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Summary

In recent years, the switch to electric vehicles (EVs) has been advancing rapidly. If things
continue as they have been, half of all vehicles will be EVs by 2030. Cars inevitably become
spent vehicles after about 15 years once they are sold on the market. This cycle may become
faster for EVs. Hybrid vehicles (hereinafter, HVs), which Toyota Motor Corporation released
for the first time anywhere in the world in 1997, have already reached more than 11 million
vehicles in total. They have been coming to the end of their lives in order of age, and are
appearing on the scrap vehicle market. They reached some 20,000 vehicles in 2017 alone,
and this will definitely increase in the future.

Unfortunately, thus far, an efficient resource circulation system for thesEHVs has not been
established. The motors, inverters and batteries which are the characteristic features of HVs
are also core parts for future EVs, and it is also clear in this demonstration that even if a car
reaches the end of its life, each of its parts will still maintain its functions. It is urgently
necessary to create systems that will make these circulate as resources effectively and
efficiently.

Since FY2016, we have been conducting a demonstration project in which we reuse 15 core
parts of HVs in order to remanufacture small wind turbines. In the last fiscal year, we verified
theoretically the technical/economic feasibility of the project, and the possibility of
environmental burden reduction effects once it has been turned into a reality. We achieved
quantitatively good results for both. On the basis of this, in this project, we constructed a
system aimed at commercialization through more precise demonstrations using prototype
equipment, and carried out work in order to make the environmental burden reductions more
secure.

Specifically, we worked on the following four items:

i) Making HV unit collection schemes more sophisticated, and expanding them overseas,
ii) Verification of commercialization models by means of a demonstration experiment for small
wind turbines, and brushing—up of the system, iii) Construction of a system aimed at
commercialization, and iv) Variation of exit strategies.

In addition to details regarding the above implementation content, this demonstration
project report consists of: v) Environmental burden reduction effects resulting from this
project, vi) The feasibility of this project, and vii) Future prospects.

For i), we standardized all of the work for achieving the specifications for reuse after
collection, implemented cost reduction activities, and completed the process design, with the
aim of commercialization.

For overseas expansion, we implemented on—site surveys in Los Angeles in the US and
Ulaanbaatar in Mongolia, where many Priuses have been sold, and verified that sufficiently
economical collection will be possible, even if the schemes are different.

For ii), we conducted a demonstration using prototype equipment installed in Tahara City,
Aichi Prefecture. We reviewed the basic design twice in order to improve performance and
prevent resonance, and modified the prototype equipment. We also improved the control
algorithms. As a result, we achieved an annual power generation amount of 21,230 kWh (using
an assumed average wind velocity of 5 m/s), which was a 6% increase on the target power
generation amount. We not only evaluated performance, but also the effects on the
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environment (such as noise), then finally, we summarized everything as “wind turbine overall
system specifications.” In addition, in order to respond to a change in the small wind turbine
market environment (the abolition of the FIT for small wind turbines of less than 20 kW), we
conducted a third design review and were able to decide on the basic specifications for new
turbines. We also conducted “load calculations” and “strength evaluation” for each of the
main sections of the wind turbines in accordance with the final specifications, and managed
to secure a durability of 20 years.

For iii), we worked on “construction of a remote monitoring system,” which will be
essential when running a small wind turbine power generation business. We installed
“communication modules” that directly connect to the PL.Cs (control panels) that control the
wind turbines, and achieved a system that uses a normal public environment, and will at the
same time be secured from outside.

As a result of this, we constructed a system that will simultaneously remotely monitor
hundreds of wind turbines installed after commercialization, and furthermore, will be able to
control them remotely.

Next, we also worked on “construction of supply chains.” In cooperation with the Akita
Prefectural Office, we made concrete approaches to prominent companies in the prefecture
with regard to all of the processes, from collection, to manufacturing of each of the parts for
the wind turbines, to assembly, installation maintenance of the wind turbines. As a result of
this, the preparations for the commercialization of “local production for local consumption”
small wind turbines were completed. We also conducted ”“SE activities” for each of the
processes above. Cost reduction measures were performed with regard to all of the work in
the processes, and the final total wind turbine manufacturing cost achieved was 102% in
relation to the target (6.6 million yen/turbine). This is about one—third compared with other
wind turbines of the same rank.

For iv), first, we verified the market potential of small wind turbines, and then offered
proposals for a new FIT, including the effects in the event of mass—production
commercialization (early lowering of FIT price using reduction of power generation costs
resulting from group installation).

After that, as “construction of a business model that does not rely on FIT,” a project
scheme was proposed that uses subsidies when the equipment is installed. Finally, we verified
the possibility of lateral expansion of reuse applications to areas other than small wind turbines,
as a new activity for this fiscal year. As a result of conducting wide—ranging screening with
regard to all industrial product fields that use all of the motors and generators of the same
rank, we found high potential for lateral expansion with regard to nine products in five fields.
We confirmed that among these, three products in two fields (EV carts, small-scale
hydroelectric power generation, and small-scale biomass power generation) showed a high
affinity with HV units in particular.

For v), we carried out an evaluation by quantitatively calculating, as direct effects, the
CO; and natural resource consumption reduction effects that would result from reuse, taking
the functional unit to be onEHV car and the boundary to be from spent car to wind turbine
production (manufacturing stage). As a result, we confirmed an environmental burden
reduction effect of 0.60 t-CO,/unit for the former and 351 kg/unit for the latter. As an
indirect effect, we evaluated the processes of power generation by means of manufactured
wind turbines (operation stage), and as a result, confirmed an environmental burden reduction
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effect of 57.19 t—CO,/unit over 20 years as a life cycle for the wind turbines. In addition, we
quantitatively calculated the environmental burden reduction effects from a long—term
perspective, thinking in terms of 2030, and the cumulative total came to 31,597 t—CO..

For vi), we considered the feasibility of this project in terms of both the technical and
economic aspects. First, for the technical aspects, we evaluated the variations in quality of
reused products depending on the use environment before reuse and the resulting reliability
of quality after reuse, which reuse businesses are destined to face. As a result, we found that
the variations and reliability problems regarding quality can be solved simultaneously by
replacing, when reusing, four of the bearings in the motors, which are the only parts with a
finite service life among all of the parts that comprise the reused products. At the same time,
we found that durability can be secured by periodically inspecting and replacing the lubricant,
which determines the use environment of bearings, so all of the technical problems standing
in the way of the possibility commercialization were eliminated.

Next, we considered economic feasibility. Since reused products arise from the market and
are not produced artificially, we evaluated the possibility of stable procurement. As a result,
on the basis of the actual performance for the past two years, it was confirmed that there will
be no problems in terms of either quantity or price. We verified matters regarding the
electricity costs that operators will be able to attain if they introduce the remanufactured
wind turbines, which will affect whether the business becomes a reality, and conducted
separate case studies according to whether or not subsidies are used when the equipment is
introduced. As a result, it was confirmed that in some cases, the green power costs for
operators who have introduced the wind turbines could be 10 yen/kWh or less, meaning that
it would be sufficiently profitable, and we were able to ascertain that there are sufficient
prospects of success in economic terms for aiming for project realization.

Finally, for vii), we talked about “future prospects.” We mentioned that we will broadly
divide the work into two areas: “finalization for wind turbine commercialization” and
”developing the potential of lateral expansion of reuse businesses.”

For the former, we touched upon the necessity of conducting a final evaluation of
profitability in a form similar to more realistic businesses, by checking the cost performance
of a new wind turbine design and analyzing cases where group installation of wind turbines is
carried out. We also mentioned the necessity of working toward construction of systems that
package together both development with regard to overseas and recycling after reuse.

For the latter, we suggested how demonstrations should be conducted concretely with a
view toward speedy commercialization and methods for theoretical demonstrations and
demonstrations using actual equipment, for each of the three products in two fields that were
confirmed in this demonstration to have high affinity with HV units. For these three products
as well, it will be necessary to verify the possibility of achieving commercialization and the
environmental burden reduction effects once it has been achieved, in a similar way as in this
project. Through the current initial-stage investigation, we have found that all of the three
products have a market potential that is greater than or equal to that of small wind turbines.

Finally, we indicated a plan for making a proposal regarding a “standardization of reuse
systems” for accelerating lateral expansion of reuse businesses. HV units will be reused as
systems. In order to do that, we modified software and achieved control of thEHV units as a
whole. At the same time, we will also make mechanical modifications, and carry out
standardization in order to fulfill all of the other product specifications. It can be anticipated
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that the “standard models” that have been completed will be adopted as units in a wide range
of industrial fields. The construction of “systems” that will be permanently connected to HVs,
PHVs and EVs (which will inevitably happen in the future), and have “resource recovery”
through reuse as a pillar, is close at hand.
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Bi&:V=11m/s EiE:V=12m/s V=60m/s [t
Case No.|H(m)|D(m)|Strut| TSR |N (rpm) |Pm(kW) [ AEP(MWh) [Cutout(m/s)| TSR [N (rpm) [Pm(kW) | AEP(MWh) [Cutout(m/s)| Rotor Q(Nm) | Strut Pos.
0 57 89 4 35 90.1 19.97 21.0 15 14648 +20m, +£065m
1 6.0 6.6 2 33 1145 17.53 18.7 15 10874 *125m
2 7.0 55 2 3.2 133.2 17.46 18.3 15 10032 *125m
3 6.0 6.6 3 33 1145 16.87 17.8 15 10843 Om, &1.75m
4 6.0 7.2 2 34 99.1 14.70 20.0 20 34 108.2 19.23 20.5 20 12109 *125m
5 6.5 6.5 3 33 106.6 14.02 18.9 20 33 116.3 184 19.5 20 11517 Om, £1.5m
6 6.5 7.2 3 34 99.1 15.59 21.1 20 34 108.2 20.39 21.7 20 13069 Om, *15m
7 6.5 6.5 3 33 106.6 14.02 18.9 20 11518 Om, +185m
8 6.5 6.6 3 34 108.1 14.23 19.3 20 11740 Om, +185m
9 6.5 6.7 3 34 106.5 14.50 19.6 20 11961 Om, +1.85m
10 6.5 6.8 3 34 105 14.74 111929 20 12183 Om, +185m
11 6.5 6.9 3 34 103.5 14.97 202 20 12405 Om, +185m
12 6.5 7.0 3 34 102 15.18 20.5 20 12626 Om, +185m
13 65 | 7.1 3 34 100.5 15.39 208 20 12848 Om, +1.85m
14 6.5 1.5 3 34 95.2 16.19 219 20 13735 Om, +185m
14-2 6.5 15 3 35 89.1 12.09 209 20 13735 Om, =1.85m
BiE:V=10m/s




M 68THY I =2l — a3y P TL TR —ATORERR LML, Mg L 3t
WY AT PWSLT D7 — AR, Ieifd, MR 68D —A14—2%2 IR L, S HIZ
T Ty aMATRER, KR 9DOFEEDO T —J—7 L [MER T0DF[H I E &fiF
Wr&rpoiz,

K&K 69 BT P DONT—H—T

Case14-6 D=7.5m_H=6.5m_c=500mm_3E& &R X +Zvk
(Naca0018_Cd=0.02) D5 & MDPower Curve TEREREIE: V=9.537m/s
RE 5IEFTYEBERGONMB IV FHEHNEONEEE

15000

10000 >

L/
4 \

N g

L 4
L 4
L 4
L 4
L 4
L 4
L 4
L 4

Electric power generation [W]

—0—&
——

*
*
*
*

o
*

0 5 10 15 20 25 30
Wind speed V [m/s]

K& 70 HTF - ORBEFEMBEERE
FHRER (RERIBEEEENE 05%)]

60000
50000

(kWh)

40000
30000
20000
10000

FHRER

FLEYEZE  (m/s)

6 FLHESEDRAEL

ARBENC L DTS LB a— 21T o7z, W2lElE, FElz FERERICDoE L TEH
T2 EWEL, FHMEZIT AT, RIS, 2 X AT =< ARE L, HRE
JAEE A DY A7 S bR LB E T YA kb T 72, HL, REOT YA~
FH THIETOFEP X, SRIETOERILENLELZ XD,

69



V-4, WEFHE

DNV « GLHEIZ & » TREFHFATON -, ARl LT, HRET A 2R L
L7z, EBRRERRGHERED TRET V] 2T, BMEA FEIICEAET S M EL
FALOROHH Y 7 M EMEH L TEHE L,

1 N\ —H—T DKL
MIEFREICIENL > T, NI =D =T ORFEEITV, KFE TURTHED . BEKY
WCTCHRAELHTT A v DT — B —T LDV - GLOD Y 7 N TR L7z NT— D —7
DB DEEME L. UBEOM R RICEROEEMEZHE LT,

X% 71 BEKZEEDNV:.GLNNU—h—7 L
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6 DNV GL

=—g— Toyota Tsusho

Electrical power [kW]

0 2 4 6 8 10 12
Wind speed [m/s]

2 MEETHEATR
& T2 THREERET 272 OIC AR A REE Lo, EFR R ARG AR I L
T D FH &R,

M% 72 ERRERFERE CLASS I

Parameter Value Unit
Wind Class I

Air density 1.225 kg/m?3
Characteristic turbulence o
intensity at 15 m/s, I1s 0.18 fo
Rated Power, Prated 20 kw
Cut-in wind speed, Vin 3 m/s
Rated hub-height wind speed, V. 11.0 m/s
Cut-out wind speed, Vout 20 m/s
Hub—he|_ght 50-year extreme 42.5 m/s
mean wind speed, Vg

Hub-height 1-year extreme mean 34 m/s

wind speed, Vi
Wind shear power law exponent 0 -
Flow inclination angle 8 0
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5% 73 BEDOVAV =M I I DR BRI T TN EEREF

Design load case
(DLC):

Operating condition: Power production

1.1

Wind conditions: Steady wind, Vin < Vhu < Vou
Type of analysis: Fatigue/Ultimate (normal)
Partial safety Normal

factors:

Description of simulations:

Description Mean wind speed (m/s) wind bin Hours / year
1.1a 4 3-5 1269.0
1.1b b 5-7 1534.0
1.1c 8 7-9 1511.9
1.1d 10 9-11 1281.5
1.1e 12 11-13 956.4
1.1f 14 13-15 636.6
1.1g 16 15-17 380.8
1.1h 18 17-19 205.6
1.1i 20 19-21 100.6

- Constant wind speed, no turbulence modelled
- Constant rotor speed

X% 74 EE20m TOME S LR

Design load case (DLC): 3.1

Operating condition: Normal shut down

Wind conditions: Steady wind, Vin < Vhe < Vo
Type of analysis: Fatigue (normal)

Partial safety factors: Normal

Description of simulations:

Mean wind speed

Description (m/s) Occurences per year
31a 3 2000
3.1b 10 100
3.1c 20 100

Turbine shutting down with mechanical brake at 2kNm
Number of occurrences doubled to account for start ups
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Design load case

(DLC): 1.4

Operating condition: Power production + extreme coherent gust

Wind conditions: Extreme coherent qust
Type of analysis: Ultimate (normal)
Partial safety Normal

factors:

Description of simulations:

Description Vstart [m/s] Gust amplitude [m/s] Vend [m/s]
1.4a 8 15 23
1.4b 10 15 25
1l.4c 12 15 27
1.4d 16 15 31
1.4e 20 15 35

- Mechanical brake applied at 6.4kNm when maximum rotor speed is
reached
- Wind direction change not modelled

M#E 76 ®EETICKTSRAREE LR

Design load case
(DLC):

Operating condition: Powsr producktion + grid loss

2.2

Wind conditions: Exktreme operating gust

Typ=e of analysis: Ultimate

Pl =ty e

Description of simulations:

- Gust amplitude Wind direction
Drescription Wstart [m/s] [H_U.E] [dea]

23a 1 B F7.70 0
23a_2 B F7.70 90
23a_3 B F7.70 180
23a 4 B F.70 270
23b_1 10 B.70 a
23b_2 10 B.70 90
23b_3 10 8.70 180
23b_4a 10 B.70 270
23c 1 12 9.69 a
23c 2 12 969 90
2.3c 3 12 9.69 180
2.3c 4 12 9.69 270
23d_1 16 11 68 a
23d_2 16 11 68 90
2.3d_3 16 11 .68 180
23d_4 16 11.68 270
23 1 20 13 .67 a
23e 2 20 13 67 90
23e 3 20 13 67 180
2 3e 4 20 13 67 270

-  Mechanical brake applied, brake torque 6.4 kNm
- Gridloss occurs 1s into the simulation
-  Fowr wind directions tested, indexed x=1-4
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Design load case

(DLC): 21
Operating condition: Parked
Wind conditions: Extreme wind model (turbulent) V50
Type of analysis: Ultimate
Partial safety Normal
factors:
Description of simulations:
- Wind direction
Description Vmean [m/s
5.1 xx 0°to 120° 595

- Parking brake applied
- Wind direction indexed xx,
- Wind direction varied from -0 to 120° with steps of 5°

4 FEFEER
B TBITHR AWM ENFEAET 556 (MK TTORET V) O EFEERERT,
DT —F % BRI TR 63 5 ME R 21T 9,

X 78 JAHS59. 5m/s T COEJAERBENRE

Wind direction Mz My Mx Fx Fy

[deq] [Mm] [Mm] [Mm] [m] [mN]
o 4572 54239 9583 14425 2155
= FOST 63368 9524 14225 2200
10 TFE6E 64077 12005 14392 2682
15 4822 E3795 3432 14327 1879
20 Iis &E1075 3071 13718 698
23 2010 = 17044 12963 3832
30 2771 30210 31c08 11280 F100
35 1652 40874 44149 2185 9513
40 1297 31045 33512 5582 12013
45 5551 23855 &0140 5373 13497
50 5958 245732 58647 5539 13152
35 3562 23131 58843 S643 13217
&0 3371 25840 39878 3796 13445
[ 5] 1544 225938 60414 3078 13556
Fa 1259 27887 39085 6273 13260
75 1075 29358 56762 s70%9 12751
30 2668 221256 58411 4972 13121
35 3591 12978 61161 2916 13739
S0 4316 1574 62757 444 140593
95 2321 15233 60563 3423 136035
100 515 23251 38023 224 13034
105 1977 32010 57114 7205 12818
110 734 23723 60393 5339 136565
115 2300 217858 61075 4893 13703
120 4575 23821 60423 3346 13570
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BF 79rTm A, MR S0ITEREL T, 20 MR HE A EEE L e B EICHERE L -
MEFEBRERT,
Z DT — X % BT RTA TR ISR T A BREERET AT 5,

B 79 REEIHZITOE S HRERNE

Distance
along Fx Fy Fz Mx My Mz
blade
m kN kN kN kNm kNm kNm
0 0.000 0.000 0.000 0.000 0.000 0.000
0.4063 0.000 0.092 0.786 0.115 0.157 0.017
0.8125 0.000 0.211 1.658 0.224 0.653 0.078
1.2188 0.000 0.338 2.548 0.336 1.510 0.188
1.625 0.196 0.281 2.352 0.258 1.102 0.326
2.0313 0.196 0.147 1.438 0.213 0.340 0.345
2.4375 0.196 0.096 0.557 0.218 0.084 0.378
2.8438 0.196 0.178 0.530 0.299 0.129 0.420
3.25 0.180 0.317 1.518 0.437 0.437 0.430
3.6563 0.180 0.204 0.654 0.361 0.134 0.351
4.0625 0.180 0.152 0.617 0.338 0.122 0.289
4.4688 0.180 0.183 1.417 0.341 0.411 0.237
4.875 0.180 0.316 2.281 0.367 1.156 0.203
5.2813 0.000 0.326 2.640 0.332 1.541 0.171
5.6875 0.000 0.197 1.735 0.219 0.651 0.067
6.0938 0.000 0.077 0.779 0.109 0.141 0.012
6.5 0.000 0.000 0.000 0.000 0.000 0.000
B3R 80 EREERAIZT DI HRLERE
Location Fx Fy Fz Mx My Mz
[-]1 kN kN kN kNm kNm kNm
Bld 1 Mnt 1 End 1 9.822 1.244 0.432 0.557 0.768 4.491
Bld 1 Mnt 1 End 2 9.692 1.302 0.433 0.557 0.866 0.490
Bld 1 Mnt 2 End 1 5.795 1.177 0.071 0.114 0.141 4.256
Bld 1 Mnt 2 End 2 5.605 1.213 0.071 0.114 0.128 0.818
Bld 1 Mnt 3 End 1 9.707 1.309 0.405 0.253 0.618 4.601
Bld 1 Mnt 3 End 2 9.484 1.371 0.404 0.253 0.895 0.748
Bld 2 Mnt 1 End 1 9.792 1.251 0.433 0.558 0.767 4.520
Bld 2 Mnt 1 End 2 9.681 1.314 0.433 0.558 0.864 0.486
Bld 2 Mnt 2 End 1 5.761 1.181 0.071 0.114 0.141 4.276
Bld 2 Mnt 2 End 2 5.592 1.219 0.071 0.114 0.127 0.823
Bld 2 Mnt 3 End 1 9.663 1.313 0.404 0.253 0.616 4.619
Bld 2 Mnt 3 End 2 9.466 1.380 0.403 0.253 0.891 0.750
Bld 3 Mnt 1 End 1 9.810 1.258 0.432 0.559 0.767 4.523
Bld 3 Mnt 1 End 2 9.693 1.304 0.433 0.559 0.866 0.487
Bld 3 Mnt 2 End 1 5.767 1.182 0.071 0.114 0.141 4.260
Bld 3 Mnt 2 End 2 5.586 1.208 0.071 0.114 0.127 0.821
Bld 3 Mnt 3 End 1 9.637 1.322 0.405 0.254 0.617 4.627
Bld 3 Mnt 3 End 2 9.474 1.371 0.403 0.254 0.892 0.748
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1111

ARE TR, M EEAATISN L COMBERT 28 Lz, miE O LcmwEz
FLIZFEMBEATIC K 0 | ROABSR BE ERD & I 95 SR BEERR 21T > 72,

1 EERFHAR

-1 #RiIBRERERR
ATEDORIFE 78T/ L7ofif EatRAERIL, Ed59. 5m/ s THEREAEE L TV 5K
ICZTHMETH D | AT CTHEHNT LW EFRER CRROMETH -7, - T,
KIETIEZ OMEZE > T, FRIREICOWTORFEZITo 72, A%, EEHRE
BOETOHBEEZBEL, RKOEELZZ T 556 THRENZDOHREICMR D 5
ME I MO TH D, KFE 81T, MEMFMLITo2&EAT (P3,P4) ZHIRT 2,
LI EFUITEx, FY, Fz 5 N8 < i E (T & 2 50 2 7l 9~ 5

Z 81 #Am5H IR

b g Fx Fy Fz Mx My Mz

(W] | [en] | [6N] | [eN-m] | [kN-m] | [kN-m]
P3 3.565| -1.841| -0.025| —-0.033| 0.4Z5| -7.5904
P4 -1.646| 0.263| -0.243| 0081 037Z[ 1.951
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Z 82 #5750 EEHERR

Sl TR DRE
i A7 5, MEFEEAHRER I, EEEEREHLYE T H 2 MR 204E [ X =
T FR 80 T/R L7 E Z kR A9IZ 2 T 72358 OMHAMEIZ DWW T ORI TH 5,
B 82T, I bMMEEN, BERINDEFT (P3,P4) ZWIR L. £ E iR E R
#3425 Hm (Fx, Fy,Fz) &7,

W OH
F1FNo Fx Fy Fz Mx My Mz
(kN] | [eM] | [eND | DkNeml | DeN-m] | [kN-m]
P3 3473 04201 0013 0073 0.020( 1860
P4 3453 04201 0013 0073 0020 1.853
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M# 84 KBMEMIER AMFvb

- ZRFk

T
i 41 Pl 0 T 1 S 1
AL Lo

oe= Z56.8 M,/ mm2 = 97 N/mm2 NG (U.F.=2.66)
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(MESRET v 7 EMBRET v 7) | T VEBIREEOR 229 5,

M 85 KARFREMBPHER N7

a

Fe= 383.1 N/mm2 = 235 Nmm2 NG (UF.=1.63)
(554200)
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X 86 MEBHMEMMHR v—X

a—4
L
# R AL R
ae= 1474 N/mm2 = 124 N/mm2 NG (U.F.=1.19)
(STEM 13A)
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DN Y Y, BEIRET= Y b, B R - R ELEE | B 040
DNHRY . FRENORE T m XA AT XY L LTHEE L, KE 218~KFE
221 (BT vt ADNT o Z ) G A R,
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1
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1
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1
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1
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180



X 219 YATLAAYUF) (RERERLE)
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1-4HV A=) A—AL-RBI= VLS (REEAXDH)
JE\ELEE L EE - R BZEE . BESRO =y NMIFHEH AR L EEOT D, KB =y
~ ORGED BEBNZEFHIS 2 MER B 5, AEFESFARICBWTENV2=y &2 Y 22—
AL BEr=y MUEZHET D, ME 2220CBERBEL=y hOFHREE T ¥
ANZBIT DA O DY AT LR 2 BoRd,

M5z 222 VRATANTUHY (HV2=y e a— AU R E o=y MLE)

HV1=wh B®EE AR BIxE SR S L7 A2ILEE
e R e AR S .
- |
: WIE | | R | | R FEiE .
|
: e e .
! Wt W2 B 55t i
| |
I I
I |
1 I
I Bk - [T HR I
| 1
. | .
' J oy e
I AT LN !
I iva
! ﬁ; FLe 2 U
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1-5 AER BV OFRWETO LR GERALOH)
WA, A - SRS, RO =y MR L BT, =y
b OFHILED BRI FT 2 LER b B, FERIR ST > 5 VICH TR R
Y AT LOFHIE L HET 5.

M55 2232 A HERE L=y FOFHE Y o R BT 55 A IR AN
Ry ) et Wa=y a2 U a—2X L8 kﬂ%®ﬁ%®%*iﬁyb%ﬁ
WAERR T DTS 5,

KF# 223 VAT FY) (REFHFEL=yMOFHHEE)

#iLE Ak PR SR 9k L7 A2LEE
e e LT —— - - |
I I
I I
: R R iR RiE I

I
I I
L W W 85t !
| I
I I
| I
| I
: Blgk-EIE E:UE I

I
I I
| I
. ! |
: HE1=vE PLC |

I
| ‘ _ I
I ‘ DARATLIN
| . I
I 4837 o 5) :
D e N —mmm——————————— !

24URVN)HEIEE

B ANBIRTIX, ALBEXI G (HVER) | /NRUREERE, B, ARRE (Y U v &
M, AR L) Al Etg L Uiz, YRR IR, RAERE ONURE S 2T
L) B (V2 by X1 D AT T o7 ASRE) | CO2R NBEREN) (AT 772 L)
ERGRE LTz,
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SAURUN)T—AETELECO2 HFHENDEH

3-1 HV E DR - RATORX (HEAX-ARTARXLE)
X3 224\ZffA « R < BRI T B ADA X Y BT, TREAERRA TR,
flH « BB TR D2 TR/, TN TRIZOWT, BEA (Input) & HEH - 45E
(Output) ZFcik L TW5,
W, AV 2= 2SN FERNN=VEH (E—%—, Ny 7 UV—5%) I, tk7nt
ANZBWT L HARA TR TRV SN D A=V TH Y | BEREOF L 5
BEELT T3 AE R, ASREARIIEZLLLANLDE LTS,

K% 224 BEAROAL RN (FRE -k 2E])

# A (Input) HEH - 4 (Output)
AR | [SERER R B OHERHE] [ SRR > © OHERHE ]
i + HVEE : 1,250 (kg/%3) HVED (BEEH Z) : 700 (kg/H)
HV/Sy 7 U —: 38 (kg)
Jnv—77r 1.3 (kg)
A =% 121 (kg)
HVE— % — : 106 (kg)
TR T 4T 2.4
(kg)
FVx—4%:9 (kg
AATAY, % :8.6 (kg
TL—ATUA4% 1.6 (ke)
Z DM ;362 (kg/H)
1 B R X R A
W2 BEHLA T E T, UMk a ICFEHR
D¥fE % BB E R CHIE L CR
t
X3 FREDTZD, =X —HE
&5 Coz BAETRNbDE LT,
e - SEAIL | [FERERSR D S DOHERHE] [ ERiEE > © OHERHE ]
= HVEED (BEEA 7) : 700 (kg/H) ASR : 155 (kg/%3)
TV ARE R 0 5 (kWh/H) BB/AYZ T w7 545 (kg/1)
Val X —BHEE 482 X1 ASR HEI, SCHK a |ZECH O FUE
(kWh/ %) % B B L O IE L CEH
XML, SCHkb KV BEHEA Z
DN B ERE G- ONEES
BEHEH L, ZOMEE AW THE
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a) {H(2015) T A HEBIH ELV) OBEIRRT > v v L EBREARICET 5 v 2T L0471
ZZEFJV Y —F &P T 4 27 (2016) [ERR2TAEFEARR B IRFLAT - AT AEFFEHE
(BEYE Y YA 7 VO E A ATEIC B WA 7 vt 2 OmE BV EFEE) W5

32 AREBRTOER (EkAK - AR AHRXELHE)
XF 225\c. HAbIE@M 7ot 20 Xy N Zrd, EGERICBVL T

K DASROEEZEE L TRV, £ 20D EAEEESH - OFBEAM 2R L,
i e e e
W T AR 7 2 OBREARFHREICES L CIE, ASRHFICE £ b B HIRD

CO2bat EF2F L L, CO2PEH&IFHAL & 535 SChike) IZFLHk D 1. 24 tC02/t-ASR%E
FIA L7z, X, 7 at A= 3LF—0C028kH EFHAL © 55 ike) IZFE# D, 22—
27 A 1 0.529 tC02/t-ASR, LPG « #&j : 0. 0221 tC02/t-ASRZFIJH L7=, HEIFEIC
£ 2 CO2ENBEN RN DN TR, SRR EE SRR DO B F EF PRI RS & |
0.491 tC02/t-ASR& L 7=,

K% 225 BEAROAL RN (F LB oE )

B (Input) HEH « A€ (Output)
AR | [HEEHESE] [HEEHESE]

T « ASR: 155 (kg) BEAZ 7 39.8 (kg)

#7511 49.6 (kWh) < R A Z V20 (ke)
a—7 2 :26.35 (kg) < WREARIK - T (ke)
FIRA 11,6 (kg) - 002:201 (kg
LPG : 1.2 (Nm3) > TRV RATRLF—HK:
MR e KV 85 (kg)
ASRHIRS : 192 (kg)
> HFEFREICLDHC2HNEZNE : -
76 (kg)
IRk e KV
c ) ifi3fh (2012) [ EBYEARETRE (ASR) OEWEL - MBI LIZT A 7% A 2 LT EA AL ]

SORERETOLR(ERARX AR AXHLE)
X 226~[XF 228/ MR E—HOREICB T A A X MY BRT, MW, Ta s

T4y Ay ay ha—J 3R ERDOIWLTOLD, A X MIZE EL
“Cl,\fcﬁl,\o
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Bk 226 BREARMDOA XN (RERRYE)

7] 832 MJ
KM e LD

# A (Input) PEtH - A425E (Output)

TR R [HERHESE] [HEEHE 5 ]

s T hy 3.7 (kg) TRFVHE 19.7 (kg)
7z /= 11.7 (kg) XHRDb KV
7Ly 6.8 (kg)

B 22.6 MJ
MR d KV

B R ke B | [HERHISE] [HEEHiE 55 ]

i 77 )m=hKU 93.7 kg pesgikAE 44.3 (kg)
B 19,309 MJ XHkd LY
MR d KV

097 [HERHESE ] [ R ]

TARF MG 19.7 (kg) CFRP 64.0 (kg)
RFEMAME 44.3 (ke) ¥k e L0

d) JLCA-LCAT—#~X—2R 2015FE 4i)

e) Tetsuya Suzuki (2005)

FOR MASS-PRODUCED VEHICLES”

“LCA OF LIGHTWEIGHT VEHICLES BY USING CFRP”

M 227 BEAR O 2N (B EE - B EER)

# A (Input) et - Z£FE (Output)
TREENE O | [HERHESE] [ EAiEfE]
i b o 1,326 (kg) JEHEH 900 (kg)
FiRAT 279 (kg) 002 : 1,350 (kg)
A 502 (kg)
KIKH A :36.9 (kg)
TR d £V
T = R—FHA b :79 (kg) [(HERHE=E]
4 ih 7] : 21,698 (M]) T = AH4 154 (kg)
FiRA ;23,87 (kg) €02 : 1419  (kg)
Fi1R:296 (kg) FOTHk d LD
FKAA 57.1 (kg)
TR d L0
T =0 [HEEMESE] [ EFiEfE]
N T =7 L4 154 (kg) TII=TgLAKNT v b :150(kg)
T =T AR ) 440 (M)
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Mo s % PP N )
BEICH )
EoLZ VR [HERMESE] [HEGHESE ]
e RVET AL 2328 (kg) 227 J—F 5000 (kg)
W 1503 (kg) ¥CHkd 1V
K 1166 (kg)
B 22.1 (M)
W 1.73 (L)
MR d KV
EREyce [HERHE%E ] [ SEREAE ]
a7 J—% 5000 (kg) JEHZEE © 5,000 (kg)

d) JLCA-LCAT—#~—2 20154E 4hj

K# 228 RBAMDAL XN (HEHEES)

A (Input) BEHY - ZEPE (Output)
gk - ELE [HERHE S5 ] [HER ]
A - 205.8 (kg) JEAESRMT : 140 (kg)
LKA 40,74 (kg) €02 :184.7 (kg
fifx 70 (kg) MOICERd LY
KIRAT A 4.72 (kg)
IR d LV
MLAZ - | [HERHESE) [ EFikfE]
(b ayv JEAESAMR - 100 (kg) 7 71 100 (ke)
IN—H —D W/ 233 (MDD
WiEx2 5%
(ZHHD
X7 7Y | [HEEHES] [ EAiEfE]
v U RE JESESAM : 40 (kg) _XT7 Y740 (kg)
1) 2 79.86 (kWh) C02 : 4.356 (kg
LPG : 1.452 (kg)
Xk d LV

d) JLCA-LCAT—#~X—2A 2015FE 4}
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3-4HV 2=wbE) 1 —ALERELI=YMRET O R (REIRAXDH)
& 229|1ClV2r = hE2 U a—ALHEL=y MUEBIT 51 X0 M) Z25RT,
Wa=y b2 a—2ALTHEI=y F2RET L7200, AFEIESFRUTBW TR
BBFEA LR,

X 229 BEAMDOA L XUN) HV2=y M) a2 —X LR E o=y M)

B (Input) PEH - AEFE (Output)

=
<

€ €N
HV w7 U —: 38 (kg) - - HlfElr=> b 1 166.3 (ke)
Tuv—77r 1.3 (ke)
A =421 (kg)
HVE—% — : 106 (kg)

-5 BEHRBEI-—VrDFHRAEUETOLR (REEXAKXDH)

X 2301 A FHRE L=y FOFRIE T mE 2B T DA X Y R, HV=
=y M U2 =X LA LAROHERORE L=y M EFHBUIERT 2 F 2 8E L
7o A7 0¥ 23R FEI T RICBIT ANy hE2Va—RA LR EL= v MlE
(RFE 229 1TkHE L TR Y . HHICEs S 2 R8s 5 72 05k 7 U CIRBRBE A R 3 5 A&
T 5,

K 230 VAT (REFHFEL=—yMOFHHBLE)

#A (Input) Pett - A7 (Output)
Bk - FAE [HERHMiESE] (RS ]
oA 2 178 (kg) - JEAESEAR : 121.2 (kg)
FipRA 235 (kg) - 002:160 (kg
fif% : 60.6 (kg) FCHRd LV
KIRAT A 4.08 (kg)
TR d £V
T =0 | [HEEHER] [(HERHE=E]
L4 « AR—FHA b :55.8 (kg) - T2 =74:10.8 (kg)
&S 1521 (M) - 002:100 (kg
AKA 1.64  (kg) MCHkd £V
£/%:20.8 (kg)
KIRIT A 4 (kg)
FOTHk d LV
M- MLNT | [HERHESE] (ESEIR(ED|
(AN x|« JEIEHK : 121.2 (kg) - NyTU—:38 (kg)
— & —ME | . FAI=U A :10.5 (ke) s oA=& 21 (ke)
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B EICHE | - BHE:33.3 (ke) - REHE ;106 (kg)
H) - FEJ 782 (M)
IiRVA €N €N

NyTU—:38 (kg) - B - il = b : 166.3 (kg)
A =421 (kg)
FEERE - 106 (kg)

d) JLCA-LCAT—¥~X—2R 201654% 4R

4 BHAF (CO2 HHHE) DHEH
COZBEH B DTN BR U TR L7z O Je R, Co2Bl i ER A7 & & (IR 231IC7R T

FEEVR, CO2PRHMRENT, BFOBREE T ZfMM L, A X P VISR E LR AE X
=Tk L C TR O PR B Z 22T 5F T, CO2HEEA R LT,

X 231 CO28EH EDE HITHI A L= PEHFR%k

B €02 HEHfR %K i
c02
(HAT) HE (HAT) B i
(V42
Ww) (GEE
. EEY (BA) - - 0.587 | kgC0,/ kWh [3]
i
TR - A
. L2303 0.843 | kg /L 2.58 kgC0,,/L (1] [4]
£ IRYE JEUEHR - - 2.61 kgC0, kg [4]
LPG (A bA A
RKIRA AHE ) - - 3.00 kgC0,, kg [4]
A
KIKA A (R
{LRERAT A 0.002 | kg /L 2.22 kgC0,,/m’ [2] [4]
JE)

(1] amEE TamEsh

(2] 2R E=1.2929, @F W ALLE /28K E=0.65& L CHMH

(3] BRBiY T[EXFEEEDIOCO2HEMIREL CERTAHEREFELR) |

(4] BREEE TRUE - Wil - ARBIEICBS T 25ESE - Peifesi—% )

4-1 HV E DR - R TOeX (EAX-ARTAREE)

HVEE DR « Fche - 3851 7" 1 & 212 861F 2 CO2HEH B DO R B 2 [XE 2321277,
PERFRUITE N THAREGESFRUTIBNT S R - i - 28507 v & X TR 2 %t
GBI — D=0, ARIEIZBWTCO2PEHEDZE 34 Uiryy, FH L 72Cc024EH &:130. 031
t=C02L 725,
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X% 232 CO28EH EDEH ({4 - At 7))

OAT I F— QPRI AL C02 P
@ @
FfRATRE | & 53.2 (kWh) 0.000587 (t-C02/kWh) 0.0312 (t-C02)

4-2 HFRLBEBMTOER (KA R - AR AR HE)
T ZAERRL T v 2280 D02 O R HmfE 4 }EK 2331277, ek ARITH
WTHARILGESFRUTBW T, A AR v ' 2 T 25 RITF— D7D, K
HIZBWTCOPE D ZETAE U 2avy, B L7Co28k M #130. 19 t-C02& 75,
. 0 ZACERRE 7 5 2 OBREAMRHRICES LT, ASRPICSE £ 2 RFEH R DC02
bt b oHE L L, CO28EH &R HAL S 25 Tk (o) IZFEHk 1. 24 t-C02/t ZFIH L7z,

X% 233 £CO28EHEDEH (FALEm 7 1t 1)

A& @ H AL ACO2HEH &
ke L 0 (Ox®)
ASR Hile%C02:
0.192 (t-C02)
1.24 (t-C02/t-ASR)
o — 7 R H 3002
0. 529 (t-C02/t— 0. 082
ASR)
H AR
LPG - 87 1 3fC02
[ A= e ASR : 0.155 (t)
0. 022 (t-C02/t- 0. 003
2
ASR)
H % % & H Sk Cco2 Hil
I
-0. 076
-0. 491 (t-C02/t~
ASR)
&F - - 0. 202

c )M (2012) A BYEREAFEE (ASR) OEPUL « WEIZEAL72F A4 7 A I NTEAA Y M)

4-3 RBERETOLR (AKX -FEIEAXHLE)

JRHL S 7w 2 2230 H 0028k E O B 4 R 234~k 236125~ 7, ek
FRIZBWTHARFETELARICBN TS | BUEE | R ) - B | H s ORI Y
ET 2720, RIEIZBWTCO2PEHED ZEITA U, TR o7 vk 22E1) 5002
PetHEE, mERE RS - 3.29 t-C02, A - EELLA - 5.81 t-C02, LT : 0.28
t-C02& 725,
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X% 234 CO28EHEDE H (R BEERE)

OBATRILF— @ H R HAL CO2 HfHi &

(DO*x©@)
TARF RS | S 1 6.28 (kih) 0. 000587 (t-C02/kWh) 0.003 (t-C02)
IRFEMAMERE | #E ) 2 5363 (kWh) 0. 000587 (t-C02/kWh) 3.148 (t-C02)
097 #7231 (kWh) 0. 000587 (t-C02/kWh) 0.136 (t—C02)
&5 - - 3.287 (t-C02)

% 235 CO2 PEHHEDKEH (REH - REHLRE)

OFAT R F—

@R AL

C02 HEHi &
(DOx®)

VB R o

i

ik 502 (kg)

0.00261 (t-C02/kg)

1. 310 (t-C02)

KIRH A+ 36.9 (kg)

0.00110 (t-C02/kg)

0.041 (t-C02)

T = A | %6027 (kWh) 0. 000587 (£t—C02/kWh) 3.538 (t-C02)
Hh 4 FHiR 296 (kg) 0.00261 (t—C02/kg) 0.772 (t-C02)
KIRH A+ 57.1 (kg) 0.00110 (t-C02/kg) 0.063 (t—-C02)
T =T N
%77 : 122 (kWh) 0. 000587 (£t—C02/kWh) 0.072 (t-C02)
& :6.1 (kWh) 0. 000587 (t—C02/kWh) 0.0036 (t—C02)
/L2 sl
R 1,73 L 0. 000258 (t-C02/L) 0.0044 (t—-C02)
Ak - - 5.805 (t—C02)
K& 236 CO28EH EDE H (HHR)
QAT FILF— OHEH R HAL €02 PEH &
(Ox@)
Rk - EIE AR 70 (kg) 0.00261 (t—C02/kg) 0. 183 (t—C02)
KIRA A = 4.72 (kg) 0.00110 (£t-C02/kg) 0.005 (t-C02)
FIRYARIYI I &7 64.7 (kWh) 0. 000587 (£t-C02/kWh) 0.038 (t-C02)
X7 7Y | B :79.9 (kWh) 0. 000587 (£t—C02/kWh) 0.047 (t-C02)
Ve S LPG : 1.45 (kg) 0.00300 (t—C02/kg) 0.004 (t—C02)
Ak - - 0.277 (t-C02)

4-4 HV A=ybZF) 1—ALERELI-_VIrETOEX (AEHXAKXDH)

W=y b a2—ALTHREL=y bafET 720, AFEFEFRUTB W TIIEREE
BRDFEAE L7,
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4-5 BEHFBI-—VrDFREUETOLR REEAKXDH)
JRHREL =y MG B 208 A0 BB R A KFE 23R T, K
FAEHF ATV =y hEHEBEL=y e LTV 22— T 5720, K7 aERAOBRE
BRI TR DOAFT Eain D, FH L 72Co2HkH #130. 60 t-C02& 725,

M 237 CO28EHEDHEH (AERE =y MO FHHRTE)

OBATHNLF— @ A C02 Bt &

(O*x©@)
ik 1 60.6 (kg) 0.00261 (t-C02/kg) 0.16 (t-C02)

Bk - FAE

FARA A+ 4.08 (kg) 0.00110 (t-C02/kg) 0.004 (t-C02)
TN = | BN 423 (kih) 0. 000587 (t-C02/kWh) 0.25 (t-C02)
i B £z : 20.8 (kg) 0. 00261 (t-C02/kg) 0.05 (+-C02)
KR 2 4 (ke) 0.00110 (t-C02/kg) 0.004 (t-C02)
AT - ST B/ 217 (kWh) 0. 000587 (t—C02/kiWh) 0.13 (t-C02)
G - - 0.597 (t-C02)

5 IRIBER (CO2 HiHE) niTfE R

DUNUE ) FEES AT 5 (16 kW) 15 0HE ] OREAM Z1Ek T & RFGEH AT
W32 &, RGN THFHICHEEL=y NEETHIUNERH LD, Ja—2R
Ehen 2 M3 2 AREFET DT, CO2PEHI & (1) 13/96% (0.60t) D7x<esd (KFE
238, # 239) .
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K& 238 HVEL(FVTR) 1R DSy /IR SR EV AT A1 E DB L LREAT
(CO28EH & (t-CO2/B))

coz HEHiE (t)

Ttk A4
ek F A ARFERE ST

BEFE « T AT 0.23 0.23

JoEL e 3 i 3.29 3.29

JELHLH - R AR A R 5.81 5.81

A 0.28 0.28

B - filflla =y MbE | 0.60 0

G 10. 20 9. 60

X% 239 HVEL(ZVDR) 1B DSy, IR D FEE AT A1 HEOREIC I ABREAR (CO28E
HE (t-C02/8))

10.00 -

8.00

6.00

4.00

CO2 i E(t-C02/8)

2.00

0.00 -

10.20

kAR

9.60
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VIII-2. RAREFREHEEZE (HV VO RATLD)1—XR)

1 B REET

AFFCBNTIVE=y hE Y 2— 2SR5 HTHIREN D A= U ERO R 23T
5 %, HEAERUTIE, CORBRIRZ A L7-BR L M THVE (Z') ¥ R) 15004,
RO RES AT BORE] &L, GHEFEE - N7 2 ) BFE 216 L [AEO b
DEFRT 5.,

2 RARERHEED®

CO2PEHEFHRRFICRIHA LA Xy MU T —H &2 HEC, N—V U EIROM R 25
U7, M, &R Ch D/NUR ) HBE Y AT AOREREIZHD 5FEIEG 1% RO
ERE I DWW TIERHIEE P O x4k & LT 5,
PERFREARFEFEHNTHI S 5 & AFEIESFATIIFHICHKEL =y M2 RET S
MBEINIp N BIEARCHR—F A FE Vo=V U ERO &N DL 725, B
BCHRT 2 & AREFESF IR SR E R A= ERO MR A% (351ke)
Pl e s (K% 240, HFE 241)

XF 240 HVE(Z YDV R) 1B DSy, /INRSIFBES AT L1HEORE
WCRFBIN—V U EFREOFERAE (ke/B)

W=V U EPRE (ke)

N— U G RE
ek A ARFEFEST

SR 1,735 1,562
R 381 344
ey 897 816
RIKTT A 61 57
A—F%A bk 852 796
aryyY—h 3,831 3, 831
Z D 1297 1297
G 9, 054 8, 703
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K% 241 HVE(ZFYYR) 1RGOy /INURSIFES AT A BEOREIBITEINN—V U BIR

DA E (kg/H)
10,000 9054
9,000 - 8703
8,000 -
a n 2Dt
7,000 -
S~ ’
2 mEAVNRD
g 6000 - .
mR—FH Ak
¥ 5000 - -
m BRAAX
2 4,000 - "
:,\ IEW
J 3,000 -
g mRRE
2,000 -
m kLA
1,000 -
0 -

kAR ARFEAR
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VII-3. ZDiDIRBEFRB IR

A TIL, IVEL (Y 7 R) 1B DAL T at 20/ MU 1388 AT A0fE 7 0w
ZDFENMIER LTI AT o 7225, 1B OHVER TS ] &5 BEEELISMTHT 7= 7ok
REZ A CRIAHRS & LIZE, Eo X 5 2 MIMifE (= 30X —IU O S #0{F
W) LoD T ONEEEMICIHMET 2720, 2 2 TIEHVEOF|H HFIEO®E N (HV
Hre B L L COLOFHAT 556 LHVEZ HEEL OVNUR S EES AT L E L

TRUBT 258) 5 H LTIkl 5 & Rar,
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