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ABSTRACT  
 
In comparison to Onshore, the Offshore wind farms and their life cycle 
operations have number of different aspects to consider. Nowadays, 
different technological solutions are being tested for design, 
construction, installation, operating and maintaining of offshore wind 
farms. Still the challenges are quite diverse and mostly seen relating to; 
design of electrical infrastructure, structural design and material choice 
for aggressive environmental and seasonal conditions, site assessment 
and optimal set-up, substructures, installation methods, logistics, 
technical service access, operations & maintenance, etc. First the paper 
reviews technical and physical aspects of the mechanical, electrical, 
and structural subsystems and their critical failure scenarios as a stand 
point for assessing the current technological solutions and industrial 
applications. The second part of the paper attempts to map the status 
quo within offshore wind industries and assess the current status with 
respect to an optimum performance criteria expected. It critically 
reviews, in particular, the technical and operational integrity concepts 
which have some influence from systems design process, cost-optimal 
maintenance approaches, and supportive decision making applications, 
intelligent remote diagnostics prognostics techniques and their 
feasibility, etc. Thus this paper contributes in many different ways 
bringing a multi-disciplinary perspective, and leading the way towards 
further research and industrial applications from integrated asset 
management point of view.  
 
KEY WORDS: asset management; operation and maintenance; wind 
power; offshore; cold climate.  
 
INTRODUCTION: FROM OPERATION & MAINTENANCE 
TO INTEGRATED ASSET MANAGEMENT  
 
This section provides an overview of the asset management approach 
and the whole life cycle philosophy which have been used for building 
this review. According to classical view, the maintenance is to fix 
broken items. Taking such narrow perspective within wind power 
applications will be confined to the reactive tasks of repair actions or 
component replacement triggered by failures. Geraerds (1972) has a 

more recent view of maintenance as “all activities aimed at keeping an 
item in, or restoring it to, the physical state considered necessary for 
fulfilment of its production function.” Pintelon (2000) modified  the 
pervious definition to be “set of activities required to keep physical 
assets in the desired operating condition or restore them to this 
condition”  more related to the operating or production conditions  than 
production function, the last definition seems as more  pragmatic view 
specifying the key objective of maintenance management as total asset 
life cycle optimization. Using such type of enlarged view of 
maintenance will have a  cost effective advantages, particularly, that the 
failure consequence cost are very highly in wind power domain than 
other industrial domains, in addition to high maintenance visit cost. 
Therefore, the modern view (Jardine 2006) of maintenance includes the 
proactive tasks such routine service and periodic inspection, preventive 
replacement, condition monitoring and continuous improvement 
methods such as reliability-cantered maintenance and total productive 
maintenance which give capability for maintenance management 
system to be able to take operational decisions and design modification 
in order to enhance asset operational availability. Beyond any doubt, 
the asset management tasks are complex in terms of number of systems, 
stakeholders, interfaces and degree of control. The new British 
Standard, PAS 55, define asset management as a “Systematic and 
coordinated activities and practices through which an organization 
optimally manages its physical assets and their associated performance, 
risks and expenditures over their lifecycles for the purpose of achieving 
its organizational strategic plan.” This sets the goal, but how does a 
company get there? How do we know, and demonstrate, what is 
‘optimal’? How do we coordinate component activities to this goal? 
How can such a joined-up, whole-life performance responsibility be 
established? How do we develop the skills, tools and processes to 
establish and sustain such an environment in the first place? Thus, four 
main factors have been enclosed in order to define asset management in 
wind power context:  (1) Technology and their changes, for example, 
Liyanage (2009) mentioned that, “traditionally, condition based 
maintenance has not been that attractive for offshore applications, but 
with the current advancement in application technologies, particularly, 
the ICT sector, it appears that a new avenue of growth has been opened 
up.” (2) Operations’ trends and their organizational patterns. (3) 



 

Management policies and their societal expectations. (4) Supportive 
system for logistic support, decision support, information and 
communication technologies support (ICTs), management activities 
such as forecasting, planning, organizing, accomplishing, controlling. 
Specially, for wind power domain, two more factors are important to 
take in consideration for asset management: (5) Operating conditions 
and their variability, which affect the behaviour of the systems and 
equipment and their functional characteristics, faults and failures. (6) 
Stakeholders and their human aspects, behaviours and needs. 
 
Definitely, to cope with and to manage the complexity and changing 
characteristics life cycle of wind power asset, the scope of maintenance 
enlarged by Liyanage (2009)also to be as risk mitigation and value 
creation, therefore, asset management should cover every stage of the 
life cycle of technical systems (grid connections, wind farms, wind 
mill, turbine, and facilities) from planning, design, construction, 
manufacturing, installation, operation, performance evaluation and 
monitoring, maintenance, until disposal operations or re-
decommissioning. Therefore, the review has taken in consideration that 
asset management is applied to the whole life of assets and reviews life 
cycle practices of wind power assets from both perspectives; academic 
and industry. Therefore the objectives of this paper are: 
 To review the integrated asset management aspects form researchers’ 
point of view in order to identify physical and technical challenges 

 To review the practical asset management aspects form practitioners’ 
point of view to identify current industrial solutions and current 
practices. 

 To draw up the adapted required future research plans in different 
areas of asset management field 

 Based on above, to conceptualize the integrated asset management 
framework for offshore wind energy domain. 
 

METHODOLOGY  
 
A total of 58 papers were collected and analyzed aboard classification 
of this literature into seven main groups as shown in following text, 
these investigated groups are the main issues for enhancing our 
understanding of difficulties, obstacles and complexity of managing 
wind power asset. Systematically, a classification of relevant 
publications was performed based on preliminary review. Life cycle 
phase have been discussed with more expanded discussion on the 
operation, deterioration and maintenance cycle because this is a core 
area for long life wind power assets. Liyanage (2009) presented the 
basic operation and maintenance (O&M) intervention process to retain 
or to restore technical systems and equipment of an industrial asset in 
acceptable operating technical and environmental conditions. 
Therefore, the core components of the integrated asset management 
framework cover different perspectives, certainly, technical & physical 
challenges, operational challenges, industrial and practical practices, 
economical challenges and informatics challenges, technologies and 
practices. Based on theoretical background, wide range of keywords 
were searched in order to cover the main technical conditions terms 
including reliability, availability, tolerability of failures, supportability, 
downtimes and failure rate frequency, performance losses. Also, in 
order to retain and restore the asset to its acceptable technical condition 
it is crucial to use technical data, collected by proper instruments, 
analyzed by analytical softwares embedded mathematical models, 
giving the asset operators to have an logical cost-effective decision 
making process. Therefore, the authors were searching for the practices, 
technologies, and innovative ideas within following subtitles: (1) Asset 
engineering design and installation; covers design for reliability, 
maintainability, and technical integrity. (2) Offshore conditions; covers 
grid connections, wind farm, wind mill and wind turbine. (3) Onshore 
operations; includes control systems and actions, monitoring activities, 
data acquisition, analytical systems, expert system, decision support 

system. (4) Onshore supportive operation; covers weather forecasting, 
logistics contractors, external expert. (5) Offshore operations; covers 
marine operations, support vessels management, maintenance 
management and their categories, O&M crew, reverse logistic of failed 
components. (6) Enterprise, Systems integrity and Interfaces aspects: 
with help of RCM (reliability centered maintenance) and TPM (total 
productive maintenance) and risk based inspection. (7) Interfaces 
aspects covers communication system and their interfaces technologies, 
organization interfaces, and human-asset interface factors. 
 
REVIEW FINDINGS  
 
In general, Snyder and Kaiser (2008) discussed the main criticisms on 
offshore wind power plants in terms of navigational safety, federal 
subsides, aesthetics on seascape, costly, risky environment, and 
unpredictable power generation and the cost-benefits of offshore wind 
plants in relation with onshore wind power plants. Markard and 
Petersen (2009) compared the innovation characteristics of offshore and 
onshore wind power plants in terms of power production, general 
restrictions, environmental conditions and impacts, access conditions, 
grid connection, and economic characteristics. Breton and Moe (2008) 
reviewed the current status, plans and technologies for offshore wind 
turbines in Europe and North America, as well as the promising new 
solutions. Creative offshore challenges committee (2008) listed the in 
his technological catalogue eight central technical challenges: design 
for electrical infrastructure, siting and optimal set-up for the turbines, 
substructures and towers, installation methods and logistics, service and 
maintenance, structural design and materials in an aggressive 
environment, decommissioning and finally offshore turbine control.  
Under the public seminar “offshore wind power-research related 
bottlenecks” in 2009, the following issues have been highlighted for 
further research: mutual shadow effect between large blocks of wind 
turbine, extreme structural loading of offshore wind turbine, interaction 
of large wind farms with waves and current, grid connection and 
reliability, and optimized operation and maintenance. Outside Europe, 
Zhixin, Chuanwen, Qianand and Chengmin (2007) reviewed the 
characteristics and developing state of abroad offshore wind farms in 
China and their key technological issues.  
 
Design and Installation  
As the main review objective, the design for technical integrity  and 
their features’ specifications shall be extracted by reviewing a large 
number of articles and companies’ experience in order to represent 
academic and industry efforts; therefore, the integral and individual 
challenges of their sub-technical systems and structures have been 
reviewed as shown in following aspects: 
 
Design for integrity challenges 
The main purpose of design integrity is to have optimal architecture 
with: minimum subsystems for more reliable system, minimum moving 
items more energy production, and less maintenance for more saving of 
cost and energy.  In order to achieve those objectives a lot of theoretical 
researches and industrial practices have been driven towards that. 
Herman, Kooijman and Hendriks (2004) developed an integrated 
design, development and testing plan for 500 MW offshore wind farm, 
in order to have cost-effective grid connections, cost effective site and 
layout, cost-effective design, and cost-effective operation and 
maintenance. Zaaijer and Henderson (2004) reviewed the current 
turbine design and their trends. Veers and Manuel (2007) 
Commented that the IEC standards demonstrate structural integrity 
when conditions are more severe where the other conditions are not 
explicitly addressed such as thunderstorms, hurricanes, low level jets 
etc. for example, in cold climate domain, the relevant questions arise 
about those applications and standards; to which type of sites they are 
related and in which seasons are applied. Tammelin (2002) summarized 



 

the state of the art of theoretical and experimental research which has 
been done on wind turbine operating under cold climate and winter 
weather conditions. Ice-free wind sensors, blade heating systems and 
codes for estimate loads and power production under icing conditions. 
Battisti, Fedrizzi, Brighenti and Laakso (2006) presented in details the 
framing of icing phenomenon for wind turbines in offshore sites and a 
procedure for analyzing the risk of ice pieces shedding from the 
turbines. In addition to that, the paper presented the scheme for the 
integrated design of ice mitigation systems. Kokubun and Ishida (2008) 
discussed the possibility of using ocean database for deployment and 
design floating offshore wind plants.  
 
Structural & Mechanical design challenges 
Zhixin, Chuanwen, Qianand and Chengmin (2007) reviewed the 
existing and trends of foundations of wind turbines. Based on material 
of the foundation, the classified was into concrete and steel types; 
however the recent classification is based on water depth and seabed 
conditions. Breton and Moe (2008) classified the anchored foundation 
into mono-pile, multi-piles such as tripod and gravity based foundations 
and the floated type into suction caisson, multi-piles driven into the 
ground and suction piles.  Weinzettel, Reenaas, Solli, and Hertwich 
(2009) described the Sway concept for floating wind power plant. Vita, 
Paulsen, Pedersen, Madsen, and Rasussen (2009) presented a novel 
concept of a floating offshore vertical wind turbine.  Ciang, Lee, and 
Bang (2008) reviewed the structural health monitoring of wind turbine 
system, and discussed the non-destructive tests and evaluation methods. 
LeBlanc (2000) stated based on the applications of Canadian standards 
association that turbine structural failure is extremely rare; also Morgan 
(1997) showed based on DEWI applications that the risk of tower 
failure is negligible. However, the huge steel structures of windmills 
are exposing to corrosive effect of seawater in this harsh marine 
environment; therefore, Corrosion & Water Control B.V. developed a 
impressed current cathodic protection (ICCP) system. Butterfield 
(2009) described the challenge of gearboxes. Gearbox life in the current 
fleet can be as low as four years, which is far short of 20 year life 
expected by designers; therefore the reliability shall be taken in 
consideration first and cost second. Raunholt (2009) presented that 
Anglewind company have been designed an innovative drive train with 
eccentric gearbox and generator located at ground level in order to 
reduce operation and maintenance cost of generator and trafo.  
 
Aerodynamic design challenges 
a number of papers as Canadian wind energy association (2007), 
LeBlanc (2000), and in severe winter storm magazine (2009) addressed 
the causes of blade failures, for instance, the results of their reviews, it 
shows that the main causes of blade failure are related to three events; 
human interference with a control system leading to an over speed 
situation, lightning strike and manufacturing defect in the blade. Again, 
some questions to be raising the red colour flag such as how much the 
cold climate conditions affect the blade failure behaviour? How much 
the failure causes are related to cold climate conditions? For instance, 
in the southern Finland’s light icing areas the lightning frequency is 
higher, on other hand, mechanical properties of composite material 
changed by low temperatures which can contribute the deterioration 
process. The same question should be raised for the offshore 
environment, and how much the site conditions could affect the blades, 
and its structure. Thus, some of the ongoing research is presented by 
Zhao, Su, Knudsen, Bak, and Shen (2008) proposed multi-Agent model 
for blade fatigue control in large offshore wind farms.  
 
Electrical design challenges 
This subsection provides overview of conventional and new topology 
of offshore wind farms and their reliability. Prasai, Yim, Divan, Bendre 
and Sul (2008) defined the problems of conventional approaches of 
using 60 Hz generators and transformers as heavy systems, expensive 

and complex for installation.  Gardner, Graig and Smith (1998) 
reviewed the requirements and options for offshore wind farm electrical 
systems together with control and SCADA system. Walling and Ruddy 
(unknown) reviewed the basics of offshore wind farm substation and 
collection systems economics and proposed a method based on 
evaluation factors to optimize the design choices.  Holmstrom, and 
Negra (2007) reviewed the current state of reliability of offshore wind 
farm from electrical point of view, where they highlighted that there is 
a lack of useable data and a few figures directly obtained form current 
offshore parks, and in most cases the data extracted from operating 
onshore parks.  Underbrink, Hanson, Osterholt, and Zimmermann 
(2006) presented a study of using probabilistic reliability methods in 
order to assess the impact of grid connection on the overall reliability of 
wind power production.  Zhao, Chen, and Blaabjerg (2004) proposed 
an optimization platform based on generic algorithm to find the 
optimum network design for electrical system of large DC offshore 
wind farm by generating different topologies in terms cost, reliability. 
Scutariu (2007) presented a techno-economical optioneering technique 
for assessing the suitability of various layouts for wind farm electrical 
systems.  Wootton and Comrie (2005) described the risk assessment 
methodology and its application to wind farm projects, in particular, for 
cable burial and hazards due to design and constructions errors, 
uncertain marine operations, and seabed conditions.  Gardner (2000) 
presented the options foe AC and DC electrical transmission systems, 
wind farm configuration and their redundancy, and existing failure 
data.  Prasai, Yim, Divan, Bendre and Sul (2008) proposed a new 
architecture and topology using permanent magnet generators, medium 
frequency transformers and simple power converters to realize a 
compact and light system.  Liu and Islam (2009) demonstrated how 
offshore wind farm reliability issues affected by its topology.   
 
Quality control, testing and installation challenge  
Foley and Gutowski (2009) have been investigated the impact of 
reliability in a life-cycle analysis simulation of a theoretical wind farm 
in Massachusetts based upon reliability information from a number of 
academic sources. The simulator, TurbSim, is designed with significant 
modularity to enable reliability simulation of any turbine with available 
wind information. The simulation of a selected turbine indicated that 
reliability makes a small but noticeable impact of 1.24% in its output. 
Due to the wind industrial movement toward bigger wind turbines with 
high technological designs and innovative materials, the need to have a 
testing facilities to service the needs of manufacturers, suppliers and 
project developers from around the world making breakthroughs in 
wind energy technology. Therefore, New and renewable energy center 
(NaREC) proposed and established wind turbine blade testing facility 
for dual axis testing, accelerated full life fatigue testing, static testing, 
composites analysis, damage assessment and mould integrity inspection 
and proposed also a drive train testing facility to validate new designs 
of gearboxes, converters, control systems, and their components. 
Definitely, manufacturing, after-transportation and after-installation 
inspections are necessary to ensure the overall turbine availability. 
Variety of manufacturing dates, materials, processes and level of 
quality control. Zaaijer and Henderson (2004) reviewed the current 
installation technologies and practices. Practically, for example, in 
2008 A2SEA implemented a turbine database in order to collect all 
information for all sites and turbine positions where A2SEA has been 
involved in the installing and service operations in addition to details 
like vessels used, cables routes, seabed investigations, etc. Li and Wan 
(2009) presented the idea of install wind power turbines on the ships 
and offshore structures.  
 
Offshore conditions  
There are a lot of simple and complicated questions raise the red flag 
about how to cope with the operational challenges of wind power asset, 
for example, what happens when there are storms? Must the wind 



 

turbine be feathered, to avoid damage from in extreme-events?  What 
happens if the wind farm be sited in cold climate-offshore sites? Must 
the wind turbines construction, operating and services be designed to 
prevent failures and enhance availability within such type of complex 
sites and seasons? Thus, Veers and Manuel (2007) addressed that we 
should define the reliability as the probability that a system or unit will 
perform his task(s) under not only the specified usage even under the 
encountered usage. Definitely, the cold climate sites and icing periods 
have especially risk considerations. the following two subsections are 
mainly discussing multi operation and maintenance challenges as 
shown in table 1, due to site and seasonal aspects. 
 

Table 1, Operation and maintenance differentiations based on 
site and season conditions 

Season 
Site  

Normal 
conditions 

Cold climate 
conditions (winter) 

Onshore O&M Cold-O&M 
 fixed Offshore floated Offshore-O&M Cold-offshore O&M 

 
Sites challenge 
Sorensen, Hansen and Larsen (2002) summarized the experiences 
gained during the establishment of the offshore wind farm called 
Middlegrunden, 40 MW established 3.5 km outside Copenhagen harbor 
on shallow water with depth of 3-8 meters. IEC standards has also 
started to address both normal and special conditions in targeted 
annexes; topographical complexity, wind conditions mainly turbulence, 
inclination, shear, and density, wakes of neighboring turbines and 
earthquakes, however, other conditions are not explicitly addressed. 
 
Seasonal challenge 
Practically, there are three impact of cold climate, one of them is low 
temperature, obviously, and low temperatures affect adversely the 
different material used in the fabrication of wind turbines. Lacroix and 
Manwell (2000) addressed that low temperatures can damage 
electrical equipments such generators, yaw drive motors, transformers, 
in addition to, mechanical components such gearboxes, hydraulic 
couplers, dampers, seals, cushions and other rubber parts. The second 
issue of cold climate is icing effect where the physical properties of the 
ice surface differ significantly from those of bulk ice. Petrenko (1996) 
explained in details the electromechanical phenomena in ice as 
following: In the temperature range 0º C to approximately -4 º C, there 
is a thin liquid or liquid-like film on the ice surface, also, a special layer 
remains on the ice surface even at temperatures down to -100 º C. this 
layer exhibits a diffusion coefficient, electrical conductivity, structure 
and viscosity that are quite distinct from those of bulk ice. On of 
surface property is static friction, the strong and universal adhesion of 
ice to almost any solid is one such difference. Depending on 
temperature, ice/slider interface roughness and slider materials, it takes 
from a fraction of a second to hour to produce very mechanically strong 
ice/solid interface. The nature of the strong bonding between ice and 
solids is not quite understood yet and how ice can accelerate the 
corrosion of metals inside the turbine. Wind turbines nacelles that 
housing and contain the drive-train (gearbox, generator, etc), are not 
necessarily airtight compartments. In fact, Lacroix and Manwell 
(2000) they incorporate many openings in order to provide a supply of 
fresh air for cooling purposes; hence, ice can accumulate inside the 
nacelle and damage the equipment. In Shavlov and Ryabtseva 
(2007) and Shavlov, (2007) expressed that there ongoing research is 
for studying the mechanism of metal corrosion acceleration in ice, 
where they observed metal corrosion acceleration caused by micro-
structural amorphous ice transformations over the temperature range 
100-273 K and addressed how much the impact of ice on the drive-train 

damage or failure acceleration is still a question for researchers which 
need to be answered. The third issue of cold climate is snow, where it 
has a different property than ice, while relatively has the same entrance 
way to the drive-train like ice. Lacroix and Manwell (2000) shows 
that ice and snow also can obstruct the openings and prevent normal 
circulation of air, therefore, they are using deflectors or baffles in order 
to keep these openings free of obstruction. Furthermore, the 
maintainability effected by ice and snow when they accumulate on 
fixed structures such as ladder and towers, in addition to, making the 
maintenance accessibility more difficult to wind turbines. 
 
Onshore operations 
The wind farms that located in remote areas and amongst the harshest 
conditions, offshore, mountains, cold climate, for instance, offshore 
wind turbines have unique service demands; spare parts concepts, 
condition monitoring and other requirements shall be related to 
offshore sites. Therefore, some service companies offer a 
comprehensive service portfolio and service concept designed to meet 
site demands and their operational requirements. 
 
Cost-effective maintenance challenge 
Echavarria, Tomiyama and Bussel (2007) proposed a design concept of 
self-maintained offshore wind turbines, where the system can be 
capable to respond to faults in order to increase the availability and 
reduce visit frequency and their cost.  Sorensen (2006) described a risk-
based life cycle approach for optimal operation and maintenance 
planning using pre-posterior Bayesian decision theory to be used for 
gearboxes, generators and structures. One of the most recent European 
research project called Opti-OWECS(structural and economic 
optimization of bottom-mounted offshore wind energy converters’), in 
this project Durstewitz (2004), the operation and maintenance 
behaviour of the wind farm was analysed by mote carlo simulations and 
the optimized maintenance strategy was achieved towards high 
availability. The report highlighted that the availability of wind farms at 
real offshore sites employing commercial wind turbines without 
significantly improved reliability and without optimized operation and 
maintenance solutions may be unacceptably low, e.g.70% or even less. 
In addition to , that reliability of offshore wind energy converters and 
operation and maintenance solutions should be optimized with respect 
to the levelized energy production costs rather than to either capital or 
operation and maintenance costs. Therefore, their recommendations for 
the future researchers is to take in consider the O&M aspects as a main 
design drive, especially for the wind turbine develop advanced design 
approaches like RAMS (reliability, availability, maintainability and 
serviceability/ safety). OffshoreM&O (2005)- advance maintenance 
and repair (M&R) for offshore wind farms using fault prediction and 
condition monitoring techniques, funded by the European commission, 
for two years (2003-2005), the main objective was to lay the foundation 
for condition depending maintenance and repair strategies for wind 
turbines in offshore wind farms. Within the project different basic 
knowledge were structured; comprehensive solutions for installation of 
the required sensor equipment in wind turbines have been worked out, 
existing condition monitoring and fault prediction techniques have been 
investigated relating to their applicability for use in wind turbines, and 
new offshore wind turbine specific techniques are developed. 
Algorithms for condition depending M&R scheduling are worked out. 
 
Data acquisition, analytical and decision support system challenge 
Two of ISET projects concerned with the acquisition of O&M because 
ISET and WMEP are confident that there is a considerable need to 
collect O&M data, the database at ISET has already turned out to be a 
valuable source of information which was and still used in national and 
international research projects, political decision making and 
commercial applications where the project takes Borkum-West offshore 
wind farm as a pilot wind test field as described by Andersson and Thor 



 

(2006). Faulstich, Hahn, Jung and Rafik (2009) presented the offshore-
WMEP project and their data pool. Pahlke (2007) studied the potentials 
of the application of software and decision support systems in the 
course of planning and realization of offshore wind farms. One of the 
most interesting observations of this study is that the company-own 
Excel sheets are 57% of the total used software information systems. 
Artificial intelligence in maintenance management and planning have 
been proposed by some researchers through the concept of developing 
intelligent maintenance optimization system and by focusing on AI 
techniques such as knowledge based systems, case-based reasoning 
genetic algorithms, neural networks and fuzzy logic.  Garcia (2006) has 
been developed SIMAP is abbreviated name for the intelligent system 
for predictive maintenance, it is a software application addressed to the 
diagnosis in real-time of industrial processes. The incipient detection of 
anomalies allows for an early diagnosis and the possibility to plan 
effective maintenance actions. Modelling dynamic non-linear industrial 
processes by means of artificial neural networks (ANN); characterising 
the represent both quantitative knowledge coming from historical data 
by means of artificial neural networks as well as qualitative knowledge 
coming from maintenance and operation experts by means of expert 
systems; performing a dynamical multi-objective non-linear 
optimization with constraints by means of generic algorithms; 
representing the uncertainty inherent to the knowledge issued by means 
of fuzzy logic. Yany (2008) has been studied the back-propagation 
neural network which have excellent abilities of parallel distributed 
processing, self-study, self-adaptation, self-organization, associative 
memory, and simultaneously its non-linear pattern recognition 
technology is an efficient and feasible tool to solve complicated state 
identification problems in the gearbox fault diagnosis. Echavarria 
(2007) has been reconfigured the wind turbine system by means of 
qualitative physics in order to increase the availability of the system or 
subsystems without increasing service visits, economics, or complexity. 
The model use function-behaviour-state modelling and functional 
redundancy designer. The European project for increase of availability 
of wind turbine generators (EVW) has been stated the targets of project 
to construct knowledge failure causes’ database and life time prediction 
tool.  Also, Giebhardt, Rouvillian, Lyner, Bussler, Gutt, Hinrichs, 
Gram-Hansen, Wolter, and Giebel (2001) proposed a new predictive 
condition monitoring system for offshore wind turbines, and to 
standardise the condition monitoring items within the IEC61400 
standard.  
 
Onshore supportive operations 
The onshore support system or their sub-systems are performing a 
multi-function for service technology and management department. The 
responsibilities of such comprised department are including; fault 
analysis, modifications and upgrades, optimize maintenance activities 
and visits, 24/7 alarm handling and analysis, and finally close 
collaboration with research and development department in 
manufacturing company for long-term improvement and with offshore 
support system for short-term actions like corrective and preventive 
maintenance activities. Mainly, there are three service concepts have 
been used with offshore wind energy sector; service agreement can be 
up to 20 years, service availability agreement focuses on optimizing the 
turbine throughout and availability warranty, long term program also 
covers parts defects for both minor and heavy components.  
 
 Diagnostics and prognostics and maintenance optimization system 
Commercially, the condition monitoring system and their proceeds 
activities like diagnosis, prognosis, incorporating maintenance, and 
maintenance optimization done be operating companies’ experts or 
external experts from consultant companies. In order to understand the 
importance of condition monitoring system Bruel & Kjaer (2008) 
presented that Bruel & Kjaer Vibro’s Surveillance Centre in Denmark 
was detected a coupling defect with more than a half-year lead-time to 

repair, using the adaptive monitoring strategy and alarm manager 
functionality. Some companies, for instance, NORDEX have been 
developed an integrated condition monitoring system take in consider 
the statistical wind data, the power curve of the turbine, technical 
availability and investment cost. The technical features of the 
developed system are mainly: round-the-clock accessibility, 24-hour 
remote monitoring and rapid reaction as Marciniak (2000) explained.  
Therefore, the offshore accessibility is a challenge and opportunities for 
the researchers in order to define the capable and optimal condition 
monitoring system. Becker and Schuhle (2006) has been explained that 
gearboxes, generators, toothing, roller bearings, rotors and electrical 
components have typical vibration patterns and significant damage 
characteristics that are particularly observable in the frequency spectra. 
And they have been developed a VIBNODE wind, it is small and cost 
effective CMS (condition monitoring system) for wind turbines, 
equipped with 12 analog inputs, 2 pulse inputs, 2 digital inputs and 3 
digital outputs. Using FFT analyzer, web serves and log-term memory, 
it employs HTTP to send e-Mails and measurement data.  
Commercially, the main output of the maintenance management 
approaches within wind power system is the condition monitoring 
system, while Commercial condition monitoring systems discussed by 
Yang and Tavner (2009) that can give frequent false alarms, whilst not 
giving alarms when real faults occur. For diagnostic module, Jardine 
(2005) comprehensively discussed different machine fault diagnostic 
approaches with emphasis on statistical approaches (statistical process 
control, cluster analysis, support vector machine, hidden markov 
model, etc) and artificial intelligent approaches (artificial neural 
network, fuzzy-neural networks, unsupervised neural networks, generic 
algorithms, etc) and model-based approaches. The Applied machine 
diagnostics within wind power systems with emphasis on practical 
issues was discussed by Hameed (2007). For prognostic module, Eggen 
(2009) defined residual lifetime estimation as a tool to long planning, 
where the technical condition of degraded component may run until 
failure occurs. Maximum like hood or least square methods are useful 
methods to estimate expected values for the sojourn times. Welte and 
Eggen, (2008) presented a Bayesian approach for estimating of sojourn 
time distribution parameters in order to utilize both data and expert 
judgement based on life time prediction models, operational statistics, 
and knowledge of specified technical condition as Eggen (2009), 
mentioned. The purpose is to estimate expected residual life time, 
failure probabilities and optimize inspection intervals. For optimization 
module, the optimization methods employed include linear and 
nonlinear programming, dynamic programming, markov decision 
methods, decision analysis techniques, search techniques and heuristic 
approaches described by Dekker (1996). Andrawus (2008) Have been 
investigated quantitatively the optimization application for wind turbine 
maintenance where they have been discussed the concept, relevance 
and applicability of the modelling system failures using Monte Carlo 
simulation and Delay-time maintenance model techniques. Sherwin 
(2003) has been explained that data analysis is prerequisite to 
formulating, and later updating optimal maintenance and plant renewal 
policies. The availability and cleanness of data - manually data 
entering- are the main factors to have effective practical optimized 
model. The question which arises in the wind power application is 
“have we sufficient and efficient data?” As a comparison with the 
OREDA Project as described by Langseth (offshore reliability data) 
where it is data collection programme that has been going on since the 
early eighties.  
 
Logistics challenges, technologies and practices  
Nnadili (2002) examined the logistical and inventory management 
challenges of floating offshore wind farm based on simulated-failure 
rate data of the studied wind turbine components. Therefore, available 
spare part is one challenge in terms of providing flexible solution to 
ensure a short lead time for spare parts delivery  



 

 
Offshore operations 
The main challenge within offshore support system is ensuring safe and 
efficient access. The operating conditions of current sites have waves < 
1.5 m Hs for 85% of year, and current access system suitable for 
Hs<1.5, where the expected future sites will be waves < 1.5 m Hs for 
58% of year which required new system to provide reliable access for < 
3.5 m Hs  as reported by Reflexmarine Company. How (2007) in his 
MSc thesis investigated that practically there are four maintenance 
categories related strongly to the current methods for transferring of 
crew to the turbine, even in mild sea state the transfer of crew and their 
equipment from a moving vessel is a challenging and dangerous 
operation. The main observation was that 67% of total maintenance 
activities are within first maintenance category. Jonsson (2008) has 
been presented that Wind forecast, SCADA, condition monitoring and 
scheduled maintenance are the main applied strategy. The 
recommended maintenance concept is towards reliability centred 
maintenance in order to understand the critical components and their 
identifiers, differentiating failure modes and aging parameters using 
proper database and statistical analysis to perform failure modes and 
effects analysis. Iffarth (2008) has been addressed the strategies, 
planning practices and logistics issues of repair and service 
management. Well-specified targets, workflow and structure of service, 
analysis tools, and service packages are the components to service 
companies achieve the highest customers’ satisfaction, optimum 
reliability and availability, high performance, and competitive prices 
and expenses of maintenance. Jeffrey (2008) has shown the applied 
blade maintenance and repair management strategy based on his 
company experience via 28 year where he noted that not all blades are 
manufactured equally, which stressing the importance of the need for 
operators to perform regular blade inspections and maintenance. 
Aerodynamics imbalances and dynamic imbalances lead to premature 
failure of wind turbine and its individual components knowing that 
approximately 20% of wind turbines have dynamic imbalance issues. 
Aerodynamic imbalances are due to erosion, relative deviation in angle 
of attack, cone angle or partition angle errors, and incorrect blade 
contour and twist. While, dynamic imbalances are due to clogged drain 
hole in blade tip, damaged blade resulting in water absorption and 
incorrect blade balancing in factory or following repair. Routine 
inspection and maintenance are required to ensure that minor and major 
damages are diagnosed early. Morgan (2003) summarized the operation 
and maintenance issues as related to site and season conditions. 
Primarily, method of access to the wind turbine and then technicians 
transfer to the nacelle and lifting operations are the main challenges in 
terms of ability to access, cost, and safety. Secondly, he highlighted the 
effect of sea ice on the operation and maintenance activities. However, 
there are other practical challenges as scheduling of operation and 
maintenance work for scheduled summer work and unscheduled winter 
work are a asset management challenge shall be solved and optimized. 
Vest Kran Windpower developed an innovative and supportive logistic 
solution for offshore wind power industries where Vest Kran offers its 
patented SEALOCK docking unit which it is easy to install and 
maintain.  Ingeteam (2006) presented that Ingeteam service has planned 
to carry out research and develop two technological advances for 
Spanish offshore wind farms; firstly, a tool to optimize the efficiency of 
operation and maintenance simulations. Secondly, new corrective, 
predictive and proactive maintenance approaches for offshore floating 
platforms. Pedersen (2009) presented a operational aspects for offshore 
wind power plants based on onshore field experiences taking in 
consideration the production, availability, scheduled and unscheduled 
maintenance, spare parts, consumables, and alarm-fault system. 
 
Systems integrity and Interfaces aspects 
The systems integrity largely relate to physical and functional failure 
analysis and their management. Based on the root cause failure analysis 

there are two types of causes: technical such as design, installation and 
quality and second one is operational cause of failure where the 
modification of the operational and maintenance procedure are the 
main problem-solving approaches used nowadays. Andrawus (2008) 
developed a hybrid model of reliability centered maintenance approach 
and asset life cycle analysis technique in order to identify possible 
failure modes, causes and resultant effects on system operation. El-
Thalji (2009), presented an integrated model of operation and 
maintenance system for wind power plant in general, where the main 
functional items has been allocated within logical structure. The best 
way to understand the interface between different distributed systems 
or sub-system is to have the interface architecture where the physical 
items shown in relation with each other in order to guarantee that the 
functional architecture working and performing the design objectives.  
This paper has been clarified the main interacted physical systems and 
their sub-systems and functional relations.  
 
Data and Communication interfaces  
Internationally, the concerted action on offshore wind energy in Europe 
CA-OWEE project group (2001), define that the highest priority in 
the short term for operation and maintenance is the safety of personnel. 
Another top priority task issue is to facilitate the remote control access 
of turbine control systems in order to investigate, rectify and re-set trips 
where possible. In the medium term, the development of operation and 
maintenance models should continue, particularly taking cognizance of 
operational data and experience, providing input data when choosing a 
suitable site specific maintenance strategy with recent advancements in 
SCADA technology, condition monitoring in order to explore 
innovative maintenance strategies. Five types of knowledge were 
determined by Becher (2008) are essential to make the tele-
monitoring reliable; knowledge regarding the functional and structural 
configuration of wind turbine, knowledge regarding the diagnosis 
parameters and their tolerance ranges, knowledge regarding the 
interaction of individual wind turbine subassemblies being monitored, 
knowledge regarding the possible faults in and damage to individual 
subassemblies, knowledge regarding the operational and machine 
related vibration effects, the applicable diagnosis procedures. 
Obviously, the communication systems are strongly related to electrical 
transmission systems and their items; submarine cable based on cross 
linked polyethylene (XLPE) technology, medium and high voltage 
wind farm connections for both onshore and offshore, accessories and 
fibre Optic based monitoring with real time thermal rating system 
(RTTR) as described in NKT Cables Company. In order to minimize 
the electrical transmission losses and the cable costs, the turbines in 
offshore wind farms are electrically connected to an offshore substation 
provided with step-up transformer and transmit to onshore by an 
HVAC connection or an HVDC link. The other type of interface is the 
Interface with ecological system. Weinzettel, Reenaas, Solli, and 
Hertwich (2009) investigated the environmental impacts of floating 
offshore wind power plants in compare to anchored offshore plants. 
Michler-Cieluch, Krause and Buck (2008) explained the interfaces of 
both operation and maintenance activities and maritime activities and 
integration benefits and management possibilities. Becker and Poste 
(2009) observed that field experience indicates that a certified condition 
monitoring hardware system does not necessarily lead to reliable fault 
diagnosis; the result even depends on correct installation, 
parameterzing, and implementation of the online CMS, as well as on a 
rapid and appropriate response to notifications of change in condition.  
Thus, mainly, it affected by weather and operating condition change. 
Another example for changeability is within warranty period, the owner 
company of wind farm shall have specific  service agreement with 
service company, the main issue will raise up to surface once the 
warranty period finish, the owner could extended the service 
agreement, change to other one, or try to have in-house service in his 
company.  



 

CONSOLIDATED SUMMARY AND CONCLUSIONS 
 
The main critical observations which have been extracted through the 
review work can be summarized as follows: (1) Most of research and 
development activities are related to structure however the turbine 
development for offshore environment is not fully fitted to the selected 
site. (2) There are  some missing stakeholders’ together with their 
experiences in the design process which impact the  whole life cycle 
asset management. (3)In most cases the data extracted from operating 
onshore parks not based on real offshore data. (4)The operation and 
maintenance cost shall be derived based on empirical studies with a 
classified and well-described context of operations.   
Over the last 15 years, the oil & gas sector in the North Sea has had 

longest to prove what is possible for integrating asset management, 
starting with the wake-up calls of the late 1980’s: the Piper Alpha 
disaster, the oil price crash, Lord Cullen’s recommendations on 
risk/safety management, market globalization and so on. These forced a 
fundamental reappraisal of their fragmented business models and focus 
on the ‘joined-up thinking’ and operational efficiency. Nowadays, the 
real development and practices within offshore wind power sector are 
showing considerable indications for fragmented rapid development, 
mainly, it is due to that there is certainly a big contrast between merely 
‘managing the assets’ which many companies would feel they have 
been doing, and the integrated, optimized whole-life asset management 
of physical, human, intellectual, reputational, financial and other assets. 
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