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Fig. 8. Comparison of the annual cost of energy storage systems for daily

load leveling with the stored energy of 1 GWh. The annual cost is defined
as the life cycle cost divided by the lifetime. The life cycle costs are based
on Fig. 7. The unit capital cost is considered as 2000 USD/kW. In the SMES
case, 4000 USD/KW of the unit cost is also evaluated.

CAES will be almost as that of pumped hydro storage.

On the other hand, since the lifetime of NaS battery is
shorter than that of SMES, the annual cost of NaS battery will
be twice that of SMES for the same capital cost. Additionally,
in the case of NaS battery, the disposal cost will be required.
Due to this, the annual cost of SMES will be significantly
lower than that of NaS battery even when the capital cost of
SMES is twice that of NaS battery.

Although the further investigations concerning the validity
of the cost evaluation are required, it can be expected that
SMES will be the most feasible option as an energy storage
system for daily load leveling.

V. CONCLUSIONS

As a collaborative work of RASMES in Japan, a road map
of SMES for electric power compensation was developed.
Based on the technical status of large superconducting coils
and the results of the SMES cost estimation,

1) The technical status is already established to develop the
several MWh class SMES for frequency control, load
fluctuation compensation, and the generation fluctuation
compensation,

2) With integrated operations of several dispersed SMES
systems, it is expected that the 100 MWh class SMES for
load fluctuation leveling (peak cut) can be introduced in
the period of 2020-30, and the first 1 GWh class SMES
for daily load leveling can be installed in the period of
2030-40,

3) If the output power of SMES is 100 MW, the target cost
of SMES can be evaluated with 2000 USD/kW of the
unit cost per output power (the unit cost per kW).

However, in the case of large scale SMES, since the cost

estimation of more than 1 MWh class SMES is based on the
conceptual design studies, the unit cost per stored energy (the
unit cost per kWh) should also be evaluated. In this case,

the life cycle cost of each energy storage system should be
estimated by including its features such as site limitation,
efficiency and lifetime.

ACKNOWLEDGMENT

The authors would like to thank to RASMES: Research
Association of Superconducting Magnetic Energy Storage
(URL: http://www.rasmes.com/) in Japan for their valuable
discussions and their collaborative works.

REFERENCES

[1] 1. Van der Hoven, “Power spectrum of horizontal wind speed in the
frequency range from 0.0007 to 900 cycles per hour,” Journal of
Meteorology, vol. 14, pp. 160-164, Apr. 1957.

[2] J. Kondoh et al., “Electrical energy storage systems for energy net-
works,” Energy Conversion and Management, vol. 41, no. 17, pp. 1863—
1874, Nov. 2000.

[3] S. Nagaya et al., “Development and performance results of 5 MVA
SMES for bridging instantaneous voltage dips,” IEEE Trans. Appl.
Supercond., vol. 14, no. 2, pp. 699-704, Jun. 2004.

[4] S. Nagaya et al., “Field test results of the 5 MVA SMES system for
bridging instantaneous voltage dips,” IEEE Trans. Appl. Supercond.,
vol. 16, no. 2, pp. 632-635, Jun. 2006.

[5] T. Katagiri et al., “Field test result of 10MVA/20MJ SMES for load
fluctuation compensation,” IEEE Trans. Appl. Supercond., vol. 19, no. 3,
pp. 1993-1998, Jun. 2009.

[6] H. Brechna, Superconducting magnet systems. Springer-Verlag Berlin,
Heidelberg, 1973, pp. 551-558.

[71 LHC design report, v 1; The LHC main ring, CERN 2004-003-v1,
Chapter 7.

[8] H. H. J. ten Kate, “The ATLAS superconducting magnet system at the
Large Hadron Collider,” Physica C: Superconductivity, vol. 468, no. 15—
20, pp. 2137-2142, 2008.

[9]1 A. Herve et al., “Status of the construction of the CMS magnet,” [EEE

Trans. Appl. Supercond., vol. 14, no. 2, pp. 542-547, Jun. 2004.

F. Kircher et al., “Magnetic tests of the CMS superconducting magnet,”

IEEE Trans. Appl. Supercond., vol. 18, no. 2, pp. 356-361, Jun. 2008.

M. S. Lubell et al., “The IEA large coil task test results in INSMTE”

IEEE Trans. Magnetics, vol. 24, no. 2, pp. 761-766, Mar. 1988.

O. Motojima et al., “Progress summary of LHD engineering design and

construction,” Nuclear Fusion, vol. 40, no. 3Y, pp. 599-609, 2000.

H. Tsuji et al., “Progress of the ITER central solenoid model coil

programme,” Nuclear Fusion, vol. 41, no. 5, pp. 645-651, 2001.

K. Yoshida et al., “Conceptual design of superconducting magnet system

for JT-60SA,” IEEE Trans. Appl. Supercond., vol. 18, no. 2, pp. 441-

446, Jun. 2008.

N. Mitchell et al., “The ITER magnet system,” IEEE Trans. Appl.

Supercond., vol. 18, no. 2, pp. 435-440, Jun. 2008.

C. Sborchia, Y. Fu, R. Gallix, C. Jong, J. Knaster, and N. Mitchell,

“Design and specifications of the ITER TF coils,” IEEE Trans. Appl.

Supercond., vol. 18, no. 2, pp. 463-466, Jun. 2008.

[17] T. Terakado et al., “Pulse operation test of the ITER central solenoid

model coil using the JT-60 power supply,” JAERI-Tech 2001-056, Japan

Atomic Energy Research Institute (Japan Atomic Energy Agency), Aug.

2001 (in Japanese).

Y. Tatsuta et al., “Development of SMES for Power System Control,”

IEEE Trans. Appl. Supercond., vol. 14, no. 2, pp. 693-698, Jun. 2004.

[19] J. -T. Eriksson, J. Korpijarvi, “Economic potential of applying HiTc

superconductors to magnetic energy storage,” IEEE Trans. Magnetics,

vol. 25, no. 2, pp. 1807-1810, Mar. 1989.

S. M. Schoenung, W. R. Meier, W. V. Hassenzahl, “A comparison

of large-scale toroidal and solenoidal SMES systems,” [EEE Trans.

Magnetics, vol. 27, no. 2, pp. 2324-2328, Mar. 1991.

D. Lieurance, F. Kimball, C. Rix, C. Luongo, “Design and cost studies

for small scale superconducting magnetic energy storage (SMES) sys-

tems,” IEEE Trans. Appl. Supercond., vol. 5, no. 2, pp. 350-353, Jun.

1995.

C. A. Luongo, “Superconducting storage systems: An overview,” IEEE

Trans. Magnetics, vol. 32, no. 4, pp. 2214-2223, Jul. 1996.

M. A. Green, and B. P. Strauss, “The cost of superconducting magnets

as a function of stored energy and design magnetic induction times the

field volume,” IEEE Trans. Appl. Supercond., vol. 18, no. 2, pp. 248—

251, Jun. 2008.

[10]
(11]
[12]
[13]

[14]

[15]

(16]

[18]

[20]

[21]

[22]

[23]

Page 6 of 6


HP_Administrator
Text Box
Page 6 of 6


HP_Administrator
Text Box
IEEE/ IEEE/CSC & ESAS EUROPEAN SUPERCONDUCTIVITY NEWS FORUM, No. 12, April 2010




