


Renewable energy sources (RESs) and energy storage systems

Pumped storage hydropower (PSH)

Neural Network-Based Control for Hybrid ASPSH and PV




Global Growth of Installed PV Capacity(GW)

Challenges imposed on the grid by
the increasing capacity of installed

B O O O R R R T T T T T T T A A A

o e P e P e ) [~
P R M IR IR M S g B R oM N IS Y W - IRCT IR T T T S T s P T eI ey TN renewabIES'

Global Growth of Installed Wind Energy (GW)




Hydrogen

Synthetic Natural Gas ESSs together with appropriate

controllers can be used to
achieve the following
functions:
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Thermal Water Tank
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Discharg
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Lead Acid Battery (LA) 0.1-0.3 3 milliseconds
Lithium-lon Battery (Li-ion) 0.1-0.3 5-10 ~5k ~85 milliseconds

Vanadium Redox Battery (VRB) Small 5-15 ~10k ~85 milliseconds
Pumped-Storage Hydropower "¢ Y Y A

: (PSH) ~0 40-60 = ~30k ~87 minutes
Lompresseda AIr energy Storage —— = e . o

(CAES) 0 20-40 10k 75 minutes
Flywheel Energy Storage (FES) 100 ~15 ~20k ~90 seconds

Supercapacitor (SC) 20-40 10-30  ~50k ~95 milliseconds

perconducting Magnetic Energy 5 N N o
Storage (SMES) 10-15 20+ 100k 95 milliseconds

Hydrogen (H,) ~0 15 ~10k ~59 seconds
Synthetic Natural Gas (SNG) ~0 15 seconds




Globally Installed PSH as of 2022 (Total = 175 GW)

Others (with < 3.5GW) (32.02GW)

China (44.74GW)

Portugal (3.75GW)

Smtzerland (4.42GW)

Indla (4.75GW)
South Korea (4.79GW)
{ France (5.05GW)
Japan (27.47GW)
Austria (5.60GW)
Spain (6.16GW)
Germany (6.41GW)

United States (22.01GW)

Italy (7.89GW)
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Motor/Generator unit :

Transmission lines

— Water-flow direction during discharging

Transformer
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Same Power rating as
the machine

10% - 30% of the
machine’s rated power




Al-Based Control of Hybrid
PV and Advanced
Pumped-Storage
Hydropower Plant for
Power System Resiliency

Hydropower Dam










Plant control
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DFIM and
Controls

Fixed droop scheme

Fixed droop scheme

Hydraulic
Dynamics

Water time constant

Gate, Head and Discharge relationshi

Mechanical output of
turbine

Head and Discharge relationship

- Mechanical output of
pump
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Reference and Net Power
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Reference and Net Power ASPSH and PV Power
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Reference and Net Power
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Only ASPSH
Hybrid Plant
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