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Abstract

1 Introduction

Electrified vehicles, such as electric vehicles, have become commonplace in recent times, and it is
expected that many used batteries will be generated going forward. Figure S 1.1 shows estimates of
the number of used batteries expected to be generated.

Current technologies for secondary use of in-vehicle batteries is small-scale and limited in terms of
battery types and remaining capacities, and most batteries are exported on board used vehicles with
just a small number of batteries being collected as used batteries in Japan. Figures S 1.2 and S 1.3
show the number of used vehicles exported and the number of used batteries collected, respectively.

Furthermore, the main recycling technology that has been used for convenience is to collect
materials from residues and slag after incineration. As a result, the purity and recovery rate of collected
materials containing valuable metals is low, and the CO2 emitted from the incineration process remains
an issue to be tackled.

This demonstration project will develop the following technologies with the aim of expanding the
secondary use of used batteries by enhancing their safety, reliability and price competitiveness as well
as by greatly reducing CO2 emissions throughout their lifecycle.

- Technology for optimizing power storage systems suitable for power systems

- Safe and stable control technology utilizing a variety of in-vehicle batteries

- Online remaining life diagnostic technology

Next-Generation Vehicle
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Figure S 1.1  Forecast about the penetration of next-generation vehicles/Estimated number of end-

of-life vehicles (ELVs)

Source: Japan Automobile Manufacturers Association, Attachment 6-2 for the 2019 Industrial
Structure Council and Central Environment Council Joint Meeting
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Figure S 1.2 Number of used vehicles exported (hybrid, plug-in hybrid, electric vehicles)
Source: Ministry of Finance Trade Statistics

Li-ion battery Nickel hydrogen battery
Isuzu Motors Ltd. Kawasaki Motors Corporation SUBARU Corporation
Suzuki Motor SUBARU Corporation Daihatsu Motor Co., Ltd.
Corporation
Daihatsu Motor Co., Toyota Motor Corporation Toyota Motor Corporation
Ltd.
Manufacturers Nissan Motor Co., Ltd. Hino Motors Ltd. Hino Motors Ltd.
Honda Motor Co., Ltd. Mazda Motor Corporation Honda Motor Co., Ltd.
Mitsubishi Motors Mitsubishi Fuso Truck and Bus Mazda Motor Corporation
Corporation Corporation
Yamaha Motor Co., Ltd.  UD Trucks, Corp. Mitsubishi Motors Corporation
FY 2021: 5,059 units FY 2021: 5,799 units
Number of
units FY 2020: 3,648 units FY 2020: 6,251 units
collected FY 2019: 3,014 units FY 2019: 6,694 units
(Note) Total number of units FY 2018: 2,364 units FY 2018: 7,214 units
collected from ELYs ofal FY 2017: 943 units FY 2017: 6,140 units

Figure S 1.3 Number of used batteries collected
Source: Japan Automobile Manufacturers Association, Attachment 6 for the 57th Industrial Structure
Council and Central Environment Council Joint Meeting



2 Implementation of a reused power storage system demonstration test
(1) Configuration of demonstration test system

Figure S 2.1 shows the configuration of this demonstration test system and Table S.2.2 shows the
roles of the main devices.

30 Ni-MH battery cartridges (6 modules in series: 43.2 V) in series is called a DC string, and 1
string was installed. A reused inverter (hereinafter referred to as “RI”) from a hybrid vehicle was
connected to the DC string line instead of a power conditioning system (PCS: a system that converts
direct current to alternating current) to function as a bi-directional AC-DC converter.

In addition, 3 strings of 22 LiB cartridges (12 cells in series: 44.4 /) connected in series were
prepared. Each string was connected in the shape of a star so that it generated sine waves, and the
strings were installed as an AC string that controls sine waves to simulate the U, V and W phases of
alternating current. This power storage system is capable of inputting and outputting alternating
current directly from the battery strings so does not require a PCS. (Hereinafter referred to as "AC
sweep")
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Figure S 2.1 Configuration of demonstration test system



Table S2.2  Roles of devices

Device name Role
Supplies power to the power storage system when testing is performed on a single
Generator ; .
system isolated from the on-site power supply system
Resistor Consumes the energy released from the power storage system when testing is
performed on a single system isolated from the on-site power supply system
Data server Collects various test data from the GCU

Interconnection protection
control board

Measures values at the interconnection point from the interconnection circuit breaker
board through the voltage transformer (VT) and current transformer (CT) secondary
circuits of 6.6 kV system, and is equipped with an interconnection protection relay.
\When the interconnection protection relay is activated, it sends a command to “close”
the breaker to the interconnection circuit breaker board.

In addition to the above functions, the interconnection protection control board contains
the PMU (operation screen and PLC), which is described later.

Power Management Unit
(PMU)

Consists of an operation screen and a controller (PLC).

Starts and stops the system through bi-directional communication with the GCU,;
sequentially sends charge/discharge command values based on the test condition
pattern; sequentially receives system status, system values, and status of each string.
The system can be started or stopped from the operation screen, and on the screen, the
control status and measurement data from the GCU are displayed and test patterns can
be set.

Group Control Unit (GCU)

Functions as follows through bi-directional communication between the host system
(data server, PMU) and the subordinate system:

- Sends the overall group status to the PMU and the data server

- Sends commands from the PMU to each SCU and the RI

- Collects detailed information on cartridges/strings and power information

String Control Unit integrate
(SCU-1)

Functions as follows through bi-directional communication with the GCU.

- Sends connect/disconnect signals to SU-Ps so that the required power may be
achieved in response to the command from the GCU.

- Determines the SU-Ps to cut in according to the cartridge information (battery status)
from the CMU
Provides integrated information on the status of the SU-Ps under the SCU-i to the
GCU
Functions as follows through bi-directional communication with the SCU-i

- Connects/disconnects cartridges in response to connect/disconnect signals from the
SCU-i

- Monitors cartridge information (battery status)

- Provide cartridge information (battery status) to the SCU-i

String Unit Power
(SU-P)

Connects/disconnects cartridges in response to connect/disconnect signals from the
SCU-i

Cartridge Monitoring Unit
(CMU)

Measures cartridge information (cell voltage, temperature)

Reused Inverter

(R1)

An inverter from a hybrid vehicle reused as an alternative to a PCS in a DC string. A bi-
directional AC/DC converter that converts grid 270 V AC to 650 V DC, which is the
battery voltage

LCL Filter BOX
(LCL)

Filter that combines a reactor and capacitor
Smooths the waveform of AC sweeps (reducing ripples and harmonics)




(2) Constant output/constant time charge-discharge test

The batteries were charged and discharged repeatedly at a constant output and time, and changes in
the basic performance (power, SOC, temperature) of the entire system were measured. In addition,
changes in the battery capacity after repeated charge-discharge operations were checked to see how
long the charge-discharge operation could be repeated. Table S. 2.3 and Figure S. 2.4 show the testing
method.

Table S 2.3 Constant output/constant time charge-discharge test conditions

Item Charging Discharging Time duration
power (kW) | power (kW)
Test condition (i) 349.5 345 t = 300 sec (5 min) x 18 cycles
Test condition (ii) 150 135 t = 1800 sec (30 min) x 5 cycles
Test condition (iii) 60 52 t = 10,800 sec (3 hr) x 1 cycle
Test condition (iv) 26 22 t = 39,600 sec (11 hr) x 1 cycle
Test condition (V) 22.5 22 t = 57,600 sec (16 hr) x 1 cycle

*1 cycle: 1 cycle from charge to discharge

A Time duration t o
*The positive side of the graph
- » shows the discharge operation.
VL3 N— st o
— Test condition (i)
. LSt condition (ii)
S — Test condition (iii)
q;_, D T YT T e 1 €5t CONAition (IV)
2 Test condition (v)
-3495 - — S—
>
Time (s)

Figure S 2.4 Waveform image of the constant output/constant time charge-discharge test

In all five patterns of the constant output/constant time charge-discharge test, charge and discharge
operations were secured for a specified duration of time under the set test conditions. Figure S 2.5
and Figure S 2.6 show the test result under condition (i). Figure S 2.7 and Figure S 2.8 show the test
result under condition (V).

Under test condition (i), an event occurred where the output of the Rl is restricted due to the SOC
regulation. To make better use of the RI, the charge-discharge output should be set to a level that
does not conflict with the upper and lower SOC limits based on the charge-discharge cycle time.

However, in the test under condition (v), when the charge-discharge time lasts for a long time, the
Rl is placed in a standby state to give priority to maintaining SOC at 50%, and only AC sweeps are

in operation. As a result, the cooperative operation of the Rl and AC sweeps is achieved.



In practical operation, the output of AC sweeps and the RI should be controlled to an optimal

value while monitoring the SOC, temperature and other statuses of the strings.

Constant output test (300 sec, 18 cycles) Output
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300 o e e s o v v o ) o A
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*Set power Charge 349.5 kW, Discharge 345 kW
Figure S 2.5 Result of constant output test (300 sec x 18 cycles) (Output)
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Figure S2.6  Results of constant output test (300 sec x 18 cycles) (Enlarged view of Figure S 2.5)
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Figure S2.7  Result of constant output test (57,600 sec x 1 cycle) (Output)
Constant output test (57,600 sec x 1 cycle) SOC
| A
0 240 480 720 960 1200 1440 1680
Time (min)
— AC Sweep SOC (%) = RI SOC(%)
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(3) Short-cycle fluctuation test

Charge < Stop and Discharge < Stop were repeated in short cycles to measure changes in the
basic performance (power, SOC) of the entire system. In addition, changes in the battery capacity
after repeated charge-discharge operations were checked to see for how long the charge-discharge

operation could be repeated. Cycles of charge, discharge and stop mode were set with an interval of
2 second. Table S. 2.9 and Figure S. 2.10 show the testing method.

Table S 2.9  Short-cycle fluctuation test

Item Charging | Discharging Time duration
power (kW) | power (KW)
Test condition (i) 344 340 t = 300 sec (5 min) x 18 cycles
Test condition (ii) 272 270 t = 1800 sec (30 min) x 5 cycles
Test condition (iii) 54 52.5 t = 39,600 sec (11 hr) x 1 cycle

*1 cycle: 1 cycle from charge to discharge

A Time duration t *The positive side of the graph

—> shows the discharge operation.

Test condition (i)

Test condition (ii)

L/ AAl. Test condition (iii)

Power (kW)

v

Time (S)

Figure S2.10 Waveform image of the short-cycle fluctuation test

In all three patterns of the short-cycle fluctuation test, the system was able to follow 2-
second cycle fluctuations under the set test conditions, and charge and discharge operations
were secured for the specified duration of time. Figure S 2.11 shows the results of the test

under condition (i) and Figure S 2.12 shows the results under condition (iii).
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Figure S2.11  Result of short-cycle fluctuation test (300 sec x 18 cycles) (Output)

Short-cycle fluctuation test (39,600 sec x 1 cycle) Output

0 120

Figure S 2.12

240 360 480 600 720 840 960 1080 1200 1320
Time (min)
— Total output (kW) — AC sweep output (kW) == RI output (kW)

*Set power Charge 54 kW, Discharge 52.5 kW
Result of short-cycle fluctuation test (39,600 sec x 1 cycle) (Output)



(4) Mixed battery operation test

Figure S 2.13 shows an overview of the connection of different types of batteries (Pb batteries and
LiB made by another company). Of all 30 cartridges in the Rl DC sweep, 1 cartridge was connected
to batteries of different types and charge and discharge operations were performed at 10 kW. For
comparison, a pattern where all cartridges were connected to Ni-MH batteries was performed as well.

DC sweep
I @ Connect to the RI
e —
T™MC Control it
NiMH battery No.1 circuit @
T™MC Control String voltage/current i
NiMH battery No.2 circuit
—j Volta i
ge/current of cartridges
. T™MC _d:\)_ antl‘fﬂ for NiMH batteries .
NiMH battery No.29 circuit manufactured by TMC Oscilloscope
(—-.-u TRTTRTRT
.{-,.... wan e
O
Battery made by Control Voltage/current of
another company [ circuit cartridge for the battery
of another company

Figure S 2.13  Overview of connection of a battery made by another company

In this test, part of the conventional DC string using Ni-MH batteries was replaced with Pb batteries
and LiB to compose a string, and power was supplied to and released from the system using a reused
inverter.

As a result, charge-discharge operations were carried out without any problems on the string with

mixed batteries.



3 Study on technology to ascertain remaining life of lithium-ion batteries

(1) Background

This chapter summarizes the results of research on a new technology for detecting the presence or
absence of Li deposition. The Magnified Metal Object Response Inspecting Sensor (MaMoRiS),
which is the technology under study, has been reported as a method that can be implemented in systems
and easily detect Li deposition compared with other methods that have been proposed as technologies
for detecting Li deposition, such as appearance deposition inspection accompanied by destruction and

analytical deposition inspection using high energy rays.

(2) Study method

Figure S 3.1 provides a technical overview of MaMoRiS. This is an impedance measurement
technique that focuses on the characteristic point where the reaction of the electronic current, which
is hidden behind the ionic charge-discharge currents flowing in the normal charge-discharge behavior,
shows a direct and high response to the amount of Li deposition generated inside. A major feature of
this method is that the measurement frequency is in a higher frequency band compared with impedance
measurement (conventional EIS method). With the higher frequency, this method has the effect of
filtering out the changes in the behavior of ionic currents captured by the conventional EIS method,
making it possible to magnify and detect the response of only the electron current to changes in the

amount of internal metals among various changes in battery behavior due to degradation.
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Figure S3.1 Overview of the Li deposition detection technology (MaMoRiS) using high
frequency to be studied



(3) Testing method

Figure S 3.2 shows the flow for evaluating the application of this technology, and Table S 3.3 lists
the battery cells and tests. In this test, in accordance with the flow shown in Figure S 3.2, the following
three tests were conducted: (1) accelerated degradation test (with and without Li deposition) for
identifying the high-sensitivity frequency band, (2) accelerated test with deposition with the MaMoRiS
circuit incorporated to make sure that the reaction of the MaMoRiS circuit to the deposition can be
obtained online, and (3) disassembly to check the deposition status.

]See Determining Accelerated Test Charging Rate (b) and (c).

Measure pre-test

capacity
Cycle accelerated Charge
degradation Wide and high frequency
g l characteristics E 5061 B,
Pattern A (Ba, Bb) network analyzer
Pattern B (Bx, By) Discharge

Measure post-test
capacity

Check circuit frequency %::) Test result 1-1

I

Tune circuit frequency/ Implementation |:|‘:> Test result 2-1

Measure pre-test
_ capacity
gl .
Cycle Rapid charging Monitor
accelerated changes in
degradation l the output of
pattern A - MaMoRiS
(Bc, Bd, Be) Discharge ¢ circuit due to
deposition

Measure post-test
D E— -
capacity

A4

Data analysis/disassembly check H,:") Test results 2-2, 3-1, 3-2

Figure S 3.2 Flow of test implementation

Table S 3.3  List of battery cells and tests

Internal control - Deterioration Number of - Disassembly

Battery No. No. Application pattern cycles Application check

Ba 1 Apcelerate(_i _degradatlon A 40 Search fc_>r Implement
with deposition frequencies

Bb 2 Apcelerate(_i _degradatlon A 40 Search fc_>r
with deposition frequencies

Bc 3 A_ccelerate(_j _degradatlon A 100 Circuit evaluation | Implement
with deposition

Bd 5 A_ccelerateq _degradatlon A 100 Circuit evaluation
with deposition

Be 8 Apcelerateq _degradanon A 20 Circuit evaluation
with deposition
Accelerated degradation For checking

Bx 4 without deposition B 21 normal degradation Implement

B 6 Accelerated degradation B 38 For checking

Y without deposition normal degradation




(4) Test results

Figure S 3.4 shows a typical example of the results of searching for high-sensitivity frequency bands
using a measuring instrument. This measurement focuses only on real part impedance. Figure S 3.4
(1) shows an example of the measured results of real part impedance before and after degradation,
revealing that deposition occurred as the degradation progressed compared with the battery Bx tested
through degradation without deposition. It also shows that the resistance of battery Ba dropped at
around 1 MHz. Based on the results of this test, the measurement frequency of the MaMOoRiS circuit
was set at 1 MHz, and changes in the output of the MaMoRiS circuit during the degradation process
were measured with batteries Be and Bd, and the changes were obtained as values in correlation with
the deposition amount. Figure S 3.4 (2) shows the measured real part impedance of all batteries used
in this evaluation. The batteries tested through degradation with deposition (Ba, Bb, Bc, Bd, Be)
experienced a significant drop in high-frequency resistance, while those tested through degradation

without deposition (By, Bz) had little change in resistance.
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Figure S 3.4  Search for sensitive frequency bands using a measuring instrument



As the results of the disassembly analysis performed to check the battery condition after degradation,

Figure S 3.5 shows photographs of the anode surfaces of the batteries, and Table S 3.6 summarizes the

component analysis results at the representative parts on the anode ends of the degraded batteries.

Compared to battery Bx, in which Li deposition did not occur, the ends of batteries Ba and Bec, in

which deposition occurred, are lustrous. Furthermore, the surface of battery Bc, which experienced a

larger amount of Li deposition, appears more lustrous.
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Degradation # o A E

without Without

deposition deposition =
b

(Battery Bx) .

S [X= e

Figure S 3.5 Photographs of anode surfaces after disassembly following acceleration tests

Table S 3.6 Summary of the results of component analysis at the representative parts on the anode

ends of batteries after degradation

Specimen Li/% (mass fraction) Metallic Li/% | Li content in the anode/% |Li content in electrolyte/%
Ba égg?a’ggggﬁ”a‘r’n"gzn‘iefif,}:)"’" 10 37.1 62.9 Not detected
Be égg?a'ggggﬁ”a‘r’n"gzn‘iefgﬁz)'on 13 73.6 26.4 Not detected
Bx ((fjee%rre;%e:;tiic:; \;Vr']gzmtt %egg/): )' tion, 0.98 Not detected 100 Not detected

(5) Summary

In this evaluation, the basic performance of MaMoRiS, a technology for diagnosing the soundness of

LiB cells, which are a potential battery to be implemented in large-capacity power storage systems,

was assessed in view of long-term use, and was verified through cell assessment as being capable of

monitoring the Li deposition that causes a degradation in the soundness. When this method is

combined with sweep control, it is considered that the long-term use of batteries that takes into

account both degradation in the capacity of batteries and the soundness of the inside condition can be

achieved.




4 Environmental benefits and effect in reducing CO2 emissions

Figure S 4.1 shows the flow of the main steps for manufacturing new batteries, etc., which is the
baseline, and the steps for reusing collected batteries, which is the reuse project this time.

Baseline
(Manufacture of new
batteries, etc.)

'_____4;%___, This project

I i (Reuse of collected
TIIEESTTT) _batteries etc)
) b :
| O e | L e ot o i ]
. S

1 1 Reuse

- e ey - o o e D e e e

Manufacturing Collecting of
of batteries, etc. batteries, etc.

Transport

Wi

a

Figure S4.1 Steps in the manufacturing of new batteries and the reuse business

(1) Environmental benefits

Although out of the scope of the evaluation in this demonstration project, the reuse of in-vehicle
batteries is expected to reduce the resources and energy required to manufacture new batteries, etc. in
the baseline.

(2) Effect of reducing CO2 emissions

To evaluate the effect of reducing CO2 emissions, the baseline was set to the period from the
manufacturing of new batteries to the end of the 10 years where new power storage systems are used
in the electricity storage business, while the case of this project was set to the period from the collection
of in-vehicle used batteries to the end of the 10 years where the reused power storage system is used
in the electricity storage business. According to the result, the baseline is estimated to emit 10,821.6
t-CO2/10 years. However, the estimated CO2 emissions from the period from the collection of
batteries, transport, and use in the battery business in the case of this project is 1,391.3 t-C0O2/10 years,
which verifies that the case of this project is superior to the baseline.



5 Revitalization and exit strategies for the metal recycling business
(1) Study to achieve the most cost effective power storage system by combining power batteries and

energy batteries

In-vehicle batteries are roughly categorized into two types: power batteries with a large output [kW]
(Ni-MH batteries, described as Ni in figures and tables) and energy batteries with a large capacity
[kWh] (LiB, described as Li in figures and tables). By combining these two types of batteries in a
flexible manner, the required characteristics can be achieved with a minimum number of batteries,
which is expected to reduce costs.

Based on the specifications of Ni-MH batteries and LiB, the number of cells required to construct
a power storage system satisfying 10 MW/30 MWh was compared for the following three cases: (1)
Ni-MH batteries only, (2) LiB only, (3) combination of Ni-MH batteries and LiB. Table S 5.1 shows

the result.

Table S 5.1 Required number of cells and capacity of a power storage system for each case

(kW/kWh)
Number of Ni|Number of Li|Total number
Case kW kWh
cells cells of cells
(1) Nionly 270,000 0 270,000 75,000 30,000
(2) Lionly 0 283,363 283,363 10,000 35,779
(3) Ni+Li 6,546 231,840 238,386 10,000 30,000

In case (1), since an Ni-MH battery is a power type, if a power storage system is constructed with
the number of cells that satisfies 30 MWh (270,000 cells), it will lead to an excessive amount of output
of 75 MW. In case (2), since LiB is an energy type, if a power storage system is constructed with the
number of cells that satisfies 10 MW (283,000 cells), it will lead to an excessive amount of capacity
of 35.8 MWh. However, in case (3), if Ni-MH batteries and LiB are optimally combined, a power
storage system satisfying 10 MW/30 MWh can be constructed with a total of 238,000 cells.

(2) Future plan toward commercialization
Figure S 5.2 shows the concept of the intended reuse and recycling business The following four

points will be considered toward commercialization.

(a) Establishing the operation of power storage systems made up of reusable batteries

Technological verification of large-scale power storage systems to be connected to extra-high
voltage will be carried out (it is necessary to figure out measures to suppress harmonics in connecting
to extra-high voltage) with the aim of constructing and putting into operation 100 MWh class reused

power storage systems.



(b) Constructing a platform and establishing a traceability management method

In addition to optimizing the operation of the power generation plan and the battery replacement
plan using operation data, it is necessary to add value to the effect of reducing CO2 emissions and to
establish circular economy. For that purpose, studies will be carried out regarding the accumulation
and utilization of data to be obtained through the reuse business. Specific examples of data utilization

will be discussed later.

(c) Optimizing facilities and operations by integrating the sweep circuit and remaining life diagnosis
In order to achieve both safety and cost efficiency with reused power storage systems,
considerations will be made regarding how to optimize facilities and operations, such as by integrating

the sweep circuit and the remaining life diagnostic technology (MaMoRiS) established this time.

(d) Linking PV and DC for charging

Normally, when power is supplied from a PV system to the grid, the direct current needs to be
converted to alternating current by a PCS. However, if the PV power can be supplied to a reused power
storage system by utilizing sweep technology, it may be possible to supply power from the PV system
to the grid without a PCS. In order to reduce costs by suppressing loss in the conversion of renewable
energy from direct current to alternating current, consideration will be given to linking a PV system

and DC for charging.

(b) Constructing a platform and establishing a traceability

management method Market trading
Battery . Market
H . m
manufacturing Vehicle data Reused lino syste forecast data
daa battery data data -
- - - - ~ Existing data Y
N cising e N e = Rouseand s mamp A —
~| 1 platforms -— = o U Remotely monitors the power storage L —
Data linkage P Reused systems Market
Issues charge/discharge orders based
battery data on the market forecasts forecast
data, etc.
Reuse operation data, PV Remot ti
remaining life g emote operation
information, failure commands
information e e Revenue from market
ontroller i
(PMU) transactlons
Manufacturing SO0 :\"1‘ — A
of batteries Used in vehicles Power market
4 ! Integrating the
v I s
: n Reuse | sweepcircuit | () Optimizing facilities and
c i . . .
Rl Sl a”ﬁfgeggﬁ's’;'rng operations by integrating the
Recycling M Li (a) Establishing the operation of power storage systems sweep circuit and remaining
made up of reusable batteries life diagnosis

Figure S 5.2 Image of intended reuse and recycling business
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[ 3.4.2 THIE L7 BIfEZ AR OHET 5 & dMou/dR = -1.08/-0.3mQ & Bifi % 5t
HCx, BT Mow 23 1.0 (K F L7 Sa ek s L TES ENTE 5, X 3.4.4 (b)
134 MaMoRiS [FI#E O FEFFERG O R T 5, B O EHPHIC ﬂLfAMm—m%J‘
®Wﬁﬁg0~%C®m§2m_ﬁLTAMM=5&E®#ﬁﬁﬁzmﬂké$ﬂ%m
50:mu\MwmmsE%%%ﬁ#é*ﬁ%%&@E@%ﬁ#%ibé%ﬁk&D\%%
BAFIC X 2HIE S WRECTod D03, [A CIRE - BEIELMFICIT Hilkkn e 2 OB I\ T
%, ZOEE 72 < MaMoRIS /1D ZEL &% BH T 2 FNR T 5720, AJIE TIEELTIZ
R 7 TR H )28 b B D E AL & S i L 7=,

X 3.4.5 \ZAT N ERER 2 Mk E & 7172 MaMoRiS 8l o &2 k& k9, & 2 Tl
IREF CTHES. 0°C. 3.72V LD IMEEZ YA 2 VT N T v x o7 Uiz, fEiRE
THDHDD, YA 7 VI ﬁm#5ﬁ5®ﬁ&a_ﬁmLtMMMHSE%MﬁﬁFﬂﬁ
WTE D, BMMEEEILH DM, 20 YA 7 VR CREMERA OBIEIC L. #BRi&T
® 100 A 7 )ViZ kwfi%ﬁ%tzéﬁﬁﬁ?ﬁ%ébfwé%ﬁ% I TX %,

7%, ARIOWE T, M 3.4.2 (b) Ta LIZFHNEHT K 2 ki O b & | [X3.4.5
(27”9 MaMoRiS [RIE&IT & 2 T ZALIIE OFE RIE, RIS —BT 52 b D0, 2D bE
DREHEIZZEN D DFEFR & 7p o7z, ZAUZ, X 3.4.2 (b) CHWFHIEMU OFE-E T, JIEH
(2N L7l E#s DX E - Flflh 7 — 7 VO - B L7 EDRBENRNT SX Lo TN
TWDATHDH, ZONTOXEMEIT DX, LV REOE S - ITEBREE % HlH 2 Hik
LD, K 3.4.4 (@Q)DEEIC I (1T 72 LK T £ TH Z & 7 EIRZEAL %2 B 40E
LT DR AREZR A AR — R D I5 3, B 7D kg BE 7 flt R iy oD S (2 1% 1 C
XHLEZOND, Lo T, AEDK 3.4.2 DFEFIT, < £ TEBEEHIR DR E Bk &
L CHRIAT 2F04FF LS, BT 2K - 041 £ 5 Li @@ H SRS, ‘m%M’
X HBBRAERBROM R E0D, BIEEZHRET 2008 X0 ENCEMOREMERR &

TR FEC D EEZ BN,
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4 3.4.6 IZ. S S ET-EHMOIREBZ R T 2 2 DRGSR E LT, ET L4 %EH
DEMKRETEB IO F U LASRBOREOMGHHTHERE £ LT, X 3.4.6(@)DFEA-
1] FE[C-1]. FEX1IRAEREOEMER GFEDOREZ R LI FEETH D, Li @R g

OFEM Bx (Zxf L, #rtid v oFE# Ba & FEil Be (TS AE LR EN L 2 TH Y | Lid
@ﬁmaﬂgw%&Bc@ﬁﬂ\%%# IZEDNREG ORI E AR TE D, 2R
BENG . Li @ RAT IR IBE ARG, MR R E N T 25T 2V 2 & bR
TE 5, ZhUE, EME OXRZERFRER, MREORITIC L 58 L A b, REICE
WTh, — %I LiBREATH LT WML E Wb DL Ll &RSTHAA T TS L5 %
%, X 3.4.6(b)D> 5 HE[A-2][A-3]. H-FL[C-2][C-3]. H-FL[X-2]T/~9 SEM Wit ik, Tk
& SRS CIIHTHHOIRBE N A > TN D Z E MR TE 5, BN Ba 35 L OV Be DA
ST, $RIRR ORIk D Li S RATHE ORI LV | AR E DI TV D REEA HERR
Tx 5,

BHEERE A HH B AT R

T
21t
(EE/&BB)

i
%1t
EtBc)
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347 B XU 3.4.212, ICP/AES (Z LV 3T L7zis Li &, 3 L OER NMR OfE R %
R ATEL HTHIERAL 2SI BR AL TN D % X ELEIZ Y 72 o T HY L 7o AR D
Li MENFRI%ETHDLZ L ZAMHEETOMEND D, REEORER, AW eotrth 7o L
BB Ba AR L L TIRWAS R L R o 7228, FD3ET+0.3%FRE TN E > TV 5,
4.10 |\ZRTER NMR OFERTIE, HTHEIZHE > TEJE Li 2779 260ppm L0 & — 27 &
EMREL RS TND I ENERTE D, K44I BLIOGHERLK A F L DO TND,
HAAFERIZFEM Bc &R Li B0 b RKE< o TH Y, &Eith Bx TIE4R Li Mt sh
TR, SEI#-IEE, Li #21% Oppm £ iZ, Wik Li 132K 10ppm 1T, 42 )& Li 13X 260ppm
FTICFRESNTEY, A7 Minb4eJE L & SELEE, & I BEOWE Li 8MFEL
TWDHZ ENHERTE 5,

Xy, BERIB LSS X 548 Li HriioRERE & MaMoRIS 713 H 1 128
EDRNTITFABIA B ¥ . AEATF(MaMORIS)IZ & 2 FERIEMNT IR EN 3 il HETh 5 = & 3R
HR 7=,

{Unsigned

ENA_TLI 313 1 ¥¥133.213. 120. 186¥disk1¥common¥ssNMR narnmr
TENALTLE 314 1 ¥¥133.213.129. 186¥di sk1¥common¥ssNMR  narnmr
—ENA ¥ 9. 186¥di sk ¥common¥s sNUR

i : NMR-1 Ba(fTHH1{6. $16E4.1%)
xRz Be(HriB831b. B16&7.0%)

::E\ELJ [SEN ) =1 [ 4 . NMR-3 ik S o
(260ppmithH) BMBHTEBIL. BILRT.0%)  # urs BxFEFEBIE. LIEE3.2%)

=) — / ¥ i A= YA RRUR
< |
L BhBa(FEBIt. BILEL1%)
M / 510 »10Ca4.17%
BB DL

EhBx | (OppmftiE)

€3 iESN Wi Li

21EE23.2%) (10ppmfthi)

P
‘ 44;0 T 300 a : ztl)o S 100 n ll) ' l-1|oo' o '-2:30 C [p’pm]

%> 7 MM [ppm]

3.4.7 HEAEE 3-2 : K NMR A7 KLk R
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%342 MERRIR3-3: Stk

e
Fel,

£

MR EB DR ST R = & &

Li/% (HEH%

H#ELI/ %

gl ) RO L/ % BRECLE/%
Ba(if &k, H{LE4.1%) 1.0 371 62.9 kg
Be(iH %L, %{LE7.0%) 1.3 73.6 26.4 kg
Bx(FEtTH %1k, %1LE3.2%) 0.98 ES 100 B
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KB TIX, REBEHES AT LOFEENG L2 V155 LB 2ck LT, BHFIAAZ R
8 2 - B OREEVEZKHAN  (MaMoRiS) DAL M 21T\, B0 ERN L 722 Li
GIERITHOHRBNE=F ) o /TEEF 2B LBV THR LT, KAFEEZ AL —F
HilfE & A DEAUE, BHORFES L L NEHREBOREYEDO W 5 4 Z g L 72 Bl R 57
HANREBRTEXHEEZILND,

X 44112, KFEEAL—TEBRVAT LW EEY AT LEZEORKEXNZ R,
I44u)m/z7Aﬁglf%w A2A — 7 EROE MR~ = > FO—EIZ MaMoRiS
BN EIE SN TN D, BVEORENERIEREL D08, AL =TV 2 — LV EEKT 5
B AL OHNG | B IETHEETER @V ATREMEN H 2RE[ENVZB]E - FELTH R,
x%wf@ﬁ@izyb (SU) 1% MaMoRiS 12 b &R L, = D2 L&D FANIRE
L7eBEZ B X 7258120, VAT A OEMENA NA L, BV a2 — VR EDT AT
LORSFEAT 9, 24*7ﬁ@%ﬂmL/ﬁ%%@%VJ“W@mﬁ%E.%Lﬂ@LT%
MOSEMEZREIHE L7z A7 — b (BIE, RE) (2T 2FERTEIUE, MaMoRiS [E1# 7
DA B % EMIZHIET A2 ENARRICR Y | RESFENEEDL LB BN,

w%IZK 4.4 (b)Y AT AOEBUZ AT TR AN LB ETRE 2R3, Y
T =R =7 Y7 =TSN D, "— R =78\ T, REOEM /L
(2 LT, MaMoRIiS Z# /K=t A NI 3T 2 EE A O RENGRE L 72 5, (@ rE2 W B K
EEERBZEE I 2 RO e, BEMICIE~A T T L 7 XA R EO' L T X4
FEATER L, AUER[E AR 00 S m AT 1 2 3B AR IS & ORI O FikD—o & L
THEFOND, V7 MU =728 WL, REOE NG 7 2 7125%tT DR AA R FER T
He X0, BT - ERL T REE B X OND, AT OMRIL. HEABY
TORIESE TITAe < | BHAAHR EORTFIEELZZRT HFICR DD T, FEMOBIET
— X ZEUNCE R BT 2 ENTEAUT, Z< ORWRICFELE /R, A7 —F VT 14 b
HEEVEDENEES AT LOERICERL L EZ NS,
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4 BREWESHRK O CO2 PEHEHNIRZIR

N—=RA T A R DFmEMERIE L 4RO ) 20— 2T H L RIE RSB Ao =
IRTREZX 411077,

N—=AT714>
(FronEiihEFRLE)

. i 5l
R e (EIX @;L#ﬁﬂﬁﬁ)

|| it ER
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i =R
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Az
-

(i)
~

4.1 FrinEMRE L V) 2 — R EFEOL T

4.1 BREXEDR

ARFFEFE TITFHE R RA TlEH D2, HEHBERLDO Y 2— R XY RXR—Z2 T 1 BT
% i A RS 14 A B L N Rm L X — ORISR N RIAE N D,
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42 CO2 PEHEHIFEZNR

CO2 HEH EHIBEN RO HT72 v | HiinEMERIE NS MEEL AT L HEFE
WCTA0FEMFIAT 2 ETER—RT A | BHFHAPHEMERNRH Y 22— REES AT
L EEFRECTI0FEMFIAT O ETESRIFED S —RE L THREL, BHLET—
X 5% 3.1 1RT,

#*421 HEHT—4—%

No. JHH fili ==X v

1 | LiB 835K cO2 PEH e 0.1 t-CO2/kWh

2 | PCS #li&ElE o cO2 HEHIRE 0.001619 |t CO2/kW

3 | BitEREEE ([RINEE) © CO2 PEHfREK 0.000272 | t-CO2/kWh

4 | PCSEfitF D CO2 PEHITREL 0.000105 | t-CO2/kW

5 | PCS D& #ush3# 0.984 -

6 | BRI D CO2 HEHITREL 0.000272 | t-CO2/kWh

7 | A v o= 2 [EINEE D CO2 HEHIREL 0.000006 | t-CO2/kW

8 | Wi AA — 7 DAEHRhR 0.984 -

9 | H#H LB A& 18 kKWh/&

10 | PCS &= 250 KW/ &

11 | Hik A v N— 2 HE 186.5 KW/ &

12 | #&Hh o CO2 PEHIE*? 0.00258 | t/L

13 | #@ik 10t b 7 v 7 PRE 3.12 km/L

14 | HEE T O PEHRECS 0.000489 | t-CO2/kWh
(High)

1 "7V FHEHALBOY~="7727F%x I VHKEEHE
2 HEEHEROPEHSE—EE
3 JERAJNW—7 a—Rl—hrala=r—r a7 w7 2022

ZOMDEMEL LT, FEFEIIBNTL, W7 —A & B2 10MW, 30MWh DFE D %
T LEEGEL . B 80% T 10 M. 1 B 1 RIEELEmT oM EL Lz, Vx—RE
AT AL AR & PR LB L LT D Z & BT R O fE I T REBI 2 10 2 & L7 BRI
W EMOME I TTRESIM 2 4 4 (fEFREL - 2.5) & L7

ERRF D CO2 HEHAREUTHNE ~ T v 7 OBRF:, 1 B CER T %M, PCS, HHi(
N—Z 58 R D LUF O X 9 IR Lz,

(B]) FEHIEMRFO CO2 HEHFRH[t-CO2/KWh]=#iH0> CO2 H & [t/L]=RE [km/L]x i
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KB kM REH ARG B H 12 » OEMEEKWh/B]

Bk N7 71310 hBHETHLIAH o7 47 L, BREII X0 JEIZ08 2R U T
312km/L & L7, 10 b H A BH7- D OFEH, PCS, HEliA >/ \—& O KFEREHITZ
NEN5I B, 116, 281 HE Lz, ks L T4 & E—HUH 350km 2 487E L7,
Bk, Al RITHRMHRESLTTE L COEE L, HUIEIRENZ < 4R b A~ D fEiE D
W) E LT h YR e UCERE Lis, £/, #rin B BLES i) O 52 s & 50T O B
4 [AIAEIC 350km & {iE L7z,

REME, X=X T4 2O TIEA (3.1) Dby 10,821.6 +-CO2/10yr » CO2 HEH
BLD, —J5. AREEIOWTEMEANL - #i - FEFETOM RO CO2 JEtiE%
AE LR, X (B.2) om@bv ., 1,391.3t-CO2/10yr ® CO2 PEHtiE L7, X—RF A
I DA A R LT

<R—ZF A >
Hrin R A RLE R D CO2 HEHY &)
= G ﬂ&u#@ CO2 HEHE[t/kWh] xFE L2 E[kWh]
+PCS fii& R CO2 HEH &([t/kW] x FE#lLH 71 [kW]
+ R HLERF O CO2 HEHH & [t/kW] x B2 & [kWh]
+PCS EffiED CO2 HEH| S[t/KW]x FEHL L J1[kW]
+AZE AT 2|2 X % CO2 HEH &L
=0.1x30,000
+0.001619%10,000
+0.000272x30,000
+0.000105%10,000
+30,000x2x365%10%0.8x%(1-0.909)x0.000489
=10,821.6 X (3.1)

<A REIFE>
[ 7 h 4 FE R RF o> CO2 P &it]
= HEIL > CO2 P B [/kWh] x it 28 B [kWh] x i IEA%R %k
+HA A 2 N—F ELIF D CO2 HEH F[t/kW]xEE L ) [KW]x Al IEAR 2K
+ARE AW A2 XD CO2 HEH &t
=0.000272x30,000%2.5
+0.000006x10,000%2.5
+30,000%2x365x10x0.8%(1-0.984)x0.000489
=1,391.3 X (3.2)
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5 &BYYAI7NETRAEEN - HOBEORR
51 NU—BRRTINX—HEMOMEETI L 2EBY AT MR D RREHFORKR

HHH BT D KW]O K & 7230 —A (Ni-MH &, KEF T Nip £RiD) ERE
[KWh]D K& 2o L —H (LB, XFEH T ML) &£ ckBlEns, ZhbzBlE
ICHLABEDEDLZ LICE D, R/ hOBEMBE CERELZMETE L2 ENDb IR N Y
VRS EEZBND, KETIH, EEIVAT LAZHEMEOEM CHER LSS L. Ni-
MH it L VLB A/ bW =55 0 VA kT 5,

HHHEMEZEEL AT L E LTERICAHATHICHTZY . EFEER X OAFEE O ERE
WCCHERR LT 1 BB oEGE T (KW/KWh) %23 5.1.1 12757,

7 5.1.1 Ni-MH E#hds L O LiB OfEERRE T

%A KW/ L kWh/+ v
Ni 0.278 0.111
Li 0.035 0.126

#5110t H 12, 1IOMW/BOMWh % i /e T D E R AT LDV E L I DL
¥ % ONi-MH B> 7, QLB D%, @Ni-MH &Eith & LiB DA THES T 5 3 7 —2
T L7 A3 5.1.2 12T,

#2512 HIr—AONEVXILVHEEBIOEEY AT LEE (KW/KWh)

Ir—2A Nit¥ | Litrdk |AEersk kW kWh
@O NiD#& | 270,000 0 270,000 75,000 30,000
@ Lio# 0 283,363 | 283,363 10,000 35,779
@ Ni+Li 6,546 231,840 | 238,386 10,000 30,000

r—ADOIZHE W T, Ni-MH B3 T —HCTdh 5725, 30MWh Ziifi /e 5% (27 77
t) TEEBEVAT LEHEESTLH L, HAN TEMW EREIE 75, £, F— 2B
T, LBIF=f V¥ —HITh 572, 10MW Ziiit T 58143 (28.3 H&/N) TEEVAT
LEWET H L AED 35.8MWh & REI L7 5, — T Tr—A@IZHBW Tk, Ni-MH &/
& LB Al A/ D Z Llc kY, AFF23.8 1T 10MW/30MWh DOFES AT
LEWETE D, K7 —ATHELLEEY AT 2O HTIKWIE L OERKWHh]A A — K
¥ 51127,
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ERFNE
EnzEsanENL
FERELZV
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JND— [MW]

REI5

L 4

TITx)L¥— [MWh]
4 511 K4 — A THEL-EES AT LD KW L OEEKWh]A 2 — K

U EOBRFHZ LY | FEV AT LOBRFEEER T 2 8V BEF/NRET D701
IX. Ni-MH &E#l & LiB Z#lAaGbt s 2 ENEE L, ZREEZ 10MW/30MWh 1Z5%E
L7854, Ni-MH @it & LiB Z2flA /b5 2 & T, Ni-MH EHOL TR L7254 &t
LT 12%, LB DA THERL L7256 &l LT 16%, LB AVEZHIRET 5 2 & 23 AThE
L s,

— 75T, HHUTHIFI A B D T, IS D A RKWh] 2 R KICT 5 72121,
TARNF—FEEOEN LB OLTEBV AT LEBRERTHIENEE LR L, JTa—2X
BEVAT ADL—Ar—AZ LGB DRI RS, Lizn->T, 5%ITE
VAT AOWFIZHT- 0 HIK & 22 DM LT, LB & Ni-MH SO A G bE O
bz a5,

?é:
1
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52 EXEORMRAWREMH

AREFFFEREICLY, R 2—2FBV AT LT HRHET LA OEETRICTERE N
DHEBFITHISTE D ZENMHERTE 72, SBRBTREARBOILRICE Y AT H4Mm
il A LB 72 E DS FRAOBEI G LT, 2025 4 A LUREIZ K & ’5%éE7f%6ﬁ§FH%§aﬁﬁﬁ

BV 2—AFEEVATLAE L THEBE LELMRETGLORETSE CIEHAT S Z LI
D, HZRAREHOE—2 L7 MD%%ME@J@%%%D CHEG5TBHEEZ LD, H zmﬂ‘?ja
SR LAt O J7 [ Je O T T 45 B OBIEREIC W T 5.2.1, & 5.2.2 (0%
9,
TREE i 3| &h 2 (il (7 &) WElshBHis
EhE ; = MEHTIS
[kWh{ifi{i& ] RR-RBNI-BR ’ (Af'yb, A=20-NTHI5EH)
BE (L H) - | =
ol REE B LAHEDED » | SEHIS
BREAH i REALNE
CARHEA) SR TERRETEAMEN »[ L REEETS ]
Z 01t FLEBRTREIN-ES
| (RAEE) s prbe LA B TR

521 BAROE TGO Gt
it ;25 31 [\ MABFR= RV —HES & - VAFEESFS B - HAEARER/)
FER HIERGHEETS BkH4

2024~
[Ehn (BEEMEHEEY)

M‘

_ focd SHEL e
=R@ o
. oot EE L e
RO —
BHeTLEIE kG o ENENTS
oRs %ﬁﬁﬂﬂﬂ-ﬁ
:m® (TUFPA)
TSRS
—_ | —.
(FbaEsRARRETh)
EEI-a (kW) el 0B &M P
EEI-b (kW) IUPARLE (£/)  LiEEE (FFR) BEHE
EEI (kw) TU7RNE (&) BEHIF

4 5.2.2 455 OB
k- 55 11 RIFERS I TSR N R RS &k 4-2-2
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2019 EFEIC BT D EIE i M OTRAATHEE Hi O B [ BT T 2 4ER 295,141GWh*
1, 134GW*H2 TH 1 | 2024 FEN LR SRRSO 2020 FERR CTORE T
167.69GW*3 L 72> T 5,

2025 FELRRICRAT DIk 50 TROEHAFEEMEZ V21— AEEB AT AL LTHIE
FKLIGE, hEIMAESL 18KWh/B L35 &, h—%/LT9.0GWh D> AT AN A]
BETHY ., WML A ORETHICTERINIEERHEZMWME L TND I END,
BRE L TEHT 2 2 LIk 0 =R AR 2 B O FFAETIERE /) (AKW FE
7)) EFRETLILENTE D7D, RFEEOREM AR RIAD D,

F7-. BIMOL(LIRIE R CVBIMFIEIIL D 22 ORI A ATRETH D Z &b Rk
B O AR L OFEZ MR T 5 L L bic, FEECHRO=—X 28 b =it
RETDHZENTE DD, KAEFEEOREBWHREENSRIAD S, EEAEEY AT LOREY
e a—20—2% 5623, EEHYFULL A EBY AT LOTHGHE K OFEEZ A
EEVAT LAOEARBLZX 524, ¥525|R7,

1 BN AARGIEREERS [ 37 IR ERAHMEE Gk 5) ORF I EILARLY
(—#b) AAREMTEHEGIFT 2019 FEFEREGR LV
3 ERRREEHEERER] TR B G A A A —7 2 a URIERR) LV

SAF LU
100
MW
e | - |
T :
E & 0 | men
B # MW [vme mee EIxHEE8
E = Om3ITEE RS AES
SR 1 gl | KRR SATORSISE
;Z; Mw | @B IV7TO
L e=onyk IRV ENIG
s (g 100 it (R 1'H)
| B kw 1)
B LIV
] % (ERmE)
. i REREET (BE) Wb
% )
-
A BIx
> 1
I = kW BIHA )
v1 _ FER - RS
second min hour day

18tEh @7 (GF/LFC/EDC) — BN LIUIDAE

X523 EEMAEEVAT LAORBEBLFTE 22— r—2
Hit: AT R F AR FTIAF— - FTRAF—NRR B - HAFENHE
HAEMRT RV —REEA - RERE DRy NI —27/hFES (F2418) FEARBORS
B BAEMRT 2L X —F ERCHIES S NGRS GB12RH) GRS®E &2
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e BART X - hERMOEESE N EES (B 120) GRaE &k 2
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