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' Compressed Air Energy Storage
¥ Diabatic or D-CAES

¥ Adiabatic or A-CAES

¥ Isothermal CAES or I-CAES
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' Liquid Air Energy Storage (LAES)
¥ Supercritical CAES (SC-CAES)

¥ Micro-CAES (M-CAES)

¥ Underwater CAES (U-CAES)
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¥ Thermal Energy Storage Systems
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— Split buckets

Movement of Spear :

Shaft
Spear Rod
Spear Jet of Water
Deflector
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' Bearing

¥ Permanent(Passive) Magnetic Bearing (PMB)
¥ Active Magnetic Bearing (AMB)

¥ Superconducting Magnetic Bearing (SMB)
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¥ High Temperature Superconducting
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¥ Hub

¥ Axle

¥ Induction Machine

% Permanent Magnet Machine

* Variable Reluctant Machine
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¥ Brushless DC Machine

® Permanent Magnet Synchronous Machine
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¥ Digital signal Processing
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' Bipolar Junction Transistor

¥ Metal Oxide Semiconductor Field Effect Transistor
¥ Insulated Gate Bipolar Transistor

¥ Silicon Controlled Rectifier

® Gate Turn off Thyristor

* Back-to-Back
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¥ Neutral-Point-Clamped
¥ Cascaded H-Bridge

¥ Flying Capacitor

® Matrix Converter
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Plastic Conatiner

Fiberglass Container

von Mises (N/m*2) von Mises (N/m*2)

2,574,225.5 3.055.318.8
l 2,359.721.5 2,800.719.8
21452175 2,546,120.5
. 19307134 . 22915215
_ 1.716,209.4 . 20369224
. 1,501,705.4 . 17823233
. 1.287.201.4 L 1,527,724.1
| 1,072,697.4 ., 1,273,125.0
. 858,193.3 . 10185259
. 643,689.3 . 763,926.8
I 429,185.3 509,327.7
214,681.3 254,728.6
177.2 1295
—’YI 31,716,000 Yield strength: 4,585,014,000.0
ield strength: 31,716,000.0 ield strength: 4.585,014.000.
[Max: [2.574.225 5]
Reintorced Concrete Container Steel Container

von Mises (N/m*2) von Mises (N/m*2)

3,095,998.3 2,984,114.0
2,838,010.0 2,735.448.0
2,580,021.5 2,486,781.8
. 2,322,033.3 . 22381158
. 2,064,045.0 . 1,989,449.8
. 1.806,056.6 . 1,740,7836
| 1,548,068.4 . 14921176
| 1,290,080.0 . 12434515
. 1,032,091.7 . 9947854
774,103.4 . 746,119.4
516,115.1 497.453.3
258,126.8 248,787.2
1384 121.2

- —» ==
m 3.005.998.3 Yield strength: 8,963,184.0 m Yield strength: 172,339,000.0
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5.345e-001
2.673e-001
1.000e-030

Reinforced Concrete Container Steel Container

URES (mm) URES (mm)
4.518e-002 7.710e-003
l 4.141e-002 l 7.068e-003
3.765e-002 6.425e-003
. 3.388e-002 . 5.783e-003
. 3.012e-002 . 5.140e-003
. 2.635e-002 . 4.498e-003
. 2.259e-002 [} 3.855e-003
. 1.882e-002 L 3.213e-003
. 1.506e-002 L 2.570e-003
. 1.129e-002 . 1.928e-003
7.529e-003 1.285e-003
. 3.765e-003 6.425e-004
1.000e-030 1.000e-030

@brlr gy 5 Sl VY-F S

2.670e-003
1.335e-003
1.000e-030

Plastic Container Fiberglass Container
URES (mm) URES (mm)
3.207e+000 1.602e-002
l 2.9406+000 1.4686-002
2.673e+000 1.335e-002
. 2.405e+000 . 1.201e-002
. 2.138e+000 . 1.068e-002
. 1.871e+000 . 9.344e-003
. 1.604e+000 ' - 8.009e-003
. 1.336e+000 . 6.674e-003
. 1.069e+000 . 5.340e-003
. 8.018e-001 . 4.005e-003

2.172e-006
1.448e-006
7.242e-007
3.152e-010

Plastic Container Fiberglass Container
ESTRN ESTRN
3.073e-003 1.899e-005
2.817e-003 l 1.741e-005
2.561e-003 1.583e-005
. 2.305e-003 . 1.425e-005
. 2.049e-003 . 1.266e-005
. 1.793e-003 . 1.108e-005
’ t 1.536e-003 . 9.497e-006
. 1.280e-003 . 7.915e-006
| . 1.024e-003 . 6.332e-006
. 7.684e-004 . 4.749e-006
I 5.123e-004 I 3.166e-006
2.563e-004 1.583e-006
2.803e-007 4.644e-010
Reinforced Concrete Container Steel Container
ESTRN ESTRN
5.535e-005 8.686e-006
5.074¢-005 l 7.963¢-006
4.613e-005 7.239%e-006
. 4.151e-005 . 6.515e-006
. 3.690e-005 . 5.791e-006
. 3.229e-005 . 5.067e-006
. 2.768e-005 ‘ ?. 4.343e-006
. 2.306e-005 . 3.620e-006
. 1.845e-005 . 2.896e-006
. 1.384e-005
9.227e-006
l 4.615e-006
2.864e-009
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Abstract:

The design, construction and use of energy storage systems have become particularly important,
especially when the energy recovered from the storage source is electricity. Providing ancillary services
(such as frequency control), overcoming thermal Limitations (insufficient resources) and aggregation of
renewable energy sources along with functions such as increasing efficiency, providing security and
improving power quality, all of which are characteristics of smart power and energy networks, are
important. One of the major issues in the field of energy now and in the future, the use of energy storage
systems will be capable of recycling of electrical energy.

Compressed air systems, storage pump power plants, flywheels and gravity potential systems are
among the energy storage systems with the ability to recover electrical energy in which the energy stored
is mechanical. High reliability, scalability and various applications have led to the development and use
of these systems (except for storage pump power plants) to be considered and their importance is
increasing day by day. For example, large-scale compressed air storage systems are used for load
management in the power grid. Small-scale compressed air storage systems are used in transportation,
especially in conventional vehicles, ships, and hybrid vehicles. The use of compressed air storage systems
in modern technologies such as flying machines is being studied.

In view of the above, the commercialization of mechanical storage devices in the world is pursued
with special focus. Predictions show that these storage devices will be significantly developed in the
future and will play a very important role in smart energy grids. With the widespread use of the above
equipment, this equipment will be used in Iran soon. Obviously, one of the measures required to prepare
the necessary conditions for the optimal and widespread use of these storage devices is to develop a
technical guide for the design, construction and use of these systems. Due to this issue, the preparation
and compilation of manuals for mechanical storage devices has been considered and addressed. The
leading criterion addresses these issues in four chapters.



Islamic Republic of Iran
Plan and Budget Organization

Energy Storage Guide

Second Part: Principles of Design, Fabrication and Use of
Mechanical Storage Systems

No.840-2

Last Edition: 11-07-2021

Deputy of Technical and Infrastructure Ministry of Energy
Development Affairs

Department of Technical and Executive Niroo Research Institute
Affairs
nezamfanni.ir Nri.ac.ir

2022



5 Sl (b Joob plye b oalls

SSa a4 €Sl glajluo 33 (655,15
S g Sl (b Jeol eaijls s
g <o (b Jyol 0o,i8 lya slapiusn
sl lopsd anl laptuw 65
dsol 5 kb 22 x5 9 Sl (b
Jeilly o328 6,50 5 cSle (b

Al e el )S





