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a b s t r a c t

This article aims to identify the conditioning factors that influence the operation and maintenance
performance of wind farms. The research method included theoretical research and case studies in seven
companies that own wind farms. Theoretical research covered the following themes: performance
management process; performance measurement in power plants, highlighting the factors that affect
performance in this type of industry, and; the characteristics of the Brazilian wind energy market. The
case studies were conducted through interviews with managers, whose positions are at the strategic,
tactical and operational levels, with the objective of identify the performance management processes
existing in wind farms. As a result, it was verified that the performance of wind farms is mainly influ-
enced by 5 factors: (1) Reliability of prospecting studies, (2) Construction quality and assembly, (3)
Organizational learning, and (5) Coordination of the value chain.

© 2018 Elsevier Ltd. All rights reserved.
1. Introduction

Brazil is one of the countries in the world that most invests in
wind energy, while also being considered one of themost attractive
for investments in renewable energy [1]. The competitiveness
factors associated with this source of energy in Brazil are mainly:
the wind potential, since the country has one of the best wind re-
sources in the world, exceeding three times the local electricity
needs; and in the auctions' model for contracting energy. Currently
Brazil is ranked in 9th place of the TOP 10 in installed capacity, in
the GWEC world ranking [2,3].

The use of new technologies, such as larger machines to enable
gain in power and modern control and monitoring systems are
initiatives that have resulted in an improved performance of wind
farms. The average capacity factor of Brazilian wind farms in 2016
was 40.7%. In comparison, the average capacity factor of wind farms
worldwide in 2015 was 23.8% [3]. This shows that Brazilian wind
farms has remarkable energy productivity.

However, there are still considerable differences when
comparing expected energy generation in wind farms and actual
wind energy; FCE, Free Con-
ouncil; O&M, Operation and
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generation. These differences are caused by several factors, which
are mostly related to failures that cause unavailability in the wind
turbines and in the electric system of the wind farms, as well as in
the transmission lines.

The unavailability of the wind farms subsystems may be due to
internal aspects related to maintenance; or external, such as power
outages; this entails considerable losses to investors. To solve
problems related to failures, careful maintenance planning is
necessary, and only possible through the effective monitoring of
wind farm performance.

Performance is conditioned by organizational factors such as
business strategy and objectives, processes, technologies involved,
people, management culture, etc.; and external factors, such as
policies and laws that regulate the activity, economy, and dynamics
of the productive chain, among others. Knowing what these factors
are and how they influence the results of thewind farms can enable
the improvement of the performance management process,
through actions focused on the critical aspects, with a view to in-
crease the efficiency in the generation of energy.

In this context, the question for the research came up: “what are
the factors that influence the performance of wind farms?”. To
answer this question, the purpose of this article is to identify the
conditioning factors that influence the operation and maintenance
of wind farms. The article is structured in 5 topics: (1) introduction;
(2) literature review on the performance measurement; (3)
research method; (4) analyzes and results; and (5) final
considerations.
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2. Literature review

2.1. Performance management

Performance management is the process by which the company
manages its performance in line with its corporate strategies and
functional objectives. The purpose of this process is to provide a
feedback loop in a proactive control system where corporate and
functional strategies are deployed across all business processes,
activities, tasks, and personnel, and feedback is obtained through a
Performance Management System, to enable appropriate man-
agement decisions [4].

To optimize the process of performance management, the
strategic and environmental factors related to the business, as well
as the organizational structure, processes, functions and relation-
ships should be considered since the effectiveness of the process
depends on how the information is used.

2.2. Performance drivers and killers

The term performance drivers was used in the Balanced Score-
card [5], referring to the factors that act as drivers for performance
improvement. The variables that negatively influence the perfor-
mance of the processes, on the other hand, are called performance
killers [6,7].

Performance killers, whether or not they are strong enough to
stop a process, are performance-reducing factors. These are factors
such as: those related to the availability of critical equipment,
health, safety and environment; bottlenecks in capacity, adminis-
tration and inventory; incompetence; lack of adequate tools and
facilities; procedures, information and communication flow sys-
tems and others [8].

Others that can also be considered as performance killers are:
unavailability of material resources, spare parts, disabled
personnel, insufficient IT support, lack of project support, poor time
management, etc. According to maintenance management strate-
gies, excessive maintenance tasks or non-optimized corrective
maintenance are also considered performance killers; while pre-
vention or forecasting activities can be considered performance
drivers, according to their application and results achieved [9].

Performance drivers and killers should be investigated, pri-
marily aiming to improve decision making in the performance
management process. To define what they are, one must question
and look for factors that improve or worsen overall performance. In
this research they are called performance conditioning factors.

2.3. Performance measurement in power plants

Research with varied approaches to performance measurement
in power plants lists some factors that affect performance in the
power generation industry, as shown in Table 1, below.

Factors cited in the literature were grouped considering the
scope (Fig. 1):

2.3.1. Project
Project management pipeline; consideration of local and social

aspects in the choice of site; plant size; technology used; errors in
wind studies, choice of machine type and layout definition; dif-
ferences between the power curves reported by the manufacturer
and those verified; and turbine configuration.

2.3.2. Management
Contractual definitions; organizational structure; operating

environment; organization of work activities; diffusion of perfor-
mance measurement culture; management knowledge and
learning; use of tools to stimulate proactivity; time management;
strategic focus; efficiency of the decision-making process; man-
agement inefficiency; changes in management; training of opera-
tors; inefficiency of operators; relationship with suppliers; use of
appropriate performance indicators; quality of records; and
modernization of structure.

2.3.3. Maintenance
Maintenance planning; use of the appropriate maintenance

strategy; predictive maintenance; preventive maintenance; main-
tenance control; and maintenance management focused on the
generation of value.

2.3.4. Information technology
Lack of specific measurement tools that consider managerial

and environmental aspects; use of appropriate method to measure
performance; use of appropriate tools to measure performance;
and IT support.

2.3.5. Finance
Resource allocation; use of resources; control of costs and

participation in the Clean Development Market.

2.3.6. External aspects
Sector policies; sector legislation; bottlenecks in the value

chain; lack of integration and alignment in the value chain; envi-
ronmental factors; and safety and health related factors.

2.3.7. Others
Economy of scale and type of capital (private vs. public);
In conclusion, factors affecting the performance of power gen-

eration plants may be internal or external, linked to the operational
phase or to the previous stages of plant planning and imple-
mentation, contractual definitions and the characteristics of the
investors. However, the result of the performance of the plants is
mainly related to the operational phase, mainly regarding the ca-
pacities of the people involved in the process, the organization of
activities, the use of resources, the planning and execution of
maintenance, the use of tools to support the measurement per-
formance, and the characteristics of the value chain that support
the operation of the plant.

3. Research method

This research can be characterized as being of an applied nature
[44], with a descriptive purpose [45] and a qualitative-quantitative
approach [46,47]. The procedure chosen for the research consisted
of case studies; and the research method covered the steps
described below.

3.1. Theoretical research

Due to the main research question, “what are the factors that
influence the performance of wind farms?”, the theoretical
research aimed to answer three other questions: (1) How the per-
formance management process occurs; (2) How the performance
measurement in power generation plants occurs and what factors
affect performance in this type of industry; and, (3) How the Bra-
zilian wind energy market functions.

The research was done through three distinct lines, as shown in
Fig. 2. After the research problem was assessed and the study goal
was defined, searches were done in the Thesis Virtual Library using
the terms “performance measurement systems”, “wind energy”
and “wind power”, and “wind farm operation &maintenance”. The
reading of the articles found allowed for the definition of the classic



Table 1
Factors that affect performance in power plants.

Research Power plant type Approach Factors

[10] Wind Stochastic and econometric analysis � Management inefficiency
� Strategic focus
� Control of costs
� Sector policies
� Contractual definitions

[11] Wind Data envelopment analysis � Management inefficiency
[12] Wind Data envelopment analysis � Consideration of local and social aspects in the choice of site
[13] Wind Data envelopment analysis � Learning

� Economy of scale
[14] Wind Data envelopment analysis

Life cycle analysis
� Consideration of local and social aspects in the choice of site
� Organization of work activities

[15] Wind Data envelopment analysis
Stochastic frontier analysis

� Management inefficiency
� Inefficiency of operators
� Technology used
� Sector policies
� Sector legislation
� Efficiency of the decision-making process
� Errors in wind studies, choice of machine type and layout definition

[16] Wind Life cycle Analysis � Participation in the Clean Development Market
[17] Wind MATLAB � Differences between the power curves reported by the manufacturer and the verified
[18] Wind Performance measurement system � Lack of integration and alignment in the value chain

� Relationship with suppliers
[19] Wind Performance measurement system � Sector legislation

� Consideration of local and social aspects in the choice of site
� Relationship with suppliers
� Project management pipeline
� Inefficiency of operators
� Diffusion of performance measurement culture

[20] Wind Performance measurement system (Dashboard) � Sector policies
� Bottlenecks in the value chain
� Lack of specific measurement tools that consider managerial and environmental aspects

[21] Wind Comparison between different methods � Use of appropriate tools to measure performance
[22] Wind Monte Carlo simulation � Predictive maintenance
[23] Wind Genetic algorithms � Turbine configuration
[24] Wind Reliability thresholds � Use of the appropriate maintenance strategy

� Efficiency in the decision-making process
[25] Wind Stochastic programming model � Use of the appropriate maintenance strategy

� Resource allocation
[26] Coal Data envelopment analysis � Management inefficiency

� Operating environment
[27] Geothermal Performance measurement system � Preventive maintenance

� Use of appropriate performance indicators
� Quality of records
� Diffusion of performance measurement culture

[28] Geothermal Performance measurement system � Use of appropriate performance indicators
� Resource allocation
� time management

[29] Hydroelectric Data envelopment analysis � Management inefficiency
� Use of resources

[30] Hydroelectric Analytic hierarchy process � Use of the appropriate maintenance strategy
� Management inefficiency

[31] Gas Data envelopment analysis � Sector policies
Coal
Oil

[32] Gas Data envelopment analysis � Plant size
� Type of capital (private vs. public)Coal

Oil
Thermal
Hydroelectric
Wind

[33] Hydroelectric Data envelopment analysis � Use of resources
Gas
Geothermal

[34] Nuclear Framework � Management knowledge and learning
� IT support

[35] Nuclear Performance measurement system � Maintenance management focused on the generation of value
� Resource allocation
� Environmental factors
� Safety and health related factors
� Management knowledge and learning
� Organizational structure

[36] Nuclear Performance measurement system � Preventive maintenance
� Maintenance management focused on the generation of value

(continued on next page)
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Table 1 (continued )

Research Power plant type Approach Factors

� Resource allocation
[37] Solar Data envelopment analysis

Stochastic frontier analysis
� Environmental factors

[38] Thermal Adaptive network based fuzzy inference systems � Maintenance control
� Plant size

[39] Thermal Data envelopment analysis � Modernization of structure
� Technology used
� Changes in management

[40] Thermal Data envelopment analysis � Diffusion of performance measurement culture
� Use of appropriate tools to measure performance

[41] Thermal Data envelopment analysis � Maintenance planning
� Changes in operations management

[42] Thermal Data envelopment analysis
Stochastic frontier analysis
Adaptive network based fuzzy inference systems

� Predictive maintenance
� Efficiency in the decision-making process
� Use of tools to stimulate proactivity

[43] Thermal Data envelopment analysis
Game theory

� Training of operators
� Sector policies

Fig. 1. Performance conditioning factors identified in the literature review.

Fig. 2. Theoretical research procedure.
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authors and the key words suitable for the following search, done
in the “Portal de Peri�odicos Capes”.

To survey the research material the term “performance mea-
surement system” was used. Here, the works were selected by
relevance (number of citations) and by authors, giving preference
to the authors on the topic, whichwere identifiedwith the previous
reading of the theses.

As for the subject of performancemeasurement in power plants,
the research approach was systematic [48,49], following a pre-
established protocol. Combinations of the terms “performance
measurement”, “performance evaluation”, and “power plant” were
made. The pre-selection of articles was done by reading the titles
and abstracts. After a complete reading of the pre-selected articles,
those which specified the methodology used for performance
evaluation, identified the performance conditioning factors and the
results achieved, were maintained as the source for the construc-
tion of the theoretical bases of the research.
In addition, to understand the characteristics of the Brazilian
wind energy market, which are determinant for the management
of the performance of the wind farms, searches were made in re-
ports and news stories from specific wind industry or renewable
energy entities.
3.2. Case studies

The field research was carried out in wind farms in the state of
Rio Grande do Norte, Brazil, which has the largest wind power
capacity installed. The choice of the technical procedure in the case
studies format was due to the understanding that wind farms are
subject to different conditions of commercialization of energy and
have different maintenance contracts with the suppliers of the
wind turbines. Among other aspects they have strategic priorities,
distinct forms of work organization and management culture,
which are factors that directly influence the performance man-
agement process, as identified in the literature review.

The field research included technical visits and interviews to
recognize the characteristics of the management of the ventures
and analysis of the process of performance management in the
wind farms. The interviews were carried out with 13 managers at
the strategic, tactical and operational levels of the organization.

It is observed in Fig. 3 that, for each case, there is a collection/
analysis flow. The initial research protocol (P1A - Protocol 1, Case A)
was applied in an interview with the first informant (I1A - Inter-
view 1, Case A). The information collected during the interviews
was analyzed, together with data from reports, documents, etc.
(A1A - Analysis 1, Case A). When necessary, the protocol was
adjusted and the procedure of interviewing, analyzing and
adjusting the protocol was followed until sufficient information
was obtained. A final analysis of the case was carried out and fol-
lowed the same step by step until sufficient information was
available for the development of propositions. An inter-case com-
parison analysis was performed, using the confrontation with the
theory to direct the development of propositions.
3.2.1. Selection of cases
A sample with cases that presented distinct characteristics was

formed (Table 2), following the logic of cases of the polar type [50],
in which cases with sharply contrasting characteristics highlight
the differences being studied.



Fig. 3. Case study procedure.

M. Santos, M. Gonz�alez / Renewable Energy 135 (2019) 643e651 647
4. Analysis and results

4.1. Brazilian wind energy market

The Brazilian electricity market is divided into two main
commercialization environments: The Regulated Contracting
Environment (RCE), with generation and distribution agents; and
the Free Contracting Environment (FCE), composed of generators,
distributors, traders, importers and exporters, as well as free and
special consumers [51].

The ACR is managed by the Federal Government. In RCE, energy
is contracted through public auctions, in order to supply the esti-
mated demand of energy distributors. The auctions are open to
public competition, contemplating existing electric power genera-
tion units and projects to be executed. The objective is, through the
competition of the contracting value (R$/MWh) among the sources
that participate, a contract for the lowest possible value will be
finalized [51].

In the FCE, the contracting of energy occurs without coordina-
tion or direct interference of the Government. Bilateral contracts
are signed between generation agents and consumers, and the
operation may be brokered through traders. In this environment,
generators, free consumers, self-producers, traders, importers and
exporters of energy establish contracts of purchase and sale of
energy with freely negotiated prices and quantities, according to
Table 2
Main characteristics of selected cases.

Case Investors No. of Wind

Sector Capital

A Renewable energy Private 2
B Renewable energy Private 8
C Real-estate and renewable energy Private 2
D Energy and Telecommunications Private e Public 7
E Engineering,

Mining,
Energy and Transport

Private 11

F Energy,
Oil and Gas,
Wind turbines

Private e Public 4

G Metalworking,
Automotive and Renewable energy

Private 7

Total: 7 companies 41

The survey covered 7 companies owning 41 wind farms, out of 127 operating in Rio Gran
operation in the state.
specific marketing rules and procedures [52].
4.2. Management of operation and maintenance in wind farms

The places where the wind farms are located have characteristic
profiles of wind variation. This profile is studied in detail before the
implementation of the wind farm, through wind studies, which is
useful for the definition of relevant aspects, such as the turbine
model most suitable for the site and the best layout (of turbines) to
be employed aiming for the maximum use of the wind.

The data obtained previously with the wind studies and the
historical generation data of the wind farm indicates the periods of
lower and higher quality of the wind at the site. This quality refers
to the speed, direction and constancy of the wind, which are factors
directly related to the use of wind energy to generate electricity.
The logic applied in planning O&M activities is to schedule pre-
ventive maintenance for periods of lower wind quality, allowing
subsystems to be available to operate as long as possible in the best
wind periods, with a view to maximizing generation.

Maintenance of the turbines and the electrical system follow
annual schedules where the activities that will be carried out each
day are predefined. The companies responsible for the mainte-
nance (of the turbines and the electrical system) elaborate their
own schedule, observing the international standards, and submit it
for analysis and validation by the wind farm management. The
manager, on the other hand, requests the necessary adjustments in
order to concentrate more on the maintenance in periods of low
volume of wind at the site.

Due to warranty issues, the turbine maintenance schedule has
less flexibility for change. On the other hand, the risks associated
with the postponement of maintenance activities are greater for
the electrical system. However, since the availability of the turbines
depends directly on the availability of the electrical system, the
planning of the two schedules is done together. The strategy of each
company defines the priorities in managing the trade-off compli-
ance maintenance versus maximizing power generation.
4.3. Performance conditioning factors of wind farms operation and
maintenance

The theoretical research, the conduction of case studies and the
intra-case and inter-case analyses allowed the evaluation of the
factors that directly and indirectly influence the performance of
wind farms (Fig. 4).

The factors are detailed below.
farms Volume in Operation Entry into operation

Newest Wind farm Older Wind farm

151.650 kW 2011 2010
207.000 kW 2016 2014
28.800 kW 2012 2011
75.708 kW 2015 2015
170.000 kW 2014 2014

104.000 kW 2011 2011

203.600 kW 2016 2012

940.758 kW 2016 2010

de do Norte, whose total operating volume represents 31.1% of the total volume in



Fig. 4. Performance conditioning factors on wind farms.
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4.3.1. Reliability of prospecting studies
4.3.1.1. Definition of the power generation potential. Projects of
wind farms that are incorrectly sized, that is, that have errors from
wind studies performed with low level of accuracy, induce the
overestimation of the generation potential of the site. In these
cases, when in operation, wind farms are likely to perform well
below their expected lifetime performance.

4.3.1.2. Definition of turbine model and layout. Considering that the
Contracted Energy of the wind farm, defined in the energy trading
contracts, is based on the project data, the generation goal may
become unattainable. In addition to the incorrect calculation of the
site generation potential, other errors related to the reliability of the
prospecting may occur, such as errors in the layout definition
(turbine layout) and in the choice of the appropriate turbine model.

4.3.2. Quality of construction and assembly
4.3.2.1. Use of good practices of construction. Problems arising from
the construction phase, due to the poor quality of installed equip-
ment and the failure to adopt good building practices, cause failures
during operation due to premature wear of structures and devices.

4.3.2.2. Construction supervision and control. It was observed in the
case study that when the wind farms were acquired by the current
owner company, after the construction began, there was a
considerably greater report of technical failures directly related to
the construction and assembly. This shows that the supervision and
control of the construction activities by the company is therefore
fundamental to solve future problems.

4.3.3. Organizational learning
4.3.3.1. Expertise in the wind energy sector. When a company that
owns wind farms does not have wind power generation activity in
its core business, management's monitoring of operational activ-
ities can be focused purely on financial results, to the detriment of
process results. And in this type of activity, where the financial
figures are considerably high, detecting losses may be impossible
without a critical eye directly on the processes.

On the other hand, when the board understands the technical
characteristics of the activity, the charge for process improvement
becomes more effective, stimulating tactical level managers to seek
themost varied means to achieve gains in generation. Without this,
managers can act as observers of results, rather than outcome-
influencers; that is, by adopting a reactive rather than a proactive
stance. In that way wind farms end up performing less than would
be possible if there were a closer and critical look at the processes.

Another relevant factor concerns the experience in negotiating
O&M contracts. All the responsibilities and details related to the
actions aimed at improving the performance of the turbines are
covered by contractual clauses. Therefore, the experience of the
generating company when defining the clauses of the O&M con-
tracts with turbine suppliers can be decisive.

As the turbine suppliers arrived in Brazil with the experience of
the foreign market and found new investors in the industry, with
no previous experience with these definitions, the contracts of the
oldest wind farms were signed with clauses that exempt important
stock suppliers that would be decisive for the improvement of
turbine performance. These issues may become the cause of heated
discussions over the years of operation due to issues related to the
payment of fines.

In addition, when a turbine supply contract is concluded, the
generating company is dependent on the supplier, since it can only
use the same company to carry out the O&Mof themachines and to
buy spare parts (due to issues related to the internal structure of the
turbines, which varies from one manufacturer to another, there are
still no companies in Brazil that service turbines from other man-
ufacturers). Therefore, it is interesting that the definitions of the
O&M contracts are already discussed at the time of purchase of the
turbines, avoiding that the supplier makes too many demands or
offers fewer counterparts later. Companies that closed O&M con-
tracts only after the turbinewarranty period lost trading power and
were not able to resort to competing companies.

4.3.3.2. Management of maintenance activities. In the operational
scope, the main factor that has a direct impact on the wind farms
performance is maintenance management, which encompasses the
planning and fulfillment of the different maintenance activities in
the period. It is fundamental to carry out this planning based on the
historical data of generation, as was seen in the case studies.

Another relevant factor is the effective control over the periodic
activities of contractors, aiming at the quality of preventive main-
tenance. Effective supervision of contractor activities, through an
experienced technical supervisor, is relevant to the outcome of
maintenance, while considering the quality of services andmeeting
deadlines.

It is also important to highlight the criticality of the subsystems
and the development of contingency plans. According to the anal-
ysis of the cases, the internal factor that has the greatest potential
impact on the generation of a wind farm is electrical failures, in
which the maintenance of substation and transmission line is
extremely important. This indicates the need for a contingency
plan; the result of a risk analysis and an economic feasibility
analysis to define actions to mitigate causes of failure and rapid
recovery.

In risk analysis, the subsystems and critical equipment are
identified. In order to carry out this analysis it is necessary to list the
possibilities of failures in the case of new wind farms and the his-
tory of failures in the case of older wind farms. This analysis should
consider the frequency of occurrence and the impact on generation.
For faults that occur more frequently and whose occurrence leads
to a greater loss of generation the necessary actions must be listed
to mitigate the risks, such as maintenance of stock of spare
equipment, installation of equipment in redundancy, agreement of
medium or long-term contracts with companies responsible for the
recovery of failures in a predetermined maximum time, and the
contracting of insurance, among others. Actions vary depending on
the subsystem or equipment and the cost of implementing each
action, compared to the cost of possible losses related to failure
occurrences should be considered.
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The analysis of the cases pointed out that maintaining a stock of
spare parts and managing it based on the contingency service plan
is essential to minimize downtime. Usually the wind farms
replenish the stock of spare parts bymeans of a minimum purchase
lot and the definition of this lot must consider the cost of the
equipment and its importance/criticality for the operation.

4.3.3.3. Establishment of an information exchange network.
Contact between wind farm managers is valid for exchanging in-
formation about suppliers, for sharing useful ideas to solve tech-
nical problems, for loaning specific equipment that a wind farm
does not have in stock and for handling other issues adjacent to the
wind farm, all of which can bring financial savings for the company.

Interaction with older wind farm managers is especially rele-
vant for the exchange of supplier information. When a supplier has
provided a service or sold a substandard product, this information
circulates among wind farm managers, preventing one from facing
the same problem that the other has already faced.

In Brazil there are still no formal initiatives for interaction be-
tween managers of wind farms, aside from the events organized by
ABEE�olica (Brazilian association of wind energy), which are more
focused on the discussion of internal alternatives to solve specific
problems. However, it has been noted in the case study that there
are some informal activities of exchange of information and ma-
terials between managers who are friends, and that this type of
initiative has a very positive impact on the performance of thewind
farms, especially with regard to quick recovery of flaws due to ex-
change of equipment.

4.3.3.4. Learning curve. As observed in the case analysis, newer
wind farms, which are starting operation, have a higher rate of
failure. After years of operation, the failure rate decreases as well as
the times and costs of repair due to the development of expertise by
the owners, the evolution of the experience of the managers and
supervisors, the adaptation of the maintenance activities and the
adjustments of the equipment to the local standards.

However, observing the evolution of wind farms in other
countries and taking into account the learning curve [53], it can be
inferred that this fall in the occurrence of failures occurs only up to
a certain point; this is where the depreciation of the equipment
begins to be responsible for a new increase of flaws, this time
gradual, reaching a standard of stability until the end of the useful
life of the parks. In Brazil, the oldest wind farms have been in
operation for 8 years, i.e., a quarter of the contract life, which is 20
years. These first wind farms are already in the stability phase and
will eventually enter the period of increase of failures and conse-
quent decrease in performance. This occurs around the eighth year
of operation and will point to the need to implement improve-
ments in the processes, equipment and overall performance
management.

4.3.4. Support tools
Information Technology support is one of the important factors

for performance management in wind farms since the tools can be
decisive: both for the improvement and to cause the processes
more flexible.

4.3.4.1. The use of inappropriate software. The use of some man-
agement tools in wind farms may not result in real performance
gains if they are modeled for other types of industry and are not
flexible, because they end up having their potential wasted for lack
of adaptability to the performance measurement useful for the
management of wind farms.

Using inappropriate software can lead to the practice of sins in
performance measurement [54], how to measure only part of what
matters, which is what occurs in the application of non-specific
software; and not prioritizing the measurement, that is, deploy-
ing a software without first seeking to understand what informa-
tion will actually be useful for improving performance, failing to
maintain a real commitment to the use of measures.

4.3.4.2. Condition and performance monitoring of wind turbines.
On the other hand, the use of software to monitor performance and
turbine conditions is also decisive, since it allows the overall result
of maintenance management to be optimized through predictive
actions and scheduling of maintenance in periods of lesser poten-
tial impact on generation. It can also accomplish specific actions
that directly impact the efficiency of the machines, contributing to
the increase of the global performance of the wind farms.

4.3.5. Coordination of the value chain
4.3.5.1. Development of local suppliers of products and services.
The Brazilian chain of products and services for wind farms is still in
the structuring phase. Therefore, the difficulty of finding suppliers
is a reality. In Rio Grande do Norte, a state that stands out in
installed power in operation, there are still few companies that
provide certain equipment and services, which means that the
repair time for flaws and/or the cost of contracting increases
considerably, in certain cases.

Added to this is the fact that the total cost of a failure is not only
composed of the cost of spare parts but includes the cost of services
and the lost generation cost. Therefore, it is common to compare
the cost of contracting a given service in times of contingency,
which is higher, with the cost of the lost generation.

This difficulty is greater in the first few years of operation of the
wind farms until a network of suppliers is in place, which takes
time and demands efforts from both wind farm managers and
suppliers. Even so, there are currently no tools in Brazil that facil-
itate the search of suppliers and the formatting of networks to
enable the rapid hiring of products and services for flaw repair.

4.3.5.2. Training of O&M contractors' technical teams. It is impor-
tant to highlight the qualification of the contractors' technical
teams. Technicians without the necessary qualification are less
agile in maintenance activities. Some O&M companies have a
considerable turnover of technicians and make them available to
the wind farm teams where, at times, only one member has the
necessary know-how to perform the maintenance. This occurs
mainly in the electrical maintenance companies, according to the
analysis of the cases and this was one of the aspects most cited by
the interviewees.

Some generating companies are currently studying to incorpo-
rate electrical maintenance instead of renewing contracts with
outsources; they understand that their own technical team, which
has very low turnover, already has or can easily acquire the
necessary qualifications to develop electrical maintenance
processes.

5. Final considerations

This research identified the conditioning factors that affect the
performance of wind farms after a review of the literature and
conduction of case studies in 7 companies.

Theoretical research indicated that the factors that affect the
performance of wind farms may be related to the wind farm design
phase, business and process management, maintenance activities,
the use of information technology, finance, external aspects, and
other factors. After conducting the case study, the following were
identified as main determinants of performance in the operation
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and maintenance of wind farms: Reliability of Prospecting Studies,
Construction and Assembly Quality, Organizational Learning, Sup-
port Tools and Value Chain Coordination.

The Reliability of Prospecting Studies refers to the wind studies
that are performed to define the capacity and layout of the wind
farm, aspects that, if poorly dimensioned, may affect future per-
formance. The Construction and Assembly Quality is related to the
adoption of good practices during the development of the project
and is linked to the depreciation of the equipment and conse-
quently to the failures that occur during the operation.

Organizational Learning is the main conditioning and refers to
the company's expertise in thewind sector, the profile of the people
involved in the O&M of the wind farms, the coordination of oper-
ational andmaintenance activities and the exchange of information
between companies. Those are the aspects that have the greatest
potential to affect performance.

The Support Tools are the software used for better bench-
marking of results, supporting strategic decisions regarding main-
tenance. The Value Chain Coordination refers to the existing
structure for the supply of parts and services in the industry, which
is directly linked to the time to recover from failures.

Wind farms, compared to other types of ventures, have the
peculiarity of having the operation and maintenance activities
outsourced, almost in totality. Due to this, the management of the
operational activities focuses particularly on the management of
O&M contracts, turbines and the electrical system. This is besides
other activities underlying the operation that have a direct or in-
direct influence on performance.

Field research has enabled detailed knowledge of the O&M
management context of the wind farms. The characteristics of the
investors were analyzed; the internal management models; the
O&M contract types entered into; maintenance management,
including planning and control of activities; the existing support
tools, reports and meetings; and indicators used.

Regarding the characteristics of the investors, the field research
indicated that companies that have the wind energy generation
activity in their core business havemanagement models focused on
monitoring the results of the processes, while in some companies
in other areas that started to invest in wind energy generation,
commonly management is focused only on the financial results of
the wind farms.

The O&M contracts are similar, with some differences. Partial
O&M turbine contracts generally include preventive maintenance
and corrective maintenance service. Full contracts include spare
parts and may also include warranty for recovery from failures
linked to external factors such as environmental factors. In the
contracts, a minimum value of turbine operation time is set. The
O&M contracts of the electric system are partial, excluding spare
parts, causing the parks to keep spare parts. These contracts do not
include availability issues.

Maintenance management includes the levels of control that
wind farm management has over planning and carrying out
maintenance activities, contractual clauses requiring performance
improvement actions, relationships with contractors with a view to
implementation of the identified necessary improvements and
other aspects.

The use of performance indicators in wind farms is geared, in
most cases, to the monitoring of Generated Energy. However, in
some cases it was identified the use of indicators aimed at moni-
toring the performance of the Operation and Maintenance pro-
cesses; as well as some indicators related to turbine efficiency.
Financial indicators, in most cases, are used by companies' financial
directories, not directly by tactical level managers.

The Brazilianwind industry is relatively new, when compared to
its development in European countries, for example. It is
understood that the process of maturation of the wind power
generation activity in Brazil has begun to occur nowadays, and
includes the gain of experience on the part of the entrepreneurs,
the training of the technicians who work in the sector, the
specialization and evolution of the processes of the companies that
are part of the value chain, the evolution of public policies, and the
use of new technologies, among other factors.

With this, the underlying aspects related to the Reliability of
Prospecting Studies, Quality of Construction and Assembly, Tools of
Supporting Organizational Learning have had a significant evolu-
tion. However, there is still a need for tools that allow greater
integration along the value chain, which facilitate the rapid re-
covery of failures, being one of the factors that has the greatest
potential impact on the performance of wind farms.
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