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Evaluation of energy storage performance and economic
efficiency on the battery energy storage system based on
differences in battery degradation models and control methods

Yuki OGAWA "™ Yuya KIMURA™ Hironobu MATSUO™*
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Abstract

To clarify the impact of the degradation model, simulations were conducted to compare the amount of purchased
electricity, the amount of reverse flow electricity, the amount of discharge or degradation rate of the battery, and the
economics of the battery, assuming a new installation of a battery energy storage system (BESS) in a residential house
with an existing PV system, installation due to a power conditioning system (PCS) failure, minimum purchased
electricity and nighttime charging, and a combination of three-time zone lighting and metered electricity lighting B.
The results showed that the degradation rate was lower under the discharge rate degradation condition than the 2%
constant degradation condition, and the total discharge amount and purchased amount of electricity over 15 years were
larger. The rate of change in the degradation rate was large, up to 89.4%, and it became clear that the differences in
terms of amount of electricity and cost were not large. It also became clear that without subsidies, the introduction of
BESS would not be profitable under typical usage scenarios. However, in the event of a PCS failure, it is worth

considering if the PV capacity is over 7kW.

Keywords: Photovoltaic, Battery energy storage system, Energy storage performance, Degradation model, Control method,
Economic Performance
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Table 1 Simulation condition

Place Hamamatsu, Shizuoka
PV direction and tilt angle South, 30 °
PV capacity 3,5,7, 10 kW
Battery capacity 0, 5,10, 15,20 kWh
Setting New implement or Replace
. Power min. (P.M.) or
Operation o
Nighttime charge (N.C.)
) 2 %/year (2%) or
Degradation

Discharge rate (Dis.)

Storage battery usage
& yusag 10100 %
range

o Metered rate lighting B or
Electricity plan ) o
3 time-zones lighting

Power conversion efficiency

94 %
(PCS)
Power conversion efficiency
94 %
(Converter)
Battery Charge/Discharge
y g g 95 %
efficiency
Max. charging current rate
0.5C
(PV to Battery)
Max. charging current rate
02C
(Grid to Battery)
Battery
th
DC/AC Load

i

71| 3
=

Grid

(b) Replace
Fig. 1 System setup
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Table 2 3 time-zone lighting charge

Time Charge
Weekday Weekend

Zone [yen/kWh]

Day 9:00 - 17:00 - 34.21
7:00 - 9:00

(@ Home 7:00 - 23:00 26.15
17:00 - 23:00
Night 23:00 - 7:00 23:00 - 7:00 16.22

Table 3 Metered rate lighting B charge
Charge [yen/kWh]

Power consumption [kWh]

Less than 120 21.33
120 - 300 25.80
Over 300 28.75

Table 4 Other charges

3 time-zone lighting:12.30 yen/kWh,
Fuel Adjustment fee
Metered rate:5.36 yen/kWh
Renewable energy levy 3.45 yen/kWh
Reverse power price 8.8 yen/kWh
Battery cost 74100 yen/kWh + System + Setup
PCS cost 41800 yen/kW + Setup
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Fig. 2 Time variation of electric power by discharge

rate degradation (PV 7 kW — Battery capacity 10
kWh).
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Fig. 3 Monthly energy breakdown of P.M. control

and N.C. control by discharge rate degradation
(PV 7 kW — Battery capacity 10 kWh).
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Fig. 4 Accumulated electric energy for 15 years with
night time charge control by discharge rate
degradation (Dis.) and 2 % degradation (2%).
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Fig. 5 Discharge energy and yearly deterioration
with nighttime charge control by discharge rate
degradation (PV 7 kW).
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Fig. 7 Total discharge energy and deterioration for
15 years by 2 % constant degradation (2%).
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Evaluation of energy storage performance and economic efficiency on the battery energy
storage system based on differences in battery degradation models and control methods
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(a) Purchase power minimum control (P.M.).
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(b) Nighttime charge control (N.C.).
Fig. 8 Total cost for 15 years with metered rate
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(b) Nighttime charge control (N.C.).
Fig. 9 Total cost for 15 years with 3 time-zone
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