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Summary

1. Background

The recent popularity of hybrid and electric vehicles is expected to produce a massive
quantity of used batteries for use in EVs (hereafter referred to as the "batteries") in the near future. At
the present, some batteries are reused on a small scale and in limited quantities. The majority are
recycled without reusing. After incineration, residue is extracted for refinement. In addition, the
company is involved in initiatives to make more effective use of the electric power system and take
precise measures for adjusting to fluctuations in balance of supply and demand for introduction of
renewable energy on a massive scale.

Even if the performance of the battery itself diminishes, it is hoped that proper control in
combination with other batteries will enable more efficient use of thermal power stations as well as
enabling adjustment to frequency fluctuations or adjustments in line with supply and demand along
with expansion of renewable energy introduction.

The objectives of this verification project are to realize an electric power system that
enables diffusion and expansion of renewable energy and at the same time realizing a low carbon
and recycling-oriented society through effective utilization of electric power systems by reusing
batteries and development of new recycling technologies that do not require incineration, taking into
consideration CO2 reduction for economic efficiency and environmental impact reduction, by
establishing a recirculation system instead of discarding batteries for electric businesses that deal

with massive amounts of electric power.

2. Implementation of verification project
2-1. Nickel-hydrogen battery reuse business

In order to solve issues concerning electric power systems such as supply and demand
adjustment, equipment that utilizes reuse batteries must be reconfigured to handle larger volumes
more efficiently. We therefore developed minimal scale pilot equipment of a large capacity storage
battery system that could possibly be put to practical use and conducted test operation with a
combination of various control systems and apparatus. The main devices of the equipment developed
are given in Table S2.1.1 and the system configuration is shown in Fig. S2.1.1. The equipment for
verification of reuse batteries employs system consisting of a string of 14 cartridges containing 6
modules connected in series (43VDC) and 16 strings connected in parallel to form a 50-kW storage
battery system. Because the batteries have been used, they are in various degrees of deterioration.
We therefore developed a battery control system capable of efficiently recharging the batteries, even
if combined in large quantities to form a large capacity battery. The system monitors the status of

each cartridge and you can control the number of cartridges to be used, giving you control over



batteries in various state of deterioration. The control function we developed is called the “Sweep

function.” The function was submitted to tests to verify its efficacy.

Table S2.1.1 Function of each device in the system

Name

Function

Power Conditioning
System (PCS)

Bidirectional AC-DC converter that converts 240VAC on the system side to 400
VDC of battery voltage

System Control PLC

The following is implemented by interactive communication with the host server
= Transmission of commands from host server to PMU

= Notifies host server of data from PMU

= Touch panel for operation

Power Management Unit
(PMU)

The following is implemented by interactive communication with the integrated
control PLC

= Transmission of commands from integrated control PLC to PCS and GCU

= Notifies integrated control PLC of data from GCU and PCS

Group Control Unit
(GCL)

The following is implemented by interactive communication with the host system
= Notifies host system of state of group

= Transmission of commands from host system to SCU

= Detailed Data Collection Function (Power, Temperature, SOC, etc.)

String Control Unit

The following is implemented by interactive communication with GCU
= Transmission of connect/disconnect signals to SU to realize electric power when

command is received from GCU

(SCU) = Determines SU to be cut off according to cartridge information (battery status)
from SU
= Integrates status of SUs under SCU and notifies GCU
The following is implemented by interactive communication with SCU

) = Connects/disconnects cartridges according to connect/disconnect signals from
Sweep Unit

SCU

(SV)

= Monitors cartridge information (battery status)
= Notifies SCU of cartridge information (battery status)
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Short time reaction characteristics (1 kW) and long-time reaction characteristics (kWh)
that should correspond to the electric power system were verified by testing. Sweep function was

also verified by testing.

(1) Short time reaction characteristics
As a result of measuring time it takes for commands output to reach their destinations for 6

patterns (a) stop — charge, (b) charge — stop, (c) stop — discharge, (d) discharge — stop, (e)
charge — discharge, (f) discharge — charge, it was confirmed that all reactions occurred in a short

time of 2 seconds or less.

(2) Long time reaction characteristics

Charge/discharge test whereby batteries are charged and discharged repeatedly for a
certain amount of operation time was conducted. Test method is given in Table S2.1.2 and Fig.
S2.1.2. Because charge level is lower due to discharge power loss when charged and discharged by
same output, test conditions for charging were made uniform by raising charge output relative to

discharge output.

Table S2.1.2 Repeated charge/discharge test conditions (fixed output / fixed time)

10

-10

Output (kW)
=

-5b0

2

Fig. S2.1.2 Repeated charge/discharge waveform diagram

Tine {S)

Conditions | Operating | No. of connected Charge Discharge
time [s] strings output [kW] | output [kW]
(A) 300 50 45
(B) 1,800 11.2 9
(4) 300(s) 2 Patterns
(B) 1,800(3)
M
O M [ E M E e




Test method is given in Figs. S2.1.3 and S2.1.4. Batteries were charged and discharged
repeatedly in the commanded time for test conditions (A) and (B). The test confirmed operation by
commanded charge/discharge output. The test also confirmed that a constant output could be

sustained.
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Fig. S2.1.3 Repeated charge/discharge test (300s)
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Fig. S2.1.4 Repeated charge/discharge waveform test (1,800s)



(3) Sweep function verification test
Test of full discharge — full charge and full charge — full discharge was conducted for 2
patterns: equipped and not equipped with Sweep function; the tests confirmed controllability of
batteries in various states of deterioration compared with charge/discharge level (operating time). We
also tested 3 cycles of maximum output 12 kKW for 1 string. State of deterioration of batteries used is
as given in Table S2.1.3.
Table S2.1.3 Deterioration of batteries

Quantity used for each rank | Average .
o . ) Cartridge array
Conditions [units] capacity

A|B|C|D|E|F| G| I[Ah]

description

Pattern whereby
(a) -1 313|422 - 4.6 cartridges of each rank

are uniform

Pattern with collected
(b) i A - T A 1 O R R 4.6 cartridges from middle

rank

Pattern with maximum
(c) -9l - -|-|-15 4.6

disparity in ranks

Test results are given in Table S2.1.4. In a comparison of cases where batteries were equipped and
not equipped with a sweep function for charging and discharging, operating time tended to be longer
for those equipped with the function. The test confirmed that batteries in various states of
deterioration could be efficiently charged and discharged.

In a comparison of various conditions, (a) and (b) had approximately the same operating time and
(c) operated about 30 seconds longer in the case where batteries were equipped with sweep function.
As long as capacity is the same, operating time should theoretically be the same. In the case (c)
where operating time is longer, it is conjectured that there may have been some error in rank
selection of cartridges resulting in differences in capacity. In the case where batteries were not
equipped with sweep function, operating time was shorter for (a) and (c) which included cartridges
of lower rank. If not equipped with sweep function, cartridges of lower rank could have reached
upper/lower limit determination value before the other batteries, thereby causing them to stop

operating.




Table S2.1.4 Sweep function comparison / Test results

Equipped with sweep

Not equipped with

A time [sec]

function sweep function (Equipped / not equipped
Conditions | Times | qoerating time [sec] | Operating time [sec] |  with sweep function)
Charge | Discharge | Charge | Discharge Charge Discharge
1 193 143 134 95 59 48
(a) 2 198 164 131 105 67 59
3 223 183 137 112 86 71
1 199 150 150 118 49 32
(b) 2 203 165 155 128 48 37
3 220 180 169 141 51 39
1 231 164 124 93 107 71
(c) 2 234 190 123 103 111 87
3 262 215 133 111 129 104




2-2. Nickel-hydrogen battery recycle business

In order to facilitate detoxifying stored energy at low cost, recycling of nickel-hydrogen
batteries primarily involves removing/refining marketable metals following incineration. Because
batteries are expected to be produced in large quantities in the near future, from the standpoints of
need for technologies to make recycling more efficient and reduce COZ2, a recycling process that
does not involve incineration was adopted and verified. In specific terms, pilot equipment for a new
wet recycling process (discharge, cutting, disassembly, sorting) was developed and adopted. Test
operation of the equipment was simulated and proved efficacy of the equipment and collection rate

of recycled goods. The equipment developed is shown in Figs. S2.2.1 to S2.2.4.
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Fig. S2.2.1 System employing discharge equipment designed to save labor
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Fig. S2.2.2 Concept of cutter employing a press mold
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Fig. S2.2.4 Devised sorting device

The verification test consists of 4 processes: discharge, cutting, disassembly and sorting.
The results of the test verified that 100wt% of introduced volume could be recovered for both
positive and negative electrodes and a recycling process that offered CO2 reduction and safety was
established. The verified results and safety evaluation of active material of the respective processes

are as follows.



(1) Discharge process

A labor-saving system employing discharge through resistors was developed and adopted.
It was also verified as a prerequisite that the process offered safety and was achieved without
batteries emitting heat. As a result, it took about 4 hours to discharge batteries to be detoxified at

voltage of approximate maximum of 6 V. The process was able to achieve this automatically.

(2) Cutting process

Three methods of cutting were verified: cutting by press mold, circular saw blade and flat-
blade knife. The tests showed that press molds were capable of cutting batteries and that it was the
most effective method in terms of cost and speed,; it offered low cost because the only equipment
needed was a press and a single robot feeder and was faster than any of the other methods. The
process also ensured safety; it was designed to prevent heat emission by submerging the electrodes,
etc., in water when cutting. In the case of cutting by circular saw blade, testing showed that while it
was capable of cutting batteries, it presented two significant challenges: blade loss (durability) and
recovery of active material cuttings. This method was therefore determined to be impractical. In the
case of flat-blade knife, testing showed that while it was capable of cutting batteries, it not only
required 2 presses, but required multiple actuators to automate the process. This method was

burdened by the disadvantage of high cost.

(3) Disassembly process

During the previously mentioned cutting processes, electrodes were submerged in water
and introduced to the water jet disassembly process. The plastic cases on the electrodes are light and
could be recovered by detaching them from the electrodes by water overflow. After recovering the
plastic cases, the separated electrodes are moved to the next tank where they are decomposed by
water jets, etc., while active material applied to the electrodes and adhering to the separator are
removed by washing. The separator rises to the top due to difference in specific gravity and is
recovered together with the plastic cases by overflowing. Active materials are recovered by passing
the material removed by washing through a filter. The filtered water is reused after being neutralized
by sulfuric acid. The results of the tests confirm that by exposing electrodes to water jets the plastic
cases, positive electrodes, negative electrodes, separator and active materials can be separated from
each other. Disassembly ratio of positive electrode and separator and that of negative electrode and

active material are 99% or higher.



(4) Sorting process

The water adhering to the positive electrodes, negative electrodes and approximately 5%
of separators (hereinafter referred to as “electrodes”) that were sorted by the water jet disassembly
unit is removed by a dryer. To enhance precision of magnetic sorting in the next process, the
electrodes discharged from the dryer are placed on a vibrating conveyor to break up overlapping and
at the same time discharge volume is adjusted. Because of difference in their magnetic properties,
the positive and negative electrodes are recovered separate of each other; the non-magnetic

separators are recovered last.

(5) Safety assessment of active material

Potential for dust explosion was checked by raising dust concentration in stages and
repeating the test 5 times at the maximum concentration of 2000 mg/m?. The test confirmed the
material was not susceptible to dust explosion. Conducting the test while additionally assessing heat

stability revealed the potential for spontaneous combustion at 100 degree C or higher.



2-3. Lithium-ion battery recycle business

Recycling of discarded batteries is primarily achieved by recovering marketable metals
from incineration. However, from the standpoint of CO2 reduction and the recycle ratio of all
recovered materials, establishing a better recycling process is required. In order to establish a new
recycling process for lithium-ion batteries which are expected to increase in the future, we assessed
the potential for sorting materials employing jets of water*, which is an underlying technology. The

primary results of assessment are as follows.

(1) Extraction and removal of electrolyte from lithium-ion batteries

If the electrolyte in the batteries contains the electrolyte salts**, which is a fluorine
compound that produces corrosive gases if it comes in contact with water, it therefore must be
removed prior to sorting by water jets. As a result of attempting to remove electrolyte salts and
electrolyte from cut-up batteries, we succeeded in removing at least 98% of the electrolyte and

electrolyte salts by simple washing with organic solvent that is soluble in the electrolyte.

(2) Sorting of lithium-ion components by water jets (Fig. S2.3.1)

As a result of sorting battery materials from which electrolyte salts were removed by water
jets using a commercial food washing machine (200 L of washing water), we were able to separate
and recover that total amount of active material (nickel and cobalt) from the current collectors
(aluminum foil) of the positive electrodes. A small amount of active material (carbon) remained on
the negative electrode (copper), but it was easily removed by ultrasonic cleaning. Recovered
materials contain few impurities, suggesting that pretreatment can be simplified on
hydrometallurgical process at a later stage. Electrolyte salt elution that could not be completely
removed by pretreatment was however found in water used for washing following sorting by water
jets. It was therefore determined that more precise removal of electrolyte and electrolyte salts would
be required to enhance efficiency of sorting by water jets.

More cost-effective technologies for removing electrolyte and electrolyte salts that also
reduce amount of CO2 produced will be subsequently assessed and a more cost-effective process
will be established for recycling lithium-ion batteries. (Fig. S2.3.2)

* Method of sorting and recovering each component of cut-up batteries separately using water for
washing. Utility has already been confirmed for nickel hydrogen batteries.

** Lithium hexafluorophosphate: Reacts with water to produce hydrogen fluoride (HF) and
phosphoryl fluoride (POF3).
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3. Life cycle assessment
When performing life cycle assessment, the following comparisons were obtained based

on assuming the equivalent of new nickel hydrogen batteries of 10,000 EVs.

3-1. Nickel-hydrogen battery reuse business
The primary processes of new battery manufacturing as a baseline and those of reuse of

recovered batteries in this project are shown in Fig. S3.1.
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(New battery manufacturing) (Reuse of recovered batteries)

Material mining Battery recovery
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Refinement, etc. |

Transport | Sorting

Reassembly
Transport |

r
1
]
1
1
]
1
]
]
1
1
1
1
1
1
1
1
1
1
1
l_

‘ Used by business requiring battery power

Fig. S3.1 Processes of new battery manufacturing and reuse of recovered batteries

The baseline would be 3300t of CO2 discharges as a result of calculating amount of CO2
discharged when new batteries are manufactured. As a result of calculating amount of CO2
discharged by this project, it would be 50t of CO2 discharged, thereby confirming it to be

advantageous relative to the baseline.

3-2. Nickel-hydrogen battery recycling
The primary processes of the conventional method of incineration as a baseline and those

of the new recycling method that does not involve incineration are shown in Fig. S3.2.

Baseline

(Method employing incineration) Proposed method

Crushing Discharge
. 2
Incineration Cutting

e———————

Separation Disassembly
s e o
Refinement - | Sorting
o
Reuse

Fig. S3.2. Processes of nickel-hydrogen battery recycling



Concerning the baseline, the amount of CO2 discharged by incineration and electric power
consumed for crushing, incinerating and separation would be a total of 38.82t of CO2 discharged in
the respective calculations. The calculation of amount of CO2 discharged by electric power
consumed for discharging, cutting, disassembling and sorting for the new method described herein

would be 29.74t, thereby confirming it to be advantageous relative to the baseline.

3-3. Lithium-ion battery recycle business

The primary processes of the conventional method of incineration as a baseline and those
of the new recycling method that does not involve incineration are shown in Fig. S3.3. Only a
fundamental study of recycling of lithium-ion batteries was conducted, so pretreatment was added to
the previously mentioned nickel-hydrogen battery process and the amount of CO2 discharged was

trial calculated.

Baseline

P : Proposed method
(Method employing incineration) I

- o 1
| Dischargedbatteries | W) | Discharge !
| | [ A—
: Crushing | H Cutting !
1 S ] ! 1
: Incineration ! i Pretreatment 1
1 1 1
i i ! - i
i Separation i H Disassembly i
e St i o |
Refinement <:| i Sorting !
0 L-================.

Reuse

Fig. S3.3. Processes of Lithium-ion battery recycling business

Concerning the baseline, the amount of CO2 discharged would be 38.82t as previously
mentioned. Because the amount of CO2 discharged by the pretreatment process would be minimal,
assuming it to be the equivalent of 29.74t, it would probably be advantageous relative to the
baseline. It is therefore necessary to consider the equipment configuration that would reduce CO2 as

expected.



4. Future commercialization

Preparing reuse and recycling for commercial use on a large scale would simultaneously
realize a low carbon and recycling-oriented society. It would also however require establishment of a
scheme to recover a massive quantity of batteries. Establishment of a recovery scheme would require
studies of commercialization that can utilize a massive quantity of reuse batteries as well as include
automobile manufacturers who are the source of reuse batteries supply and would seek to solve these
problems early on by continuing to cooperate with related businesses.

The reuse business can determine the optimal equipment configuration and can solve the
technical aspects of these issues by establishing technologies for controlling batteries in various
states of deterioration. Commercialization would require further optimizing equipment design to
reduce cost, etc. Utilization for adjusting to supply and demand along with expanding use of
renewable energy and handling of frequency variation are possible, but it is necessary to establish a
suitable price for these activities. Establishing the previously mentioned recovery scheme will
further enlarge the scale, so more cost-efficient operation of thermal power stations can be expected.

The technical aspects of the problems involving recycling of nickel-hydrogen batteries
have been solved by establishment of a new recycling technology that does not involve incineration.
Commercialization would require further optimizing equipment design to reduce cost, etc. It will
also be necessary to enhance value of recovered materials obtained by this technique and we are
hoping to prepare it for commercial use as soon as possible.

A recycling process is expected to be established by solving the technical aspects of the
two issues extracted by this project for the lithium-ion battery recycling business. Commercialization
requires preparing a cost-efficient equipment configuration that reduces CO2 emission and
continuing to conduct studies for contracting cost of processing by enhancing value of recovered

materials.
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U EE A& 2311277 Lz, 4 SOC fililL, A ——4Zflkod SOC-OCV #IX X v FH L7z,

#2231 UF U LA F LB MORBRETFER R

FIHAA RS s ERBIIA R

SOC &EE SOC EE

(%) ) (%) )
LiB 1 (Gi&x1) 106 3478 08 3.087
LiB 2 (Gfi&&2) 108 3478 214 3.548
LiB_3 (GiE&3) 11.7 3482 530 3.686
LiB_4 (Gitfz4) 10.8 3483 09 2092
LIB_5 (Gil&5) 110 3479 214 3.548
LiB 6 (Gfig6) 110 3479 50.9 3671
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2322, FER

E2TOUWRERICENT, VF UL, A U EMOBLVELEIL T — AGWERIC OV &7
Tz 23212225, AKETIZEIT 2 UIME®Z ORFE2 7T, b5 ORBEREAMEICE
W, SOC 0% TIHEFREIEIL R B L7255 7273, SOC 20%Lh EIZ I W CIE R 2 fesd S vz,
F 72, SOC50 % Tlx & V%< OFRIENHER ST, BT LAKEF ORI S | KEFTOIF
D PMEDOIEH AR SN D Z L DR TE -,

7% 2.3.2 [ZAUIWABR L ORIEOF M, B UMIE ORE, KERE, CO BEDRKHEE
RLTe, U T, SOC M@EWIEEB/VREILE S nolz, o, ZBRP LY bAKREF DL
EEMENZ ERMERTE 2, KBREIZHOWVTIL, SOC50% (FRER 3 K U#ER 6) I2hW
ThR &4, 22K H Clddfeok L5 Vol%FfefE, K& Tldik 8vol% Tdh -7, COREIZD
W TR & [RIERIZ SOC 28 @V E E W R EEDSERR S 41, SOC 50% (FllR 3 K& Ul 6)
IZBWTHIE L > P& 8 2T 500 ppm # & 72 o 72,

LIHARED LR

232 WIWFHILD U F v IA A MO HE
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Hy
Xy
B

- —

I

SOC 50%
-“'* ,

SOC 20% 5““ .

2.3.3  GIErIE 14 o> B i e
7232 VT ULA AU EMEIWE DG E ORI E

BB | SoC | R0 | g% | yoewe | come

§0)) (vol%) (ppm)
e =R 08 =L 472 <1 165
HEgE2 214 B0 96.2 <1 670
EE3 530 B0 1174 15 >500
g4 K 08 =L 345 <1 <10
g5 214 | 80D (H3) 542 <1 69
SRERG 508 g0 679 8 >500
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2323 E£

FEEEIRAEDY SOC 20, 10% THfifi L7-iBRICEB W TA U & T A%, BREEOBFAIC
LB —F —BARE OB X D EHEE ST, —J7, SOC 0% TRkt Rz
WTC, IO AR NI I o T Z e b, VF U LA F B AERIGR E LIS EIZB N T
b, FOICHKET S Z & TN OMGRIE AR TE 5 Z EAVRENTZ, AL, KRB
SOC 0% VT H B OIRE EANH 7= 2 L 28, DIEOREBRICHW 2 EiHl
X, EHICHRWVIKEEITY 2 & & Lz, BRICiE, VF U LA 4 B E AT DERI21E
0.7V £ THEEITH Z& & L, MBHESHITRIEEIT S X5 UL Lz,

233, HERAU F U LM U EBROEERE LB ORE

7 I3 — MUZRBERIZERCBIERO 7 — ARSI TR Y . b 255Kk
oy Bl a3~ 2 BRI, ATLER & U CREASSEIA LB L 70 5, ARBRICEB W TH, U F
U LA U EMAE ) 7 A CEET L. KT M AL BET Ao O LS NE L
BEIND,

ARIETIE, AT TR R & 2 B HEmE L 2558 L LT, NS 2 iz
T 5 & & HITKIDBIORTLELE LU TOMKRFIEOFERIZ /IS 2 R 2 157,

2331 FHiELHE

BT R OB Y F 0 LA A Ei (25Ah, 7Y 7 X PHV ) 13, 10MQ [EEHHT 2
MAWTHTEDOR/VEE (0.7V) ETHET S & T, MBERFORBSZIUCEI BADY
27 ZAER L7 ECRBRICHE L7z, TV = ABLOS A — 2 OB 135 E AR (K-210,
A=) R, B OGRS, BB ORI IL N K Y — (K-100, A—H
V) TATo Tz, FRIZE 0 il ENT-AHM OERITE - R LD FE L, £ETICH
ET HWIEMEICE FN DR EIT, BB O HIEE L7230 A2 8RR L% SUBRAIK
ZIREREA 7T X< 355H (Agilent 720-ES, Agilent Technologies, Inc) % iV CE® L7-,
2T OERGHIIRERIE TIT o 72,

2332, VF UL Z U EMOEBERE

UF U LAF L EBMITN 234 1R T FIBTHAZIT o7, 1T OIC, BN — 2 D
T RO 2 LR TEIWT L7z (X 235 D), \EHH S IEHSRZ T LT L& DT
P S TWbHbZ b, F—ANDLEGIZMY T Z R TE (K 235 @), BT
BREEIO#EZ A L TBY | IEWENBAA SN EMEER (T =vAHE) EAmES
i @) . BIEEROE L — 2 — TR SN T e, R EEBIIT, S Y —IZ
L VEG OB ARETH -7 (X235 @@), X236 IT&EFRIOEMEBH (LIT, Ei
HA) O Z HBEL 7ok A2 R LTz,
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@ ST — 2 DLDET FShPFOMOEL O EEBIDLIE @) EEICERMODEE
—5 o

L . C
-- ---
—r—

]

A A

234 U F LA I EBMBAFIEDFIE

%lﬁlﬁ%*«j |
235 UF U LA A BHIKROEET
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2.3.3.3.

IEAS
TN b-5-

=L

2.3.6

A DO FEE D

UF U LA F BB OTEE

233 ITHEEM OB BB 2R Uic, EMEEIIMAEY 20 L, EAREEITY)
W (Al U 7 FEARIR R & . B IR O P TR U 7 AR AR E B2 NS L T e %
R Ul Az % < G e EMEDEIE BRI L WIE Lcema A & (% 2.34)
B EOERE 2 R LT,

#233 HEHAUF T LA L EBMOEL OB & BEE

ury ES Ed=lid
Bbi HH & | (%
T — 2 PILITOA 118 166
fEiET—22 m) 7oL vE 49 O.7
= il 125 1.8
=L SEA tH5E 658 Q2
SiEEmE 1N . S2EIM. VAW 879 124
p PILIZOA 76 1.1
BN PILZ=OAS 66.6 o4
E1T Li 135 19
2o M 328 46
FEEME |Co 396 56
Ni 380 53
FDih CESE, N 18 ) 592 33
] z/S\L—5— RUITFLUE 47 1 6.6
SRR ERERR, RTINS 118 16.6
BT UESEBH S UFREEREN HEY UIFE.
# 234 WEIEMEOLEEEGHE
(w96,
Li Mn Co Mi Fith
1F3RENE 5189 14.3 173 16,6 4591
S1REWE 0.05 027 0.29 0.28 99.11
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2334, EB%

AR ROHERM ) F U LA A BMAIRE L, WEEEZ T 5 2 & T, YElms
IKPETBNEC AT DR O UM FIAE N HEEFE S 7=, BARRIIZIE, iR Ee I — A B %
GIWTBA L L BEfei & BRI R FE MR 2 Y9~ 5 F CRBMEM 2 /0Bl 5, BRI EER,
EWE, B —4 —CHRINOEEMEEL AT 52 & bR OEMAITE AT
HoHEBEZ LN, —H, TR, i, BIES TSN DEM M r—A | BRI 1,
PEROEBY YA T NAEMIC LV EZITHHARETH D EHE X LI,

234, VF AL ALEMERGE UToKTABI O LR

KIS BIEE = o o VKFRBAHUE L7358, BIF S N BT UK T T ORI
Y0 BRER, T, AL — s — SN D, VT hA A B AR L LA
12OV T b, BRI RIRETE (713 =7 K5 8155 75 OTEME ORI S h 5,
RIECIE, RIS T O ARSI ORITIZ T T, AT TO Y F 7 5f A T M A
B OSYBITTE L0172 SR I SV TRA L 72,

2.34.1. BEBEN S OEWE R ORER

UF U LA A EROEME A EM - AAREBIZOEE L. WS 15 mm U5 OREBRA %
BRI U7-, BRER L7219 (3~4 4) 13 50mL HI/KICEIE L, #iRT 5 M OB
HA{T-72 (1¥23.7),

WFROIEE L, K COMBTRAI L EEBERNORESCHBET 5 2 & 2R LT,
HIEEL7-iEWE D 5 b, EMEWEIZ 7 L— 274k E LTI 2 - 0EIUIAES Th -1,
— 07 BREE N SV TR IS B L 2 720 BT @ S M E Th - 7= (114 2.3.7),
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IR i3

=R
uoeL

10 mm

WIEFSA

Sik

= 1=

&miﬁw - EEENH
<
’NE

SIBENE

2.3.7 K TOEEREIEYE O HBENEO MR

2342, BEWE - KREFEORBEM~DOREFAR

BEHERFTORE RN S | KPIZBWTEERETEWEOHBER TR TH D Z & PR S
2o 2T, REHEZBIN L, BFRABEINZ T, A, IR, EEEMORICONT
Al 21T o 72,

RELE LT, VF U LS A EBMOBRBEM 1/4 £V 5% 9 43E| LB () 110
) ZMERIL, BEE/K LOL &3, s Q0L 7 A —F—) ITHA LT, KX
iR (25°C) 2|l (K 70°C) i@ L, Al (v JWAL 3 7%) ZiRind
DA DOIREIX 05 vol% & L7z, 23 BIRRER O & B OBESHE N Ok -4 X 2.3.8 1R
L7z, SREMRD D OIEMERIBED FEEA U MT, RUBHER T 36T 2 TE B RIBER AL 0 A 4 B
B EE L L TR L 72,

B 239 IZHBR T SN B MMOGTEEZ R Lic, BN —% —[TEHICiZiEY & L
THEAKRD EEN BRI S Lz, EEBRTH DTV =0 A L HE, ERIEHEIL. Y
T RICEBIEDEWTESITHBET & 7o, WA K0 [ U 72 Ped il 1 ORoki 113
ARSI & BF I AV AL U 7- IERIE W TR S D L HEE STz,
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# 235 KRB GRBR 1~3BR 6) 1B 5, MOEWEHEERZ R LT, WTh
DB T EMmRIC ié%ﬂaﬁik/ﬁ@%ﬁ@% BEVEIZ BT CH -7 (97.2-99.9%)
97 BRRIZ O TIRABE I IR, P HESRA OIS FBEME 12 5 2 5 IE DN R TX 71—,

EORER e NE

(1/4v)L53) (678D
: BER BO/EL

CRes B0

mE :25C/T70C

ChMESSEl - BOD/EL

BEIRIE

238 AKTHTOMAEO

64



eNU—H—

SERS

¥ 2.39 KW Topls =iz Gk 2)

%235 AMFLLICET B IEDEHEER

g | @ZR | DM | B | EEMER | aEmm
A | (O | (%)

Gty =1 ] 1Y% 254 972 324
SER2 50 i ]2 254 985 994
SRS BU i 70.5 994 394
siER4 =12 1Y% 715 99.5 98,7
SERD ;492 =12 249 999 456
SVEROC B0 =i 25.0 99.9 98.7

2343 B8

U T 7 AA A B DI L B 2 K TS 5 2 b T, BER (BEE) &
TEE (BRI 1) WA ICHIBECE 5 2 & Ml Uic, #4MFC%E L 73R £ (2.3.4.2)
Mo, FliaEE % < G EBISYE ORBEZ 3K T OBEERD B T I 7o FIBED R 2315
LD EEMER LT, ZO0%E, AEBKRTH 2HIEICIT —R o &2 Tk &3 5 Al
TEE PRI ET D03, SRS TR 2B E T UL, ERRREITLT LERETIER,
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235, VFULLFVEMICEENDEBHR - BEEEORE

VFULAF L EBEMOERKRICEZENDLIEREETCHD 87 L) VY FU L
(LiPFe) J 1T, 7K & B2l L7354 LA F O SOSE TR IR SRS X 0 BT A (HF,
PFOs;) 4L %,

LiPFs + H20 — LiF * HF + HF 1+ POF3 | A (23.0)

KEVEFIR E L THWD KD BINEEZ UV F U LA 4 o EBMICHEFA T 2856, LHEFTH#IC
LiPFs & WM, LiPFs ICHIRT 5 7 v RILEW A2 WU RET 2LERH 5,
FFEH T RCLD ) F U LA I EMIIE ENDIEMEROREICIZ, 7ER=FY
NV, VEFNII =R vn ) ROEORREE 2RI 2 0EEDS, EHAT IR U 5
A 7 IR W TR TH 5, fBl21X. LithoRec Process CTld#lr L7-FEM%A 7+ k=
NULVCHET 5 2 & CEBMIR & BRREEZRE L, SRR MBS IO 7O Oy %17
Yo Fo. KHEFTEIC L DEMY Yo 7 AAFFE T, Bt /L NISHE LW BRI 2 155
TLET, EREE T 5 2 &L CREDIAEED L 22 m B LT\ 5, KRl o
BB CTEMD O BEIRIIR Y U7 BRI 2 BT 5 ik & LT, EESHRHAINT
WD PEARIEEAN NS T D, VT T LA A B Y A 7 TiE, AR RILE O
PEWR 2 x5 & LT, AR B LN XS B MERE A A o Rt 2 2 2 & TKESIiH o
PFe A 4> DWIERMAZFERZ L T\ D, £, =2~ T U 7V RFEGRE O TRIZEB W T,
T oAb F UL Il T v FEKBIEI VYT DRI X0 Hil T D CaF & L
THULT 2 FEERE L TWD, 7o, PR IFHIMCIIKERFICB W TLZE TH L FN D,
BRIRIBHEIZLY PRe A A 0% A 40 ThHD Li i8I RETHZ & CTERBMET ADRAE
AR TE D AR H DA, TN ETITHRFHIZR STV, R6.LIZEEmMD Y F 7 L
A A EMY YA 7 AT D EMEK - EME R OBRERAN & | KGRI & Ot D A |
Vr 2 FE PR 7=,

AW T, KT BINE & OBIFIEDS B & B S | Koy BRI F2h6 - 2 IR BB A
&L TR OBEEIR S PRs A A v BBRET DA A U AHIEIZ OV TR R 217 - 72,

66



3% 2.3.6 EMRICE ENHEMEE (LiPFs) ~OXPLHEA
FiE MERE EHEOE Ks8I
EOEGOS
1) EERITELED vESEHAZEL 25 X
MR TaEnE N
bz | BRSRUED vESEEHAZE AEEELAYF X
SHE7 DEAICHR N TURN ¥ N
NESt | BREUESERDSIvESENR =TT A
ERTEIETCaF,E UTERE Fizsd
BEwE | ERECESTAEMBIETIESL AOEHAS @)
FH8IC BN EE LTS kigsy
L AVTE | BHOKEHERICSENBPF 17 | (TREEHWL A
VEAAVLHRRE, B CE FKigsy
2.35.1. BEBEEE
2.35.1.1. BRI IO OBRIRDRE

UTF U LA A B ORI L B (X2.3.10) #9759 (lem [M5//) % 50mL A
FEIRIEIC R, eV THHRT 5 2 & TEMBNICE £ 5 EBMIE O 237 7=, fhHix 3 m
ATV, VRIS o RIS A U, Vst LTy ) —b 2-TmX ) —)v, Tk

R n-AF-2-v'rl R (F 237, BL7 o000t &Mz, i osei

I, = AR —%— (R-100, LRHFE) ICLVARE L, G632 EMKOEILZ

[N U7 RIS R CHE L, R E
WFN ORIV 25E TH . B SRR EMRR &I FREE (0,92 -0.95 9)
Th ol (F238), BULS NIZEMRHED DI Uiz, e RTEMREM OBMIER S AT

FE L,

185wWt% TH -7,
7237 PEEHRHICH O TS AR
EE L Iy ghm (O
I8 /—=)b CH5CH,0H 783
2-7700N )l CHzCH(OHICHS 824
PzkY CH5COCH; 56.5
N_){}jb_z_ to DU |‘“ \) CHSNC4H60 202
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&

1
#15g — 1

R

-

50mL Bi%iE1R

[X] 2.3.10 ARIAEEIC K 2 EARR ChEH & Rl

SR
EIBEM

—

SEZHA

NN
Q2R

o

(t"o)h Vs UIzEinlig
21U CESETAD

# 238 [AIXS AU7- EBARHL B & YEiA AT O BRI A A R

FRBEE ser UIZ SR @R UZ SeP Rl DEHR
Mg () BfRE (2) =2B8% (%)

I5./-=) 502 093 185

2-7°0N )l 5.00 0.91 182

PRy 492 0.95 193

N-AFL-2-t" 0Uh v 511 2092 180

B EQ) RYTERZERDSERRZZBOINTIEN DIZNT, FEEICHTF « B21&
BOEDIMOEEELERREC UL,

23512 HEHEHROBREEMRREDREY

BIREHEICEEND Y U2 RE L LT c X 2 BN L BMEEOMREREZ BED -
7z, ERE (2.35.1.1) TYEH L7-EBAEH 2Kk & ik S &, BMEIE AR S, RO
Gitr & i 2 AT o 7o, BARAITIT, WIS O BRI 2 20 mL O#IKIZ 2 FFFHRIE L |
KFRICEENH ) VEEHSKEWEX » b Ry 772 N, I3fb5) TERLE,
HRUEEOL S, PR KIZILEREREOBITIZEY 7943 mg/L DV U BEH Lz, —J5,
WIEEE 21T > oA id, Teikoa) IREIX5.9-108mg/ll Th 7o, - T, BELH
HHC K B BARR OMRERIT 8% L FHE S (£23.9),
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#2309

BRI OV KICE TN D2 VIR & EBIRR OV IRER

b iyE 9ol L SARE | HBPKE | HHRKPRE SRR
(g) (mL) (mg/L) 2 (%)
RiE — 509 50 794.3 -
w1 | I8/ =) 502 50 9.1 989
pug2 | 2-7°0N )l 5.00 50 10.8 0986
FiE3 Pz 492 50 59 99.3

B FERNADEEROEBIL, TPKICSINDVE (LPFHXR) ZHBEE UTHD
L. RKSTZOHEEDEFK)VEEZEEICBDERELUTRUE.

2352, A FUREIEE T2 KRS BIEEAKRD D D PFs A A BrE

BIFE ORES 2 FRETIC) F 7 bAoA A B A KTSB LT SA 2 L, WL
T FEMEES (59) A 50 mL ORI L. 5 45 M DB E B ALEEEL (A5 B A 7o BEIAHIE 2 7R
K& LTz, PReA A OWFER & LT, SCERCTHRMED R ST 2 555 5otk A A > 23 kst
g (24 YA A4 WA-20, ZZE(b5) Z iz, BmEHIR K L A 4 S Mg X H 7 %
E— A —NTRIGSHE, FIRIZBWTH 2 KIS S B 7% (X 2.3.11), KERICE £
L8V REANE LT,

# 2.3.10 ICHHERRIE OBRIFR O ) IR AR Lz, BBUKIZE £ D061 2 5 0K
i LW a GREBR 1) A A 2 2S MR I & 2 g Uitk OBk D4 U R FE I 114 mg/L
FOEBES N, —H, Wi abRE Ls G2, 35 3) ., W% OREKkDO2Y &
BEIX, EH 5 35mg/ll Thotz, LLbEnD, S INER A A4 L 2e iR 2 WAl L+ 5
Z LT, KIRDBINETY F U AA A EM AL LT BICRAT D, B D PR A A4
ERETEDZENREINT,

—CH,—CH -
%’95g S
EiR EEN| Fo T
nMZ = > @R | CH, -NH(CH,CH,NH).H
[m] ( .
! EHE
B | SsiEEMR
50mL fiizk N —— / o A VRIS
TER
2311 EMHEROEMEE NG L LizA 4 o a3
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#2310 A AU HBAIRIC K B EMREE OMRED R

ORI T D WEpPRE | NERPRE BfRAR
EINEE (mg/L) (mg/L) (%)
FlEX 1 i 840 114 86.4
alER2 50 798 35 95.6
FlER2 E0 822 35 95.7

EBRAEG, WERPEBEZUERPEETIRIDCETEL UL,

2353 E£

IR BINE N BEfoe rT RE 70 BEARIK . AR B OBR BRI DU CBEAA AN 2 F 4 L 72/ 2R
ARG BRI DA BEAIENC X 2 BeiibrE & L KR BIE OPEAK DA A 2 R BALER D il S 4
Too REBRFE RO BEANE CILEWT LB 22D 98% LA O EMIR A RETEH &
DR S K, BTG HEERBET D Z LT, LV EWEMRIKRERESG5 2 LA alkE
ThdHEEZONT, 1. WHREOTEEIC X » CUXEMIE 2B\ CARERI A TH 5
T EMEGR LT, A A VAR X DA ALER TIE, YRR KICE D PRe A A 2 WK
T E T, A BB & LR L 72 ek & el U CBREBERITRME L 2 o7, A4
ZHBIE D6 Vel /KIZE £ 2 M0RL - ROBARIR /71 K 2 PAZESCH ke E b iE S L
DT D, TutA~0FEILL OMEEGT D LTS,

UL EOREREZRE 2, KFESHEDORTE L U CIEIEIE 21T 9 2 N %Y TH D &k
L7z, - T, WHEHORPELERE 2 -V IoEHI W TR, KT BINEDRTLER & LT3
2 T2 Bk A -V D,

2.3.6. WHLLEEE « KIROBIEDEE

THE CTORGBHER 2B E X BTG X DB - BREHEORE & KR BIEIC
L AR B Z e L CTHT o 7o, ARRGEE T ORI BN KA OBk & v, 277 > b
ZfEE L7213y 4 200 L DBEH/K TOIFERTEF 21T 5, NI, 1Ll EoE
Z LE OGNS 5 2 & & U, AR OHITIT, ATPRICBS W TH MR B CE A
BRI D | BB FEMETICB W TIRELRERES ThoTc 2-7 m /X — a2 vz,

2.3.6.1. HELEFEE

U F 7 bA K BIO BRI TR — & 7 L ERH (CENTARC, #ELEK&E 2L) 2T
et U, BRI &2 Ve S Uiz, BIRAICIE, 1kg OEMrg B3 L, 2L O
i (2-7mN =) BRWZ, BT 2 BEATV, ERENOBERFRIL S ok Le (M
2.3.12), KPRABNE, BPRUERAEE (RIH T3 2 HW o, RiITE R oMEZ b O%E
A (2313, K& 220L), #EB (X123.14, /K& 180L) #H\\ /=, #E A TOWHFITY
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= v kK (200L/min) =7 L— 320 (0.5 ~ 0.6m¥min) WFRMATITV, HEE B
TOWHITY = » FAKHE (200 Limin) 1Z X VATo72, # 2.3.11 12K BI ORS00 —

EhoN LT,

@ 2-70O/)N ) —=)ILA\DRE

]

I 1,
SNy,
W T ///l
%%

T xybKik

2.3.12

@ BHhE

@ FHPBRDIFRE

BRI O VLI L 5 BRI bR

e € L F-n'-70-
BRI EESA>
- o
7 \
\‘~~ -
e O | AbL—F—
B
{4851
ALY 1 2way
ITL-YavKiR
e )¢ A-n'-70-
_%'_*"’7’7 B
it S
’ 1\
\ J
"l
B J AR —F—
[ I7L—Yav54Y .
ARy Emzs TREVY

2.3.13

P (CRE A) PR L e TR
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TybkKiRk

\ s ’ A-n'-70-
\ %%/\’71|~ EEo A
Ab—F—
*B
485
ALBY B3 ey

2.3.14 PEiEE CEE B) O & S e

7% 2.3.11 Koy Bl ERER DR S

S E FRRE | RE | KR | IFU-

(kg) (L) VEY,
ey 1.0 220 A | B | &

SIAR2 1.0 220 A = B8L
IBR3 20 220 A | B | &
1524 1.0 180 B | BO | &
s1UBR5 1.0 220 A | B | #

T EBADREF200L/ min, EEBBDZESREZ0.5~0.6m3/min

23.6.2. HEEEH S OEWEOFIEE

[ 2.3.15 (2251 A THEN L7 KT oRER GUR 1) o2 R Lz, TifEcHAS
IR O 9 B B /X —& — | ZTRWNCHIBE L IEWE M LTEBEBER O I3 R~ 12
TEWE S FIBE LT, B D HIBE L 7IEWE D 5 B ORI AN S W OIS &
7 T*B IHERE L, REWVWDHDITA b b—F—Hife S vt IEWE S HIEE L - EER (T
J=ULAJE, STE) RN Y PNICREFES LT,
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SEYEDRIBE U
EEAREIN U-H-

|m%u5i@ﬁm§|

2315 KIS RN K DEM ok GRUBR 1 : 28 A, AR 1kg Kf)

#2312 1EM - AWIZIT DIEWE ORISR

EMBORIBEER fBE
IR aiR
5158 1 99.6 96.4 | DRI FRBRIf,
IAR2 92.4 927 | DRI RY,
SIBR3 98.5 96.5 | DRlEIRYF.
iR 4 75 76.8 | DRIMEIEIAR,
SIBRO 100 985 | DRIt FRERI.

*RHFERIARINDORBICESENEOREEEN S E .,

FRBRICIB T D RIFEREEZ L 2312 12, KRB THMN SN EEREZK 2316 ([T L7z, %
B A ZHOZRBRX Tk, EMOFEERIT 2% ETHY . By =y MKWz
B 1, 3 N5 TIX 98%LL | (98.5—100%) (CEEL7=, —J7, %EE B ZHAW7zitBk 4 Tit,
IEAR D FIEE=RIT 7.5 %!l

BEol,
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2316 K¥L5HI L 7o BREERE 20 D ELY H L 72 1EAE - AR R

BRROFBERIL, EMOFBERNRE Th 7235 4 25X IEMm L bl L TRV VE & 72
572 (92.7—98.5%) , BRI T 2 AMEWEIZ OV TIE, KFIZIRIE L, BE RS
HZETHBENARETH D Z L 2 BiEMER Lz (X 2.3.17),
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X 2.3.17 HEEIAFIC L 5 BBRETEDE ORE

2.3.6.3. IEABREYE OB

MO EERDDRIBELZIEME D 5 b=y 7 AR a,UL % G IEMIEWEIC D
WTC, EIRERAZRE Uiz, KBt U7 B I & £ 5 EMIEmE &iX, £ 233
VR LT B AL D~ 285 o 28 5 283.3 glkg-EARERA & ARE L7z, AiRSBIC &b
[FUY SNFIEE D H 6, A b L—F—THiE SN ERIE Y T L CEHEEAFHIL
Teo Elo, B2 7 THICHERET 5 & OITABIEWE & EMIEMEOIREM CTh 2720, A
%12 100 A > ¥ = Tffisr L, EEiHlZ EMIEYE & L CHEEZFHIIL 7,

# 2313 IZARBRICI T 2 IEMIEME OEIMERE A RS, R, HIEED RAFChd - 7238k 1
KOS NZEBWTENEIETH 72,

7 2.3.13 KIS BINEIC X B ERIEY)E ORI

EBENE | QIR UEEEENE ke) | QIR
(ke DUDTRE | AT~ (%)

i8R 1 2833 169.0 o58| 935

SEzD 2833 2410 - 85.1

ER3 5666 4099 9262| 887
SERa 2833 - - -

825 2833 2128 721 100

FARSNIEMAF D5, DEEAMENEDZ200A v ¥ 1 DEEER
WToBt LIEBEDZEmEMBERE UL,
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2.3.64. BeEAKOHR

Vel KIZEEND 7 v FENPETLIPF IZHRT 2D ERE L, WHAKD 7 v RIRE L2
UURENDEM Lc, 20 VIREX NS IEEZ @S L72llES v b (G632 b)) TRIE L.,
pH (X &ML CHIE L7,

B akBR CRA LT AFUK D 7 o FIRFE KO pH 23 2.3.14 (TR L7z, B % 2kg #A
L7zt 3 ZbrE . HKD 7 v RIREIT—HBPKEEE (8 mg/L) LFTH -7z, pH T
BATD 85 0L T N BT 5 Z BRI N, Fio, B 2kg 230k e L TIRA
L7238k 3 Tl Vel BRAGEU I 42 I TIT B 2 R IAN o DAL, VR R 2 7 - 7o, fhakBRIX
E DN G | RIILEMEM I ER T A BRIC L 2 b o L HEE SNz (X23.18),

#2314 KIEDEOVEFKpH &V RONT v FRE

PR | RRRP B ik P IRF =]
pH |EEmeg/L) | BE(mg/L)
ER 1 86 1.8 6.6 | FIZ L,
kg2 | 85 1.7 6.3 | HE2bD,
ER3 | 89 3.3 121 | ZEDFHZH O,
kg4 | 86 2 T4 | FE2HD,
5BE5 | 86 1.7 6.3 | Faikl,

3 Dy RRER ) VIRENSHE UICE (HEKE%E 8 me-F/L)

eRERIe2 018

SR IR

X 2.3.18 Kiisrhliy GER 3) DFEILOERF

WIZ, KIS TAE U TS KICE TN 2 VIBE (£23.14) o, FRBRICH L 72
ERREA 7> & OEARR O ERERE2 B - 72,
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BRI OB 2 7258 Ok e Y IREEE, Jel2 %M L 72 AR O Hh
AR (K 2.3.8) OFfRNG, 39.0mg/L &ife L72a . SRz TKIs RO
B TS L 72 il IS & 2 AR O R R IT, W oORBRIXIZI W TS [FFRE (94.9
—-95.8%) Th o7z,

#2315 PRI X D MR OFRERHERRR

ANE HREKE FRKPRE | F1ERROME
(ke) (D) (mg/L) Brs%k (%)

(K) 1.0 220 #2390 -
AlEX 1 1.0 220 1.8 054
Ex2 1.0 220 1.7 956
EX3 20 220 3.3 058
alEx4 1.0 180 20 94.9
EZD 1.0 220 1.7 956

ENERADEEROEZEEEL, FFKIECZSINDIVE (LPFHR) ZERE
UL, KS2DBEEDmFK) VEEZECICBOERCELUTRUIL

T2 EERZRIBEDRZEDHFKIVEEIL, REOIDEENSHEEUIZEZ
ALV,

2365, B

i A LE BIC L AR S, EDSKEWVEWERHE L WD Y F U AL L
CEMOEEEREZ G L UKD ZTT O BRIZIE, M OFEEBDIRORENTEHNS O
FABROFMMANAMTH L Z LR Sz, £z, BBk 1 &akER 2 Ok 6| AR
M7 L—2a VCKDMEERED, Py MK DWEEO T PEWE OFBEZITAHT
HoTm,

Bk 2kg & WV RBR 3 ICB W TR RIEMBIE SN2 &b, AREETH HE
R 3 D3 KR B DB K SR G D & FUEIEMERI R L Wi K3 58ia 35 2 &8
RENTZ, 51T, FRBRKX 3 T, kD 7 v HEE T ARELBRT L LHESH
Too THUBINBIRE | 7 v FRREORER RN S, AR CTHEME L 7o EARR OVEF R
TIIAKVEST R COBEHK OV IR LRI, S SO K 508 gh== om FIZA
HETHDH I EINRBI T,

LLEDFERING . VF U LA F U EBMAE R E LTKIRDBIOET v A ~DFEEITIT,
AR U 72 BRI 2 & O BRI & EREROREIAR T TH Y | BRI ORI
Fik, WU VSRR & YEE BRI ONW T, ERIMENMNETH D EEZ LN,
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23.7. fEmEASROD
AWFFETIE, VF U LA AU EMENRE LA L SR~ T U T LU A7
VOBERFATE LT, KRIZE D VT T LA A MO 25 2 7MLz, BRI, 3
WAV F U LA A mEMlAE A, KIETBNEZIT 5 T2 DI B & 72 5 A LEE (R, FEMFIK -
EIREIEDORE) IZOWTHIFE TR EITo72, BLFIC, ERMEERT,

%

OHEFH Y F U LA A4 B ARG, B LRI T 2 2 & T, WE OIS & HERRTE

O LT, R TR O EM 2K TR L7255 R, AflieR 2% < G b - &

NL—H— « ARG CTHER D BERIBMICOWTI KD BNEDR SR L2 D = & 2R

L7,

@V F U LA F U BEMITE LN L EMK L BEREEOREEINZHE L, thoIEREAY ¥

A7 NT R ZZBWNTHFIH SN DEEE R AZ Th 5 2 & 2l R b L,
QRO Y 2iE 2 T, BEME 2 BrZE U 7o B A 2 K 0 il U7 i S TR AR
B (TAI=0LfE, @) ORI HBET S Z L 2R LT,

LLEDREN S . KIEDBNEN Y F 7 LA A EMO Y YA 7 BT HERFIME L
THIHFRETH D LW CTE L, —F ., KIEGHIOBEEFKOVERGHT OFRER NG, T m
T ASOEIETIB W THIE L 72 W KOTERFT, LB m ORI A41T 5 12, AR
BRI X D BRIEOVHFREIIAR T TH D Z E PR TE 2, o T, S RITEMEL
M OV IREFRIZ T T2 el SO O b 20 5 Z L 3B L 7o D, ETz, Kl
SREEENE LT F U LA A EMY A 7 DT a AT n— (K2319) ([ZO0
T, BIFE L TORBFIESEREARICOWTRELZED 2 LENH 5.
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2.3.19 KIEmBlEEZEIE L2V A 7 0T a2 70 —0f)
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3. FATHAINTEAA L b
TATYAINTEAAY FHEAT O ICHIZY | BEE 1 HESOH = v 7 /VKHE
FEMAR S 2 JEVEIC LI T 0@ 0 Jl Lz, S L7e7 — 2 2£ 31177,

#*31 7T —7—%

No HH i tH

\
/

PREVEEML B ZHEH ST D = v Lk E S )
1 \ 0.6[t] %1
B D CO2 HEH i

PREFEM B S TV D = v VKR Y

2 1.84[kWh] X1
DEMIY &

3 | #gho co2 PEHE 0.00258][t/1] %2

4 | Fau T AOYEHRE 3.41[t] | %2, %3

5 | hEES (BR) ORI 0.000472[t/kWh] P!

(High)

K1 EITRIFIC K 23 X —HHOEZ EJE LD LCCO2 HEH & D H Y
w2 RESEROPEERE Tk

%3 LP U ADBREANEOFL (HATIEKRY)

K4 ERFEEDPELAE (FrE Pk O RN R T A P R EH)

31, =y VKRB 2 —RFE
NR—=AF A L 5HMmEMEE L AR O 22— RFETH S5 EIEMBERHO 2T
BA2X 3.1.1I125R7,

N=RAI1> e =
(FranEEsthEhs) ([DUXEEMEHIA)

| BEHRE

| BEXETHE

I 3.1.1 #HrahmEuilE kN 2— 2 FEOK TR

NR— 2T A ANZOWTTEMEERF O CO2 HeHEZ23E LR, X3.3.1). X(3B.3.2)
MY, 3,300t D CO2 HEHE LD, —FH. ARIFEIZOWTITEMBEIN - S5 - FHHNL
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T CE DT EWMTH D720, ERIFO CO2 PEH &2 Lo R, K(3.3.3). K
(33.4)DiE Y | 50t D CO2 HEHE L 72 | N—R T A NI T HEAMEZRER LT,

S LT, UV —REMIH R & I LA L TV D Z L b EMA R L 40% L
L. [EXHEEE 25000 G &35 2 8T, BEIHE 1L HESOF = v 7V /KEEMMHEY &
L7z, Bt b7 v 71310 hCHTHIAH 07 47 & L, REIIH ¥ 0 7 EiC 0.8 & F
CC3.12km/l & L7z, @ikt s U4 iz — AU 350km #487E L7z, 7236, 4 EIX
RAFRESITE L CGRE L, BHAUTEINENZ < A TR DA MIA~OEHOYE & LT
ZMIHEE LU GREL, 10 hVELIAEHZVOT ) v AEMO R AEEGHIT 144 5
L,

<NR—RFTA >
PR UkWh] =B B LIS S T D = v 7 bk B RLERF O CO2 P &t
CRBFE R SR S LTV D =y F L KR R LD FE LAY E[KWh]
=0.6[t] < 1.84[kWh]
=0.33[t/kWh] X(3.3.1)

Hrih B RLER O CO2 HEH &[] =% B ) B [KWh] X $E R 5L [t/kwWh]
=10,000[kWh] X 0.33[t/kWh]
=3,300[t] #,(3.3.2)

<AlIFEFE>

PEHARE VAT =M 0> CO2 P B [U1] <+ A2 [km/I] > i 4 B k] <+ A A 54 4]
=0.00258[t/I] =+ 3.12[km/I] X 350[km] - 144[ 5]
=0.002[t/ %] #/(3.3.3)

RIS CO2 HEH & [t] = M5 [E] X HE R[]

=25,000[A] X 0.002[t/E]
=50][t] X(3.3.4)
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32. = WVKREMY VA I NVEE
R—=RATA L ERDBEENZ L DUEROFIEEASRO VYA 7 NVFEETHLBEACL S22
WFREDO E2 TREZK 3.2.1 12577,

R=Z54Y
(EHlicdaEE) OB

e e
I o 1 ‘ i
1 g
o -
1 1y !
L am G am
pm__|
BFHA

321 =v /7 VKFEMY) VA 7 NVFEOK T

N2 T A ATDWTITRE, BEEL, S3BED TR TREHNC L 5 CO2 Dk & BRI
5 CO2 DN H Y | ENEIRE LAFHT 25 & H(3.3.5)~H(3.3.7)Did v 38.82t D CO2
Pe i L 70 5, ARIFEEICOWTITAE, Uk, o, H2ilof TR TEAEHICL S Cco2
OYPEHEEZRET 5 E(3.3.8)DiE Y 29.74t L7210 | R—RA T A NPT DENMEE MERE L
7o

<R—ZF A >
BERNZ X 5 CO2 HEH R[] =14 7 r X0 A E[t] X 7 1 /8 2 OPEHRE U]
=10[t] X 3.41[t/]
=34.1]t] #(3.3.5)

ERENIC XL D CO2 PEHE[t] =1 E /T R[KWh] X TERE S (BR) OFEHAREL[/KWA]
=10,000[kWh] X 0.000472[t/kWh]
=4.72[t] #(3.3.6)

BEFNZ & 5 CO2 HEH &[]+ HE IIZ L 5 CO2 HEH &[t]=34.1[t] +4.72[t]
=38.82[t] X(3.3.7)

<A EEFHE>
i H#EIC & 5 CO2 PEH & [t] = 1E % % 71 B [kWh] X JEH £ % [kwh]
=63,000[kWh] X 0.000472[t/kWh]
=29.74[t] #(3.3.8)
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33 UFULLF U BHM) VAT NVEE

R—=RATA L ERDEHNZ LD FIELARIO Y A 7 NVFETHHBEANC L HRWFikE
DERTERZK 331IT5RT, VFTLALF B MDY YA 7 ICHONTIL, RO
& EFE ool Bk = v 7V /KFEEM O TRICHE TR Z8M L, Co2 k&
A LT,

e
[ me |l mam |
[ om il oam

331 UFULALAEMY IA 7 NVEEDOK T

NR—=2 T A NZOWTIIRBR D@ Y 38.82t D CO2 HEHE E 725, AFHZEIZ OV TILAT
PR TFETO CO2 HEH & (FICEMIEREDT= DIV AHEE X v B 135
Z BAL, AR 29.74t ERISG L MBESND Z &M, RX—A T A NIxT B EMMEE RiAD

A lal o B A B E 2 FECT TR IoiE A R T 5 & & b ITRaE 2R ek (it
AT L CHIZHZD |, LTFTORICHEE LS, CO2 MBI RAZERTE 5L 5K
AtEED T,

OA BRI DIEIR

BIFRDOREICHN OGN D AMEEIIFEI L CTHMMT2 Z & 25K E 2720, RIE
~OPHBEIZRENTH D, LIPLRBS, FIA4 7 ) == 7 EOMERSETFITBIT 5
FEN O PG T 2 OWTCOIEMIROREDNRTZT T2<, Cco2 B
M OREIG G DBLR D HIE D) R TR 2 3RS % & E R E LU,

QBRI TR

WA AR OVEE TR T, WA TR T 5 CO2 Jhi & R~ DR LB &
B ZEMND AR A ATRE 72 = R AR ORI E £ LW,

83



4, REHFMEBFEMCORBL
41. Y o2—2AEZEORFMTE

=y VKB BEBHIARD U 2—AFEORFMEIZOWT, BHEIZOWTEX, J=2—2
LY AT LTEARHCME L 7 DR fEE e (BB - @, VX r— VM) .
MNEE BERESEAZBH L, IWAEICOWTIE, —REEEFEENARE L TV HHESN
FR2 ORI AMG B LD LARE L7256 ORFEIELREE LTz, Aifesthe LTiE, V2—2
HEVAT AORMEHIEE 4BMW, FEOTHIHIM A4 20 4 & U CREAE Lo, AR,
FRIZOWTIZ 90 B AAFRETH Y | IAMIZ- OV TIX 380 & I FAFRE & e o7z,

PLbEX D, I3E LTIE+270 B UMMFERE L RIAEN D, — T, 20 -/ TORHkE
A ORI R EE 2 ATREME A i < . FERSL O T2 DITITHE 22 DU OEIINES K OGRS
DARANTTAED D ENRETHY , SISHEMFTZERT D, b, S%HET
AZIHG b S, REDOREMbMMESND ZEnD, INAD RO BMLETH D &
BEZohb,

42. VYA 7 NVEZEOREETE

=y FIVKFEMIARD U A 7 VFEEORFIEICONT, VA 7 NVRRICHNE L 72 %
RFEE T (BRN AER, KR, ElERE. AT 2R AMEE, R
LERENT L E LI, WO TS MMEICE S S RE L2 i Lz, Aifesd & LT,
TR ZAT 5 IO G A 1 TH . FEOFMBMIM A 20 /& U CRE L7k
B, BRIZOWTIE50 B HHMERE & /eoT-, WAEIZOWTIE, = v 7 LkFEERD
HERBTELD 5 6 TIGME D DRER LB B = L OSBRI 2 SEdE L U TR L
T2 A2 ITRTHY . = v & /LIET4E 10,000~20,000US$/t THABI S THY . SEOD
RE TIEHSH Y A 7 2708k L 10,000 USS$/t (1US$=110 I THa%R) & L7zfER., IAIZSW
TIX 30 B MAFRE &7 o7z,

LLEXD IS E LTITA20 B 5 AR & BA5 1 A COFERSLIXREE K
WL ThHORERE oI, —H T, MEEHEEZEOT ZLIZED, Zr— AU v MK
% B AE AN OB A EI, BBELZ 3 THU EOLEGHETHZ LI
KON T T ACHE LD W) REFER L oo, — 07T, 20 £ TORAREEE L oA
BUIREECTH H720, FEMLOTZDITITE 2 DINA DB L ORI O =2 A &Y
VNEBDLZENRMETH Y, Bl &k REE EET D,

BB, VFULAFTATONTE, RFEFFFHEIZITT AT 0 =2 E L TWRND
LD, REMEORBIINEECH D03, = v 7 /VKFEM & g U TR OMfERZ L
WZ DD, BRRT Y F U LOBENEIC X D R OMfER EIZ g 7o st & 5] & i &
FEhid 5,

84



LME{E#&(UsS/t) B/ A SER(FY)

60,000

500
50,000

400
40,000

300
30,000
20,000 200
10,000 100

0 0

I A = T = T = B = T = B B S R N T N T L T N

IMETEE  SHFEFEE —LME(fH
B, LMEf@E R OFERG | FTEE D (2005~2018458)

X421 =7 Loyt HER
(4t . JOGMEC HP URL: http://mric.jogmec.go.jp/reports/mr/20180628/87222/)

43, FREEMEm Lo R R

U 2= ZHEIZOWCIIARFEGEFELE U C, Kifb Lkt oa A2 Gl cx
7zl e bic, HRBORZ 2B MOBIEEIN 2L TE 22 Lon, Hiiim TOMREE
gk C &7z, FEMIHT - T, A MHRE L 72 D% Hax T O Faifb 2 X 5 L FE03 &
Do BAEMICIE, BT OHEBIZOWTHRFTT 2,

R W ES EIOk )

FRBIINT Y XDH L ) 22— 2ABEMB A EAHEE LTWD 720, AR Z @IS
RE L, BUSIR 2 ik 45 2 & T, V2 — ABEM AR KIRIENT 2 & & bITghRN2
HEA 2D,

@ = ZERERR O B HHI

T ERE AR ORI E S BHEEIBIC L0 | [fx OBEREANIX LR35 b0, A5
WU I A RT T UHIRBRRENEE X OND, dFHlRGZITNEOREELED D &
E bz, FANRORIBENRAE LW 2 & 2R T 5,

= VKFEMY A 7 NVEEICOWTIARIGEFEEZE U T, BEHE DR VT
22U A I VAR ARSI L, Bl COMEE R TE o, FEMICHIZ-TE, AED
FIETHLNLEMWOMiER L2 B+ & bia, =2 MRS 72 D akfiak it o fco
bz 0HERH D, BRI, FICL FOEBIZOWTRETT 2,
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F VYA 7 NV TRRIZBT DREER OB R EGEIZ LY, ERH A=y /La X b
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UF U LA B VA 7 VFEEITONT, BINE TIIAEEFEETIHHS N 2 S
DIEE RIS HZ LT, VA I N T 0 AZfHNLTE D RIARTH D, BARMIZIE, B
TOEHBIZOWTEREZAT O BERH D,

ORhHRAY 727K 53 BIALER D FEBL

- AR OENEIN Sy BIT B 728D O FR TR 15 D FAM,
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< KFEG N LT R O8I 72 U YA 7 IV HEDO R,

BEFOIESRAE 7B 7 1 2 TOKFEBIFERY D4R R %17 9,

- RET B ADEREE - RE IR,

FITTDIVF LA A BRI P A 7 VT o 2AOFERCRE T 0t 2 & ITHEHO
gz Lo A 3 5,

@V WA 7 VEHOHEK
- BRI E N5 U F U LRI ORI,
EIRAY Y F 7 LA (BRENTE - WAETR) (2L 2 U F 0 AR OFHEi 21T 5.
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[ DA ) B K0 AR A OJEREZ BFE L, 51 & RS MAT L TS BERH D,
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ARFEFFFEIZELD, AU 2—2AFEV AT MITERTESCH LB xG T & D6
EHTDZEDNHERTELED, R 22— ABEBEV AT LEBEBNRRICERHETH LT 4
%, B REABOIKICE VA UHRLBIREOBEMRRICH L THATHLIEEZD
N5, £le, = T WVKEB IOV FU LA WG TORIEEKR B AR THH Z &b,
ke ) 2 — 2B OB EBZBHET DL L bIC, FERORRO=—XIZHDbEZE
HHER E T2 L bR TH Y, FHEERDOIRENRIADD LBZEZBND,

7. BEHIOMEDZRWEM Y A 7 LV FEOHENL R X OEM R R FIC X0, HEhE R
— =R A — B —EXEMORE M L A DR (2L W=y VEE) B2
OREWNCTHET D Z LN AREE 22D, ET. RO FIE L LT CO2 HEHENHIR T
XHZEMNS, ABREVY T FEEN LWL HEHHEEFRICEGR T U A 7 LV HEE S
RICEFCE 2N SV . FEHM OENRROIEES X OEEEO S KL RICE /RS
L5 EMRIAD D,

45. SHOBELEEL

Uaz—R « UPA 7 V& RBBICEET D 2 & TIRIRERIAS R OB AL 2 % [F]RE
FERTEHLEEZ LN, EE LT, KEDEBEMEZBEINT S A F— A%ﬁi?éﬁ%#
5, S, BEYHEERICBON L, BEIHEA - —FfIC LD Y F U LA A BElodk
[ LS 2%, B ERLET A X — AEFIZ AT 7RSS IE L TR Y | H%
B B A BB EIN O BRI E £ D & & BICENBERORENR RAEND, DXk
BEOEEMEX, T ThIHBE A — I —SF L —{RE2 0 | SEIO LS 72 KHR
W2V 22— A LT A I NT D4R AT DOFESLIZ AT 7o 2 #EE T 5 2 & TR o
FELEBIET,
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