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Energy can be stored in many forms



Suspended mass




Chemical bonds (in food, firewood, fuel)
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https://www.curzioresearch.com/wp-content/uploads/2023/04/salt-caverns-of-the-spr.png




LNG storage







Elastic deformation



Compressed fluid




Rotating mass (flywheel)
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More Heat

Elechicity = Heat = Electricity Water Cooled MPV
with Integrated Miror

Multi-Junction MPV Mule
Photovolicic (MPV)  Unit Cell

Electricity From Power Block

Any Source
Powers Haaters

Z&\ MPV Can Be Retracted Dry Cooing Unit

https://ase.mit.edu/projects /thermal-energy-grid-storage-tegs/



https://ase.mit.edu/projects/thermal-energy-grid-storage-tegs/

SONY
C
4 N4

F— ~ ¥
(MSony 2 MSony &
L om0}z | 0 mussnns o) 5
NS G e he— N R vy S e—)
\sony =2 (M sonNY

Lo s 0} | O meessremms o)z

Electrical potential




Basic concepts for any energy storage:

Specific Energy : energy / mass

Energy Density : energy / volume

Specific Power : power (input oroutput) / mass
Power Density : power (input oroutput) / volume

Efficiency: energy in / energy out



Electrical Power & Energy
Storage Comparison

Gasadline _]
_]Hydrogen

: Batteries
‘ Flywheels

JDOE Target for Ultracapacitors

Projected Carbon
Capacitors

10,000 100,000
Specific Power (Wikg)

NREL



Discharge Time at Rated Power

Hours

Minutes

Seconds

Reserve & Response
Services

Fiow Batteries

Advanced Lead-Acld Battery

“p'mr Battery

Hydrogen &
Fuel Cells

] Compressed Alr En. v Storac»

Pumped

Hydropower
Storage

High-Energy
Supercapacitors
Li-on Battery
Load-Acid Battery
S —
Nicke! Cadmium Battery
Nicke! Metal Hydride Battery
Super Conducting
Magnwtic Energy Storage
kW 10kwW 100kW 1MW 10MW 100MW 1GW
System Power Ratings, Module Size
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http://energystoragesense.com/energy-storage-technologies/
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https://www.eia.gov/
https://en.wikipedia.org/wiki/Pumped-storage_hydroelectricity
https://www.masterbuilder.co.in/india-improve-renewable-power-storage-pumped-storage-system/

Srid-tied battérles startlng to make a dent

TM forecast: 1.6GW in US by 2020
-.IS, was bunt in 2017 in West: Caldwell NJ



http://css.umich.edu/sites/default/files/U.S._Grid_Energy_Storage_Factsheet_CSS15-17_e2017.pdf

DOE Storage Database

= BOF Slobal Fnecgy Stemge

O wwewanargystaragesxcharge.ceg

@3 DOE GLOBAL ENERGY STORAGE DATABASE

%}:‘{L&‘ QOffice of Electricity Delivery & Energy Reliability

HOME PROJECTS ~ POLKCIES ~

Search Filters

https://www.energystorageexchange.org/projects/data_visualization/



https://www.energystorageexchange.org/projects/data_visualization/

A sustainable system by definition uses energy at or

below the rate it is generally available from the
environment.

However, it may be necessary for a system to:
otime shift energy usage independent of fluctuating

ambient availability

emomentarily exceed the ambient power available
eand/or handle momentary power interruptions

In these cases, energy storage will be necessary.



Time shift
Energy usage is out of phase with ambient availability:

Ambient power available

L

Stored Energy

System power usage \




System requires higher momentary power than is available
from the environment:

System power usage

Ambient power available

Stored Energy




System must handle power fluctuations:

Ambient power available

System power usage

/

Stored Energy




8 .57 (100 microfarads) ” ({5 volts)”2) = 0.00125 joules
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Smoothing

g .5* (3300 micrafarads) * {(5 volts)*2) = 0.04125 joulas
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Storage
*

WD A ) “w
120F 2.5V-120F 2%

.5 * (60 farad) * ((5 valts)*2) = 750 jaules

IMor= about cacu ato.

Lots of joules

Energy in a capacitor

1/2 C * V2

*
Would need 2

2.5V caps in series
to get 5V.
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Stasis

Source Storage Load
(Capacitor)

Capacitor
Voltage



Discharge
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