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Mechanical energy storage
Hydropower, pumped hydro, flywheels, compressed air
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Mechanical storage
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Presentation Notes
There are three main types of mechanical storage and they all operate at different time scales. However, hydro and pumped hydro may operate at all time scales.


Compressed Air Energy Storage (CAES)
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CAES: Principle

= Air is compressed (compressor) and store in undergrounds
caverns or storage tanks during off-peaks hours.

= Air is then used for running a gas-fired turbine at time of peak
demand.

e 3 types:
Conventional /7 Adiabatic / Isothermal

Air

)

Electricity A oro- T Electricity
compressor heating chamber

Turbine &
Generator

Compressed air

CAES
Air reservoir

storage
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CAES: Principle

= Air is compressed (compressor) and store in undergrounds caverns or storage tanks
during off-peaks hours.

= Air is then used for running a gas-fired turbine at time of peak demand.

3 types:
Conventional /7 Adiabatic / Isothermal

Air I l
Electricity A oro- T Electricity
compressor heating chamber

Turbine &
Generator

Compressed air

CAES
Air reservoir
storage
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CAES: Characteristics

Target Efficiency Response Discharge Lifetime Investments
power time time costs
100-500 MW 40-55 % min. h 30y 400-1200 €

Up to 70% /KWh

o i o
MclIntosh CAES plant (USA)

https://www.wired.com/2010/03/compressed-air-plants/

CEDREN Centre for Environmental Design of Renewable Energy pe=— - k. (Q) »A\ Em_g:m .




CAES: Characteristics

Target Efficiency Response Discharge Lifetime Investments
power time time costs

400-1200 €

Fast fkWh

regulation




CAES: Maturity

Huntorf (GE) 1979 290 MW 3h

Mcintosh (USA) 1991 110 MW 26h

ADELE (GE) 2018 90 MW 4h

PG&E (USA) 2021 300 MW 10h

Norton (USA) Up to2700 16h
MW

Mclintosh CAES plant (USA)

http://www.apexcaes.com/caes

Centre for Environmental Design of Renewable Energy B N e
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EERA Research needs

ﬁ Eurcpean Energy Research Alllance

System design

Technical solutions for underground

compressed air storage

Under water or tank storage systems
Environmental impacts and safety

Adiabatic storage

- CAES

Development of turbines only running on

compressed air using scroll expanders
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Flywheels

Magnetic

_ . Motor
bearings

Generator

Low
1= pressure
Flywheel 1 chamber

Modified from C.Beurtey
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Flywheels: Principle

= Mass (Flywheel) is rotating around an axis (fixed) in a vacuum
chamber and connected to an electrical machine.

Cinetic (rotational) energy is stored .: 1 J .
2

= Storage phase:

. Motor Magnetic levitation
- Eel used - speed/
- Discharging phase:
* Generator
* Eel released > speed\

Load cell
Vacuum

Flywheel Upper bearings

Machine stator Lower bearings

Machine rotor

Electric machine
terminals

CEDREN Centre for Environmental Design of Renewable Energy e, .




Flywheels: Characteristics

Target Efficiency Response Discharge Lifetime Investments
power time time costs
100-1500 80 % ms S to min 20y 200-3000 €

kW IKWh
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Flywheels: Characteristics

Target Efficiency Response Discharge Lifetime Investments
power time time costs

200-3000 €
IKWh

80 % s to min

Very fast
regulation

CEDREN Centre for Environmental Design of Renewable Energy



Flywheels: Applications

« High power during short time

« 2 types

Low speed Steel v > 10 000 tr/min
High speed Carbon fiber v - 50 000 tr/min

« Applications:

Transportation Electric and hybrid cars, buses
Light trains, trams, underground
Ferries

Power system services Grid stability
Frequency regulation
Voltage support

Industry Uninterrupted power supply

CE Cranes and elevators
WilkIY Centre for Environmental Design of Renewable Energy




Beacon Power
Hazle Township, Pennsylvania, USA
20 MW in total, 200 flywheels, —1 300 kg each

http://beaconpower.com/hazle-township-pennsylvania/

 Frequency regulations for the power grid
 Three plants in USA connected to the grid




ﬁgngesearch needs - Flywheels

Eurcpe: £y Ras

« Evaluate the potential in stabilization of frequency from
renewables

« Design a test machine connected to a wind turbine
« Large scale applications for energy storage

« New materials

« EXxperimental set-up

o Tests



Pumped Storage Hydropower

Upper reservoir

modified from Statkraft

Lower reservoir Underground
turbine and

pump

nnnnn

Reversible
pump turbine




Pumped Storage Hydropower: Principle

= Water is pumped from a lower reservoir to a reservoir at higher
elevation during off-peak period.

=  Water flows back down to lower reservoir, generating electricity
during peak periods

Head range:
= 10 to 2000 m

= 100 m to 600 m
reversible turbine

3 i ,_.-’ #
Limberg I, Austria, https://ec.europa.eu

CEDREN Centre for Environmental Design of Renewable Energy = - @ >\A E::fm




Pumped Storage Hydropower:

Characteristics
Typical Efficiency Response Discharge Lifetime Investments
power time time costs
200-350 MW 75-85 % min Several 40-80 y 200-3000 €
hours /KWh

CEDREN Centre for Environmental Design of Renewable Energy



==RA  Installed Energy Storage capacity

Eurgpean Energy Research Alllance

K

Worldwide installed storage capacity for electrical energy

©) Compressad Air Energy Storage | [IAUSLEUEIUNE
440 MW worldwide
Pumped Hydro
@ Sodium-Sulfur Battery JEOERAURINEUE[CIE
316 MW worldwide

@ Lead-Acid Battery
~35 MW

127,000 MW,

» Nickel-Cadmium Battery
27 MW

* Flywheels
<25 MW

o Lithium-lon Battery
~20 MW

* Redox-Flow Battery
Source: Fraunhofer Institute, EPR| <3 MW

Worldwide installed rated power of storage facilities for electrical energy.
Such power level can be sustained for up to several hours or shorter

CEDREN Centre for Environmental Design of Renewable Energy »A\ E::"E'“L .




Installed PSH world-wide: —140GW

Under Operation

Project stage

Courtesy from Rioual, EdF

CEDREN Centre for Environmental Design of Renewable Energy pe=— - k. (Q) »A\ Em_g:m .




;{QEERA i Research needs - Hydro

Eurgpean Energy Research Alllance

« Market models at multiple time scales

« Environmental impacts

« Social acceptance

« INnterconnections, grids, HVDC technology

« Benefits of large-scale use of storage hydro
combined with large scale offshore and onshore
wind and solar energy production in Europe

« Design of reversible pump turbine plants
« System design to achieve dynamic flexibility
« Build a test facility

- Regulation Norway can store 80 TWh of
hydropower in existing
reservoirs

CEDREN Centre for Environmental Design of Renewable Energy



; ) Statkraft

Blasjo
7.8TWh RESERVOIR
(1000 times Goldlstal)
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Presenter
Presentation Notes
This is the single largest battery of Europe – the lake of Blåsjø.  The reservoir capacity of Lake Blåsjø is 7.8 TWh . Area 80 km2, elevation:1055m 
In comparison: Germany total storage capacity in germany is 0,04TWh
-------------- KLIKK---------------------------
Installed capacity 28 GW
Without no new plants or reservoirs. Only investments in interconnectors and grid capacity. 
Can provide substantial flexibility to the European power system. Ramping, regulation, peak and back-up production. The Nordic system can absorb excess power generation in the North Sea, while reducing national power generation to a minimum. 
Example: The existing 1 GW connection to Denmark
Expansion possibilities in Southern Norway 7 - 8 GW
Converting from base load to peak load production by installing additional generators in the existing power stations
Pumped storage
Expansion possibilities in Southern Norway 15 - 20 GW
Building pumped storage plant between existing reservoirs. No new reservoirs. Limited environmental consequences. 
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ﬁEEM Summary- Mechanical storage

Hydro Compressed air ~ Flywheels

« Operates typically on « Operates typically on « Operates typically on

weeks to hours hours seconds to minutes
« Many applications « Two commercial « Used a lot in many
for both energy and energy storage other sectors
storage plants . Few large-scale
« World-wide « Need for more energy storage
potential research applications

CEDREN Centre for Environmental Design of Renewable Energy == .
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There are three main types of mechanical storage and they all operate at different time scales. However, hydro and pumped hydro may operate at all time scales.
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