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Abstract— Aegean Sea islands, similar to other island regions
around the globe, are determined by high quality wind and solar
potential that stimulates the implementation of energy solutions
based on renewable energy sources (RES). However, the current
energy status suggests that RES penetration in the specific
islands is limited in the order of 10%-15%, with oil-based power
generation holding a dominant role. To this end, an advanced
Microgrid Simulator has been developed in order to examine
different energy strategies for island microgrids, considering
both the option of stand-alone operation, as well as the option of
interconnection to a host electricity system, which can be thought
as equivalent of an electricity market.
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by considering detailed input data such as climatic information
and technical characteristics of the participating system
components. At the same time, the novel software allows for
the examination of both stand-alone and interconnected
microgrids, capturing in this way implementation of different
strategies and energy trade scenarios in relation to a host grid
that can equally well represent an electricity market
environment.

System;

I. INTRODUCTION
Aegean Sea islands, as well as other island regions around
the globe, are determined by high quality wind and solar
potential that stimulates the implementation of energy solutions
based on renewable energy sources (RES) (see also Fig. 1) [1].
However, the current energy status suggests that RES
penetration in the specific islands is limited in the order of
10%-15%, with oil-based power generation still holding a
dominant role [2]. Given this, energy security of the local
consumers is subject to increased risk, linked with the volatile
price of oil imports. In fact, smaller scale islands are faced with
electricity production costs even exceeding 1€/kWh.
To encounter the existing situation and optimally exploit
the existing RES potential of the entire Aegean Sea area,
investigation of alternative energy solutions is encouraged
during the recent years. Such energy solutions correspond to
hybrid, RES-based energy storage configurations and smartgrid energy schemes that aim at the optimal exploitation of
complementary energy sources such as wind power and solar
power, together with minimization of the required energy
storage capacity and the contribution of oil-based power
generators [3-7].
Acknowledging the above, the Soft Energy Applications
Lab (SEALAB) research team has developed a novel
Microgrid Simulator, aiming to advance the ongoing work in
the field [8-9]. This novel software tool incorporates an
advanced numerical algorithm practicing analytical simulations

Fig. 1. RES potential in the area of Aegean Sea, Greece

II. METHODOLOGY
The Microgrid Simulator has been developed in C#
programming language, offering a user-friendly interface (see
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also Fig. 2). The main input data for the Simulator include the
following:
o

Detailed weather data in the form of long-term time
series (more than a year)

o

Detailed RES potential data such as wind speed, solar
irradiance, etc.

o

Technical characteristics of the main supply side
components of the microgrid such as wind turbines,
PV panels, energy storage devices, etc.

o

Features of the demand side including among others
deferrable loads and DSM pools.

o

Description of existing energy infrastructure for both
the microgrid and the macrogrid (or host grid)
including existing thermal power units, RES capacity
and interconnector characteristics.

the grid operator point of view to explore the trade-off
between energy autonomy and market participation not
only for the local actors, but also with regards to the
implications for the host grid operation.
III. CASE STUDY
To demonstrate the different aspects addressed by the use
of the Microgrid Simulator, the Tilos island microgrid will be
used as case study. The island of Tilos comprises a small scale
island of the South Aegean Sea, in the complex of Dodecanese,
with ~500 permanent habitants. The local electricity
consumption reaches ~3GWh annually, while the respective
peak load demand is in the order of 1MW (Fig. 3).

To this end, the Microgrid Simulator aims to the description
not only of the microgrid, but also of the macrogrid to which
the microgrid may interface. More specifically, the Simulator
(Fig. 2) looks at the following three system operational modes

Fig. 3. Load demand measurements for Tilos island (M1: entire island; M2:
the south Livadia village)

Fig. 2. The UI of the Microgrid Simulator

o

Stand-alone mode of operation for the microgrid. In
that case the microgrid is treated as an island system
and the aim of the Simulator is to provide a different
set of energy solutions considering RES, energy
storage, DSM and diesel contribution, examining the
problem from the grid operator point of view in order
to explore alternatives that could be more cost-efficient
than the existing one.

o

Interconnected mode A΄ of operation for the
microgrid under the Greek regulation framework for
RES-based hybrid power stations. In that case, the
Simulator focuses on the optimum sizing of a hybrid
RES-energy storage station that operates in accordance
with the regulatory framework in force, examining the
problem from the private actor point of view.

o

Interconnected mode Β΄ of operation for the
microgrid considering market signals for the energy
management of the microgrid in relation to the host
grid (equivalent of an electricity market). In that case
the problem is examined from the local community and

To cover its electricity needs, Tilos is currently being
supplied from the Kos electricity system (Fig. 4) through a
20kV undersea cable (the Kos system represents an island
complex of 9 island regions being interconnected between
them but not with the Greek mainland). The energy imported
from Kos derives mainly from the operation of the Kos thermal
power station (~110MW) and thus corresponds to oil-based
power generation, with only a small part 10-15% deriving from
the existing RES capacity of the Kos system (15.2MW of wind
power and ~8MW of PV power).

Fig. 4. The undersea cable of Kos that supplies Tilos

At the same time, it is important to mention that Tilos
suffers from quite frequent power cuts, that are in most cases
caused by faults of the undersea cable (see also Fig. 3).
To this end, under the TILOS project [10], the smartmicrogrid of Fig. 5 is being developed on the island of Tilos,
with its core system being the hybrid RES-battery storage
configuration employing:
o

an Enercon E-53 wind turbine of 800kW

o

a small scale PV park of 160kW

o

an integrated NaNiCl2 battery energy storage system of
2.88MWh/800kW comprising two identical containers.

In addition to the hybrid power station, the local backup
diesel genset of 1.45MW should also be considered, while for
the local end-users, distributed smart meters and DSM panels
to be installed mainly in the residential sector configure the
DSM pools during the operation of the system as stand-alone.

Tilos island, terminating the use of the interconnector and
depending exclusively on the local RES-storage and diesel
configuration, as well as on the application of preliminary
DSM techniques that are however not currently considered.
As a second scenario, the hybrid power station of Tilos is
examined from the private actor point of view, following the
limitations of the Greek regulatory framework with regards to
the operation of hybrid power stations in the noninterconnected Aegean islands.
Finally, the third scenario looks at the interaction of the
local microgrid with the Kos macrogrid and provides insight on
what are the implications of implementing an energy trade
strategy that encourages guaranteed energy exports from the
battery storage during peak demand periods, and also energy
imports from the undersea cable in order to cover local energy
deficits. In that case the local diesel genset is not taken into
account and neither is the application of DSM.
A. Stand-alone mode results
In the first of the scenarios examined, the island of Tilos is
treated as a non-interconnected island system, where the RESbattery configuration previously analyzed is set to operate in
collaboration with a local, back-up diesel genset. The
simulation carried out to this end follows a simplified loadfollowing strategy, with the respective RES power generation
profiles given in the following figures (Fig. 7 and Fig. 8), based
on the meteorological measurements of Fig. 6 and the technical
characteristics of the RES equipment employed.

Fig. 5. The envisaged Tilos smart microgrid

Finally, based on a long-term weather data measuring
campaign, the local wind speed and solar potential of the
installation sites for the wind turbine and the PV park have
been assessed, with the respective time series given in the
following Fig. 6.
Full Year Dataset of Horizontal-Plane Solar Radiation
Measurements from Tilos Island (1/1/2016-31/12/2015)

Full Year Wind Speed Measurements at Different Heights from
Tilos Island - Wind Turbine Location (1/1/2016-31/12/2015)
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Fig. 7. Wind energy production hourly profile for the E-53 turbine (kW)
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Fig. 6. Wind speed and solar irradiance measurements for Tilos island

IV. RESULTS
Acknowledging the above and using the Microgrid
Simulator, different energy trade scenarios are evaluated on the
basis of components to be employed on Tilos island. To this
end, the first scenario concerns the stand-alone operation of

Fig. 8. PV production hourly profile for the 160kW PV park (kW)

The respective calculations are made in the background of
the Microgrid Simulator, where one may determine the
technical characteristics of RES components in detail, using all
the necessary information from the respective technical
datasheets.
Next, the energy balance calculations are carried out by the
Microgrid Simulator, taking into account the technical features
of the battery storage configuration (at the module level) along
with the respective operation constraints (SOC variation
currently limited between 10% and 90%) as well as the load
demand profile of Fig. 3. The respective results are recorded by
the Simulator, producing for each of hour of the year the
energy balance of the system, reflected in the absorbed RES
power, the curtailed one, the battery SOC variation (see also
Fig. 9), and the appearing deficits that are covered with the
contribution of the local diesel genset. In this context,
according to the results of this exercise, the RES share
achieved by the examined RES-storage configuration reaches
~55% at the island level, without any support in terms of DSM
implementation.

operator and the spinning reserve requirements of the
thermal power station.
o

Estimate the dynamic penetration limit of the system as
well as the cumulative technical minima of the dispatched
thermal engines.

o

Estimate the absorbed and curtailed part of the local wind
energy production, by considering the second stage
residual load and by taking into account the resulting
maximum value of the two above mentioned limitations
(dynamic limitation and technical minima).

o

Repeat the dispatch exercise of thermal power units based
on the final residual load, after subtracting the PV power
production and the absorbed wind energy production part.

o

Provide the final fuel mix of the system along with
information on the resulting operational costs, fuel
consumption, emissions, RES shares, etc.

Indicative results of the base-case scenario may be seen in
the following Fig. 10 and Fig. 11, where the resulting hourly
fuel mix and dispatch of thermal power units for the macrogrid
are presented respectively.

Fig. 9. SOC variation of the first, 1.44MWh battery container

B. Interconnected mode A΄
In the second of the scenarios examined, the island of Tilos
is treated as an interconnected island system to the system of
Kos (macrogrid). In this context, the Microgrid Simulator
receives information on the characteristics of the macrogrid
(thermal units employed, dispatch strategy, existing RES
capacity, RES potential profiles, etc) and practices the detailed,
year-round hourly dispatch of all existing units, not considering
at this stage contribution of the microgrid's hybrid power
station. In this way, a base-case scenario is built, where from
one can also extract the respective system production cost, fuel
consumption, RES penetration, RES curtailments, etc.,
appraising the overall macrogrid performance. To reach that
point, the Simulator follows the process below:
o

Estimate the aggregated PV production profile and the
aggregated wind energy production for the entire
macrogrid.

o

Implement the dispatch of thermal units using a first stage
residual load, by only subtracting the PV production from
the given load demand (PVs are considered not to receive
a set point), the respective dispatch order provided by the

Fig. 10. Hourly fuel mix results for the macrogrid (base-case)

Fig. 11. Dispatch of thermal power units for the macrogrid (base-case)

Following the completion of calculations concerning the
base-case scenario, the Microgrid Simulator proceeds to the
simulation of the hybrid power station operation in the context
of the Greek regulatory framework. According to the latter, the
hybrid power station producer operates the station on the basis
of a day-ahead dispatch schedule, aiming to primarily
substitute peak thermal power units of increased production
cost on the basis of guaranteed energy provided by the
combined operation of RES and battery storage, as determined
in the production license of the system.
To this end, the Tilos island hybrid power station is
required to provide guaranteed output of 400kW, 50% out of

which can be instantaneously covered from direct RES supply,
the rest being satisfied from the battery storage component.
This 400kW guaranteed output is normally offered from the
hybrid system during peak hours of the day, which for the
system of Kos correspond to 9:00-13:00 and 19:00-23:00. By
adopting the specific scheme, the Microgrid Simulator solves
the dispatch exercise of the macrogrid, this time including also
the hybrid power station. In doing so, the previous steps are
repeated, with the guaranteed power being normally absorbed;
except from the case that the technical minima of the thermal
power units are violated.
On the other hand, any excess RES energy production from
the hybrid power station, i.e. energy that cannot be stored in the
batteries, neither can be absorbed by the macrogrid as
stochastic RES, is curtailed in priority in comparison to the rest
of existing wind parks. Indicative graphs, as produced from the
Microgrid Simulator, are presented in the following figures,
showing the hourly fuel mix of the system including the hybrid
power station (Fig. 12), the energy balance of the hybrid power
station (Fig. 13) and the breakdown of the guaranteed amounts
of energy between the RES and battery part respectively (Fig.
14). Based on the resulting dispatch of the various energy
sources, the system overall performance with the consideration
of the hybrid power station can be determined and expressed
on the basis of production cost, fuel consumption, emissions,
etc, similar to the performance indexes of the base case. By
comparing the before and after state, the positive or negative
contribution of the hybrid power station at the system level
may be decided.

Fig. 12. Hourly fuel mix results for the macrogrid (with hybrid power station)

Fig. 14. Guaranteed output breakdown for the hybrid power station

C. Interconnected mode B΄
In the third of the scenarios examined, the island of Tilos is
again treated as interconnected to the system of Kos
(macrogrid). The additional feature of this mode concerns the
consideration for achieving increased energy autonomy at the
microgrid level, with the simultaneous aim being the
exploitation of guaranteed energy exports to the macrogrid.
The main principles of the energy trading strategy applied to
this end by the Microgrid Simulator are synopsized in the
following:
o

We assume perfect prognosis of the microgrid energy
balance one-hour ahead, upon which energy trade of the
microgrid is scheduled.

o

When an energy deficit is predicted for the next hour, i.e.
the produced RES output is not sufficient to cover load
demand, no energy export is permitted towards the
macrogrid.

o

When both RES power generation and available energy
stores in the battery system are not sufficient to cover local
demand of the microgrid, energy is imported from the
macrogrid to cover the appearing energy deficit.

o

When RES surplus occurs, export of guaranteed energy is
investigated with the support also of the battery system
and in accordance with a pre-selected hourly time schedule
of exports (currently energy exports are limited on a daily
basis between 9:00am-13:00am and 19:00-23:00pm,
similar to the previous scenario).

At the same time, and in order to demonstrate another
feature of the Simulator, a parametrical analysis is performed,
with the main problem variables currently being the PV power
(0kW-500kW-1000kW), the battery storage capacity (0MWh1MWh-2MWh) and the export guaranteed power that the
system offers to the macrogrid (0kW-100kW-200kW-300kW),
while constant installed wind capacity of 800kW is maintained
throughout the simulations, similar to the previous cases.

Fig. 13. Hourly energy balance of the hybrid power station

Results obtained are given in the following set of figures
(Figs. 15-17), where levels of energy autonomy and guaranteed
energy are provided, along with the respective net revenues
resulting from the implementation of the above energy trade
strategy. In this way, another feature of the Simulator is
designated, i.e. the ability to build energy trade strategies

between a microgrid and a macrogrid, while also ensuring high
levels of energy autonomy for the former.

V. CONCLUSIONS
In the specific study, presentation of an advanced
Microgrid Simulator was carried out, designating some of the
main aspects and features. In this context, a representative case
study was examined, corresponding to the island case of Tilos,
where a hybrid power station will soon be operated under the
TILOS project. In this context, indicative simulation results
were presented for three different modes of the Simulator,
these including the stand-alone mode, the interconnected mode
in the context of the Greek regulatory framework for
independent hybrid power station producers, and finally, the
interconnected mode looking at the combined satisfaction of
increased energy autonomy for the macrogrid and the
implementation of cost-effective energy trade strategies with
the macrogrid. Although not yet in its final stage, several of the
Microgrid Simulator capabilities were highlighted in this study,
with further advancements being currently ongoing in order for
the specific tool to enter the market under competitive terms.

Fig. 15. Energy autonomy levels for the microgrid
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