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From previous study – presentation: 

• Pumped-Hydro (PH) the most suitable storage technology to achieve high RES penetration in 
the power system of Cyprus, avoiding unnecessary RES energy curtailment 

• Mature and technologically advanced energy storage technology 

• Existing water reservoirs in Cyprus provide an important potential for energy storage 
application at relatively reduced cost providing many side benefits  

 

 

 The main objective of the specific study: 

• Sizing and siting of storage and/or hybrid plants in Cyprus. A map based data base was 
prepared including all the main technical parameters of the proposed plant 

• Estimate possible implications of the operation of storage/hybrid plants together with smart 
operation algorithms for the whole Cyprus transmission grid 

• To simulate the grid’s behavior in order to quantify the impact of various storage/RES scenarios  

1. Introduction 
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2. Assessing the underlying potential of storage in Cyprus (1/4) 

  

 
 

For appropriate sizing and siting selection, the following constraints were taken into account:   

 

 

• TRL ranking and typical main characteristics 

• Storage technologies services to the grids together with their main constraints 

• These data are available and according to the “European Association for Storage of Energy (EASE)” 
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2. Assessing the underlying potential of storage in Cyprus (2/4) 

  

 
 

Additional common constraints should be taken into account: 

• Finding suitable landscape and available land for the potential required project’s capacity 

• No significant environmental or grid connection issues 

Potential sites considered, have to have: 

• At least one storage reservoir that is not currently used for potable water 

• height difference for the sitting of the second water storage reservoir 

    

   

 

 

• Preliminary investigation of the potential size and sitting of PHS projects in Cyprus resulted in the 
specific map based data base  

• The sitting of the upper and lower reservoirs for each potential PHS with some information on the 
required reservoir volume to be created 
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2. Assessing the underlying potential of storage in Cyprus (3/4) 

  

 
 

• Data on long term water availability of the reservoirs and their filling percentage also in draught 
periods    

• The PHS systems were sized, based on worst case scenario of water availability and other design 
parameters – assumptions – calculations: 

 

 

 

 Required volume of the upper reservoir  the available height difference between reservoirs and the 
length of the penstock 

 Nominal power in MW  nominal water flow  suitable penstock diameter 

 The nominal autonomy of the system was calculated for 70% use of the upper reservoir water content  

 Estimation of the cost of the proposed system based on sizing – dimensioning was also performed  

 Recalculation of the crucial parameters (upper reservoir volume and potential nominal power)  the 
nominal autonomy will be at least 10 hours   

 
The resulting PHS systems were ranked by employing the following selection and ranking criteria: 

CRITERIA CASE 1 RANK 1 CASE 2 RANK 2 

LOWER RESERVOIR WATER CONTENT ≥ 40% 1.75 < 40% 0 

PROJECT CAPACITY ≥ 10 MW 1.00 < 10 MW 0 

AUTONOMY ≥ 10 h 1.00 < 10 h 0 

ENVIRONMENTAL ISSUES NO 1.50 YES 0 

GRID CONNECTION ISSUES NO 1.00 YES 0 

SOUTHERN MAIN WATER PIPELINE NO 1.25 YES 0 

PRIVATE LAND FOR THE UPPER RESERVOIR NO 1.50 YES 0 
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2. Assessing the underlying potential of storage in Cyprus (4/4) 

Based on the selection and ranking criteria, the potential PHS projects were ranked further as first 
priority and second priority    

  

• Design characteristics emerged for the investigated PHS projects  Ranking results  
• First rank PHS projects have been identified with a total of 275 MW nominal power (having a rank 

over 6.00 AND water content of lower reservoir >40%) 
• Other projects of ranks equal to or less than 6.00 account for another 229 MW nominal power 
• The nominal power of the PHS systems may be increased by increasing each project’s size (upper 

reservoir, penstock)  increased CAPEX and OPEX 

Online Workshop “Storage and Renewables Electrifying Cyprus”, SREC, 19th of November 2021, Nicosia, Cyprus 



3. Impact and implications of potential storage projects (1/4) 

• The DISPA-SET model was used for the estimation of impact and implications on the grid by the 
suggested PH energy storage systems    

• For the specific investigation, it has been assumed that by 2030: 
 RES penetration will be maximized - 1680 MW PV will be installed  
 Cyprus grid will remain isolated 
 Up to 725MW of PHS systems may be installed, having nominal capacity for 8h 
 A total annual demand of 6120 GWh for 2030 

 

The following capacity distribution for the clustered generators was envisaged and 
integrated to our models as main input parameter  
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3. Impact and implications of potential storage projects (2/4) 
The following results have been obtained from the DISPA-SET model simulation tool: 

In case of maximizing RES penetration by 2030: 
• No PHS systems installed  unserved energy, even in the optimal scheduling configuration 
• RES penetration (blue) increases from 30% in the case of no storage facilities to 45%. For PHS capacity of over 500 

MW the RES penetration increases only for 0.5% for over 200MW additional PHS 
• System cost (red) and unit energy cost (green) are only marginally decreasing for PHS systems of over 500 MW 

installed capacity 
• Curtailed power (purple) decreases by 60% only by the first 275MW of PHS capacity, when the RES penetration 

potential increases by 10% 
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3. Impact and implications of potential storage projects (3/4) 
To investigate further the impact of the storage systems to the grid, for the 275MW and 500 MW 
installed nominal capacity, further scenarios of energy storage capacity from 4h to 15h of providing 
nominal power have been investigated   

The following conclusions came out: 

• Storage capacity of 8h is considered to be optimal when compared to 4h or 12h and 15h in terms of 
RES penetration increase 

• System cost change from 8h to 12h is marginally decreased, while unit energy cost is decreased by 
0.2 Euro/MWh 

• In the 275MW PHS case, moving from 8h to 12h has no effect on curtailed energy, while for the 
500MW system the case is worse 
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3. Impact and implications of potential storage projects (4/4) 
The average daily usage/commitment span of the conventional generators for the various periods of 
nominal storage capacity 

The following conclusions came out: 

• PHS has a significant effect in decreasing the span of the daily conventional generators usage 
• PHS availability of over 8h does not provide any significant advantages 

Results for the 275 MW PHS system were summarized  The 0h value is for the case where no PHS 
system is installed 
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4. Impact and implications of potential storage projects – 
Interconnected grid 

The case of Cyprus interconnection with Greece and Israel additional  The generator capacities for 
each country were used as main input parameters in DISPA-SET:     

The following conclusions came out: 

• Limited RES penetration in case of no PHS installation to accommodate the extra energy  not 
achieving the goals posed 

• Cyprus will be energy exporter with larger RES share in the case of 275MW PHS installed capacity 
• Curtailed energy is practically zero by employing 700MW PHS, achieving marginally better unit 

energy cost but also less RES penetration and energy exports 

Other crucial input parameters: annual demand of 95GWh for Israel and 62GWh for Greece – 
Interconnector capacity of 2000MW to and from each country 
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5. Conclusions 

• PHS power systems can be coupled with batteries integrating an important potential to provide 
required energy services to the Cypriot grid  

• Significant room for such hybrid power systems to assist in achieving maximum penetration of 
available RES through PVs in particular 

• A hybrid power system of 1.7GW of PVs together with 275MW of PHS, may assist in achieving 
current and future goals for the electricity system, both in the case of isolated and interconnected 
Cypriot grid 
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