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A New Type of Power Conditioning System
for Storage Batteries
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Recently, the introduction of renewable energy such as solar power generation and wind power generation has been progressing
in order to achieve carbon neutrality. However, the amount of power generated by renewable energy sources fluctuates depending
on weather conditions, so storage battery systems are being used for grid stabilization. In addition, there is a growing need to cut
peak power demand in factories, to implement power leveling during the day and night, and to supply power during blackouts. To
reward these requirements, Nissin Electric Co., Ltd. has developed a new type of power conditioning system for storage batteries.

We introduce these topics in this report.
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1. Introduction

Storage battery systems have conventionally been
used for power peak shaving and peak shifting at factories.
In recent years, however, as the introduction of renewable
energy sources such as solar and wind power expands,
demand for grid stabilization applications is increasing,
including controlling fluctuations in power generation due
to weather conditions such as sunlight hours, and
preventing reverse power flow due to surplus power.()-®
Coordination functions in regional microgrids and power
trading markets are also expected in the future.

Nissin Electric Co., Ltd. has developed a new type of
power conditioner for storage batteries (hereinafter referred
to as “PCS for storage batteries”), and began sales in 2023.
This PCS for storage batteries can be proposed as a
complete storage battery system by integrating storage
batteries and interconnection transformers. Additionally, by
using the storage battery controller developed by Nissin
Electric Co., Ltd., control functions can be realized
according to applications.

2. Overview of PCS for Storage Batteries

Photo 1 shows the appearance of the developed PCS
for storage batteries, and Table 1 shows its specifications.
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Photo 1. Appearance of PCS for storage batteries

Table 1. Specifications of PCS for storage batteries

Item Specifications Remarks

625 KVA (625 kW)

Rated output Discharge and charge

DC 550-594 V operation

DC 595-1000 V subject to output limitation

DC voltage range

340 Vrms
50 Hz / 60 Hz
97.0%

AC rated voltage

AC frequency

Efficiency Under rated operation

Cooling method Forced air cooling

W 2100 x D 950 x H 2050

Dimensions (mm) Includes the channel base (H 50)

Operating ambient

temperature 0-40°C
Relative humidity | 15-85% No condensation allowed
Altitude <1000 m

The rated output of the equipment is 625 kVA (625 kW),
and an output of 500 kW is possible even at a power factor
of 0.8. The direct current (DC) voltage can be rated in the
range of 595 to 1000 V, making it suitable for lithium-ion
batteries for stationary use. External dimensions are W
2100 x D 950 x H 2050 mm, 39% smaller than previous
models.

3. Features of PCS for Storage Batteries

3-1 Reduction in installation area by miniaturization

When installing a PCS for storage batteries outdoors,
it is possible to accommodate them in a shelter to cope
with various environmental conditions such as salt water
corrosion and noise. This PCS for storage batteries has a
reduced footprint due to its smaller size, and two units can
be stored in a shelter for outdoor installation. Figure 1
shows the layout inside a shelter. This reduces the number
of shelters and installation costs.
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Fig. 1. Equipment layout inside a shelter

3-2 Power stack

To realize a compact PCS for storage batteries, we
developed a power stack to be installed in the conversion
unit. The appearance of the power stack is shown in Fig. 2.

Busbar<

o) Bushar -]

/

Front side

Back side

Fig. 2. Appearance of the power stack

This power stack has achieved a power density of 2.2
kVA/t as a result of using a refrigerant-circulation heat sink
in the cooling section. Table 2 shows a comparison between
this power stack and one of the conventional products.

Table 2. Specifications of the power stack

Item The conventional product The power stack
Rated current 723 Arms 700 Arms

(When 3 units are used) (When 1 unit is used)
Capacity 426 kVA 412 kVA
(at 340 VAC) (When 3 units are used) (When 1 unit is used)

Dimensions (mm)

W 242 x D 855 x H 523 x
3 units: 325 €

‘W 340 x D 550 x H 1040 x
1 unit: 190 €

Power density

1.3 kVA/L

2.2 kVA/L

Thermal resistance
of the heat sink

0.017 K/'W

0.005 K/W

Compared to the conventional product, the thermal

resistance of the heat sink could be reduced by about 70%,
resulting in improved power density and a smaller size of
this power stack. This has enabled downsizing of the PCS
for storage batteries.

3-3 Temperature characteristics and efficiency

Table 3 shows the temperature test results of the PCS
for storage batteries during rated operation (625 kW
discharge and charge) when the power stack was installed,
and Figs. 3 and 4 show the operating waveforms. The
temperature rise of the insulated gate bipolar transistor
(IGBT) was 42 K, allowing for operation with a tempera-
ture margin of 28 K below the upper temperature limit.

During the rated operation of the PCS for storage
batteries, stable operation was maintained during both
discharge and charge, with the total current distortion factor
of the output current being 5% or less and the individual
harmonic current distortion of 3% or less, meeting the
interconnection regulations (JEAC 9701-2019).®
Additionally, Figs. 5 and 6 show the efficiency characteris-
tics. During rated operation for both discharge and charge,

Table 3. Temperature test results

Measuring equipment Temperature rise value [K] | Upper limit [K]
IGBT (maximum value) 42 70
Surface of the film capacitor |21 25
Reactor winding 80 140
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Fig. 4. Operating waveforms during 625 kW charging
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Fig. 5. Discharge side efficiency characteristics (60 Hz)
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Fig. 6. Charging-side efficiency characteristics (60 Hz)

the efficiency reached 98% or higher, maintaining 97%
efficiency at power levels of 90 kW or higher. By
suppressing the temperature rise of each main circuit
device, losses were reduced, resulting in high efficiency.
3-4 Control functions

Table 4 shows the control functions of this PCS for
storage batteries. This PCS for storage batteries has power
control capabilities based on commands from the main
unit’s touch panel or from an external controller. The
command input from the external device can be either an
optical signal or an analog signal. It also has a stand-alone
operation capability that supplies power to loads without
connecting to the power grid in the event of a power outage
caused by a disaster or other circumstances. Furthermore, it

Table 4. Control functions of the PCS for storage batteries

Control functions Operation description

Battery charge and
discharge control (local)

Execute operation and power control via the
touch panel of the PCS for storage batteries

Battery charge and
discharge control (remote)

Execute operation and power control based on
commands from external control systems

Start/stop autonomous operation by touch panel

Autonomous operation of PCS for storage batteries

Peak-shaving control
(automatic control)

Control discharge to ensure received power does
not exceed contracted power

Constant received power control
(automatic control)

Charge and discharge to maintain constant
received power

Scheduled operation
(automatic control)

Set a weekly operation pattern and perform
daily operations based on the operation pattern

has automatic control functions such as peak-shaving
control and constant received power control.
(1) Peak-shaving control

This PCS for storage batteries has a peak-shaving
function to limit the amount of power received so that the
load does not exceed the contracted power. The operating
status is shown in Fig. 7.
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Fig. 7. Peak-shaving control

(2) Constant received power control

This PCS for storage batteries also automatically
discharges and charges the batteries so that the power received
is constant. The operational status is shown in Fig. 8.
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Fig. 8. Constant received power control

3-5 Protection and FRT functions

Other functions possessed by this PCS for storage
batteries are shown in Table 5. It has a grid interconnection
protection function that disconnects the output during grid
abnormalities as specified in the grid interconnection stan-
dard (JEAC 9701-2019), a function to protect the device
during internal abnormalities of the battery PCS, and a
function to meet the fault ride-through (FRT) require-
ments® for the interconnection. Figure 9 shows the oper-
ating waveforms from the FRT test. It shows that the
system continued to operate during 300 ms of 20% residual
voltage and recovered to 80% of the output before the
voltage drop within 100 ms after voltage restoration.

This PCS for storage batteries displays trend graphs
of recharging and discharging power and cumulative
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energy, as well as measured parameters such as AC voltage,
AC current, frequency, DC voltage, and DC current on a
touch panel screen. It also communicates with storage
batteries and displays the storage battery state of charge
(SOC) and other relevant information on the touch panel
screen. Operation based on commands from external
sources is also possible through a communication connec-
tion with the storage battery controller.

Table 5. Other functions of the PCS for storage batteries

Item Operation description

Grid connection protection | Disconnect output during grid abnormality

Equipment protection Protect equipment during internal PCS abnormality

Continue operation during grid incidents such as

FRT functions .
momentary voltage dips

Display various trend graphs, and AC voltage and

Measurement indication
current values

Communication with storage
battery controllers and
storage batteries

Display SOC of battery and enable discharge/
charge operations based on power command values
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Fig. 9. FRT function operation waveform

4. Application to Battery Systems

This chapter introduces the storage battery system that
combines the newly developed PCS for storage batteries,
the storage battery controller, and storage batteries from
other manufacturers.

4-1 Application to storage battery systems

An example of the configuration of this storage

battery system is shown in Fig. 10. In this storage battery

Shelter for PCS for storage batteries

[Storage battery controller]

Energy Management
System

Shelter for storage batteries

i

Storage batteries

Receiving and
transforming
equipment

——

Interconnection
transformer

PCS for storage batteries

Fig. 10. Example of storage battery system configuration

system, the system is designed according to customer
needs.® For example, the system can be proposed as a
complete system combined with PCS for storage batteries,
receiving and transforming equipment, storage batteries,
and an energy management system (EMS), which are
necessary to connect to and operate with the grid.

4-2 Battery storage control system

With the development of this PCS for storage
batteries, Nissin Electric Co., Ltd. has developed a
controller specialized for storage battery systems. In the
process of commercializing this device, we aimed to maxi-
mize the features of the storage battery PCS and simplify
the various connection configurations with power receiving
equipment and other facilities.

In addition, this device is compatible with the power
conditioner for photovoltaic power generation produced by
Nissin Electric Co. Like the newly developed PCS for
storage batteries, this storage battery controller has the
basic functions of peak-shaving control, constant received
power control, and peak-shifting control, and can simulta-
neously control multiple storage battery PCSs.
Additionally, by constantly monitoring SOC, it is possible
to prevent overcharging and over discharging of individual
storage batteries and to shift to a predetermined SOC of the
storage battery according to the operation schedule.
Furthermore, by utilizing the output control and external
command functions of the photovoltaic power generation
equipment, the storage battery system and photovoltaic
power generation equipment output can be adjusted
according to the storage battery SOC, operations can be
maintained, renewable energy can be used effectively, and
storage batteries can be operated appropriately. The touch
panel on the customer interface also features an intuitive
layout and symbol display.

5. Introduction of Delivery Cases

This chapter presents an example of the delivery of
this system. In February 2024, Nissin Electric Co., Ltd.
delivered this PCS for storage batteries to the Mie Plant of
Meditech Japan Inc. as a peak-shaving storage battery
system. The storage battery system is shown in Photo 2 and
the list of delivered items is shown in Table 6.

Photo 2. Storage battery system
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Table 6. List of delivered items

Item Specifications

PCS for storage batteries -

Storage battery Lithium-ion battery

Housing for PCS for storage batteries

Shelter for PCS for storage batteries and storage battery controller

Shelter for storage batteries Housing for storage batteries

PCS for solar power generation -

Storage battery controller -

Receiving equipment and other items -

With the installation of this storage battery system, the
plant was able to avoid the special high-voltage power
receiving contract and allow for a general high-voltage
power receiving contract by cutting down on peak demand.
This also shortened the construction period of the new
plant and reduced contract rates.

6. Conclusion

This paper introduces the development details and
features of a new type of PCS for storage batteries, and
details the control and protection functions of this system,
such as peak shift control and constant received power
control. The paper also outlines the storage battery system
that combines this system with storage batteries from other
manufacturers and storage battery controllers produced by
Nissin Electric Co., Ltd. Additionally, as a final example of
our delivery results, this paper also introduces the storage
battery system delivered to Meditech Japan Co., Ltd.

As for storage battery systems, the market is antici-
pated to grow due to needs for remote island solutions and
requests to accommodate large-scale grid-connected
storage battery systems.© We will continue to propose
storage battery systems that meet market requirements and
expectations by developing technology for grid stabiliza-
tion control (governor-free control, inertia force control) in
combination with storage battery controllers.
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