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In Japan, most fresh fruit and vegetables are shipped using corrugated fiberboard boxes (FB), which
are recycled after only one use. In this study, we investigated the possibility of reducing CO, emissions
by using an alternative, newly developed container (NDC). As the results, CO, emissions associated with
radish distribution using FB are larger than those using other types of boxes, such as plastic containers or
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the newly developed container (NDC). In comparison to using FB, using the NDC reduced CO, emissions
by 41%. While the CO, emissions of container production and distribution of fiberboard boxes or plastic
containers were significant, the CO, emissions of radish distribution had a profound effect on the total
CO, emissions. The results showed that the total CO, emissions associated with the radish distribution
process are increased with increasing distribution distances. The impact of the longer expected lifetime of
the NDC was also investigated, and was found to lead to a reduction in the total CO, emissions of the
radish distribution process. CO, emissions could be reduced significantly by shifting from the existing

distribution system, which employs FB, to a new system that employs the NDC.
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Fig. 4 Overview of newly developed container
A'is a newly developed container in use, B is
nine boxes of newly developed container in
non-use

Table 1 CO, emission factor of each container at the
box production and distribution process

Parameter CO, emission factor Source
Sleeve 0.968 kg/box 0,553 kg-CO2/kg (11)
linerboad 0.487 kg/box 0.441 kg-COgz/kg (11)
Inner sheet 0.27 kg/box 0.478 kg-CO2/kg (11)
. Produsing FB 0.87 m¥/box 0.063 kg-CO,/m’ (1)
P 200 km
Distribution of base paper 0.742 kg-COz/km 11
pape 0.757 kg/box g0 S
Distribution of FB 100 kT 0.362 kg-COz/km (11
0.87 m’/box
0536 kg-CO,/box
Parameter CO, emission factor Source
pC Produsing and Distribution of PC 2.0 kglbox 0.298 kg-COzkg (11)
0.595 kg-CO2/box
Parameter CO, emission factor Source
Sleeve 5.47 mé/box 1.051 kg-COz/m’”
linerboad 1.34 kg/m’ 0.442 kg-CO/kg (11)(15)
Inner sheet 0.739 kg/m’ 0.478 kg-CO2/kg (11)(15)
Produsing FB 0.063 kg-COz/m” (11)(15)
P 200 km
NDC () Distribution of base paper 112lgh 0.742 kg-CO/km 1)
100 km
Distribution of FB 0.362 kg-CO2/ki 11)
istribution o 547 oo g-CO/km (11)
Pallet 132 kg 4557 kg-COulkg (12)(13)(14)
Lid 6.9 kg 457 kg-COulkg (12)(13)(14)
Film 0.479 kg 453 kg-COulkg (13)(14)
3.38 kg-COz/box
Parameter CO, emission factor Source
Sleeve 3.64 m’/box 1.051 kg-COz/m’”
linerboad 1.34 kg/m’ 0.442 kg-CO2/kg (11)(15)
Inner sheet 0.739 kg/m* 0.478 kg-CO/kg (11)(15)
Produsing FB 0.063 kg-CO,/m* (11)(15)
P 200 km
NDC (9) Distribution of base paper 7 48kgon 0.742 kg-CO/km (11)
100 km
Distribution of FB 0.362 kg-CO2/km 11
364 m/box i o
Pallet 132 kg 4557 kg-COulkg (12)(13)(14)
Lid 6.9 kg 457 kg-COalkg (12)(13)(14)
Film 0334 ky 453 kg-COulkg (13)(14)

2.62 kg-CO2/box
* FB is fiberboard box, PC is plastic container, NDC (L) is newly developed container (Large), NDC (S) is newly
developed container (Small)

77o Ny MEOEST-OEBITENEI 1328
FU69kg, AV —T7 OEEIL, Fill= 7 (R)

BLOWH=TF () T, FhEh 2l BX

W12 kg, WEREITFHL 2T (K) BLU%
Har 77 (N T, 21241368 3L 10184kg

L UTe, FTo, BEROBYEIT 5720, 75

AF w7 T v (BT PP) AR 2

EERTE LTz, Filla o7 FREEOMTIC A

INT A= L CO PR Table 1 (2”9, /¥
L k& EST20 COMRUREN T B OB,

PP Dl B Tu—pl Dok A U R YT
— X DAEFFL Y., 197 kg-COJ kg V=, 7T

AF 7 7 4 )V AOITIZEEID % COPEHFRE .
1.93 kg-CO./ kg Z A= B, 75 2F v 7 DFEEE

(ZPES COHEHIRIE, 2.6 kg-CO kg*% FiV V7=,

— 297 —



FI 2 =2 7 B F L7502 i
7' RIZH51T 5 CO, HEH I D A GEE

iz, AV—7 1 kg M7 0 ORGERHEET D
CO, &L, ErAva—=Svr () MNHEHLE
BeAR—L (RY—7) ®COHEHED LW EL
Teo 206, TA FHLED CO PEHIREI L. B
N R D72 1) O CO PRI I AT IHIES 72 0
DIAFOEE (=1.34kg/m?) %, T LASLED
CO, R U, B RS 7= 0 D CO, PEHITREL
U\ HNT TR 72 D F A TR (=0.739 kg/ m?)
ERUDHZEICLYRD, TNEN 05298 L
0.353kg-CO/ m?® & L=, BEAR— D CO, bk
HERHI T 0.063 kg-COY m* D& V=, SBIT, Ji
MRS (200 km) 3B X OBeAR—/ Lk (100 km)
2P COHEH BB L, A U —7D CO, HEHIR
$£1.051 kg-COJ m* ZRIE LTz, 7ok, AV—7
ETIAF v Ny REOESTD) OffifHE
BITFNZN 20 BEN100 \E L, FTRF Y
VAU ONE e o R Nl By

24 ERYOFETOER

FEMTZ NN BT v 7 OEFTEME% Fig 5 10R
T, FT o7 OERIT10t BT 7 TV, HER
PO i) & i E CTOREREE X 560 km & L,
9 BB OE THERER 500 km, —fRERAEST
FEfEZ 60km SUE LTz, ZA 2L HikD R T v
7 FEER I L OYRENEE % Table 2 (TR 9, 1E
FEOFEHERIT 100% & L, EIROREHERITA R
BERDYT O 1= 1= HEDOFFRIE U TAB S H T,
TERE OIS 1 [B1d07- © ORBER IO, B
R, AT Fila T (R) BX
OFH= 7 () T Zheih 911 fE, 588
fE, 25 fHFB L ON48 fH & 70D, Beh— /LRI L5
DFEMFOEBIRICIBNTT 7 = A THHE

MDD, Bk — VAR s Ok i A&
DHD 560 km LAGE LT, Mz T B I
FHR = T R R OBE TR T, B R
HHE R L CAE 1120 km (2 =2 T FIEIUBERTC
b2 v #—F TOFEHEE 30 km OAF
1150 km & L7-, AR THIUL, FamEHAIHIR
W TCHRIER RN O & O sy % BT Db
BIRHHH, R D= T ORBEERITT O
DRPUZ Lo TRE BB 572D, ARFFRIZEH
1T 25 0 DA TR b COHEHEAYK
TVEIEAR, T72bh, 2T FTHREOHREK
ETHZEE LT 10t N7 v 7 OBREITRR D
FEERIC X DREREE DT — 2 W% =, i
W70 2B D REHEE EOMEIE, Bl
CO, PR (=262 kg-COJ L) %#FRUHZ &I
LY Co, HEH B [kg-COJ Iz 2 & L /=

o

Farm Farm (_
(Shipping facility) (Shipping facility)

30 km general road | 30 km

Interchange

500 km

general road

Interchange

500 km

High way High way

general road [ 30 km general road | 30 km
general road | 15km
Fiberboard Container
distribution distribution

Fig. 5 Driving condition of truck
25 +ovYDENAIRRES S UTHREREESDRE
U = A TR SN D BAR—/VRITH L, BT
M 7 HEE ) X LA ZEEL T D, €D

— 298 —



AAREREF25E Vol.23 Nod  (2014)

Table 2 Loading ratio and fuel consumption ratio of truck for radish distribution

FB PC NDC (L) NDC (S)
- —
Outward Lading ratlo[/F»] . 100 100 100 100
Fuel consumption ratio [L/km] 0.364 0.364 0.364 0.364
Lading ratio [%] - 14.6 435 41.8
Homeward . .
Fuel consumption ratio [L/km] 0.235 0.311 0.309

* FB is fiberboard box, PC is plastic container, NDC (L) is newly developed container (Large size), NDC (S) is newly developed container (Small size)
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Fig. 6 Comparison of CO, emission among radish
distribution process using corrugated fiberboard
box, plastic container and newly developed
container

FB is fiberboard box, PC is plastic container,
NDC (L) is newly developed container (Large),
NDC (S) is newly developed container (Small)
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Fig. 7 Relationship between distribution distance
and CO, emission of radish distribution process
FB is fiberboard box, PC is plastic container,
NDC (L) is newly developed container (Large),
NDC (S) is newly developed container (Small)
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Fig. 8 Relationship between lifetime for fiberboard box part of newly developed container and CO,

emission

A is newly developed container (Large), B is newly developed container (Small). y of regression
equations mean CO, emission, x of regression equations mean life time for fiberboard box.
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