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ABSTRACT 

 
In the present paper, the maximisation of the Renewable Energy Sources (R.E.S.) penetration 

in non-interconnected Greek insular systems with the introduction of pumped storage systems is 
investigated. The proposed power systems are introduced in the examined islands with the following 
goals: 

• the maximisation of the available renewable energy sources exploitation 
• the minimisation of the electricity production cost 
• the improvement of the security of the electrical systems. 

 
The achievement of the abovementioned targets is investigated through the case studies 

implementation in characteristic isolated insular power systems of small (Kasos – Karpathos, 
Astypalaia), medium (Rhodes, Lesvos) and large size (Crete). In the examined cases, the fundamental 
power source is the wind power. The pumped storage systems aim at the wind power stochastic 
production adaptation to the power demand. The possible available potential of any other renewable 
energy sources (biomass, geothermy) in the examined insular system, may contribute to further 
limitation of the conventional thermal generators power production.  
 

The proposed systems are dimensioned and the corresponding investments are evaluated. 
Finally, the dynamic security of the existing and the proposed electrical systems is evaluated with the 
simulation of the corresponding systems operation.  
 

The conclusions of the present paper are: 
• The R.E.S. penetration percentage in the Greek insular systems may exceed 80% of the annual 

energy demand.  
• The electricity production cost is minimized, even in the isolated systems of small size.  
• The corresponding investments exhibit very good economical indexes, regardless the possible 

availability of initial capitals subsidy. In case of initial capitals subsidy availability, the 
investments exhibit quite attractive economical indexes. 

• The dynamic security of the proposed systems is improved considerably, due to the existence 
of hydro turbines in the power production systems. The necessity for spinning reserve from 
the thermal generators is restricted.  

 
 
1. INTRODUCTION 
 
1.1. Wind power penetration in Greek non-interconnected systems   

The majority of the Greek islands constitute non-interconnected power systems. All the 
consumed energy is produced by autonomous thermal power plants, installed on their respective 
landmasses. The excellent wind potential observed in these insular territories has triggered the 
installation of considerable wind power, mainly on those of medium and large size (Crete, Rhodes, 



Lesvos). However, most Greek islands constitute weak electrical systems of small size with several 
power quality and dynamic security problems. These facts limit the wind power penetration 
considerably [1-3]. 

Despite the improved wind generators behaviour concerning the produced power quality and 
the utility network compatibility, the wind stochastic nature does not allow the achievement of high 
wind power penetration [4-9]. Moreover, wind energy rejection in isolated power production systems 
is significant because: 

• The power demand exhibits intensive seasonal variations. In the cases of the Greek islands, 
these are imposed mainly by the touristic sector, due to which the power demand increases 
considerably during summer. The total installed wind power in a Greek isolated power system 
during a year is not permitted to be over the 30% of the maximum annual power demand of 
the previous year. In an isolated power system with intensive seasonal power demand 
variations, the power demand during low power demand seasons will be significantly lower 
than the maximum power demand. Hence, the installed wind parks will be underemployed 
during the low power demand seasons, exhibiting high wind energy rejection. 

• The requirement for power production system dynamic security and stability impose an upper 
threshold to the thermal production substitution from the wind power. The stability of an 
isolated power production system is affected negatively for increasing ratios of wind power 
penetration over the total power demand (especially when it exceeds an upper limit). In these 
cases, a sudden power production loss, probably caused by an abrupt wind velocity gust or a 
turbine blade damage, may result to a partial or total black-out, if the system is not sufficient 
to undertake in a short time period the power production loss. Therefore in order to ensure the 
stability of the system, a wind power penetration upper limit relative to the power demand is 
set.   
These constraints may lead to considerable wind power rejection in isolated power systems. 

The wind power rejection depends on the total installed wind power in the isolated power system and 
the power demand scale.  

Despite the above constraints, the Greek islands represent highly attractive territories for wind 
parks installations. This is due to:  

• the excellent wind potential  
• the increased power demand, observed mainly in the isolated power systems of medium and 

large scale 
• the increasing energy production specific cost by the conventional thermal power plants, 

caused mainly by the highly increasing fossil fuels prices worldwide.  
 
 
1.2. The introduction of wind powered pumped storage systems in Greek non-interconnected 
islands 

The wind powered pumped storage systems introduction, and especially the wind – diesel – 
PSS introduction, in isolated power production systems with high wind potential, has been widely 
studied for both the Greek territory [10-18] and internationally [19, 20]. These systems, in general 
lines, aim at: 

1. the exploitation of the local, renewable and environmentally friendly wind energy 
2. the minimisation of the, generally, imported fossil fuels consumption 
3. the minimisation of the energy production cost, enforcing the local economy. 

In the present paper, the ultimate scope of the introduced wind powered pumped storage 
systems is to adapt the stochastic wind power production to the power demand of the insular non-
interconnected system. The operation of the proposed wind powered pumped storage systems is 
revealed in figure 1. 
 
 



 
Figure 1: Wind parks, pumped storage and thermal plants power 

production system. 
 

In figure 1, the system is provided with power Pw by the wind parks, at a certain time point. 
The Energy Management System (EMS) checks if the instant wind parks produced power Pw is higher 
than the instant power demand Ρd. The following cases are distinguished: 

1. If Pw>Ρd, the power demand is covered totally by the wind parks. The PSS pumps are 
provided with the wind power surplus Pp=Pw-Pd, in order to be stored in the PSS upper reservoir. In 
case the PSS upper reservoir is full, this power surplus cannot be stored. This power exploitation in 
other applications (hydrogen production, desalination, etc) is not investigated in this paper. 

2. If Pw<Ρd, the produced wind power is totally offered to the power demand. At the same 
time, a power supplement Ph=Pd-Pw, produced by the PSS hydro turbines, undertakes the wind power 
shortage. In case the PSS upper reservoir is empty, this power shortage cannot be undertaken by the 
hydro turbines. The thermal power plants are employed to supply the required power Pth=Pd-Pw-Ph. 

A special case may be distinguished for isolated systems of small size. In this case of, 
generally speaking, weak systems, it will not be safe to base all the power production on wind parks, 
even if Pw>Ρd. An upper limit on the wind power penetration is introduced. Due to the existence of 
hydro turbines, this limit may be much higher than the corresponding upper wind penetration limit 
introduced in isolated thermal power plants. Similar limitations are introduced also when Pw<Ρd. 

Specifically, in case of small size non-interconnected systems, the abovementioned cases may 
be reformed are follows:  

1. If Pw>Ρd, the wind powered offered directly to the power demand is limited to Pwd=a·Ρd. In 
the present study a is set equal to 50%. The thermal power plants provide the requested power to cover 
the power demand, Pth=Pd-Pwd. The PSS pumps are provided with the wind power surplus Pp=Pw-Pwd, 
in order to be stored in the PSS upper reservoir. 

2. If Pw<Ρd, the maximum wind power offered to the power demand is set equal to Pwd=a·Ρd 
(a=50% in the present study). The hydro turbines provide power equal to Ph=Pd-Pwd. In case the PSS 
upper reservoir is empty, thermal power plants are employed to provide the required power Pth=Pd-Pwd-
Ph. 

With the proposed power production system, the thermal power plants are used only in case 
that no wind parks and hydro turbines power production may be provided. This is the fundamental 
difference between the proposed system and a conventional one, based on thermal power production.  
 
 
1.3. The contribution of other Renewable Energy Sources in Greek insular systems 

 
Solar potential 

The solar potential met in Greek islands is also remarkable. However, the introduction of large 
scale photovoltaic parks in Greek isolated power systems seems to be non-competitive, due to several 
parameters of technical and economic nature. The most important of them are: 

• The low power density of photovoltaic panels. For an installed peak power of 100 kWp, an 
area of approximately 3.000 m2 is required. 



• The low efficiency of photovoltaic panels. For the solar potential met in Greek islands, the 
annual total mean efficiency of a photovoltaic park is configured around 15-17%, while in 
summertime, the maximum efficiency will not exceed 23%. For comparison reasons, it is 
mentioned that the capacity factor of a wind park installed in a Greek island and operating 
under the wind potential usually met in Greek insular territories, is approximately 40%. 

• The high initial specific cost of photovoltaic parks, configured at 5.000 – 6.000 €/kWp, while 
the initial specific cost of a wind park installed in Greece is approximately 1.000 €/kW.  
For the above reasons, photovoltaic panels cannot be considered as a promising technology 

towards the maximisation of R.E.S. penetration in isolated systems and the minimisation of the 
electricity production cost. Their use is restricted in applications of small size. In the present study, the 
introduction of photovoltaic systems is not investigated. 
 
Biomass 

Biomass may constitute a considerable source of power in some islands with biomass sources. 
The main biomass sources met in Greek islands may arise from: 

• olive oil production residues (cuttings and kernels) 
• municipal wastes. 

Considerable biomass potential in Greek islands is met mainly in Crete and Lesvos, where 
extended olive oil production and municipal waste exist. Moreover, municipal wastes of capable 
quantities may be met in Rhodes, mainly due to the highly developed touristic sector. 

In the abovementioned islands, biomass stations may provide a basis power production.  
 
Geothermy 

Remarkable geothermal potential is met mainly in two non-interconnected systems of small 
and medium size, namely in the islands of Milos and Lesvos respectively. In Lesvos, a geothermal 
power plant of 8 MW nominal power is already under construction. In Milos, several geothermal 
research bores have demonstrated the existence of high geothermal potential.  

Geothermal power plants may provide a basis power production in both islands. 
 
 
2. THE INVESTIGATED ISOLATED SYSTEMS 
 
 The proposed wind powered pumped storage systems are introduced in several isolated Greek 
insular systems of small, medium and large size. Specifically, the proposed systems are examined for 
the following non-interconnected islands: 

• Kasos – Karpathos (small size) 
• Astypalaia (small size) 
• Lesvos (medium size) 
• Rhodes (medium size) 
• Crete (large size). 

In the examined cases, the fundamental power source is the wind power. The pumped storage 
systems aim at the wind power stochastic production adaptation to the power demand, as described 
thoroughly in the introductory section. Only in the case of Lesvos, the only island that combines 
considerable geothermal and biomass potentials, the introduction of a biomass and a geothermal 
station is introduced as basis power plants. 

The whole study of each system consists of the following steps: 
• Dimensioning of the systems, according to the operation philosophy described previously. 
• Economic evaluation of the corresponding investments, based on specific initial and operation 

& maintenance costs models. 
• Dynamic security evaluation of the proposed electrical systems, for the islands of Crete and 

Rhodes. 
The results of the above tasks are presented below. 

 
 



3. DIMENSIONING OF THE SYSTEMS 
 
3.1. Calculation Data 
 

The main power demand features for the investigated islands are presented in table 1.  
 
 Crete Rhodes Lesvos Astypalaia Kasos - 

Karpathos 
Annual energy demand (MWh) 2.812.658,75 742.156,00 345.136,56 5.418,68 6.083,22
Annual maximum power demand 
(MW) 560,27 185,39 67,00 1,78 2,00

Reference year 2005 2005 2006 2004 2006
Table 1: Power demand features of the examined islands. 

 
The values of table 2, concerning the proposed power production systems features, were 

introduced. The head height, the reservoirs capacities and the penstock length were selected in 
accordance with real site features . 
 
 Crete Rhodes Lesvos Astypalaia Kasos - 

Karpathos 
Head height (m) 800,00 500,00 500,00 400,00 500,00
Penstock length (m) 4.000,00 3.000,00 4.000,00 2.500,00 3.000,00
PSS upper reservoir capacity (106.m3) 12,00 7,00 1,50 40.000,00 300.000,00
PSS lower reservoir capacity (106.m3) 15,00 10,00 2,50 sea sea 

Table 2: Proposed pumped storage systems features. 
 
 
3.2. Calculation Results 

The main features of the characteristic components of the proposed systems were calculated 
according to the operation philosophy of the proposed systems, presented previously. The calculations 
were accomplished with a relevant software tool, developed in Wind Energy Lab. In table 3, the power 
production system components required installed powers are presented, as well as the penstock 
selected diameters.  
 
 Crete Rhodes Lesvos Astypalaia Kasos - 

Karpathos 
Wind parks minimum required power 
(MW) 730,00 230,00 120,00 1,70 2,55

Hydro turbines minimum required 
power (MW) 450,00 160,00 70,00 0,40 2,00

Pumps minimum required power 
(MW) 560,00 190,00 100,00 1,25 2,50

Thermal power plants minimum 
required total power (MW) 470,00 160,00 55,00 1,30 2,00

Penstock diameter (m) 5,80 4,80 3,00 0,60 0,50
Geothermal power plant (MW) 0,00 0,00 8,00 0,00 0,00
Biomass power plant (MW) 0,00 0,00 5,00 0,00 0,00

Table 3: Power production system components required installed powers & penstock diameters. 
 

In figures 2 the R.E.S. penetration is presented for each one of the investigated islands. 
 



  
Figure 2a: Energy production percentage 

contribution in Crete. 
 

Figure 2b: Energy production percentage 
contribution in Rhodes. 

 
  

  
Figure 2c: Energy production percentage 

contribution in Lesvos. 
Figure 2d: Energy production percentage 

contribution in Astypalaia. 
  

 

 

Figure 2e: Energy production percentage 
contribution in Kasos - Karpathos. 

 

 
 
 
4. ECONOMIC EVALUATION  
 

The proposed systems were economically evaluated. The investments evaluation was based on 
specific initial and operation & maintenance costs models [21-29]. In large systems there was not 
assumed any initial cost subsidy, due to the large scale of the investment and the lack of a relevant 
financial law in Greece concerning such high investments. 

The results of the investments evaluation are presented in table 4. 
 



 Crete Rhodes Lesvos Astypalaia Kasos - 
Karpathos 

Initial cost (M€) 1.408,43 517,66 321,40 6,62 9,62
Initial cost subsidy (%) 0,00 0,00 30,00 40,00 40,00
Electricity price (€/kWh) 0,085 0,085 0,20 0,25 0,30
Internal rate of return (%) 8,47 3,39 15,96 12,04 13,79
Payback period (years) 10,10 14,79 6,14 8,08 6,67
Specific production cost (€/kWh) 0,0549 0,0662 0,0917 0,1121 0,1813

Table 4: Parameters and results of the economic evaluation of the proposed investments. 
 

In table 4, the electricity price was configured according to the existing electricity production 
specific cost. 
 
 
5. DYNAMIC SECURITY ASSESSMENT 
 

The analysis of the dynamic performance of the system depends on the quality of the system 
model. Thus, system modelling may be a very important component of the DSA system. In order to 
have an accurate system model, the following classes need to be considered: network, system dynamic 
models, load models [30-34]. 

• Network modelling 
Network modelling includes the representation of lines, generators, transformers, breakers, 
loads.  

• System Dynamic Models  
It includes generator dynamic models representing machine electrical dynamic equations at 
various levels of detail, governors, excitation systems, overexcitation limiters. The wind 
turbines have been model as induction machines, without any voltage regulator. This is the 
worst case for the dynamic security of the system. 

• Load models 
Load has been modelled in the ZIP standard model (i.e., combination of constant impedance, 
constant current, and constant power). 
The dynamic security of the proposed case study systems of Crete and Rhodes is investigated 

for different operational scenarios and severe contingencies. These scenarios and the simulated 
contingencies are illustrated in tables 5 & 6. 

 
 Crete Rhodes 

Total active power production (MW) 258,20 79,00 

Total wind power production (MW) 207,00 55,00 

Total hydro turbines production (MW) 23,20 10,00 

Total thermal power production (MW) 28,00 14,00 

Wind power penetration (%) 80,17 69,62 
Total nominal power of synchronized 
hydro turbines (MW) 

150,00 75,00 

Thermal spinning reserve (MW) 5,00 2,00 

Contingency loss of 80 MW of 
wind power

loss of 25 MW of 
wind power 

Table 5: Operation scenarios and contingencies for the dynamic security assessment of 
the proposed power production systems. 

 
As it can be observed from table 5 the simulation of the systems is focused on low load 

scenarios with high wind power penetration, which is the worst case for the dynamic security of the 



system. Furthermore, the simulated contingencies are the loss of a wind power production, almost 
equal to 30% of the total power production. 

In table 6 one more contingency under different operation conditions is investigated for each 
one of the examined islands. According to table 6 data, the operation of the proposed systems without 
the support of synchronized hydro turbines and with wind power production storage through the PSS 
pumps is investigated. The wind power penetration remains high in low power demand operation 
conditions. The thermal spinning reserve is low. The system’s reaction after the loss of considerable 
wind power production is investigated. The pumps loads are rejected, once the assumed contingencies 
occur.  

 
 Crete Rhodes 

Total active power production (MW) 258,20 79,00 

Total wind power production (MW) 190,00 55,00 

Total hydro turbines production (MW) 0,00 0,00 

Total thermal power production (MW) 68,20 24,00 

Wind power penetration (%) 74,68 69,62 

Wind power surplus (MW) 40,00 25,00 
Total nominal power of synchronized 
hydro turbines (MW) 

0,00 0,00 

Thermal spinning reserve (MW) 30,00 4,00 
Pumps operation power (MW) 40,00 25,00 

Contingency loss of 40 MW of 
wind power

loss of 25 MW of 
wind power 

Table 6: Operation scenarios and contingencies for the dynamic security assessment of 
the proposed power production systems. 

 
Conclusively, with the implemented dynamic simulation, the systems reactions after severe 

contingencies under low load scenarios with high wind power penetration are investigated. 
 Figures 3 and 4 illustrate the frequency of the power systems of Crete and Rhodes 
respectively, for the systems operation conditions described in table 5 (the contingency is supposed to 
take place at t=10 sec). It is obvious that the case study systems are able to survive the disturbance and 
maintain a frequency very close to the nominal one (50 Hz). This means that the operation of a 
synchronized hydro turbine can benefit the dynamic security of the system.  

Figures 5 and 6 illustrate the frequency of the power systems of Crete and Rhodes 
respectively, for the systems operation conditions described in table 6 (the contingency is supposed to 
take place at t=10 sec). In this occasion, even if the hydro turbine is not synchronized, the systems are 
able to survive after the contingencies occurrence, with the rejection of the pumps loads. The 
frequency is maintained again very close to the nominal one (50 Hz). 

 



 
Figure 3: Frequency variation after the contingency in Crete system, with the 

support of synchronized hydro turbine. 
 

 
Figure 4: Frequency variation after the contingency in Rhodes system, with 

the support of synchronized hydro turbine. 
 

 
Figure 5: Frequency variation after the contingency in Crete system, with the 

rejection of pumps loads. 
 



 
Figure 6: Frequency variation after the contingency in Rhodes system, with 

the rejection of pumps loads. 
 
 
7. CONCLUSIONS 
  

The maximisation of R.E.S. penetration in Greek insular isolated power production systems is 
investigated in the present paper. Five case studies are accomplished. 

The proposed systems aim at: 
• the islands local energy sources exploitation 
• the imported fossil fuels consumption minimisation for the annual electricity production 
• the minimisation of the electricity production cost. 

The dimensioning, the economic evaluation and the dynamic security assessment of the 
proposed systems lead to the following conclusions: 

• The proposed power production systems may appear attractive economic features under 
certain prerequisites. These prerequisites are: 

 the provision of a subsidy on the investments’ initial costs  
 the configuration of the produced energy vending price according to the existing 

electricity production specific cost. 
• In isolated power systems of great size (Crete case) the projects appear better economic 

indexes due to the larger projects scale. On the other hand, the projects high initial cost and 
the large scale technical works constitute the projects implementation main problems. 

• In medium size isolated systems (Rhodes and Lesvos case), the lower projects initial costs and 
the lower scale technical works, make the project financially and technically more feasible, 
although the investments economic indexes are not so attractive. 

• The existence of geothermal or biomass potential may help remarkably towards the 
minimisation of the thermal power plants production. 

• The wind energy penetration may reach the 90% of the annual electricity production, with a 
corresponding thermal power production limitation. 

• In isolated power system of small size (Kasos – Karpathos, Astypalaia) the R.E.S. penetration 
is limited to 80%, due to safety reasons. On the other hand, the existence of the initial cost 
subsidy and the small scale of the requested technical works, make the project more 
economically and technically feasible. 

• The dynamic security of the proposed systems may be ensured once some of the PSS hydro 
turbines are synchronized. This may be achieved even if at a certain time the wind power 
production is higher than the power demand, hence no hydro turbines power is produced. In 
that case, the hydro turbines may be kept synchronized if necessary (low power demand, 
intensive weather conditions) by consuming a low percentage of the wind power surplus, 
instead of storing it in the PSS upper reservoir, or waste it, in case it can’t be stored (low 
pumps power or full upper reservoir). This may lead to an increase of the required installed 
wind power. 



• The environmental benefits from the minimisation of the fossil fuels consumption and the 
national economies enforcement, not taken into account in the present study, will raise the 
attractiveness of the proposed power systems. 
In the majority of isolated power production systems worldwide, the electric energy 

production is based on imported fossil fuels. The peculiarities met in those systems result in an 
expensive and instable power production. The increasing fossil fuel prices recorded during the last 
years raise the electricity production cost and affect negatively the local economies. Moreover, the 
sensitive ecosystems frequently met in those systems are considerably influenced by the operation of 
thermal power plants. 

High renewable energy sources potential is frequently recorded in non interconnected islands. 
The exploitation of this potential may provide the solution for the power production and the viable 
local communities’ development. In many occasions, high renewable energy penetrations, based 
mainly on hydroelectric power, biomass and wind power, have been achieved in those systems [35].  

The highest wind power penetration recorded in an isolated power production system 
worldwide does exceed 20% [35]. This is due to the wind stochastic nature. The wind stochastic nature 
is faced with the introduction of pumped storage systems. 

The introduction of wind powered pumped storage systems in isolated power production 
systems, although widely studied, does have so far many applications. The proposed wind powered 
PSS in this paper, may represent highly promising solutions for an alternative, environmentally 
friendly electrification of isolated power production systems with high wind potential. The proposed 
systems proved to be technically feasible and dynamically secure. The corresponding investments may 
exhibit attractive features and the relevant projects enforce the local economies, giving the ability to be 
independent from imported fossil fuels. Finally, the exploitation of renewable, environmentally 
friendly energy sources may provide one more chance for a sustainable, viable worldwide 
development. 



8. REFERENCES 

[1] G. Karalis, A Zervos, “Wind power penetration calculation in autonomous islands” 3rd 
Hellenic Conference “The RES application, Perspectives and priorities towards the 2010 target”, 
Athens, 23-25 February 2005 (in Greek). 

[2] D. Katsaprakakis, D.G. Christakis, “On the wind power penetration percentage in the island 
of Crete”, RES & RUE for islands international conference, Cyprus, 30-31 August 2004 (oral). 

[3] Dimitris Al. Katsaprakakis, Nikos Papadakis, Dimitris G. Christakis, Arthouros Zervos, 
“On the wind power rejection in the islands of Crete and Rhodes”, Wind Energy Journal, 
Accepted: Mar 23 2007, Published Online: May 14 2007 6:21AM. 

[4] John Olav Gioever Tande, “Exploitation of wind-energy resources in proximity to weak 
electric grids”, Applied Energy 60 (2000), p. 395-401. 

[5] Torbjörn Thiringer, Andreas Petersson, “Grid Integration of Wind Turbines”, Swedish-
Polish Motion Control and Wind Energy Symposium, Warszawa, Poland, 22 October 2003. 

[6] N. G. Boulaxis, S. A. Papathanasiou, M. P. Papadopoulos, “Wind turbine effect on the 
voltage profile of distribution networks”, Renewable Energy 25 (2002), p. 401-405. 

[7] N. Hatziargyriou, A. Tsikalakis, A. Dimeas, D. Georgiadis, J. Stefanakis, A. Gigantidou, E. 
Thalassinakis, “Security and economic impacts of high wind power penetration in island 
systems”, 40th Cigre, Paper no 5. 

[8] Ake Larson, “The power quality of wind turbines”, Thesis for the degree of doctor of 
philosophy, ISBN: 91-7197-970-0, Department of electric power engineering, Chalmers 
university of technology, Göteborg, Sweden, 2003. 

[9] Jimmy S.G. Ehnberg. Math H.J. Bollen, “Reliability of a Small Isolated Power System in 
Remote Areas Based on Wind Power”, Nordic wind power conference, 1–2 March, 2004, 
Chalmers university of technology, Göteborg, Sweden. 

[10] Z. D. Mantas, P. Theodoropoulos, G. Betzios, A. Zervos, “Hybrid system with the use of PSS 
for the wind power penetration maximisation in the island of Serifos”, Hellenic Union Bulletin 
of Mechanical – Electrical Engineers, June 2003, p. 50-58 (in Greek). 

[11] Petros Theodoropoulos, “Hybrid system simulation and dimensioning – Application in the 
island of Ikaria”, Diploma thesis, 2001, N.T.U.A., Department of Mechanical Engineers (in 
Greek). 

[12] D.G. Christakis, J. G. Minadakis, M. Nikiforakis, V.G. Fasoulas, “Towards 100% RES 
Supply for the Electrification of Crete”, International conference “Renewable Energies for 
Islands - Towards 100% RES Supply”, Chania, 14-16 June 2001. 

[13] Tande J.O., Christakis D.G., “Note on utilization of wind energy at Dia island”, Greece, Risoe 
Nat. Lab, Technical Note, Roskilde 1992. 

[14] G. Betzios, “Development and application of RES systems in autonomous electric networks”, 
Hellenic Conference of  Mechanical & Electrical Engineers, Chalkida, April 2002 (in Greek). 

[15] K. Protopapas, S. Papathanassiou, “Operation of hybrid wind – pumped storage systems in 
isolated island grids”, Proc. MedPower 2004, Nov. 2004, Lemessos.  

[16] Mastorakis P., Betzios G., Kaldellis J., “A proposal of installation of a combined wind-hydro 
station for the islands of Aegean sea”, NTUA_RENES National Conference on the application 
of soft energy sources, Athens 1998. 

[17] D. Katsaprakakis, D.G. Christakis, «Α wind parks, pumped storage and diesel engines power 
production hybrid system for the power production in Αstypalaia», EWEC 2006 Conference & 
Exhibition, 27 February to 2 March, 2006, Athens (poster). 



[18] D. Al.  Katsaprakakis, D. G. Christakis, “The use of PSS in the existing power production 
system in Crete”, 3rd Hellenic Conference “The RES application, Perspectives and priorities 
towards the 2010 target” Proceedings (in press), Athens, 23-25 February 2005 (in Greek). 

[19] Nicholson G, Somerville W.M. et al., “Foula island wind-hydro-diesel hybrid power scheme”, 
Commission control programming and early operation, B.W.E.A. conference, (proceedings), 
1992. 

[20] S. Bose, Y. Liu, S. Talya, P. Vyas, S. Videhult, M. Bjerke, B. Boerresen, “A methodology for 
sizing and cost optimization of wind power with pumped-hydro storage”, RES & RUE for 
islands international conference, Cyprus, 30-31 August 2004. 

[21] Dimitris Papantonis, Hydrodynamic machines, Pumps – Hydro Turbines, Symeon Editions, 
Athens 1995 (in Greek). 

[22] Dimitris Papantonis, Small hydroelectric plants, Symeon Editions, Athens 2001 (in Greek). 

[23] Christakis D., Fassoulas V, Sifakaki K. “The combination of Wind Energy conversion 
systems with Pumped Storage Systems (PSS) for small isolated power production system”, The 
European Congress on Renewable Energy Implementation, 5-7 May, Athens, 1997. 

[24] J. K. Kaldellis, D. S. Vlachou and G. Korbakis, “Techno-economic evaluation of small hydro 
power plants in Greece: a complete sensitivity analysis”, Energy Policy, Volume 33, Issue 15, 
October 2005, p. 1969-1985. 

[25] Ashok Sinha, “Modelling the economics of combined wind/hydro/diesel power systems”, 
Energy Conversion and Management, Volume 34, Issue 7, July 1993, p. 577-585. 

[26] C. Bueno and J.A. Carta, “Technical–economic analysis of wind-powered pumped 
hydrostorage systems. Part I: model development”, Solar Energy, Volume 78, Issue 3, March 
2005, p. 382-395. 

[27] C. Bueno and J.A. Carta, “Technical–economic analysis of wind-powered pumped 
hydrostorage systems. Part II: model application to the island of El Hierro”, Solar Energy, 
Volume 78, Issue 3, March 2005, p. 396-405. 

[28] Dimitris Katsaprakakis, “Maximisation of wind parks penetration in isolated power systems”, 
PhD thesis, N.T.U.A., Athens 2007. 

[29] Dimitris Al. Katsaprakakis, Dimitris G. Christakis, Emmanouel Voumvoulakis, Arthouros 
Zervos, Dimitris Papantonis, Spiros Voutsinas, “The introduction of wind powered pumped 
storage systems in Crete and Rhodes”, International Journal of Distributed Energy Resources, 
Volume 3, Number, 2 April - June 2007, ISSN 1614-7138. 

[30] Power System Engineering Research Center, “Integrated Security Analysis”, Final Project 
Report, PSERC Publication. 

[31] IEEE/CIGRE Joint Tasc Force on Stability Terms and Definitions, “Definitions and 
Classifications of power system stability”, CIGRE Technical Brochure 231 (2003). 

[32] P. Kundur et al, “Definition and Classification of Power System Stability”, IEEE Transactions 
on power systems 19 (Nov. 2004), 1387-1401. 

[33] Task Force 21 of Advisory Group 02 of Study Committee 38, “Power sysyem security 
assessment”, CIGRE Technical Brochure (2004). 

[34] P. Kundur, “Power System Stability and Control”, Mc-Graw Hill, 1994. 

[35] Thomas Lynge Jensen, “Renewable energy on small islands”, Forum for Energy and 
Development (FED), second edition, ISBN: 87-90502-03-5, August 2000. 

 


