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Summary

1. Background and issues
This project demonstrates a low-carbon recycling system for spent lithium-ion rechargeable
batteries (hereinafter abbreviated as “LIBs”).

Existing LIB recycling technology is designed primarily for small LIBs, while that for large
LIBs is still being developed. The need for large LIB recycling, meanwhile, is increasing with
the growing use of next-generation vehicles.

LIBs must be pre-heat-treated because they could catch fire when directly crushed, causing
accidents at recycling plants. Such pre-heat-treatment, however, requires a large amount of
energy while recovery of rare metals contained in LIBs (lithium, cobalt, nickel, etc.) remains
a challenge. The existing techniques to recycle LIBs include heat treatment in an electric
furnace or a stationary furnace; the former recovers only iron with other base metals and rare
metals left untapped while the latter recovers base metals and rare metals, whose quality
remains poor as they are oxidized.

As listed below, there are three major challenges in recycling spent large LIBs.

1) Low carbon: Development of a system to reduce energy consumption required for heat
treatment

2) Resource recycling: Development of a process to recover metal resources (base metals
and rare metals such as lithium) in an efficient and selective way.

3) Reduction of other environmental impacts: Development of a system to cost-effectively
detoxify hydrogen fluoride gas produced by heat treatment of LIBs.

2. Project objectives and descriptions

This project demonstrates recovery of high-quality metal resources from large LIBs using a
roasting furnace to recycle spent large LIBs through a low-carbon treatment system.
Materials to be recycled are large LIBs for automotive and stationary applications and the
final goal is to recover and recycle lithium, which has remained untapped. The project has
the following three objectives to address the challenges mentioned above.

1) Low carbon: Design a system to reduce the amount of energy required for roasting by
using waste heat, with a roasting furnace installed near a cement kiln.

2) Resource recycling: Select a treatment process that recovers high concentrations of
metals (base metals and rare metals such as lithium) without oxidizing them.

3) Reduction of other environmental impacts: Design a system to cost-effectively detoxify
hydrogen fluoride gas produced by heat treatment of LIBs, using an adjacent cement kiln.

By adjusting the roasting temperature, combustibles and adhesives are selectively burned
without melting and oxidizing metals to facilitate recovery of metal resources. At the same
time, roasted LIBs are crushed and segregated to recover both base metals and rare metals,
with the latter properly concentrated, to recycle metals.



A roasting furnace is then installed near a cement kiln to save energy required for roasting,
where the waste heat from the kiln is used for roasting, while exhaust gas containing
combustibles produced by roasting is fed back to the kiln for use as an alternative fuel. In
addition, hydrogen fluoride, a persistent compound in the exhaust gas, is treated in the kiln
in a cost-effective way. The objective is to develop a process where LIBs are fully recycled
more cost-effectively by using a cement kiln and leveraging existing expertise in waste
treatment.

3. Demonstration results
The following are the descriptions and results of the project. Spent LIBs used for the
demonstration were those onboard domestic and imported cars and stationary LIBs
manufactured domestically.

1) Segregation and manual dismantling of spent LIBs

Spent LIBs were collected, segregated and manually dismantled to reduce the amount of
materials to be roasted and recover base metals and plastic resources, with the recovered
amount measured. Specifically, LIBs onboard domestic and imported cars and stationary
LIBs were collected, while for the former, only those that were packed were manually
dismantled. Stationary LIBs were not manually dismantled as they were modules. As a result
of the manual dismantling, the amount of metals and plastics recovered from a pack of
domestic or imported automotive LIB accounted for an average of about 40% of the total
mass. At the same time, an average of about 4% of plastics (combustibles) were recovered
by manual dismantling before being roasted, which contributed to reducing carbon dioxide
(CO2) emissions.

2) Roasting of spent LIBs

The temperature range and time of roasting to exclusively burn adhesives without melting
electrode materials (aluminum and copper) were examined to recover high concentrations of
base metals and rare metals. Specifically, LIB modules dismantled and roasted at 450
degrees C and 600 degrees C were examined; no fusion was observed at 450 degrees C
and separation by crushing was possible, while at 600 degrees C, fusion was observed and
separation by crushing was apparently impossible. The following observations were made
during heating (3-6 hours): flames were observed after three to four hours, while after five
hours, no flames were observed but smoke was emitting with roasting continuing; roasting
was completed in six hours with no flames and smoke observed. These results indicate the
best roasting temperature and time: 450 degrees C for six hours.

In addition, the calorific value of the exhaust gas produced by roasting (containing
combustible gas) was measured and examined to use it to fuel a cement kiln; the value was
156 Mcal/t, which can replace 0.1% of coal used to produce cement.

3) Crushing and segregation of roasted LIBs

Three crushing techniques — impact crushing, shear crushing and shear crushing with
particle size adjustment — were tested to adopt the best method to efficiently recover base
metals and electrode particles (containing lithium, etc.) with a size of less than 1 mm while
roasted LIBs were all segregated by sieving. The results indicate that shear crushing with
particle size adjustment, which puts less load on facilities and can accommodate both
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automotive and stationary LIBs, is the most promising technique.

The recovered materials were analyzed for components and their metal material balance
was examined; high concentrations of rare metals were recovered from electrode particles
(<1 mm) through impact crushing of stationary LIBs while copper (1-10 mm), iron (10 mm<)
and aluminum (10 mm<) were concentrated through shear crushing with particle size
adjustment. Options for further improvement, such as combinations of impact crushing and
shear crushing with particle size adjustment, will thus be examined for stationary LIBs.

As for LIBs onboard domestic and imported cars, more than 50% of rare metals were
confirmed to be recovered from electrode particles (<1 mm) through shear crushing with
particle size adjustment while high concentrations of base metals — not only copper but also
iron and aluminum — were recovered from electrode particles (10 mm<), with copper most
concentrated, which suggests the need to improve crushing and segregation processes.

4) General design of the treatment system

The whole flow of spent LIB treatment was designed according to the demonstration results,
with its material balance calculated. The energy-saving effect of installing a roasting furnace
near a cement kiln was also calculated, where the waste heat from the kiln is fed to the
furnace, and combustible exhaust gas produced by roasting, to the kiln.

Packed LIBs were manually dismantled to recover base metals and plastics and then made
into modules for roasting. Subsequently, roasted LIBs were sheared and crushed with the
particle size adjusted, followed by sieving to segregate and recover rare metals such as
lithium (electrode particles smaller than 1 mm) and copper (electrode particles 1-10 mm in
size or larger).

Given that 3,000 tons are roasted annually (10 t/day), it is estimated that about 6,000 t/y of
spent packed automotive LIBs are treated, which translates into recovery of 360 t/y of
electrode particles and about 3,390 t/y of base metals in total.

As for the energy-saving effects, it is estimated that the amount of kerosene used for roasting
can be reduced by about 70 kl/y (30%), from 228 to 160 kl/y, by using cement kiln waste heat
while about 0.1% of coal used to produce cement can be saved by feeding combustible
exhaust gas from a roasting furnace to a cement kiln.

4. Environmental improvement effects

With the incineration in a stationary furnace as a standard for comparison, the project's CO2
emission reduction effects were calculated. As data on energy consumption before and after
the incineration in a stationary furnace was not available, it was conservatively presumed to
be the same as that of the project while the hydrogen fluoride treatment process was
excluded from calculation. The recycling effects, meanwhile, were estimated based
exclusively on the amount of resources to be evaluated. The calculation results: 265kg-CO2
/LIB (packed) for automotive LIBs (domestic); 362kg-CO2 /LIB (packed) for automotive LIBs
(imported); and 617kg-CO2 /LIB (modularized) for stationary LIBs. About 1,850 tons of CO2
emissions, therefore, can be reduced annually regardless of the type of LIB for 3,000 t/y of
treatment.
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The resource recovery rate was about 70% for automotive LIBs (domestic), about 50% for
automotive LIBs (imported) and about 1% for stationary LIBs, all based on the amount of
resources that were evaluated. As for stationary LIBs, only copper was evaluated for particles
larger than 1 mm, which account for about 60% of the total while low concentrations of copper
resulted in a low recovery rate. Recovered materials that were not considered metals,
however, were recycled as cement materials. The recycling rate was therefore 100%, with
none reclaimed for all LIBs.

The behavior of halogen elements (fluorine) in LIBs was examined to cost-effectively detoxify
the exhaust gas containing hydrogen fluoride; as for stationary LIBs and automotive LIBs
(imported), 98-100% of them transferred to electrode particles smaller than 1 mm, while as
for automotive LIBs (domestic), nearly 80% transferred to electrode materials smaller than 1
mm, with the rest transferring to the exhaust gas, which was fed to the cement kiln for
detoxification. The analysis results of the cement kiln exhaust gas proved fluoride
detoxification.

5. Cost-effectiveness evaluation

The cost effectiveness of automotive LIBs (domestic and imported) and stationary LIBs were
systematically evaluated by determining the value of recovered resources and calculating
the costs of transportation, treatment facilities, manpower and consumables. Specifically, the
value of recovered rare metals was determined based on their concentrations while particles
larger than 1 mm were evaluated as copper with the amount of evaluation considered the
amount contained in particles larger than 1 mm.

Consequently, cobalt was evaluated as valuable for electrode particles (<1 mm) of
automotive LIBs (domestic) while those (<1 mm) of automotive LIBs (imported) were
considered to have no value and therefore downgraded to cement materials. Stationary LIBs
were also evaluated as moderately valuable with trace amounts of rare metals recovered.
Rare metals, meanwhile, can be generally recovered from automotive LIBs (domestic and
imported), which suggests the possibility of rare metal recycling, depending on how they are
treated. The value of automotive LIBs (domestic and imported) was calculated at more than
¥40,000/t, based on their copper contents while the manpower cost, etc. were estimated at
¥130,000-160,000/t, which resulted in a deficit of around ¥10,000/t. Likewise, the resource
value of stationary LIBs was calculated at ¥100/t, with the treatment cost estimated at
¥190,000/t, which resulted in a deficit of about ¥190,000/t. The plan, therefore, is to
consolidate treatment facilities to cut down on transportation costs and expand operations to
lower the treatment costs of spent LIBs (manpower costs, etc.).

6. Challenges to be addressed and the commercialization timeline

LIBs with complicated structures consist of various materials. As LIBs procured for the project
were limited in variety, more samples are needed to establish LIB recycling procedures,
where roasting conditions, crushing techniques and segregation methods are examined for
various types of LIBs. This is all the more important, given that the behavior of fluorine gas,
etc. differs depending on the type of LIB.

In addition, the packing style and the structure of baskets should be re-examined for each

viil



process (procurement, manual dismantling, roasting, crushing and segregation) to improve
the work efficiency for commercialization purposes.

As the value of electrode particles through refining was evaluated only for automotive LIBs
(domestic), the treatment process should be improved to further increase the recovery rate
while expertise in processes such as segregation of LIBs according to their rare metal
contents should be developed. At the same time, more in-depth demonstrations are needed,
with the maximized treatment volume per unit time, to accurately evaluate the effects of
reducing CO2 emissions, saving fuel (by using pyrolysis gas) and detoxifying fluorine gas,
given that the project dealt with a limited amount of treatment.

Considering the above, ancillary facilities will be set up in FY2019 for large-scale treatment
while an application will be filed for commercial operations, where 500-1,000 tons will be
treated in 2020 and up to 18,000 tons in 2030, with an increased number of treatment
facilities.
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HEATRHmOfE R, EEM, wHlAWT I ORSE LIB (2 b MALEL )Y 7] 2 Cak fi AT 1R
VBT (HEHRIE R REfT &) A Th o7,

AT, EE A LIB IR < Mk S 3L, <Ilmm O OEIIER 5 60% & Fos-o
7oy, M LIB 13S0 BRE 70 72 O AL ER R 8 & o0 A — B —HIWr 3 B 0 | i L7
STz, SR, EEF LIB OB )5 H~OAEN KX < | B i § 5
BT 578, AR TH Y . <lmm OEILERE 20%55 & Ko -7, E&EM LIB T
DRI BRI RE N o722 LD X0 HEE B E 22 B LIB (LB IR #E & 7
L. FEBIIITORho7z, Sl (HEHR EERRE i Re (T =) X, &M LIB (X < %
P S HL, <Ilmm OENLERE 25% Th o7z, #HEH LIB b EWN, EA L HICRER < iF
P S, <Imm OEILER O EH TR 16% Th o 7=, ST ChiEFREERENT &) DA
EEA, BEHAOWTNOREEE LIB IZ b XS AR TH - 7=,

BN & END R IIAT AT, BRO~T VT NANT U RAERRELTEZ A, EEA
LIB [Z8W\WT<Ilmm B IZ LT A X V& @RERI T E TV 2385 C¢, 1-10mm
(ZHRAE, 10mm<IZ#RE 7L I =0 A AR T X TN OB (FEHRL R Re )
X) Thole, ZoOkd, EiEH LIB ORI L LT, 4tk B e gy (HEHk:
FEFRESREST %) ZMAG DY L E, WELERFT 5,

ST (PEHVRL BRI RERT &) O L2 H#H LIB <X, EW - E4h & b iZ<imm
A IZ T 50% LA LD LT A X VEIBER S e, — 7, N— A A XL CiE, 10mm<|Z
BN B ELBEHEIND OO, RERIZERSCT VI =y AL EBEERIN I TEY . -
BN TR > T2,

& 1.2-11  BERE - BEAIKRERAERIC & S F A1

EA e
FEAEE EBERALIB HEMALIB i
-<1mma [2] Y Z 58%,
BET - BLEEC. e
= - A, EEET,
0 e o FENEEBRENEE. || msszEcsy. A | zERTHAE. wRuE
AN < A—h— & LR DD Y,
ES0 " BB & 0 H,
FILEITL—LADED
BEAENEL,
~<1mma) 2] 4N #& 18%,,
B 7 TR A B0 12 A EHET,
AL, EIE A, 8 FI450°C TR E MR - ‘
THe [THe |A | m#- BATECCRE | x| BEAEECcHoroLm | x | ChA. BERAORRLE
Z0, 5. &Y BENZELER IS B2 & M.
ERIZTILI T L—LA FAIZ M IRR & & | By,
DEDEEAENERE,
_ . Ao EARE . = 15%, RS O OBE A
amE R B4 16%, B, MENBELEE
s NS 1A e ERms | O | BAR - BLEEE O| MLIBOMERESAHE.
g REHEEREE - SRR LB A WFhOS S TTLRED
B The, MDY .

%) UT &ixv = /7 v 7 A, THC SR FEa YL b MS &I HEZE OISR,
UT T, THC TiXsiHizt, MS TIIsiwr= (BEHRiEFREMEEr &) Bffic T3,
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® 1.2-12 WRAFENOERER—F

HELIB KR ALIE B i I—IOmr;lm;E&EEIOmM EERD
© kg % kg % kg % kg % kg %
g |EE 450]  6.53| 100. 04| 3 68| 56.4% 1.77] 27.1%| 0.90] 13.8% 0.18] 2.8%
ETRGLLS) 450 EHeT
=B 250]  7.38] 100 04| 1.35] 18.3% 1.68] 22.8%] 4 27] 57 9% 0.08] 1.1%
THe |mE 600] 10 22| 100 04| 3.37| 33.04| 4.43] 43 34| 2.51| 24.6% 009 -0 9%
HH (BRH) 450 EEET
T E 250] 108 97] 100, 04| 26 52] 24.3% 18.20] 16.7%] 61 30] 56.3%] 2.95] 2. 7%
ETREED 250] 77.11] 100.0%| 10 67| 13.8% 10.00] 13.0%] 52 70| 68.3%| 3.74| 4. 9%
ETRELS) 250] 92 94| 100 0%| 14 49| 15.6% 6.20] 6 7%| 68 60| 73.8% 3.65| 3. 9%

%) UT &ixv=/7 v 7 A, THC LIZKFFEa P2 b MS &3 HEEDOIETR,
UT T3, THC Ti38ikr=l, MS TIIBIWi (PRHIRIRE R p e &) Hffric T 5,

x 1.2-13 FEIDOENRYEE

Eftt

A Y]

LIB

2 7 B 4R ¥

1-10mm

ut THC

EE R
450°C

THC |THC

B R
450°C

EER
600°C

MS MS

EEM
450°C

HHA
(BR)
450°C

HHA
(E4H)
450°C

%) UT &ixv=/7 v 7 A, THC LIZKFFE P2 b MS &34 HEEDOIEHR,
UT T3, THC Ti38ikr=l, MS TIIBIWi (PEHIhIREFamepaest &) Hffric < 5,
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BTG
(E@EALIB)

B 1.2-4 FERLIBIZET52ERERDITTILING

ERALIBD

EWYTIS
(MSHiT)

K 1.2-5 HHBLIBIZBITAEBEREDT T 7ILINS

Fe

Al

Cu

100

100

100

100

100

100

Fe

Al

100
100
100

100

100
100
100
100
100

100

19

100

100

100

100

100

100

100

100

100

100

100

100

uT THC MS

T U s 38 37
Ni g2 13 29
C 70 13 30 |
Fe 27 19 o |

a2 1 2

Cu 0 3 1

ur THC MS

i 14 23 20

Ni 28 37 23

Co 27 37 22

Fe 47 21 3

Al 51 19 17

Cu 85 3 65

ut THC MS

Ni 3 50 48

Co 3 50 48

Fe 26 60 28

Al 47 80 81

Cu 15 94 24

DR (FE)

EA |

<imm L 53 53

—% (Bt -

Ni ' 54 50

Ico 53 78

Fe 1 39

Al 3 1

Cu 3 1

A | @

Ni 10 7

Co 11 2

Fe 28 20

Al 13 7

Cu g 4

[ B

Ni | 35 43

Co 36 20

Fe | 71 41

Al | g4 o2

Cu 89 95

VA (MEEEFE)




13 AERF—LORKBRE

1.3.1 E - YA Y IILRAF—LDERFKE

FREFEBRAE RIS &, HHE LIB OV YA 7 L7 a—2EKE&FH 2TV, U A 71>
B0~ T )T ANT U A &S Ul SR LIB O 7 m— & LT, /%y 7180 LIB
TR ATV, R—RARA XNV ETTFTAF v 7 2B L, TV 2—/WREEIC L%, EhEx
1179, BB I swi=t (PR R RS RE T &) 1S TR . B\ o Ly @RIEIR L7
<lmm DMLY FUOLEDOLT AZ ALY YA 70 1-10mm & 10mm<{(Z$iV 1 7
E LTz,

RLBR A & — A OBIFIL, KEPEALELE 3,000t/4F (10t/H) ZdhE 425 L, AE4 2%
LIB /Xy 7 (H#HH) £ 6,000t/ IS5 EWIX, M 860t/4F, ~N— A A X LinG
G0 3,390t/ D A L B T,

150°C - BIFR quﬁ 2007C, 165kcal/kg

L= HEBZ Bk

L7 A5 ) Laili: LD S
tz 42 B

(<1mm)
BREE (;ﬁi?})}b
EHE privs —
. HELALIB o
il 77 TR ey (450C/6hr) ’""“’m BIDT)
3,000t/F o
; o
A 10mm=)
% X Fuo s

B 1.3-1 MEBXFX—LOLKEE
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13

L7 A5 )LaHis UDiZEt X > MMb

A RHILY e
150°C | |
E= ﬂIﬂz’s‘*I’EE .
LA — gE7j 2 200°C, 165kcal/kg
Tih
3,000t/4 (Eﬁﬂa)
(10t/H) Bz (LTI
FHALB —| N8 FHAE - FHALB - ) | ARHEE | X ||
ASES EZa-I)L (450°C/6hr) & (B 1) ) =R 330
oK) w00
Bl 7,000 . EF 3,000
o ’ PR = EEM 600
¥ Eft 5,111 B4 3,000 — B 2,310
TEM = EEA 3,000 =8 2,310
EEM 2,400
ZWIRAGI
(1-10mm.
v —> 10mm<)
TS ($RF)
# JEEk T
— B 2,222 1,444 333 — :: 1,222
=4k 111 1,778 222 ,
EEA EEM 1,800
EE - = -
(BEAT : t/5F)

X 1.3-2 £@FREICBFAHIITITILINT VR
%) EEH LIBILE Y 2 — VIREECHEH SN 7= D T8 7 BB EHTAT > T 720,



1.3.2

A D kL R OB IR EIR S R DS

TA MRV LB AR T D 2 LT B AL bRV U HERVE REBEST . REBEIC TR
ETDAMERET A A RN~k D Z LI L DB RN = RORKE 21T 72,
BN X—ZJRIZHONTIE, B AL FFALCOPRAT 2L —2FIHT 5 2 & T, K6
JE ORI &% 228kL 7> 5 160kL (249 70kL (79 30%) HII &5 RIAHZTH Y |
JEREIR N S RET D A[RMEET A2 A PRIV ARG Z LT A2 Ml iz
T HARDOK) 0.1% DR FIE & HH &7,

#= 1.3-1

AV MFILOOHRFIADEEICE S ERIFTOTHEE S LR

Bz A A HEEFI A
HY 7L
AYOAREE 150°C 20°C
ERMTHE 160kL 228kL

& 1.3-2 BHRFOHAR (AIRHE) FARICE A

VEXILUTOEIRILF—HE

HBHARFA | HEHRFIA
HY T L
HARORERE 165kcal /kg -
—ERAEE 0. 10% -
JLE—45—-A
-5 EIBBOER e
)
)L HEER
BIAMER 2 (SR BIRET)
Z3107> [
N S
<2E¢j%mﬁ
reigEyE |
PEH VB

LIBRE

0
I:I B
[

X 1.3-3 BETH LAV IMFILVEZFRALEZERFE A TLOERE - ERFE
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2. RIBEEERZNRDIRE

2.1 ERERDHROBKRE

FEEIZFH SN 2 BIREOAOEIRIEERL R, B (EW) LIB IXEIREICGEI
70%., H#EH (FH4M) LIB I3 50%. EiEH LIBIT 1% R Sz, ©&EH LIB
1. K9 60%ICFIY 925 Imm=DEULEIIKR L, $OAEFFENE 720 . $oEa RN D

RN S EIREIEIMEL e o7z,
MEU YA 7 V2%

VI 100% TH 5,

7

1722

L L7 b, @@atli S en Bzt A
EBH, WTFRO LIB N EIZ 0 THY, - TU ¥ A7

K 2.1-1 RKEEICHITA2ERBEDIROEMEER
gttt | mEs | 8 | % zz; Li Go Ni Cu | EEERE [y LE
A ERA 1.00 0.32 0.21 0.05|7. 68E-04]1. 94E-03|0. 00E+00 0.11 68. 8% 100%
$L$%BFH =4 1.00 0.02 0.35 0.04]0. 00E+00|0. 00E+00|0. 00E+00 0.11 52.5% 100%
FEH 1.00 0.17 0.28 0.05]|7. 19E-04]3. 37E-03|0. 00E+00 0.11 61.0% 100%
EEHRLIB 1.00 - - - 2.39E-03]4. 90E-03|5. 28E-03|6. 80E-04 1.3% 100%
st/ | mmEe | 8 | ks Zj; Li Co Ni | EEERE
‘ ERA 7,000 2,222 1,444 333 5 14 0 799 4,818
EL%EBEJ [ESE)N 5 111 111 1,778 222 0 0 0 574 2,685
E 5,908 1,002 1,637 269 4 20 0 669 3, 602
Ei&HHLIB 3,000 - - - 7 15 16 2 40

H5) HEHIIT VI =T LFHEE LTz,
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2.2 CO2 #HH=HIERDRET

AEEAX— 2L D BILRBHIBDROREICHIZY . B SGETERBF TO
BEAGLEE L3R E LT-, EEFBERIORI% OB TRICET 2 = VX —HEICBhET 57
—HZDAFRHFETH 72720, LVRTFHRREEL LTARFEELF—LIKEL, 7 vk
SAER T RE T, BHERFHA DRI Uiz, VU 7V T, EEICEHE S 2 BIREO 25
ERTGE Ui, REORE, H#H (EW) LIB 1Z 265kg-CO2/LIB /X 7 | H#H (E4h)
LIB /% 362kg-CO2/LIB /X v 7 | & LIB i% 617kg-CO2/LIB & = —/L T~ 7=, M
RERER 3,000t/4E DB OHA, WIho LIB 2BV T 6 1,850t-CO2/4E D kb=
FHIE R & F Sz,

X — — ~ Y ~
/\j"é;; > )\U/S’u é$f%§ —
) iy k
HAEFEE IRILF— A (Sﬁ?}b
: Ems{Us LT A5 FHEE R B
L R R wi (EEP) |- W - ERl [
| Ew(']:b(/)sub
; ; : Imms
. 7‘314 :";7\ IRILFE— (##)
=) =) Gz
i SO T ALK
IHRILF—
2.2-1 R=ZRS54r70tR (EEBFNE)
BB
D) '?‘*f ) e
JO0tX
(AKSEEEEE) A RFILY |
n. ‘—/
No>45y 2
e SRERDR e
(Tvikman)
(<1mm)
(L2501
BRIE [ on - Fma |t oawE) || mm ALT NS
I A
D 7 ! =y
. T TSR TR oA
L3 = Fvo (4R)

X 2.2-2 AFRIHNFXED)HA7)LTO0ER
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t-Co2ft

1200

0.800

0600

0200

0.000

0.808
0.362 0.699
t-C02/t-L1BsSvY 0.314
0.589
0.265 t-CO2/t-LBs Sy
t-Co2/-UBs vy 0,445
0.385
0.325
EEREM) EERE ERR(F)

“—AFTT/0ER FEEDUTATLTOER

2.2-3 LIBAID 1t 7=V D C02 HHEDLLEL
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1.303

0.617
t-CO2A-UBEa—IL

0.686



9¢

R 2.2-1 KREBELTEWLEALLE L - C02 HiHEHEEME (LIB1t H71=VY)
WA (ER) WA (E5) WA () B
Fo+ 2z HFTY EE nE R P R PEE &
t-002/t-LIB/X v & t-002/t-LIB/\ & t-002/t-LIB/Aw 5 | t-C02/t-LIBES 21—/
pmyoex |0 EER 0.573 o 501 0.784 0 506 0.679 0 700 1.260 00
R—Z54 Y R - A 0.018 0.025 0.021 0.044
IOtz 7L TSRFUY 0. 001 0.001 0. 001 0. 000
I 75
JHATABR [T oo 0. 002 o000 0.002 o000 0. 001 oo 0. 001
fo=de-2 fe- e =
pmyoex B GERE) 0.332 2 350 0. 454 o 175 0.393 0 112 0. 697 o 701
| R - R 0.018 0.025 0.021 0. 044
ﬁffg ITAIN %7 TSRFUY 0. 001 0.001 0. 001 0. 000
YA D ILME AR R 0.023 0.025 0,032 0.034 0.028 0.029 0. 055 0. 055
L7 AZ)L -8R 0. 001 0,000 0. 001 0. 001
CO2EIRZNE (A-B) - (C-D) 0. 265 0. 362 0.314 0.617
R 2.2-2 AREBELTFTEWFNEZLEE L= C02 HIBEEEME (EMLEEH=Y)
=HA (EA) EHA (E5) EHA (1) B
. " BEE PR PR R
E ATl A = 7.000 t/% 5111 t/% 5,908 t/% 3.000 t/%
1002/ & t-C02/& 1002/ & t-C02/&
B (B 4,010 4,010 4,010 3,780
NE
R—ZS54Y S vy 127 4136 127 4136 127 4136 132 3,012
JOo+ex %-7ILI - TSRFuY 7 6 6 0
| % " 8 7 2
JHATNAR [ s 1 2 1 2
K (SR 2321 2,321 2,321 2,092
N
| mEIOeA oo . 2. 448 o 2. 448 . 2. 448 e 2,223
z;fi-sgw»raw TS TSAFUY 7 6 6 0
YA DILHME [AIBERES R 164 175 164 172 164 174 164 166
L7 A B - iR 4 2 3 2
CO2HIME (A-B) - (C-D) 1.852 1.852 1,854 1.852




LG

x 2.2-3 TEFLEDFEHE L 02 BiHEREM

N—2254>F7ALR

(EHAERN)LIBIt H1=VY)

_ EOE R B G E
valat=l)] NO Jat R
7 ER % ®iE B R % ®iE mm | (tC02/1)
1 LIBXy U 1tHhF-YVDBLEEHMBHES 0.107|kL/t-LIB/Sw & BAEHBOFERHIZHEIT50028HEH %K 3.000000({tC02/t 0.321429
R CREIR MEIC® AT BLIBA Yy 2 1tHT-Y D
- fg A - _ = o J7 HE (T [ — %
2 LS TECOETS ATy MBS 0.099|t/t-LIB/Xw % BRISAFYIEOBREICH T 50028 KR % 2.550000{tC02/t 0.251357
A 3 R (3ERC) LIBXy U 1tHF-YVDERHESE 25.410)kWh/t-LIB/Nvy & |BRDOFEAIZE 1T 50028 H R 3 0.000512(tC02/t 0.013010
4 SEH LIB/X Y U 1tH-YDEREHES 9.240|kWh/t-LIB/Sw 4 |BXDFERICH 1T HC028H & 0.000512(tC02/t 0.004731
5 BRI (BRLNDT) LIBXy Z1tHF-YVDERHEHEE 0.693|kWh/t-LIB/Xv & |BROFERICE T S0028HFHEK 0.000512(tC02/t 0. 000355
&t 0.591
RN—2R54TAEZAD Y LI IILHE
_ FHE R G E
valat=l)] NO Jat R
7 ERZ ®iE B R 2 ®iE mm | (tC02/1)
1 %Eﬁgéﬁ*g) LIB/Xw 2 1tH =Y O #EIIE 0.317|t/t-LIB/Xw % AR EItH=Y D02 HE 0.001190(tC02/t 0.000378
7L @R . . R - b e -
2 (FILS = LEE S ) LIBXy 2 1th5EIRENDTILZIE 0.206|t/t-LIB/Xw 4 FILEZOLBEMEEEItH-Y DC02HEHE 0.003130(tC02/t 0.000646
F52F v o ER LIB/Sw & 1th b EREh 3 e e e -
3 (PPOA Y FINT £ 5) 52X F s B 0.048|t/t-LIB/Xw & PP/ KNI & E1tHTI=Y DCO2HEHE 0.000446(tC02/t 0. 000021
'J?”?-L\IEUIX © w ~ = _ S w &= e | . =
B 4 (BE Y Fr L) LIB/Xy Z1thsEIREND ) FoLE 0.001|t/t-LIB/Nw & ER)FOLEEItH-YDC2HEHEE 0.082300{tC02/t 0.000063
5 :“,,(f:hﬁ!m . LIBXy Z1thsEIREAhDa/NILEE 0.002|t/t-LIB/Xw 4 FESaANIL FREItH-YDC2HEHEE 0.018800(tC02/t 0.000037
(BRI MEE)
6 |SrzAEMR LIB/Sw & 1t BEIRER D=y 7 LB | 0.000[t/t-LIBSy s  |BE= v/ LEE tH~Y DCO2HHE 0.007980[tc02/t | 0.000000
(BRZ-Zvy v ILKRE)
7 |WER LIB/Sw & 1th 5 EIREh 3R E 0.114[t/t-LIBS v o  |BEMEEItHT Y DCO2HEE 0.003670|tC02/t 0.000419
(BRERE)
aft 0. 002




8¢

N—254>FOER

x 2

2-4

EEFNEDEEE & 002 Hr SEREA

(EHA @5 LIBIt H1=VY)

B EHE R A FLE
HhTI) NO Jat xR
7 EE% BiE i R4 ®iE Em | (t002/t)
1 LIB/ Sy U 1tHf-Y DBEEEHBHEHES 0. 147{kL/t-LIB/Sw & BAEEHBOFEHIZEIT50028EH &% 3.000000(|tC02/t 0. 440217
R (EEF) DEAIZHE AT BLIB/S Yy 2 1tHT=YD
Bl Ny = _ = o P KT 0y R A (= 3 3
2 L TECOETS AT vy MBS 0.135(t/t-LIB/Sw 4 BITSAFYIEOBRBEICEITH0028HE%% 2.550000{tC02/t 0. 344250
A 3 MR (BTER=) LIB/Xy Y 1tH-YVDERHEHES 34.801|kWh/t-LIB/Nv & |[BXKOFERIZE 1T 50024 H R 3 0.000512(tC02/t 0.017818
4 SEH LIB/Xy Y 1tH=YVDERHEHE=S 12.655|kWh/t-LIB/Sw & |BROERIZH (T 50028 H 1% 5k 0.000512(tC02/t 0.006479
5 BRI (BRLD ) LIB/Xy Y 1tH-YVDERHEHE=E 0.949|kWh/t-LIB/Sw & |BELXDFERIZE 1T 50028 H R %K 0.000512|tC02/t 0.000486
ch 0. 809
R—2254 070 ZAD YA ILHE
B ENE R A FLE
HF3Y) NO Jat xR
7 EE% BiE B RE & ®IE E@ | (t002/t)
1 ﬁ%fﬁ%ﬁﬁ) LIB/Sy & 1t&Hh =Y O #kEINE 0.022(t/t-LIB/Sv 4 MR &EItH=Y D028 HE 0.001190(tC02/t 0. 000026
7L EW N .m i iRocn - b ) -
2 (FLS o LB S ) LIB/Sy Z1th5EIRENDTILIE 0.348(t/t-LIB/Xv 4 FILEZHOLBEMESEEItH-Y DCO2HHE 0.003130(tC02/t 0.001089
TS RAF vy ER LIB/Sw o1t oEREND _ PO ) _ =
3 (PPOA Y KT /) F5XFuh B 0.043[t/t-LIB/X v 4 PP/ KNI &&E1tdh=Y DC028EHE 0.000446|tC02/t 0.000019
1) F 7 L@ IR . N = ¢ - w _ =
B 4 (BE I Fr LK) LIB/Sy Z1thsEREND ) FIoLE 0.000(t/t-LIB/Sw 4 ER)FoLEEItHI=Y DC02BEHEE 0.082300(tC02/t 0. 000000
5 :Il”\“i_I_/HE\!JIR . LIB/Sy 1thsEREADa/1N)L bE 0.000(t/t-LIB/Sw 4 FESaANIL FREItH=Y DCO2EEEE 0.018800(tC02/t 0. 000000
(BERKa/NIL ARE)
6 ::%‘7‘)11@42 . LIB/Xy Z1thsEIRENAhD vy ILE 0.000(t/t-LIB/Sw 4 ES-vrLEEItH=Y DCO2BEEE 0.007980(tC02/t 0. 000000
(BR-—vyHILKKE)
7 fH@lE I LIB/Xy Z1th bR SN SHE 0.112|t/t-LIB/Sw & ERAEEItH=Y DCO2HEHE 0.003670(|tC02/t 0.000412
(BRERD)
&t 0. 002




66

N—254>FOER

.2-5

EEFLEOFEE L 02 R EREAM (BHMA (FH)LIBIt H1=Y)

B EHE FEEED FLE
HhTI) NO Jat xR
7 EE% BiE i R 2 ®iE Em | (t002/t)
1 LIB/ Sy U 1tHf-Y DBEEEHBHEHES 0.127(kL/t-LIB/Sw & BAEEHBOFEHIZEIT50028EH &% 3.000000(|tC02/t 0.380823
R (EEF) DEAIZHE AT BLIB/S Yy 2 1tHT=YD
Bl Ny = _ = o P KT 0y R A (= 3 3
2 L TECOETS AT vy MBS 0. 117{t/t-LIB/X v 4 BITSAFYIEOBRBEICEITH0028HE%% 2.550000{tC02/t 0.297804
A 3 MR (BTER=) LIB/Xy Y 1tH-YVDERHEHES 30.105|kWh/t-LIB/Nv & [BXKOFERIZE 1T 50024 H R 3 0.000512(tC02/t 0.015414
4 SEH LIB/Xy Y 1tH=YVDERHEHE=S 10. 947|kWh/t-LIB/Sw & |BRDOERIZH (+ 50028 H 1% 5k 0.000512(tC02/t 0. 005605
5 BRI (BRLD ) LIB/Xy Y 1tH-YVDERHEHE=E 0.821|kWh/t-LIB/Sv ¥ |BEKOERICE (50028 H R 0.000512|tC02/t 0.000420
ch; 0. 700
R—2254 070 ZAD YA ILHE
B ENE FEEED FLE
HF3Y) NO Jat xR
7 EE% BiE B RE & ®IE E@ | (t002/t)
1 ﬁ%fﬁ%ﬁﬁ) LIB/Sy & 1t&Hh =Y O #kEINE 0.170(t/t-LIB/S v 4 MR &EItH=Y D028 HE 0.001190(tC02/t 0. 000202
7L EW .. N .m i iRocn .- b ) -
2 (FLS o LB S ) LIB/Sy Z1th5EIRENDTILIE 0.277(t/t-LIB/X v 4 FILEZHOLBEMESEEItH-Y DCO2HHE 0.003130(tC02/t 0.000867
TS RAF vy ER LIB/Sw o1t oEREND _ PO ) _ =
3 (PPOA Y KT /) F5XFuh B 0.046(t/t-LIB/Sv 4 PP/ KNI &&E1tdh=Y DC028EHE 0.000446|tC02/t 0. 000020
1) F 7 L@ IR . N = ¢ - w _ =
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