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Abstract—Due to steady increase of electric power demand and decrease of load factor, the economic
and reasonable operation of electric power system is necessary. Because of this reason, dispersed battery
energy storage system(BESS) with fast response is receiving attractive attention. With these considera-
tions, 20 kVA BESS is designed and tested to investigate the possibility of BESS application to power
system. This paper describes the design specifications of simulator and test results. BESS is composed
of batteries, conversion equipments, interconnecting equipments to power system, and control parts of
the system. The inverter of BESS can carry out two functions as charger and discharger. Also, it can
operate as a VAR compensator by four quadrant opertation. Since this system is designed as a simultor
of MW system, the conceptual design of MW system is possible by using the test result of test system.
The study of BESS is preliminary stage for the future MW class BESS,
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Table 1. Countermeasures and technical problems of
battery energy storage system

Sort| Technical
Countermeasures
problem
Reliability, |anti-corrosion of electrode, develop-
Long life |ment of corrosion detection method
P Low cost |use of low cost material, standard
&
g’ High low internal resistance, low
effeciency |power of extra system
Compact |high current density, enhancement
of active material use
High enhancement of element characteristics,
8 efficiency [high performance of main circuit
g L
+ |Low cost |standard, mass production,
simplification of equipments

* PCS : Power Conditioning System
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Fig. 1. The conceptual diagram of a battery energy
storage system simulator

Table 2. Basic specification of the system

Article Scale and condition
1. OQutput capacity | 80kWh(20 Kwn X4 hrs)
2. Circuit Voltage AC 3¢ 3W 380V, DC 360V
3. Circuit Current AC 30A, DC.56 A
4. Number of line |AC 1 line, DC 1 line
5. PCS Self commutated voltage

type 20 kVA
% impedance=10
Lead Acid 500 AhX 180 cells

6. Linked reactor
7. Batteries
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Table 3. The specification of advanced batteries

Table 4. Improved aspects of developing batteries

Article Specification article improved aspects effect
capacity 20 kW, 4 Hours volume |84WH/I—>924WH/! compact
rating voltage 360V effect enhancement low cost
numb.er of ;:ells 180 ce{]gls \gs;:r;e\j) weight 35WH/kg—42.2WH/kg | compact
charging voltage Max 486 V(2.7 V/cell effect enhancement low cost .

min 432 V(2.4 V/cell)
discharge voltage min 306 V(1.7 V/cell)
battery capacity 500 AH/5 Hours

size L128 X W158 X H519 mm
{(+)pole . Tubular
(—)pole . Paste

electrode

plate alloy Pb, Sb alloy
seperator P.E. seperator
weight 23 kg/cell
specific gravity 1.28 (25C)

life 1,000-1,200 cycle
efficiency 85 %
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plate enhancement
increase of number efficiency
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use of injection protect the
type sealer short circuit

negative |use of paste life

plate type Pb enhancement
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Table 5. Summary of conversion methods for load levelling power conditioner
article seclection point MW system 20 KW system Lemarks
commutation | DC side voltage variation, reactive | self commutation | self commutation
type power compensation, control type type
source control, power conversion, voltage type voltage type
type reactive power compensation
Valve efficency, simplification GTO Power Tr. self
Device commutation
Bridge high speed switching, efficiency |3 sets of 1¢ bridge|3 sets of 1¢ bridge
voltage control| large capacity, efficiency, harmonics PWM PWM
wave form large capacity, harmonics, efficiency multiple multiple
control availibility, difficulty PID feed back PID feed back
out put balance, harmonics balance
transformer
ratings system capacity, circuit 1000 V, 1000 A
colling temperature forced air
cooling
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Table 6. The output voltage response and instant varia-
tion rate with load variation

Load DCV ACV ACY
variation variation responce variation
0—>5 kW +2V |4~5 cycles 1V
(25%)
0—~>10 kW 4V 4~5 cycles 4V
(50%)

10 kW—-20 kW 4V
(50%) (100%)
0—>20 kW 8V

(100%)

4~5 cycles 44V

4~5 cycles 84V
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Table 7. The analysis of disiorted wave of simulator
under linked condition

measure pattern harmonics
mode time |(kW)| V(%) | A(%) |harmonics
rate
first 20 | 093 | 310 | 2(1.72)
discharge |{medium| 20 | .03 | 293 2(1.53)
last 20 | 209 | 236 2(1.50)
first 20 | 108 | 294 | 2(143)
charge |medium| 12 | 125 | 529 | 23.77)
last 9 1.65 644 | 7(3.59)
equi. first 7 ] 134 | 1017 | 5(5.92)
charge last 6 | 261 | 1190 | 5(8.62)
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Table 8. The starting characteristics of simulator

dv
a0

10~12A

after CB2 ON PCS input 336V X 3A=1008VA

after CB1 ON PCS input 334X 4~6A=1336~

2004 VA dc
(P=000) 383X 1.25X /3
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same period
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Table 9. An transient output characteristics
V inv V line efficiency
t I inv. VvV d Id
P se 120V | 380V | 120V | 380V va ¢ ¢ %)
P=0 119 383 119 383 1.25 334 5 48.7
P=100 119 383 119 383 3 333 10 58.6
P=200 120 386 119 384 7.5 331 20 742
P=300 121 389 120 386 12.5 328 29 86.8
P=400 121 389 120 386 20 325 46 88.3
P=500 122 392 121 389 25 324 59 87
P=600 123 295 122 392 30 322 70 89.2
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Fig. 6. The discharge characteristics of batteries for
simulator
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Table 10. The charge and discharge efficiency of PCS

article time AC be effiP F%C
mode W) @) kW) W) @ kW) ik
first 3814 314 20.7 365 64 234 884
discharge medium 385.9 30.8 20.6 355 ! 66 234 87.8
last 384.6 29.0 19.3 347 66 229 84.3
first 363.2 28.0 16.1 386 38 14.7 90.0
charge medium 373.0 25.0 16.1 413 35 144 89.0
last 3730 12.0 7.7 435 14 6.1 78.0
equi. first 371.0 82 5.2 460 85 3.9 75.0
charge last 375.0 71 45 464 7.0 32 719
Table 11. Application strategy of MW class BESS(Battery Energy Storage System) for utilization
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