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Outline

1. Purpose and Background

The operation intends to dismantle waste electrical equipment at high efficiency by
using in-house-developed fragmentation systems that can separate metals and resins,
and to achieve energy conservation and improved purity of recycled resources, while at
the same time reducing CO2 emissions. The operation aims to provide guidelines for
reducing CO2 emissions generated by expanded application of recycling to small
appliances in addition to the initial recycling of four large appliances, thereby leading to
better social implementation.

Appliance recycling is performed by dismantling waste appliances and collecting base
metals such as iron, aluminum, copper, as well as resins such as PP, PS, and ABS.
During the dismantling process, improvement of the efficiency of fragmentation,
including the collection process after crushing, is very important from the viewpoint of
promoting low-carbon type recycling.

Home appliances include hard-to-crush components such as the direct drive (DD)
motors used in washing machines. Crushing requires a mechanical crushing machine
based on shearing action. A mechanical cross-feed crusher is employed to collect
electronic circuit boards and components from small waste appliances.

After crushing the waste appliances, the resources produced are separated and
collected. However, crushing by means of a shearing type crusher that employs rotary
blades produces only small quantities of resources separated into uniform material, and
generates large quantities of mixed residues comprising metals and resins after sorting.
To extract resources from the residue, further crushing is required, increasing the
number of types of resources to be separated, as well as requiring more energy for
separation. To improve resource purity, a hext-generation crushing system based on a
new process is needed for selectively crushing components.

2. In-house-developed Pulse Fragmentation System used for Verification
This report describes the verification of a process of separating metals and resins

from hard-to-crush items, and separating circuit boards and electronic components from
small appliances using an in-house-developed pulse fragmentation system.
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(1) Destroying the surfaces of different materials | (2) Prospectus for fragmentation of used
using shock waves generated by pulsed power appliances by pulse waves

Releasing electrical energy in a short time to obtain
very high-level power

Tncident | Trans-
wave

Liquid 5 W mitted
shock wave P1
electrode s el

Shock

7/ |Reflected " >
ave P2

wave W 4 . % / ¢
m?:;e @) Hard-to-crush object Circuit board
1))
- electrode I_‘i, Component
Metal - &

Liquid in the discharge area rapidly » » Sub-
expands when it vaporizes i Destruction by strate
Shock waves are generated during tgqiléezforce Breakage occurs at the joined surfaces of metals /
vaporization expansion ( ) resins, and substrates / components

(3) Construction of pulse fragmentation equipment and its downstream process equipment
(Case study of collecting components from a circuit board)

Pulse fragmentation equipment Sieve and dehydration

o=
equipment S

- e

= s *

=

P s

Electronic components, ICs,
capacitors, etc.

- &

Pulse fragmentations mechanism and equipment configuration

é

Vibrating sieve

The principle applied here is the generation of high energy from an electrode tip
immersed in water by releasing electrical energy in the form of a pulse wave in an
extremely short time, which generates an extremely powerful shock wave by vaporizing
the liquid. During this process, the shock wave divides itself into a wave that passes
through the boundary surface of different material types and a wave that reflects on the
boundary and separates the materials. By applying this principle, metals and resins can
be separated at high purity from hard-to-crush objects such as DD motors, or electronic
components from circuit boards as single items. After fragmentation, using the size
difference between circuit board and electronic components, and metal motor core parts
and resin particles, part separation and dehydration can be achieved by using a sieve
and dehydration equipment.
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3. Process Assessment Scope (Boundary)

As shown below, the conventional crushing system was experimentally compared
with the pulse fragmentation process using hard-to-crush items and small appliances.
Assessment was made by expanding the original plan. Copper wire was added to the
hard-to-crush objects in addition to resin particles, and enclosures were added to the
circuit boards of small appliances. A mobile phone was used as an example of a small
appliance which has high resource value.

Hard-to-crush object - Process flow and collected resources

c
—= Iron/
© o o= O Copper
.© c =] =| Copper |
5= Rotor/ -0 S ® = ©| Aluminum oS oS Aluminum| e ¢
=8 S S| stat 3 £ 5= 22 =FE 5.2 .
EC ator EE ator §E % 59 Egs g%g E§ > Alurr]:jnum
gg g §S £ =8 =83 S8 E residue
= =3 £2 5 3 23 =8 sg
s s 2§ § 3 <3
=
(T
=
Resin Iron Iron Coppe! wire /
M m Residue
c 2 Iron/
c o < co Copper
=4 = c pper > c
-g Rotor/ |5 O 08 2 2 .S | Aluminum = Aluminum §.9
o & Stator S® wg, T ow SoE =h 5 Aluminum
©we S 3 S0 g = 53 =] residue
S o 3 agE = Io DS 52
= 29 o 2 <9 7 &
o @ S © o (2] <o
] = Z
=
Resin Iron Copper wire /

Residue

Small appliance - Process flow and collected resources

S g g co
RS Enclo- | ©.9 Gircuit =5 sE
g% S 5 >75 [sure 2 2 _5 = S = S board B ® 23 sRiiue s
= SoR 3= i o=} =Y =8= 52 82 S
2 [BESf—>|28|— 55 [—|iE| > 825 > B2 ——| 18 (g2 —f B
SE 375 |[B¢ Se | 95| =S8 " sg8 22 z 3
E = (O) s = T O S0 (7] ) 2E 3
o @ ac 0 n 7} &3
g £ ® 3
2= & 3 LL | Component/
; circuit board
Residue
w (Resin / Component)
S Circuit c O
S :.5 c 2 ; oS = board = ; s
© = —
8 5| (55|88 8| 5 9% £ |22 |5 5
oS oL Lo ne, c8 2c ©ne, S| 3% =
%) Lo |0 SO @ (=) SO T = @© )
=5 o T = < ] S& = #e 8
e 8 @ X OE 5 ST S ogE = ) [}
(S o2 ) o 2 =9 o g 3 o 3
O @ S o] E =
© = Z FLp
= . 8- Component /
Iron Residue circuit board

(Resin / Component)

Range of assessments used in this operation

14



4. Process Assessment of a Pulse Fragmentation System

By using the in-house-developed pulse fragmentation system, we verified the
separation process of copper wire from hard-to-crush objects, and the separation
process of circuit board and electronic components from small appliances. In
preparation for the process verification, experiments were conducted for optimizing
fragmentation conditions.

Fragmentation testing was conducted on DD motors, selected as hard-to-crush
objects, using both vertically and horizontally-held jigs at our associated site at
Kumamoto University, using tenfold increased energy (1.8 kJ—>18 kJ), achieved by

increasing the condenser capacitance.

To obtain the optimum conditions for small appliances, simulation experiments on
enclosure fragmentation combined with a different discharge method were carried out

with the aim of fragmenting circuit boards.

Electrode

Vertical
holding
jig =) L ]
; Three discharges to
oD motor e break the motor
Electrode ~ 5
[ .
Horizontal
holding -
Jig >
Horizontal holding jig . -l X P >
5 discharges to separate
copper wires
Tar . .
a_get Knowledge obtained so far Experiment Rlls
object assessment
Fragmentation samples ) i
Imoortant to continuousl (Plastic case simulating a mobile Five mobile phone
mallci)ntain the electrode iny “ptmn'? =SS enclosures were
Enclosure | ontact with the enclosure ¢ Icg\lxjeslhfitr)lgrlglta?i;he
and generate discharge on ; ng
’ extraction of circuit
the surface and near the .
enclosure. Electrode placed underneath b_oards 'Wlth °°
A ’ e tgrget objects times discharges.
To expand the area of
fragmentation, generating
EHD discharge on or near Electrode distance
the circuit board is more 100 mm and
Circuit effective than direct ED electrode-board
board discharge onto the board distance 10 mm and
surface. 34 discharges
(A flat-panel Tv | The key is optimization of enabled to separate
board was used)| discharge conditions, such - 80% of ICs from a
as distance between the between 150 X 300 mm
electrodes and distance glectrodes and circuit board.
between the electrodes and
board surface.

Result of process assessment for this operation

15




The environmental improvement effect was evaluated by assuming the above
assessment result to have been achieved under optimum conditions.

To increase fragmentation quantity per hour, a detailed design for a continuous
transport unit was also produced for small appliances. By narrowing the process down
to only the essential functions required for verification, a transport unit was produced for
verification that had a simplified structure.

Continuous transport jig Simplified continuous (Enlarged view of
(at the interim report) transport jig that was verified| the water tub)
Belt conveyor method Pallet method
Automated transport enables Simulating continuous processing by installing
continuous processing electrodes that fit the target object on the pallet and

moving the object using an electric motor while
continuing the discharge

P—

Auto-transport SO Water tub for Pallet for Water tub for
by belt automatic manual manual
conveyor transport conveyance transport

Continuous transport jig used for the concept and verification of this operation
5. Assessment of CO2 emission reduction effects

Degree of reduction of CO2 emissions was assessed for hard-to-crush objects and
small appliances. In a comparison of the pulse fragmentation system and conventional
mechanical fragmentation system, a CO2 reduction effect was confirmed after
describing the difference in resource collection, since the collected resource quality is
different after fragmentation.

[Hard-to-crush objects]

Cc_)llected After fragmentation After air l_)low After mag_netlc After mag_netlc After alum_lnum
items separation separation separation separation

Compari-
son

targets
(Conven-
tional) Insufficient separation of laminated |
, sheet metal and copper wire il
Collected After airflow After separation by After aluminum
items separation sieve separation

Comparison between the target objects and collected resources from pulse
fragmentation
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Because copper wire is cut and separated from laminated sheet metal, separation
from the laminated sheet metal can be achieved by simpler means, such as a sieve.

[CO2 emission reduction effect,
economic rationalization]

Boundary before expansion:Resin separation from 1 kg of DD motors

Boundary after expansion:Copper wires (90%) from 1 kg of DD motors

Unit: kg - CO2/kg

Environment improvement effect
With energy-efficient With simplified . . . .
equipment processes Total Economic rationalization
Target object Copper Resin Copper Resin Copper Resin
wire wire wire
Comparison 0.023 0.023 0.006 0.006 0.029 0.029
targets Shearing t tical | Magnetic separation 2 -
(Conventional) earing type vertica times, aluminum
crusher X
CO2 separation
emission Examination is required to
quantity 0.173 0.015 0.003 0.003 0.176 0.018 pinpoint the advantages of the
Pulse simplified process and the
£ . . . . disadvantages of the
ragmentation High-power pulse Sieve, aluminum operating/equipment cost of the
fragmentation (18 kJ) separation high-power pulse fragmentation
process
cop |l -0.150 0.008 0.003 0.003 -0.147 0011
- assessment
reduction -
quantity |Initial prospect - 0.103 - 0.032 - 0.135

Comparison targets and comparison of CO2 emissions by pulse fragmentation

Both copper wire and laminated sheet metal are conductive, with weak boundary
separation action, requiring high energy input by the pulse fragmentation equipment. On
the other hand, power consumption using the conventional process was smaller than
expected, thus presenting a dilemma as to the CO2 reduction effect of the pulse
fragmentation system. Separation of resin, copper wire and laminated sheet metal into
single materials is possible, and process simplification by improved resource purity is
also possible.

[Small appliances]

After crushing enclosures After crushing circuit boards
Collected Comparison targets Comparison targets
items (Conventional) (Conventional)
Condition
after
fragmenta-
tion
50 90
Number of types of residue 80 @ Parts separator
40 Parts separator : 13250 ™ Parts separator .
§ Pulse : 4503 ;\g Eg Number of residues Pulse fragmentation
< 30 ~ 50 Parts separator : 15854
i ) = {—1—\ = Pulse 14118
Particle size || .2 20 © 40
S . o L 30 H\—\
distribution || 2 44 I I I I 2 20 I
) 13 || [ | .
1 6.7 13.2 224 375 1 6.7 13.2 224 375
Sieve mesh size (mm) Sieve mesh size (mm)

Comparison between the target objects and
collected resources from pulse fragmentation
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The large size of crushed objects after pulse fragmentation makes for easy material
collection by manual sorting.
Less crushing is applied to high-value electronic components with a high collection rate.
Compared to the conventional part separator, pulse fragmentation delivers a
substantially smaller number of resource types after fragmentation.

[CO2 emission reduction effect, economic rationalization]

Assessment range before expansion (Boundary): Component separation from 1 kg of circuit boards

Assessment range after expansion (Boundary): Separation of 1kg of circuit boards from fragmented enclosures Unit: kg - CO2 kg - circuit board

Environment improvement effect
i —effici I Economic
i energy el With simplified process Total . K .
equipment rationalization
Target object Enclosure Board Enclosure Board Enclosure Board
Comparison 0.096 0.035 2.530 0.451 2.627 0.486 Losses due to the high
targets - - expenditure required for
Conventional Selecting multiple separation
(;og ( ) Parts separator resources
emISSI_On Balanced profit with small
quantity pul 0.139 0.057 0.502 0.117 0.641 0.174 expenditure required for
ulse . separation
fragmentation Pulse fragmentation Selecting a small number
(1.8kJ) of resources
cop | oUB e -0.043 -0.022 2.028 0334 1.985 0312
- assessment
reduction -
quantity |Initial prospect - 0.075 - 0.043 - 0.1118

[Assumptions made in the above calculation] (1) 17 yen/kwh, (2) 0.579 kg-CO2/kwh, (3) Residue separation equipment capacity: 20,000 pcs/kWh
(based on the results of 3 types of air-blow separation equipment. Assuming that comparable
equipment will become practical for separation of inorganic materials in the future)

In the conventional crushing process of enclosures and circuit boards, no CO2
reduction effect is obtained by adopting energy-efficient equipment only; however, pulse
fragmentation can separate components into single items with a smaller quantity of
crushed small particles, thereby presenting improved CO2 reduction by process
simplification. By adding fragmentation from enclosures to the assessment scope, an
approximately 16-fold CO2 reduction effect can be expected, based on our estimate.
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6. Summary
[Summary of effects]

Because pulse fragmentation separates the processed objects into individual
single components,
* The quality of collected resources is higher, and the process for
re-generating uniform material can be made simpler.
+ A smaller quantity of material is crushed into fine fragments, thereby
reducing CO2 emissions during the selection process.

[Economic rationale]

¢ Presumed process Fragmentation: Soparation: _ - _ ~N
: - . Pulse fragmentation Manual separation Separation: Sorting equipment
Small appliances containing high-value = -

materials 90 tons
[~

0.

Elimination
of batteries
Manual
P& operation)
LOnd oy

-
=
—
(Upgraded)

L &
aee
s %w
- 1

Electronic

Separating electronic components
components

\ J
Trial calculation
( conditions) | Quantity 120 tons/year Processing | 30 sec to fragment 0.5 kg (5 mobile phones)
processed (Sm_all a_ppllances. 90 tons takt time (Pulse application: 20 sec, transfer: 10 sec,
+ circuitboards: 30 tons) Total: 30 sec)

(Trial calculation Resources collected 34 million yen, Profit 4 million yen
result)

Calculation results of economic rationality
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TR R SOREA b % FERL T & B = &8

BWTXT, ZDLEDEH

BERIT, 2% CTh o7z, FiW\ T, EEEEN 2B ORM2%2E M L=, Z D%
AITIE, HERIE20E]T94% & W) FEFICRIF s R A2/ D Z N TE T,
BT, BIFRFERENMEONI-SM212 8T, BB FEEE A 10mm7)> © 20mm

WCEE L7323 m L=, Z i,

KOMEIRBEEBRREZ R < T52 & T

B DH /B 3R & S IR D ATREMEIRN & D72 & 9 Dy DFRFT D T2 D % L 7=,
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5. RIFNENR O

5.1. BRAHDREETHE

5.1.1. HEAZE

(1) BEORREH

YY) T o D DD B — X IS DIERIE R OV L 2% V% 5D Y
YA L7 —%" 5110577,

PR, v —F AT —F L FEETHHELT-DL, TR iiiEE
(B Z I X BRI A 70 &) 12T D, FDORETIER THIEZ B R\ T=Dh,
W )73%R % 2 [m3hE L CEkZ RN T 5, Dk, IREERE T, e 7
LEGHET S,

FZAUTH Ly 250 AR DE R T H A~ OOl B | e L C 87 & ANH )
WRIERIC 2 D 2 & AT E B2, HERITRLER % 2 % L Tz
DIz, 1 EOEHRNZR S THAERINTE 5,

LD 7 v —Z2FHigEE & e LT, B (CO2 8k E) #3Hm L 7=,

MERY IE70-cERER

m 84—/ % %80 i B
2. O-4- EA & p
% oz lwE B 7hs m¥s  BEs as |B| e
& |2 #E|E 5 ma
B2 g H 7]
- — . . . .
o msi B
o n_a_ ’\° s*'ﬂﬂ ;\ ﬁ 3
/N 17-'—7£ F Ar=4- ’% & 7 % 7IE % I3
}b MR ﬁ > Z + § > ijg] (X m —_ ~
A i W g @ B @ RE
g 4y Bl Bl
- - -
<j i >x{ FRER E>

X 5-1: MO Y AL 7NV Ta—
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(2) M FIEDOBEE

X, AV TV 1kg B2V O CO2 PEHEE L TER LT,

CO2 HEHEIZ., QRERMDT = 7I2BiF 5 CO2 HEH (Wwak{i & Y
EBIZHES CO2 HEH) & W OFRIEBRLIC B 7e CO2 HEH (1 TRE D3
BIZEE CIHE SNAENCERT S CO2 HEH) @ 2 DI281 0 431 TR L 7=,

(a) R Z7 =7 (K 5-1HD [HHE] TR LUEES) 28175 CO2
PEHNZ, BRI 0315 il D £ CEEICHEMH LB L, ZDOROIHE
BHEER L, (b) MRS TR (X 5-1 0 [EEH#REIN] TRLE
Ay) B e CO2 HEH &S . BEIEN 72 & OBEF O R 2 L CEhl L7z
RFDOTEE ) 2 5 LT,

ROET, FEMRFTEAR ERREZTT 5,
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5.1.2. T E#RE

5.1.2.1. PEFEDHEREFR

(a) BEDS v =v7IcBiT5 CO2 HEH

DD &—% 1.838 t % EXFRUMGHHE CALEE L, i T CITIHE LB E

Z IR CHIE LT A& T £ T 1120000 2 DO O EE )X 74.4kWh

ThoT,

am%mgﬁﬁu%oamm CO2/kWh & U THERMBA-ORHED T =
BiFs CO2 fEHH&EZ#FHE T2 £ .0.023kg—CO2/kg—DD E—X L 72 o 7=,

(b)@%I%K%E&mm%ﬁ%

(a) (T CHLER L 7ot 2 15 TR (R38R & 2 [l /i), ReEbRiEs])

T T & S OBBIEEE OVEEE A2 ER Lo, BB T £ Tk, mrri &

AT 112 9200, HEEIT 19kWh Tho7=z, o Enn, CO2 HeH&E

IZ 0.006kg—CO2/kg—DD E—% L 72 o7,

5.1.2.2. PV AR D FHERE R

(a) RIEDT v = 71TBIT5 CO2HEH

DD E—% 1l (=3kg) % /L AMEHHLEE L, & ORFZHHFR 738 C X 7=
fE%&ociz, DD E—# 1 LB if BRI A R L,

2OV ARSI, AT 8.8.83(Q) LAIETH D, (2T 40uFX4 B
T L X —18kd/1 2V R) . DD E—X1X 36 Ho A (T4 —R) M
WIZHLTCWDR, EBROER, KESEITT —A 1y O8R%E DR 5
TEMWTE,

ZOZENL, DD T—% 1845 OHIfR & 2T 5 OB 2R L EREUT 5 X
%—woﬁkﬁﬁf%\iﬁm%izw%~(wm)kcmzwmiﬁﬁu
(0.579kg—CO2/kWh) . 170 » DD =—# &E& (8kg) 7D, 7L AR
PRZBIT DR%fH 7 v = 7Kg CO2 HEHI £13 0.173kg— CO2/kg—DD E—# &
B L7,

(b) BEHLTRICHME CO2 BEHE

(a) T CHLBR L7-fEmn 2 1% T2 (Fsehl & 7L J|AIEE) 1272 & 2O
BENEEU LT, 0L EOHEEINLEIEND 3kWh, 7 /L I &)

6kWh & 7eo7-, ZDZ &b, CO2 PEHEIE 0.003kg—CO2/kg—DD E—#
ERH LT,
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5.2. INEREDIRGE T

5.2.1. 5t& A%

(1) FHEoxtSEHE

PERIE L OV A% A2 FRO/NIFEO Y A4 7 v 7 e —%[K 52
2T,

F TR EDEE 7 v —|ZDOW TR T 5, VA 7V TRITREL 2
DT Hiv, OEMREMAEL THREZID M3 TRE ., @R AL T IC
e EOBE T ES A RIS 5 TRIZDT b s, OEREE L THERAZ TR H
FTLRETIE, ET VYA 7 x5 L e b/ MG EZ BIGER L, Eiha 0 H
L7z, =Yk, L —% (PS) 72 & ORI & T 21T 5, 23—
YL —% (PS) X, @EOMEROELROFIZ, BlELAHE e RO %
BLEEETHY ., ZOMBIROREROTIAHY &2 Afv, P % EiE ST
B 2 it DAEREAR & 72 o TN D, B OV VIR, BB E I T
A AL L TWD D3, FRIED O HEMRZ BT 572121, BRIZFE 21T -
TW5, PS THEHELTZ S DITRIEDSMMNL R DMEANH D72, +r7eish %
T2, ZOFELEZ 2EIT> TV 5D,

FER AR Li=d &k, @QFZ2a: L T IC 2 RINd 2 T2 Ed 5, =
OTFETIE, FTEUL LR E, FE PSICTHRT 5, k> T, LBt
W) % BT FEE SN T D E DR D RIBEST 2, T D%, i T & FEK
> oHET D,

ZOOERZ ML CTHRZBEINT 5 TR E . @FEWR AL T IC 2 [EiId
L TREDW S5, TERBISCfh CEB|TE 720 RO WERIEN AT D,
CORBORICESEOEEBNEG TN, FIEOBEMN T, BEIXRHCIE S
LTV, L2vL LIBS 72 E OB DB R LIZH D | fFRITZ OV ol Y
—ANEBTAHLEZONAT D, 70 —0OFIZ 5 Vo TR TREEZ K Y A
AT, OB TRICHVE RN E T R X —B L CO2 HEH&ix. BfE. B
ERBICERME SN TV D ITRIMNRZ W - BHEEDEE L[ L CTH D LE
LCHEMLE,

LLTFIZ SV 2R Z DWW TR T %, 2 O TR E 2 PS O D 1T
VATEREEICE S BT DTH D, K& Zo0 TR (DEKRZMML T
AR B9 TR E . @QFER AL T IC 72 OB EshZ Bl 4 25 Ti)
ZTe Z S IIERIEHHE LRI U TH D, L LoV AMEEREIC LD . Bl
LU CHEBZ BT 2 TRICB W T, F#BO TES 1 BofE bt 5, £
D=, A MR EOBENRIAEN D,
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ZRUTIN A, B D88 R S % 2 & 720 <L RIBR AN R & L VIR AR CRER:
NTE DT, %R ITEOENTREROAMERIC LD CO2 JEHERIT S | [FIE
TR K OIS D 1A) 1T & 2 S8k 22 IS 2 RIAE N 2,

AR CIE. OEFZMM: L CTEREINE TOTrt 2 & @RI L7k %
FEEMRE L TIC 2T 572D 2 520 CHE Lz, 7r¥ i3m0t
HINFERECHTHIETEF—2 A7t 20 CO2HEHBEIMITX 5 L9,
BALIEM 7 v 2@ T 5 F2: M5 5 Bk 1kg H72 0 D CO2 PEH & 2 74 L
7=,

NBRE TE7O0-LERER

Y\

it |m TlEw L - 5 BIR | 7 W
b3 gﬁgé%ﬁagaiéagé—)gﬁﬁ%gu—)ﬁ
| i AR BmE  RE Low #
B L 5 5
] ;, e wa-sm |
(#RE-8B5m)
) : E2&
° B | I
MEEIIRE Tt - A s 57 g B[ |mE .
> B [—— R+ B > & 2B 57 S| Bl
2 ] L AME 13 Bl
w o™ i g % |5 H g g v #
=
B = 5 BE-ER |
— % %iE
(#hE-8B5m)
< ERE > ZEER >< EIREE = ICEIR >

X 52:/NIRKEOVY AL I/ NVT—

(2) FHl5EDOBEE

FHREAERIX, AR B FEK 1kg H720 O CO2 JEHEL L TE b, o
F 0 OERZMM L CEREZRIT 2 EToOF et 2%, HIERICERE D
HEME 1kg H7-0 © CO2 HEHE L U TEHMII L7, F7=@IRIIN U 7= Febk & FFBEAR
WL CTIC BT 5 7 mt AL, AMETH D HMKR 1kg H72 0 D CO2 HEH
=2l L7z,

ZOZEIZEY, QRV@DE T at A T2 ICEHE L CO2 HEHEIX. &
5T ERBAENS ICHEIETO h—F v 7 utv 20D CO2 Hit& &
L CRHMEARIRETH 5

/2. Q@7 a2 CBIF5H CO2 gEHEIX. @RED T v = 7IzBlT
% CO2 HEHY (BBAIEEIZME S CO2 HEH) & | (DA D IR BRI Z /B 72 CO2
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PEH (% TR ORBIEEE CIHE SN D E/ICEKT 5 CO2 HEH) @ 2 2y
o3 TR L 72,

(a) DT = 71cBF 5 CO2 JEix, HMDWRR G LD ET
FERIRAE 2 B LI-Rr O BB ) & il L=,

(b) MW DFRAALEZ A FE 72 CO2 HEHEIT, Kt 1 EOBBN LB R TH
BE ., RN O TORBIIE SRS E & A% & RE LT, FRIEF ORF5L
EHROEDLE TR Lz, ZompldEE i, MMUIFESCEROERE %3595
LI TE RV, BRI L EE N BAERE LS T
RN Te D fFk, RIS RE ORI HE B AN FE - O3B THEBLT 5 LHE L T,
VRN IR RS E CIRE Lz, LovL, 29 W o @I N ED bh
THEY., TVRFREHRT L Z EBRHFFS TN D,

LIF, #Efl7eitEANREZ T 5

5.2.2. T E#RE

5.2.2.1. PESRMERED CO2 HEH &

OEEXZHMB L TCEREZEINT A2 ETOTrt 2D CO2 HFHE
D-(a) B’EDOS =1 7IzBIT3 CO2 HH

PERMAE LT, =N —% (PS) ITOWTHGE L7z, PS OFEA7RH
HIZRDR D72 HEMES 5,

PSIck V. LLTFD 2 DO TR 21T - 7=,

[5:1F 1]

YT EERERS, 9.979kg
RLBRSEAE 10 7D CREHE,
[5:1F 2]

YT ARG, 3.36kg
RLBRZEAE 20 7O CREHE,

S 2 T Lo W KD o 50mm FREE O8O 2 — k& ISR 2 BEA
L7,

BLER U 7= B . S 1 CIIRMI A 20wt Re R AL L=, R 20
& RN LB IR 5 R PR TRROME T XL X =N REL R D120,
KRB E R ICRHEETH D, &2 DR EZRABEICHWDLZ & & LT,
B, HEICBOWTIEIPS OWMEENTI 1I5kW TH Y, CO2 HJEH EDJFHA X
0.579kg—CO2/kWh & L7,

WA LT-ER 1kg H720 O CO2 HEHHEIX TR 5.1 THEAETX 5,
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15kW X 20#+602f/H -+ 3.36kg X0.579 (5.1
=0.0144kg— CO2/kg—E 1K

ZZT, M 1kg 720 O CO2 BEHHEIZEHA L2 3 72DIC, ikttt o Let
Wi D% TREIZRB W CEIL S5 HA &% /oiT Lz, #% TR CEIC X 2 MR
BEiL, B ILREOEEENFEEXLFRETH DL LRE L., EildfH 2 Tl
AT LB DN & FAEREIC LV 2 TOHEMRER Y L, EELZHIE L TROTZ,
ORGSR, FUATEE R TR AERED 14.9% TH -7,
KoT, EREZMARL TEREZEINT 2 ETOT R IIBITS, D7
=2 7IZBT 5 CO2 HEHEIFX TREDA 5.2 TRIND,

0.0144 kg—CO2/kg—EMAR + (14.9%) 1 (5.2)
X5.2 L0 CO2HEHEE, 0.0964 kg—CO2kg—Htk ELHE L,

O-(b) WA OBRENEIZNLE L CO2 HEH

5.2.2.1.0— (a) THOLITEME 2 DRI DN T, FRIELBIZ L E 72 CO2
PEH E A5 L 7=,

Zo CO2 g EIX, TRt 5.3 TiHEHE LT,

FRAERL- 20 (fl/kg— Jot) XK+ 1 {EOBBNC LB 2 EEE ) (KWh/fE) X
CO2 HEHH & HAL (kg—CO2/kWh) (5.3

Z 2T, CO2 HEH EDJFREANLIE 0.579kg— CO2/kWh & L7=,

WRIZFRERL T EUZ DWW TR 5, FRIEIX. BB O o 5 6, Bk L
7 IC 7 EREEN, BRIAMLENZ/RD B X HILD ¢ 13.2mm Offi % @i L7
LOERBIELEEFR LT, ZOERBEFPORHEIL, BEEZIOICH (01, ¢2,
$2.8, ¢$3.35, ¢4, $56, $6.7) T, FFICEI S ZEHED 5wt%lh
FEMEL, R r8E TEECHE L ETEB L, TR, o7
JTEIT HER 1kg H7- 0 ORI 50T 13,250 1 — ki /kg—ERTH -T2, =
W FEMR 1kg H7 0 OMEENZEFE L2372, miko 5.2.2.1.0-(a) THH L
TN SN FERERLERTH D 14.9wt% THI Y | 88,900 fiH — 7 /kg — Kbl &
HH L7,

WARL 7 1T E Y 72 0 IC BRI BEEINCOWTHAT 5, BUk, IMZEED
A 7> & BB 505 & FotR D 2 854 5 EEEE X, Hh L TWhiwy, Z
2T, FRREBARERIEE & LT, RN E H WD BRI E DO A~y 7
THRGE Lo, BARBIZIZ, 3 R E 31T ORI IEED A~y 7 2 W, Z
DIEE IR H 72V 7T00kg OLLELNFRETH U |\ DIHEE /11X 43kW Th 5,
DAy Z71E, JBEE 2mm, 20mm AFEEOHE T3 L CORIMETH D Z
EMD, B 1E4 720 OEEENEZ, Nt b4 THRHH LT,

43kW = { 700kg =  (BIE 1 MoOAKFEXEE) ) (X 5.4)

Z 2T, BIIEOEEIT 1g/ce AT LT,
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EREOHD G ORA 1 E ORI L E R HFES)1E 4.914 X 10 S)kWh/# & 7t
HT&E 5,

INHOKEE S L2, 5.3 Zath L, By ORI LB e CO2 B
HEIX. 2.530kg—CO2/kg — EA & FHH LT-,

QEIX L7z R 2 FHEMRBELTIC 2EIRT 5 7ok 2D CO2 HiHE
@-(@) o =>7IzBiT3 CO2HH
PERMEREE LT, =YL —% (PS) IZOWTHIELT, /A=Y &L —
X DOFEM7ZRFNIATRR O 7= DEMET 5,
PSIZ LML MIZILLTDO LB TH D,

Y7L RIS L E kRO MR, 2.787kg

RLBRGRAE - 40 B

LR DS . b 2> & IC A ERMICET 5 X 9. ¢ 50mm FEE DOFk DR
M % —FE IR I B L T2,

PLEDRIETHIE, R EDIC D 8EILL ENBET 5 Z L2l Tz
D, TOFRMETHTZED D Z & & LT,

Yo7l LTE, ARTHNTRIEED 7 ot 2 CER (BERER) 2
LCTHY HLZERE AN RETHL0, SENIERIIOFAYT T DFEEMR
FERICHEBT L L2y, HT LEHROEEEZ 7L e L,

UL EORBERE RS | Hibi 1kg 720 @ CO2 PEHHEZ R LT, S st&E
FEZ, BiEO— (a) EFRUCTHDHIZOEMT S,

HELZFEE. 0.0346kg—CO2/kg— M & 72 o 7=,

@-(b) MR ORBENEIZLE R CO2 HEH

13 5.2.2.1.0— (a) TEOLNIZY L T IITONWT, Y ORI IZ 2
7 CO2 PEHEAFHE Lz, FHEFIEIL, 5.2.2.1.0— (b) EREEETH Y, FF
7RI AT 5,

R ORI HUE, 15,900 fl/kg—HAR & 720 | ENEBYE X TCEHR ORE R,
P ORJNCET 5 CO2 HEH &% 0.4511kg— CO2/kg — Kb & 72 o 7=,

108



5.2.2.2. 2SIV ATERED CO2 HEHE

OEFRZBRL CERZEINT 2 ETOS a2 CO2 HEHE
O-(a) RKEDT7 = 7IZBiT5 CO2#H

NV AR K D EAR DA & FREIIE, AiE 2.2.1 (7) OSEGEER R % o
IR L, T7bb, SRIOEGE Tt b IR EMR A IEE L CTHEZ LY
M2 EDRHCRTEEMETH D, WD RICHERTERS 5 (0.45kg) ZIRFFL.
DO F o5 55 [ S 1 D ALBEA 2 JelZFHE L=,

B, HEICBW TR UL AEEE O 1 FH 720 O L — X

DOFFHETH D 1.8kd & L, CO2 PEH EDJFHALIX 0.579kg — Coz/kWh &L
7,

WA LT-EER 1kg H720 O CO2 HEHHEIX TFLoR 5.5 THEATX 5,

1.8kJ 3,600 #/H X 55 3¢ +0.45kg— £ x<0.579 (X 5.5)
=0.0354kg— CO2/kg — K
ZC, B 1kg H720 @ CO2 PEHEICHE Lisks 372012, Mtk O ALEE

ff@z):%ﬁéﬁas ZBWTEN S5 EEREZ 4T LTe, 1% LRE TR T & 5 HAk
EiE, R IREOEIEREDSTELELRETH D EIE L, EREOmEIEm NS T
EEICL DV A2TOEREZRYH L, EEZHEL TRD,

ZOREF, FUNATRE 72 I T AERED 25.54% Th o7,
LT, EREHEARLTCEKREZEINT L2 ETOTrERICB TS, #HOT v
=2 7B 5H CO2 BEHEIF FioR 5.6 TERIND,

0.0354kg—CO2/kg—ER +  (22.54%) (K 5.6)

X 5.6 L0 CO2HEHE4A, 0.1385kg—CO2/kg— itk & FHHE L7,
O-(b) W DOFRENEIZNLE L CO2 HEH

30 5.222.0— (a) THOLNZY T IATHOWT, B ORI LRI
H7p CO2 P EAFHHE L=, FHEFEIL, 5.2.2.1.0— (b) tREETH Y, &
AT ) S

AN S 405 AR BT R (A LT EREEE) @ 25.54wt% Th o7,
F BT ORI HIE, 4,500 fH/kg—ERXRTH-T, TNHEEEXT-FED
FERL FRIEOZEMNC CO2 HEHEIE 0.1385kg — CO2/kg — ER & 2o 7=,
QEIX L7 #ERZFHEMRSRELTIC 2EIRT 57k 20 CO2 HiHE
@-(a) OS> =r7IzBiT5 CO2H

PNV AR K D FER O & IC FIUE, Aifd 2.2.2 (6) OSERERE R % LIl
B L, 77205, SEIOEFETR ORI, 7V > R IR B % ]
B (PS & RSO SFIEER 8 BILL L) TELMHTH D, Mg r— AN ZE
A7 T EHD FRUC L 2 BRI ATV, il = /L% —1.8kJ, &)+ 150k V,
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FEAGHI EREE 100mm, REASR & 3 7L O BREE 10mm CTHERILER 21T - 72 5fF
ZICICRHA LTz,
UL EDSAE Tl R E R 0.171kg I2 DWW THidE 34 [ATIC & 8 EIANHIBE L |
M AR T C& -, ZofEEZIC, CO2HEHES TiedX 5.7 THIH LT,
1.8kd +-3,600 #/H X 34 [a]+0.171kg— 5 X 0.579 (U 5.7)
ZoORIZED, CO2 HEHE %A 0.0575kg—CO2/kg—ER  LFHE LT,

@-(b) WY ORELIIZNLE R CO2 HEH

30 5.2.22.0— (a) TEHOLNIZY LTI ONT, Y ORIV 2
#Wrp CO2 PR EZFFE L=, dHHE AR, 5.22.1.0— (b) LFEETHO ., FF
7RI E T 5,

PRI OB 80T, 4,100 fl/kg— Rt L 720 . ENERNE 2 T HE ORS R,
P OB 5 CO2 PEHEIE 0.1172kg— CO2/kg— Fetl & 72 o 7=,
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5.3. IREIE/REF S EM DG F L 0

X 5-3 |\ZHE ) OBREUCED R L RE A E . X 54 IT/NVUFEEORE
WEHR EREFEAHEEZE DD,
HER X, NRL O i A 15T,
BREEUCGENRICE LT, LR Z &EnmnhoTa,
<V ARERZ BT RSB B Z AT B AT D 8RR 43 Bl L HEL,
METF N X —DKNT —LIC L DHBER L L 72D | TR —DH

BRRE,
- T AE/FE A A/ AR~ D B Ay BE T AL 3 E < . MR LR O
i S b2y Al e,

- [N U 7= A SR ARG 8 L 7o 33 6L TERMHE Tl #EZ~ D W T8l 23 Al
ME LTERT D0, SREDOHRPUCKEOSRIFR OB AN LI,
PEEABPEICE L Tl ERROBRESEES R ICOVWTEA L L S92, 7L
HEZ T, SR EDEET DA, KU —HOHEZRESEIVNENRD 5720
2 A NECOREENH U | RRFEAEMEICE U TIRIERBCE 5 EHEET 5,
FEAREE LT, TRin&Exbivd,
- I B DIV AREEOE Az AT T2 TIERR .
ZOMEIT, FEKTROMHEZEDIENEEND,

FAVRIFEEIZOWTIL, FitOfbim 57,
BREBEUGEDRICE L TX, LT Z ERbhrol,
« 2OV ARERETCIE, AR TRR I 3T D IR = RV — [ ISR 2 b T
REWDS, ALEW) DI S B A Bl S A, Ml VRIS F TR S 1L
L BNV IR, FER, BB - IC 3®BAIY TRRIZ ¢, KiE7e CO2
HINE N ATEE,  H il A TF 19 50 CO2 Z HIl,
PR A BRMEICBI Uik, A% 003 BIIRE R 23 KB L2 M X 5 72 oD & BIAE
EICBEDb A NMEEOHEARRETH Y . 4%, HEHEOBMA TIN5/
FEO VYA 7 Wk L THEERBLOAEENE W EB X D,

UGB E LT, TREBB DN D,
© & B % IV AR DO = RIS AT T2 TIER
* FEA- BB AR RIE i 00 FEBLC A1 7o LikBA %,
IO ORBITHEER TR ORFEZED L ENEFEND,
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[CO2BFHEHIFIR, B FSIEM ] sEMS :DDE—21kgh SN2 Bt kg-C02/kg-DDE~4

RIRMEWR )
— Py a ERaEY
co2 | iR 0.023 0.006 0.029
BHUR | o 2ae 0.173 0.003 0.176 mnnn cakonans
co2 | R -0.150 0.003 -0.147 _
HRE wyg@R 0.103 0.032 0.135

B 5-3 : BERERM) DBRBTREZIR

(CO28FH ERIRMR, EHQIEK]

iR  EFEHRASEIEER 1 ka2 B, EREIR1kaHSDEB R 98 B{i1:kg-C02/ ko- ISR
RRUENR N
5 EE
BT = BEER | ZERE = ICER - AR

) BEICADBEHAKEL
cop | MERMEE 2627 0.486 3.113 et el
AR ) o zaee 0.640 0.175 0.815 | B s <

HERR 1.086 0.311 2297
;j;ﬁ )T 19fENHR

2 B8R - 0.118 0.118

5-4 : INRFBORKLEZR

AR AT LAOREBIOREENE & LT A TV OfRIKR TR~ E 2 Hi
Do W TVITIXE M - IC 2L S L2 7Y o MRS EEH, fEAA
EFNTND, @ TV O TRITBLR, 77V > FEKREIE TO LRPEES
IZRDFMRETITOND Z 1%L, METEOHIIC X 2R E8B Th
Do AFETHN, 7V AMHEY AT DA TIEO EEE L 2D B R4 L
THRICEAT S Z & THRIATEEIBOEINAETH D LB 2D,
FEHTHER TV (dh TV) % 7OV AEREERE 12 TR U 72 RGERE Rl 2> T
%o 7EICTRRT S,

A COFEEK THIL, BHEEBOE =R 27 A% YHAENOH T
2, MAHOFBEBV YA I NT T NMIRET D2 LT, BEMESTSZ &
INTELEEZL, Bz, BEHEEOMASEFEO Y S A 7 LT T MIBWT
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