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Research Question
Over the past decade, Greece has significantly expanded its installed 
renewable capacity. However, the stochastic nature of Renewable Energy 
Sources (RES) creates a critical dual challenge:
•Energy Curtailment: Frequent overproduction exceeds grid demand, 
resulting in wasted clean energy.
•Fossil Fuel Reliance: During periods of low weather-driven generation, the 
absence of energy storage forces the grid to rely on conventional power 
plants.
This study investigates Greece’s optimal energy storage needs and 
formulates a robust storage model by examining:

1. Climatic Analysis & Energy Droughts: Evaluating historical 
meteorological and generation data to identify and quantify prolonged 
periods of low RES availability.

2. Supply-Demand Dynamics: Analyzing the hourly relationship between 
actual energy production and consumption to determine the system's 
energy deficits and storage capacity requirements.
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Climatic Patterns
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Stochastic Parameters
Annual Wind Speed 

(m/s)
Annual Solar Radiation 

(W/m2)

Average 4.95 209.03

Standard Deviation 0.13 2.92

Skewness 0.88 -0.64

Slope -0.002 0.067
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Climatic Pattern: Hurst-Kolmogorov process

Hurst

Solar Radiation 0.90

Wind Speed 0.69

By implementing the Hurst-Kolmogorov model
with empirical climate data, we can represent the 
stochastic nature  and variability inherent in solar 
radiation and wind speed.
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Energy Production & Consumption
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Energy Production and Energy Consumption: Hurst-Kolmogorov 
process
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Hurst

Solar Energy 0.72

Wind Energy 0.71

Energy Consumption 0.81

The climacograms are influenced by 
periodicity
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Solar & Wind Generation Capacity 
Factors 

Generation CF =  
Energy Production
Installed Capacity
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Correlation between Wind Speed and Wind Generation CF

Correlation r=0.74
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Correlation between Solar Irradiance and Solar Generation CF

Correlation: r=0.91
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Energy Droughts

CF_combined = 
E_solar + E_wind
C_solar + C_wind

Drought Threshold: CF_combined = 0.15
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Energy Droughts

The longest energy drought 
occurred in December 2022 
and lasted for 10 days, with a 
mean CF of 0.09.
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Energy Droughts

The most critical month 
regarding energy droughts 
appears to be December.
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Energy Deficits

Incorporating the Energy 
Consumption Data, the 10 
most critical Energy Droughts 
are being quantified, 
determining Storage Demand.
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Profiles of Energy Consumption and Production (2015–2025)
• In 2025, with a storage capacity 

of ≈1 GWh, the energy demand 
was met ≈64% of the time, 
meaning that ≈36% of the time 
Greece had to import energy.

• The big view is that post-2025, 
energy production matched 
overall consumption.

• However, we can see that in a 
smaller scale, energy demand 
remains unmet during certain 
periods as it did not align with 
the timeline of energy needs.

• In 2025, the system lacks the 
capacity to store all the 
produced energy. The energy 
surplus amounts to 3.62 TWh.  
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Model for the Estimation of Storage Demand

To describe the operation of the energy storage system, we employ a model described by the processes 
defined in Equations:

𝑺𝑻 = 𝐦𝐚𝐱 𝟎,𝒎𝒊𝒏( 𝑺𝑻−𝟏 + 𝒙𝑻 − 𝜹𝑻, 𝑲

𝑹𝑻 = 𝐦𝐢𝐧(𝑺𝑻−𝟏 + 𝒙𝑻, 𝜹𝑻)

where T is time; K is the storage capacity of the system; ST is the stock in the storage energy system; xT is the 
inflow to the energy storage system after consumption; δT is the energy demand and RT is the actual amount 
of taken energy in an attempt to satisfy energy demand during the time period (t-1, t). When the storage 
energy system has sufficient energy, RT equals demand δT; otherwise, RT < δT.
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Toy model (1)– Only Renewable Energy Sources

• The big view is that post-2021 
RES production began to reach 
the energy consumption 
profile.

• Excess energy is insufficient 
for storage, proving that 
adding storage capacity alone 
is not enough.

• Increased RES penetration is 
required to generate the 
necessary surplus for storage.
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Toy model (2)–– System stability via domestic energy sources

We are aiming at system stability 
and independence by optimizing 
domestic energy resources: 

• hydroelectric power
• Lignite
• Renewables (wind +solar)

• In 2025, the energy demand 
would be covered 33% of the 
time if we relied solely on 
domestic energy sources

• A ×1.5 increase in RES and 
installation of 15,000 GWh 
storage capacity results in 
≈80% system reliability.
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Storage Demand – System Optimization

• Alternative scenarios explored for storage capacity 
and RES penetration.

• System reliability plateaus after 20 GWh of storage 
capacity.

• System reliability growth was analyzed across 
different RES and storage capacity scenarios.

• It is shown that a ×1.5 increase in RES capacity 
provides the most significant boost to system 
reliability.
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Conclusions
Regarding Energy Droughts:
▪ The Most critical month regarding 

energy droughts in Greece appears 
to be December. 

▪ The Longest Energy Drought of the 
last decade in Greece lasted 10 
days, in December 2022 with a 
Mean Capacity Factor = 0.09.

▪ The worst energy drought of the last 
decade occurred in January 2018, 
lasting 8 days and resulting in an 
energy deficit of approximately 1100 
GWh.

Regarding Energy Storage:
▪ Post-2021 RES production began to reach the energy 

consumption profile. In 2025, the energy surplus amounts to 
3.62 TWh. However, since it did not align with the timeline of 
the needs, it was either exported or discarded.

▪ Expanding storage capacity alone is insufficient without a 
corresponding increase in RES generation to provide the 
necessary surplus.

▪ System Reliability Analysis & Scenarios with domestic sources

a) Current Infrastructure Performance
• Lignite, Hydro, RES: 40% reliability.

• RES-only (Current Levels): Only 5% reliability.

• Conventional-only (Lignite & Hydro): 0% reliability (insufficient 

capacity).

b) Future Scenarios 
• ×1.5 RES + Hydro + 15 GWh Storage: ≈ 42% reliability.

• ×1.5 RES + Lignite + Hydro + 15 GWh Storage: ≈ 80% reliability.

Pavlina Pagoulatou et al., Stochastic Investigation of Solar and Wind Processes for Renewable Energy Storage in Greece 20



References (1)
Arvanitidis, I. and Sargentis, G.-F.: Spatial Indicators of Dynamic Self-Sufficiency and Resilience in the Water–Energy–Food Nexus. 
Case study: Small Rural Village in North Euboea, Greece, EGU General Assembly 2026, Vienna, Austria, 3–8 May 2026, EGU26-
14761, https://doi.org/10.5194/egusphere-egu26-14761, 2026.

Bozanas, I. F., Sargentis, G.-F., and Iliopoulou, T.: European snow dynamics and changing patterns under climate variability, EGU 
General Assembly 2026, Vienna, Austria, 3–8 May 2026, EGU26-10737, https://doi.org/10.5194/egusphere-egu26-10737, 2026.

Iliopoulou, T.; Dimitriadis, P.; Siganou, A.; Markantonis, D.; Moraiti, K.; Nikolinakou, M.; Meletopoulos, I.T.; Mamassis, N.; 
Koutsoyiannis, D.; Sargentis, G.-F. Modern Use of Traditional Rainwater Harvesting Practices: An Assessment of Cisterns’ Water 
Supply Potential in West Mani, Greece. Heritage 2022, 5, 2944-2954 https://doi.org/10.3390/heritage5040152.

Kopelia, S., Tepetidis, N., Tzortzi, J. N., Sargentis, G.-F., and Ioannidis, R.: Integrating Participatory Perception-Mapping Data and 
Stochastic Image Analysis for Urban Landscape Assessment, EGU General Assembly 2026, Vienna, Austria, 3–8 May 2026, 
EGU26-13270, https://doi.org/10.5194/egusphere-egu26-13270, 2026.

Koutsoyiannis D. Reliability concepts in reservoir design. Water Encycl. 2005; 3: 259-265

Maravelakis, M., Iliopoulou, T., and Sargentis, G.-F.: The Water-Energy-Food Nexus in Naxos Island: Enhancing Self-Sufficiency 
Through Traditional Techniques, EGU General Assembly 2026, Vienna, Austria, 3–8 May 2026, EGU26-12878, 
https://doi.org/10.5194/egusphere-egu26-12878, 2026.

Markantonis, D.; Sargentis, G.-F.; Dimitriadis, P.; Iliopoulou, T.; Siganou, A.; Moraiti, K.; Nikolinakou, M.; Meletopoulos, I.T.; 
Mamassis, N.; Koutsoyiannis, D. Stochastic Evaluation of the Investment Risk by the Scale of Water Infrastructures—Case Study: 
The Municipality of West Mani (Greece). World 2023, 4, 1-20. https://doi.org/10.3390/world4010001

Pavlina Pagoulatou et al., Stochastic Investigation of Solar and Wind Processes for Renewable Energy Storage in Greece 21



References (2)
Sargentis, G.-F.; Siamparina, P.; Sakki, G.-K.; Efstratiadis, A.; Chiotinis, M.; Koutsoyiannis, D. Agricultural Land or Photovoltaic 
Parks? The Water–Energy–Food Nexus and Land Development Perspectives in the Thessaly Plain, Greece. Sustainability 2021, 13, 
8935. https://doi.org/10.3390/su13168935 

Sargentis G.-F. Entropy and War, Toy Models. Recent Prog Sci Eng 2025; 1(2): 007; doi:10.21926/rpse.2502007.

Sargentis, G.-F.; Defteraios, P.; Lagaros, N.D.; Mamassis, N. Values and Costs in History: A Case Study on Estimating the Cost of 
Hadrianic Aqueduct’s Construction. World 2022, 3, 260-286. https://doi.org/10.3390/world3020014 

Sargentis, G.-F. Issues of Prosperity: Stochastic Evaluation of Data Related to Environment, Infrastructures, Economy and Society. 
Ph.D. Thesis, National Technical University of Athens, School of Civil Engineering, Athens, Greece, 2022. 
https://doi.org/10.5281/zenodo.6785733  

Sargentis G.-F., Baroudi S, Angelidis M.-A., Arvanitidis I, Mamassis N, Ioannidis R. Restoring the Resilience of Water-Energy-Food 
Nexus Based on Desalination through Biomass Management: Case Study West Mani, Greece. Adv Environ Eng Res 2026; 7(1): 
005; http://dx.doi.org/10.21926/aeer.2601005.

Sargentis G.-F.; Arvanitidis I.; Angelidis M.-A. Geospatial Analysis of Energy Requirements for Supplying Desalinated Seawater to 
the Greek Territory. Clean Energy and Sustainability 2026, 4, 10001. https://doi.org/10.70322/ces.2026.10001 

Sargentis, G.-F.; Koutsoyiannis, D. The Function of Money in Water–Energy–Food and Land Nexus. Land 2023, 12, 669. 
https://doi.org/10.3390/land12030669 

Pavlina Pagoulatou et al., Stochastic Investigation of Solar and Wind Processes for Renewable Energy Storage in Greece 22



References (3)
Sargentis, G.-F.; Lagaros, N.D.; Cascella, G.L.; Koutsoyiannis, D. Threats in Water–Energy–Food–Land Nexus by the 2022 Military 
and Economic Conflict. Land 2022, 11, 1569. https://doi.org/10.3390/land11091569   

Sargentis, G.-F.; Koutsoyiannis, D.; Angelakis, A.; Christy, J.; Tsonis, A.A. Environmental Determinism vs. Social Dynamics: 
Prehistorical and Historical Examples. World 2022, 3, 357-388. https://doi.org/10.3390/world3020020 

Sargentis, G.-F.; Palamarczuk, E.; Iliopoulou, T. Swimming Pools in Water Scarce Regions: A Real or Exaggerated Water Problem? 
Case Studies from Southern Greece. Water 2025, 17, 2934. https://doi.org/10.3390/w17202934

Sargentis G.-F.; Papadodimas N.; Benekos I.; Katsoulakos N.M.; Dimitriadis P.; Tepetidis N.; Ioannidis R.; Arvanitidis I.; Angelidis 
M.-A.; Saperopoulou D.; Laoutaris G.-D.; Maravelakis M.; Amiralis O.-I.; Markantonis D.; Alexandridou A.; Mamassis N.; 
Koutsoyiannis D. Stochastic Assessment of Renewable Energy Reliability: A Case Study of North Euboea, Greece. Journal of 
Energy and Power Technology 2026; 8(2): 008; http://dx.doi.org/10.21926/jept.2602008. 

Sargentis G.-F.; Arvanitidis I.; Angelidis M.-A. Geospatial Analysis of Energy Requirements for Supplying Desalinated Seawater to 
the Greek Territory. Clean Energy and Sustainability 2026, 4, 10001. https://doi.org/10.70322/ces.2026.10001

Sargentis, G.-F. Fragility in Human Progress. A Perspective on Governance, Technology and Societal Resilience Front. Complex 
Systems 2025. https://doi.10.3389/fcpxs.2025.1609467

Pavlina Pagoulatou et al., Stochastic Investigation of Solar and Wind Processes for Renewable Energy Storage in Greece 23


	Διαφάνεια 1
	Διαφάνεια 2
	Διαφάνεια 3
	Διαφάνεια 4
	Διαφάνεια 5
	Διαφάνεια 6
	Διαφάνεια 7
	Διαφάνεια 8
	Διαφάνεια 9
	Διαφάνεια 10
	Διαφάνεια 11
	Διαφάνεια 12
	Διαφάνεια 13
	Διαφάνεια 14
	Διαφάνεια 15
	Διαφάνεια 16
	Διαφάνεια 17
	Διαφάνεια 18
	Διαφάνεια 19
	Διαφάνεια 20
	Διαφάνεια 21
	Διαφάνεια 22
	Διαφάνεια 23

