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Summary

1. Background
Due to the popularization of electric motor cars including electric vehicles in recent years, we expect
a large volume of used batteries to be produced in the future. Figure 1.1 shows the estimated
production of used batteries, and Figures 1.2 and 1.3 show the number of next-generation vehicles
sold and the number of next-generation vehicles owned, respectively.
The current secondary usage technology for on-vehicle batteries is small-scaled and restricted such
that the type of batteries and the remaining capacity are provided. Most of the on-vehicle batteries
are exported as remained in used cars, and the number of batteries domestically collected as used
ones is limited. Figures 1.4 and 1.5 show the number of exported used-cars and the performance of
collection of used batteries, respectively.
In addition, the recycling technology focuses on collecting materials from residues and slag left
behind after incinerated, from the viewpoint of convenience, which has led to low purity of collected
materials containing valuable metals and low collect rate of materials, and arisen a problem of CO2
emissions from incineration.
This demonstration project carried out the following technological development, aiming to achieve a
significant reduction of CO2 emissions throughout the lifecycle, and realize an extensive second
usage by improving safety, reliability and price competitiveness of used batteries:

» Optimization technology of a storage system adapted to the power system

* Control technology to make the mixed condition with different types of batteries safe and stable

* On-vehicle product usage technology and battery control technology not requiring PCS

Goal of popularization of -
passenger cars by type in
4,000,000 the Next-Generation
Vehicle Strategy 2010 [ Minimum |[Maximum .
(Goal of government) 3-500,000
1500.000 Hybrid cars IO &0 \ RV ——
P - (S s0 -
Electric vehicle ¢ of -
2000000 | plug-in/hybrid cars i " e =
Es’(\ma ="
Fuel-cell vehicles ~ % - - 2. 500,000
2500000 | ~" —_—
& per of —_
- gstima edA “M\':Tr:‘ -
2000000 | s —ars SO
ra —_— -
# -
~ e
1500000 - -
@ ~ —_ of
& L0000 £ et -
40 z = 00O et
1000000 | ?e ,b\e“'v'/-“-—-.l.-r" T | d 5 T t a\e Ged' -
& ss1,000 | Full-scale production of ELVs for e (o .
/ 884,000 next-generation vehicles will start in WSy —
500000 |0 and after 2025. (about 500,000 cars) - __,--"""’- d“"‘mbele\?“
G, . — €S{\ “,\a\e d\)ced'
- B
—r— NS p©
s . .

L e e - e - - - = - - . - ')
2001 012 2013 2014 2008 2006 2017 2018 019 M0 2021 2022 N2 N4 N8 N NQT 2028 2020 MM

Fig. S1.1 Outlook on Popularization of Next-Generation Vehicles / Estimated Number of ELVs
(Used Cars) Produced
Source: Material for FY2019 Joint Session of Industrial Structure Council and Central Environment

Council, Japan Automobile Manufactures Association, Material 6-2
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2. Implementation of Demonstration Project

To build a battery ecosystem for circulating a large amount of used batteries which are expected to

be produced in large quantities in and after 2025, a facility with a large capacity that utilizes reused

batteries must be established and also optimized. In this regard, a smallest unit of the storage system

with a large capacity was developed as a pilot facility, assuming the real operation, and operation

tests were conducted by combining various control systems and equipment. Major equipment to be

used in the developed facility is shown in Table S2.1, and a system configuration diagram is shown

in Fig. S2.1, respectively.

The demonstration facility was structured as a storage system of 67 kW/202.3 kwWh, by combining
22 series connections of Ni-MH battery cartridge (module 6 series: 43.2 V), 2 strings configured as a
string, 14 series connections of LiB cartridge (cell 12 series: 44.4 V), and 3 strings configured as a
string. One reuse inverter (hereinafter referred to as “RI”) of a hybrid vehicle was connected to the
string of Ni-MH battery, instead of PCS, and it operated as an interactive AC/DC converter. Strings
for LiB were installed to perform sine wave control by connecting the phases of 3 strings that were
shifted by 120 degrees and deeming them as U, V, and W phases in the alternate current.

Table S2.1 Roles of Equipment

Name of Equipment

Role

To supply power to the storage system, when conducting a test with an

Generator independent system that was separated from on-site systems
Resistor To consume discharged energy of the storage system, when conducting a test with
an independent system that was separated from on-site systems
Data server To collect various test data from GCU
Capable of setting up complicated power commands such as for long-period
PC for test setting reaction tests.

A command is sent to PMU when testing, by registering the charge and discharge
power commands of each second in advance.

Power Management Unit
(PMU)

To conduct the following through interactive communications between the PC for

test setting and GCU.

« Transmit test conditions and a start command to the PC for test setting, and
successively receive power settings

» Communications with the touch panel (command setting, monitor)

« Transmit charge and discharge control commands to GCU. Receive various
monitor values from GUC

* Collect the GCU information and power measurements of the distribution panel,
and perform the charge and discharge control

Group Control Unit
(GCu)

To conduct the following through interactive communications between host
systems (data server, PMU) and subordinate units

 Transmit the state of the entire group to PMU and data server

* Transmit the commands from PMU to each SCU and RI

* Collect details about cartridges and strings, as well as various power information

String Control Unit
(SCu)

To conduct the following through interactive communications with GCU

 Transmit connection/disconnection signals to SU so that the power system that
received commands from GCU can be realized

» Make a decision on which SU to be separated in response to the cartridge
information (about the state of the battery) sent from SU




« Integrate the state of each SU under the control of SCU and notify it to GCU

Sweep Unit
(SV)

To conduct the following through interactive communications with SCU

« Perform connection/disconnection of cartridges in response to the
connection/disconnection signals sent from SCU

» Monitor the cartridge information (the state of the battery)

* Notify the cartridge information (the state of the battery) to SCU

The SU that is installed in the LiB cartridge for the sine wave control is called

“AC sweep”.

Reuse Inverter

(R1)

Reuse the inverter of a hybrid vehicle instead of PCS of the DC string

voltage DC 650V

An interactive AC/DC converter that converts the system AC 270V to the battery

LCL Filter BOX
(LCL)

A filter combining a reactor and a condenser
Waveform smoothing of the AC string (ripple, harmonic reduction)

System
3(p449y_ 300A
i”-L;l . Generator Resistor
PC for data analysis Data server L g_& 3@440\/ 150KW 30440V 200KW

(PLC)
(Touch panel) L

A

PC for test setting

— e ==

Switcher sy

S

. [ ! I—' -
- Test data \\ -|_ T
Test data b g | -
| P
s kﬁx.

I
I ) Jd
' | 1
]
]

{ay T (&) Tr2
LAN l:'-’..‘-'\l 120KVA | A_-“: FEVA
A 3TN At/ 200V
; T 1
LAN (PROFINET) A _‘
------ GCU I:’ "'\-
——»Test command W Y
: i
1
#=—Test monitor 1 | : }b AG2ION DCESTY
11 LW
Serial communication RI —
T LEL
o | === == (Reuse INV) - pox
1 *including a filter
11 DC string AC stiing
11! L DCESaV EE A
i : < BORW 123kMh 117,00 1 50w
1 | |- U phase \2 phase W phase
I LA | sy S0U = - = SCU H s0U =
i r SCU (Master) |- 3
I I | U2 SUN IR . E-1l Al ] Swna | SUw 14
11 I
i Cartridge DC Cartridge DC I Cartridge DC CartridgedC ||| Cartridge DC
11 voltage: 43.2V | voltage: 43.2v 1 voltage: 44.4V voltage: 44.4v ||} voltage: 44.4v
W (Ni-MH) | (NiMH) i (Li-ion) (Li-ion) (Li-ion)
LAN o
lES==c====== Law | . it |
My e ————— =l
AN

Fig. S2.1 System Configuration Diagram of Demonstration Facility




In the demonstration test, in addition to the filter design and evaluation of RI and AC sweep when
system interconnection is assumed, the following was conducted: PCS reaction tests to confirm the
basic characteristics of the storage system, charge and discharge tests and short-period reaction tests
at a constant output and in a constant duration to confirm the conformance to requirements of the
demand and supply adjustment market and the capacity market of the power system, and

consideration on incorporating RI and AC sweep.

(1) AC sweep, LCL filter design

The circuit structure of the AC sweep device is shown in Fig. S2.2. A simulation was conducted for
the single-unit operation at 100% rated and the parallel operation of 20 units and 40 units, and no
problems were observed in the waveform characteristics. Filter evaluation items, evaluation policies,

and evaluation results for test conditions are shown in Table S2.2 and Table S2.3.

— — — —

lsufs Lfu Ifu—s Lou

lsvl, Lfv Ifv— Lov |

IswL Lfw Ifw— Low 200Vrms, 60Hz
|@ Vqu{vjvﬁv
: LEIT

Vsuo

Vsvo

L

Fig. S2.2 Circuit Structure of AC Sweep Device

Table S2.2 Filter Evaluation Items and Evaluation Policy

Evaluation Item Evaluation Policy
Current at the instantaneous voltage drop with remaining
FRT requirements voltage 0% was confirmed: the reference is within the

overcurrent level

Characteristics at 50% rated and 100% rated were confirmed:
Output current THD The reference is within 3% for each evaluation, within 5% for
total (equivalent to JET certification)

Condenser current under the condition of 20 units and 40 units

Number of units in parallel was confirmed: Confirmed the tendency only




Table S2.3 Summary of Evaluation Results for Each Configuration of Evaluation

Configuration of Evaluation

Evaluation Results

Number Output Transient Current C Current:
of units System P Current: Distortion: Only for
in Impedance OV\-Ie-r When 120 A 0I'.|ESS' When within 3% for co_nf_lrmatlon, e
Condition oK : each and within 5% | this is related to the
paral lel for all: OK selection of parts
When 0.1% or
Rated . lower for each and
50% 68.6 A- OK under 1% for all: 1.13 Arms
i 1 i No OK
(single unit) When 0.1% or
Rated . lower for each and
100% 111.0A: OK under 1% for all: 1.13 Arms
OK
When 0.1% or
Rated . lower for each and
50% 62.5A-OK under 1% for all: 1.14 Arms
OK
20 When 0.1% or
Rated . lower for each and
100% 104.3 A: OK under 1% for all: 1.15 Arms
Yes OK
(10 uH) When 0.1% or
Rated . lower for each and
50% 612A: 0K under 1% for all: 1.15 Arms
OK
40 When 0.1% or
Rated . lower for each and
100% 1031 A-OK under 1% for all: 1.17 Arms
OK




(2) RI, Evaluation of LC filter

The circuit structure for RI is shown in Fig. S2.3. As the result of operation tests conducted for
single unit operation and for parallel operation of 20 units and 40 units at 100% rated, the reference
values of FRT requirements were not satisfied under all conditions when the current LC filter was
used, and it was confirmed that measures must be taken, such as setting a larger L value at the
switching circuit side, or setting a smaller C value. Filter evaluation items and evaluation policies, as
well as evaluation results for test conditions are summarized in Tables S2.4 and S2.5.

(AC) Filter
/x' J—e Lfu | .:) Lou
. - -
| tsv— Liv mi Lov

i lswee Lfw Ifw Low
Vifu Vi)

: & [ lﬁ'

\ Cfu Cfv Cfw/

L at the switching circuit side: Lfu, Lfv, Lfw

Filter C (Condenser): Cfu, Cfv, Cfw

* As Lou, Lov, Low of the system side were not specified in the device
1uH was assumed as the wiring parasitic L value

Fig. S2.3 Circuit Structure for RI

Table S2.4 Filter Evaluation Item and Evaluation Policy

270Vrms, 60Hz

Evaluation Item

Evaluation Policy

FRT requirements

Current at the instantaneous voltage drop with remaining
voltage 0% was confirmed: the reference is within the

overcurrent level

Output current THD

Characteristics at 50% rated and 100% rated were confirmed:
The reference is within 3% for each evaluation, within 5% for
total (equivalent to JET certification)

Number of units in parallel

Condenser current under the condition of 20 units and 40 units
was confirmed: Confirmed the tendency only




Table S2.5 Summary of Evaluation Results for RI Filter

Configuration of Evaluation

Evaluation Results

. Current C Current:
Number Outout Transient Distortion
. utpu | on. Only for
of units System P Current: Y
. Power When within 3% for | confirmation, since
in Impedance ... When 250 A or less:
Condition each and within 5% | this is related to the
parallel OK
for all: OK selection of parts
Rated 2.0% for second,
2514 A: X Not open
1 50% 2.0% for all: OK
No
(single unit) Rated 2.0% for second,
329.7 A: X Not open
100% 2.0% for all: OK
Rated 2.3% for second,
285.1 A: X Not open
50% 2.3% for all: OK
20
Rated 2.4% for second,
3624 A: X Not open
Yes 100% 2.4% for all: OK
(10 uH) Rated 2.9% for second,
2549 A: X Not open
50% 2.9% for all: OK
40
Rated 3.1% for second,
3329 A: X Not open

100%

3.1% forall: X




(3) PCS Reaction Test

As the result of measuring the time from when a command value was output to when it arrived,
using 6 patterns of (1) Stop -> Charge, (2) Charge -> Stop, (3) Stop -> Discharge, (4) Discharge ->
Stop, (5) Charge -> Discharge, and (6) Discharge -> Charge, operations at a short-period reaction

speed of less than 0.2 seconds were confirmed for all measurements. Method of testing is shown in
Fig. S2.4.

[BI=[1]+[2] [BI=[1]+[2] [BI=[1]+[2]
<> < s <>

[1]12] [112] [1]12]

~

\

Output (kW)

Command Command

V

Time (S)
Fig. S2.4 Waveform Image of PCS Reaction Test



(4) Charge and Discharge tests at a constant output and in a constant duration
To confirm the conformance to requirements, which is requested at the demand and supply
adjustment market and the capacity market, tests of repeating charge and discharge at a constant

output and in a constant duration were conducted. Method of testing is shown in Table S2.6 and Fig.
S2.5.

Table S2.6 Charge and Discharge Test at Constant Output and Constant Duration

Condition | Duration [s] Charge [kW] | Discharge [kW]
1) 300 41 39.5
(2) 1800 20 19.8
(3) 10800 17.5 17.3
4) 39600 7 6
(5) 57600 5 4.3
A Duration t
<>

* The graph shows the positive
side or the discharge operation
39.5 :

Output (kW)
o

41 [
Time (S)
Table S2.5 Waveform Image of Charge and Discharge Test at Constant Output and Constant
Duration

Test results are shown in Figures S2.6 to S2.10. Although a deviation in SOC of about 4% to 12%
was produced at the charge side, it was confirmed that charge and discharge were operable under all
test conditions of (1) to (5).

As seen in the test conditions (3) to (5), when output power can be handled only with LiB, the
command value of RI becomes 0 kW. However, since charge and discharge operations were
repeated due to the control of holding 50% of SOC for the Ni-MH battery, operability should be

improved in the future, for example, by setting a command of holding 0 kW when the Ni-MH
battery is not used.
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[1] Constant output 17.5 kW x 10,800s x 1 cycle, Electric power waveform
Charge: 17.5 kW, Discharge: 17.3 kW

(kw)
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Ave.:24.64kW

/ Ave.:16.24KwW

Ave.:16.71kW

(sec)

Ave.:-0.04kW
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-20

Ave.:-16.92kW

Ave.:-19.34kW ™\ Ave.:-17.61kW
-30

- System output — AC sweep_effective ~ RI_effective ~|ndicated value for - EMS measurement_electric
power power power effective power power
Fig. S2.8 Test Condition (3) Measurement Waveform (Output power, SOC)
[1] Constant output 7 kW x 39,600s x 1 cycle Electric power waveform

(kw) Charge: 7 kW, Discharge: 6 kW

15

-20
-500 9500 19500 29500 39500 49500 59500 69500 79500
. . EMS ) (sec)
~— System output ~ AC sweep_effective ~— RI_effective = measurement_electric — Indicated value for
power power power power - effective power

Fig. S2.9 Test Condition (4) Measurement Waveform (Output power, SOC)



[1] Constant output 5 kW x 57,600s x 1 cycle, Electric power waveform

(kw) Charge: 5 kW, Discharge: 4.3 kW

10

-15

———System output ~—— AC sweep_effective ~—— RI_effective ~ Indicated value for —— EMS measurement_electric
power power power effective power power

Fig. S2.10 Test Condition (5) Measurement Waveform (Output power, SOC)



(5) Short-period Reaction Test

To confirm the conformance to requirements, which is requested at the demand and supply
adjustment market and the capacity market, tests of repeating charge and discharge in a short period
(2 seconds) were conducted. Method of testing is shown in Table S2.7 and Fig. S2.11.

Table S2.7 Short-period Reaction Test

Condition | Duration [s] Charge [kW] | Discharge [kW]
(1) 300 50 48
(2) 1800 38 36.7
(3) 39600 13 11.2
AN Duration t * The graph shows the positive side
> or the discharge operation
48
i ______________________
= 0 y
>
=3
S
O _____
-50
Time (s) -

Fig. S2.11 Waveform Image of Short-period Reaction Test

Test results are shown in Figures S2.12 to S2.14. Although a deviation in SOC of about 5% was
produced at the charge side, it was confirmed that charge and discharge operations in a short period
were repeatable under all test conditions of (1) to (3).

As seen in the test condition (3), when output power can be handled only with LiB, the command
value of RI becomes 0 kW. However, since charge and discharge operations were repeated due to
the control of holding 50% of SOC for the Ni-MH battery, operability should be improved in the
future, for example, by setting a command of holding 0 KW when the Ni-MH battery is not used.
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[1] Short-period 38 kW x 1,800s x 5 cycles, Electric power waveform
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Fig. S2.13 Test Condition (2) Measurement Waveform (Output power, SOC)



[1] Short-period 13 kW x 39,600s x 1 cycle, Electric power waveform

(kW) Charge: 13 kW, Discharge: 11.2 kW (kw)
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Fig. S2.14 Test Condition (3) Measurement Waveform (Output power, SOC)



(6) Major functional requirements necessary for system interconnection

To connect the reused battery system incorporating RI and AC sweep to the Japanese power systems,
functions that meet the system interconnection provisions (JEAC9701) must be implemented in RI
and AC sweep. Major functional requirements and the matters that must be reflected into the
equipment are shown in Table S2.8.

Table S2.8 Major Functional Requirements Necessa

Requirements

Condition

for System Interconnection

1 | Power
factor

Leading power factor shall not be
produced when power factor is equal
to or greater than 95%

Rated output
100%,50%

Matters to be Reflected into Next Year’s Equipment

Can be handled by the current equipment

2 | Harmonics

[1] Overall distortion factor: less than
5%
[2] 2nd to 40th harmonics: less than
3%

Rated output
100%,50%

An optimum filter against harmonics will be installed
(Filter design for AC sweep was implemented this
year)

3 | Protective

A protective device with elements

A protective relay will be installed for system

deviating from the proper value

coordinati | such as OVR/UVR/OFR/UFR/OVGR interconnection
on shall be installed
4 | Single A function of passively/actively The passive detection function that implements this
operation | detecting single operations to the function (active detection) will be handled by the
prevention | system, and stopping output protective relay for system interconnection
function
5 |FRT Operation continuation function in Rated output | This function will be implemented
function case of an accident 100%
(Fault Ride Through function) (Can be
discussed)
6 | System Voltage at the power receiving point Can be handled by the current equipment
voltage shall be monitored, and voltage shall
holding be automatically regulated when




3. Environmental Improvement Effect and CO2 Emissions Reduction Effect
Fig. S3.1 shows the major processes of the new battery manufacturing, that is the baseline, and
reusing collected batteries, that is the reuse project proposed this time.

Baseline
(Manufacturing of new
batteries, etc.)

I Mining of
\ materials !

This project
(Reuse of collected

batteries, etc.
P - : .-----U-——d—f————)——- No reuse
i Smelting, etc. ! | sedior [
i ! | on-vehicle !

Collection of
batteries, etc.

Manufacturing of
batteries, etc.

"

Transportation

.

Screening

Reassembly

'

Transportation Transportation

LR

Fig. S3.1 Processes of Manufacturing New Batteries and Reuse Business

(1) Environmental improvement effect

Although it is not to be analyzed in this demonstration project, reuse of on-vehicle batteries is

expected to reduce resources and energies required for manufacturing new batteries, etc. in the

baseline.



(2) CO2 emissions reduction effect

To evaluate the environmental improvement effect, a storage system of 10 MW and 10 MWh was
assumed for system interconnection, and also assumed to be operated for 10 years.

As the result of calculating the amount of CO2 emissions in the baseline, the amount of CO2
emissions has turned out to be 3,513.0 t. On the other hand, the calculation of the amount of CO2
emissions in this project has turned out to be 454.8 t of CO2 emissions, and superiority to the

baseline was confirmed.



4. Efforts to improve economic efficiency
(1) Potential economic improvement

Through this demonstration project, technological issues have been addressed as
confirmation was made about the usefulness of the reuse power storage system in the electric power
system, and control technology for batteries with different degradation conditions has been
established.

A typical power storage system consists mainly of new batteries, PCS, BMS, housing, etc.
Since the housing, etc., will be the same regardless of reuse or not, the reuse storage system needs to
have price competitiveness against the remaining portion of new batteries, BMS, and PCS.

Price competitiveness against new batteries will be attained by reusing batteries from
vehicles. In addition, as for the BMS, since the BMS of the vehicle-mounted batteries can also be
used here, price competitiveness will be attained. On the other hand, with regard to the PCS, the
same level of existing PCS is thought to be attainable when the Sweep function developed in this
project is used and in-vehicle inverters whose function has been verified are used. Fig. S4.1 shows
the construction cost of new battery storage system and reuse battery storage system.

For commercialization, it is necessary to secure price competitiveness against new battery
power storage systems by further optimizing facility designs, including cost reductions, etc.

New battery power Reuse battery power
storage system storage system
Housing, etc. | ~~. _

~. ~~. Operating cost
PCS ™~ Housing, etc.
Inverter in a
vehicle
.
BMS S or
. =1 AC sweep
Teal BMS
New battery
Reuse battery

Fig. S4.1 Construction cost of new battery storage system and reuse battery storage system (image)

(2) Business potential

Since it has been confirmed that the system can meet the requirements of the
supply-demand adjustment market and the capacity market, and can be beneficial to solve grid issues
that may arise as introduction of renewable energy expands going forward, the business has the
potential to expand by redeploying used batteries, which are expected to emerge in a large quantity
on and after FY 2025, to the reuse power storage system and by using the system in the
supply-demand adjustment market and the capacity market.

In addition, as it is possible to configure the system with various deterioration levels and
different types of batteries, the system can take into account available volume and types of used
batteries in the future and can be configured to meet the requirements of business owners and their
situations at the time. Location and use case of the stationary power storage system are shown in Fig.
S4.2.
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Fig. S4.2 Location and use case of the stationary power storage system

Source: Joint Meeting Material 2 of Subcommittee on Energy Conservation and New Energy,
Subcommittee on Electricity and Gas, Subcommittee on Mass Introduction of Renewable
Energy and Next Generation Power Network (Part 24) Subcommittee on Basic Policy,
Subcommittee on Reform of the System for Mainstay Renewable Energy Sources (Part 12);
Advisory Committee for Energy

(3) Future prospects for commercialization

On the other hand, in order to commercialize reuse on a large scale, it is necessary to establish a
system to recover a large number of batteries. In recent years, in the automobile industry, studies
toward development of a recovery system for automotive batteries are gaining traction, such as the
establishment of a joint recovery network for lithium-ion batteries by automobile manufacturers and,
in the future, recovery of automotive batteries will become a matter of surety and domestic recycling
will be accelerated. The current recycling system flow for end-of-life vehicles is shown in Fig. S4.3.

In light of these changes in the environment, we aim for early commercialization of the system
by pushing the study together with automobile manufacturers and other suppliers toward the
establishment of an ecosystem that reuses batteries on a large scale.
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