitor and to control the operation of the wind 

farm. The system provides and stores information on the operation of the wind farm and 

so can failures or operating problems of specific wind turbines be identified (Pionzio et 

al., 2002). 
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2.3. CREW MAINTENANCE AND TRANSPORT 

 

     The maintenance process of offshore wind turbines requires know-how similar to that 

of land-based wind turbines due to the fact that similar components are used. However, 

the components in the case Offshore wind turbines are usually larger in size. Wind 

turbines are designed to require periodic inspections one to three times a year.  The wind 

turbines are designed for some annual maintenance visits. The Periodic maintenance 

checks certainly differ according to its instructions manufacturer and the technology used 

by the specific wind turbine. Unplanned maintenance can significantly increase 

maintenance costs (i.e., operating and management costs, and therefore costs per kilowatt 

hour). 

2.3.1. Crew transfer 

 
     The maintenance process requires the transfer of the crew and its equipment to the 

park. If maintenance requires spare parts that do not included in standard equipment must 

also be transported from their stock location to the park. The mode of transport plays an 

important role in achieving the maximum operating time of wind turbines and reducing 

repair time and maintenance. The weather is one of the main limitations’ factors in the 

maintenance of offshore wind farms. In addition, in the event of a sudden change in 

weather, it should be ensured that the crew can return safely to the base. Therefore, another 

serious factor is the reliability of the chosen one transfer method. Other factors to consider 

are the initial investment and current costs of the means of transport, as well as additional 

costs, depending on the selected method of transport, for construction in the park facilities 

such as small helipads or piers, disembarking stairs, etc. The options for transporting the 

crew are as follows: 
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2.3.2. Access vessel 

 
     There is a wide array of equipment and technology to ensure technical staff have access 

to wind turbines and other wind farms such as offshore substations. The key considerations 

influencing the appropriateness of the offshore logistics solution are: 

-Factors of safety and regulation 

-Time for response (a function of speed and location) 

-Flexibility 

-Capacity carrying staff/technician 

-Payload equipment 

-The reliance on weather and sea-state 

-Direct expenditure (of retaining and using a service). 

The following access vessels are commonly used to transfer personnel and spare parts to 

the offshore wind turbines:   

A Crew transfer vessel (CTV) is used to carry small parts to turbines and technicians. 

Normally a wind farm operator owns a CTV, so it can conduct routine maintenance on a 

daily basis. 

A Helicopter when needed, it is chartered in the spot market. It can move fewer 

technicians than a CTV and is used only for maintenance of critical time and in less 

accessible conditions at sea. The means used to move workers to and from the offshore 

park is primarily in the North Seas. And it's versatile, with a great ability to start vertically 

and land at low speeds. The diameter of a heliport is 12m, the middle 10m from any 

obstacle. The perfect location on cab mechanisms in very large wind turbines. The fins 

should be parked in the right location (horizontal). There are also limitations to the 

capacity to deliver replacement parts. 

A Service operating vessel (SOV) is used for the carriage of heavier spare parts and for 

reaching the wind turbine under environmental conditions that make it inaccessible on a 

CTV. It also provides technicians with facilities to stay overnight on board. Wind farms 



 16 

far away from the shore (>30 km) require a SOV, because the time from the shore makes 

maintenance with a CTV difficult. 

Service support equipment  

A Nacelle crane is an internal crane in a wind turbine capable of hosting small 

components to and from the nacelle. In addition, there is a davit crane on the platform 

which is capable of hosting small components to and from the workboats. 

A cable laying vessel is used when replacement of power cables in the offshore wind farm 

is required.  

A jack-up vessel is used for transportation and hosting of large components.  

A diving support vessel is used for underwater inspection and repair (Ravindranath, 

2016).  

2.4. LIFTING EQUIPMENT 

 

        The right choice of lifting equipment depends on several factors. The lifting process 

in practice should be as long as possible unaffected by wind speed and wave height. The 

lifting equipment for an offshore wind farm is either rented or is purchased. When renting 

from local suppliers it must be secured that it has great availability and rapid operation, 

since the offshore work is very costly and time limited. It should be also studied and 

implemented the minimum possible modifications throughout park system for adapting 

wind turbines to the selected lifting method. Care must be taken when purchasing lifting 

equipment given the low initial investment but also the subsequent current expenses. It 

should also be noted that shallow water limits its use for certain lifting equipment, such as 

semi-submersible boats. Various ways of lifting in the offshore environment are presented 

below: 

• Jack up barge with land crane 

• Flat bottom with shear leg crane 

• Ship type with rotating crane 

• Semi-submersible crane vessel 
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Maximum load capacities vary from 500 tn. barge with flat hull up to 7000 tn. the semi-

submersible boat. A big disadvantage in the use of the latter is that it sinks considerably 

(over 15m), since most offshore wind farms are located at water depths from 5 to 20m. 

Jack-up platform (self-propelled) are mainly used by oil companies. It is self-propelled in 

order to work independently of trailers boats. The construction can be modified to adapt 

each time depending on the intended purpose. 

• Helicopter, the use of the helicopter to transport the crew was reported above. Additional 

considerations in their use and as lifts are: 

- Weight of components to be lifted less than 10tn  

- Sophisticated lifting functions, hovering helicopter above the wind turbine is vulnerable 

to gusts of wind. 

- Not possible for procedures e.g., raising components in order to remove the bolts. 

- More expensive solution in terms of cost / capacity ratio lifting. 

2.5. WIND TURBINE TECHNICIANS 

 

     Technicians of wind turbines have to ensure a smooth operation of wind turbine 

equipment. Their work includes mechanical and electrical repairs, testing and repair and 

daily monitoring. Wind turbine engineers head to offshore wind farms to resolve any 

turbine issues. This could entail replacement of parts or on-site reparations. Safety is 

important for offshore work and all technicians are trained to work at sea and in high 

altitudes. While sometimes bad weather keep them on the land, most days will be spent at 

sea (The Crown estate, 2010). The following qualifications are needed: 

• Find faults of mechanical, electric, and hydraulic turbine systems 

• Carry out routine inspections on all systems 

• Use a safety belt to climb up high wind turbine towers for repairs 

• maintaining and repairing main systems and components 

• updating the site manager on the progress of maintenance, repair or inspection 

work and producing reports and checklists 

• travelling to different sites to fix a machine failure or breakdown 
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• supervising new technicians, or inspecting the work of other onsite maintenance 

workers 

• monitoring stock and ordering replacement parts 

• following  health and safety procedures (planitplus, 2020) 

 

2.6. OFFSHORE WIND FARM DAILY MAINTENANCE PLANNING 

 

     Companies currently run wind farms based on planning and maintenance operations as 

listed below: 

1. The wind farm manager receives a list of pending maintenance activities each morning 

from the asset management system. They are named Service Orders. Stuff such 

as inspections, preventive repair, and corrective replacement, each with its own collection 

of steps and spares and professional skills specifications. 

2. A wind farm scheduler then establishes a transfer plan that assigns the order to 

technician teams and transfers them to the vessels for a visit during the day. Almost 

always, major interventions involve numerous vessels and technicians that are usually 

available on the wind farm and so can be planned separately; however, they interfere and 

must be taken into account with daily maintenance activities. 

3. The transfer scheme is implemented. However, it seldom happens at the beginning of 

the day exactly as planned. Weather conditions complications (and weather forecast 

inaccuracies) can lead to inaccessibility of some turbines or technicians becoming too 

seasick to perform work. Tasks can often take a different period to predict, likely because 

of a misdiagnosis or even lack of appropriate equipment. 

4. Upon returning the vessel to shore, the operation of service orders in the asset 

management system will now be modified. These details can be used in some industries 

to update the estimates of time for preparing the maintenance actions for the future. 
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5. A provisional transition schedule will be drawn up the next day prior to the office close, 

which will, subject to a new weather forecast and activities that may take place overnight 

at the wind farm, be modified the next morning (Stock-Williams and Swamy, 2019) 

 

 

2.7.  DEFINITION OF TERMS RELATED TO O&M 

 

     For a proper understanding of the reliability issues, there are below defined terms often 

used, in relation to issues of operation and maintenance: 

Accessibility. It is the percentage of time during a year where an offshore wind farm is 

approachable. Obviously, accessibility depends on the weather conditions and the 

equipment used. 

Reliability. It is the chance that the system has to execute the objectives. It is usually 

defined as a percentage of time. 

Availability. It is the probability that the system is functioning satisfactorily. Its essential 

difference with reliability is the strategy of operation and system maintenance. A system 

can be very reliable, i.e., damage rate is extremely low, but when none is received 

maintenance or repair action after a fault then and its availability will be very low. 

Maintainability. It is a more poetic issue that addresses ease of repair. 

Serviceability. It refers in a corresponding way to the possibility implementation of 

scheduled maintenance. 

Failure. It is the inability to perform the necessary operation of a system. 

Criticality. It is a measure of approaching the consequences of a failure (Van Bussel and 

Zaaijer, 2001) 
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2.8.  MAINTENANCE STRATEGIES FOR WIND FARMS 

 

         In order to preserve or restore an item, Besnard and Nilsson defines maintenance as 

the combination of all techniques and corresponding administrative actions to ensure it 

can fulfill its necessary function. There are two types of maintenance strategies named as 

preventive and corrective. Corrective maintenance aims to bring an item to its initial state 

or to the required function after a failure has occurred. Preventive maintenance is the 

action taken at predetermined intervals or in response to the prescribed criteria, and to 

reduce the likelihood of a learn failure or deterioration in performance. Preventive can be 

also divided into two: condition-based and time-based. Condition based maintenance is 

based on performance or monitoring systems. Time-based maintenance is performed at 

predetermined intervals depending on the time or number of units used and among these 

two condition-based includes inspection and condition monitoring system (Besnard, 

2013a). 

 

     Maintenance of a land-based wind turbine requires one visit every 6 months and an 

average of 2 unplanned each year. Also, a major overhaul is also planned, usually every 5 

years, in which the important components of the whole system are controlled while the 

"keys" of the highest importance of the mechanism are replaced with new ones. A such a 

maintenance requirement in an offshore wind farm would lead to either destructive cost 

heights or destructive reduction in availability (Van Bussel and Zaaijer, 2001). The various 

possible operation and maintenance strategies that can prove to be suitable for offshore 

wind farms are: 

 

2.8.1 Preventive Maintenance 

 
         Preventive maintenance is carried out at fixed times or in accordance with specified 

requirements with a view to minimizing the probability that a particular component may 
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malfunction or worsen efficiency. It also depends on the technology used since the more 

reliable the technology, the lower the non-routine expenses. Preventive maintenance is 

done to ensure high availability with the aim of preventing break-down. It can either be 

done within given intervals, e.g. yearly, monthly, weekly service, or when the condition 

of the system is below a certain level (Lindqvist and Lundin, 2010). For preventive 

maintenance strategies, there are two main approaches: 

 

1. Time-based maintenance is preventive maintenance in compliance with fixed time 

intervals or number of operating units, although without pre-conditional analysis. 

Time dependent maintenance is ideal for age-related failures that can be defined 

as a likelihood distribution of failure.  

2.  Preventive maintenance based on performance and criteria monitoring so-called 

inspection is a condition-dependent maintenance. The judgment on repair steps 

covers all preventive approaches like reviews or permanently mounted condition 

surveillant systems. The use of tracking methods or feature checks can be part of 

the inspection. It can be required , for example, if the operation will predict the 

deterioration in a cost efficient way in time for non-age based failures (Besnard, 

2013a) 

 

2.8.2 Corrective Maintenance 

 
        Corrective maintenance is done after a breakdown occurs and is intended to restore 

an item to its required function. It is typically achieved where a failure cannot be found or 

avoided with a cost-effective solution (Besnard, 2013a). Corrective maintenance expenses 

vary depending on the wind turbine technology being installed (Eclareon, 2013). 

 

        In response to a specific system condition that is diagnosed through sensors and 

signal processing equipment, preventive maintenance activities begin. Upon reaching the 
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specified threshold, the repair process should be undertaken for the device to return to its 

original state and performed for critical components such as blades, gearboxes, electric 

parts, bearings, brakes (Shafiee, 2015). As turbines are machines which are continuously 

operating without stopping, small parts such as contactors, filters need to be changed in 

some time intervals in order not to cause big failures which may affect the turbines 

availability. During preventive maintenance components are inspected and some sections 

are replaced. Oils and grate lubricators for many specific elements are either modified or 

refilled. This kind of service is mostly scheduled in summer when wind speeds are low. 

The corrective maintenance is performed when a fault signal in other words emergency 

signal is sent from the wind turbine to the control room. The signal contains one or several 

codes explaining which type of fault that has occurred mostly happens after unexpected 

weather conditions (Lindqvist and Lundin, 2010). 

 

        According to analysis carried out in the wind power sector by the Electric Power 

Research Institute, the focus on preventive maintenance could contribute to significant 

annual cost savings for maintenance (Eclareon, 2013) 

 

Fig.2.8.2.1: Maintenance Options  

Source: Eclareon,2013 
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2.8.3 Reliability-Centered Maintenance 

 
     A systemic way of balance between preventive maintenance and corrective 

maintenance and of selecting proper preventive maintenance activities at the right time to 

the correct component for the most cost-effective solution is provided by the reliability 

centered maintenance (RCM). RCM is a structured and reliability-driven approach to the 

determination of maintenance plans. This process defines efficient maintenance plans 

through the selection of maintenance tasks, such as prioritizing critical parts (Nilsson, 

2006).  RCM is used to determine suitable maintenance strategies being widely established 

and it is successfully applied in a variety of industries. RCM is a systematic analysis of 

device functions and their malfunction and prioritization of safety and economics that 

defines proactive maintenance activities that can be relevant and efficient (Besnard, 

2013a).  The RCM strategy is a major tool for improving economic performance and 

maintenance regulation in all forms of industries. RCM 's key goal is to minimize 

maintenance costs by focusing on the system's most important functions and preventing 

or eliminating maintenance activities that are not actually necessary (Rausand and 

Høyland, 2003). In order to achieve that, there are seven questions on which answers 

should be provided: 

 

1. What are the functions and associated performance standards of the equipment  

in its present operating context?  

2. In what ways can it fail to fulfill its functions?  

3. What is the cause of each functional failure?  

4. What happens when each failure occurs?  

5. In what way does each failure matter?  

6. What can be done to prevent each failure?  

7. What should be done if a suitable preventive task cannot be found? 
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     According to answers of these questions, the most beneficial maintenance strategy can 

be found, as maintenance does not mean when it is performed to prevent all failures that 

may occur during operation stage, so RCM is applied to identify  the potential 

consequences of each failure and to know the likelihood of failure (Rausand and Høyland, 

2003). In addition, for best performance of RCM, there are some steps that must be 

followed like Study preparation, System selection and definition, Functional failure 

analysis, Critical item selection, Data collection and analysis, Selection of maintenance 

actions, Determination of maintenance intervals, Preventive maintenance comparison 

analysis, Treatment of noncritical items, Implementation, In-service data collection and 

updating. 

 

2.8.4 Predictive Maintenance (Condition- Based) 

 
     Predictive maintenance, often referred to as condition-based maintenance, is when 

maintenance tasks are initiated in response to a specific system condition which is 

diagnosed by equipment (sensors) used to measure the physical condition of the  system, 

e.g. temperature, vibration, noise, lubrication and corrosion. When abnormal condition is 

detected, either through exceeding a pre-set level, or through more advanced analytical 

methods, which indicates system deterioration, maintenance work is undertaken to 

perform repair or replacement. In contrast to preventive maintenance, predictive 

maintenance is not undertaken at a pre-set time but only when a need is detected. If done 

well this  should  result  in  more  cost-effective  maintenance;  however,  if  faults  are  

not  detected,  then corrective maintenance is more likely to be required (Ravindranath, 

2016). 

 

     Corrective maintenance would be more suitable for onshore projects, since through a 

careful analysis of the failures the amount of preventive maintenance often can be reduced 

or replaced with corrective maintenance. The risks involved in onshore projects could be 
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predicted easier than offshore. It is considered that there is no need to carry out preventive 

maintenance as long as a component is working except from critical components that need 

to be changed time-based. More, in case of failure, onshore sites are easier to reach when 

compared to offshore. However, in an offshore environment, it is not always possible to 

reach the site when failure is detected due to harsh weather conditions sometimes at sea. 

When scheduling maintenance for offshore wind farms, many different factors need to be 

considered compared to onshore projects. The factors influencing the planning and cost 

of maintenance in offshore projects are the occurrence of failures, availability of 

maintenance crew, vessels, weather and external factors, transport strategy, vessel fleet 

size, vessel type, size of the maintenance crew, travel time, and vessel costs (Seyr and 

Muskulus, 2019). To repair the defects and failures occurring in the offshore wind farm, 

there are three main requirements. The availability of maintenance staff qualified to 

execute the respective maintenance duties is important. Many reparations require a repair 

team and equipment, as well as certain replacement parts. The supply of such materials 

places external restrictions on operations and should thus be included in every 

maintenance plan. Transport vessels are needed for transporting both staff and spare parts 

to the offshore site. Therefore, the availability of those presents another part of 

maintenance analysis and should be included in any model. Additional to the transport 

vessels, some repairs require jack-up barges or crane vessels.  

 

        The following table summarizes different authors of which maintenance strategies 

should be included in offshore. According to that table, most of the author’s agreeing to 

include both preventive and corrective maintenance in offshore projects. 
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Fig.2.8.4.1: Maintenance Strategies proposed by different authors. 

 Source:(Seyr and Muskulus, 2019) 

 

 

     Many studies have focused on maintenance optimization in order to make the 

maintenance of offshore wind systems more effective. One research carried out for the 

maintenance of the turbine blades identified a possible application to maintain offshore 

wind turbine blades as a risk-based activity. The probability of various cracks in a turbine 

blade is calculated and revised on a probabilistic deterioration model along with Bayesian 

statistical methods. A cost model was developed, and cost of life projections were based 

on cost and degradation models. A risk-based maintenance strategy was therefore 

developed, and a discrete event simulator and Monte Carlo sampling was used to calculate 

the average annual OM expense. It was shown that a 23% reduction in annual maintenance 
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costs was achieved relative to conventional condition-based strategy, and it was concluded 

that there is significant scope for maximizing the maintenance effort in a risk-based 

maintenance approach (Florian and Sørensen, 2017). 

 

     Moreover, two models for the optimization of maintenance strategies for drive train 

and blades were presented in another report. The key concept for both models was to 

determine, based upon inspection or continuous monitoring of conditions, the value of 

condition-based maintenance strategies. Models rely on reliability and maintenance 

processes for a stochastic life cycle cost model. These findings show the economic value 

of the drive train of € 190,000 over its lifespan as a result of the condition monitoring and 

the possibility of high maintenance costs is minimized. The cost-effectiveness of 

inspections, based on condition-based maintenance or on continuous blade tracking, 

depends greatly on assumptions of reliability. The findings demonstrate how maintenance 

methods are optimal and how they can reduce the financial risk (Besnard, 2013b). 

 

     In addition, an opportunistic maintenance strategy has been built for offshore wind 

turbines with a view to reducing maintenance costs for lifetime as much as possible. The 

offshore wind turbine system can be separated into several subsystems as a typical multi-

components system which degrades over time. A Non-Homogenic Continuous-Time 

Markov Process (NHCTMP), which demonstrates degradation processes on each 

subsystem, is adopted to test operating conditions of offshore wind turbines. Following 

the Markov method, the economic parameters are taken into consideration in maintenance 

schedules, so optimum maintenance intervals can be achieved for each subsystem 

according to the goal to minimize maintenance costs. A lot of opportunities will be 

produced during the implementation of maintenance activities when we pay attention to 

the economic dependencies among subsystems. The capture of these opportunities will 

efficiently maximize offshore wind turbine maintenance strategies (Li et al., 2020). 
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     More, in the case of 28 percent of downtime, maintenance unplanned costs account for 

90% of overall O&M costs. The choice of the right strategy for the maintenance task with 

the right equipment is therefore critical for the overall cost. The strategy is specifically 

connected to the distance from the shore and the depth of water. There appear to be a lower 

average O&M costs and lower revenue losses for the wind farms along the shore with 

fixed turbines. The quest for complementary activities usually makes 50% of the time non-

productive due to waiting during the maintenance activities of the wind farm. Combining 

maintenance and harvesting mussel simultaneously can be a viable technique to decrease 

the loss of hours by at least 25% with a gross O&M of 10% (Turc Castellà, 2020). 

 

     Furthermore, implementing cost-effective principles and maintenance methods for the 

operation and maintenance in order to dramatically reduce energy costs from offshore 

wind farms is important. A Decision support tool has been developed that simulates the 

operating process of an offshore wind farm with all maintenance activities and costs. 

(NOWIcob, the Norwegian model for offshore wind costs and benefits). This method can 

be used to consider operating and maintenance cost sensitivities due to changes in 

maintenance and logistic strategy and helps in selecting an optimized wind farm strategy. 

The model is based on a Monte-Carlo methodology based on time-sequences and takes 

account of weather insecurity and other related aspects of an offshore wind farm operation. 

Different vessel concepts can be simulated for accessing the wind turbine and for time, 

condition and corrective maintenance activities (Hofmann and Sperstad, 2013). 

 

     Another study suggests a separate maintenance schedule and an offshore wind system 

grouping maintenance schedule in order to reduce maintenance costs. In this paper, the 

suggested approaches aim to integrate all threads in order to suggest an overall service 

plan for the convenient offshore wind system. Parameters that are carefully considered for 

the accuracy of the suggested methods that are being overlooked in current studies, such 

as system stability, weather factors, maintenance length, loss of power during maintenance 

and location of offshore wind systems. Not only the optimal individual maintenance 
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schedule for each part was taken from the proposed approaches, but also the ideal grouping 

maintenance schedule for the grouping of maintenance activities into one turbine or 

several turbines, which minimizes maintenance costs. The findings of the case study in 

this research suggest that each region should have a different schedule of 

maintenance depending on the characteristics of the region (Nguyen and Chou, 2018). 

 

     In a further study, cost savings are discussed by predictive maintenance and 

enhancement of load evaluation models. Although it has been demonstrated that advanced 

statistical modeling can achieve cost-effective solutions, several concerns remain 

unanswered and even problems relevant to the recommendations are posed (Colone, 2018) 
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CHAPTER 3. DESCRIPTION OF THE METHODOLOGY and DATA 
 

 

3.1. DECISION ANALYSIS MODULE FOR EXCEL 
 

     The Analytic Hierarchy Process (AHP) is commonly used method for solving decision 

making problems. There are several software programs making use of that approach. Their 

main drawback is that they are quite expensive, and they miss intermediate calculations.  

In this thesis the problem for selecting a maintenance strategy will be tried to be solved 

by Decision Analysis Module for Excel (DAME). DAME is free of charge, can work with 

scenarios and multiple decision makers, and display intermediate calculations in 

comparison to other computer programs.  Users can define their decision model into three 

levels scenarios/users, criteria, and variants. Items on all levels can be evaluated either by 

weights or pairwise comparisons. There are three different methods to assess the weights 

of criteria, variants, and scenarios which include Saaty's, Fuller's Triangle and Geometric 

Mean methods. A more detailed explanation on formulas used in this software are 

explained by Perzina and Ramik, (2014). DAME works with all current versions of 

Microsoft Excel from version 97. It consists of four individual files:  

 

1. DAME.xla – main module  

2. DAME.dll – written in C#. 

3. DAME.xll – it is library for linking C# modules with Excel called Excel-DNA 

4. DAME.dna – configuration file for Excel-DNA module. 

 

 

     In order to use this specific software for solving a problem, there are some steps to be 

followed and they are shown in appendix B step by step. Among these, pairwise 

comparison of criterion among each other, appendix B fig.B.step 4, and alternatives or 

variants to each criterion, appendix B fig.B step 5, are of great importance to make use of 
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the tool in the right way in decision making. All four files must be placed in the same 

folder and macros must be permitted before running the module. After opening Dame.xla 

file and executing add-ins, there will appear Dame icon in the excel file so as to start 

generating a new decision problem. The problem stated in this thesis is to find an 

appropriate maintenance strategy for an offshore wind farm located in the Belgian North 

Sea and the methodological framework, shown on fig.3.1, is described and also applied to 

make it more clear in the following chapter to present the most relevant application of the 

method, and it is also provided the appropriate illustration of how eligible the tool can be 

as decision-making for wind energy industry. 

 

3.2. CRITERIA AND ALTERNATIVES 
 

 

     After new problem is chosen, step 1, there appears a panel with basic settings where 

user can define the scenarios, criteria and alternatives shown in appendix B fig. B. step 2. 

In addition, user can define how scenarios, criteria and alternatives will be evaluated 

among the three methods in the software. In this thesis, there will be one scenario, seven 

criteria for which a detailed description is given in this chapter 3.5, weather, costs, 

location, experience, technology, logistics and quality health and safety, and three 

alternatives which are corrective, predictive, and preventive explained in chapter 2.8.  

 

     When new problem characteristics such as naming the criteria and alternatives are set, 

user clicks “ok” and a new page is generated shown in appendix B fig. B step 3 to start 

evaluating criteria weight and each criterion weight among the alternatives with the 

evaluation method, in this study pairwise comparison will be performed with geometric 

mean method (Perzina and Ramik, 2014) 
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3.3. GEOMETRIC MEAN METHOD and INCONSISTENCY INDEX 

     For the assessment of the weights of the evaluated criteria and alternatives, the 

following formulas on how the calculations are done in DAME with geometric mean 

method are from Perzina and Ramik (2014): 

Wk=
(∏ 𝑎𝑘𝑗

𝑛
𝑗=1 )

1
𝑛

∑ (∏ 𝑎𝑖𝑗
𝑛
𝑗=1 )

1
𝑛𝑛

𝑖=1

           k=1,2,……,n 

 

𝑤𝑘= weight of k-th criteria (alternative)  

a𝑖𝑗  =values in the pairwise comparison matrix 

n= number of criteria (alternatives). 
 

The inconsistency index is calculated in the following formula: 

 

GCI=
2

(𝑛−1)(𝑛−2)
∑ 𝑙𝑜𝑔2 (𝑎𝑖𝑗

𝑤𝑗

𝑤𝑖
)𝑖<𝑗               GCI= inconsistency index 

 
 

3.4. COMPARISON OF THE CRITERIA 
 

     After criteria, alternatives and evaluation method is set, each criterion is compared by 

ranking the importance of criteria in the row compared to criteria in the column. Decision 

maker must use weights to express the importance of criteria. While doing that if the 

criterion in the row is equally important the user should leave the cell blank or enter the 

value 1, if the criterion in the row is more important than column then the user should 

enter a value between two to nine, if the criterion is less important in the row than the 

criterion in the column then the user should enter a value between a half to a ninth. The 

less and the higher value represents the importance of the criteria. After adding these 

values, each criteria weight will be calculated in the problem to be used and shown at the 

right of the excel page shown in appendix B fig. B step 4. When we add values in 

individual pairwise comparison, all weights are recalculated, therefore it is seen immediate 

impact of each single entry. 
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     However, it is also important to note that the user will only add values in the highlighted 

cells and the values in the rest cells will be calculated automatically. Another important 

thing to consider in this step is the inconsistency index, which will be shown after adding 

the values in the cells in the table, in the right upper corner here shown detailed in appendix 

A and fig.4.1.2 and as green cell should not exceed 0.1, if it exceeds 0.1, it displays that 

the pairwise comparison of the criteria is not consistent and should be revised. 

 

3.5. COMPARISON OF THE ALTERNATIVES 
 

 

    After calculating the criteria’s weight on a new scale then the problem solver should do 

the same process for the alternatives, shown in appendix B fig.B step 5, stated with each 

single criterion. In this study, corrective, predictive and preventive maintenance strategies 

are the three alternatives to be evaluated with each single criterion. The comparison of 

each criterion with the alternatives and the rule for inconsistency index should also be 

followed.  

 

 

Fig.3.1. The Methodological framework of DAME 
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3.6. DESCRIPTION OF THE CRITERIA USED IN DAME 

 
     In this part of the work, the criteria used in the method described in 3.2. which may 

affect the maintenance process will be presented. 

 

3.6.1 Weather 
 

     Offshore wind power plants continuously operate under stochastic weather conditions 

which may reduce the feasibility of maintenance and operational availability. As wind 

power plants are sited at locations with high wind speeds, service may take days or even 

weeks and thus one defective part in a wind turbine may even result in very serious 

problems if it is not repaired or replaced on time (Byon et al., 2013). Weather plays an 

important role in order to carry out successful maintenance process which will not affect 

the availability of the turbines to large extent. The number of days each month accessible 

to offshore locations because of weather conditions varies throughout the year, with no 

more days of access during windy and stormy winter months. In addition, weather at sea 

determines the possible alternative transportation means such as the use of a helicopter in 

cases when the transportation by vessel or boat is constrained by harsh weather.(Besnard, 

2013b). Weather conditions also can lead to delays to perform the necessary maintenance 

process in offshore wind farms. An offshore wind farm may be inaccessible for several 

days during harsh weather conditions due to the conditions of the sea, the wind and the 

visibility (Van Bussel et al., 2001) 

 

3.6.2. Costs 

 
     Operation and maintenance (O&M) expenses generally represent nearly 25–30 percent 

of the total lifecycle costs for offshore wind farming activities. Certain maintenance tasks 

require special equipment that can greatly impact the costs of shipping, personnel or 

equipment. Currently, some at least three-to five visits are necessary to each of offshore 
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wind turbines: a regular annual maintenance visit and three to four visits in case of failure 

or malfunction. This may be reduced to three visits a year with advanced technology. 

However, just an example, there will be needed some 3,000 offshore touring visits, trips, 

per year for a future offshore wind farm of 200 turbines of 5 MW each or more (Buck and 

Langan, 2017).  In addition to the high price of maintenance and logistics, the required 

visits can be compounded by a well-documented lack of skills and the fact that shipping 

technicians cannot always be done in the bad weather (Gray, 2020) 

 
Fig.3.6.2.1 Breakdown of O & M costs in OWF 

 

 

     This breakdown shows that the O&M costs represent 53% of the OPEX (15% 

“Operation” + 38% “Maintenance”). (Röckmann, Lagerveld and Stavenuiter, 2017). The 

cited reports do not mention the size of the wind farms, nor the distance to shore. However, 

it would appear that the O&M costs are highly affected by these aspects. 
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3.6.3 Geographic location of the farm 

 

 
     The vessels, helicopters, labor, and port costs can vary depending on the geographic 

location of the offshore wind farm. The further is the wind farm, the more are the costs. 

For offshore the location is one of the most important criteria for a successful combination 

with offshore wind (Buck and Langan, 2017). Even given favorable weather conditions, 

operation and maintenance tasks will be more expensive than onshore, being influenced 

by the distance of the Offshore maintenance service providers from shore and harbor, the 

exposure of the site, the size of the service providers, the reliability of the turbines, and 

the maintenance strategy under which they are operational. Special lifting machinery is 

required to install and change major as well as minor components in offshore installations. 

Such lifting equipment can usually be stored in onshore wind farms locally and on short 

notice. The severe weather conditions experienced by an offshore service provider dictate 

the requirement for high reliability components coupled with adequate environmental 

protection for virtually all components exposed to sea conditions (Van Bussel et al., 2001) 

 

 

 

3.6.4. Experience and Competence 

 
 

      Because of the difficult nature of the job, the work of this industry needs good training 

and continuous program. In addition to moving into this workforce, good fundamentals, 

knowledge and skills are important to minimize the possibility of injury at work. Standards 

must be reassessed and updated on a regular basis in order to keep up to date on a rapidly 

changing workplace. New technical developments impact the organization and application 

of the skills of workers, including time management and interpersonal relations. Increased 

complexity in technology may simplify some tasks but make others more complicated. 
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Successful generation workers today face the challenge of gaining a broader range of 

decision making and customer service capabilities and keeping up to date with emerging 

technologies. Continuous changes should be incorporated into the curriculum so as to meet 

the needs of the industry, where employee expectations change. Technical abilities, 

knowledge and skills are the areas of expertise to be carried out with excellence by 

employees to achieve a particular occupational task. Functioning ability and willingness 

to work in every weather.  Technical guides, procedures and regulations to be able to read 

and interpreted. Ability to write, subtract, multiply and separate reports in all measurement 

units. Ability to communicate effectively with colleagues and management. The capacity 

of the service manuals for performance tasks. Ability and willingness, without direct 

supervision, to take initiatives and work. Capable of using the basic computer skills of the 

personal computer. Capacity to do manual work, ability to lift heavy parts, ability to climb 

over the ground without frequent support and not afraid of heights. Ability to work outside 

in extreme cold and heat from towers and platforms for long periods (Hardcastle et al., 

2009). In addition. the following skills are necessary and must: 

• Mechanical skills 

• Physical stamina 

• Physical strength 

• Troubleshooting skills 

• Comfort with heights and confined spaces 

• Documentation. 

 

     Companies must invest in capacity-building and training continuously to ensure that 

sufficiently competent O&M staff are available to meet their demands. According to a 

rough estimate, for every two turbines built, one O&M job will be developed. This equates 

to several trained staff with 200 turbines of 5 MW each. Even if this is a conservative 

calculation and the number of personnel can be reduced by increasing efficiency, the 



 38 

skilled people still have an enormous need. Offshore training centers and training 

programs, to meet that demand, will be established by operators and developers (Sullivan 

et al., 2010) 

 

3.6.5. Technology 

 
 

     Studies have shown that unexpected failures have considerably increasing the O&M 

costs in offshore wind farms (Gray, 2020). Since the technology is evolving rapidly the 

development of improved and new solutions and equipment for operation and 

maintenance (O&M) of offshore wind farms is a crucial contribution to make offshore 

wind power more cost-effective. And this can be achieved by new technology adaptation 

such as drones, sensor technology, blade maintenance robots and several forms of 

automation. New technology equipment could be a way to reduce the O&M costs and for 

a choice of a maintenance strategy. By this way, there will be no unnecessary trips to the 

wind farm, and if the problem is recognized beforehand by the help of new technology 

equipment, it could be avoided any damage to other components of the turbines. As the 

problem will be known in advance, the right spare parts, labor and appropriate equipment 

can be brought to the working area (Jonker, 2017) 

 

 

3.6.6. Logistics 

 
 

     The logistics that needs to be planned according to the distance of the shore and the 

weather at the site are a challenging aspect of offshore wind farms. Workboats that are 

restricted by the wave height and can lead to poor accessibility, leading to long downtimes 

or a helicopter must transport maintenance technicians to wind turbines. Both are costly 

alternatives. In order to build new projects farther from shore, deeper water depth and 
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harder environment, logistical and maintenance support organizations for offshore wind 

farms will become even more important (Besnard, 2013b). It is a great challenge to 

manage logistics in a way that makes turbines and vessels at the right time. There are 

significant impacts on profitability on the logistical decisions. It is crucial to pick the right 

logistics methods with efficiency in mind. Choosing the right logistical approach 

according to the specific conditions of the project site is indispensable for project 

efficiency (Vis and Ursavas, 2016). In the offshore wind power industry, maintenance 

logistics are known as an important competitive factor that has a major impact on the 

profitability of wind energy projects. The existing statistics demonstrate that the costs of 

support for maintenance (including maintenance costs, vessel hire and spare parts 

purchase) form a major part of the costs for operations and services. In the offshore wind 

power industry, logistics maintenance management is a very critical task. It is also 

increasingly important for wind farms situated in cold, icy and remote areas with limited 

access in order to perform maintenance activities. Once an alert signal is detected by 

monitoring system, a maintenance task is scheduled for the critical or faulty equipment. 

Necessary spare parts are ordered from wind farm depots; the required transportation 

means (e.g. workboats and helicopters) and service vessels (e.g. jack-up boats and crane 

ships) are hired; and a number of maintenance technicians are allocated to perform the 

repair tasks. Any failure to deliver proper maintenance logistics due to lack of spare parts, 

unavailability of means of transportation, or insufficient staffing may adversely affect the 

wind farm availability and thereby reducing power output as well as profitability. For this 

purpose, a well-organized maintenance logistics is required not only to reduce the O&M 

costs but also to ensure that power generation matches the demand and greenhouse gas 

emissions are cut in a cost-effective way. the existing logistics organizations have not been 

well designed to cope with the ‘maintenance challenges’ of offshore wind farms, and 

hence, there still remains a gap between academic models and application in practice 

(Shafiee, 2015) 
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3.6.7. Quality Health Safety Environment 

 
 

     Health and Safety must undeniably be the key concern when implementing 

maintenance process in an offshore environment. The purpose is to avoid accidents and 

injuries to workers and comply with regulations. Offshore wind industry has a lot of 

specific health and safety risks such as danger of working at sea, especially in harsh 

weather conditions and at heights (Atkinson, 2010). Wind industry is growing rapidly, so 

is the number of people such as workers, technicians, engineers, etc. specialized in it 

needed to a large extent. Safety working environment must be created, regulations should 

be followed strictly and always updated according to the requirements. If safety 

regulations are not carried out, this may increase the downtime of staff such as service 

technicians needed may not be available for the maintenance of turbines and this may 

cause less productivity of wind farms. In addition, the developments in technology should 

be followed, the improvements of new equipment used for maintenance after the necessary 

training should be used. When harsh weather conditions are considered at sea, drones are 

very good example to eliminate the need for climbing high structures when inspection is 

required in WTGs. Lastly, a continuous training, despite being costly for the companies, 

such as certificates which include first aid, manual handling, fire awareness, working at 

heights and sea survival and needed to be renewed in every two years should be provided 

in order to improve the competency of the staff.    
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CHAPTER 4. APPLICATION OF THE METHODOLOGY AND RESULTS  
 

 

     In this chapter, in order to apply the above approach and choose the appropriate 

maintenance strategy for the wind turbines during the operational phase of an offshore 

wind farm, the factors as well as ranking them according to their importance influencing 

the maintenance operations should be identified. The  factors  influencing  the  

maintenance  for  offshore  wind  turbine  foundations and shown on table 1  were collected 

from the Master of Science thesis written by Köhler,(2020), and data obtained from seven 

industry expert opinion about the Belgian North Sea.  

 

     Although this study has been based on foundations maintenance in an offshore 

environment, the factors mentioned in it could be used to choose a maintenance strategy 

as references influencing the other parts of the wind turbines. In table 1, the average weight 

of each criterion out of five is displayed and ranked on according to seven experts’ 

opinion. These results will be used in DAME to do the pairwise comparison of each 

criterion and maintenance strategy will be chosen for an offshore wind turbine located in 

an environment similar to the Belgian North Sea. Decision maker must use weights to 

express the importance of criteria. However, each alternative mentioned for the 

maintenance strategy is evaluated based on author’s opinion according to individual 

criteria.  

 

     In this study, an appropriate maintenance strategy is selected according to seven criteria 

described in chapter 3.5 which affect the maintenance activities in an offshore 

environment.  
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4. 

Criteria Ranking (5) 

Weather 
2,66 

Costs 
3,18 

Technology 
3,77 

Experience & Competence 
3,68 

Geographic location 
2,9 

Logistics 
3,57 

Quality Heath Safety 
3,68 

 

Table 1-Criteria weight based on expert opinion. 
Source: Kohler,2020. 

 

 

     According to Kohler, (2020) table 1 demonstrates the criteria that affect the 

maintenance activities above sea for offshore located wind farms and their ranking on a 

scale from 1 to 5 gathered from seven industry experts possessing both practical and 

administrative functions in the offshore wind industry and most importantly they have 

experience in the Belgian North Sea used also in this thesis to apply the methodology 

proposed. When each criteria’s importance and attribute is analyzed, the weather 

criteria(2.66) has ranked as the least important in the area, then geographic location(2.9) 

of the wind farm has more importance than the weather criterion, costs criterion(3.18) is 

evaluated more significant than weather and geographic location, experience(3.68) and 

quality health safety criterion(3.68) have assigned equal importance however more 

significant than the rest and finally technology(3.77) criterion is identified as the most 

important one among all by the experts in this specific place. 
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4.1. APPLICATION OF STEPS 
 

 

Fig.4.1.1. Defining the criteria, alternatives, and evaluation method 

 

4.4.1. Comparison of Criteria 
 

     In this thesis, the importance of each criterion while pairwise comparison done is 

decided from the Master of Science thesis written by Kohler, (2020). In his study, Kohler 

has given a rank out of 5 for each criterion by using seven experts’ opinion working in the 

wind energy industry and especially in the aimed location. The ranking of each criterion 

is shown in table 1. According to that table, the importance of these criteria while 

compared to each other is decided. That is to say, each single criterion is compared to the 

rest of the criteria used in the problem. In the aimed offshore location, the weather criterion 

is less important than all the criteria used, and the author has added the value a half for 

costs, location, technology criterion, however a third for experience, logistics and quality 

health safety criterion. More, it is also important to note that the values used for 

comparison between nine to a ninth needs more data and experience as only the ranking 

of the criterion out of five would not be sufficient to find the exact value to be used in the 

software. The same comparison is done for all the criterion stated in the problem and the 

weight of criterion is calculated on a new scale. 
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Fig.4.1.2. Comparison of the criteria 

 

 

4.4.2. Comparison of Alternatives 
 

     Each alternative’s weight compared to each single criterion in this study is shown in 

table 3. In this study, while pairwise comparison is done among alternatives the values 

added are kept as the same. As shown in fig.4.1.3, It is assumed that corrective 

maintenance is more important than predictive and the value 2 is added. In addition, 

corrective maintenance when compared to preventive is also thought to be more important 

and the value three is added for the specific wind farm located in the North Belgian Sea. 

However, this kind of comparison would not represent and not be clear of how it is decided 

for readers as there is no sufficient data for the specific wind farm and more experts’ 

opinion is needed in order to decide each alternative’s importance when compared to each 

other regarding the criterion mentioned. Finally, the results, fig.4.1.4, will be shown which 

will rank the alternatives to solve the specific problem. 
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Fig.4.1.3 Pairwise comparison of the criterion with the alternatives 
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4.2. MAINTENANCE STRATEGY SELECTION 

 
     In this section, the results found by DAME are displayed and analyzed. In this study, 

three alternative maintenance strategies are chosen with seven criteria for each alternative 

to help decision maker in identifying the best possible one. In addition, this study will 

represent in establishing the superiority of one alternative over another. The seven criteria 

were selected and applied in DAME according to opinion of experts from Kohler, (2020). 

 

4.2.1. Criteria Weight on a New Scale 
 

     When DAME is applied and shown in appendix A considering the expert’s opinion 

from table 1, each criterion’s weight and rank is displayed in table 2, and each maintenance 

strategy’s weight according to individual criteria is projected in table 3 and lastly the 

appropriate maintenance strategy for the location (the Belgian North Sea) is projected in 

table 4. As explained in chapter 3.4 and shown in appendix B fig. step 4, While comparing 

the criterion, if the criterion in the row is equally important to the criterion in column the 

user should leave the cell blank or enter the value 1, if the criterion in the row is more 

important than column then the user should enter a value between two to nine, if the 

criterion is less important in the row than the criterion in the column then the user should 

enter a value between a half to a ninth. The less and the higher value represents the 

importance of the criteria. Stating that and referring to table 1, the criterion respectively 

could be represented as technology (3.77) > Quality Health Safety (3.68) = Experience 

(3.68) > Logistics (3.57) > Costs (3.18) > Geographic Location (2.9) > Weather (2.66). 

After user adding one’s comments according to these values in DAME a new scale is 

shown on table 2 and calculated. 
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Criteria Criteria weights 
Rank 

Weather 0,058597575 
7 

Costs 0,103601125 
5 

Location 0,067411241 
6 

Experience & Competence 0,172859558 
3 

Technology 0,198859377 
2 

Logistics 0,141802807 
4 

QHSE 0,256868316 
1 

 

Table 2. Weight of Criteria on a New Scale  

 

 

 

     Table 2 shows the results obtained when DAME is applied and the ranking of the 

criterion after pairwise comparison is performed. It is also important to mention that table 

1 shows the ranking of the criteria in a scale from 1 to 5 obtained from Master of Thesis 

written by Kohler, (2020) and table 2 demonstrates the new results obtained on a new 

scale by DAME. Therefore, it can be said that the ranking type of form table 1 is 

transferred to a new scale by the help of DAME.  

 

     When these results are analyzed, the ranking of criteria shows some similar results with 

the one in Kohler, (2020). The weather and the geographic location of the wind farm 
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criterion are evaluated as the same least important ones in both Kohler’s study and in 

DAME. 

 

     Weather criterion is 2.66 out of 5 in Kohler, (2020), in this study 0.058597575. The 

geographic location of the wind farm is ranked 2.9 out of 5 by Kohler, (2020) however in 

this thesis it is 0.067411241. Afterwards, costs criterion is ranked 3.18 out of 5 in Kohler’s, 

(2020) thesis whereas 0.103601125 in this thesis by the help of Dame. Then, logistics 

criterion is evaluated 3.57 out of 5 in Kohler’s, (2020) study while DAME calculates it as 

0.141802807. Although the experience and quality health safety criteria have ranked 

equally in Kohler’s, (2020) study 3,68 out of 5, DAME proposed have not assigned the 

same weight for the two mentioned. Experience criterion on a new scale is 0.172859558 

and more important than quality health and safety criterion.  

 

 

     Another different finding in this study is that quality health safety criterion is ranked 

as the most important one of all criteria whereas Kohler, (2020) demonstrates that 

technology criterion ranked as the most significant of all according to industry experts’ 

opinion. 
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4.2.2. Evaluation of Maintenance Strategies 
 

 

Table 3. Weight of Maintenance Strategies according to individual criterion  

 

 

     Table 3 displays the results obtained by DAME while pairwise comparison is done for 

each maintenance strategy with the individual criterion and shown in chapter 3.5. Each 

maintenance strategy is evaluated with the individual criterion weather, costs, geographic 

location of the wind farm, experience and competence, technology, logistics and finally 

quality health safety. One of the important issues that should be mentioned and pointed in 

this study is the evaluation of each maintenance strategy with the individual criteria in 

order to find out which one is suitable for the aimed offshore wind farm located in the 

Belgian North Sea. it can be observed that each maintenance strategy’s weight for each 

criterion is the same. Corrective maintenance 0.55, predictive maintenance 0.24 and 

preventive maintenance 0.21 when rounded. This is due to pairwise comparison done and 

Weight of maintenance strategies according to Individual Criteria 

Maintenance Strategies Weather Costs Location Exp.&Comp. Technology Logistics QHSE 

Corrective Maintenance 0,549945607 0,549946 0,549946 0,549945607 0,54994561 0,549946 0,549946 

Predictive Maintenance 0,24021087 0,240211 0,240211 0,24021087 0,24021087 0,240211 0,240211 

Preventive Maintenance 0,209843523 0,209844 0,209844 0,209843523 0,20984352 0,209844 0,209844 
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the data entered in DAME. As described in chapter 3.5, the author in this study has used 

his own opinion and entered the same values for each maintenance strategy while 

comparing with each other and performing pairwise comparison for each individual 

criterion among the alternative maintenance strategies.  

 

4.2.3. The ranking of the Maintenance Strategies 

 
 

 

 

Table 4. Appropriate maintenance strategy  

 

 

     Finally, table 4 shows the graphic mode of which maintenance strategy is appropriate 

for the specific wind farm located in the Belgian North Sea from the values obtained in 
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table 3. It can be noted that the criteria that affects the maintenance activities in this 

location when entered in DAME, indicate corrective maintenance as the first suitable 

maintenance strategy that should be followed to carry out the necessary maintenance 

activities, then predictive and lastly preventive. 

 

 

 

Fig.4.1.4 Results 
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CHAPTER 5. DISCUSSION AND ANALYSIS 
 

     In this chapter the results obtained from the method are analyzed and described. The 

intention of this project is to propose a method to figure out how different parameters 

influence maintenance strategy for the operating phase of an offshore wind park. The 

provided method, DAME, is applied to a wind park located in the Belgian North Sea, the 

criteria were described, and their weight on a new scale were calculated according to the 

conditions in this specific place. In addition, pairwise comparison is performed among 

alternatives proposed with each single criterion. 

 

     As noted in the previous chapter the ranking of each criterion is according to experts’ 

opinion used in the Master of Science thesis written by Köhler (2020). Therefore, their 

importance is ranked as following; the most important criterion, technology, is ranked 

with 3.77 out of 5, then experience & competence 3.68/5 as well as quality health and 

safety has the same ranking, logistics 3.57/5, Costs 3.18/5, geographic location 2.9/5 and 

lastly weather is ranked with 2.66/5 respectively. However, it is great of importance to 

state that in this situation the weather criterion, although it plays a significant role in an 

offshore environment, is ranked as the least important factor that should be considered 

while deciding an appropriate maintenance strategy for the offshore wind farm located in 

the Belgian North Sea. 

 

Criteria Ranking (5) Order 

Weather 2,66 6 

Costs 3,18 4 

Technology 3,77 1 

Experience & Competence 3,68 2 

Geographic location 2,9 5 

Logistics 3,57 3 

Quality Heath Safety 3,68 2 

 

Table 5. The ranking of the criterion 

Source: Kohler,2020 
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     In Chapter 4, table 2 the weight of criteria is calculated on a new scale and ranked using 

DAME and also shown in appendix A. While pair wise comparison is done among each 

criterion, the author has used his opinion as data and taking into account the ranking of 

criteria in table 5 obtained by Kohler, (2020). However, the importance of each criterion 

when compared need more experienced professionals’ opinion.  

 

     In Chapter 4 and table 3, the weight of each criterion is compared with the alternative 

maintenance strategy and in table 4, the appropriate maintenance strategy is decided for 

the specific placed examined. As it can be seen from the total evaluation of maintenance 

strategies shown in table 4, corrective maintenance could be an appropriate strategy for 

the offshore wind farm located in the Belgian North Sea. 

 

     The optimal combination of maintaining strategy can improve plant equipment 

availability and reliability and reduce unnecessary maintenance investment. The instance 

indicates that the DAME can be feasible and effective if the data entered for pair wise 

comparison of the criterion is obtained from experts who are experienced enough to 

promote values almost that reflect the reality and can also be used in other industries. 

     Three alternative maintenance strategies are considered in this paper, corrective, 

preventive and predictive maintenance respectively. 

 

     The offshore wind power plants have higher costs than the onshore based one. A 

transfer of technicians for a maintenance process to a WTG is possible until a significant 

wave height of approximately 3 meters and under normal weather conditions. Therefore, 

the most suitable maintenance strategy selection is of great importance in order to 

minimize any extra fees due to the wrong choice of strategy.(Münsterberg, 2017) 

      

  



 54 

CHAPTER 6. CONCLUSIONS 
 

     The aim of this thesis was to find a suitable maintenance strategy which could be 

affected by the criterion such as weather, costs, technology, geographic location of the 

wind farm, experience and competence, logistics, and QHSE for a specific wind farm 

located in the North Belgian Sea. First, a literature review was conducted to define the 

necessary terms needed for the maintenance activities carried out in an offshore 

environment. A short summary of factors in order to find optimal solution, crew transfer, 

transport vessels, lifting equipment needed, wind turbine technicians’ characteristics and 

qualifications, daily maintenance planning, maintenance strategies explained broadly and 

finally some studies performed in order to make the maintenance of offshore wind systems 

more effective are stated. In this report different maintenance strategies were presented 

together with criterion, taken from the Master of Science dissertation written by Kohler 

(2020), that may affect them while in an operating offshore wind farm and suitable one 

found by the help of Decision Analysis Model for Excel for the case used. 

 

     All data and results presented in this study show averages and should not be considered 

as absolute. Whereas the author has tried to use the data representing a work done, readers 

always have to collect their own data that applies to their own circumstances. Since, each 

offshore wind park located in a different sea is subject to different weather conditions as 

well as criteria evaluated in this work. However, the data from the present document can 

provide an insight into the overall trends as a point of departure for the relative changes 

associated with every strategy. 

 

     Based on the result of this research, for the selection of maintenance strategy in an 

offshore wind park where the process of determining criteria and determining the weight 

in this modeling process is done by the power plant experts in the Belgian North Sea using 

DAME method, the suitable maintenance strategy has been identified as corrective 

maintenance for an ideal solution for this power plant. 
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     This research has been based on seven criteria that may affect the maintenance process 

and the decision of an appropriate maintenance strategy in an offshore environment, pair  

wise comparison between each criterion is done by the author, yet not experienced enough 

in this field, therefore the criteria weights may not represent actual values. 

 

     As discussed in the report, several predictions were made that could heavily influence 

the results of the analysis. In case any of the predictions are changed, the results for the 

appropriate maintenance strategy can be substantially differing according to the 

importance of the assumption and how much it is varying. Changes to a single 

presumption can in some cases modify the maintenance strategy for the offshore wind 

farm that is used in this work. The results can be better for the offshore wind industry by 

expanding their work to examine the impact of the criteria presented in this study.  

 

     For all projects not all maintenance strategies are suitable. Some important factors 

should be taken into consideration, including the many factors to determine which 

maintenance can be used for a specific project. These factors and their weight criticality 

will determine which maintenance strategy is the most appropriate and possible. The 

offshore wind turbines are subjected to higher environmental impacts than onshore 

turbines due to the harsh situations that may occur in the marine environment. Therefore, 

they have higher failure rates, which is the reason why appropriate maintenance strategy 

is a great of importance. 

 

     In further research related to suitable maintenance strategy selection for either onshore 

or offshore wind farms, the Decision Analysis Method for excel with sufficient data, 

experience and opinion could be used to identify not only for the whole wind farm aimed 

but also for some different parts of the wind turbines the necessary maintenance strategy 

required. Due to limitations in DAME such as only seven criteria could be taken into 

account to solve a problem. Kohler, (2020) has stated and used ten criteria to perform his 

study, however, in this thesis only seven of them have been used. Therefore, it could be 
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also concluded that the proposed method could be suitable for calculations and decisions 

for seven criteria and seven alternatives that need specific and explicit characterization so 

as to be suitable for selecting an appropriate choice for the problem stated. 
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APPENDIX A.   
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APPENDIX B. 
 

 

 
Fig.B. Step1. Problem menu in Excel 

 

 

 
Fig.B. Step 2. Defining the characteristics of the problem 
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Fig.B. Step 3. Naming the criteria, alternatives, and evaluation method 

 

 

 
Fig.B. Step 4. Pairwise comparison of the criteria 
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Fig.B. Step 5. Pairwise comparison of each alternative with individual criteria 

 

 

 
Fig.B. Step 6. Ranking the alternatives 

 


