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Abstract

There is a significant number of Greek islands in the Aegean Sea that still meet their electricity demand on the basis of the local
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The main scope of this paper is to assess the feasibility of using the heat demand – outdoor temperature function for heat demand
end, the long-lasting problems of the Aegean Sea islands, mainly stemming from their state of remoteness and isolation, require
forecast. The district of Alvalade, located in Lisbon (Portugal), was used as a case study. The district is consisted of 665
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decrease in the number of heating hours of 22-139h during the heating season (depending on the combination of weather and
renovation scenarios considered). On the other hand, function intercept increased for 7.8-12.7% per decade (depending on the
coupled scenarios). The values suggested could be used to modify the function parameters for the scenarios considered, and
improve the accuracy of heat demand estimations.
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1. Introduction
Islands cover approximately 1/6 of land’s surface at a global scale and host around 10% of global population [1].
On the other hand, due to their vulnerable nature and remoteness, application of innovative sustainable energy
policies in island regions is not always straightforward [2]. Similarly, most of the Greek islands are found under a
state of isolation, with their energy consumption being satisfied mainly via conventional methods of power
generation (oil-based). The shortcoming of this strategy reflects to irrational electricity production costs and
environmental issues, while at the same time designating the need for a new paradigm in terms of local electricity
generation. In this context, there are 32 Greek islands that are not interconnected (NII, Fig. 1a) to the Greek
mainland’s electricity grid, with the respective electricity production cost exceeding in some cases even 700€/MWh
[3]. Currently, for many of these islands there is no provision for interconnection with the national grid and the
continuously increasing demand is to be covered via new oil-based units. The size of the local electricity systems,
land-use issues, and the intense seasonal variation of load demand, are common considerations that have so far
hindered the implementation of new hybrid renewable energy systems (HRES) [4]. This is also reflected in the low
RES shares achieved in Greek Aegean islands [5,6], which in turns links to the existing limitations of local grids,
such as the dynamic penetration limit and the technical minima of thermal engines in operation.
In order to encounter the aforementioned RES penetration limits, research and investment in local energy storage
is of primary importance. Energy storage solutions deploy batteries for electrochemical storage, tanks for energy
storage in the form of hydrogen, reservoirs for the development of pumped hydro storage plants [7], etc. To this end,
the use of energy storage enables 100% coverage of local consumption from RES [8]; however implementation of
such systems is demanding, mainly because of the significant cost and interoperability difficulties. In this context,
the development of advanced simulators is critical in terms of both addressing configuration-complexity issues and
achieving optimum sizing, necessary to minimize costs.

Fig. 1. (a) The map of Greek NII islands; (b) electricity production costs of (c) and water quantities transferred to Aegean islands

2588

G.T. Tzanes et al. / Energy Procedia 142 (2017) 2586–2591
G.T. Tzanes et al/ Energy Procedia 00 (2017) 000–000

3

2. Position of the Problem - Proposed Solution
In order to face the pressing problem of electrification and water sufficiency concerning the remote Greek
islands, an integrated methodology and a computational tool have been developed under the project "PHAROS" [9].
They take into account -among others- the energy demand profile, the available geographical information and the
corresponding RES potential characteristics of the island examined. As already seen, the majority of Greek NII
islands cover their electrification needs using small and outdated oil based power stations, operating at quite high
production costs (Fig. 1b). At the same time, significant clean water quantities are transferred (Fig. 1c) in order to
meet the consumption needs of several arid islands, at a cost that may even exceed 10€/m3, driven in many cases by
the increased demand met during the summer period.
On the other hand, most of the Aegean islands possess excellent wind and solar potential, while in specific
islands one may also find medium/high quality geothermal energy (e.g. Milos, Nissyros, Lesvos, etc.).
Acknowledging the above, we explore the possibility to satisfy the electricity and water demand of these islands on
the basis of HRES and in doing so, we present an advanced simulator tool that can contribute towards this direction.
3. Methodology
In the context of "PHAROS" project, an analytical database (DB), Database SL, has been built in C#, including
detailed long-term meteorological and energy infrastructure, consumption and production data, for a number of
small and medium size Aegean islands. In Fig. 2a, the DB user interface is presented, where one may find the main
parameters of the meteorological data in different tabs, chosen via the navigation pane in the left side of the interface
(the example of Agios Efstratios is used for the year 2012). Moreover, transported water data (Fig. 2b) and the
necessary geographical information data (Fig. 2c), such as Natura 2000 sites, roads, airports e.t.c., are also included,
enabling the optimum design of and siting of HRES. In order to facilitate the navigation, data are divided into
groups. Initially, the user must select the data type, then the region, then the island and next the year of interest.
Besides the presentation and comparison of data, DBSL also provides preliminary analysis. For instance, concerning
wind speed, DBSL computes the probability density distribution, the mean and max observations, as well as the
standard deviation and coefficient of variation.

Fig. 2. (a) The DBSL user interface presenting wind speed data; (b) annual water transportations and (c) geographical information charts
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Data embedded in DBSL (table 1) provide long-term information on the one hand, analyzing the time-evolution
of key parameters such as peak load demand, and detailed data on an hourly basis on the other, which constitutes a
large part of the necessary input for the ESA tool.
Table 1. The DBSL data
Data type
Meteorological
Water transportation

Time interval
Hourly
Monthly

Electricity generation

Annual

Load demand
Heating, Transportation
CO2 emissions
Geographical
information

Hourly
Monthly
Hourly, Monthly
-

Parameters
Wind speed, ambient temperature, pressure and density, solar radiation
Peak load, net production, gross production, net production cost, diesel consumption, mazut
consumption, specific consumption
Load demand
Oil, other types of fuel
Thermal power stations, heating, transportation
Contour lines, 2000 Natura (SCI19a, SCI19b, SPA19, SPASCI), cities, settlements, roads,
archaeological places, airports, average wind speed

Under an intensive developing process and continuous optimization, the ESA tool (Fig. 3a), also built in C#, has
become fully operational, incorporating both demand side management (DSM) techniques and an optimum-sizing
algorithm for desalination plants needs, while reducing at the same time the computational effort significantly. The
integrated methodology can be applied for every remote island as far as the necessary data are available, examining
all the possible schemes of HRES in a range defined by the user; a range that is limited only by the computational
time. The presented version is capable of simulating 2000 HRES schemes in 1 min, running on a conventional
laptop, with each simulation performing energy balance on an hourly basis. In this context, as all the examined
configurations become available after the complete analysis, one may identify, with the tools provided by ESA, the
energy and water coverage scenarios considered to be the most "financially attractive or/and sustainable".

Fig. 3. (a) ESA user interface and (b) PV module input form

For the preliminary presentation of the tool, two small islands have been selected, with their electricity needs
being in the order of 1.4GWh per annum. The first is a South Aegean island, i.e. Anafi, and the second one is Agios
Efstratios, located in the North Aegean Sea. Agios Efstratios and Anafi i have 270 and 190 inhabitants respectively.
However, in the case of Anafi, desalinated water production of 1800m3 is also included in the examined problem.
Additionally, Anafi appreciates high quality solar potential (i.e. 1800kWh/m2/y) while Agios Efstratios mean wind
speed exceeds the 9m/sec. Two commercial wind turbine models have been used in the simulations; 800kW and
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225kW nominal power respectively, along with a typical PV panel model (Fig. 3b) and battery storage featuring
50% depth of discharge and a cost of 150€/kWh.
4. Results
The ESA tool simulated approximately 9000 and 3000 configurations of HRES for the two case studies
respectively, executing an extensive parametrical analysis that considered the variation of a) wind power b) PV
power c) charge and d) discharge rate of the energy storage system and e) storage capacity. Concerning the
desalination system, this was optimally designed to meet the annual needs in a separate algorithm. The outcome of
this algorithm, besides the size and the cost of the system (constant), is an hourly profile of equivalent load demand,
added to the existing electricity demand profile. Tables 2 and 3 show part of the parameters that one may obtain via
the ESA tool, presenting also the most cost-effective solutions that result to approx. 85% and 100% of annual
coverage respectively. To this end, to achieve 85% annual coverage in the aforementioned islands, an investment in
the order of 1.5-2 M€ is required, while in the case of 100% autonomy, the necessary investment more than triples.
Table 2. Most cost-efficient solutions for an annual coverage via HRES, nearly 85%

Island
Agios
Efstratios
Anafi

Wind
turbine
model

PV park
power
(kW)

V27
E48
V27
E48

50
300
0
300

Wind
farm
power
(kW)
450
810
675
810

Storage
system
capacity
(kWh)
5000
0
5000
0

Thermal
plant
power
(kW)
294
288
526
520

Total
initial
cost
(M€)
1.48
1.62
1.73
1.69

Total
Present
Value
(M€)
9.26
5.08
10.55
6.18

Annual
coverage
(%)
85.1
85.2
85.5
84.9

Rejection
Hours (h)

Fuel
Mass
(tn/year)

1674
2190
1470
2374

47.8
47.4
58.4
60.7

Table 3. Most cost-efficient solutions for 100% energy autonomy via the HRES
Island
Agios
Efstratios
Anafi

Wind turbine
model
V27
E48
V27
E48

PV park power
(kW)
1100
1150
1650
1850

Wind farm power
(kW)
900
810
450
810

Storage system
capacity (MWh)
10
10
15
10

Total initial cost
(M€)
4.61
4.58
5.79
5.85

Total Present
Value (M€)
15.3
15.3
21.3
17.0

Finally, ESA provides the option to investigate the performance of each individual configuration simulated
separately. In this context, some indicative charts produced from ESA with regards to the Anafi system are next
presented. The SOC profile seen in Fig. 4 reflects the intense use of battery storage during the summer period, which
encourages for the implementation of DSM.

Fig. 4 (a) Energy storage SOC variation and (b) DSM application results
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This is due to the fact that the peak load of Anafi is approximately 3.5 times higher than the average load of the
island, resulting in this way to the need for oversized HRES. Currently, the load shifting technique is included in
ESA with regards to DSM, with the option of daily or annual load adjustment. Practicing such techniques can result
to even 15% reduction [10] in the hours of load rejections per year, which can support the downsizing and in turn
the cost-efficiency of new HRES.
5. Conclusions
Α series of unfortunate political decisions have led the Greek Aegean islands to ineffective electricity generation
and water supply practices, with the negative impacts affecting not only the local environment but also the national
economy. In the context of PHAROS project, a database (DBSL) was developed, featuring detailed information for
most Greek islands. DBSL, besides enabling the user with easy data mining processes, provides the input data for
the ESA tool, which integrates innovative methodologies for the design of HRES, including also DSM and
desalination aspects.
With the use of the ESA and DBSL tools, two small island cases were studied (i.e. Agios Estratios and Anafi),
while for demonstration purposes, two different wind turbine models were also deployed. The analysis proved that
after exceeding 80% RES shares in such systems, the ratio between RES shares achieved and required capital
expenditures declines drastically. The developed tools are capable of simulating energy systems of any size; thus
one may use them for the examination of all Greek NII, producing in this way useful results and conclusions for
policy makers. In addition, to further prove the capacity of the developed tools, the authors currently work on the
comparison of the former with existing simulators such as HOMER, which, it is believed, will help designate the
actual strengths of the proposed integrated simulator and database tool in a more pronounced way.
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