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ABSTRACT

The wind power development in Greece has been rising the last decade, aiming

to exploit the country's excellent wind resources. Though the project developers'

experience in the wind energy industry has been expanded, wind power project

risks are always present,  having the potential to have a major impact on the

project outcome. Thereafter,  the question generated is “which are those risks,

and how can they effectively be addressed?”. This Thesis is aiming to identify

those risks, specifically for the Greek wind energy sector, present the results of a

quantitative risk analysis, and propose risk response strategies for each of the

identified risks. For that purpose, a case-study in S. Euboea region was applied;

a typical 8 MW onshore wind farm was designed inside a Wind Priority Area.

The  risk  data  were  collected  by  a  panel  of  experts,  chosen  to  identify  and

quantify the potential risks through the implementation of the Delphi and the

Project Risk FMEA (RFMEA) methods. The results showed 21 risks that should

be  considered  when  developing  a  wind  power  project  in  Greece,  and  also

presented  their  response  priority  ranking,  based  on  each  risk's  ratings  in

probability,  impact  and  detection  factors.  Afterwards,  the  risk  response

strategies, for each risk, were proposed, as those were collected by the experts

panel group-interviewing. Through the analysis of the results, it is clarified that

the country's economic crisis and the current changes in the political scene have

created new and affected the already existing risks of the Greek wind energy

sector, bringing the regulatory risk to the top of the critical risks.

Keywords: Wind Power; Risk Management; Project Management; Greece; Case Study;

Delphi Method; RFMEA; Risk; Identification; Analysis; Response Planning
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NOMENCLATURE

AEP                                                                                      Annual Energy Production

agl                                                                                                   Above Ground Level

AMA                                            American Management Association

asl                                                                                                           Above Sea Level

EIA                                                                         Environmental Impact Assessment

EU                                                                                                           European Union

FMEA                                                                      Failure Mode and Effects Analysis

km                                                                                                                      Kilometre

kV                                                                                                                           Kilovolt

MWh                                                                                                        Megawatt-hour
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m2                                                                                                                  Square metre
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PPA                                                                                    Power Purchase Agreement

RES                                                                                       Renewable Energy Sources
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RPN                                                                                               Risk Priority Number

WBS                                                                                    Work Breakdown Structure

WPP                                                                                                 Wind Power Project
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CHAPTER 1. INTRODUCTION 

1.1 INTRODUCTION

It has been less than 20 years since the Greek wind energy sector is significantly

developing,  and  increasing  its  penetration  into  the  lignite-based  electricity

production.  The governments,  together  with the EU,  set  the national  targets,

strategies, and the requisite legislative framework for developing wind power

projects,  aiming  to  utilize  the  country's  wind  resources.  Being  one  of  the

windiest  areas  in  Europe,  Greece  attracts  domestic  and  foreign  investors

interested  in  wind  power  generation.  The  wind  power  project  development

demands careful planning and execution through every step of the process, due

to the risks that are present. As the set and nature of risks are unique for each

project,  likewise the risks that affect  the wind power project  development in

Greece have a certain level of uniqueness, as well.

1.2 RESEARCH QUESTION

Which are the main risks present is the development of a typical wind power

project in Greece; and how they can be effectively addressed?

1.3 SCOPE

The scope of this Thesis is to research and identify the potential risks which can
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pose a threat to wind energy projects in Greece;  analyse each of the identified

risks;  and  propose  corresponding  risk  response strategies.  Nevertheless,  the

Thesis  is  not  aiming  to  analyse  all  the  risks  that  can  possibly  exist  in  the

development  of  every  wind  power  project  in  Greece,  nor  provide  strict

guidelines  on  risk  response  planning;  instead,  it  intends  to  study  a

representative,  for the Greek wind energy sector,  single case-study,  designed

using  the  software  WindPRO,  from  which  the  results  can  be,  cautiously,

generalised for the vast majority of wind power projects in Greece, while the

risk analysis and response planning are based on the judgements of a group of

selected experts. Finally, this research is time-sensitive, namely it captures only

the current situation of the Greek wind energy sector; meaning the results would

differ if the same research had been conducted a few years ago or, likely, in a

few years from now.

1.4 STRUCTURE

Chapter 2 presents the literature review related to the research, where various

topics associated with the Thesis subject  are reviewed and explained, including

project  management,  risk  management,  and  wind  power  development  in

Greece.

Chapter  3  describes  the  details  of  the  case-study  used,  and  provides  the

methodology used in this Thesis, in order to extract the results needed to answer

the research question.
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The results presented in Chapter 4 contain the risk identification, quantitative

analysis, categorization, and response planning, as those were derived from the

application of the research methodology. 

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

discussed and further analysed.

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

on the research topic, the methodology implemented,  and the analysis of the

results.
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CHAPTER 2. LITERATURE REVIEW

2.1 INTRODUCTION

In Chapter 2, the literature review related to this Thesis is presented through the

sections  2.2  –  2.5,  by  investigating  the  available  research  work  on  project

management, risk management and wind power development in Greece.  

Related to  this  Thesis'  topic  research is  presented in  Section 2.2.  The project

management process is described in Section 2.3. The risk management process is

presented in Section 2.4. Wind power sector's current status and the wind power

project development in Greece are reviewed in Section 2.5. Finally, a conclusion

is given in Section 2.6.

2.2 RELATED RESEARCH

Richard Finlay-Jones in 'Putting the spin on wind energy: risk management issues

associated with wind energy project development in Australia' (2007) investigates the

associated  risks  with  wind  power  project  development  in  Australia,  by

analysing  and  comparing  the  risks  identified  in  several  case-studies.  His

research  on wind power  risk  management  was focused solely  on Australian

projects and the unique nature of their associated risks. The results presented

the  primary  identified  risks,  in  Australian  wind energy sector,  and different

approaches aiming to mitigate their impact. 
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Kaldellis  et  al.  (2006)  investigated  how  the  risk  evolves  during  the  entire

procedure of a wind farm investment. Each phase in the project development

procedure was given a value on a descriptive risk-scale. This research focused

on the investment risks of wind projects in Greece, based on previous experience

gained from several  projects,  during the period 1991-2003. Its results showed

that  the  risks  of  investing  in  a  wind  energy  project  in  Greece  are  mainly

concentrated in the site selection and techno-economic analysis phases of the

project development. 

The report 'Risk Quantification and Risk Management in Renewable Energy Projects '

(Michelez, J. et al., 2011) studies risk assessment and management techniques for

RES projects, by comparing them to conventional projects, and by adjusting risk

management  approaches and support  measures  of  mature industries  on RES

projects.  The  outcome  of  this  report  was  several  guidelines  for  classifying,

assessing, and managing various threats in renewable energy projects. 

The Failure Mode and Effects Analysis (FMEA) method, whose variation is used

in this  research,  was used for  the  estimation of  risks  on wind turbine  (WT)

systems in 'Failure Modes and Effects Analysis (FMEA) for wind turbines' (Arabian-

Hoseynabadi et al., 2010). 

A considerable number of studies has been conducted on  the bird collision risk,

caused by the erected wind turbines; for example 'Avian collision risk models for

wind  energy  impact  assessments'  (Masden  &  Cook,  2015),  which  focuses  on

comparing various risk collision models. 
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Similarly,  a  lot  of  research  has  been  conducted  on  the  area  of  the  social

acceptance of wind power project development, and, as a consequence, the risk

of aversely affecting the local tourism industry; as an example 'Offshore wind

farms  in  Southern  Europe  –  Determining  tourist  preference  and  social  acceptance '

(Westerberg et al., 2015). Specifically in the work of Nordman et al. in 'Citizens

Views  on  Offshore  Wind  –  Benefits,  Challenges,  and  Information  Gaps'  (2011)  the

Delphi Method was selected as an information gathering technique, due to the

fact it is a fast method to collect vital data for solving complex problems when

the  access  to  information is  limited.  However,  the scope of  this  Thesis  is  to

identify,  assess,  and  address  the  risks  which  may  be  encountered  by  the

perspective of the project developers, not of the consumers, hence, this area of

literature is not considered related to the scope of this research; though research

tools used in these papers, such as the Delphi Method, are adopted and adjusted

for the needs of this Thesis.

Though the work of Kaldellis et al. studied the risks in the Greek wind power

sector,  it  was  primarily  focused  on  the  financial  risks  of  wind  power

investments and the economic impact of various risks, and also the research was

regarding  the  wind  energy  industry  status  of  2  decades  ago.  The  research

conducted  by  Michelez  et  al.  (2011)  regarded  risk  management  in  RES,  is

general;  while Finlay-Jones' research was aiming to assess the risk existing in

wind  energy  project  development  in  Australia.  The  study  of  Arabian-

Hoseynabadi et al. used the FMEA method for risk analysis on WTs, but this

method was not applied on the project  risks of  wind energy  projects.  These



7

studies, yet close to the topic of this research in regards to the fact they study the

risks associated with RES, wind energy projects and WTs, they reveal the gap in

knowledge that this Thesis is aiming to fill; which is the risk identification and

analysis of current risks encountered during the development of wind power

projects in Greece, and the development of corresponding response strategies.

2.3 PROJECT MANAGEMENT

This Thesis lies in the area of project management. In this section, an overview of

the  field  of  project  management  is  provided,  aiming to  give  definitions  and

describe the objectives and goals of project management.

2.3.1 PROJECT DEFINITION

It is important to have clearly defined what is a project, and its characteristics, in

order to understand the project management.

A project is defined as a work method or methodology that fulfils the criteria of: 

(i) Having a specific objective to be completed

(ii) Being time-limited, with defined start and end dates

(iii) Having a specific budget

(iv) Having temporary and unique work arrangements



8

If one of these criteria is not fulfilled, then an assignment is not considered to be

a project. (Bo Tonnquist, 2009)

A close definition is given by Dr Harorld Kerzner for the project,  as being a

series  of  tasks  and  activities  having  the  following  specific  characteristics

(Harorld Kerzner, 2009):

• Have a specific objective to be completed

• Have defined start/end dates

• Have limited funds

• Require and consume resources (both human and non-human)

• Are multi-functional

2.3.2 PROJECT MANAGEMENT

The  project  management  can  be  simply  defined  as  the  management  and

organization of  a  project.  More  specifically,  however,  project  management  is

defined according to the AMA Handbook of Project Management (2014, p. 4) as

“the discipline of applying knowledge, tools, skills, and techniques to project activities,

in  order  to  meet  the  project  requirements”.  Project  management  involves  the

planning, organizing, directing and controlling of resources to complete specific

goals and objectives in a limited period (Harorld Kerzner,  2009). In addition,

project  management  is  designed  to  make  an  efficient  use  of  the  available

resources  assigned to  a  certain  project.  In  Figure  1  the author illustrates  the

constraints  (i.e  time,  cost,  and  performance)  in  which  project  management
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operates  for  the  completion  of  a  project,  through  the  Project  Management

Triangle as this is commonly found in project management literature. 

Figure 1: The project management triangle

2.3.3 PROJECT MANAGEMENT PROCESS

The  project management process consists of five groups/steps,  as identified and

described by the PMBOK Guide (2008); initiation, planning, execution, monitoring

and control, and  closure are illustrated by the author in Figure 2. Each of these

stages  contains  of  several  processes;  in  Table  1 the  various  processes  are

grouped and presented.
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Table 1: Project management process groups (Harorld Kerzner, 2009)

Initiation Planning Execution
Monitoring &

Control
Closure

Analyse the 
prerequisites

Schedule the 
activities

Direct and 
manage 
project work

Track the 
work progress

Contract 
closure

Define the 
assignment

Estimate the 
budget

Develop and 
manage the 
project team

Compare the 
outcome 
against  the 
project plan

Financial 
closure

Recognise 
benefits and 
costs

Estimate the 
resource 
requirements

Make 
adjustments

Administrative
closure

Detailed 
Estimations

Define the 
quality and 
quantity of 
work

Analyse the 
variances and 
impacts

Verify of the 
activities have 
been 
completed

Assign a project
manager

Assess the 
various risks

Evaluation
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Figure 2: Project management process

An example of an onshore wind power project development process in the form

of a WBS (Work Breakdown Structure), given by the author, follows (Fig. 3):
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Figure 3: WBS of an Onshore Wind Farm Development

2.3.4 PROJECT MANAGEMENT KNOWLEDGE AREAS

There are nine recognised key knowledge areas of project management (PMBOK

Guide, 2008). These management knowledge areas are:

• Integration management

• Scope management

• Time management

• Cost management

• Quality management
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• Human resource management

• Communications management

• Procurement management

• Risk management

Integration management describes the processes that integrate various activities in

project  management.  Scope management describes  the processed which ensure

that the work required for the successful completion of the project are included.

Time management  describes the processes required for the timely completion of

the project.  Cost management includes the processes involved in the planning,

estimating, budgeting, financing, managing and controlling the costs, in order to

complete the project within the approved budget.  Quality management includes

processes that determine the project's quality objectives, so it will fulfil the needs

for  which  it  was  undertaken.  Human  resources  management describes  the

processes  that  organize,  manage  and  lead  the  project  team.  Communications

management  comprises the processes involved in ensuring the timely creation,

distribution,  collection,  storage  and  disposition  of  project  information.

Procurement  management includes  the  processes  related  to  the  purchase  or

acquisition  of  necessary  products,  services  and/or  results  outside  the  project

team.  Risk management describes the processes responsible for conducting risk

management on the project. (PMBOK Guide, 2008)
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2.4 RISK MANAGEMENT

In  this  section,  risk  management is  described  in  detail,  being  one  of  the  key

processes in project management, and also directly related to the topic of this

Thesis.

Risk management focuses on the uncertainties that exist in a project,  and the

planning of actions for the prevention of potential threats. 

2.4.1 RISK DEFINITION

To have a more clear understanding of risk management, it is important, first, to

define what we are aiming to manage. 

Risk can be defined as a distinct type of uncertainty, that, if it occurs, has a negative

effect on one, or more, of the project's objectives (PMBOK Guide, 2008). 

Also,  risk  can  be  defined  as  the  measure  of  probability  and  consequence  of  not

achieving a defined project goal (Harorld Kerzner, 2009). Hence, when considering

risk, the level of impact of an event is associated to the probability of occurrence.

Risk is  perceived  differently  by  various  authors,  with  some focusing  on  the

negative  impacts,  while  others  acknowledge that  risks  can also  result  into  a

positive outcome (i.e opportunities) (Richard Finlay-Jones, 2007).
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2.4.2 RISK MANAGEMENT

Risk management is the structured process of dealing with a risk. It is the process

by which the risk factors are effectively and efficiently identified, assessed, and

addressed. It should be considered as the preparation for potential threats in

advance,  rather  than  reacting  to  them when  they  occur  (Dinsmore,  P.  C.  &

Cabanis-Brewin, J., 2014).

2.4.3 RISK MANAGEMENT PROCESS

According to the PMBOK Guide (2008), risk management process consists of:

• Risk management planning

• Risk identification

• Qualitative risk analysis

• Quantitative risk analysis

• Risk response planning

• Risk monitoring & control

The  first  step  of  risk  management  is  the  risk  planning;  it  is  the  process  of

developing a comprehensive  and detailed strategy for  identifying,  analysing,

responding  to,  monitoring  and  controlling  the  risks.  This  indicates  that  risk

management  planning must define the methodology,  techniques,  and project

team that will meet the challenges of each project. 
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During  risk  identification, the risks that  might  adversely  affect  the project  are

determined. 

In  risk analysis the probability and impact of the identified risks are estimated.

Risk analysis can be either qualitative or quantitative; qualitative risk analysis uses

a descriptive scale to describe the likelihood and the consequences of each risk,

while  quantitative risk  analysis uses numerical  values for both probability and

consequences, based on probabilistic risk assessment models. 

After the project risks have been identified and analysed,  risk response planning

takes  place;  the  methods  and  actions  (i.e  a  strategy)  for  dealing  with  the

identified risks are planned. A risk response strategy must be able to focus on

and address a particular risk effectively. The options of response strategies and a

brief description for each one follows (Harorld Kerzner, 2009):

• Acceptance: No proactive actions are taken, nor the project plan changes;

either because it is not possible or it is not cost-effective. 

• Avoidance: The risk is eliminated by choosing an alternative option with

lower probability and/or impact.

• Mitigation:  The risk's  probability and/or impact are reduced through a

series of actions and measures.

• Transfer: This strategy involves a third party, that will bear the risk and,

also, manage its consequences. 
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At the final phase of the risk management process,  risk monitoring and control

process tracks the progress of risk management and evaluates the performance

of the applied response strategies.  The progress  and results  are  documented

and,  if  necessary,  the  response  strategies  are  updated  or  new strategies  are

developed.

2.5 WIND POWER DEVELOPMENT IN GREECE

This section describes the current status of the wind energy sector, the targets

set, the energy policy applied, and the spatial planning of wind power project

development in Greece.

2.5.1 WIND POWER DEVELOPMENT IN GREECE

The electricity  generation in  Greece  is  provided  mainly  by the  lignite-fueled

thermal power plants, which reaches the 50% of the country's annual electricity

production. However,  the share of wind energy production has been rapidly

increasing  the  last  decade,  having  a  7.3%  share  of  the  domestic  energy

production by the end of 2014. (National Report to the European Commission 2014)

The installed wind power capacity by the end of June 2015 had reached 2,081.5

MW, while finding the highest concentration of installed wind power in Central

(Sterea) Greece region with 625.8 MW. (HWEA Wind Energy Statistics 2015)
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2.5.2 GREEK ENERGY AND WIND POWER TARGETS

In 2010, the Greek government announced the National Renewable Energy Action

Plan,  set  to  meet  its  Kyoto  Protocol's  target,  aiming  to  mitigate  the  energy-

related  CO2 emissions,  and  meet  the  EU  greenhouse  gas  (GHG)  emission

reduction  target.  According  to  Law 3851/2010,  this  plan  ensures  the  national

environmental  protection  and  sustainable  development,  by  promoting

electricity  generation  by  renewable  energy  sources  (RES).  The  national  RES

targets set up to the end of 2020, are aiming to produce the 20% of the gross final

energy consumption, of which the RES penetration must cover 40% of the gross

electrical energy consumption, 20% of final energy consumption for heating and

cooling,  and  10%  of  gross  electrical  energy  consumption  for  transportation.

(Tsirakopoulou, 2011)

2.5.3 GREEK WIND POWER POLICY

According to the Ministry of Environment, Energy & Climate Change, the priority

and main objective of the Greek energy policy is “to safeguard and manage energy

resources in a manner which secures the smooth, uninterrupted and reliable supply of

the  nation’s  energy needs  and access  for  all  users  to  affordable,  secure  energy.  The

second objective is to secure energy stocks, through alliances and alternatives energy

sources and routes in order to ensure the supply of the domestic market and protect

consumers in the case of emergencies. The third objective is the viable and sustainable

development of  the  energy sector  from the  stage  of  production  to  the  end-use  while

protecting nature and safeguarding the environment.”.
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2.5.4 FEED-IN TARIFFS

The principal support mechanism the Greek government offers are the  feed-in

tariffs  (FiT),  which came to replace the investment financial  subsidies  (40% -

60%). For onshore wind farms of the interconnected system the tariff is 87.85

€/MWh,  while  for  non-interconnected  islands  is  99.45  €/MWh.  There  is  a

separate  pricing  category  for  the  small  wind  power  projects,  up  to  50kW

installed capacity, where the tariff reaches 250 €/MWh. This feed-in tariff system

is  guaranteed  for  a  period  of  20  years.  Finally,  the  wind  power-generated

electricity  is  given  priority  dispatch  by  the  system  operator.  (Directive

2009/28/EC)

2.5.5 SPATIAL PLANNING

The  main  legislative  instrument  for  the  physical  planning  regarding  RES

installations, is the “Special Physical Planning Framework for the development of RES

and land management” (SPPFRES). It is aiming to prioritize the utilization of RES

over other land uses and facilitate the environmental permitting of RES projects

in  Greece.  Furthermore,  3  regions  of  the  country  were  identified  and

characterized  as Wind  Priority  Areas (WPA)  (Fig.  4).  The  other  areas  of  the

mainland, not included in the WPA, were characterized as Wind Suitability Areas

(WSA). (Baltas & Dervos, 2012)
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Figure 4: Wind Priority Areas (WPA) in Greece (Baltas & Dervos, 2012)

For locations that fall within WPA, the maximum allowed concentration of wind

facilities - with respect to landscape, total density and maximum allowed visual

disturbance - is 8%, or 1.05 wind turbines  (with 85 m r.d) per 1,000  m2.  That

percentage  may  rise  up  to  30%  with  approval  of  the  competent  local  or

municipal  council.  For  locations  that  fall  within  WSA the  limit  is  5%  per

prefecture (or 0.66 wind turbines per 1,000 m2). It can rise up to 50%, following a

positive opinion by the municipal or local council. Onshore wind turbines are

obliged to be installed at a distance of more than 100 m from the coastal zone,

and more than 150 m away from other wind power projects (ΛΑΓΗΕ – Operator

of Electricity Market). Additionally, the installation of wind farms is excluded

from areas with (or close to) archaeological monuments, airports, military bases,
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wildlife  areas,  protected  areas  by  the  Natura  2000 programme,  and  tourism

areas; in this case the minimum distances are set after the approval of the EIA.

(Directive 2009/28/EC)

2.6 CONCLUSION

The  literature  review  presented  shows  that  the  literature  related  to  project

management  and  risk  management  is  broad  and  in-depth.  However,  the

existing literature related to the risks associated with the development of wind

power projects in Greece is limited, revealing a gap in knowledge in this area.

The purpose of this review was to introduce the reader to the various aspects of

project  development  and  management,  and  risk  management  processes.  In

addition, the review demonstrates the current status of wind energy in Greece;

the fast-growing wind power sector is driven by the national and EU targets and

the Greek energy policy, while the projects are strongly supported by the feed-in

tariff  system.  The  risk  management  steps  of  identification,  analysis,  and

response planning will  be,  eventually,  implemented on the unique nature of

developing wind power projects in Greece, in order to seek the answer to the

research question set at the beginning.
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CHAPTER 3. METHODOLOGY AND DATA

3.1 INTRODUCTION

In Chapter 3, the methodology implemented, and the sources of data used in

this  Thesis  to  answer  the  research  question  are  described  in  detail  through

sections 3.2 – 3.5. Various research methods are employed in this study, aiming

to  provide  the  data  necessary  for  the  extraction  of  results  that  will  enable

answering the research question. 

The wind farm used as case study research-tool is described in section 3.2. The

Delphi survey technique used as the main method for risk identification and risk

analysis is presented in section 3.3. In section 3.4, the RFMEA technique used to

quantify  and analyse  the  project  risks  is  illustrated.  The group interviewing

process applied during the risk response planning stage is described in section

3.5.  A conclusion of Chapter 3 is given in section 3.6.

3.2 CASE STUDY WIND FARM

3.2.1 CASE STUDY

For this research, and in order to answer the research question, a  case study is

used as a research tool; set as a basis on which additional research methods will

be applied. More specifically, a  single-case study design will be adopted for the
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research; its use can be justified by the fact it is representative of the existing and

the, currently, under-development wind energy projects in Greece. Hence, it will

enable the extraction of results which apply to many other projects. 

3.2.2 WIND FARM DESCRIPTION

The wind farm case-study project is described through sections 3.2.2.1 – 3.2.2.3,

providing  information  regarding  its  location,  economics,  energy  production,

and existing local infrastructure.

3.2.2.1 LOCATION

The wind farm used and examined as a subject (i.e the case study) was designed

especially for this research, with the use of the commercial software WindPRO.

In order to study a case that represents a typical wind power project in Greece,

the wind farm's location was decided to be  in one of the  Wind Priority Areas

(WPA),  which are designated for wind power project  development;  thus the

installation  of  the  wind  farm  will  be  prioritized  over  other  land  uses.

Additionally, an onshore wind farm was chosen, since there are no offshore wind

farms constructed  in  Greece,  yet.  The project  site  is  located  in  the  southern

coastal area of the Euboea island (Fig. 5), which is part of WPA 2, and has large

wind potential. The terrain has low complexity, consisting of smooth hills and

low vegetation. At a distance of 1.5 km from the site there is the uninhabited

town of Erodios, having no settlements yet, planned to have minor construction
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activity in the future. Therefore, the project will be referred to as 'Erodios Wind

Farm'.

Figure 5: The location of the project area in Euboea island (above),

close to Erodios town as seen from 9 km asl (below)
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3.2.2.2 PRODUCTION & ECONOMICS

The Erodios wind farm will consist of four (4) Vestas V90 – 2 MW wind turbines,

with 2 MW nominal power each, 80 m hub height and 90 m rotor diameter; thus

having  a  total  of  8  MW  rated  capacity.  An  energy  production  calculation

performed using the WAsP interface model in the software WindPRO estimated

an AEP of 24,998.2 MWh. The AEP calculation is based on the wind statistics, the

terrain characteristics, the air density, and the power curve of the wind turbine.

The wind statistics were generated by wind data collected from two (2) local met

masts, located at distances of 1 km (met mast 1) and 2.4 km (met mast 2) away

from the wind farm, again with the use of the online database of WindPRO. The

measurement period was from 2005 to 2015, and the measurement instruments'

height was at 10 m agl. Based on the AEP calculation and the current feed-in

tariff system, the project's annual income is estimated to be 2,196,092 €. The capital

investment cost  of  the project  is  estimated to be,  approximately,  11,489,200 €,

while  the  O&M costs  are  estimated  to  be  353,700  €  per  year.  Assuming  an

interest rate of 5%, the  annual profit and the  payback period are calculated to be

920,464 € and 6.2 years, respectively. 

3.2.2.3 INFRASTRUCTURE

The  road  network of  Euboea  is  of  good  quality,  having  recently  been

reconstructed, while there are access roads reaching the project site. However,

there are several road bends with reduced radius, which require widening, or
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the construction of new access roads at these points. The roads' width ranges

from 5.5 m to 11 m, across the local road network. The national  electricity grid

and transmission network are well-developed, having lines and substations at a

close  distance  to  the  project  area,  with  the  closest  150  kV  substation  being

located  at  a  distance  of  5  km  away  from  the  wind  farm.  Due  to  the  high

concentration of wind power projects in Euboea, the expansion of the existing or

the  creation  of  new  lines  is  already  under  construction.  Recently,  a  new

60,000,000 €  submarine  transmission line  was completed,  connecting  over  20

wind parks, of total capacity 400 MW, located in southern Euboea, through two

(2) submarine cables (20 km each), to the city of Athens.

3.3 DELPHI METHOD

Using the Erodios Wind Farm as a basis for this research, being a typical wind

power  project  in  Greece,  the  risks  related  to  its  development  shall  be,  first,

identified  and,  later,  analysed.  The  method  selected  to  aid  this  part  of  the

research is the Delphi method. 

As mentioned earlier, in section 2.2, the available related research to this Thesis'

topic is limited. Additionally, the lack of a database for the risks associated with

the wind energy project development in Greece, and the various threats faced by

project developers during the last decade, limits the access to valuable, for this

research,  data.  Thus,  in  this  case,  the  Delphi  method is  used as  an  efficient

survey method, aiming to assist and organize the group communication process
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(Markmann et al., 2012) among experts, and enable the inflow of information

based on their judgements. 

3.3.1 STRUCTURE OF DELPHI METHOD

Essentially,  the  Delphi  method  is  a  'relatively  strongly  structured  group

communication process, in which matters, on which naturally unsure and incomplete

knowledge is available, are judged upon by experts', as defined by Häder and Häder

(1995). This method requires (i) a facilitator, who organizes the whole procedure

and controls the stages (i.e events) involved in it; (ii) a panel of experts, who

provide their knowledge on the subject;  (iii) questionnaires; (iv) two or more

survey rounds; and (v) feedback given between each round. 

The four necessary features of Delphi method (Rowe et al., 1991) are:

1.  Anonymity: The use of questionnaires maintained the anonymity among the

panel members. Anonymity contributed to the mitigation of bias, and gave the

freedom  to  the  panel  members  to  give  their  judgement  without  feeling

pressured by other dominant members. 

2.  Iteration:  Having more than one rounds in the survey process, allowed the

experts to change their opinions wherever they thought they should.

3.  Controlled Feedback:  Feedback presented to the panel  members between the

survey  rounds  allowed  the  interaction  between  the  panel  members,  by
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presenting all the risks identified and the mean values of their factors. That way,

everyone's opinion was presented, while arguments among the members were

avoided.

4. Statistical Group Response: The experts' opinion was expressed as the statistical

average of their individual final opinions, together with the extent of the spread

of their opinions.

Analytically,  the  Delphi  process  used  in  this  study  followed  eleven  central

phases.  The order  of  the  events  (i.e  phases)  of  the  Delphi  survey  process  is

summarised in Figure 6. 

Figure 6: Structure of the Delphi survey process

The author undertook  the role  of  facilitator  during  the course  of  the Delphi

survey process. 

A description of the Delphi survey process steps follows:
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• Formulate Research Question

The research question formulated at the beginning of the Delphi survey 

was “Which  risks can you identify regarding the development of  the  

Erodios Wind Farm project?”.

• Identify and select the experts panel

The key aspect of the Delphi process is the panel of experts and their level

of expertise. The panel members selected as 'experts' to take part in the 

survey had a minimum of 5 years of professional experience in the Greek

wind power industry as project developers, contractors and consultants.  

Six panel members were, eventually, selected to take part in the  survey,  

showing  commitment  to  the  study,  while  their  number  was  easily  

manageable by the facilitator. 

• Inform the panel regarding the research

The panel  was  informed personally  and individually,  by  the  author,  

about  the  Delphi  process  phases,  the  aim  of  the  research,  and  the  

members were provided with the case-study key information.

• Develop a questionnaire

A  questionnaire  was  developed  by  the  facilitator  (see  Appendix  A),  
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intended  to  be  given  to  the  experts  panel,  for  them  to  answer  it.  It  

included  the  research  question  formulated  at  the  beginning  of  the  

process, and a numerical scale ranging from 1 to 9 (see section 3.4.2) for 

each of the risk severity, occurrence and detection factors, based on the  

RFMEA method described in detail in section 3.4.

• Forward the questionnaires to the panel of experts

Each questionnaire was personally handed to the panel members, so any 

explanation needed regarding  the case-study would be given directly,  

thus  making  sure  that  any  issue  would  have  been  clarified  before  

answering the questionnaire. In addition, the questionnaires were given 

individually in order to avoid bias judgements. 

• Collect and analyse the responses of round 1

After a questionnaire was completed by the experts panel members, it  

was  filed  and  stored  until  the  end  of  the  first  survey  round.  The  

responses  were,  then,  analysed by listing all  the identified risks,  and  

by calculating the mean value for each of the risk components.

• Develop feedback for the second survey round

The collected results of round 1 were summarised.
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• Develop a new (updated) questionnaire

A new (updated) questionnaire was compiled, that already included all 

the risks identified in the first survey round, and a numerical scale for  

each of the risk components (see section 3.4.2).

• Give the feedback to the panel

The feedback from round 1 was provided to the panel, thus informing the

panel members of the opinions of their counterparts anonymously.

• Forward the new questionnaire to the panel

Together with the feedback from survey round 1, the new questionnaire 

was given to each member of the panel personally and individually. The 

members had the option to revise their answers given in the first round, 

and also had to assess the risks identified by other members in the first 

round.

• Collect and analyse the responses of round 2

The questionnaires were filed and stored until the end of survey round 2. 

The responses were, then, analysed by calculating the mean value for  

each  components  of  the  identified  risks,  calculating  the  risk  priority  
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numbers (RPN) (see section 3.4.1) for each risk, and, finally, ranking the 

risks.

3.3.2 LIMITATIONS

James L.  Barnes  (An international  study of  curricular  organizers  for  the  study of

technology, 1987) identified the limitations associated with the implementation of

the Delphi method. The limitations listed are:

I) The selected experts' judgements might not be representative;

II) The extreme positions tend to be eliminated, and neutral consensus may be

forced;

III) It is more time consuming than the nominal group technique;

IV) It should not be viewed as a total solution;

V) It requires skill in written communication;

VI) It requires sufficient time and commitment by the panel members and the

facilitator.

3.4 PROJECT RISK FMEA (RFMEA)

To apply the Delphi method, a panel of experts was selected and used to give

their opinions in regards to the risks present in the development of the Erodios

Wind Farm case-study, by identifying and analysing its risks. For the purpose of

risk  analysis,  the  project  risk  FMEA (RFMEA) technique  is  used  as  a  tool  to

quantify the project risks.
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3.4.1 FMEA DESCRIPTION

A data analysing methodology for risk quantification is the  Failure Mode and

Effect Analysis (FMEA) technique. FMEA is a systematic methodology designed

to identify, prioritize, act upon potential failure modes before these occur, and

assess the effect of these failures. Thus, it is an approach to determine all the

possible risks and investigate their potential causes and effects.  Based on the

failure mode analysis, response plans can be formulated (Mastoianni, 2011). 

The standard FMEA process  evaluates  failure  modes by calculating the  Risk

Priority  Number  (RPN),  which  is  the  product  of  the  multiplication  of  three

components; the probability of a failure occurrence (O), the severity of the failure

(S), and the capacity to  detect it before it occurs (D) (Equation 1) (Mastoianni,

2011).

RPN=O∗S∗D                                                                                                           (1)

3.4.2 RFMEA TECHNIQUE

The RFMEA technique is a modification of the FMEA technique. While FMEA

has been designed to quantify, analyse and reduce the risks associated with the

design and planning processes of product and service development, the RFMEA

technique is focused on the project environment. It is not only used as a tool to

quantify and analyse project risks, but also to help on formulating risk response

plans  early  in  the  project  development  process  (Mastoianni,  2011).  The  Risk
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Score is calculated by multiplying the probability and impact values (Equation

2). 

Risk Score=Probability∗Impact                                                                               (2)

Similarly,  the  RPN  value  is  calculated  by  using  Equation  1  after  having

determined the probability, impact and detection values; however, in the use of

the method the term 'failure mode' (i.e the cause of a component or equipment

failure)  is  replaced  by  the  term  'risk  event',  and  the  'severity'  is  termed  as

'impact'. Another difference between those two techniques is the detection factor,

which in RFMEA is defined as the measure of ability to detect a risk event with

sufficient time to plan for it and act upon it (Carbone & Tippett, 2004).

Tables 2, 3, and 4 provide and summarize the guidelines used in this research

for assigning the probability, impact and detection values for each risk identified

in the RFMEA, based on the Carbone & Tippett (2004) guidelines. 

Table 2: Probability Value Guidelines

Probability Score Explanation

9 Very likely to occur

7 Will probably occur

5
Equal chance of 
occurring or not

3 Probably will not occur

1 Very unlikely
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Table 3: Impact Value Guidelines

Impact Score Explanation

9

Schedule – Major milestone 
impact and >20% impact on the 
critical path.
Cost – Total project cost increase 
>20%.
Quality – Renders the project 
unusable.

7

Schedule – Major milestone 
impact and 10% - 20% impact on 
critical path.
Cost – Total project cost increase 
10% - 20%.
Quality – The output of the 
project may not be usable.

5

Schedule – Impact of 5% - 10% on
critical path.
Cost – Total project cost increase 
5% - 10%.
Quality - The output of the 
project will require approval by 
the client.

3

Schedule – Impact <5% on the 
critical path.
Cost – Total project increase <5%.
Quality – Minor impact on the 
output project.

1

Schedule – Insignificant impact.
Cost – Insignificant total project 
cost increase.
Quality – Unnoticeable changes 
on the output project.
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Table 4: Detection Value Guidelines

Detection Score Explanation

9
There is no detection method to 
detect the risk with adequate 
time.

7
Detection method is unreliable or 
unproven to detect the risk in 
time.

5
Detection method has medium 
effectiveness.

3
Detection method has moderately
high effectiveness.

1

Detection method is highly 
effective, and it is almost certain 
the risk will be detected with 
adequate time.

Thereafter,  in  this  case,  the  Risk  Score value  ranges  from 1  to  81,  while  the

RPNmin is 1 and the RPNmax is 729.

The RFMEA procedure consists of several steps. In this research, the RFMEA

method implemented had 8 steps, as outlined in Figure 7. Through the Delphi

survey method, first, the potential risks of the case-study wind power project

development were  identified by the panel of experts chosen. Second, values for

the probability, impact, and detection factors of each of the identified risks were

assigned  by  each  of  the  experts  panel  members. After  the  values  had  been

assigned to all the identified risks, then the Risk Scores and the RPN of those

risks were  calculated. Then, a Risk Score  critical value was determined after the

Risk Score Pareto  (i.e  bar  chart,  where values  are represented in descending
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order to depict the 80/20 rule) was reviewed. In this case, the 80/20 rule would

state that roughly 20% of the identified risks make up for the 80% of the total

accumulated Risk Score value. Similarly,  a RPN  critical  value was determined

after a review of the RPN Pareto. There is no scientific rule to determine the

critical values, however the aim is to select values above which the risks account

for  the  most  of  the  total  project  Risk  Score  and  the  total  project  RPN,

respectively.  Ideally,  the  distribution  would  fall  into  the  Pareto  80/20  rule,

making the choice obvious;  however,  in most cases,  as  well  in this  case,  the

distribution  is  continuous  and  smooth,  leaving  the  decision  of  selecting  the

critical value on the researcher. The sixth step was to design a scatter diagram, on

which the risks' Risk Score and RPN values are presented. The objective is to

determine the intersection of the two critical values, and identify the set of risks

that require response plans early on in the development process, and which are

prioritized during risk response planning (Carbone & Tippett,  2004).  Finally,

risk response strategies had to be developed for each of the identified risks. The

method used for completing the final stage of the RFMEA process is described,

in detail, in section 3.5.

Figure 7: RFMEA process
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3.5 GROUP  INTERVIEWING

After  the  wind  power  project  risks  had  been  identified  and  analysed,  by

implementing  the  Delphi  and  the  RFMEA  techniques  combined,  the  risk

response planning phase of project risk management took place, by establishing

strategies that address each risk effectively. For this purpose, group interviewing

was selected as a research tool for this part of the research.

The same group of experts, who took part in the Delphi survey, were selected to

participate in this group interview. The type of interview was structured, having

predetermined questions, with risk response strategies being the scope of the

interviewing  process.  Interaction  between  participants  was  made  possible,

under  the directions  of  the  moderator.  Written notes  were  taken between the

questions,  to  record the  information generated.  The procedure  designed and

followed during the group interview is described below:

• The panel of experts and the author gathered together at a pre-decided

place;

• The author undertook the role of the moderator;

• The topic was made known to the participants;

• The  guidelines were made known to the participants;

• Questions regarding strategies that address each of the identified risks,

effectively, were asked to the participants. Each question was accounted

for as a separate round;



39

• The judgements of the participants were given on risk response planning;

• The moderator could propose strategies to the participants, to consider;

• A dialogue coordinated by the moderator was taking place among all the

participants;

• After  general  consensus was  achieved  on  one  of  the  risk  strategies

proposed and discussed, the interview was proceeding to the next round

(i.e question);

• At the end of the final round, the recorded results were collected by the

moderator.

3.6 CONCLUSION

The different methods applied in this research were described in detail in this

Chapter. A wind power project is designed and planned, acting as a case-study

for  this  research,  on  which  other  research  methods  were  implemented. The

Delphi survey method, described,  was used as a research tool to collect data

regarding  the  potential  risks  encountered  during  the  development  of  the

Erodios  Wind  Farm.  The  Delphi  method  was  combined  with  the  RFMEA

technique,  in  order  to  analyse  and  quantify  the  identified  risks.  Finally,  the

group interviewing method chosen as a research tool to enable the developing

of risk response strategies, was explained.
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CHAPTER 4. APPLICATION OF THE METHODOLOGY AND
RESULTS 

4.1 INTRODUCTION

In  Chapter  4,  the  results  derived  from  the  application  of  the  methodology,

described  in  the  previous  Chapter,  are  presented.  In  section  4.2,  the  risks

identified by the experts panel are listed. Section 4.3 presents the results of the

Erodios  Wind  Farm  project's  quantitative  risk  analysis,  using  the  RFMEA

technique.  The  risk  response  strategies,  as  given  by  the  responders,  are

described in section 4.4.

4.2 RISK IDENTIFICATION

The risk identification process was achieved based on the Delphi survey method

(see section 3.3). After the completion of the Delphi survey,  21 different risks

were identified by the panel of experts,  who took part, for the Erodios Wind

Farm case-study. Table 5 includes the identified risks, which were given a risk

ID number,  based on the order they were registered by the facilitator (i.e the

author).

Table 5: Identified Risks

Identified Risk Risk ID Number

Grid Availability 1

Contractors Credit 2

Turbine Supplier Credit 3
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Contractors & Sub-contractors Lack of Experience 4

Financing 5

Community Acceptance 6

Regulatory 7

Seismic 8

Archaeological Findings 9

Transportation 10

Land Leasing 11

Political 12

Delay in project Approval and Permitting 13

Contracting 14

Environmental Impact Assessment 

and Constraints
15

Wind Resource Assessment 16

Installation 17

Lack of Coordination and Organization 18

Currency Change 19

Competition 20

Health and Safety 21

4.3 RISK ANALYSIS

After the project risks have been identified, the next step in to proceed on the

risk analysis. For this part of the research, the RFMEA technique (see section 3.4)

was applied on the  data  collected from the  panel  of  experts.  The calculated

mean  Risk  Score  values  and  RPN  values  of  each  of  the  identified  risks  are

presented in Table 6.
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Table 6: Risk Score and RPN values of the identified risks

Risk ID Risk Score RPN

1 35 107

2 23 122

3 8 49

4 11 31

5 29 203

6 49 77

7 44 283

8 8 75

9 35 153

10 12 25

11 42 149

12 22 127

13 54 82

14 17 113

15 29 158

16 10 90

17 17 104

18 8 34

19 28 229

20 27 73

21 5 36

An example of the responses given by a survey participant in the second survey-

round of the Delphi method is presented in Appendix B.
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Using the Pareto charts of risks' Risk Score values (Fig. 8) and RPN values (Fig.

9), the Risk Score and the RPN critical values were determined by the author.

Figure 8: Risk Score Pareto

Figure 9: RPN Pareto
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For Erodios Wind Farm, the Risk Score critical value was chosen as 25, while the

RPN critical value was set at 125. The next step in the RFMEA process was to

construct a scatter diagram that displays the identified risks' Risk Score values

versus their RPN values.

Figure 10: Risk Score and RPN Scatter Diagram

The scatter plot with the critical values lines revealed 6 critical risks (upper-right

quadrant), that exceed both Risk Score and RPN critical values, which have to be

addressed  early  in  the  risk  response  planning  stage.  The  critical  risks  are

described below.
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Critical Risks

• Regulatory Risk 

The regulatory risk was identified as the risk of governmental lack of  

commitment to honour support to the wind energy sector, and in turn to 

the  project  itself;  e.g  a  decrease  of  the  feed-in  tariffs  price.  This  risk  

concerned the experts panel, because of the economic crisis in Greece,  

and the various regulatory changes made by the last governments.

• Land Leasing Risk

The  responders  identified  this  risk  since  it  is  likely  to  occur,  while  

potentially can have immense impact on the project schedule; or might  

even cause the cancellation of it if no agreement is achieved, especially at 

an area with high wind power plants concentration. The land owners in

many  cases, at rural areas in Greece, are cooperatives (e.g agricultural); 

this may require long negotiations, and the consensus of its members.

• Archaeological Findings Risk

Archaeological findings risk defines the risk of discovering archaeological

artifacts at a location  close  to  the  project  site,  hence  changing  the

minimum  distances  limits  for  WPP  development  in  the  area,  causing

even the cancellation  of  the  project.  The S.  Euboea  region has  several

archaeological sites, which is the reason this risk should be considered.



46

• Currency Change Risk

The recent events in the Greek economy and the Eurozone politics, gave 

birth  to the currency change risk,  i.e  the national  currency of  Greece  

changing from Euro to Drachma. This unique risk describes the risk of  

having debts in Euros, while the income is received in Drachmas. The  

high depreciation of the new currency will have an immense impact on 

the  debt  that  has  to  be  paid  back.  Additionally,  this  risk  can  also  

adversely  affect  the  project  investors,  thus  affecting  the  project  itself  

indirectly.

• Financing Risk

The responders  identified  the  potential  issue  of  insufficient  access  to  

capital by the investors when needed. The economic crisis in Greece has a

major effect on the current level of this risk, making it very likely to occur

during the project development; a risk which would have scored much 

lower a decade ago.

• Environmental Impact Assessment and Constraints Risk

It was described by the responders as the risk of not having the EIA of the

project approved; or having the Production License withdrawn due to the

project's  environmental  impact;  or the environmental  terms becoming  

more strict, and thus the project's approval. The latter was identified due 

to the political pressures by groups, which aim to increase the limits of 

protected areas and the coastal zone, and setting higher barriers for the 

development of wind farms.
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Other  risks  which  generated  a  Risk  Score  or a  RPN  value  above  the

corresponding  critical  value  (upper-left  and  lower-right  quadrants),  were

characterized  as  primary  risks.  Response  strategies  for  primary  risks  will  be

developed right after the response planning of critical risks.

Primary Risks

• Delay in project Approval and Permitting Risk

The risk which was rated higher in probability than any other risk, is the

risk of having delays in the project's approval and permitting process. All

the responders agreed that, based on their experience in Greece, this risk

is almost certain to be materialised in this project's development, causing

significant delays.

• Community Acceptance Risk

Community acceptance is a main concern regarding the Erodios Wind

Farm development. The high concentration of wind power projects in the

S.  Euboea  region  has  resulted  in  low  public  acceptance  by  the  local

communities. Even though the visual impact of the wind farm is low, and

the  noise  immission  levels  are  below  the  maximum  limit  set  by  the

legislation, the responders are considering this issue  may  have

potentially significant impact on the project's schedule; or even cause its

cancellation.
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• Grid Availability Risk

Due to the high wind energy content in the S. Euboea area, there is a high

concentration  of  wind farms.  The risk  of  a  saturated  grid,  which will

require reinforcement and extension, was identified by the responders.

This issue can cause delays, either because of the lead time required for

the grid reinforcement,  or in obtaining the Installation License and the

PPA because of the many pending wind power projects in the area.

• Competition Risk

Competition  risk  refers  to  the  risk  connected  to  competitive  project  

developers operating, or interested in operating, at the same geographic 

area, competing to lease the same area and to connect  to  the  same  

network. Due to the high wind energy content in the S. Euboea region,  

and the fact it is part of a WPA 2 zone, the competition risk should be 

considered for the Erodios Wind Farm project. Potentially, it can cause  

major delays on the project's schedule, or even cancellation. However,  

due to the economic crisis in Greece that has affected the investors, the 

probability of this risk is now lower than it would be a few years ago.

• Political Risk

This  risk  is  close  to  the  regulatory  risk.  However,  the  political  risk

includes  the risk of  having changes  in  the national  energy policy,  the

related frameworks and legislation, the permission process, in a way that

affect the wind energy industry in a negative way.
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The other risks, which scored below both the Risk Score and the RPN critical

values (lower-left quadrant), were grouped as secondary risks; meaning that they

are succeeding critical and primary risks in response planning priority.

Secondary Risks

• Contractors Credit Risk

The contractors credit strength significantly affects their ability to meet

their obligations. Due to the current economic situation of Greece, there is

the risk of a contractor going bankrupt, thus affecting the overall cost and

schedule of the project.

• Contracting Risk

The participants identified this risk, as the risk of not being able to assure 

long-term contracts,  with the desired terms and costs,  for the project;  

and/or having contracts which do not cover effectively all the potential  

risk that may occur.

• Installation Risk

The  installation  risk  was  described  by  the  responders  as  the  risk  of  

damaging the wind turbines and/or the technical equipment during the 

turbines' erection stage.
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• Wind Resource Assessment Risk

Wind resource assessment risk was defined as the risk of having less  

electricity  production  and,  in  turn  revenue,  than  predicted,  due  to  

insufficient wind.

• Transportation Risk

The transportation risk was identified for the project,  due to the high  

number and angle of the turns on the access route to the project site, as 

well as the width and slope of the roads close to the site.

• Contractors & Sub-contractors Lack of Experience Risk

The lack of specialised, on wind power projects, experience of several  

contractors and sub-contractor who are active in the Greek wind energy

industry was identified. However, though this risk is present, it has been 

significantly decreased the last  years  due to the increased number  of  

wind farms constructed in Greece.

• Seismic Risk

Greece is the most seismically active country in Europe. The seismic risk 

refers to the risk of an intense earthquake occurring and damaging the  

foundations, the towers and/or the cables of the wind farm.

• Turbine Supplier Credit Risk

It  refers to the risk of the turbine supplier not honouring terms of the

contract and the warranties agreed, due to lack of financial strength. The
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experts identified this risk, not for its likelihood to occur, but due to its

high potential impact on both the project's schedule and overall cost, and

also the inability to detect this risk.

• Lack of Coordination and Organization Risk

Lack  of  coordinated  actions  and  organization  among  the  project  

development team, the project manager, the project sponsor, the project 

owner,  and/or  the  contractors;  it  may  lead  to  chaos  in  the  project  

management.

• Health and Safety Risk

The occupational health and safety risk is the risk of a person's injury or 

death in the project site during the wind farm construction phase.

4.4 RISK RESPONSE PLANNING

After  the  risks  having  been  identified  and  analysed,  the  final  step  of  this

research is to develop response strategies for those risks.  Risk response planning

was achieved by the use of the Group Interviewing method (see section 3.5),

during which the same panel of experts who took part in the Delphi survey,

were asked to propose and agree on strategies that could address the Erodios

Wind Farm project's identified risks effectively.

The risks and their  corresponding strategies,  as  collected through the Group

Interviewing process, are presented in Table 7.
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Table 7: Risk Response Strategies

Risk Treatment Response Strategy
Critical Risks

Regulatory Mitigation

Lobby the government
regulators, even though there

have been frequent changes the
past few years; Engage in social
activities; Have well-developed
communication with the media;

Demonstrate the positive
impact and sustainability of

wind power.

Land Leasing Mitigation

Identify and contact the land-
owners as soon as possible;
Establish a representative to
communicate and negotiate

with the land-owners; Provide
all information necessary;

Demonstrate previous projects;
Strengthen trust and security

through meetings.

Archaeological Findings Avoidance

Collect information about
future excavations at the project

area, and archaeological
findings. Also, request and

obtain a Permission to
Intervene the project area by the

Ephorate of Prehistoric and
Classical Antiquities; however,

this can be at least highly
challenging.
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Currency Change Transfer

The only way to hedge against
this risk, would be to include a
clause in the loan agreement,
that if the national currency

changes, then the debt would
be paid back in the new

currency. The difficulty of
finding a party to accept this

risk, however, would be
immense.

Financing Acceptance

Though it is critical risk, its
impact was rated low by the
responders. Their experience
showed that this risk could be

accepted.

Environmental Impact

Assessment and Constraints
Mitigation

Acting with conservatism and
setting, to some extent, more
strict rules to the project plan,

than required. 

Primary Risks

Delay in project 
Approval and Permitting

Mitigation

Use previous experience on
licensing procedure, and plan

for a contingency reserve in the
project's schedule, in order to

mitigate the risk's impact.

Community Acceptance Mitigation

Contact the local communities
early, providing clear

information about the project's
specifications and impact.

Establish regular meetings with
the local authorities to

strengthen trust, and solve
potential issues early.

Grid Availability Avoidance
Gather information about

whether the project area will be
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characterized as 'saturated'; in
that case adapt the wind farm's
capacity, or cancel the project

development.

Competition Mitigation

Plan early and block potential
competition by securing the

land, and proceed to the
licensing procedure as soon as

possible. In addition, make
alliances with key stakeholders.

Political Mitigation

Lobby various levels of
government; Intensify

communications with the
media; Demonstrate wind
power's positive impact.

Secondary Risks

Contractors Credit Mitigation

Collect information about the
credit strength of contractors;
Select contractors who have a
long record of successful wind
power projects, and that have

recently completed one.

Contracting Mitigation

Act with due diligence. Define
the contracts scope; identify

potential project risks; include
clauses; evaluate the contract

terms; track the contracts'
implementation.

Installation
Mitigation /

Transfer

To reduce the installation risk,
the weather at the site should

be monitored by applying
advanced forecasting

techniques, in order to include
buffer days in the construction
schedule, avoiding delays. At
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the same time, obtain an
erection all risks (EAR)

insurance.

Wind Resource Assessment Mitigation

Systematic weather monitoring,
at least for 1 whole year; wind

resource assessment performed
by an independent operator.

Transportation Mitigation

Hire an experienced contractor
to design the transportation
route, improve the existing

roads, and construct additional
access roads. Moreover, identify

and contact the local land-
owners in case the new access
roads cross their properties.

Contractors & Sub-contractors

Lack of Experience
Avoidance

Choose contractors who have
worked with before, and/or
have a record of successfully

completed wind power projects.

Seismic Acceptance
Due to its low probability of
occurrence, it was decided to

accept the seismic risk.

Turbine Supplier Credit Acceptance
The turbine supplier credit risk

was agreed to be accepted.

Lack of Coordination 

and Organization
Mitigation

A skilful, in team and project
coordination, project manager

should be engaged, and
strengthen the coordination
among the parties involved.

Health and Safety  Transfer
Get bodily injury (BI) coverage

for the personnel working 
at the site.
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4.5 CONCLUSION

In Chapter 4 the results  of research were presented,  identifying 21 risks and

analysing them based on the RFMEA technique guidelines.  Finally,  the risks

response  strategies  collected  from  the  experts  panel,  through  group

interviewing, were displayed.
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CHAPTER 5. DISCUSSION AND ANALYSIS

5.1 INTRODUCTION

In Chapter 5, the methodology used in this research, and the results generated

from its implementation, are discussed and analysed.

5.2 DISCUSSION AND ANALYSIS OF THE METHODOLOGY

The research question (see section 1.2) set at the beginning of this research was

aiming to reveal the potential risks that wind power project development could

currently face in Greece; and, in addition, to quantify and analyse those risk, in

order, then, to propose effective responses against them. 

This would,  ideally, require a vast database of all the risks which have been

materialised in the Greek wind energy industry; then quantify the impact they

had on each project in regards to cost, schedule and quality; finally, collect and

analyse  the  response  strategies  developed  for  each  risk,  and  measure  their

effectiveness. However, this kind of database does not exist yet, nor any similar

source of information. Thus the approach chosen to deal with this fact was to

collect the information needed, directly,  by stakeholders working in the wind

energy sector of Greece. 

The  Delphi  method  used  for  the  risk  identification  and  analysis,  had  the

advantages of  being a fast  and flexible questionnaire-based technique,  where
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peer-pressure  was  avoided  between  the  experts,  and  the  coherence  of  the

responses was increased due to the additional survey-round and the feedback

given between the rounds.  However,  there  are no specific  guidelines  on the

number  of  panel  members  required,  as  well  as  for  their  level  of  experience.

Consequently,  the validity of the results is directly connected to the personal

judgements  of  the  responders,  and  thus  may  be  influenced  by  subjectivity.

Hence, a different selection of experts, might result in a different outcome.

The risk categorization in the RFMEA technique was achieved based on the RPN

and Risk Score critical values, as those were set by the author. Since there is no

scientific rule to determine the critical values, this decision, even for the same set

of  data,  may  vary  among  different  researchers,  and  thus  in  turn  the

prioritization of risk response planning. 

Moreover, the Erodios Wind Farm case-study that was used as a basis on which

the  other  research  methods  were  implemented,  even  though  is  has  the

characteristics of a typical wind power project in Greece, it should be noted that

every project is, at a certain extent, unique; thus, the development of an other

wind farm with different size, location, energy and economic calculations, and

turbine supplier will face a different number and type of risks, and at a different

level in terms of probability of occurrence and impact on the project. Thereafter,

by using a single case-study,  a generalization can be achieved,  revealing the

current  situation  in  wind  energy  project  development  in  Greece,  but  is  not

meant the results generated to be considered compatible with every wind power

project in Greece now, or in the future.
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The group-interviewing, used as a research tool for the risk response planning

part  of  this  research,  also  falls  under  the  influence  of  subjectivity.  The

responders' experience on conducting risk response strategies greatly affects the

accuracy of this method. In addition, more than one response strategy could,

possibly,  address  a  risk  effectively.  Thus,  again,  the  response  strategies

proposed  are  not  meant  to  be  considered  as  guidelines  against  the  risks

mentioned in the research.

5.3 DISCUSSION AND ANALYSIS OF THE RESULTS

By applying the methodology described (see Chapter 3) and analysed above (see

section 5.2), it was made possible to collect the data which enable the author to

answer  the  research  question  (see  section  1.2).  In  Chapter  4,  the  results

presented included the description of the 21 identified risks for the case-study,

their quantitative analysis, and the proposal of risk response strategies for each

of those risks. 

The risks identified for the Erodios Wind Farm case-study include not only risks

found  worldwide  in  the  majority  of  wind  power  projects,  but  also  include

country-specific risks. The latter category contains the archaeological findings risk,

the currency change risk, and the seismic risk. However, the Greek economic crisis

and the political instability during the last years, have significantly affected the

values  assigned  to  several  risks;  more  specifically,  the  risks  affected  are  the

regulatory; currency  change; financing; environmental  impact  assessment  and
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constraints; political; and contractors credit risks. The new government has carried

out drastic reforms, which is the reason behind the high ratings in probability,

given by the responders, to those risks. Most of the response strategies proposed

by the experts are aiming to risk  mitigation, though for some of the identified

risks it was recommended to be accepted, without taking any other actions. This

can be explained by the fact that two of the corresponding risks, i.e the seismic

and turbine supplier credit risks, were estimated to have very low probability of

occurrence,  thus is was agreed in the group-interview that is would be more

efficient to accept them without planning on and taking any response measures.

In the case of the third risk suggested to be accepted, i.e  financing risk, which

falls in the critical risks-group, the reasons behind the panel's decision are; first,

its  impact  (mainly  on  the  project  schedule)  value  was  rated  low  by  the

responders;  second, due to the economic crisis in Greece delays in payments

have  become  very  common  not  only  in  the  wind  energy  industry,  but  in

everyday life as well, hence there is (to some extent) mutual understanding of

the current situation; and third, these delays can range from a couple of weeks

to  several  months,  but  eventually  the  payments  are  completed  as  agreed.

Therefore, the financing risk was proposed to be accepted. Lastly, the currency

change  risk  is  a  “newcomer”  in  the  list  of  risks,  which  was  not  considered

realistic until 2015, when the state of the euro-currency in the Greek economy

became  extremely  unstable.  The  consequences  of  this  risk  materialising  are

expected  to  be  immense  for  the  development  of  the  project,  since  the  new

currency would instantly and dramatically be depreciated. However, the exact

impact on the loans received for the project financing are, yet, unclear; and even

though the response strategy proposed would probably limit the risk's impact,
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the experts were unsure about whether this, or any other strategy proposed for

this specific risk, would be sufficient to address it effectively; mainly, due to its

uniqueness, complexity, and unpredictability. 



62

CHAPTER 6. CONCLUSIONS

The objective of this Thesis was to investigate the risk management process and

the development of wind projects in the Greek wind energy sector, in order to

identify  the  existing  risks,  provide  a  quantitative  risk  analysis,  and  propose

effective risk response strategies. 

To obtain results that could be generalised for the Greek wind energy industry,

a single case-study was chosen as a representative example of a typical wind

farm in Greece; i.e the project's characteristics have many similarities with the

majority of the existing wind farms in Greece. Since there was no database of the

risks encountered during WPP development for the Greek industry, the method

chosen to collect the necessary data was to conduct a Delphi survey for a small

group  of  selected  experts,  and  report  their  judgements  on  the  subject.  The

survey process was combined with the RFMEA method, which aided the risk

analysis. The results presented, eventually showed the unique character of risks

associated  with WPP development  in  Greece,  not  only  in  terms of  type (e.g

archaeological findings risk), but also in terms of measure in probability, impact

and detection, such as the contractors credit risk. It was made clear from the

results  that  the  Greek  economic  crisis,  and  the  recent  political  instability

combined with a significant number of various legislative changes, have affected

the  country's  wind  energy  development  scene.  The  risk  categorization  and

ranking  accurately  represent  the  order  and  importance  by  which  the  21

identified risks should be addressed. The risk response planning, that succeeded

risk  analysis,  included  all  types  of  risk  treatment,  with  mitigation  strategies
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being the most common. Nevertheless, it was proven challenging for the experts

panel to develop response strategies against risks which are characterized by

complexity in their nature, and variability in their outcome and the scale of it;

such as the regulatory, financing, and currency change risks.

In this Thesis, among the 21 identified project risks for a typical WPP in Greece,

6 of them, i.e  regulatory, land leasing, archaeological findings, currency change,

financing,  and  environmental  impact  assessment  and  constraints,  were

categorized as critical  risks, and risk response strategies were developed and

proposed in order to address them effectively; answering the research question

set forth at the start of this research. 

The results generated from this Thesis could be usable for anyone interested in

developing a WPP in Greece; though this should be done with caution as each

project is unique and, thus, has unique risks that need to be addressed.

In  the  future,  further  research  could  be  conducted  into  a  quantitative  risk

analysis research where data, regarding the risks encountered,  from recently-

completed  and  under-development  wind  power  projects  are  collected  and

analysed  further  in  detail,  with  the  aim to  measure  the  monetary  and  time

impact of each risk on the projects.
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APPENDIX A. DELPHI SURVEY QUESTIONNAIRE

Wind Power – Bachelor Thesis in Energy Technology, 15c

This survey is part of my Bachelor Thesis in Energy Technology 

at the Uppsala University, Campus Gotland. 

Any information obtained will remain confidential.

• Question: Which risks can you identify regarding the development of the 

Erodios Wind Farm project? 

• Risk Rating: Assign the probability, impact and detection values for each 

risk, based on the guidelines given.

Risk Probability Impact Detection

1 of 5
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Risk Probability Impact Detection

2 of 5
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Risk Probability Impact Detection

3 of 5
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Values Guidelines

Probability Score

9 - Very likely to occur

7 - Will probably occur

5 - Equal chance of occurring or not

3 - Probably will not occur

1 - Very unlikely

Detection Score

9 - There is no detection method to detect the risk with adequate time

7 - Detection method is unreliable or unproven to detect the risk in time

5 - Detection method has medium effectiveness

3 - Detection method has moderately high effectiveness

1 - Detection method is highly effective, and it is almost certain the risk will be    

      detected with adequate time

Impact Score

9 - Schedule – Major milestone impact and >20% impact on the critical path.
     Cost – Total project cost increase >20%.
     Quality – Renders the project unusable.

7 - Schedule – Major milestone impact and 10% - 20% impact on critical path.
     Cost – Total project cost increase 10% - 20%.
     Quality – The output of the project may not be usable.

4 of 5
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5 - Schedule – Impact of 5% - 10% on critical path.
     Cost – Total project cost increase 5% - 10%.
     Quality - The output of the project will require approval by the client.

3 - Schedule – Impact <5% on the critical path.
     Cost – Total project increase <5%.
     Quality – Minor impact on the output project.

1 - Schedule – Insignificant impact.
     Cost – Insignificant total project cost increase.
     Quality – Unnoticeable changes on the output project.

5 of 5
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APPENDIX B. EXAMPLE OF RESPONSES GIVEN ON THE UPDATED 

DELPHI QUESTIONNAIRE

RESPONSES :
SURVEY ROUND 2

Participant no. 3

Risk Probability Impact Detection

Grid Availability 3 7 9

Contractors Credit 5 5 3

Turbine Supplier Credit 1 9 3

Contractors & Sub-contractors 

Lack of Experience 
3 5 3

Financing 7 5 7

Community Acceptance 7 9 1

Regulatory 7 7 5

Seismic 3 3 9

Archaeological Findings 3 7 9

Transportation 3 3 3

Land Leasing 7 7 3

Political 7 3 5

Delay in project Approval and 
Permitting

7 9 3

Contracting 3 5 9

Environmental Impact 

Assessment and Constraints
5 7 3

1 of 2
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Wind Resource Assessment 3 5 9

Installation 1 7 3

Lack of Coordination and 

Organization
5 3 5

Currency Change 5 9 9

Competition 3 7 3

Health and Safety 5 1 9

2 of 2


