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ABSTRACT: Renewable energies as indigenous source of energy will have an important role to
play in reducing the level of energy imports, mitigate climate change and enhance energy security5.
Biomass offers a large unexploited technical potential and is currently competitive and economically
viable. This study deals with the availability of the raw material and its potential use for energy
production purpose. An e-mail Delphi method technique survey to be administered to experts in the
field of olive farming and olive oil production industry was performed. The questionnaires designed
elicit and develop individual responses to the problems posed and enable the experts to refine their
views as the group’s work progresses. The work findings reveal a considerable interest of experts
for obtaining energy from biomass. Furthermore, it seems to be a chance for environment saving
and an economical opportunity for farmers.
Keywords: Biomass, olive, renewable energy, Delphi method

1 INTRODUCTION

RENEWABLE ENERGY
In this study we take into consideration the availability and the use possibilities of the
biomasses from olive oil production in Mediterranean and European Countries. Our objective is to
provide a picture of the experts evaluations about the challenges posited? in such a business area.
Renewable source of energy are currently unevenly and insufficiently exploited in the European
Union. Although many of them are abundantly available, and the real economic potential
considerable, renewable sources of energy make a disappointing small contribution to the Union’s
overall gross inland energy consumption, which is predicted to grow steadily in the future
(COM(97)599)6.
The EU has a clear framework to steer its energy and climate policies up to 2020. This
framework integrates different policy objectives such as reducing greenhouse gas (GHG) emissions,
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securing energy supply and supporting growth, competitiveness and jobs through a high
technology, cost effective and resource efficient approach. These policy objectives are delivered by
three headline targets for GHG emission reductions, renewable energy and energy savings.
The EU is making progress towards meeting the 2020 target of 20% renewable energy in
gross final energy consumption. In 2010, the renewable share in the EU was 12.7% compared to
8.5% in 2005. In the period 1995-2000 when there was no regulatory framework, the share of
renewable energy grew by 1.9% a year7.
Agriculture is a key sector for the European strategy of doubling the share of renewable
energies in gross energy demand in the European Union by 2010. New activities and new sources of
income are emerging on-farm and off-farm. Among those, the production of renewable raw
materials, for non food purpose in niche markets or the energy sector, can represent a new
opportunity for agriculture and forestry and contribute to job creation in rural areas8.
A number of studies in the literature conclude that agro-industrial residues are a suitable source of
biomass for electricity production9
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; however, its use as an energy source is hindered by

several limitations, such as for instance the seasonal supply of waste (correlated to the seasonality
of the main product); or the high investment costs required for waste pre-treatment14.

RAW MATERIAL AVAILABILITY
Olive tree groves are a typical feature of the Mediterranean landscape, and in Europe they
represent the ancestral crops of countries such as Italy and Spain, where olive oil production has
represented an export-oriented industrial activity since at least two millennia15.
The worldwide surface grown with olive trees amounts to almost 8.6 million hectares,
mainly located in the Mediterranean Sea basin16. Such crops require frequent pruning, which
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generates the equivalent of at least 1 oven dry ton (odt) of residue biomass per hectare17. In Italy
alone, the annual amount of residue derived from the pruning of olive groves, vineyards and other
orchards has been estimated to 2.85 million tonnes, net of the amounts already recovered for
traditional utilization18. That explains why pruning residue generally plays an important role in any
analysis of biomass availability conducted in these regions19 20.
Olive oil is nearly totally produced in the Mediterranean region. Three quarters of the annual
production in the world comes from European Union countries around the Mediterranean Sea. As
the demand of olive oil is rapidly increasing worldwide, environmental pollution posed by olive
mill wastes (OMW) is a growing problem especially in the Mediterranean region. The olive oil
producer countries have been facing a serious challenge to find an environmentally sound and
economically viable solution in handling and disposal of OMW21.
The waste products derived from olive oil extraction are an aqueous effluent (vegetation
water) and a solid residue, mainly containing the olive skin and stone (olive husk). The amount of
vegetation water produced depends upon the milling process, ranging from about 50 kg of water per
100 kg of olives in a traditional batch mill to about 110 kg of water per 100 kg of olives in a
continuous process. Olive oil production has a significant role in the Italian agro-industrial
production; the Italian production of vegetation water reaches 3 million cubic meters and, being a
seasonal activity, it is concentrated in a 3-month period22.
The paper is organized as follows: Par 2 illustrates the objective and the method of the
analysis, Par 3 illustrates the empirical investigation design, Par 4 illustrates data analysis and
discussion and in Par 5 there are the paper conclusions.

2 OBJECTIVE AND METHOD
In order to gathering information about availability of raw material and its potential use for
energy production in the Mediterranean areas, a Delphi method survey was performed. The specific
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goal was to investigate how the technological idea at the basis of the project is perceived by expert
of the field.

DELPHI METHOD TECHNIQUE SURVEY

“Project Delphi” was the name given to an Air Force-sponsored Rand Corporation study
focused on understanding the use of expert opinion23. The objective of the Delphi methodology was
to ‘‘reduce the negative effects of group interactions’’24 and to obtain the most reliable consensus of
opinion of a group of experts25. The Delphi method is named after the ancient Greek oracle at
Delphi, who offered visions of the future to those who sought advice26
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. In its original form, the

Delphi method is a long-range forecasting technique that elicits, refines, and draws upon the
collective opinion and expertise of a panel of experts28. On a practical level, the Delphi method is
an alternative to formal meetings, interviews, or other face-to-face interactions. Unlike meetings
where often not everyone can be present, the Delphi method allows all participants to have equal
opportunity to be involved with the decision-making process.
The Delphi method was developed as a way to overcome negative effects of person-toperson interactive groups, such as the ‘the tendency of low-status members to ‘go along’ with the
opinions of high-status members in spite of contrary feelings’’29
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. Other weaknesses felt by face

to- face meetings, such as following a single thought, getting side tracked, and losing sight of the
goal of the discussion31, are less problematic for the Delphi method. Four features that eliminate
such problems and characterize the Delphi method are: anonymity, iteration, controlled feedback
and statistical group response32.

DESIGN
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The essence of the technique is fairly straightforward. It comprises a series of questionnaires
sent, in our case by SurveyMonkey platform (SM), to a pre-selected group of experts. The
questionnaires are designed to elicit and develop individual responses to the problems posed and to
enable the experts to refine their views as the group’s work progresses in accordance with the
assigned task33.
The first questionnaire (Q1) poses the problem in broad terms and invites answers and
comments. The answers to Q1 are summarised and used to construct a second questionnaire (Q2).
Q2 presents the results of Q1 and give respondents an opportunity to re-evaluate their original
answers in the light of comprehensive feedback on the response of the whole group. During this
interactive process issues can be clarified, areas of agreement and disagreement can be identified,
and an understanding of the priorities can be developed.
The first stage of a Delphi process is of crucial importance. If respondents do not understand
the aim of the Delphi exercise, they may answer inappropriately, become frustrated or lose
interest34.
In the second questionnaire experts can argue in favor or against each item. The benefits
which can reasonably be expected at the Q2 stage are the identification of areas of agreement and
disagreement amongst panelists as well as issues requiring further clarification.

3 EMPIRICAL INVESTIGATION

SURVEY DEVELOPMENT
Subscription on the SM professional “Gold plan” provided access to additional features
useful for survey development as for example Question Logic (the possibility to direct respondents
to different sections of the survey on the basis of answered questions).
One of the existing online templates was selected to create the draft of the first round survey.
The subsequent surveys had been created then each time by copying and editing the previous one.
The appropriate identifying logo of the research project (Fuel From Waste Project: funded by the
European Union in the frame of the 7th Framework Programme) was uploaded into the survey as a
header on each page.
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Questions were built by copying and pasting the statements by a word document, selecting
from SM the question type and response options. There was an additional field for comment after
each group of statements.
For the round one survey, a five point rating scale was used, and response choices ranged
from 0 (strongly disagree) to 5 (strongly agree). For round two, the acquired information was used
to build a staked bar chart of the whole responses.

SURVEY ROUNDS

Q1. The questionnaire is divided in different sections. The first one is realized in order to
give to respondents the possibility to focus attention on the aim of the work by means of an open
answer question about energy from waste.
The later questions section concerns respondents’ general and demographic information, to
characterize the panel of experts we deal with (age, qualification, profession, experience, main
activity).
Then there is the group of knowledge and attitude questions: the first group is administered
as lists of questions about investments (human, physical, administrative, others), geo-location and
amount of waste and information sources about this matter; the second one is administered as a
Likert scale about desirability and feasibility of production of energy from waste.
At the end of the questionnaire we provided a section for respondent to make comments on any
issue of the questionnaire (suggest clarifications, argue in favor or against issues, and ask
questions).
The questionnaire was administered using an e-mail invitation; in this way experts can
choose to participate in the group communication process when they prefer, and may choose to
contribute to that aspect of the problem to which they feel more interested to contribute.
Respondents have to understand clearly the aim of the survey. For this reason, we provided
them with a brief abstract of the Delphi method and of the aim of the study in the invitation
message.
Q2. The second questionnaire was realized summarizing the panelists answers with staked
bar charts depicting the distribution of responses indicating each statement’s rating for level of
agreement. The experts were asked to confirm or reject their previous answer and to give a
comment on the review.

DISTRIBUTION OF THE ROUNDS

The SM email collector method was selected to distribute a personalized email message to
each panel member35 with a URL link to the survey. A list containing the panel e-mail addresses
and names was realized and an ID number was assigned to each panel member in order to track
responses between rounds and provide individual feedback.
For each round of the survey, emails were scheduled for distribution, with five follow up
reminder emails to non-respondents per round36
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. The list of respondents from each round

was copied into new recipients list for subsequent round.
Piloting the survey is a crucial step for a good Delphi research design40
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.The survey was

pilot tested as recommended by Presser. Feedback resulted in minor wording changes and editing
for clarity only42.
DELPHI PANEL.
There is no agreement on an ideal panel size, this being a balance between large numbers
(difficult to manage and having high attrition rates) versus a small panel size (potentially
introducing bias and lack of variability)43.
In this study, the panel of experts was composed by specialists on olive farming and olive oil
producers, as well as professors, experts from trade associations and from bio-energy branches.

4 DATA ANALYSIS AND DISCUSSION.
A small subsample of respondents to be interviewed was randomly selected in order to test the
questionnaire with a pilot test. The text of the invitation contains a brief introduction to the project,
the aim of the survey, the contacts of the coordinator and the link to FFW website. The invitation
was signed by the project coordinator.
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After the web survey was uploaded and operated on the survey website, the next phase was to
deliver the survey to potential respondents. Now the matter is the invitation designs (how
respondents should be invited), the use of pre-notification and reminders, and the use of
incentives44.
As for the invitation design, contacts are messages sent to respondents with the purpose to
inform them of the upcoming arrival of a survey. Only for the pilot test a pre-notification strategy
was applied, in order to obtain a feedback. Such approach was unfeasible for the administration of
the whole survey, because of the large number of contacts. We used, instead, the e-mail invitation
strategy.
Society-related and respondent-related factors influence participation decision in a web
survey. As referred by Groves, the social level factors are related to social cohesion and public
attitude towards the survey industry45. Furthermore, there are trends of decreasing response rates
around the world over the past several decades46
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. Furthermore, the official sponsorship of a

survey is found to affect response rate. Generally, survey sponsored by academic and governmental
agencies have higher response rate49
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. For this purpose the invitation text introducing the

questionnaire was signed by the coordinator of the Project and the link to the FFW Project web site
was embedded in the invitation.

Table 1. Number of sent e-mail, filled questionnaire and response rate.
Q1
Q2

File folder
ITALIANS
ENGLISH
ITALIANS
ENGLISH

sent
387
236
53
23

filled
53
23
42
19

% ans/file folder
13,70
9,75
79,25
82,61

At the end of the first
round
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questionnaires were fulfilled.
This is the expert panel that has been used for the second round questionnaire.

PANEL CHARACTERISTICS
We pointed out the main characteristics of the panel in order to give an evaluation of its
quality and representativeness (variability of professions, age, and educational qualification).
About the age class, 2.6% of respondents were younger than 30. 69.3% were between 30
and 50, the others were older than 50.
Concerning the educational qualification, we had no answers for primary education and
middle school, only 1 panelist had high school level, 17% of respondents had a university degree,
and 92% had a postgraduate qualification such as master or PhD.
Concerning the profession, 4% of respondents were businessmen, 21% were professors and 52%
were researchers in the field.
5% of panelists had an experience in the field shorter than 5 years, 49% between 5 and 15
years, 21% between 16 and 25 years and 21% over 25 years.
The main activity of panelist was: 73% public research, 6.6% private sector research, 6.6%
farming, 6.% agro-industrial production, 1.3% local policy, 1.3% national policy and 1.3% energy
production.
With these information we can assess that the panel is quite various for age and years of
experience in the field. In the other panelist features the variability is lower because of the e-mail
source used for the composition on the panel: official data from CINECA (non profit Consortium.
made up of 56 Italian universities and 3 Institutions), from Italian and International associations in
the field of agro-industry and energy production. It was expected that the greater percentage of
respondents were graduate, as employed in the research sector. For businessmen of agro-industrial
sector, the response rate has been low because of the delicate connection between agro-industrial
sector and the inclination to the survey compiling.
About information sources on production of energy by biomass, 32% of panelists selected
magazines, 23% selected specialists, 21% selected TV, internet, radio, 11% colleagues and 10%
trade associations.
Concerning information about knowledge of panelist (questions about investment in the
field of energy production from biomasses, and quantity of biomass produced in the belonging
area), unfortunately this information seemed too much technical and just few respondents gave an
answer about the local situation.

The responses and qualitative feedback from the first round survey were reviewed and
comments included for thematic analysis. This process resulted in the revision of the survey for
round two.
Descriptive statistic was used to report and review the panel demographic characteristics.
Stacked bar charts were presented in the round two of questionnaires to depict the distribution of
responses indicating each statement’s rating level of importance. These were sent to all panelists,
together with a brief summary of their previous answers, asking them to give a comment on the
distribution of the responses and confirming or rejecting the preceding choice.
These comments give us information about the attitude of panelists.

STAKED BAR CHART USED FOR REALIZATION OF Q2.
Table 2: Staked bar charts depicting the distribution of responses indicating each statement’s rate
for level of agreement concerned with “energy production from biomass”.

Table 3: Staked bar charts depicting the distribution of responses indicating each statement’s rate
for level of agreement concerned with “obtaining energy from olive industry and farming wastes”.

Concerning the panelists attitude outcomes, experts pointed out a very high level of
agreement referred to the issues related to the energy by biomass production. In particular it seems
to be a chance for farmers in managing woody farming wastes and exploit unused resources.
The statements who obtained the lower level of agreement referres to investment costs.
Panelists seems to do not agree with the low level of investment required to ensure energy
production statement.
For the issues concerned with the possibility to obtain energy from olive industry and
farming wastes, the main boundary for the diffusion of the wastes exploitation seems to be the legal
restrictions and, at second step, the lack of siuitable trasformation plants.
In any case, this possibility is considered a chance for saving environment and an economical
opportunity for farmers.

5 CONCLUSIONS
The study investigates the experts’ evaluation of the possibility to exploit the biomasses
from olive oil production in Mediterranean and European Countries.
The value of the investigation is mainly due to the fact there is not a comprehensive
understanding of these possibilities due to several issues related to several factors such as: the
logistic of the energy production systems, technology to be efficiently employed and legal
constraints.
Facing such issues, enterprises need to refine their own perspective about the business
perspectives, integrating the inducements and the constraints of legislation, especially in the field of
environment protection.

To evaluate the real possibilities is a difficult matter, as the knowledge in the technological
field it is not completely integrated in the practices, so codified and tacit knowledge do not fully
provide the expected benefit in terms of efficient organization and technology implementation.
Our results show that projecting their codified knowledge in the field of business
opportunities, experts confirm the possibilities to invest in the energy from biomass production and
also the need to enhance the scientific knowledge including the one concerned with the design of
business models.
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