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A. EXECUTIVE SUMMARY

1. THE PROJECT

1.1. Aim and objectives
The aim of this project was to develop and deliver an integrated technical – economic
feasibility study on the combined usage of wind and solar energy, that will become a tool for
the planning and implementation of sustainable energy projects in remote and isolated island
communities. The tool has been applied, as a pilot project, in the small Greek islands of the
Dodecanese in the south-eastern Aegean.
In order to achieve this aim the following objectives were set:
a) The determination of the exploitable RES potential with state of the art technology.
b) The determination of the optimum technical solution, with respect to energy,

environmental and social aspects.
c) The Cost-Benefit analysis of the proposed solution.
d) The elaboration of financing schemes for the implementation of the proposed solution,

under the possibilities provided by the new legislative frame for electricity production in a
liberalised market.

e) The establishment of a managing carrier for the energy provision and the dissemination of
the project’s results amongst those who will be called to implement it.

1.2. Co-operating partners
The project was undertaken and carried out by the following partners:
•  Aristotle University of Thessaloniki, The Laboratory of Heat Transfer and Environmental

Engineering
•  University of Stuttgart, The Institute for Energy Economics and the Rational Use of

Energy
•  The municipalities of Nisyros, Astipalea, Tilos, Symi, Patmos, Leros, Kasos and

Kastelorizo
•  Fyrogenis S.A.
•  Enercon GmbH
Head of the project was Aristotle University of Thessaloniki represented to the European
Commission by its Vice-Rector Professor Ioannis Antonopoulos, to be followed by Vice-
Rector Professor Olympia Gimba-Tsiambiri. Scientific responsible of the project was
Assistant Professor Agis M. Papadopoulos.
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1.3. Time table
The registered duration of the project was 22 months (01/03/99 - 31/12/00). The project was
completed in a 21 months period, on the end of February 2001, hence two months later than
the scheduled dead-line. The actual work for the project started with a delay of approximately
one month, in April 1999. The difficulties that occurred in the data gathering and their
elaboration led to a delay of one month as it was stated in the intermediate report. Since they
were overcome, it was hoped that the following tasks could be carried out at a faster pace, in
order to accomplished the project within its time schedule. However, some additional
difficulties met did not allow this, but added another month of delay, not enabling the project
to be finished until the end of February 2001.

2. CONCLUSIONS

The main conclusions of the project can be summarised in the following points:

! The penetration of wind, biomass and photovoltaic stations in the electrical grid of the
islands is still subjected to the limitation of the installed capacity of 30% of the island’s
maximum power demand, according to the Decree 8295/95 of the Law 2244/94 of the
Ministry of Development. This limit was proven to be by and large correct, when
considering the stability of the electrical networks. However, as it was shown during this
study one could exceed in some cases this limit by another 7-10%. The optimum installed
power resulted to be 10,121 kW, covered mainly by wind generators, as it can be seen in
the following Figure I.

Figure I. Optimum installed RES systems

! However, even by keeping the limit, the achievable annual RES production can reach up
to 31,920 MWh annually, which is a fraction of 64,8% of the consumption of all the
islands (49,240 MWh/a). Hence a fairly satisfactory step towards the sustainable energy
production is achievable.

RES potential in terms of optimum installed power: 
Total 10,121 kW

89.7%

5.1% 5.1%

Wind generators Photovoltaics Biomasa
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! The weighted average energy production cost achievable by the proposed RES utilisation
is 43,25 Euro/MWh, which is almost 30% of the currently occurring conventional one
(146,22 Euro/MWh). This cost occurs without any form of subsidies on the initial
investment or the running costs being considered. The achievable reduction varies from
island to island, with respect to the size and load factor of the local power plant.

! Except the very small island of Kastelorizo, the achievable results are financially viable.
The elaborated investments’ cash-flows present clearly positive Net Present Values over
the investments’ life cycle. At the same time, significant reductions in the annual CO2

emissions are achievable, reaching up to 4,373,040 kg/a at the full deployment of the
RES systems.

•  The significance of reliability and maintainability is crucial. The lack of trained engineers
and technicians makes a visit from Athens necessary in order to solve even medium
problems. As it takes two to three working days to reach most of these islands by ship
and this is frequently not possible due to the weather conditions, the choice of RES
systems with high reliability is important, even at a reasonably higher initial cost. The
training and qualification of local technicians on a regional level, is an important step that
has to be taken by the local authorities, supported by the Regional Energy Agency and
the Ministry of Development.

•  There are several prospective investors interested in setting up wind generators on these
islands, with two of them having prepared the ‘permission folder’ demanded by the
Ministry of Development. However, the procedure of obtaining this permission acts as an
obstacle, as it is rather time consuming, taking up to 18 months to be completed.

•  Finally, the willingness of the local and regional authorities, as well as of the local
communities to participate or to support private investments is given. Two of the
participating municipalities have already expressed their commitment to proceed in this,
together with the Regional Energy Agency which will serve as a co-ordinating point,
within the Third Community Support Framework.

3. DELIVERABLES

In agreement to the technical annex of the XVII/4.1030/Z/98-262contract between Directorate
General XVII of the European Commission and the Aristotle University Thessalonki for the
realisation of the project within the framework of the ALTENER programme, the deliverable
documents are the following:

3.1. A guide on sustainable energy projects for the economic development of remote and
isolated communities
A guide of 190 pages has been produced, to provide its users with the necessary
methodological steps, resulting form the expertise of the partners and the experience and
results obtained from this specific project. This delivered is a colour publication of 190 pages,
which was published in English, and can be used as a main tool for the application of RES
systems in areas not interconnected to major energy grids. It has been produced in a limited
number of 50 copies and its contents concern the technical, environmental, economic and
administrative matters arising in the lay-out, optimisation and implementation of RES
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systems, with the case of the small Dodecanese acting as an example.  It is hoped that the
ALTENER-SAVE programme will help to the further exploitation of the guide in the future,
which has already been produced with ALTENER’s contribution.

3.2. The technical – economic feasibility study for the islands examined in this case
The results of the study are presented in the respective delivered in a form ready to be used by
the Local Authorities, not only of these of the islands, and also the perspective investors. This
study-guide has been produced in Greek.

3.3. Technical brochures
Two brochures were initially foreseen by the contract, to be produced with the purpose of
disseminating the results of the study.
The examination of the delivered -1- and -2- led to the production of eight brochures, one for
each island and one for the methodology, that compose a useful material for the dissemination
and the establishment of sustainable energy systems The brochures are six-pleated in a small
and user-friendly format.
One set of brochures is written in Greek and is addressing the Greek audience. The other set
of brochures is written in English in order to reach the European audience via the existing
RES and RUE networks.

3.4. A web-site on the Internet
The present Final Report is accessible in a downloadable format over the internet, hosted on
the web-site of LHTEE, at the address http://aix.meng.auth.gr/lhtee. So are the chapters of the
guide referring to the methodology used and its results. Further details will be added, together
with a list of links to other related web-sites, as we consider the site to have a permanent
character. It is also examined to provide the brochures in a downloadable format, in order to
make them more easily accessible over the internet.

4. EVALUATION
Criticising the project in terms of the aims that had been established at its beginning and the
outcoming results, it could be claimed that it  had success and in some parts overshot
the marks set. This has mainly to do with:
1. The quality of the resulting material for the information of target groups, which covers a

lack in dissemination material written in Greek language.
2. The extension of the results, that cover a lack of data that were not available so far.
3. The provision of ‘typical’ guidelines on solar systems available to end users.
4. The preparation of the local authorities to proceed with the utilisation of RES systems.
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B. FINAL REPORT

1. THE PROJECT

1.1. Aim and objectives

The objective of this proposal is to develop and deliver an integrated technical –
economic feasibility study on the combined usage of wind energy and solar energy that
will become a tool for the planning and implementation of sustainable energy projects in
remote and isolated island communities. The tool will be applied, as a pilot project, in the
small Greek islands of the Dodecanese in the south-eastern Aegean. The results of the
study have been elaborated together with the Local Authorities and are therefore directly
applicable. The results are also of use to remote and isolated communities with similar
characteristics all over Europe and to the industrial branches active in this area, like wind
generators and photovoltaics manufacturers.

The objectives of the project were:

a) Determination of the exploitable RES potential  with state of the art technology

b) Determination of the optimum technical solution

c) Cost-Benefit analysis of the proposed solution

d) Elaboration of alternative financing schemes for the implementation of the proposed
solution

e) Establishment of a managing carrier for the energy provision

In order to meet the aim and the objectives, the work carried out during the project was
divided into the following five phases:

Phase A: Collection, classification and evaluation of detailed data for wind and solar
energy available.

Phase B: Survey and evaluation of the available technologies for wind generators and PV
collectors

Phase C: Determination of the optimum technical solution

Phase D: Cost Benefit analysis and financing schemes for the proposed solution

Phase E: Establishment of a managing carrier - Dissemination of the results

In the intermediate report of progress (May 2000) details were provided for the tasks and
the activities which had taken place in the two first out of the five phases.
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1.2. Co-operating partners

The project was undertaken and carried out by the following partners:

•  Aristotle University of Thessaloniki, The Laboratory of Heat Transfer and
Environmental Engineering (LHTEE)

The Laboratory of Heat Transfer and Environmental Engineering (LHTEE) is part of the
Energy Section, Department of Mechanical Engineering of the Aristotle University
Thessaloniki. Headed since 1990 by Professor Nicolas Moussiopoulos, LHTEE has
undertaken manifold activities, most of them related to the atmospheric environment,
both at national and international level. Moreover, the Laboratory is active in the field of
waste management and recovery. Bilateral scientific co-operations have been established
with several institutions throughout the world.

•  University of Stuttgart, The Institute for Energy Economics and the Rational Use of
Energy (IER)

The Institute for Energy Economics and the Rational Use of Energy (IER) in the Energy
Faculty of the University of Stuttgart carries out research and teaching in the field of
environmental problems, renewable energies with special focus on renewable energies,
system analysis and technology assessment.  The main objective of the Institute is to
provide contributions to the assessment of energy systems. The research activities in
the field of „renewable energies“ and „sustainability” are concentrated in the Department
of „New Energy Technologies and Technology Assessment”. Concerning renewable
energies, investigations are concentrated currently on the estimation of the potential and
costs of the use of RES in the energy system of Germany as well as Europe.

•  The municipalities of Nisyros, Astipalea, Tilos, Symi, Patmos, Leros, Kasos and
Kastelorizo

The municipalities of the islands feature no experience in the field of operating RES
systems. However, their contribution was significant for the gathering of climatic data
and, more important, for collecting the data needed to monitor and track down energy
consumption. They were also active in the preparation for the implementation scheme of
the proposed solution. Nisyros and Tilos played the main role in this tasks, acting as
coordinators of the other islands.

•  FYROGENIS SA,

With it headquarters in Athens Fyrogenis SA is a leading manufacturer of solar systems
in Greece for the last two decades. The company features an R&D department that has
participated in several projects concerning decentralised and centralised solar systems
applications, for housing and industrial purposes. Recently it has developed activities in
the photovoltaic sector. Besides the solar systems branch the company features branches
dealing with Heating, Ventilation and Air-Conditioning systems, that equipped amongst
other the new international airport of Athens. It terms of the project, FYROGENIS
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contributed with its technical expertise in the fields of solar thermal systems and
photovoltaics.

•  ENERCON GmbH

ENERCON GmbH, with its headquarters in Aurich, is a leading manufacturer of wind
generators in Germany. The company features an R&D department that has participated
in several projects concerning wind generators and wind parks, in national and European
projects. The range of its wind generators reaches from small ones to such exceeding 1
MW of installed power. It terms of the project, Enercon participated with its technical
expertise in the field of dimensioning and optimising wind generators.

Coordinator of the project was Aristotle University of Thessaloniki represented to the
European Commission by its Vice-Rector Professor Ioannis Antonopoulos, to be
followed by Vice-Rector Professor Olympia Gimba-Tsiambiri. Scientific responsible of
the project was Assistant Professor Agis M. Papadopoulos, whilst Dr. Ing. PD Martin
Kaltschmitt was responsible on behalf of the University of Stuttgart.

Except of the above mentioned, the main work group of the project was including the
following senior researchers:

•  Visiting Professor C. Koroneos PhD, of the LHTEE

•  A. Bauen, Dipl-Ing. of the IER

•  M. Kourtzis, Development Projects Director of Fyrogenis SA

•  M. Kuhlmann, Research & Development Director of Enercon GmbH

Furthermore, 6 students, being in the last semesters of the Department of Mechanical
Engineering, have been trained in order to man the "energy teams" that were established
for the large programme of energy auditing in the 30 public buildings. In specific cases
extraordinary partners helped the project, who covered specific short term needs.

1.3. Time table
The registered duration of the project was 22 months (01/03/99 - 31/12/00). The project
was completed in a 21 months period, on the end of February 2001, hence two months
later than the scheduled dead-line. The actual work for the project started with a delay of
approximately one month, in April 1999. The difficulties that occurred in the data
gathering and their elaboration led to a delay of one month as it was stated in the
intermediate report. Since they were overcome, it was hoped that the following tasks
could be carried out at a faster pace, in order to accomplished the project within its time
schedule. However, some additional difficulties met did not allow this, but added another
month of delay, not enabling the project to be finished until the end of February 2001.
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2. TASKS AND RESULTS OF THE PROJECT’S PHASES

2.1. Phase A: Collection, classification and evaluation of detailed data for wind and
solar energy available.

Phase A included two tasks concerning the collection, classification and evaluation of the
detailed climatic data (A1) and then the respective energy demand and production data
(A2).

Task A1: Collection, classification and evaluation of detailed climatic and biomass data

The available data were collected in-situ in co-operation with the local authorities, with
emphasis given at the choice of favourable sites for the location of the systems. The data
regarded the average minimum, main and maximum wind velocity values at varying free
heights above ground, the monthly solar radiation values and hours of sunshine and also
the available annual production of biomass, in terms of agricultural residues and by-
products. The resulting data for the wind potential can be seen in Table 1.

Table 1: Monthly wind speed at a free height of 40, 50 and 65 m.

Island Free
height

(m)

J F M Α Μ J J Α S Ο Ν D

Patmos 40 7,32 7,75 8,61 9,47 9,04 12,27 13,13 12,27 9,90 6,46 6,89 7,32

50 7,56 8,00 8,89 9,78 9,33 12,67 13,56 12,67 10,22 6,67 7,11 7,56

Kalymnos 40 6,16 6,53 7,25 7,98 7,61 10,33 11,06 10,33 8,34 5,44 5,80 6,16

and Leros 50 6,36 6,74 7,49 8,23 7,86 10,67 11,42 10,67 8,61 5,61 5,99 6,36

65 6,60 6,99 7,77 8,54 8,15 11,07 11,84 11,07 8,93 5,82 6,21 6,60

Kos 40 5,77 6,11 6,78 7,46 7,12 9,67 10,35 9,67 7,80 5,09 5,43 5,77

and Nisyros 50 5,96 6,32 7,02 7,72 7,37 10,00 10,70 10,00 8,07 5,26 5,61 5,96

65 6,24 6,61 7,35 8,08 7,71 10,47 11,20 10,47 8,45 5,51 5,88 6,24

Astypalea 50 7,24 7,66 8,51 9,37 8,94 12,13 12,98 12,13 9,79 6,39 6,81 7,24

Symi 40 5,37 5,68 6,32 6,95 6,63 9,00 9,63 9,00 7,26 4,74 5,05 5,37

and Tilos 50 5,57 5,89 6,55 7,20 6,88 9,33 9,99 9,33 7,53 4,91 5,24 5,57

Rhodos 40 5,61 5,94 6,60 7,26 6,93 9,40 10,06 9,40 7,59 4,95 5,28 5,61

and Megisti 50 5,81 6,15 6,83 7,51 7,17 9,73 10,42 9,73 7,85 5,12 5,46 5,81

65 6,08 6,44 7,16 7,87 7,52 10,20 10,92 10,20 8,23 5,37 5,73 6,08

Karpathos 40 8,59 9,09 10,11 11,12 10,61 14,40 15,41 14,40 11,62 7,58 8,08 8,59

and Kassos 50 8,87 9,39 10,43 11,48 10,95 14,87 15,91 14,87 12,00 7,82 8,35 8,87

65 9,15 9,68 10,76 11,84 11,30 15,33 16,41 15,33 12,37 8,07 8,61 9,15
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The average wind speed values have been calculated for free heights of 40, 50 and 65 m,
corresponding to small, medium and big wind generators of 300, 600 and 1500 kW.

The prevailing wind direction is almost identical in the all the islands and can be seen in
the data presented in Table 2.

Table 2: Monthly wind direction
Wind

direction
J F M Α Μ J J Α S Ο Ν D

Kassos SE NW NW NW W W W W NW N NW SE
Rhodos SE NW W W W W W W W W W W

The collection of biomass data was not foreseen in the project’s proposal. However,
during the work of phase A it resulted as an option worth examining.

As far as biomass is concerned, examining the agricultural production of the Dodecanese,
the most interesting, from an energy scope, are the byproducts of the olive oil production
process. Specifically, the lower calorific power of olive residues which is rejected by
olive – presses varies between 13,000 and 18,000 kJ/Kg, according to its moisture
percentage and their variety. From the data of oil- production, it is deduced, that from a
quantity of olives one can extract at least a double quantity of residues than the produced
oil. The price of olive residues is approximately 0.016 Є/kg, with the transportation cost
not included. Some 4,500 tons of olive oil are produced annually in the region, which
means that over 10,000 tons of olive residues are produced. However, because of the
fuel’s seasonal availability it is estimated, that the use of biomass plants cannot utilise
fully this potential, but only approximately half of it.

The prevailing solar conditions presented no significant differences from island to island,
as the whole area of the Southeastern Aegean is a uniformly sunny area, with monthly
solar radiation values of up to 220 kWh/m2. This applies to all the islands of the
Dodecanese, but even to islands like Samos, which is further up north from the
Dodecanese, and has almost similar values. This is also the case for the hours of sunshine
per month, which are no less than 120 in December. The respective values for the solar
potential, together with the prevailing wind conditions are depicted in Figure 2.
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Figure 1: Wind and solar data of the islands
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Task A2: Collection, classification and evaluation of detailed energy demand and production
data

Data on energy consumption, production and demand, concerning electricity, oil and liquefied
natural gas, were collected and processed in order to obtain a clear picture of the daily,
weekly and seasonal variation of the demand. Useful background data were obtained from a
ρrecent SAVE project concerning the Dodecanese as whole, enabling us to study in detail the
smaller islands. The main results of the research with respect to use of energy form are
presented in Figures 2.

Electricity, diesel and gasoline are used to meet the energy demand of the islands. Diesel and
heavy fuel are used for the entire conventional electricity production.

Total Energy: 6873 TJ/year

Electricity
25.2%

Diesel
32.4%

Gasoline
33.6%

LPG
1.5%

Biomass
4.1%

Solar
2.9% HFO

0.3%

Figure 2: Useful energy demand per energy form or fuel type.

As far as the consumption per sector is concerned, the transportation sector is the biggest
consumer of energy with 57% (3711.0 TJ/a) share of the total demand. The residential sector
with 18% (1237.0 TJ/a) and the hotels with 9% (619.0 TJ/a) are the next biggest energy
consumers. These three sectors together account for the 84% of the total energy consumption
of 6873 TJ/a.

As there is no practically available option for the transport sector, the residential and hotels
sectors, together with the tertiary sector as a whole, are the most important fields to introduce
a RES scheme, in order to substitute electricity. It has to be noticed, that electricity on the
small islands is produced at an average cost of 174,22 Є/MWh, whilst the respective cost on
the Greek mainland does not exceed 45 Є/MWh.

Electricity is produced mainly in Autonomous Power Stations (APS), which are located in
several islands of the region. The Wind Park of Karpathos is small and contributes only a
small percentage to the energy demand. Also, small photovoltaic units have been installed to
cover strictly limited needs in small residential applications. There are three local grids:

! Lipsi - Leros - Kalymnos - Kos - Nisyros - Tilos
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! Rhodos - Halki

! Karpathos - Kassos
 Several other small islands are autonomous and are supplied by individual thermal

stations.
The electricity supply and production for each island is:
•  RHODOS: The total installed capacity in Rhodos is 145.060 kW. The island Halki is

connected to the grid of Rhodes and is supplied by it. It is the only big station of the
region.

•  KALYMNOS - KOS - NISYROS: The islands Kalymnos, Kos, Leros, Nisyros, Tilos,
Lipsi, Pserimos, and Telendos are interconnected and constitute the greater electrical grid
of the Prefecture. Electricity is produced by two power stations which are located in the
islands of Kalymnos and Kos (net capacity 11800 and 36017 kW respectively). Moreover,
a third one is located in Nissyros (310KW), however after the connection of the island to
the Kos system it remains in a stand by status. In order to fulfill the needs of the system a
new power station of 50 MW has been constructed and is in operation in Kos.

•  KARPATHOS: In Karpathos, the existing power station is operating using diesel fuel and
it supplies electricity to Karpathos and the island of Kassos.

•  PATMOS: It is planned to connect ot through Ikaria to the Autonomous Power Station of
Samos. The existing power station is going to be shut down. The peak load is going to be
covered by a small unit. The power station at present uses diesel fuel.

•  SYMI: The electricity needs are covered by a power station producing 1600kW net power
using diesel fuel.

•  AGATHONISI - MEGISTI (Kastelorizo) - ASTYPALEA: Each of the above mentioned
islands is supplied by autonomous power stations using diesel or heavy fuel oil. None of
these islands is interconnected.

The capacity of electricity production of each autonomous station and the cost of production
differ significantly, as it is shown in Table 3, whilst the prediction for the development of the
demand in the future is presented in Figure 3.

Table 3: Total electricity production and production by Autonomous Power Stations

Power station Capacity
(kW)

Electricity
Production

(MWh)
Peak load (kW) Cost

(Є/MWh)

AGATHONISI 163 238.2
ASTYPALEA 1,250 2,457 880 137,9
KALYMNOS 11,800 71,064 39,400 127,8
KASSOS-KARPATHOS 5,300 16,576 4,550 174,2
KOS 36,017 80,381 127,8
KASTELORIZO 360 718 200 201,8
NISYROS 310 The power station is idle
PATMOS 3,260 7,820 2,480 137,9
RHODOS 145,060* 396,503 94,000 85,3
SYMI 1,600 5,523 1,370 202,3
INTERCONNECTED
SYSTEM 44,12
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Figure 3. Electricity demand projection for Dodecanese Islands

According to the estimates the total electricity annual demand will continue to increase. The
annual consumption will be 50% larger than the consumption of 1996 in 2004 and 100%
larger in 2018.

A detailed analysis of the electricity production was carried out for all the islands considered.
As an example the data for Karpathos are presented in Table 4 and Figure 4.

Table 4: Electricity production elements, APS of Karpathos
KARPATHOS 1998 1997 1996 1995 1994
Operation Hours 8,754 8,760 8,784 8,760 8,760
Total Production (KWh) 23,185,171 21,611,886 20,510,322 19,894,543 17,575,918
Internal Consumption (KWh) 1,278,982 1,193,016 1,177,436 900,040 999,820
Net Production (KWh) 21,906,189 20,418,870 19,332,886 18,994,503 16,576,098
Max (KW) 5,740 5,700 5,050 4,850 4,550
Min (KW) 1,450 1,300 1,100 1,100 750
Nominal Power (KW) 10,080 8,580 14,600 11,370 11,350
Creditable Power (KW) 6,950 6,150 10,750 8,050 8,800
Light Fuel (Kgr) 5,320,113 4,874,765 4,760,112 4,623,736 4,160,821
 Heavy Fuel (Kgr) 0 0 0 0 0
Specific Consumption
(gr/KWh)

229.46 225.56 232.08 232.41 236.73

Load Contributor 46.14% 43.28% 46.24% 46.83% 44.10%
Operation Contributor 61.38% 61.40% 62.76% 62.43% 59.22%
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Figure 4: Electricity production and fuel consumption, APS of Karpathos

Furthermore, the monthly variation of the electricity consumption is presented in Table 5.

Table 5: Monthly electric power demand distribution in Karpathos

Month Consumption
( kWh) Percentage

January 1.472.045 8,02%
February 1.466.665 7,99%
March 1.378.320 7,51%
April 1.202.862 6,55%
May 1.391.637 7,58%
June 1.581.992 8,62%
July 1.727.448 9,41%

August 1.862.252 10,14%
September 1.875.505 10,22%

October 1.939.626 10,56%
November 1.285.542 7,00%
December 1.175.931 6,40%

Total 18.359.825

Similar data have been elaborated for all the islands and are presented in the intermediate
report, but also in the technical guide.
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2.2. Phase B: Survey and evaluation of the available technologies for wind generators
and PV collectors
This phase consisted of two tasks: The survey of the available technologies and their
evaluation with respect to the climatic conditions and the given energy demand as determined
in the previous phase.

Task B1: Market survey of the available technologies.

The most suitable, typical, wind generators and photovoltaics were selected and classified,
according to the contemporary technical standards, their cost and the environmental effects,
by applying the tool of the Life Cycle Analysis. The results of this process are summarised in
the following tables.

Table 6:  Typical technical features of contemporary wind generators.
Feature Small

generators
Medium

generators
Big

generators
Installed power [kW] 300 500 1. 500
Tower height [m] 30 50 70
Rotor diameter [m] 20 40 65
Number of blades 3 3 3
Cut-in speed [m/s] 3 3 3
Nominal speed [m/s] 13 12 12
Cut-out  speed [m/s] 25 25 25
Survival speed [m/s] 60 68 65
Technical Availability [%] 97 97 97

Wind generators have grown bigger over the last years, with typical capacities increasing
from 100 to 300 kW and 500 kW in the beginning and the middle of the nineties and reaching
up to 1.500 kW and even more in the last years. It is characteristic, that, in Germany, the
average installed capacity per generator increased from 140 kW in to over 400 kW in1998.
The currently installed systems in Germany feature a typical capacity exceeding 700 kW. This
applies also to systems installed on Crete and on the Greek mainland. However, such big
generators were, as it was discovered in the next Task, not particularly suited for the small
and varying loads of the islands considered. Hence, the 300 and 600 kW class were the ones
more carefully examined.

A brief presentation of the investment cost factors, as determined within this task, is presented
in the following table 7.
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Table 7: Average investment cost factors and electricity production cost, with respect to the
prevailing annual air velocity and the generator’s capacity.

Initial Costs Relative
Costs

Unit Quantity
Range

Unit Cost Range

Feasibility Study
Site investigation 0.0% p-d 2 – 8 Є200 - Є800
Wind resource assessment 0.5% met tower Є10K - Є25K
Environmental assessment 0.0% p-d 1 – 8 Є200 - Є800
Preliminary design 0.1% p-d Є 200 - Є 800
Detailed cost estimate 0.1% p-d Є 200 - Є 800
Report preparation 0.1% p-d 2 – 15 Є 200 - Є 800
Project management 0.0% p-d 2 – 11 Є 300 - Є 800
Travel and accommodation 0.1% p-trip Project specific
Other 0.0% - - User defined

Sub-total : 1.0%
Development

PPA negotiation 0.2% p-d 0 – 30 Є 300 - Є 1,500
Permits and approvals 0.8% p-d 0 – 400 Є 200 -  Є 800
Land rights 0.2% project Project specific
Land survey 0.1% p-d 0 – 100 Є 400 - Є 600
Project financing 1.1% p-d 3 – 100 Є 500 - Є 1,500
Legal and accounting 0.4% p-d 3 – 100 Є 300 - Є 1,500
Project management 1.1% p-yr 0.2 – 4
Travel and accommodation 0.4% p-trip Project specific
Other 0.1% - - User defined

Sub-total : 4.3%
Engineering

Wind turbine(s) micro-siting 0.2% p-d 0 – 300 Є 200 - Є 800
Mechanical design 0.2% p-d 2 – 150 Є 200 - Є 800
Electrical design 0.4% p-d 3 – 300 Є 200 - Є 800
Civil design 0.4% p-d 3 – 300 Є 200 - Є 800
Tenders and contracting 0.3% p-d 4 – 300 Є 200 - Є 800
Construction supervision 0.7% p-yr 0 – 2 Є 130K - Є 180K
Other 0.0% - - User defined

Sub-total : 2.3%
Renewable Energy (RE) Equipment

Wind turbine(s) (Swept Area) 62.4% m² Project specific Є 440 - Є 1,000
Spare parts 1.9% % 0% - 30% Project specific
Transportation 2.3% turbine Project specific
Other 0.1% - - User defined

Sub-total : 66.7%
Balance of Plant

Wind turbine(s) foundation(s) 4.4% turbine Project specific
Wind turbine(s) erection 2.6% turbine Project specific
Road construction 0.9% km Project specific Є 0K - Є 80K
Transmission line and substation 8.9% project 1
Control and O&M building(s) 0.5% building 0 - 2
Transportation 0.2% project Project specific
Other 0.0% - - User defined

Sub-total : 17.5%
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Table 7 – Continuation

Miscellaneous
Training 0.1% p-d See manual Є 200 - Є 800
Interest during construction 3.5% % 3% - 15% Project specific
Contingencies 4.6% % 5% - 50% Project specific

Sub-total : 8.2%
Initial Costs - Total 100.0%

Annual Costs Unit  Quantity
Range

Relative Costs Unit Cost Range

O&M
Land lease 4.6% % 1% - 5% Project specific
Property taxes 2.3%  % 0% - 2% Project specific
Insurance premium 9.5% % 2% - 4% Project specific
Transmission line maintenance 7.5% % 3% - 6% Project specific
Parts and labor 59.1% kWh Project specific Є 0.007 - Є 0.024
Travel and accommodation 4.8% p-trip Project specific
General and administrative 3.5%  % 1% - 20% Project specific
Other 0.0% - - User defined
Contingencies 8.8% % 10% - 20% Project specific

Annual Costs - Total 100.0%

A similar process was followed for the photovoltaic system, although their costs are more
difficult to determine, as they depend heavily on the particular application and local
conditions. A brief presentation of the their technical features and their investment cost
factors, as determined within this task, is presented in the following Tables 8 and 9
respectively.

Table 8: Technical data for PV panels

Modules power in  kW 5 100

Material
Type of solar cells

Efficiency in %
Efficiency of inverter %
Lifetime in years
Energy production in kWh/kW

Silicium
mono

16
92
25

800

Silicium
poly

12
92
25

800

Silicium
amorph

6
92
25
800

Silicium
mono

16
94
25

900

Silicium
poly

12
94
25

900

Silicium
amorph

6
94
25
900
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Table 9: Absolute and relative costs of a PV installation

Initial Costs Unit Relative
Costs

Quantity
Range

Unit Cost Range

Feasibility Study
Site investigation p-h 0.1% 8 - 16 Є40 - Є100
Preliminary design p-h 0.4% 30 - 60 Є40 - Є100
Report preparation p-h 0.1% 8 - 16 Є40 - Є100
Travel and
accommodation

p-trip 0.3% Project
specific

Other - 0.0% - User defined
Sub-total : 1.0%

Development
Permits and approvals p-h 0.1% 4 - 8 Є50 - Є100
Project management p-h 0.3% 16 - 40 Є50 - Є100
Travel and
accommodation

p-trip 0.7% Project
specific

Other - 0.6% - User defined
Sub-total : 1.6%

Engineering
PV system design p-h 0.2% 12 - 24 Є40 - Є100
Structural design p-h 0.4% 12 - 100 Є40 - Є100
Electrical design p-h 0.3% 40 - 100 Є40 - Є100
Tenders and
contracting

p-h 0.3% 0 - 40 Є40 - Є100

Construction
supervision

p-h 0.2% 8 - 24 Є40 - Є100

Other - 0.0% - User defined
Sub-total : 1.4%

Renewable Energy (RE) Equipment
PV module(s) kWp 53.0% Project

specific
Є4,300 - Є6,000

Inverter kWp 7.4% Project
specific

Є600 - Є1,200

Transportation project 1.1% 1
Other - 0.0% - User defined

Sub-total : 61.5%
Balance of Plant

Module support
structure

m2 5.1% Project
specific

Є0 - Є200

Electrical equipment kWp 8.6% Project
specific

Є700 - Є1,500

System installation kWp 11.1% Project
specific

Є900 - Є2,500

Transportation project 0.6% 1
Other - 0.0% - User defined

Sub-total : 25.4%
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Table 9 (continuation)

Miscellaneous
Training  p-h 0.1% 4 - 8 Є40 - Є100
Contingencies % 9.1% 5% - 40% Project specific

Sub-total : 9.1%
Initial Costs - Total 100.0%

Annual Costs Unit Relative
Costs

 Quantity
Range

Unit Cost Range

O&M
Property
taxes/Insurance

 project 36.4% 1

Other - 54.5% - User defined
Contingencies % 9.1% 1% - 5% Project specific

Annual Costs - Total 100.0%

Life Cycle Assessment (LCA) is an analytic methodology tool that was used for making an
environmental assessment of the production activities. The results of LCA studies depend on
the specific technologies and locations considered. The results are shown in the following
tables

Table 10: Wind energy LCA

One installation Wind farmNominal Power in kW
270 600 1 500 3 x 600 2 x 1 500

Energy in GJprim/TJa 99 80 63 75 61

SO2 in kg/TJ 15 10 8 9 7

NOx in kg/ TJ 11 9 5 8 5

CO2- Equivalent in kg/TJ 6810 5900 4200 5480 4050

SO2- Equivalent in kg/TJ 23 17 12 15 11

Energy in GJ/GWha 355 289 228 271 221

SO2 in kg/GWh 52 37 28 32 26

NOx in kg/ GWh 39 32 20 29 19

CO2- Equivalent in kg/GWh 24500 21230 15080 19740 14570

SO2- Equivalent in kg/GWh 82 61 43 55 41

Table 11 gives the wind energy balance. It is interesting to see that the energy payback from
wind energy systems is less than 11 months in the worst case.
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Table 11: Wind Energy balance (payback of wind turbines calculated by three studies)

Study Wind
Turbine
Diameter

(m) Power(kW)

Energy
Consumed

(MW)

Energy Produced
(MWh/yr)

Payback
(Months)

A 95 58 210 3.3
B Roughness Class Roughness Class

1 2 3 1 2 3
150 212 529 395 315 4.8 6.4 8.1

C Mean Wind @ 10m Mean Wind @ 10m
7 5.5 4 7 5.5 4

m/s m/s m/s m/s m/s m/s
12.5 45 49 132 94 55 4.4 6.3 11
27 225 169 787 533 305 2.6 3.8 6.7
32 300 296 1,049 710 411 3.4 5 8.7
80 3,000 2,817 8,989 6,025 4,027 3.8 5.6 8.4

A. "Average Danish production" Source: Erik Grum-Schwensen, "The Real Cost of Wind Turbine
Construction," Wind Stats, Spring 1990, Vol. 3, No. 2, pp 1-2.
B. Source: A. Gydesen. D. Maimann. P. B. Pedersen, "Renere Teknologi pa Energiomradet," Energigruppen,
Fysisk Laboratorium III, Danmarks Tekniske Hoejskole, Miljoeministeriet, Miljoeprojekt Nr. 138, Denmark,
1990, pp. 123-127.
C. Source: G. Hagedorn. F. Ilmberger, "Kumulierter Energieverbrauch fuer die Herstellung von
Windkraftanlagen," Forschungsstelle fuer Energiewirtschaft, Im Auftrage des Bundesministeriums fuer
Forschung und Technologie, Muenchen, August 1991, pp. 79, 98, 100, 111.

In a similar way the LCA for the photovoltaics was carried out, the results of which are shown

in table 12.

Table 12: Photovoltaics’ LCA

5 kW 100 kW
mono poly amorph mono poly amorph

Energy in GJprim/TJa 734 1257 504 638 1152 501
SO2 in kg/TJ 88 144 64 78 135 66
NOx in kg/ TJ 58 83 39 45 74 35
CO2-equivalent in kg/TJ 44 76 32 39 71 33
SO2- equivalent in kg/TJ 174 304 96 151 280 95
SO2 in kg/GWh 317 517 230 281 487 238
NOx in kg/ GWh 208 299 142 162 266 126
CO2-equivalent in t/GWh 160 274 116 139 255 120
SO2-equivalent in kg/GWh 627 1098 347 542 1008 343

The presented data refer on the life cycle of three types of PV module, a flat-plate

polycrystalline silicon (poly) PV module, a thin amorphous silicon (a) PV module and a thin-

film CdS/CdTe PV module (mono).
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Task B2: Evaluation of the available technologies with respect to the energy demand

This task was carried out, by examining the technically feasible and financially viable options
to substitute conventional energy sources by RES.

A software tool designed by the AUT was used for this purpose, to determine the variation of
energy demand, its peak and average values and the respective cost, and the economies
achievable by utilising the available RES technologies. The programme can determine the
effectiveness of investment plans in RES systems. It runs under Visual Basic  and operates in
the MS-Windows  environment. The input data required by the programme are distributed in
five tables, which refer to:

1. The energy consumption and peak load demand on a monthly base.

2. The initial investment cost and the financing scheme. This contains the percentage of
participation by the investor’s own capital, the eventual subvention and the long term
loans, with all the necessary data (i.e. interest and pay-back period)

3. The working capital. It contains the data on short-term loans with the respective terms.

4. The annual cash-flows. This table contains data on the investment’s evaluation life cycle,
the basic cost elements of production, operational and overhead expenses per annum, the
useful annual energy production and the respective buy-back price, according to the tariff
regulation.

5. The additional data monetary and fiscal data needed for the system’s feasibility, like
capital cost, inflation and taxation rates, the conventional electricity production cost etc.

The results, which are qualitative at this stage of the research, are presented in the following
Table 13, before they are specifically quantified in the following phase.
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Table 13:Possibilities of energy substitution by RES (Units in TJ)

Sector Demand Solar Biomass
Wood
boiler

PV Geothermal

RESIDENTIAL 1227
Cooking 176 " "

Space Heating 587 " "

Hot Water 144 " "

Air conditioning 22 "

Various elec. uses 298 "

AGRICULTURE 122
Greenhouses Heating 4 " " "

Greenhouses Irrigation 3 " "

Outdoor cult. 115 " "

 INDUSTRY 344
Electric. Ind. 88 "

Heat 256 " "

TRANSPORTATION 3909
COMMERCIAL 430
Space Heating 16 " "

Lighting 214

Air Conditioning 200 " "

 PUBLIC 198
Space heating 37 " "

Water Heating 1 " "

Lighting 30

Air conditioning 2 "

Public lighting 45

Various 83 "

HOTELS 643
Space heating 6 " "

Lighting 58

Air conditioning 9 "

Water Heating 570 " "

TOTAL 6873
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2.3. Phase C: Determination of the optimum technical solution

In this phase of the project it was examined in which way electricity production could take
place on the regional level, according to the penetration of the renewable energy systems.
The applications presented consider those of wind turbines, with respect to their installed
capacity (Task C1), photovoltaics, with respect to the load of the remote communities
consumption and the photovoltaics’ surface’s slope and a biomass CHP plant with respect to
the availability of biomass (Task C2). The latter was not initially foreseen by the proposal, but
it was found worth of examining. Finally, the optimum decentralised or autonomous solar
thermal systems are considered for use in residential and hotel applications (Task C3).

In reality Tasks C1 and C2 were carried out together and in parallel, as in order to determine
the optimum solution we had to examine the two solutions as a combined system. Task C3
was carried out in parallel and separately.

Tasks C1 and C2: Dimensioning and allocation of wind generators and photovoltaics

This analysis was based to the following three criteria :

1. the penetration of RES in the network is the maximum

2. the wind parks in every island are being formed by wind turbines of the same   capacity for
reasons of economies of scale and maintenance.

3. the photovoltaic systems use modules of the same type, for the same reasons.

The process above shapes three different scenarios. At the first one there is the assumption
that the installed capacity of the wind turbines in every island or complex of islands is the
maximum. At the second the limit of the installed capacity of the wind stations is placed at the
5/6 of the maximum allowed and at the third one at the 2/3. In every scenario the P/V stations
complete the installed capacity until the maximum allowed. From this point and further the
two last scenaria will be referred as scenario 5/6 and scenario 2/3.  The biomass potential
allows for one CHP plant, located in a way to minimise transport costs from the islands and
acts as an additional capacity to the wind generation.

Obviously according to the specific scenario and the size of the wind turbines that are being
examined there results a different combination of the wind park that can be installed in every
island. The alternative combinations of installed wind turbines for every island are shown in
the same table. At the same tables are presented the allowed installed capacity of the P/V
stations and also the penetration of every technology in the network.

The feasibility of every RES technology could be evaluated separately. Still, in this case,
every islands or regional grid is being determined according to the different scenaria, and
hence it is more reasonable to consider the system’s feasibility as a whole.

For this evaluation the net present value of every investment was considered over a life time
of 20 years. It should be noted, that the useful lifetime of the wind generators can be expected
to be 20 years, whilst the one of P/Vs 25 years. A biomass fired CHP plant should also feature
an endurance of 20 years. Hence, the inamortised value of the P/Vs after the passing of the 20
years is equal to the 1/5 of their initial value (assuming that amortisation is linear) which
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includes the value of the P/V generator, the rotor and the auxiliary systems of every P/V
station. The annual decrease of their power production, due to their wearing out, was
estimated at 0.8%.

The calculation had been done one time by assuming no grants at all and one time by
assuming the current subsidy of 40% of the installation cost on wind generators and 70% on
the P/V stations. The analysis is based on depreciated prices and the minimum expected rate
of return is 5%. In the following tables are presented the alternative scenaria with the several
different possibilities of installation of wind and P/V stations and also the results of the afore
mentioned the net present value analysis, for the installed technologies of every capacity at
every island or complex of islands. The biomass plant was examined separately.

After the formation of the alternative scenaria, the calculation of the energy efficiency is
following. The number of parameters, which influence the produced energy, creates a
problem to the demonstration of the results. The power produced by the wind generators
depends, except from the installed capacity and from the island on which they operate, also
from the formation of the wind parks. At the same time the power produced by the P/V
stations depends from the installed capacity, the P/V surface’s slope, the area in which they
operate and the utilisation factor of the station.

The following comment helps to synopsise the data set to be presented. Every installed kW of
P/V stations can produce, at maximum, 1308 or 1379 kWh (electricity) annually, depending
on the conditions of the specific island. Similarly, an installed kW by wind stations can
produce an average of 2580 kWh for the islands considered.

Furthermore, the optimised slope of the P/V stations would vary between 28 and 34o, but
within this spectrum it cannot influence the total energy produced drastically, hence it can be
considered as constant. An exception can be noted at the scenario 2/3, where the penetration
percentage of the P/V technology is quite important. For the better comprehension of the
comments above at the following Tables 14, 15, 16 and 17 are given the energy data for the
island of Patmos. These data refer to the scenario of the maximum installed capacity by wind
stations. The changing of the monthly produced energy due  to the alteration of the P/V s
slope is insignificant.

Therefore the calculation of the produced energy by P/V stations for every possible direction
is without any importance at least for the first two scenaria. At these scenarios the energy
production is being calculated for P/Vs slope set at 30o. Obviously according to the specific
scenario and the size of the wind turbines that are being examined there results a different
combination of the wind park that can be installed in every island. The alternative
combinations of installed wind turbines for every island are shown in the same table. The
optimum solutions for all islands are presented, together with the photovoltaic and biomass
proposals in Table 27.
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Table 14: Patmos basic RES energy data

Patmos: Maximum
allowed penetration

of RES
J F Μ Α Μ J J Α S Ο Ν D

Energy
production

by W/T
(MWh)

Wind
park

formation
3 x 300

kWp

238 269 270 287 277 326 344 339 305 201 181 227

20° 7,4 8,04 11,1 11,6 15 15,5 16,2 15,6 13 10,4 8,35 6,4
30° 8,11 8,56 11,4 11,5 14,4 14,7 15,4 15,3 13,1 11 9,21 7,09
40° 8,65 8,82 11,4 11,2 13,6 13,5 14,4 14,7 13 11,4 9,77 7,6
50° 8,98 8,95 11,2 10,5 12,4 12,2 13 13,6 12,7 11,5 10,1 7,93

Energy
production

by P/V
stations at
different
slopes 60° 9,09 8,88 10,8 9,71 11 10,7 11,3 12,3 12 11,3 10,3 8,06

20° 246 277 281 298 292 342 360 355 318 211 189 233
30° 246 277 281 298 292 341 359 355 318 212 190 234
40° 247 278 281 298 291 340 358 354 318 212 191 235
50° 247 278 281 297 290 338 357 353 318 212 191 235

Total
energy

production
(MWh) 60° 247 278 281 296 288 337 355 352 317 212 191 235
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Table 15: Patmos alternative scenaria
Allowed installed capacity 1006,8 kW

Peak load  3.356 kW
Scenario Maximum penetration of wind energy 5/6 2/3

Wind turbine category (kW) 300 600 1500 300 600 1500 300 600 1500
Allowed capacity of wind

turbines (kW) 1006,8 839 671,2

Maximum allowed capacity in
wind stations (kW) 900 600 - 600 600 - 600 600 -

Number of wind turbines 3 1 - 2 1 - 2 1 -
Installed capacity of P/V

stations (kW) 106,8 406,8 - 406,8 406,8 - 406,8 406,8 -

Number and area of P/V
modules (each of 110 Wp)

970 mod*0,89m2

872 m2
3,700 mod
3,320 m2

3,700 mod
3,320 m2

3,700 mod
3,320 m2

3,700 mod
3,320 m2

3,700 mod
3,320 m2

Percentage of installed
capacity of P/V stations to the

allowed installed RES
capacity

10,61% 40,41% - 40,41% 40,41% - 40,41% 40,41% -

Total penetration of wind
stations 26,82% 17,88% - 17,88% 17,88% - 17,88% 17,88% -

Total penetration of P/V
stations 3,18% 12,12% - 12,12% 12,12% - 12,12% 12,12% -

Total penetration of RES at
the network 30,00% 30,00% - 30,00% 30,00% - 30,00% 30,00% -

Net present value of the wind
stations (Drsx1000) 324697 184560 192680 184560 192680 184560

Net present value of the P/V
stations (Drsx1000) -41702 -150577 -376220 -150577 -150577 -376220 -150577 -150577 -376220

Total net present value
(Drsx1000) 282995 33983 -376220 42103 33983 -376220 42103 33983 -376220
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Table 16: Patmos monthly variation of RES maximum scenario
Patmos : maximum installed
capacity of wind generators J F Μ Α Μ J J Α S Ο Ν D Total

Energy
production by
W/G (MWh)

Wind park
formation

3 x 300 kW
238,2 268,7 270,0 286,5 277,5 326,2 344,0 339,3 305,3 200,8 180,9 227,1 3265

Maximum energy
production by
P/V stations

(MWh)

Installed capacity
of P/V stations:

106,8 kWp
8,1 8,6 11,4 11,5 14,4 14,7 15,4 15,3 13,1 11,0 9,2 7,1 140

Total energy production (MWh) 246,3 277,3 281,4 298,0 291,9 340,8 359,4 354,6 318,5 211,8 190,2 234,2 3404

Table 17: Patmos monthly variation of 2/3 and 5/6 RES scenario
Patmos : scenario 2/3 and 5/6 J F Μ Α Μ J J Α S Ο Ν D Total

Energy
production by
W/G (MWh)

Wind park formation
2 x 300 kW 158,8 179,2 180,0 191,0 185,0 217,5 229,3 226,2 203,5 133,8 120,6 151,4 2176

20° 28,2 30,6 42,1 44,3 57,2 59,0 61,8 59,4 49,6 39,8 31,8 24,4 528
30° 30,9 32,6 43,2 43,9 54,8 55,8 58,6 58,2 50,1 42,0 35,1 27,0 532
40° 33,0 33,6 43,6 42,6 51,9 51,4 54,7 55,8 49,6 43,4 37,2 29,0 526
50° 34,2 34,1 42,5 40,0 47,2 46,4 49,6 51,7 48,3 43,7 38,6 30,2 506

Energy
production by
P/V stations at
several slopes

(MWh)

Installed capacity
of P/V stations:

406,8 kWp
60° 34,6 33,8 41,0 37,0 41,9 40,8 43,1 47,0 45,6 43,0 39,1 30,7 478
20° 187,0 209,8 222,1 235,3 242,2 276,4 291,1 285,6 253,2 173,6 152,4 175,7 2704
30° 189,7 211,8 223,2 234,9 239,8 273,3 287,9 284,4 253,6 175,9 155,7 178,4 2709
40° 191,8 212,7 223,6 233,6 236,9 268,9 284,1 282,0 253,2 177,2 157,8 180,3 2702
50° 193,0 213,2 222,5 231,0 232,1 263,9 278,9 277,9 251,8 177,5 159,3 181,6 2683

Total energy production (MWh)

60° 193,4 213,0 221,0 228,0 226,8 258,2 272,5 273,2 249,1 176,9 159,7 182,1 2654
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Task C3: Dimensioning of autonomous and/or centralised solar thermal systems to meet the
DHW demand of large hotels, dwellings and public buildings

A guideline for typical widespread flat plate collectors was elaborated, with respect to the
typical size of the buildings and their hot water consumption. Emphasis was placed on the
architectural and functional installation criteria particularly on the collector’s its slope. In the
case of the Dodecanese it proved as reasonable to focus on high performance for almost 10
months of the year, paying less attention to the period from mid December to mid February.
This choice then leads to a more horizontal placement of the collectors of approximately 30o.
With respect to their operation two main options were examined:

i. The central solar systems, in which the collectors array is common for the whole building
and feeds a central storage vessel, that serves all users.

ii. The autonomous system, in which every single user has his own storage vessel, which is
being fed by a respective collector

The choice between central and autonomous systems depends on factors like the heat load
demand, the number of consumers, the users’ demand profile (i.e. the daily and seasonal
variation of the consumption), the shape of the building (i.e. a multi-storey one or an extended
flat building), the maintenance and repair options in the building (i.e. lack of space for
inspection work at the collectors field, limited access to the storage vessels etc.)

Hence, in the case of big buildings, housing many users with the same, or a similar, demand
profile, such as multi-storey apartment blocks, hotels and hospitals, the use of a central system
is reasonable, because its initial and running cost is significantly smaller than that of an
autonomous one.

On the other hand, in smaller buildings, or buildings in which the users’ profile shows
significant differentiation, the autonomous systems are more suitable.

Contemporary solar systems achieve a performance that enables the coverage of almost every
demand load. However, it is almost always unwise to strive to cover the total demand, even in
locations with high incident solar radiation. In most cases it is reasonable to cover the whole
demand during the periods with high solar radiation and sunshine, whilst using the
conventional DHW system during the less favourable period of the year. In the case of this
project an analytical computational model was used, in form of an own developed software
package, based on the f-charts method, to determine the optimum size.

Large consumers, like big hotels or certain public buildings, represent cases where solar
systems have to be designed separately for each case in order to be efficient. When examining
the residential sector, however, there are typical classes of buildings, with respect to their
useful surface and the number of inhabitants that allow the development of typical optimum
solutions. According to the principles and assumptions described in the previous paragraph,
but also to the socio-economic data of the islands, three typical classes can be met. In order to
describe these classes we determined the nucleus residential unit, which is the apartment or
house according to its size and number of inhabitants, and determined the optimum sized
collector.
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These nucleus residential units are met alone or in complexes of several apartments, in the
case of two storied buildings. In this case the following building classes, with the respective
DHW demand arise, as shown in Table 18. It has to be noted, that it is for the building type A
it is recommended to use a separate storage vessel, located in the building and not on the roof,
in order to reduce response times and distribution losses. It also reduces the visual impact of
the solar systems, particularly in those buildings that have inclined roofs with tiles and not flat
roofs. This choice leads to the use of a circulation pump, as the thermosiphonic effect is not
sufficient to circulate the water.

Table 18: DHW demand per residential unit
Building Residential units

per building
Residents per

buildings
DHW demand

l / d
A 6 24 720
B 2 8 240
C 4 12 360

In order to determine the collective surface needed the figures mentioned in the previous

tables were considered to be valid for nine months, when the residential occupancy is 100%

and 70% for the remaining three months. Two types of collectors were considered: a

traditional, flat plate one and a vacuum pipe one, with higher efficiency and also initial cost.

The latter is a good solution in cases where space on the roof is spare. The respective results

and the technical specifications of the systems are summarised in the following tables. The

technical guide presents also a series of guidelines for the appropriate design of the storage

vessel, controls etc

Table 19: Collective surface for the DHW demand for each residential type
Building Annual load Collective surface needed

[m2] / unit
kWh/unit Flat plate Vacuum

A 2.000 2,40 1,96
B 1.960 3,60 1,96
C 1.530 3,60 1,96

Table 20: Collectors for buildings C (indifferent of orientation) and A and B with strictly
southern orientation
Vacuum pipes Number 6
Collective surface (respective) m2 2,0
Flat plate collectors surface m2 2,4
Slope o 35
Storage vessel volume per collective
surface

lt/m2 135

Optical performance coefficient (τα) - 0,69
Thermal losses coefficient (Frul) W/m2K 2,2
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Table 21: Collectors for buildings A and B with unfavourable orientation

Vacuum pipes Number 9
Collective surface (respective) m2 2,2
Flat plate collectors surface m2 3,6
Slope o 35
Storage vessel volume per collective
surface

lt/m2 135

Optical performance coefficient (τα) - 0,69
Thermal losses coefficient (Frul) W/m2K 2.2

The bigger surfaces mentioned in Table 21 are needed, in order to compensate the increased
demand or the deviation from the strict southern orientation. The in this way achievable solar
fraction is presented in Table 22.

Table 22: Solar energy produced and solar fraction

Building Solar gain
Annual load [kWh]

Annual solar fraction
[%]

Flat plate Vacuum Flat plate Vacuum
Α 1,740 1,800 87 90
Β 1,705 1,765 87 90
C 1,345 1,390 88 91
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2.4. Phase D: Cost - Benefit analysis and financing schemes for the proposed solution

Task D1: Cost Benefit Analysis considering economic, environmental and energy supply
aspects

A series of investment appraisal methods, like the Net Present Value, the Depreciated
Payback Period and the Life Cycle Cost were applied to evaluate the financial results of the
proposed solution. Expected earnings and savings were calculated, with respect to the initial
investment and the running costs, and the results of this –strictly economic- evaluation will be
used as an input for the overall Cost Benefit Analysis of the proposed solution. This analysis
was carried out by means of a Multi-Criteria Analysis (MCA) method, namely the ELECTRE
III, taking into account, apart of the economic factors, the environmental impact, the stability
of energy supply, the reduction of oil imports and the community involvement. A series of
eight scenaria were examined, a list of which is presented in the following Table 23.

Table 23: Scenaria examined with the Multi-Criteria Analysis

Scenaria RES propagation

Scenario 1
‘BaU’

Business as usual scenario, combined with energy conservation and
limited propagation of RES (mainly solar systems)

Scenario 2
‘30% W/G’

Propagation of wind energy up to 30% (in fact 31,5%)

Scenario 3
’26% & 4%’

Propagation of wind energy up to 26% and photovoltaics up to 4%

Scenario 4
‘20% & 10%’

Propagation of wind energy up to 20% and photovoltaics up to 10%

Scenario 5
‘20% & 10%’

Propagation of wind energy up to 20% and biomass up to 10%

Scenario 6
’26% & 4%’

Propagation of wind energy up to 26% and biomass up to 4%

Scenario 7
‘20% & 5% & 5%’

Propagation of wind energy up to 20%, biomass up to 5% and
photovoltaics up to 5%

Scenario 8
Max W/G

Propagation of wind energy to the technical maximum limit

The efficiency of these scenaria in terms of the five main criteria was determined and an
indicative set of results is presented in Table 24. From the data presented in this table, it
becomes obvious that there is no dominant scenario under all criteria.

A higher penetration of wind generators improves the main economic indices of Net Present
Value (NPV) and Depreciated Payback Period (DPB) and also the CO2 reduction. On the
other hand it reduces the macroeconomic result, as represented by the Life Cycle Cost (LCC) .
Scenaria 6 and 2, seems also attractive, indicating that a scenario intermediate to 6 and 2
would be closer to the optimum.
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Table 24: Efficiency of the scenaria

Scenario NPV DPB LCC [CO2]
Failure or black

out cost

1 -72,259,424 0 -103,933,054 0 0

2 2,229,736 0,1260 -3,160,721 19,393,720 0

3 1,256,019 0,0852 -3,581,651 16,646,596 0

4 -15,788 0,0000 -4,814,777 15,224,810 0

5 2,948,506 0,1588 -4,312,762 25,460,080 0

6 2,516,553 0,1478 -3,368,046 20,999,360 0

7 1,466,274 0,0880 -4,563,581 20,340,664 0

8 5,049,221 0,1545 -5,256,357 37,803,780 0

Hence, a sensitivity analysis was carried out, introducing weightiness factors, in order to
determine the changes in the classification of the scenaria, when the significance of the five
main criteria is changing. The weightiness factors used are presented in Table 25.

Table 25: Weightiness factors of the sensitivity analysis

Criteria j NPV DPB LCC [CO2] [black out]

1st case - Weightiness factor k 1,0 1,0 1,0 0,0 1,0

2nd  case - Weightiness factor k 1,0 1,0 1,0 1,0 1,0

3rd  case - Weightiness factor k 0,5 0,5 0,5 1,0 1,0

4th  case - Weightiness factor k 0,5 0,5 0,5 0,5 1,0

5th case - Weightiness factor k 0,5 0,5 0,5 0,0 1,0

By applying these factors the hierarchy of the 8 scenaria was determined. The results are
presented in Table 26 and demonstrate, that the closest to the optimum scenario, under
changing criteria, hence the most well balanced one, is an intermediate one between scenario
3 and 4.

Table 26: Total classification of the scenaria

Classification 1st 2nd 3rd 4th 5th 6th 7th 8th

Initial case 8 6 2 5 3 7 4 1

1st case 8 6 2 5 3 7 4 1

2nd  case 8 6 2 5 3 7 4 1

3rd  case 8 6 5 2 3 7 4 1

4th case 8 6 5 2 3 7 4 1

5th case 8 6 2 5 3 7 4 1
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The technical implementation of this scenario takes the form of the systems presented in
Table 27, in which the main technical, economic and environmental features of the proposed
solution are presented.

Table 27: Synoptic presentation of the proposed RES scheme and its economic and
environmental impact.

Wind

generation

[kW]

P/V and

biomass

[kW]

Total RES

capacity

[kW]

Total Net

Present

Value [Є]

CO2

reduction

[kg/a]

Patmos 840 106 946 830,506 466,485
Astypalea 280 170 450 39,648 177,826

Kastelorizo 0 80 80 -53,822 15,070
Leros 1,400 60 1,460 1,071,604 626,638

Nisyros 3,000 40 3,040 1,100,654 599,649
Tilos 1,800 20 1,820 1,825,972 1,002,566
Symi 560 45 605 202,638 211,802

Kassos 1,200 Biomass: 520 1,720 2,948,505 1,273,004

Total 9,080 1,041 10,121 8,073,349 4,373,040

The implementation of these systems will result in a considerable reduction of the energy
production cost and in a significant substitution of conventionally produced electricity. The
resulting RES generation cost, as opposed to the conventional one, is presented, for every
island and as a weighted average, in Figure 5.

Figure 5: Achievable RES and current conventional production cost
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The achievable cost reduction in electricity generation, again for every island and as a
weighted average, is presented in Figure 6. Kastelorizo marks the only case where a cost
reduction is not possible, as the loads are so small (less than 200 kW on average), that only
photovoltaics are adequate to cover the demand, at a respective cost.

Figure 6: Achievable reduction in the electricity production cost

Still, the resulting RES fraction of the annual demand of the islands is significant, even when
the legal limit of 30% of the conventional installed power is maintained. The achievable
annual RES fraction can reach up to 64,8% for all the islands, as it can be seen in Figure 7,
utilising the fact that on Nisyros, Tilos and Kassos one can install significant capacities,
because these islands are interconnected in the local networks.

Figure 7: Achievable annual RES fraction
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Task D2: Elaboration of financing schemes for the implementation of the proposed solution

This task included the study of the various financing options that will enable the
implementation of the proposed solution. In order to achieve this the following parameters
had to be considered, as they set the frame for all possible investments and their financing:

•  The legislative framework is described by the law N2244/94, which determines the
technical limits and the buy-back rates for Independent Power Producers. In the case of
RES systems on the islands this rate goes as high as 90% of the low voltage retail price.
Furthermore, there is a five-years’ guarantee on the buying of the electricity produced. On
the other hand, the permission procedure is time-consuming and centralised.

•  The EU directive for the liberalisation of the electricity market, resulted in the Greek
legislative act N2773/99 that became active in February 2001. However, the not
interconnected islands are excluded from the liberalisation of the market. Hence, the
previously mentioned law remains the base for all investments.

Investment Incentives by Zone
New Corporations  (less than 5 years) Existing Corporations  (more than 5 years)

Zone Cash
Grant

Loan
Interest Subsidy

Leasing
Subsidy

Tax
Allowance

Loan
Interest Subsidy

Tax
Allowance

D 40% 40% 40% 100% 40% 100%
C 30% 30% 30% 70% 30% 70%
B 15% 15% 15% 40% 15% 40%
A (1) (1) (1) (1) (1) (1)

Figure 8: Incentives provided according to the geographical location.
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•  The law ‘On the provision of incentives for the industrial development’ N2601/98,
determines the incentives granted to investors, according to a series of factors, amongst
them the region in which the investment is to take place. The country is divided into four
regions and the Dodecanese, belong to zone D, i.e. the area receiving the highest
incentives. The zones and the incentives are presented in Figure 8. The grants provided for
the investments and the subsidies on loan interests are set, for this region, at 40% for new
companies, which is the case in the proposed solution. It also provides tax allowances,
reaching up to 100% for the first three years.

•  The same law considers the technology used for the energy production: RES systems are
favoured, together with gas-fired CHP plants, given priority over other investments.

•  The ongoing 3rd Community Support Framework will, according to the information
available so far, continue to support investments in RES systems, as did the previous
Framework, by providing grants of up to 40% for wind and solar systems and up to 70%
for photovoltaic systmems.

•  It has to be noted that a RES investment can obtain a grant only from one source, either
from national or from community funding, hence the 40% limit for wind and solar
systems and the 70% limit for photovoltaics, cannot be exceeded.

The main conclusion drawn from these points is, that for the coming 4 to 5 years the
beneficial framework will continue to provide substantial grants for RES investments and a
very favourable, guaranteed buy-back rate.

Followingly, alternative financing schemes were examined, like the third party financing
scheme, mixed owned enterprises (including local authorities and private investors),
enterprises owned by local authorities, energy service companies and venture capital
companies.

The study of these options, or more precisely the experiences made over the last decade in
Greece, resulted in the following points:

•  Third part financing and venture capital proved so far to be a failure in Greece, not only in
the energy sector. No major or medium sized project has been carried out financed in such
a way until now. The reasons lie mainly in the unwillingness of banks and credit institutes
to cooperate in such risky investments, as the profit margin is rather small compared to
other safer and more profitable forms of financial activities like loans and leasing.

•  There are several enterprises owned and managed by local authorities, but their economic
results are by and large not satisfactory. There are some exceptions, like the district
heating system in Kozani, run by the local Municipality, but the municipalities involved in
the considered islands are too small to feature adequate financial and, even most
important, human resources. On the contrary, most wind parks that became operational in
the islands, particularly on Crete and Euboia, since 1998 are private owned.

•  The one form of enterprises that seem to gain momentum over the last two years are
mixed owned energy provision companies, aiming at the opening of the electricity market
due to the liberalisation. A series of European and Greek companies involved in the
energy sector have approached municipalities and prefectures in order to form joint
energy provision companies. In the case of the island the interest is strictly laid on RES-
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based electricity producing companies, whilst in northern Greece the interest is focused on
gas-fired CHP plants.

Considering the economic features of the RES systems proposed for the islands, such a
system seems to be a feasible and viable solution, as it will be discussed in the following
paragraph.

2.5. Phase E: Establishment of a managing carrier - Dissemination of the results
The objectives of the last phase were on the one hand the preparation of a scheme that will
utilise the project’s results and on the other hand the further possible dissemination of the
results and conclusions to the local authorities, the administration, engineers and related
companies.

Task E1: Establishment of a carrier, steered by the local authorities for the management of
the energy production

In parallel to the evaluation of the technical and economic part of the research, an evaluation
of the possible options for the implementation of the study was carried out. It included the
discussion of experience gathered so far in the field of RES on such a small scale, with
respect to the Greek legal framework and also the local socioeconomic conditions. The main
results can be synopsised as follows:

•  The option of each municipality to act separately was excluded from the beginning, due to
lack of financial and human resources.

•  The possibility of having the Public Power Corporation (PPC) carrying out this
investment is rather small, as it resulted from an interview with the PPC’ head of RES
unit, because it is considered as a minor field involvement for the company.

•  This applies to a certain extend to the major companies involved in RES generation, as
they focus on the wind parks of the larger islands.

There has been an expression of interest by two companies involved in the energy sector as
providers of technical and financial support, though not energy producers on their own. In that
sense the study resulted in the solution of setting up a carrier to be supported by the regional
Energy Office of the Dodecanese, with the participation of the municipalities of Nisyros,
Tilos and Astypalea, which were involved in this project.

Therefore, as a priority option it has been decided to submit the respective proposal to the
Energy Programme of the 3rd Community Support Framework to be announced in the coming
few months, with the contribution of one of the companies, which expressed the respective
interest. This solution provides the advantage of having a public controlled energy provision
scheme, with additional funding and expertise provided by a private firm. In terms of
financial support it is expected to results into the same granting funds, as a private investment
would apply for and be granted under the Law N2601/98. It also secures the broader
acceptance by the local communities. Last but not least, it will allow a faster implementation
than the time-consuming permission process of a strictly private investment.
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Task E2: Dissemination of the results

The object of the dissemination works was the statement of the results and conclusions in the
most appropriate way to the selected target group. In the proposal was foreseen the production
of a ‘Guide for sustainable energy projects in remote areas’ and two brochures. Due to the
interest of the results it was decided to produce the final study in form of a guidebook, in
order to have a more general application, in Greek. Furthermore an explicit guide was
produced in English as well as eight brochures, one for each island and one for the
methodology developed and applied.

Table 28 shows the criteria and the characteristics of the target group, served by each
dissemination medium. Writing some more papers to scientific journals has been planned and
is now under development. Every dissemination activity has a statement referring to the co-
financing of the project by the ALTENER programme

Table 28: Dissemination tools
TOOL PUBLIC CHARACTER DELIVE

RABLE
Study Interested authorities Study

Example
Analysis

1

Guide - Handbook Administration and managers
Decision makers
Engineers

Informative and practical
Expressive and supervisory
Extensive

2

Brochures Interested authorities and
organisations
Energy managers
Local community

Propagation of proposals
Popular
Abstract

3 to 10

Workshop
organisation

Administration and managers
Engineers
Local communities

Open (without registration)
Expressive and supervisory
Debate

Presentations to
scientific
conferences and
seminars

Academics
Researchers
Engineers

Scientific
Analytic
Conclusion

11-15

Publications in
technical journals
and newspapers

Engineers
Administration and managers
Broad public

Popularity
Practical
Conclusion

Publications in
scientific magazines

Researchers
Scientists
Specialists

Scientific
Analytic
Methodological
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Study

The study (delivered 1) is a 94 pages publication in Greek, presenting the main features of the
methodology applied, the technologies used, the design and optimisation process and the final
technical and economic conclusions. It is not only of use for the specific islands, but can be
applied to similar cases.

Figure 9: The guide and the study produced

Guide

The guide (delivered 2) is a colour publication of 190 pages, which was produced in English,
so that it can be used as a main tool for the application of RES systems in remote and isolated
communities. In the first two chapters are presented the methodological concept and
approach, followed by the determination of the energy demand and the available renewable
energy sources potential. The available technologies in the field of wind, solar and biomass
energy utilisation are presented in the third chapter. These technologies are evaluated in terms
of their energy production performance and in terms of their overall environmental impact, by
applying the Life Cycle Analysis method. In the fourth chapter are presented the major tools
for assessing the systems’ economics from the investor’s point of view. Chapters five, six and
seven present the application of the methodology. In chapter five are examined independent
systems and in chapter six are presented the combined energy systems, featuring wind, solar
and biomass systems for electricity production. Chapter seven presents the final stage of the
evaluation by means of a multi criteria analysis taking into consideration eight different
scenaria and criteria like the initial cost, the production cost, the CO2 emission and the
availability and cost of land. Chapter eight summarises with the conclusions.
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Brochures

The study led to the production of the brochures (delivered 3 to 10) that compose a useful
material for the propagation of the possibilities for RES application in remote communities.
The brochures are six-pleated in a user-friendly format. Each brochure of the seven referring
to the islands includes information on the islands main demographic, energy and climatic
data, the RES system applicable, its production, energy and economics and also the
ALTENER programme and the co-operating partners. The eighth brochure presents the
methodological approach.

Figure 10: The brochure presenting the methodological approach

Figure 11: The brochure presenting the results of the study for one of the islands

A web-site on the Internet
The present Final Report, without the financial management data, is accessible in a
downloadable format over the internet, hosted on the web-site of LHTEE, at the address
http://aix.meng.auth.gr/lhtee. So are the chapters of the guide referring to the methodology
used and its results. Further details will be added, together with a list of links to other related
web-sites, as we consider the site to have a permanent character. It is also examined to
provide the brochures in a downloadable format, in order to make them more easily accessible
over the internet.
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 Presentations

The results of the study gave material for papers presented in international and national
conferences and technical journals. They also resulted in presentations on local and national
T.V. stations and newspapers, while some papers are to be submitted to scientific journals.
The whole of these presentations is shown in Tables 29 and 30. A selection of these
presentations is included as delivered 11 to 15. An open workshop on one of the islands was
initially planned for, namely Nisyros in December 2000. This was an unfortunate choice, due
to the delay in the project’s work and also due to poor weather conditions and ship
connections, which left islands like Tilos and Astypalea without regular connection for as
long as 15 days. It was therefore decided to carry it out in May, when it will have better
chances of attracting members of the administration, engineers and the local communities.

Table 29: List of presentations in international and national conferences

TIME CONFERENCE PAPER AUTHORS

03-06.06.99 2nd International
HELECO Conference,
Thessaloniki

Promoting RES in Europe - What
measure fits best? Case study: Wind
energy

M.Kaltschmitt,
A. Papadopoulos,
N.Moussiopoulos

03-05.11.99. 6th National RES
Congress, Volos

Optimisation of RES systems in
islands under given
geomorphological and economic
constrains

A.Papadopoulos,
C.Koroneos,
N.Moussiopoulos

03-05.11.99 6th National RES
Congress, Volos

RES and sustainable development:
An exergy approach

C.Koroneos,
A.Papadopoulos,
N.Moussiopoulos

23-25.10.00 Altener 2000
Conference, Tolouse

Sustainable energy project for the
economic development of remote
and isolated island communities

A. Papadopoulos,
M.Kaltschmitt

25-26.01.01 RENES-Unet
Workshop,
Thessaloniki

RES and sustainable development
of islands: Results of the SEPEDIC
project

A. Papadopoulos,

Table 30: Publications in newspapers and journals

DATA PUBLICATION ARTICLE AUTHORS
14/5/99 Newspaper

THESSALONIKI
Utilising the RES options for cheaper
energy in small islands

A. Papadopoulos

Sept. 99 Journal
TECHNICAL

The potential of photovoltaics in small
remote communities

A. Papadopoulos

23/08/00 Newspaper
HMERHSIA

Wind energy in remote areas: Is the
infrastructure sufficient?

A. Papadopoulos
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3. CONCLUSIONS AND PROPOSALS FOR THE FUTURE
The particular features of the problem of small, remote communities arise from their
geomorphological and economic nature. Their energy demand is small, not presenting
attractive major investment opportunities for RES system providers. However the demand is
not so small that it could be met by a simple, single energy system. At the same time the
demand shows seasonal variations, due to periodical economic activities like tourism and
agriculture. In the case of the small islands of the Dodecanese considered in this study, the
average annual demand growth rate predicted for the coming decade is significant, as it can be
seen in Figure 12.

Figure 12: Predicted annual electricity demand growth rate

Energy loads are provided by local power plants, which can only be oil-fired and there is no
possibility for connecting the local networks to the national one. This excludes the option of
providing or utilising the full RES potential because that would either jeopardise the local
grid’s stability or lead to a very low load factor of the RES systems. The most feasible
solution seems, therefore, to be the reasonable combination of wind power, solar electricity
and solar thermal power, with emphasis being placed on allocating the appropriate energy
forms for each final use, will allow the reduction of peak demands in electricity and therefore
enable RES systems to operate efficiently.  This becomes also evident, when examining the
production cost in the conventional stations, which is between 20% and 225% higher than in
the interconnected network of the mainland. In order to assess the feasibly exploitable RES
potential one has to keep in mind that it is not a strict energy or economics problem. A
methodology that allows the evaluation of RES implementation scenaria in search of
technically, economically and environmentally suitable solutions has therefore to tackle the
whole complex of factors. The methodology developed within the framework of this project
consisted of 3 stages: The database establishment, the calculation module for renewable
energy integration and the analysis and presentation of results.

The considered islands offer a significant wind and solar potential and a limited biomass
potential. Hence, it is an ideal region for the development and operation of these RES
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technologies. One has also to mention that there is a significant geothermal potential, which
could be utilised. However, some unfortunate experimental efforts during the 1980’s and
1990’s have led to a very strong opposition of the local communities to the exploitation of
geothermal energy. It is therefore not considered in this study as a contemporarily practicable
solution, as it remains an option for the future. The propagation of solar thermal systems is
already satisfactory, the potential not yet exploited corresponding to no more than 30% of the
total one. Still, and as the replacement of the first solar system installed in the eighties is
beginning, guidelines for the appropriate dimensioning and the use of controls have been
provided.

In any case, the most important potential lies in wind energy, and partly in photovoltaics. On
these small islands the penetration of the wind and photovoltaic stations creates several
problems in the electrical grid, because of the high variation of the energy production and
consumption. That is why the establishment of an upper limit to the installed capacity for
power generation by RES technologies of 30% of the island’s maximum power demand,
according to the Decree 8295/95 of the Law 2244/94 of the Ministry of Development, was
introduced. This limit, though often criticised, is by and large correct when considering the
stability of the electrical networks. As it was shown during this study one could exceed in
some cases this limit by another 7-10%. Still, even when the limit is considered, the
achievable annual RES fraction is 64,8% for all the islands.

The weighted average energy production cost achievable by the proposed RES utilisation
scheme is almost 30% of the currently occurring conventional one, without any form of
subsidies being considered. Except Kastelorizo, the achievable results are financially viable
and significant reductions in the annual CO2 emissions are achievable.

Beside these clear facts, one has also to draw some conclusions from the success stories, in
particular of wind generators and solar thermal systems, but also from mistakes of the past, in
order to support the propagation of RES systems under similar conditions. The significance of
reliability and maintainability is crucial. The lack of trained engineers and technicians makes
a visit from Athens necessary in order to solve even medium problems. As it takes two to
three working days to reach most of these islands by ship and this is frequently not possible
due to the weather conditions, one can imagine that a slightly higher initial cost is a fair
exchange for a reliable system.  The training and qualification of local technicians on a
regional level, for example in Rhodes, is an important step that has to be taken by the local
authorities, supported by the Regional Energy Agency and the Ministry of Development.
Finally, the procedure of obtaining a permission for a RES system has been frequently
criticised to be bureaucratic and time consuming, as it is centrally controlled by the Ministry
of Development.

The current legislative framework provides a fair and effective buy-back tariff scheme, as it is
proven by the many candidates asking to carry out investments in RES systems. The
willingness of the local and regional authorities is also given to participate or to support
private investors. So are the local communities, as it was demonstrated during the specific
ALTENER project. One should therefore try to reduce the problems rising from the
permission granting procedure and try to establish a well trained local maintenance force, in
order to be able to utilise the available potential, achieving both economic and environmental
benefits.
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