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Abstract 

The wind energy production grew up in the last years rapidly. 

In fact, the project management of these kind of initiatives has 

found, only recently, some practical references about the time, 

cost and quality management, stating some reference values 

(Fera, Macchiaroli, & Miranda, Project management for small 

wind turbines: An experimental survey on activities, lead 

times and risks, 2011) (Fera, Iannone, Macchiarli, & Miranda, 

2012) (Fera, Iannone, Macchiaroli, Miranda, & Schiraldi, 

Project appraisal for small and medium size wind energy 

installation: the Italian energy policy effects, 2014). In these 

years a research question arose about the risks classification 

and prioritization of the different phases of wind energy 

initiatives. Aim of this paper is to present a classification and 

a prioritization of the risks during a project of installation for a 

wind energy initiative using the ANP.  

Keywords: Analytic Network Process, Risk Prioritization, 

Project Management 

 

INTRODUCTION 

The wind energy production is increasing constantly its gross 

power installed since the mid of the 80s during the last 

century. Its growth does not finish yet, the growth is involving 

the most part of the western countries, all over the world, with 

also the help by the new economies such as: Brazil, China, 

India, etc. These last countries are becoming with Europe and 

USA the most important producers of wind energy (Kim, 

Guillaume, Chung, & Hwang, 2015) (EWEA, 2014) (Fera, 

Iannone, Macchiaroli, Miranda, & Schiraldi, Project appraisal 

for small and medium size wind energy installation: The 

Italian wind energy policy effects, 2014). The production in 

Europe will reach a very remarkable level in 2020 (EWEA, 

2014); i.e. in the worst scenario the power installed will be 

166 GW with a growth of more than 41% of the power 

installed in 2013, in the central case the growth will be of 64% 

with 192.5 GW and in the best case the  growth will be of 

85% with 217 GW installed. The growth of this renewable 

technology is granted not only by the big size applications, but 

also by the small and medium ones as it is reported in 

previous works by the authors (Fera, Iannone, Macchiaroli, 

Miranda, & Schiraldi, Project appraisal for small and medium 

size wind energy installation: the Italian energy policy effects, 

2014) (Fera, Iannone, Macchiarli, & Miranda, 2012) (Fera, 

Macchiaroli, & Miranda, Project management for small wind 

turbines: An experimental survey on activities, lead times and 

risks, 2011) and by the integration with the other smart grids 

technologies (Fera M. , Macchiaroli, Iannone, Miranda, & 

Riemma, 2016). 

The energy consumption is now facing a stabilisation of the 

growth. This fact is not meaning that the energy is no more 

needed, but that the energy consumption is going to be 

reduced by the auto-production with renewable, contributing, 

so, to the carbon dioxide emissions. So, it is possible to affirm 

that the renewables are becoming more and more important 

nowadays. 

In this context, objective of this paper is to start creating a first 

reference for who are interested to this sector from the point 

of view of the investors or the economic parties involved. In 

the previous studies the authors have presented empirical 

studies about the wind energy project management parameters 

(time, cost and quality) and about their effects on the Italian 

energy policy. So, the last variable to be investigated is the 

risk for project management. This element is very important 

because this project management parameter can influence all 

the previous cited parameters.  

Aim of this paper is to present an identification and 

prioritization of the risks for a wind energy project, using an 

Analytic Network Process (ANP) approach. 

 

LITERATURE REVIEW 

The risk management is widely used in many fields of the 

management engineering, starting from the process re-

engineering (De Falco, Falivene, & Miranda, A structured 

approach to managing technical process reengineering 

projects, 2008) (De Falco, Falivene, Miranda, & Iannone, 

Steering projects through simulation: An innovative tool to 

improve projects guidance efficiency, 2010) to construction 

projects management (Serpella, Ferrada, Howard, & Rubio, 

2014).  

Many theoretical approaches were proposed in the past about 

the assessment and prioritization of the risks for the project 
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management. The main problem to be faced in this kind 

environment is that the risks come from very different 

sources, not necessarily coherent between them and, most of 

the times, not assessable through pure quantitative methods. 

These two facts lead the researchers to the application of a 

mix of qualitative and quantitative methods for the risk 

assessment.  

These methods were used in the past not only for the risk 

management in the projects but also in other fields such as the 

occupational health and safety (Fera & Macchiaroli, 2009) 

(Fera & Macchiaroli, 2010) (Badri, Nadeau, & Gbodossou, 

2012) (Badri, Nadeau, & Gbodossou, 2013) with great 

success, revealing a useful and practical approach that helps 

the practitioners to implement these assessment models in an 

easier way. 

The risks can be assessed through different methods and many 

times they are also evaluated using the interviews, not 

filtering these results through a mathematical model that is 

able to reduce the uncertainty and subjective opinion of the 

interviewed people (Chassot, Hampl, & Wüstenhagen, 2014) 

(Hitzeroth & Megerle, 2013) (Komendantova, Patt, Barras, & 

Battaglini, 2012). 

This lack of generality is suffered by these kind of surveys 

and many models for the risk assessment suffer of this 

problem as also revealed by a recent study (Taroun, 2014). 

For this problem many researches, in the project risk 

assessment sector, have focused their attention on some risk 

assessment methods that try to overcome this lack: (i) the 

Analytic Hierarchy and Network Process (AHP and ANP), (ii) 

the Fuzzy Logic, (iii) the Monte Carlo analysis, (iv) the 

financial risk assessment methods, (v) the statistic approach 

(ANOVA and Bayesian approach).  

Recently many authors have started to use the AHP and ANP 

method to assess the risks for the projects. In particular in 

2013 some Turkish researchers have used this method to 

investigate which are the contributions by the safety risks to 

the planning and budgeting of a construction project 

(Aminbakhsh, Gunduz, & Sonmez, 2013). Other authors in 

2014 have used the AHP and the ANP to implement a risk 

prioritization in the energy investment sector (Aragonés-

Beltrán, Chaparro-Gonzalèz, Pastor-Ferrando, & Pla-Rubio, 

2014).  

The Fuzzy Logic method is very used as AHP and ANP for 

the assessment of risks for projects, especially for the 

construction ones (Nieto-Morote & Ruz-Vila, 2011). In recent 

years many authors have also proposed to use this method 

mixed with the AHP and ANP to strongly reduce the 

subjectivity of the evaluations, even if the mathematical and 

formal approach is resulted heavier (Liu, Li, & Wang, 2013) 

(Taylana, Bafail, Abdulaal, & Kabli, 2014) (Shafiee, 2015).  

The Monte Carlo analysis method is widely used in many 

engineering fields and also in the risks assessment for the 

project management. This strong use is witnessed by many 

publications with particular attention also to the energy 

production projects (Chou & Ongkowijoyo, 2014) (Pereira, 

Pinho, Galhardo, & Macedo, 2014) (Arnold & Yildiz, 2015).  

Other method used is the one that uses the financial indexes. 

Obviously, when the risk assessed is the financial one, the 

best method to use is the one that use the traditional financial 

indexes such as Net Present Value (NPV), the Internal Rate of 

Return (IRR), etc. (Li, Lu, & Wu, 2013). This fact limits the 

possibility to assess the risks with this method, in fact, as 

reported in some papers, the financial method needs to be 

integrated in a more general risk assessment method, not 

being sufficient stand alone (Chang, 2013).  

Other methods to assess the risks in a project are related to the 

simulative approach. This method is very useful to apply a 

real scenario based assessment in the design phase. The use of 

this method is witnessed also by some research papers in very 

different field such the one by Yuce et al. in 2014 (Yuce, et 

al., 2014), in Packianather et al. in 2014 (Packianther, et al., 

2014) and in Fera et al. in 2017 (Fera, Fruggiero, Lambiase, 

Macchiaroli, & Miranda, 2017). 

The last method examined is the one that use the statistic 

methods, such as the Analysis of Variance (ANOVA), the 

Bayesian approach and so on (Khodakarami & Abdi, 2014) 

(Tang, Li, Qiang, Wang, & Lu, 2013) (Hu, Zhang, Ngai, Cai, 

& Liu, 2013). The main limit of this kind of methods is that 

their use is limited to the ones that can be analysed and 

studied through a quantitative point of view, and many times 

in the project risk management this hypothesis is not satisfied. 

As it is clear from the literature analysed, the project risk 

assessment become easier and not subject to the subjectivity 

of the experts thanks to the AHP/ANP. The other methods are 

limited in their practical use by their mathematical complexity 

(as the fuzzy method) or by the absence or partial absence of 

quantitative data for the assessments of the risks (as the 

statistic method).   

So, this paper will present a method for the risk assessment in 

construction and operations issues in a wind farm project. The 

extension to the operations and maintenance can give to this 

study a more general point of view to the life cycle.  

 

The risk prioritization method for wind farms projects 

As before stated it is quite difficult to recognize other sources 

in the literature to prioritize the risks in this kind of projects. 

In fact, the variables are most of the times not numerical, but 

based on subjective opinions.  To create a framework to 

prioritize the risks it is presented in this paper a model based 

on the Analytic Network Process (ANP) technique, to reduce 

the subjectivity of the evaluation of the single experts. So, 
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they will be presented and explained (i) the network, that links 

the causes and the effects, (ii) a survey between several 

experts and (iii) the results of the application of the ANP 

model loaded with the data collected in the survey. But, 

before to start with this presentation, let us to introduce the 

mathematic formalism of the AHP and of ANP. The ANP 

(Saaty T. L., 2000) is a technique used in decision making 

science. It is based on the contribution of the experts, for the 

creation of a unique priority index for each possible decision. 

This index summaries all expert’s judgments, minimizing 

their inconsistency. In general, the procedure, given an 

objective and given a set of possible choices and/or decisions 

to achieve that goal, calls the experts to express a relative 

judgment of relevance of each choice, when compared to all 

the others. The ANP presents a difference from the AHP for 

the fact that some choices can be influenced each other, 

interrupting so the linear relation between causes and effects 

typical of the hierarchies and introducing relations between 

choices belonging to the same choice level. 

Let us to introduce the prioritization method before 

introduced. Given a set of decisions to be judged in terms of 

priority, D = [D1, D2,..., Dn], the experts must judge how 

much a is relevant each element when it is compared with all 

the others. So, each expert gives a relative judgment that 

could be indicated as akil, where k and i are the counter of all 

the elements belonging to the set D and l is the counter of the 

l-th expert. To summarize the different experts’ judgments, it 

will be used the geometrical mean of all the judgments using 

the equation (1).  

n
kinkikiki aaaa  ....21   (1) 

As it was demonstrated by Saaty the use of the geometrical 

mean to summarize the different experts’ judgments, 

minimizes the inconsistency of the comparison matrix C (see 

forward) (Saaty T. L., 2000).  

For clarification scope let us introduce the unanimity and the 

homogeneity properties. The unanimity property states that if 

all the experts give the same evaluation y, the resulting 

general evaluation should be y. The homogeneity property 

states that if the single expert gives an evaluation u times 

larger than another, the resulting total evaluation should be u 

times larger too. A mathematical formulation of these two 

properties is reported in (2) and (3). 

Xxxxxxf ),...,,(
   (2) 

RuXuxxxxufuxuxf nn  ,,),..,(),..,( 11
    (3) 

After that the total judgments are calculated, through equation 

(1), they are inserted as in a matrix (nxm), named comparison 

matrix, C.  
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To successfully apply the AHP, and so the ANP, a 

fundamental condition has to be respected i.e. the consistency 

of comparison matrix has to be over a fixed value. In general, 

it is possible to affirm that a matrix B=(bij) is consistent when 

the transitivity and symmetric properties are satisfied, (4) and 

(5). 

nkjiwhereaaa ikjkij ,...,2,1,,       (4) 

njiwhereaa jiij ,...,2,1,1            (5) 

It is worth to note that, in general, the consistency index of 

matrix C is maximized if the elements of the matrix with k≠i 
respect the condition in the equation (6), besides the fact that 

elements with k = i are always equal 1. 

ki
ik j

j 1


    (6) 

For the reason that the experts are not pure rational judgers 

and their opinions do not coincide, in real application, the 

equation (6) is not always respected, so an inconsistency 

could be present in the decision problem analysed. It is very 

important that for the effective application of the ANP the 

inconsistency of the matrix C has to be less than 10%, i.e., the 

number of times in which relations (4) are not verified has to 

be less than 10% (Saaty T. L., 2000).  

The prioritization of the elements of the data-set Di, as 

stemming from the judgments of experts, can be computed 

from the entries jik of C. In particular it is needed to calculate 

the maximum eigen-value λ and so the relative eigenvector of 

all the matrix vλ (Saaty T. L., 1998). Once that this calculation 

has been done it is needed to normalize the eigenvector (as 

shown in (7)), obtaining a judgment between zero and one, so 

for each row of the matrix C it will be calculated a factor 

judgment. 

        




i
i
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Once that the AHP/ANP method is described, in the following 

paragraph the ANP method will be applied, following these 
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presentation steps: (i) network design for the wind farms 

projects, (ii) data collection presentation and (iii) prioritization 

results presentation. 

 

The risks prioritization 

The risks present in the field of EPC for wind installations are 

many and a lot of times they have a relative influence between 

them, even if they belong to a same cluster of risks. It was 

possible to recognize several cluster of risk factors, the main 

are listed below: 

 Economic; 

 Political; 

 Technical; 

 Operational; 

 HSE; 

 External. 

For each of them it is possible to recognize the risk factors. 

The clusters are coloured in different way to let the reader to 

better understand the relations between the clusters and the 

single factors of the clusters. 

The risk factors were analysed and put in comparison through 

the couple comparison used typically in the AHP/ANP 

method, before introduced. From this analysis some 

interesting results arose. 

The questionnaire was sent to over 15 experts; the experts 

were chosen between the experts of risk management in 

project management and renewable energy installations 

experts, coming from the academic and practitioners’ world.  

The results of the test were elaborated using the 

summarization of the judgements using the geometrical mean 

to minimize the effects of the inconsistency of the super 

matrix of the comparison judgements. 

The risk prioritization is reported in table 1.  

Focusing on the first risk factors. That contributes to more 

than 60% of the weights ranking for the risks, it is possible to 

better analyse the main risk features in the projects such as the 

wind energy machines installations. The main risks, as before 

defined, are listed in table 2.  As it is possible to understand 

the risks come from all the clusters, so it is not possible to say 

that one cluster is at all not relevant for the risks estimation. 

The top risks are in the field of operations, HSE and economic 

issues, especially related to the financial loans. 

 

 

 

Table 1: The risks prioritization 

Risk factor Index 

No-good concrete curing 12,21% 

Poor training of professionals  8,00% 

Financing loan 6,40% 

Failure to meet the expected energy 6,14% 

Environmental risk 6,07% 

Construction cost 5,40% 

Economic Stability 4,87% 

Democracy Absence 4,26% 

Interest rate variation 3,55% 

Differences between expected earnings and 

acquired 

3,29% 

Delays in project presentation 3,20% 

Technical norms non-compliance 3,02% 

Management cost 2,79% 

Delays during excavation 2,45% 

Low quality of concrete 2,43% 

Delays in site individuation 2,28% 

Design errors 2,20% 

No respect of the curing time of the concrete 2,14% 

Suppliers' errors 2,02% 

Weather 1,90% 

Failures 1,47% 

Low reliability of wind data 1,45% 

Errors in concrete casting 1,09% 

Errors in maintenance 1,03% 

Energy price variations 0,96% 

Errors in order phase 0,95% 

Logistics delays and unforeseen 0,70% 

Need for modifications in design  0,68% 

Suppliers' payment conditions 0,67% 

Electric company responsabilities 0,64% 

Politic stability 0,61% 

Difficult access sites 0,60% 

Delay issuing authorizations from the 

authorities 

0,53% 

Problems connecting to the grid 0,46% 

Accidents and injuries 0,41% 

Dealys for wind studies 0,40% 

Delays in feed-in-tariff acceptance 0,38% 

No-authorisation of the projects 0,33% 

Lack of supervision 0,28% 

Landslide 0,28% 

Currency change variation 0,23% 

Geological instability 0,22% 

Others 1,00% 
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Figure 1: The ANP model for the project 
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Table 2: The main risks relevance 

Risk factor Index 

No-good concrete curing 12,21% 

Poor training of professionals 8,00% 

Financing loan 6,40% 

Failure to meet the expected energy 6,14% 

Environmental risk 6,07% 

Construction cost 5,40% 

Economic Stability 4,87% 

Democracy Absence 4,26% 

Interest rate variation 3,55% 

Differences between expected earnings and 

acquired 

3,29% 

Delays in project presentation 3,20% 

Technical norms non-compliance 3,02% 

Sum 66,40% 

 

The main risk, i.e. the not good curing of the concrete of the 

foundation of the wind machine tower, obviously, is critical 

for technical reasons with serious impacts also on aspects 

related to the asset value and to the capacity of the wind 

machine to produce incomes in its life time-span. About this 

risk it is possible to say that it is a totally controllable risk, 

starting from the fact that in any instant the EPC company or 

the investors could control the parameters related to the 

quality of the concrete, such as the chemical analysis on the 

concrete coming from the furnisher in the cement mixer or the 

chemical analysis after the casting in the foundation. Other 

actions to be conducted to avoid this kind of risk are related to 

the concrete casting operations, that has to be slow and 

controlled by personnel with a good experience and 

knowledge about the concrete casting and curing. 

For the second risk factor, i.e. the poor training of the 

professionals, it is important to say that this risk can lead to 

two main issues, one related to the correct operations in the 

mounting and maintenance of the machine, and one related to 

the prevention of the safety injuries or accidents. In fact, 

generally the operations in the wind energy sector are mostly 

related to operations with high skills to be applied for the 

O&M and high risks for the safety of the workers (think 

about, for example, to the fall-down risk when the nacelles of 

the machines have to be mounted or when the rotors with the 

blades have to be positioned. 

Another important risk is the one related to the loans. This 

risk is mainly critical for the success of the project, starting 

from the fact that, generally the wind energy project are 

sustainable in a financial way, just if they have a timing of the 

outcomes very close to the operations event (Fera, Iannone, 

Macchiaroli, Miranda, & Schiraldi, Project appraisal for small 

and medium size wind energy installation: The Italian wind 

energy policy effects, 2014) and with a sensible imbalance in 

the leverage in favour of debt instead of the equity. So the 

availability of the financial loan is fundamental for the success 

of a wind energy installation project. 

Obviously also some political factors such as the economic 

stability and the democracy absence in the country in which 

the project has to be realised are relevant risks, due to the fact 

that from these two factors depends the capacity of the project 

to produce revenues through the Feed-In-Tariffs (FIT) and to 

have certainties about the authorisations and other facets 

directly related to the political context. 

Other risks are related to the time span of the project and they 

are mainly linked to the first periods of the project life time 

span, in fact they are related to the design and authorisation 

phase, so a good knowledge about the applicable technical 

norms and about the right project presentation to the 

authorisation bodies is fundamental to avoid these kind of 

risks. 

As it is possible to understand mainly part of the risks are 

related to controllable variables, with possibility to focus the 

attention of the project managers directly on the possible 

solutions to avoid the effects of the risks mentioned. Just the 

political and the economic stability represents an external 

variable to the project management. For these risk factors, 

some actions for the risk reductions are still possible, thinking 

for example to the possibility to have an insurance to cover 

the financial effects of the mentioned risks or to analyse 

deeply the political and economic context in which the project 

will be realised to better perceive the political and economic 

context of the operations country. 

 

CONCLUSIONS 

The paper deals with the identification and prioritization of 

the risk factors for the installations of wind machines. This 

research field is still not covered by many contributions and 

the theme is open to contributions, coming both from the 

academics and from the practitioners.  

The risks identified are mainly referred to the main phases of 

a project such as: design, authorisation, purchasing, 

construction, commissioning and maintenance in the life time 

span of the machine. 

So, the present work can be useful not just for the project 

managers but also for the people that are involved in the 

following maintenance operations on the machines installed.  

The paper demonstrates, using a well-known method, that the 

main risks are related to all the clusters individuated in the 

paper and the principles are related to the facets of the 

concrete curing.  

Moreover the most part of the risk factors ranked are 

controllable ones, i.e. it is possible to put in place actions to 

manage and reduce them. Just two risks are not controllable, 
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i.e. the political and economic stability risks. These two risks 

are manageable using reduction risk tactics such as the 

insurances for the covering of the financial effects of the 

mentioned risks. 
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