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Analysis of Disassembly Process for Heavy-Duty Trucks and
Evaluation of Environmental Impact Reduction through Reuse Parts Utilization
(Engine and Transmission Case Studies)

O MR FE, &I EY, (L B, I B2, RE BRI -,
YRS A S ol = o N = 25 S AL TR EE P 2
Aoba NOHMURA™, Yusuke NAGAI"!, Tatsuki YAMADA"!, Akihiro HAYAKAWA 2,
Shundai NEZU™?, Yuichi TAKENAKA "3, Mitsunobu FUJITA*?, Masato INOUE ™, Takao MORI"!,
Shuho YAMADA™!
B RN RS Toyama Prefectural University

2 B Z&4ENGP  NGP Corporation
BAEHENEANBAR N T v 7 U 7 7 A 28—V 4 Japan Truck Refine Parts Association

“ BB RY: Meiji University

Abstract

In Japan, the End-of-Life Vehicle Recycling Act supports the transition to a circular economy. Utilizing recycled
automotive parts significantly contributes to efficient resource use and energy reduction, thereby fostering a circular
economy. This study assesses the greenhouse gas (GHG) emission reduction effect of using reused parts in heavy-duty
trucks from a life cycle assessment (LCA) perspective. We focused on engines and transmissions (T/M) due to their high
sales volume as reused components. The reduction effect is quantified by the difference in GHG emissions between
manufacturing new and reuse parts. To calculate emissions for reused parts, a process model of truck disassembly was
developed from a survey of a manufacturing plant, detailing inputs and equipment for dismantling and washing. New part
manufacturing emissions were clarified by the disassembly survey. This analysis revealed an approximate 99% GHG
reduction for both engines and T/M when reused. Future work includes considering the impact of waste oil and

fluorocarbon treatment, and expanding the analysis to other reused parts beyond engines and T/M.
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1. #

1990 FEARLARE, RAARTIZREARE, KEHE, KREREFUGSNOOMAEZ BIEL, EERESOMEIZ T
TR D BTz, 2000 AR LIREIZIE, 3R (Reduce, Reuse, Recycle) D Ff- AR Er AU  SERk HEtE Y, BEhE
VWA T OENEIE SN D72 8, TR E DR Z HEET D H 0 M4 ThITz (A, 2023). FRCHBIHEY
TA 7ER, BHEERTEE, BEEA - —B X UOREEFEEE R4 KR ZEZEMT, BWERY A 7 L 0H
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D, BEIEO Y o— 2R E AR OB AR R OW T, UV a—RE50EY B AL TH 25 F2 50 5
DTS, BRERAMPENEO THIE T VRER A (B, 2016)THH. AT, U e/l MBMERRICE
WTh., =Py (MRt 2018), AC 227 Ly, AF—X ALEp—4 ([LET, 2024)DFEHFNH 5.
INHOHITIHE T, Va—RAOFEHFITHENT v 7, VELNOBEETIE2t b T2 &, N Ty r7DUHA
I VEREIZOW T HREE A THDH. LL, BITHETIVNL LT v 7 B3R Th Y, FiEfESICHO LR
HRINZ v 7DV YA 7 VERERICET D EREARMAIBZIRICOWTIE, +oIZf i S 1T,
AT, KL T v 7 0 a— 2 hEIC T A BREAMPEHEAZ R T L & big, Va—RE
s A IC £ D BREEARTHIRIR 2 LCA OBLE D ORHMIiAZ TS Z & 2 HME T 5. ARRTIE, U a—28E
EL TG DZ N Yy, FTUAR v g AIOWT Y a— R ELE £ ToO TREAZEE, oL,
U — 2B ATE AR O BREE AT HINB R DR 217 5

2. REAFRIBIROESR

AHFFETIE, Frnabia T 2548 & U a— 2T 2582 ik L, BREEAMEEEIREZRINT 5.
Mz <, Va—ZAEMRFAIC K 2BRBEARHIBENR A BT 2126720, XIGOREEEL HERREI S L, 1
EHF A A (GHG : Greenhouse Gas) HEH EDHRBZNF A HAH CO PEH & (BAL : kg-COx) DOHRBZNIFE L TE
F#95. M1I2GHGHBENRDE 2 7%, X (1) cxofeXzrd. Ua—2ipinibEic X5 GHG HEHE
i, Y E BN S OE RO EE TRIC R AT % GHG HEH & Eap L ED S U720 OB, Sk, E(bFEC
FAETD GHG HEHE Eap DFIE L TEHZBND. E 51T, B/ L7250 & R e finalin gt o GHG gEH
B Eopm 225 V) 22— 2R IERF O GHG PR Z A T2 Z L1280, GHG B Er 3RO b b, 72721,
Brinihih & U — R E L OBER;, T ARICPEE S5 GHG BEHEEIIFRISE & g 720, AWFZETIEEE L2
V. LD o T, SREICBWL TR L VY o— R O IRERR) > & 3G oSk F CoOFFICKR LT
LCA 39 5.

£/, HE COHEHBEORE M FEAX Q) 12, &5 GHG HEHEZ 3) (TRT. 5 COPEHHEEgIE, —
IR GHG BEH G, | HERIERE{LAREXGW P, (Global Warming Potential) & 35 L 7= O &2 &5 LA T 5. &KFf
GHG HEHEG; 1%, PEHFENL \IEBRAcE /R TH 2 & THIET A, £/, GWP &1X CO DIR=EZRA 1 &
L72BRS, MOIRSEBIFEAT AN, CO» DIfEDIRENEN D D0 EFRTIRETH . AFFEOPHFEAL, B
BEAfrT — & ~X— A IDEA ver.3.1.0 (FESEHATHREMIZERT, 2021)IZFEHEE S AT DI ERW I A PEH AL 2
HW5. ABFFETIE, FrinalbioREEIZME S GHG HEHEZTRET 570, MHFEABHEE S L7256
BOMRL, T, ERELWVSTZIMREREFE TS, S5, Ua—AEnRLERF O OR Y 4 LowsE~
Y ACBITAHEENEBIORAMOEREZHET .

ER = Enpm - (Edup - Ecib) (1)
Eg = Z(GWPl- X G;) 2)
Gi == Ii X AC (3)
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Fig. 1 Conceptual diagram of GHG reduction effect. The orange bar on the left represents the GHG emissions from manufacturing
new parts. The bar on the right represents the GHG emissions from manufacturing reuse parts, where the light blue section
indicates the GHG emissions from part dismantlement, and the green section indicates the GHG emissions from cleaning,
inspection, and beautification. The difference in height between the left and right bars shows the GHG reduction effect
achieved through reuse parts.
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0 (P, 1996)%Z FV 2. IDEFO &1%, A7 AZBITHRE, BE, IEBOWNE by 74 7 o CREUBIIICE
HNTET T HDHEREET Y V' FiETH S, IDEF0 OFRBUISIT 2 HAMAIL 1 DOBREA % LT, Input,
Control, Output, Mechanism ® 4 DOEETHERK S DD, DR TFEOET U 7Tl HEESA Z1E£ TR, Input
FRNEIRSCHHE )72 L, Control 2 TREEOIEFEIYE, Output D TRIZ L VHEH SN2 D, Mechanism %
VE¥ER, AL EE LCER L. ZOIDEF0 ZHWCIER Lz N7 v 7 RO 7o A€T V&K 2 1R
KR

[No.25-10] BA#MFE R 56 35 EHRHITE - X T LB EREERNE(202593-5 HAKRETHTI—EY (RRATFRAR))



(Diesel fuel) > DP6.1
‘Wing van body Wing
'van body Air deflector Air deflector
disassembly esctel
T GHG
Worker Worker
Nibbler Electric tool
Crane
A5 and A6 in parallel
Understanding No mattuncion
CFC Waste oil, LLC
(Oieselfue) —>( DPQ |(ieselfue) —>( DP1 |Electicty —>{ DP2 (Dieselfue) —>  DP3  |Eiecticty > DP4 [ DP5 | |esecticty—>|
. Check CP Gas Wing Electricty—>  check Treatment e
ick and recovery.
entering and van body powertrain of CFCs and
other status. ‘ removal components rove e ‘
GHG GHG GHG
Worker Worker Worker
Dwagnosuc dawee Gas Burner Air -mwcl mnch F““’"’“"""’;ﬁm’y unit Box wvencn Air impact wrench
Sickle Sickl ickle
Crane (Lauk rocoverybon) Box wrench
(Diosel fue) — DP7.1.1 | Etecticty—>( DP7.1.2 |
Frame with harness
Frame Harness o
‘ transport removal rame
GHG GHG
Worker
Forklift ‘Worker
Nipper
(Cabin-mounted arches, etc Crane
Electricity ~> ! 7.2. Electricity — E_EZ 2. 2
Gas —» Removal of Gas —>»
chassis Dismantle Engine
‘components engine (with additional parts)
around the
engine
GHG
Worker Worker
Gat bommer A impact wrench
Air impact wrench burner
Box wrenc Box wrench
Crane. Sicklo
Hammer
Crane
Electricity —»f Fuel tank
Other Air tank
Gas —» chassis Hydraulic unit
components o
Side step
Front Bumper
T GHG
Worker
Gas bumer
Air impact wrench
wr
Crane
Electricity Dp7 4. ] D.E7 4. 2
Gas nl-m-mlo Propaller shaft Propeller
shaft Propeller shaft assyx2
disassembly
GHG
Worker Worker
Gas bumer Box wrench
Hammer Hammer
Nipper .
Crane Wheels Suspensions Drum brake
Electricty—> DP7.5.1 | Elocticty > DPZ.5.2 | Electricity —{ DP7.5.3 | Electriciy—>{ DP7.5.4 |
Gas —»| Gas —>
2 front axles Dismantle | 2Axles with wheels | Wheels Dismantle Drum brake Axle beam
Axle removal disassembly w
GHG GHG T GHG GHG
Worker
Worker Air tool Worker
Gas bumer Gas bumer Air impact wrench
A impact wrench Crane Goar puller
Boxwrench Minus driver
Hammer Hammer
Crane No oil drain Chesel
Wheels Suspensions Axle shafts Diff Crane  Drum brake
Electicity—>( DP7.6.1 | Electicty—> (DP7.6.2 | | Electicty—> DP7.6.3 Electriciy—>( DP7.6.4 | Electricty —> DP7.6.5 | ity DP7.6.6 y-> DP7.6.7 v—DP7.6.8 |
Gas —>| \yeiding toa| A CNESSS With 2 axie Gas —> Gas —>| Gas —>
2 rear axles cm“hﬂ  ith (with wheels) Wheels Chassis. Diff Dismantle Extract Diff Drum brake Axle case
2 axles ‘ removal removal oil recovery axle shafts removal disassembly
GHG GHG GHG GHG GHG GHG GHG GHG
Worker Worker Worker ‘Worker ‘Worker Worker Worker Worker
Gas burner Air tool Gas burner Air impact wrench Gas burner Air impact wrench ir I
Hammer Air impact wrench (Oil recovery box) Large air impact wrench Box wrench Gear puller
Crane Hammer Air impact wrench Crowbar Chesel
Sickle Hammer Crane Hammer
Crane Crane

Fig.2 Truck disassembly process. The disassembly process consists of 28 steps. First, the condition of the incoming truck is inspected
using a diagnostic tool. After determining the presence or absence of abnormalities, the truck bed is removed. Next, after a
visual check of the driving parts' operation, freon and airbags are recovered. Following this recovery, the cabin (driver's seat
area) is dismantled, simultaneously recovering waste oil and coolant (LLC: Long Life Coolant). Subsequent steps involve
disassembly in six different sections, conducted concurrently.
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—%Mﬂﬁ’%bria‘ F70, 2LV UBLONTM OER, GHG H#iH&EZRT. 2T, =Y TM
DEBICBIT D EMERONREK 3, 412, =T & T/M O GHG & & FOEMNREK 5, 6127
i L LT, X 3~6 |Z3B\\T, A [Plastics] 21% PP, PE, PA6, #H T A, RHRT T AF v I NEEN
5. AT T AF v 7 LiX, @E7TT7AF v 7 8HITIZISO BLOIS 12X @D b -MEFR RIS
TWBED, DFHAEICBONTENL PR TE T, FMBRFECTE R bOEET. FERTEER ST AT
> 7 O GHG JEHHEREIZIE, IDEA ver3.1.0 (Z8I1T 577 AF v 7 RO R et R A 2 CF i & L CH
Wz 51, FM TOther) ZITHE, T—Rr, Bl (P UICOARER), N—FRAVRGEND. N—F AT
BLTIE, WEEEIED R7 =R 2 N—RZADFE LTHAL, 1 kg 72V D GHG HEH & 8.30 kg-COze
EHAEL LCTHRIE L, F£72, K3~6 D7 T 7 ElZHDHFRMNFRN 0.0%D b DL, ZDFMOEIED 0.05 %A
WCThHDHZ L ERT.

FIAFERIC LY, = P13 989kg, TM TlE364kg DEETHY, EHLHHAF—ILET LI =T LTI%
PbZzb5D5. —FHT, B o8E E To GHG HEH &I, =22 008 3.52X10%kg-COze, T/M 7% 903 kg-
COxe THY, THLHLHEATF— N ETAI =T AR EEEDD. £z, ko=, TM O GHG HEH &
A, FrinEh i EEEF D GHG BEHH & Eupm (ZAHYS 5.

Table 1 Excerpt of the engine investigation result.

Component name Weight [kg] Material Processing method | GHG emissions [kg-COze]
Engine oil pan 11.1 Steel Press 22.6
Piston pins 7.67 Steel Machining 8.57
Snap rings 0.0830 Steel Press 0.264
Pistons 114 Aluminum Casting 473
Connecting rods 20.0 Steel Forging 110
Grow plug shat 0.373 Steel Machining 0.417
Crank cap 14.3 Aluminum Casting 59.4
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Armature core 0.779 Steel Press 248

Armature coil copper plate 0.446 Copper Other 2.44
Spline shaft 0.0147 Steel Machining 0.0157
Commutator plastic 0.0498 Unknown plastic Injection molding 0.169
Insulation protective resins 0.0206 Unknown plastic Injection molding 0.0699
Insulation paper 0.00884 Paper Other 0.0323
Copper plate cover 0.00454 Grass fiber Other 0.0188

Table2 The weight and GHG emissions of the engine and transmission.

Subject parts Weight [kg] GHG emissions [kg-COze]
Engine 989 3.52X10°
™M 364 903
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Fig.3 Breakdown of materials within the weight of the engine. Fig.4 Breakdown of materials within the weight of the T/M.
Steel and aluminum account for more than 96% of the Steel and aluminum account for more than 98% of the
weight. weight.
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2025)% W2, ZDREFE 41T

UL, RIWRLET—XI1L, b7 v 7 0 TREARIB T 2RAMOHEHETH D720, *EHEmImHE
TLOMENDD. DD, AL TIE T v 7 OEERROEREICKTT H 3G OE R Z HWT, R3 0
WHHEEER LOWHE, LP T ADHEEICE D GHG HEHEZ BT 5. & 5 ICHAEXS T v 7 RO E &I
THZUE TM OEERE, 2O WNIHREOEEE &S LOWFE L LP U AHEIC XS GHG HEH &%
AT RSB T E TM OEEENE, 720 WNIBEB IO LP T ADOHEEIZL S GHG HEHEIT,
ERALE Y 44 L3I D GHG HEH B Eaw ITAHY T 5.

Table3 Power consumption, oxygen and LP gas usage, and resulting GHG emissions obtained from the truck disassembly analysis.

Input Usage GHG emissions [kg-COze]
. Air tools (Compressor) 1.51 kWh 0.819
Power consumption -
Crains 1.07 kWh 0.579
Oxygen 494 kg 0.787
LPG 1.29kg 6.07

Table 4 Data of the truck vehicle weight (\ V3~ S R 4E, 20 2025).

Type Vehicle weight [kg]
CYJ77D-WX-D24A 10710
8.0
7.0 y = 0.0005x
R2=10.9886
6.0
Oxygen LPG
— 5.0
en
b
0, 4.0
B
=30
y=0.0001x
20 R? = 0.9824
1.0
0.0
0 2000 4000 6000 8000 10000 12000 14000 16000
Vehicle weight [kg]

Fig.7 Correlation between Oxygen / LPG usage and truck vehicle weight. This figure shows the correlation between oxygen and
LP gas consumption and vehicle weight, obtained from truck disassembly analyses (4 data points). The determination
coefficients (R?) for the regression lines were high, at 0.9 or greater.
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Table 5 Allocation of GHG emissions from dismantlement of used parts by weight ratio of the target parts to the complete truck.

i i ) GHG emissions from inputs [kg-CO:ze]
Target parts Weight [kg] Weight ratio :
Power consumption | Gas (Oxygen, LPG) Total
Engine 989 13.6% 0.190 0.929 1.12
Transmission 364 5.0% 0.0698 0.342 0412
The complete truck 7.29X10° 100.0% 1.40 6.85 8.25

4.3 %% EHEIFRIHTSGHG HHE Ea DEH

Y o— 2B SN T, P TR E b T v 7 DRV A LTtk FIEE RGNS S S B,
Mz T, FeTREDL, LR TRRRATL CERINDS. —F, fRTEICEL UL Ty 7o TR
BT, 2ZWiHEIC L 5 DTC (Diagnostic Trouble Code) D F = v 7 2 A #IZ K HEWERERRIC & » THAMCE S T
W5, D12, AL TIXZ ORERIZIT 2 Ak TR GHG HEHEIFRAE LW E A L7-. L7eR-> T,
Z T, Y EbaET) TRACEITS GHG BEHEDO A ZFHT 5.

AHFFEIZBNT, bT v 7Oz Py, TM OPRE TR, RZEOEMETE LIa0T —4 20FHEE L
TGHG BEHHEZHIT 5. £z, =V R0 TM L, EfTRHIEE BIFRSO%, i v o4 Vs
e Sz k0, BRERIBNDE Lo\ o, Patd TR Tl Eiee i s D Cosid R i S -, 207w,
Vel TRECB W T O AT, Beli o SNz T 0 U MRS AU /KITINZ T, e o &
NIATIRCBE NG END. SEAOEREIZOWNT, Pl & TR OV RTZIC BT D RBOER L
FHAIL CHRHT 2. PEKIEEEREED A2y 7 (2 D E (1300 L/hour) (ZPEEHE O KM 2 /A L <
HHEL, BBV B e h—07—2 2O CHEENEZEHTS. ZnooFEEHNT, =vyor
ETM DS TRHENSEONIT — 2 2R 612, TOT —Z ISV TR L2 GHG HEHHEAZ £ 7 1R 7.
ek, RITIIBITLHT T E TM OUFICEIT 2 BRAPIEEIC XKD GHG e ED, ¥ TRICBIT 5 GHG
BEH & B (A 35

Table 6  Input material consumption for cleaning target parts.
Target parts Alkaline cleaner [kg] Kerosene [kg] Washing water [L] | Power consumption [kWh]
Engine 243 3.75 0.620 5.61
/M 0.848 1.51 0.268 2.30
Table 7  GHG emissions from input material consumption for cleaning target parts.
GHG emissions [kg-COze]
Target parts 3 ; .

Alkaline cleaner Kerosene Washing water | Power consumption Total
Engine 7.90 14.8 0.0847 3.05 25.8
™M 2.76 5.94 0.0365 1.25 9.99

4-4 GHG BFHEHIEZIR Er DEH

UV, TIM OV o2—ZAEEE RO GHG BEH &R Er %, 4.1 SiCHRMH L= Bl i il&i o GHG
HEH & Eopm 35 LTV 4.2 BIOERALER Y 4% LIZH1T D GHG HEHI & Eaw, 4.3 HiOPEE TRRIZIS1T 5 GHG HEHE Eay %
AT, X (1) »oREHLE. K8ICEDMEE R, FRE LT, 207 7ADKI T v 7 iIZBiF T
Y TM O GHG HEHENIEEIL, FH T 3.50X10° kg-COse, 892 kg-COxe TH-7=. HIEZIRE L LTIz
YUUN992%, TM TIE989%E, EH 5B HKI 99 %DHNBEhENH D = L 2L/ L. HIEZES E
K& LT, FrimaimibdEiieo GHG PR &N U = — A BLERFO GHG HEHE L U 3 L < L RE WV NEE
Fonsd., ZoZ Enn, BREANHKREEZERTS LT, il v b Y a— A5 EIEHT 5 2 LN EE
THDHIENRBEND.
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Fig. 8 GHG emission reduction effect from reusing engine and T/M. Using Equation (1), the GHG reduction effects from reusing
engine and T/M are calculated. It is revealed that the engine showed a reduction of 3.50 X 10° kg-CO»e, and the T/M showed
a reduction of 892 kg-CO,e, with both contributing to approximately 99 % GHG reduction.
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