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Abstract 
The purpose of this thesis is to examine performance based contracting, an approach to 
operation and maintenance contracted services successfully applied to other industries, 
and to point out its potential as a solution to the need for change in the wind power 
operation and maintenance services market: a conceptual adaptation of performance 
based contracting to wind power projects is proposed. 
 
Wind power installed capacity, both onshore and offshore, has grown at a constant high 
pace in the last ten years and, excluding hydropower, wind energy is today the most 
developed renewable energy source. Although 2010 has been characterized by a 
decrease in annual installations global installed cumulative wind power capacity 
experienced an increase of over 24% and amounted to 197GW. 
 
As the wind power industry grows, so does the number of companies entering the 
valuable operation and maintenance market. Operation and maintenance services are 
one of the main elements of cost in the life cycle cost of a wind power project: they can 
offer long term cash-flows and good margin profits to service providers. 
 
By adopting performance based contracting the client wants to ensure that the delivery 
of managed services is linked to the ability of the contractor to achieve, sustain and 
generate profits. To achieve this, the service provider must be willing to expose its own 
profit to the risk related to the performance: on the other hand the client will provide a 
portion of funds as an incentive outside and beyond the profit margin agreed for 
minimum levels of performance. This creates a scenario of risk and return according to 
which the service provider will operate, assuring to provide increasingly high-quality 
services.  
 
Measures of performance of wind power projects that can be used as drivers to 
determine possible service level agreements and key performance indicators are 
identified and explained. 
 
Benefits and advantages of applying performance based contracts to operation and 
maintenance of wind power projects are considered, together with potential threats and 
challenges for the industry and the various stakeholders involved. 
 
The study was carried out through literature review, interviews with major actors as 
found on trade magazines and journals, data from official bodies of knowledge and the 
personal experience of the author in real estate industry. 
 
It concludes that performance based contracting would contribute to foster wind power 
operation and maintenance market competition and would probably spark the transition 
process from a seller market to a more balanced market. 
 
 
 
Keywords: wind power, service, operation, maintenance, contract management, 
performance based contracting, performance measuring, availability, downtime, 
incentives, disincentives, revenue, SLA, KPI. 
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1 Introduction 
Global annual installations of wind power generating capacity have grown steadily over 
the last 15 years together with a corresponding growth of the Operation and 
Maintenance function as a recognized subsector of the wind industry and one of the 
major elements of cost control efficiency spread over the life cycle of wind turbines.  
 
According to the European Wind Power Association (EWEA) annual installations in 
Europe have increased from 814 MW in 1995 to 9,295 MW in 2010, an annual average 
market growth of 17.6% (Fig.3) [1]

 

. In Europe 86279 MW cumulative wind power 
capacity had been installed by the end of 2010 and during 2009 more wind power 
capacity was installed in Europe than any other electricity generating technology, it 
summed up to 39% of total 2009 installations.  

According to Global Wind Energy Council report “Annual market update 2010” global 
cumulative wind power installed capacity in 2010 has been characterized by a growth of 
24.1% and builds up to 197.0GW installed capacity [2] 

 

and although 2010 was the first 
year since 2007 that wind power did not install more than any other generating 
technology, offshore wind power in Europe broke a record with 883 MW new installed 
capacity. 

Annual offshore capacity in Europe has been gradually increasing since 2000 and in 
2010 it represented 9.5% of all new wind power installations (in MW). 

1.1 Wind power operation and maintenance contracts   

[1] 

With the end of warranties, all future failures in any critical part of the wind turbine 
(e.g., gearboxes, generators, blades, etc.) will be the responsibility of the owner. At the 
end of warranty agreements, inspections become crucial and independent service 
providers are regarded as a very reasonable choice to perform such a task. Operators are 
then challenged, and they will be in the coming years, to make decisions on how to best 
manage operation and maintenance of their turbines. 
 

[3] 

Marty Crotty, president of AES Wind Generation, in an article in Windpower Monthly 
expressed his concerns about the fact that wind turbine testing is carried out by Original 
Equipment Manufacturers (OEMs) only during commissioning while some key 
adjustments (e.g., precise anemometer calibration, pitch and yaw system programming 
and other parameters) are best assessed during warranty period: in his words "OEMs are 
not focused on operating the turbines as efficiently as we would like them to be." 
 

[3] 

The cautious banking sector requires increasingly longer service contracts for lending 
project construction money and this is one reason why manufacturers are growingly 
interested in services and determined to compete with independent service providers for 
a big share of the market. Until two or three years ago OEMs offered short service 
contracts together with wind turbines sales of not more than five years. Now that wind 
turbine sales have slowed down, but also to diversify business, OEMs are moving 
aggressively into Operation and Maintenance (O&M) services because these can offer 
good margins and long term cash flow. 
 

[3] 

"Three years ago, when we bought turbines, a lot of suppliers said we'll provide the 
parts but that's all we'll do. Now there are ten-year service contracts on the table," said 
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Scott McBride, regional operations manager for Padoma Wind Power, speaking at a 
recent conference on O&M hosted by the American Wind Energy Association 
(AWEA). 
"This industry is changing very fast and this [O&M] is one area where it's changing 
especially fast". "It's driven by everyone: by lenders for risk aversion, and by operators 
and a desire for stability in the workforce." (Jeff Wiener, global sales & commercial 
manager, GE Wind Services) 

[3] 

In the same interview by Jesse Broehl (Windpower Monthly) Wiener also said how at 
GE they realized that the changing market requires change and flexibility from the 
company. 

[3] 

1.2 Economics of wind power O&M 

[3] 

According to EWEA the value of 9,295 MW of wind power capacity installed in Europe 
during 2010 is worth some €12.7 billion. 
 
EWEA identifies the following as the main factors governing wind power economics: 

• Investment costs, including wind turbines, foundations and grid connection 

• Operation and maintenance costs 

• Electricity production/average wind speed 

• Turbine lifetime 

• Discount rate 

• Power purchase agreement* 

Of these, the most important parameters are the wind turbines’ electricity production 
and their investment costs. There are no fuel costs in generating electricity from wind 
power. Operation and maintenance (O&M) is one of the principal cost elements and one 
that is present during the whole life cycle of the wind turbine. O&M costs include 
regular maintenance, repairs, insurance, spare parts and administration, but also 
performance monitoring. Because not many machines are more than 20 years old, data 
on O&M are not always available, or comparable. For a new machine, O&M costs 
might have an average share over the lifetime of the turbine of about 20-25% of total 
levellised cost per kWh produced. 
 

[4] 

It has been calculated by Marty Crotty (AES Wind Generation) that reducing 
maintenance costs on a $100 million wind power project by $10,000 per year results in 
$6 million of savings in net-present-value (NPV). NPV is a method to appraise an 
investment or a project taking into account revenues and costs incurred over its lifetime. 
Similarly, a 1% improvement in the energy production of a 100MW wind project equals 
$2 million NPV. [2] 
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Fig.1 – Economics of wind service market (Frost and Sullivan) 

 

In 2008 the business research and consulting firm Frost&Sullivan published a report 
(“Detailed Analysis of the European Renewable Energy Services Market – 
Frost&Sullivan”) claiming the value of the European O&M market would grow from 
€1.6 billion in 2007 to €4.6 billion in 2014 (Fig. 1), which estimation means nearly a 
threefold increase expected in a few years time. [5]

 
  

 
*A Power Purchase Agreement (PPA) is a contract between two parties, where the provider is typically 
an independent power producer (IPP) and the buyer a power purchaser. PPA is not appropriate for 
utilities regulated by the government. Commercial PPA providers can enable businesses, schools, 
governments, and utilities to benefit from predictable, renewable energy 
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2 Background description: wind power O&M service sector 
 

As we have seen the wind power industry has grown extensively in Europe in the last 
decade: it is still growing as well as the number of companies moving into the 
operations and maintenance service market. Although the service market is dominated 
by the wind turbine manufacturers, third party independent service providers (ISP) are 
emerging and want to take growing shares of the business. Today many wind power 
companies (mostly utilities, either publicly or privately owned) keen to manage their 
own O&M services are still confronted by the “opposition” of large wind turbine 
manufacturers, which are also suppliers of service and maintenance and, as mentioned, 
still dominate the market. Most suppliers of wind turbines usually offer a warranty time 
of 2-5 years and about 5 years service and maintenance contracts.  
 
When interviewed by Philippa Jones for Windpower Monthly, on 14 June 2010, Frost 
and Sullivan wind industry market analyst Gouri Kumar, said they were updating the 
2008 Frost and Sullivan report in which wind turbine manufacturers had a 70% share of 
the market and ISPs 25%: in the new report ISPs would gain a larger market share. The 
significant growth of the O&M market in recent years is a key indication of its 
importance in the wind power industry and for wind developers in particular. (Gouri 
Kumar - Frost and Sullivan) 
 

[5] 

The wind power industry operation and maintenance service market has been, until 
recently, dominated mostly by large manufacturers who offered Cost-Plus-Fixed-Fee 
O&M contracts. The operator pays a fixed fee for limited services plus reimburses the 
contractor for incurred costs as specified in the contract. Sometimes wind turbine 
availability guarantees were included in those contracts, but it was not normal 
practice.
 

[5] 

According to Simon Luby, advisory services manager at renewable energy engineering 
consultancy Sgurr Energy, "If a wind farm is project financed, this will influence the 
approach to maintenance strategy, contracts and budgets. Project finance also requires a 
long-term view and confidence - years six to ten and more importantly from year ten out 
to the end of the loan period - with regard to renewing or replacing maintenance 
contracts with acceptable alternatives, backed by robust budgets and contingencies." 
(interviewed by Philippa Jones – Windpower Monthly - How to find the right 
maintenance contract – 14 June 2010).
 

 [5] 

Insurance companies and banks seem to be interested in long term service and 
maintenance contracts (i.e. 10 years or longer). In times of economic crisis the former 5 
years contract might not be enough. 
 
Wind power operation and maintenance service market seems to be at a turning point 
and a different approach to contracts is needed which can bring benefits to the different 
actors involved. 
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3 Research objective 
 

The purpose of this thesis is to examine the concept of Performance Based Contracting 
(PBC): performance based maintenance contracts are extensively applied in other well-
established industries, for example by transportation agencies and in the real estate 
sector (i.e. rented property).  
 
PBC is explained and reasons why it can be successful in the wind power industry are 
given: this approach applied to wind power can guarantee longer term service 
agreements and boost wind power O&M services market competition.  
 
It will try to investigate whether the wind power industry has reached a level of 
development that allows for such an approach to service contracts and whether 
developers would be happy to pay an incentive for higher availability (97% or more). 
It will show why performance based contracting could be of interest to different 
stakeholders in the wind power sector and that the O&M service market itself could 
benefit from its application: the purpose of performance based contracting is to obtain 
better performance and/or lower costs. 
 
It means to suggest careful consideration for this form of contracting, with the goal to 
create awareness in the industry of potentially beneficial alternatives to the current 
ordinary practices. 
The following are some questions that stand behind the purpose of this work: 
 
What is performance based contracting? 
Is the wind power industry reaching a turning point with regard to O&M strategies?  
What happens at the end of the (usually 2 to 5 years) warranty period? 
What’s the value of installed capacity that is or will soon be at the end of the warranty 
period? 
Can PBC be adapted to wind power projects? 
What are the challenges for PBC in the wind power O&M market? 
What parties would be affected by performance based O&M service contracts? 
Can PBC be an answer to the needs of the market? 
Are independent service providers able to offer such contracts? 
What happens offshore? 
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4 Theory and Methods 
 
This paper is based on review of existing literature on performance based contracting in 
the transportation and real estate (building management) sectors, articles and interviews 
with stakeholders as found in trade magazines, data from official bodies of knowledge 
and the personal experience of the author with performance based contracts in the real 
estate industry.  
 
Both primary and secondary data are collected. When possible primary data will be 
used, i.e. data obtained directly from the source.  
 
Due to limited time only the onshore wind turbine industry is considered, except for a 
short paragraph intending to give a brief description of the offshore wind power market 
and pointing out some of the peculiarities of operation and maintenance services in an 
offshore environment. 
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5 Operation and Maintenance 

5.1 Definitions 

The term maintenance means “care or upkeep, as of machinery or property” (i.e. “the 
work of keeping something in proper condition”) and maintenance service can be 
described as all the actions and activities carried out to assure the object of the services 
(e.g., the built environment, equipment, systems, etc.) will safely perform the functions 
for which it was built or constructed. A facility, a machine or a power plant need to be 
maintained in order to operate efficiently. 
 

[6] 

 “Maintenance covers a range of activities aimed at reducing the occurrence of failures, 
ensuring satisfactory operation and productivity, and extending the life of plant 
equipment. Maintenance can either be planned or unplanned (e.g., break-down). A 
range of planned maintenance strategies are in common use” (summary adapted from 
AIRAH, 2001). [7]

 
  

Following is a more complex definition of operation and maintenance with regard to 
building management which also touches on concepts relevant to wind power 
installations like profitability, reliability and efficiency: 
 
“Building O&M is the ongoing process of sustaining the performance of building 
systems according to design intent, the owner’s or occupants’ changing needs, and 
optimum efficiency levels. The O&M process helps sustain a building’s overall 
profitability by addressing tenant comfort, equipment reliability, and efficient 
operation” 

5.2 Planned and unplanned maintenance 

[8] 

A major distinction can be made between planned or unplanned maintenance and 
consequently two major types of maintenance are identified either as preventive 
maintenance or corrective maintenance. 
 
In a preventive maintenance cycle, equipment is maintained before it breaks down: 
condition monitoring, inspections and maintenance activities are carried out according 
to a (planned) schedule and reports are periodically issued. The main goal of performing 
preventive maintenance is in fact to prevent the occurrence of failure, but also to avoid 
production losses and safety violations. The downside of preventive maintenance is that 
often maintenance is performed that was unnecessary and of course there is no 
guarantee that downtime will not occur. Preventive maintenance checks can sometime 
require the system to be down, leading to so called scheduled downtime. 
 
Preventive maintenance could be further divided into periodic maintenance (periodic 
inspections, cleaning, etc.) and predictive maintenance (based on condition monitoring, 
tries to use the equipment to the limit of its service life). 
 
Corrective maintenance instead is carried out after breakdown in order to restore 
operating conditions and possibly prevent repeated problems. This type of maintenance 
is usually cheaper than preventive maintenance, with the obvious limitations of 
potential production losses due to downtime. It is slightly different than ordinary 
breakdown maintenance. 
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A cost-effective analysis can help investigate the importance of failure and wearing out 
of items and eventually the cost of replacement. Safety is also an important issue to be 
considered when dealing with operation and maintenance. 
 
It is convenient here to mention also a special form of breakdown maintenance called 
reactive maintenance: it is based on preparedness to upcoming failures and involves 
high investments in resources (e.g., spare parts). 
 
Usually both scheduled and unscheduled maintenance activities are carried out by the 
service provider. As we have mentioned preventive maintenance does not eliminate 
breakdown, but it can reduce the risk and frequency of occurrence of it. 
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6 Performance based contracting 
 
This section, after defining what a contract is and shortly describing some of the most 
common types of contracts used in the engineering and construction industry, will give 
an insight on what performance based contracting is, where it is used successfully, what 
are potential threats related to its use, what can be measured and how we can measure it.  

6.1 Types of Contract 

Simply defined, a contract is a legally binding agreement between two or more 
competent parties in which an offer is made and accepted. [9]

 

 In other words it is an 
agreement with specific terms in which one party promises to do something in return for 
a valuable benefit. 

Because the law of contracts is one of the most significant areas of legal concern it is a 
very complex subject which is outside the scope and purpose of this work. 
 
“The existence of a contract requires finding the following factual elements: a) an offer; 
b) an acceptance of that offer which results in a meeting of the minds; c) a promise to 
perform; d) a valuable consideration (which can be a promise or payment in some 
form); e) a time or event when performance must be made (meet commitments); f) 
terms and conditions for performance, including fulfilling promises; g) performance. A 
unilateral contract is one in which there is a promise to pay or give other consideration 
in return for actual performance.” [10]

 
  

A wide variety of contract types are in use in different industries. Without going into 
significant detail they can be mainly classified in four major categories: Fixed price 
contracts (a price is decided and fixed), Cost reimbursement or cost plus contracts (e.g., 
cost plus fixed fee, cost plus percentage fee, etc.), Incentive types of contract (e.g., cost 
plus incentive fee, fixed price incentive, etc.), all other forms of contract. 
 
The following is a short description of the most commonly used contracts in the 
construction industry as defined by the Business Dictionary (online): 
 

• A Lump Sum contract is a “contract under which a principal (customer or 

owner) agrees to pay a contractor a specified amount for completing work 

without requiring a cost breakdown” 

 

[11] 

• A Unit Price contract is a “construction contract in which the client or owner 

pays a fixed sum for each completed unit of work.” 

 

[12] 

• A Cost Plus contract is a “contract under which a contractor is reimbursed for 
the costs incurred, and is paid an agreed upon percentage of such costs as 
contractor's profit.” 
 

[13] 

http://www.businessdictionary.com/definition/contract.html�
http://www.businessdictionary.com/definition/principal.html�
http://www.businessdictionary.com/definition/customer.html�
http://www.businessdictionary.com/definition/owner.html�
http://www.investorwords.com/8794/agree.html�
http://www.businessdictionary.com/definition/pay.html�
http://www.businessdictionary.com/definition/contractor.html�
http://www.investorwords.com/205/amount.html�
http://www.businessdictionary.com/definition/work.html�
http://www.businessdictionary.com/definition/cost.html�
http://www.businessdictionary.com/definition/breakdown.html�
http://www.businessdictionary.com/definition/construction-contract.html�
http://www.businessdictionary.com/definition/client.html�
http://www.businessdictionary.com/definition/owner.html�
http://www.businessdictionary.com/definition/pay.html�
http://www.businessdictionary.com/definition/sum.html�
http://www.businessdictionary.com/definition/completed.html�
http://www.businessdictionary.com/definition/unit.html�
http://www.businessdictionary.com/definition/work.html�
http://www.businessdictionary.com/definition/contract.html�
http://www.businessdictionary.com/definition/costs.html�
http://www.businessdictionary.com/definition/incurred.html�
http://www.investorwords.com/3569/paid.html�
http://www.investorwords.com/8796/agreed.html�
http://www.businessdictionary.com/definition/contractor.html�
http://www.businessdictionary.com/definition/profit.html�
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• Cost reimbursement contract is a “contract under which allowable and 

reasonable costs incurred by a contractor in the performance of a contract are 
reimbursed in accordance with the terms of the contract.” 
 

[14] 

• Incentive type contracts are “fixed price or cost reimbursement contract in which 
a target cost, price, or fee (profit) is used as a point of departure for various 
monetary-incentives (subject to a maximum amount). After completion of the 
contract, the incentive payment is computed on the basis of the contractor's 
actual cost plus a sliding scale of profit. The profit varies directly (in case of cost 
underrun) or inversely (in case of cost overrun) with the difference between the 
contract cost and the maximum allowable cost.” 

 

[15] 

Cost plus contracts are often used when some areas of the contract are characterized by 
uncertainty (over costs, the scope of work, the amount of work needed, etc.) and the 
contractor is requested to record (and report) all the activities carried out, costs, time, 
resources and material spent, etc. Some common forms of cost plus contract are as 
follow [16]

 
: 

• Cost + Fixed Percentage Contract 

• Cost + Fixed Fee Contract 

• Cost + Fixed Fee with Guaranteed Maximum Price Contract 

• Cost + Fixed Fee with Bonus Contract 

• Cost + Fixed Fee with Guaranteed Maximum Price and Bonus Contract 

• Cost + Fixed Fee with Agreement for Sharing Any Cost Savings Contract  

http://www.businessdictionary.com/definition/contract.html�
http://www.businessdictionary.com/definition/reasonable-cost.html�
http://www.businessdictionary.com/definition/incurred.html�
http://www.businessdictionary.com/definition/contractor.html�
http://www.businessdictionary.com/definition/performance.html�
http://www.investorwords.com/8749/accordance.html�
http://www.businessdictionary.com/definition/term.html�
http://www.businessdictionary.com/definition/fixed-price.html�
http://www.businessdictionary.com/definition/cost-reimbursement-contract.html�
http://www.businessdictionary.com/definition/target-cost.html�
http://www.businessdictionary.com/definition/labor-rate-price-variance.html�
http://www.businessdictionary.com/definition/fee.html�
http://www.businessdictionary.com/definition/profit.html�
http://www.businessdictionary.com/definition/subject-to.html�
http://www.investorwords.com/10294/maximum.html�
http://www.investorwords.com/205/amount.html�
http://www.businessdictionary.com/definition/completion.html�
http://www.businessdictionary.com/definition/contract.html�
http://www.businessdictionary.com/definition/incentive.html�
http://www.businessdictionary.com/definition/payment.html�
http://www.investorwords.com/9376/cut_down_on.html�
http://www.businessdictionary.com/definition/contractor.html�
http://www.businessdictionary.com/definition/actual-cost.html�
http://www.businessdictionary.com/definition/plus.html�
http://www.investorwords.com/11115/sliding_scale.html�
http://www.investorwords.com/9454/directly.html�
http://www.businessdictionary.com/definition/cost-underrun.html�
http://www.businessdictionary.com/definition/cost-underrun.html�
http://www.businessdictionary.com/definition/cost-overrun.html�
http://www.businessdictionary.com/definition/cost.html�
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6.2 Performance based contracts 

Performance Based Maintenance Contracts are Asset Management Contracts that 
provide incentives and/or disincentives to the contractor to achieve desired results; in its 
purest form, Performance Based Contracting (PBC) does not detail how, when, or 
where to do the work, but it does measure success. 
 

[17] 

Basically a performance based contract is a form of incentive type of contract in which 
the contractor is not paid based on the methods used for performing the work, but is 
paid based on the results achieved. PBC provides disincentives, incentives, or both to 
the contractor for achieving or exceeding agreed performance standards or targets for 
measurable outcomes. Measures of performance are often expressed in terms of levels 
of service, defined by Service Level Agreements (SLA) and represented by specific 
rating scales usually corresponding to the outcomes of a particular type of maintenance 
service, through also agreed indicators of performance called Key Performance 
Indicators (KPI). Measures may also be, and often they are, expressed in response 
times. The incentives or disincentives can consist of increases or reductions in payments 
for respectively exceeding the desired targets or falling short minimum standards 
defined in the contract. 
  
Transportation and real estate (e.g., investment property) are two sectors that make an 
extensive use of performance based contracts for various reasons: first of all it is of 
course because of the potential to increase the quality of service but also because these 
are often long-term contracts with fairly predictable payments to contractors and 
therefore they are keen to lead to expenditure stability. There is also an opportunity of 
sharing risks with or shifting risks to contractors, an example being the highway sector 
where performance based contracts usually are based on a fixed price plus deductions 
for failing to meet agreed standards and sometimes incentives. 
 
The concept behind performance based contracts is effective partnering between the 
parties, which translates into potential benefits. If the contract term is long enough it 
creates the ability to minimize life cycle costs. Allowing the contractor the freedom to 
use any method to meet performance specifications rather than give strict method 
specifications is a way to promote innovations (innovations can range from work 
method to equipment, materials used, but also computer systems and applications, 
communications, etc.). 
 
Conversely when the parties (i.e. the company or agency requesting the service and the 
service provider) are not familiar with this approach the significant change in culture 
required by both partied could represent an obstacle as well as the adjustments required 
when going from ordinary methods to performance based contracting. Other obstacles 
to PBC could be a lack of experience of the parties with this form of contract, negative 
experience on first try or insufficient contractor capacity. 
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6.3 Advantages and disadvantages of PBC 

Advantages  

One clear advantage for buyers entering a performance based contract is a potential 
reduction in costs: for example it is very common for facility management companies to 
be rewarded with a share of the reduced cost of energy or reduced cost of rent when 
space management is applied properly. Sometimes it is the case that there is an increase 
in costs for the buyer who is anyway willing to pay it if it is a consequence of improved 
levels of service. The advantage of transferring part of the risk to the contractor has 
already been mentioned as well as that PBC represents a chance for progress as it allows 
innovation. It also tends toward more integrated services and enhanced asset 
management: terms like integrated facility management or total facility management 
have become very common in the real estate industry as it is more and more common 
for big multinational companies to have one single provider of maintenance services 
throughout the world. In the long term it may also pave the way to economies of scale 
and life cycle costs reductions. 

Disadvantages 

[17] 

Because successful PBC requires long term contracts it means a more costly and time 
consuming procurement process: buyers want to be sure that they are binding 
themselves to a contractor that has sufficient capacity (both financial and technical) to 
accomplish the tasks object of the contract and to do so at the agreed conditions of 
course. The long term binding may also translate in a reduction of competition for the 
provider who might then feel secured and in the long term loose enthusiasm in 
exceeding minimum targets. 
 
The questions when considering PBC could then be whether it is worth the cost, 
whether it provides a reduction in costs while the level of service remain the same, 
whether service levels improve for the same cost or, in the best case, whether costs 
decline and service levels improve. 
 
Service levels may concern a single maintenance activity or numerous maintenance 
activities: in both cases performance criteria (i.e. Service Level Agreement) and a 
system of rating (i.e. Key Performance Indicators) must be identified which reflect for 
example the state of the asset, the response of maintenance service and also safety and 
environmental issues. The levels of service can then be examined in bar charts: if the 
service level of most activities or assets goes up an overall improvement of the level of 
service can then be acknowledged. Frequently performance standards are set at levels 
that assure excellent conditions of the asset. 
 

[17] 

Sometimes, for example when an asset is in poor shape and needs to be repaired the 
contract maintenance starts once the asset is in full service: consequently improvements 
in the level of service cannot be observed in the first stages.  
 
Generally PBC is considered cost saving, even though this is difficult to substantiate 
here due to difficulties accessing documentation and also because the use of PBC results 
in improved service levels which may even be originated by an increase in costs. It can 
be concluded then that it is the benefit-cost equation that should be taken into account or 
in other words the value for money as a ratio of the change in service levels over the 
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change in costs. It is also important to view the long term potential benefits, i.e. the life 
cycle cost analysis.  



18 
 

6.4 Risk 

An anticipated benefit of performance based contracting is that part of the risk can be 
shared with or shifted to the contractor.  
 
Examples of risks can be a short-term focus that fails to minimize long-term life-cycle 
costs or difficulty in procuring the resources needed to perform the work (e.g., 
specialized labour). 
 
Usually contracts produce better outcomes when they provide for deductions when 
performance targets are not met and positive financial incentives when targets are 
exceeded. By lengthening the period of performance, the risk that a contractor will 
ignore long-term goals (e.g., minimizing life-cycle costs) can be reduced. Usually, long-
term contracts allow the contractor to better amortize facility and equipment costs. 
Prequalification processes are also used to further minimize risks. 
 
It is of the utmost importance to understand that performance based contracts can better 
be seen as a partnership between contracting agency or company and contractor and that 
shifting too much risk to the contractor side can result in negative effects. 

6.5 Steps to Performance Based Contracting 

[17] 

Besides the ordinary steps that lead to any sort of contract when planning a performance 
based maintenance service contract some other steps must be the subject of careful 
consideration to make sure that all aspects of the contract meet specific targets. It is not 
uncommon for companies who decide to adopt a performance based maintenance 
contract to first engage a consultant that will assist in the definition of tender 
specifications and the service provider selection process. 
 
Some aspects that need consideration could be what type of maintenance and what 
assets will the contract comprise, also in relation with how the assets are geographically 
distributed: it is important that if a provider is contracted it has sufficient resources to 
successfully carry out the services object of the contract. 
 
An inventory and a technical due diligence of the assets included is also fundamental, 
although some bidders may want to carry out themselves a due diligence. Together with 
the scope of work the expected levels of service should be clearly stated as well as the 
criteria that will be applied to measure provider performances: it requires here a certain 
level of flexibility and both parties should be open to renegotiate during the term of the 
contract. The statement of work must be created in terms of measurable outcomes and 
describing in detail what desired services shall be performed and how well in order to 
meet requirements (in terms of timeliness, quality and quantity).  
 
A performance based contract imply a lot of record keeping and reporting which should 
be clearly defined from the very beginning as well as the inspection system for 
assessing the conformance of the contractor to the agreed performance levels: it is good 
to identify how and with what frequency audits will be carried out. 
Of course one of the main peculiarities of this kind of contract is the definition of 
payment criteria and of the possible incentives and/or disincentives (how and when they 
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will apply). Precisely stated expectations can guarantee that appropriate performance 
quality levels are achieved. 
  
Once potential contractors have been identified it is good practice to organize a pre-bid 
meeting for consultation, exchange of information or discussion. Usually performance 
contracts include preventive maintenance, routine maintenance, programmed 
maintenance, and demand-responsive maintenance. [17]

 
  

6.6 Measures (SLA and KPI) 

It is fundamental in performance based contracting that there is a clear understanding, 
and full agreement, between owner and contractor, over what types of measures will be 
used and over what will be measured. But what can be measured? 
  
Three major types of measures are the following: the resources used to perform the 
tasks (e.g., human resources, equipment, etc.), outputs (how much work gets done) and 
outcomes (i.e. results obtained from the work done by available resources). It is 
important to take into account also external variables that can influence performance, 
i.e. those variables which are out of the control of the parties, such as adverse weather 
conditions etc. 
 

[17] 

Multiple types of measures are often combined in one contract. In the transport sectors 
(i.e. Road maintenance) for example, outcome and output measures can be combined 
along with method specifications. In the real estate industry (investment property) 
response times are frequently used as measure of performances while energy savings, a 
reduction in number of reactive maintenance required etc. can be used to calculate 
incentives and disincentives. However, both in transportation and real estate, the trend is 
toward elimination of method specifications and service and maintenance contract are 
increasingly focused on customer-oriented outcomes. 
 
Experts are divided on whether a few, well chosen, essential measures should be 
preferred to many comprehensive measures. The first approach favors simplicity and 
manageability while the second although being thorough and complete can lead to 
complex contracts. Different sectors and different countries use different approaches to 
performance measuring; it depends of course also on the nature of the contract. Very 
often response times are a measure of contractor performance. The level of service to be 
achieved and the performance measures are thus the core of a performance based 
contract. 
 
Establishing the expected level of performance thus assumes a fundamental role which 
can be done in different ways: one way is benchmarking, to investigate what direct 
competitors ask from their contractors or what has been achieved so far in the industry. 
Another way could be to set temporary goals, for example based on buyer wishes (and 
agreed upon by contractor), or start by measuring contractor performances and then 
continuously adjust using information from obtained results. PBC at its best is a 
dynamic process, continually evolving for better meeting and, whenever possible, 
improving customer expectations without excessively straining contractor resources. 
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It is of the utmost importance that the targets set besides be measurable also be realistic 
and agreeable by both parties in the contract from the very beginning of the contracting 
process. 
 
It is interesting to mention here that it is becoming common in other markets (e.g., 
facility management) to establish a sort “Partnership Board” where all stakeholders can 
discuss problems that lie ahead. The purpose of a table of Partnership is to create joint 
strategic planning, integrate the operational guidelines to follow, monitor the efficiency 
of service delivery and attain a shared interpretation of the contract. The main tasks of a 
table of Partnership concern the definition of shared service levels (Service Level 
Agreement: SLA) and criteria for measuring and value the results. A system of 
performance measurement is an instrument which, starting from the level of service 
provided (SLA), the performance indicators (Key Performance Indicator: KPI) and data 
collected allow to measure performance results.  
 
SLAs define the scope and parameters for measuring the quality of service and 
penalties and rewards involved. It is a dynamic process in which the range and method 
of variation of some variables are defined: as a consequence the changes may affect 
both the performance, and therefore the expected level of performance, and the services 
and thus the contents of the service and/or the establishment of new services.  
 
The KPIs are used to simplify a complex reality and are defined by SLAs that in turn 
define the range within which the value of performance indicators may fluctuate (see 
fig. 2 for example). KPIs may be based on objective measurements, e.g. reaction time, 
or subjective observations (e.g., customer satisfaction). KPIs can also be changed as 
new requirements arise. From this, and assuming that everything that can be measured 
can be also improved, the importance of a system of performance measurement in 
achieving a successful performance based contracting that takes into account market 
developments and that is based on continuous improvement, benchmarking activities 
and the achievement of a relationship between the parties that is closer to a partnership 
than it is to a traditional client-supplier kind of relationship. 
 
It can thus be concluded here that the main rule to follow when planning a performance 
based service and maintenance contract is to make sure that it meets the needs of the 
buyer and that it can be fulfilled by the vendor. A balance must be found in order for 
both to be satisfied because it is a kind of bonding relationship in which both parties 
have to gain shall it work properly and both parties have to lose shall it not. 
Performance based contracts must therefore be flexible contracts in order to adequately 
respond to market changes. 
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6.7 Incentives and disincentives 

Incentives and disincentives are used in performance based contracting as a way to 
encourage the contractor to achieve the desired targets for outcomes or level of 
performance. Incentives and disincentives can be used in combination, but often only 
one or the other is used. Incentives usually involve financial benefits, but contract 
renewal is also possible as a form of reward. Disincentives most frequently imply a 
deduction for failing to meet targets or to comply with contract terms. 
 

[17] 

An example of the performance evaluation system using KPIs and relative incentives or 
disincentives allowed to contractor in a hypothetical cost- reimbursement performance 
based contract are illustrated in Fig. 2.  
 

 

 

 

 

 

 

 

 

Figure 2 – Example of common payment criteria for a performance based contract 

(by Author) 

 

The data collection can be done jointly by both parties to make sure the evaluation is 
performed appropriately, which seems to be the best approach also with regard to the 
achievement of the afore mentioned partnership sort of relationship between parties. 
 
Different approaches are also possible in monitoring and evaluating the contractor in 
order to determine whether incentives are to be awarded or deductions (i.e. 
disincentives) applied: the contractor can be allowed self monitoring and through 
periodic reports (usually monthly and annual reports are requested) inform the client 
about achievements, costs etc. This can be one of the long term objectives of a 
performance based contract as it requires the client to put a lot of trust in the contractor, 
which would in turn be released from doing activities that are not part of its core 
business.  
 
Another approach considers the responsibility of evaluating the contractor’s 
performance is to the client (e.g., owner or tenant of a building in the real estate 
industry, transportation agency in the transport sector).  
 
A third approach involves a third party to evaluate the performance of the contractor.  
It is by the way always good practice to conduct evaluations when both parties are 
present.  

Measuring % KPI Poor Acceptable Good Excellent 

  
Performance 
 
 
 

 
100 

 
[85% or less] 

 
[85.1-90%] 

 
[90.1-95%] 

 
[95.1-100%] 

 
Cost + % Fee 

   
All costs + 

No fee 

 
All costs + 

50% of 
agreed fee 

 
All costs + 

100% of 
agreed fee 

 
All costs + 

150% of 
agreed fee 
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7 Performance Based Contracting in Wind Power 
 

This section tries to identify principal modalities for conceptualizing a model that 
applies incentives and disincentives to O&M services in the wind power industry. An 
overview of the O&M market in the wind power industry is given, pointing also out 
how the O&M market is going through a phase of change. 
 
Different definitions of wind turbine availability will be given and how it represents the 
main benchmark for wind turbine performance. Together with availability other 
potential performance indicators for wind power plants are proposed. 
 
It will be described how and why some main actors (stakeholders) would be affected by 
the introduction of PBC in the wind power industry and also some potential challenges 
to the introduction of this form of contracts in the wind power O&M market are 
identified. 
 
As mentioned in the introduction wind power has growth steadily in the last decade and 
the technology has reached today a point where performance measuring through for 
example Supervisory Control and Data Acquisition (SCADA) data analysis is the norm 
and also condition monitoring is becoming increasingly common. Moreover, operation 
and maintenance service contracts are frequently based on warranty of minimum 
performances (e.g., availability levels). It seems thus natural, in light of what has been 
shown in the previous pages, to take it a step further by considering performance based 
contracting applied to wind power systems.  
 
Operation and maintenance strategies have been identified as one of seven areas where 
research and development is needed in order to meet E.U. 2030 objective of making 
wind energy the most cost efficient energy source in the electricity market. [18] O&M 
strategies’ objective is to optimize O&M in order to increase availability and system 
reliability and they assume a growing critical role as wind turbines become bigger and 
bigger. 
 

[18] 

“By investing in operation and maintenance we could improve efficiency and 
effectiveness, reduce downtime losses and increase the availability of wind farms”. H.-
J. Krokoszinski, “Efficiency and effectiveness of wind farms−keys to cost optimized 
operation and maintenance”, Renewable Energy 28 (14)(2003), pp. 2165–2178. 
 

[19] 

Operation and maintenance affects the whole life of a wind turbine. Proper operation 
and maintenance of wind farms is critical to maximizing returns from a wind farm 
investment. Besides day to day management of the wind farm, it is the O&M service 
provider duty to try to extract every possible hour of availability from the wind turbines. 
Very often a wind farm is owned by investors (e.g., cooperative, a joint venture, an 
association, etc.) who prefer to outsource the operation and maintenance services to a 
third party, which is expected to have the specific expertise and resources to best 
perform the tasks.  
 
Operation and maintenance services and the role of the provider can differ depending on 
the site (i.e. complex terrain, cold climate, offshore etc.) and on the owner; therefore a 
service contract is often tailored upon the needs of the owner and eventually the 
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peculiarities of the site where the wind turbines are located. Some owners may consider 
the wind turbines as a mere investment and thus be interested solely in profitability 
while other owners (e.g., publicly or privately owned utilities) with a wider portfolio of 
wind farms may wish, as already mentioned, to carry out themselves the daily 
management of the wind farm. 
 
The main objective of acquiring O&M services for a wind farm is reducing as much as 
possible the costs of energy production over the life time of the wind turbines: in order 
to attain the cheapest possible cost per unit of energy is then important, among other 
things, to try to reduce O&M costs (which follow an asset throughout its whole life), 
while on the other end try to improve performance (i.e. production).  
 
A good O&M contract usually helps also in reducing insurance risk and consequently 
costs. O&M contracts always involve also the management of health and safety issues 
and a Health and Safety Management Plan complying with both regulations and 
owner’s policies is certainly needed, one that includes risk assessment, operating 
methods and procedures, etc. 
 

[20] 

In its broadest form a complete contract for O&M services for a wind power project will 
cover the whole generating facilities, comprising access roads, accessory buildings and 
electrical infrastructure [20]

 

: it is then easy to find similarities for example with facility 
management contracts used in the real estate industry for investment property (i.e. 
rented property).  
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7.1 Wind power O&M market overview 

Usually suppliers of wind turbines provide a warranty up to five years that covers lost 
revenue and downtimes to correct faults and also includes testing of the wind turbine 
power curve. Meeting the power curve is seldom a problem, while availability 
represents a weakness in the first years of operation: this is the so called “teething” 
period (about one year) when the wind turbines need some “tuning” and problems are 
mostly experienced, especially with modern wind turbines. With time the problems are 
resolved and an increase in availability can be seen. The operation and maintenance 
team comes into play soon after commissioning. 
 
Although most suppliers of wind turbines offer maintenance services, and actually 
dominate the market as for today, independent service providers not only are established 
in more developed markets but they also seem to be growing, as we have seen in the 
introduction, and are becoming an increasingly important aspect of the market. 
 
Besides standard operation and maintenance duties, other aspects to be considered when 
operating wind farms are environmental reporting issues related to the permit (e.g., 
noise monitoring, flora and fauna interests, etc.) or duties to accomplish that are 
requested by the local grid operator. Reporting to the lenders is always required and of 
the utmost importance in times when wind farms are more and more often project 
financed. Running a wind farm involves thus a management role. 
 

[20] 

From the annual wind power installation chart published by EWEA it can be estimated 
that in the next few years over 3GW of E.U. installed wind power capacity will have 
been in operation for 5 years or more, hence around the end of manufacturer warranty 
period (fig.3). 
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Fig.3 – Annual wind power installations in EU in MW (EWEA) 

 

Similar trends can be recognized also in the United States market where installed 
generating capacity grew from 9GW at the end of 2005 to 35GW in 2009: moreover in 
2010 operational turbines coming out of manufacturer warranty accounted in the US for 
more than those still under guarantee. 
 

[2] 
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7.2 Wind Turbine availability 

Wind power projects revenues are mainly related to the availability of the wind turbines 
during their life time and this has been the subject of different studies and research. But 
what is availability? 
 
There are quite different definitions of availability of wind turbines and wind farms to 
be found in the literature. For example it can be defined as “the probability that the 
system is operating satisfactorily” (G.J.W. van Bussel; M.B. Zaaijer) [21]. The same 
authors also define reliability as “the probability that the system will perform its tasks”: 
it is expressed as a percentage of time and for a wind turbine it is the time that it is 
producing at rated power or the time it is producing the power that according to its 
nominal power curve is consistent with the actual wind. [21] Another definition of 
availability is given simply as “the percentage of time that wind turbines are available to 
work, whether there is wind or not”. 
 

[22] 

It is useful to emphasize the importance of availability as a benchmark for wind turbine 
performance and also as an indicator of performance of a maintenance service. In fact 
O&M strategies constitute the main difference between availability and reliability: a 
wind turbine whose frequency of failure is low can be very reliable but poor 
maintenance or repair after failure results in low availability.  
 
On average the long-term availability of a grid connected wind turbine is today around 
97%: it means that if wind is consistent at the desired specification the wind turbine is 
available to generate electricity 97 per cent of the time. Availability will increase from 
80-90% after commissioning to the long term level. Generally a period of six month 
must be considered before a wind farm reaches full operation [23]

 
.  

We have seen before how it is fundamental when implementing a performance based 
contract that service levels and performance indicators be agreeable between the parties: 
so however availability is defined it is of the utmost importance that both parties 
understand clearly what is meant in the contract as availability, how it will be measured 
and what is the reference level from where to start. As done for an energy assessment a 
default position can established and later adjusted following a due diligence review.  
 
A distinction is also needed, for different reasons, between new installations and taking 
over previous service providers. Availability also varies during the life time of the wind 
turbine: as mentioned before, newly installed wind turbines’ availability will be 
subjected to a ramp up period. 
 
A study from Garrad Hassan’s historical wind farm data concluded that, once “teething” 
issues have been resolved, availability ramps up over time. The average wind farms’ 
availability of approximately 93 per cent in the first quarter of operation rises to almost 
96 per cent in two years. After the second year the availability remains around 97 per 
cent. 
 

[24] 

The same study also found that availability of wind turbines can be affected by wind 
speeds: it decreases when wind speed is over 15 m/s, due for example to high loads 
faults or limited accessibility for repair, and below 7 m/s due for example to scheduled 
downtime. It is relatively constant between 7 and 14 m/s and it is in this range that wind 
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turbines mainly generate electricity. If a break down occurs during optimal wind 
conditions then a loss in availability of 1% could translate into a significantly higher 
production loss. The large amount of operating data collected by Garrad-Hassan can 
also be used in reverse, showing the increase in energy production with increased 
availability. 
 
Finally it must be mentioned that seasonal changes can also occur in and, depending on 
location, affect availability to different extents. 
 

7.3 Measures: Potential SLA and KPI for Wind Power  

Taking into account the variability of wind turbine availability it is then easy to see how 
it can be used in a performance based contract as an indicator of service provider 
performance. Service level agreements can be defined so that the provider of operation 
and maintenance services is allowed an incentive when performance is above an agreed 
level (e.g., 97%). Incentives can be in the form of financial bonuses, fixed or variable 
with increased availability, but even shares of the revenues that are a consequence of 
increased energy production or incentives can be other form of reward (e.g., contract 
renewal options). 
 
On the other hand, minimum level of service can be identified under which the service 
provider that performs badly will undergo deductions (e.g. under 94%).  
 
In the middle range of availability (e.g., between 94 % and 97%) different alternative 
solutions can be adopted and tailored upon the wishes of the client or the size (or the 
number) of managed asset: for example it could be possible to agree a fixed fee for 
operation and maintenance or a variable fee proportional to the achieved availability 
level. Rewards and deduction could also be linked to energy production levels. 
 
Figure 4 typifies a hypothetical system to evaluate contractor performance in a cost-
reimbursement performance based contract (as described in chapter 6), with relative 
incentives or disincentives allowed to contractor, and shows how this could be adapted 
to wind power using availability as an indicator of performance (N.B. it is important to 
remark that this is intended as a mere example and the numbers given here might not be 
representative of any real case). 
 

Measuring 
availability  % KPI  Poor  Acceptable  Good  Excellent  

   
Performance  

100  [under 94%]  [94-96.5%]  [96.5-98%]  [98.1-100%]  

Cost + % Fee     All costs + 
No fee  

All costs + 
50% of 
agreed fee  

All costs + 
100% of 
agreed fee  

All costs + 
150% of 
agreed fee  

Fig. 4 – Representational model to illustrate payment criteria in wind power cost 
                              performance based reimbursement contract (by author) 
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Other drivers in identifying key performance indicators when operating wind power 
systems can be time related, in analogy to other industries. 
 
For example the following can be identified as three major indicators of a maintenance 
provider performance: 
 

• Mean time to failure 
• Mean time to repair 
• Mean time between failures 

 
These are terms used in reliability engineering.  
 
Mean time to failure (MTTF) is intended as the operational time before failure occurs, 
with regard to non repairable items. Mean time between failures (MTBF) is the time 
between two successive failures of a repairable item: of course repairable items can fail 
more than once. Mean time to repair (MTTR) is the time needed to restore the system 
after a failure has occurred, i.e. unscheduled downtime.  
 
MTTF, MTBF and MTTR are used to define reliability and availability of wind turbines 
and a failure rate can be expressed as 1/MTBF while a repair rate is 1/MTTR, but it is 
not the scope of this work to further investigate this issue. [25]

Reliability & Availability of Wind Turbine Electrical & Electronic Components
 (for more information: 

 -
presenting ReliaWind consortium - by Professor Peter Tavner, Durham University, UK) 
 
When both preventive and corrective maintenance are carried out it can be useful as an 
indicator of the quality of service to calculate the ratio between number of breakdown 
maintenance activities and number of preventive maintenance activities: in the long 
term, with an effective maintenance service, it should highlight an optimization of 
unscheduled activities.  
 
The provider of operation and maintenance services is usually asked to provide 
response times to alarms, 24 hours per day, and 7 days per week. Modern wind turbines 
are equipped with control systems that, depending on the alarm, allow for remote reset 
of the wind turbine to operating condition. Other cases may require technicians to carry 
out a site visit and restart the wind turbine: two drivers for the definition of key 
performance indicators can here be identified as the response time to alarm (i.e. the time 
needed to the maintenance team to start assessing the problem) and time to restore 
operating conditions (i.e. mean time to repair). 
 
In cold climates the downtime due to icing could be a threat as well as limited 
accessibility, the latter both because of icing (which is a safety concern) and because of 
excessive snow on the road: in performance based contracting they can be turned into 
an opportunity for incentives or disincentives by defining service level agreements (e.g., 
road maintenance levels, max downtime due to icing, etc.) and/or by measuring 
response times and frequency of occurrence.  
 
The following figures (Fig. 5 and Fig. 6) show a potential adaptation to the wind power 
industry of time related service level agreements and key performance indicators, as 
proposed by the author (N.B. numbers are to be intended as a mere example and not 
representative of any real case). 

http://www.reliawind.eu/files/publications/pdf_13.pdf�
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Type of maintenance Activity Response time 

Corrective Electrical Within 20 h from alarm 

Corrective Mechanical Within 24 h from alarm 

Corrective Ice Within 24 h from alarm 

Corrective Fire Within 1 h from alarm 

Scheduled Electrical According to contract 

Scheduled Mechanical According to contract 

Scheduled Ice According to contract 

Scheduled Fire According to contract 

 
Fig. 5 – Potential wind power plant time related SLA (Author) 

 

Activity 
Measured 

Performance 
Parameter 

Control 
system 

Threshold 

Scheduled 

Maintenance 

 

Promptness in 

carring out 

scheduled service 

N° of services carried out at 

scheduled time/ N° of total 

scheduled services 

Report 

monitoring 
>95% 

Proper execution 

of scheduled 

service 

N° of breakdown or downtime 

due to non executed or not 

properly executed 

Inspection =0 

Breakdown 

Maintenance 

 

Timeliness 

N° of breakdown solved 

within agreed time/ N° 

breakdown occurred (total) 

Report 

monitoring 
>95% 

 
Fig. 5 – Potential SLA for the wind power industry (Author) 

 

7.4 Stakeholders  

This section will describe the main stakeholders who might be interested in 
performance based contracting in wind power operation and maintenance services: how 
and why they would be affected by the introduction of this type contracts in the O&M 
market. 
 
Owners first of all: they want to save on operation and maintenance costs as it affects, 
over the life time of the wind turbine, the cost per unit of energy produced and they 
want on the other hand also a more efficient operation and maintenance service which is 
able to increase production as increased production enable for reduced cost of energy. 
Lenders demand long term O&M contracts because in times of economic crisis and 
instability they want guarantees before they lend investors money: banks not only want 
to make sure that a long term contract is in place, they also are interested in that it be 
effective and want to be informed on production levels through continuous reporting 
(usually asking for monthly and annual reports).  Consequently owners/operators and 
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developers need long term O&M service contracts to be able to get loans for 
construction.  
 
ISPs and wind turbines manufacturers (or OEMs), as we have seen, are competing to 
respectively earn bigger shares of the O&M market and to maintain their dominant 
position: offering a new, more efficient and customer oriented model for O&M services 
could be useful to the purpose.  
 
The assurance of employment of long term O&M contracts represents also an incentive 
to retain qualified service personnel. PBC would also provide a challenging work 
environment and the opportunity of bonuses linked to the results achieved. 
 
Insurance companies as well as banks are interested in long term O&M contracts. 
 
Grid operators are of course interested in the performance of wind turbines and may 
also themselves require minimum levels of performance. 
 
Other stakeholders are land owners (they are often granted a share of energy production 
as rent payment), but performance based contracting can be of interest also to 
environmental authorities, local authorities, etc. 

7.5 Challenges 

Benefits and advantages of introducing performance based contracting in the wind 
power operation and maintenance market are mentioned earlier, so it is opportune here 
to point out some possible challenges that might be met by pioneers. 
 
First of all the wind power market is still relatively young and this poses some 
challenges as we have seen how the lack of experience can represent an impediment to 
implementing effective performance based contracting: PBC is an approach that 
requires a substantial change in culture by both the owner/operator and service provider, 
the latter being either an ISP or OEM. 
 
Challenges are also posed by the fact that currently there are no standards concerning 
this type of contracting system in wind power, although they exist with regard to other 
mentioned industries. Benchmarking could itself represent a challenge because it is 
based on comparison between competitors and it is obviously difficult to make 
comparisons when there is no reference. 
 
Concerns may arise over contractor abilities and capacity: for example only few 
independent service providers in the wind power operation and maintenance market are 
today able to offer their services over a wide geographical area, not to mention offshore 
wind power where ISPs have still very limited shares. 
 
In the real estate sector, for example, it is common practice for multinational companies 
to have a single provider of facilities management services around the world: 
performance based contracting is more than often behind these strategies as it implies a 
partnership sort of relationship between the parties, which, as previously remarked, is an 
important factor of PBC. A developed market such as the real estate presents a company 
willing to buy maintenance services with more than a few possible suppliers to choose 
from, which are capable to offer those services in such wide geographical areas. This is 
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not the case for wind power, not yet at least, but the bases have been placed and the 
market has grown fast in the past 15 years to a point where something new is maybe 
needed to foster those changes that would allow for further developments. 
 
The main challenge for PBC is whether it is able to contribute in reducing production 
costs for unit of energy or not. 
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8 Offshore 
 

This section is a short description of the offshore wind power industry and how 
operation and maintenance becomes fundamental for economical efficiency of offshore 
projects.  
 
Offshore wind power has gained momentum in the last years and is considered the 
renewable energy source with the higher development potential in the coming years. 
The higher costs of offshore wind projects are offset to some extent by a higher 
electricity production due to increased utilization time and higher offshore wind speeds. 
On average the utilization time of a wind turbine onshore is around 2,000-2,300 full 
load hours per year, while offshore typically more than 3,000 full load hours per year. 
Costs for operation and maintenance of offshore wind farms are substantially higher 
than onshore. Today the costs for O&M over the life cycle of offshore wind farms are as 
much as construction costs: one reason is for example the frequent utilization of ships 
and crane vessels. 
 

O&M has therefore a much greater impact on offshore wind power plants than it has 
onshore and is thus critical to the cost effectiveness of a project. Figure 3 shows 
offshore O&M cost elements per installed capacity (cost of KW per year) and cost 
elements per electricity produced (cost per KWh) as reported in a European study 
carried out by consultancy company T.A. Cook. 
 

[26] 

Cost Item €/KW/year €/KWh 

Service contract (third parties) 4-8 0.15-0.6 

Administration variable 0.1-0.3 

Insurance 4-7 0.15-0.5 

Land rent (for service) 2-4 0.08-0.4 

Local Taxes 3-5 0.1-0.2 

Total 13-24 0.58-2.00 

Figure 3 – O&M cost elements (data source: TACook) 

Besides the risks that are common to onshore wind power plants, other must be 
considered offshore.  
 
Accessibility of offshore wind farms for maintenance purposes represents a major 
concern: limited accessibility offshore can be due to adverse weather or marine 
conditions, for technical reasons, unavailability of special (and expensive) equipment 
(e.g., crane vessels). The availability of a wind turbine offshore is thus lower when 
compared with onshore wind turbines. 
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9 Conclusions 
 

All the above considered a first conclusion can be drawn that wind power projects have 
a natural predisposition to performance based contracting: it is the opinion of the author 
that almost all elements needed for PBC are already present and it is a question of 
implementing an incentive/disincentive model. 
 
One approach could probably be to first start on a small scale by contracting for 
maintenance services regarding a single asset and then gain experience from that, to 
start with a wind turbine or one wind farm, assess the cost effectiveness of such an 
approach and see where it goes. The innate flexibility of performance based forms of 
contract also allows for adaptability to single wind turbines, wind farms or groups of 
wind farms. 
 
We have seen in the introduction how some utilities today are interested in having 
operation and maintenance services in-house. This would not affect the possibility of 
using performance based contracting as it is suitable even in cases when in-house 
resources are to perform operation and maintenance of wind turbines: the same 
incentives and disincentives that applies to an external provider can be applied to the 
O&M department of a company and bonuses could be then awarded to single 
employees or managers or can result in budget bonuses for the whole department etc. 
PBC can be applied to both outsourced and in-house O&M services. 
 
Performance based contracting involving a lot of data recording and reporting the 
collected data can also be useful for purposes other than those strictly pertaining to the 
operation and maintenance contract. 
 
We have seen how a wind power project’s O&M contract can include the whole 
generating facility (comprising access roads, accessory buildings and electrical 
infrastructure) and how this creates a similarity with facility management (but also with 
the transportation sector) contracts where PBC is successful and established. 
 
The advantage of being the first on the market is never to be underestimated in a highly 
competitive business as it exactly allows for keeping ahead of competitors, at least until 
they catch up: this applies both to service providers that want to increase their presence 
in the market and to wind power project owners that want to improve revenues from 
their projects. And it is always a good custom to lead the way and let the others running 
after just as it has happened in the early stages of wind power development. The few 
companies and the countries that have been influential in wind power experimented and 
managed to create an industry: those companies and those countries have been world 
leaders for many years. Some still are, even though competition is more and more 
present which is also one more reason why the service and maintenance market assumes 
a fundamental role in future development of the wind power industry. 
 
Maybe the wind power industry in general and the O&M market in particular, are ready 
for some experimental testing of performance based operation and maintenance service 
contracts. It is the case to stress here once again the potential of PBC for fostering 
innovation (e.g., new equipment, new materials, etc.). 
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Again, similarly to what happened in the real estate sector, future Independent Service 
Providers of O&M services in the wind power industry can be the result of spin-off 
from today manufacturers and utilities.  
 
Although, as we have seen, challenges exist, it is the opinion of the author that the wind 
power industry, which is an industry that is based on the challenging spirit of the 
founders will see those challenges as an opportunity for enhancing the market. 
 
As shown by different studies mentioned above, the wind power O&M market is at a 
turning point and performance based contracting could be the key factor to spark the 
transition to a more competitive and customer oriented market. Someone of insight is 
needed in the wind power industry to thrust the O&M market into a new age. 
 
We can conclude with a quote that perfectly summarizes the idea that inspired this 
work: “You can't expect to meet the challenges of today with yesterday's tools and 
expect to be in business tomorrow”. (Unknown)  
 

 

 

 

 

 

 

 

 

http://thinkexist.com/quotation/you_can-t_expect_to_meet_the_challenges_of_today/259651.html�
http://thinkexist.com/quotation/you_can-t_expect_to_meet_the_challenges_of_today/259651.html�
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