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Abstract This study compares and analyzes the operation costs of traditional and direct delivery strategies considering
carbon emissions. For the determination of minimum operation costs and order quantity, we use the Economic Order
Quantity (EOQ) model, which is the proper method for calculate the operation costs by logistics strategy. Using the
classical EOQ model, we expand the EOQ model considering carbon emissions and domestic logistics environment.
We conduct an empirical study on two agri-food logistics strategies under limitation of the carbon emissions using
the expanded EOQ model. From the results of the empirical study, we find that the operation costs of direct delivery
strategy are about 50% lower than those of the traditional strategy. Economic order quantity is also smaller than that
of the traditional strategy. These results indicate that agri-food products can be transported quickly and freshly under
direct delivery strategy. Consequently, considering carbon emissions, direct delivery logistics strategy are analyzed to
have more positive effect on economic and environmental issues than existing logistics strategy. It is judged that direct
strategy will also increase the freshness of agricultural products.
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Demand
Purchasing cost
Holding cost
Reorder point
Lead time

Notation
Setup cost or Ordering cost

Total cost (TC*:minimum total cost)
Quantity (Q*:optimal order quantity)

TC

%O

Table 1. Traditional EOQ Model Notation

el

-

=
fas

Shell A
g
7

°©

o]
H

EOQX.

=
yu

s, @A F 5

A AGAE &

3tef 7]

5
S

=
=

Al

Fach
= =x
L

L

[

:rL

i

=3
A

o

1

EOQEH& 7
Els

=

=

35

7o 2 B
h

:rL

A

AT

Hua(2011)¢] A7olxe damEdA A

of Aol ¥

K

2
T

5
T

B
ol

)]
e

"

ﬁO
7

001

T A& 71¥ BOQ B3

=

7 AF

k<
hal

Atk Aol M o

~—
o

—_
N
N
oy
10
ajo
Ny
=

£
el

AT M= EOQ R&4)

spol, At

o= 3}
1 Al A4
&eTh

i)
gl

=)

2]

=
5]

°©

14.5ton, 1tonE

S
(8) ErAulEH]8-2 |

=

2

sith. 713 EOQ

ke

o=

+9H]-8-2 Formula.13} Zo] A

EOQ(Economic Order Quantity)

3.1 EOQ =¥

Mo
%

H|(Coy’, ‘AL A

=
=

718 B T2 A ©@a )

s

KeN
o

k)

gL, 1 AT EHQ2)

< A

A ZH(thy’

A 3Ly

2 HiEH|(Cy) 2

|

~

3} gro] gl rh 8

EOQ =3

=
pu

]

7

&

I

Formula.32} Zo] ZujAZ(W)ollA EFAEHL)ZE

o]

AR .

=

T

& A9l

o
o,

1A Formula. 29} 2+
Al #t}. Formula. 1,29

= %
Q*H

FEE gk
Table.13} 2t}

L
L

B
TC*= DC+

s

H|(Owr), EFAEL)NA 2m™R)E

=
T

o

M

2

DS
o

3)

Oyr+ O

o(Q)

655

@

2DS

Q*r =



A7 £33 =R2 A A8 Al6E, 2017

Table 2. Revised EOQ Model Notation

Notation
D Demand unit/year
P Purchasing cost W/unit
[¢] Ordering cost W /order* ltruck
dj Distance km/order
Co Carbon emission cost of ordering W /order* 1truck
nj number of truck j truck/order
¢j fuel efficiency of truck j 1/km
h Holding cost W/unit
b space occupied by a product unit m3/unit
th Holding time hour
ch energy efficiency of warehouse /m3
Ch Carbon emission cost of holding W /unit*hour
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Fig. 2. Distribution Route of Logistics Strategies: (a) Traditional (b) Direct delivery
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Table 3. General information of logistics strategies

Notation (a) Traditional logistics strategy (b) Direct delivery logistics strategy

D [unit/year] 5,475 5,475

P [W/unit] 16,084 11,348

h [#/unit] 1.06 1.06

th [hour] 15,24,48,72 15

Ch [#/unit] 111 111

O [#/order-truck]

- Wholesale market to logistics center 289,846 -

- Logistics center to retail store

90,009 ~ 120,553

60,374 ~ 123,919

dj [km]

97.64~142.85

Co [W/order]

- Wholesale market to logistics center 1265 -
- Logistics center to retail store 195~462 75~342
nj [truck/order] nj=14.5ton = 4 , nj=Iton=1 nj=Iton=1
gl WEkE Fol & eoulgel AolE SR 4.2 TMEBAIZIO| T2 HS
Atk Al AR ARl T A= AR AT
DA e V1€ =l APEE Aol w
4.1. 287217t CE BR A IAE 71 B AR AR A
o AoAE AFol EFAEAA 2z ofdos v {FAH]Ee] Mt 23E o] o] B} F.
4 o, 2] FA b Aol F ERdE A LB gAZke] W stol] w2 Gn]gutE 2] 9fst
o] +GHE ol Hlaa] ®arat gvh AAAA & of A ()7 B e LEskA o, mebA
FAE A A, 2" 7bAe] A= Tabledo} 2 FEA(d)E FAA HA A (dmidae)E B
o] Z¥7} th k2 A8skglaL, whebA] ol mhE FEH] = A Aste] B &8ssl
R GaufEH e AEE 18 Ao|7h AT 71E ERAERS Table.5(a)9k 2ol AlaL HkATte
w AAE EEAE B Aens adsy] o aAE] JA FaL, AR el et WE 7] o
ato] AR PAIZS Hyt 40AZko = AASIGITE A o] BEARES i 15SARPRE o) 124177404 L
g SR B dFedA A dA FdE A AulE S Aol AAl gAk
ARl whet 15A7HE BaAREe] 1 gtog o] 2ASte] RAATHS 15A17 e A eIt
Akt

Table 4. Case of the Different Transport Distance by

Logistics Strategy

(a) Traditional logistics strategy

Wholesale market to logistics

Logistics center to retail store

center dshort dmiddle dlong
dj [km] 97.94 60.23 117.77 142.85
O [#/order] 289,846 90,009 114,993 120,553
Co [#/order] 1,265 195 380 461
nj [truck/order] nj=14.5ton = 4 nj=Iton=1
h [ W /unit] - 40
(b) Direct delivery logistics strategy
Wholesale market to logistics Logistics center to retail store
center dshort dmiddle dlong
dj [km] - 23.27 76.73 105.9
O [W/order] - 60,374 112,228 123,919
Co [#/order] - 75 248 342
nj [truck/order] - nj=Iton=1
h [ #/unit] - 15

658



3
4

W

H]-&
HA 9

[e>

17.71
76.73
112,228
248

(b) Direct delivery logistics strategy

4

a9 50.9%7F =& AR

Bl

17.71
27.7
54.34
80.98
215.71
1645

404,839
o] EujA]

AT

o]

(a) Traditional logistics strategy

Table.6oll 2] =]

15h
24h
48h
72h

L

p

dj [km]

O [#/order]
Co [W/order]

WA 25427} o

h [#/unit]
Abdl 24 A

o

Table 5. Case of the Different Holding Time by Logistics Strategy

=

o

=13
=

B} 2u) o] ol

wr

%A

4

}

ke
el

AR

A AL R A T
+ed

L
L

¢l EOQ

[e)

5

%]
Al7ko] 15A|7kll A T2A 7.2 27}

}

b
il

bol v

1

AR

7,016unitso] =Ho]u}
A U Al B

2R

[}

AAA - 3

2

o= Fo .
799 A4 FEHEOQ)

al

Z

A7t 7V

L
=
p=

7=

=

=

$A7 o
o] Z7kap, Azke] Aol weh Rolg 2 o)

M) Aol

CERE
[e]
o

w
™
e

Hnog

0k o
.

3}

o= A

77.368

Long_distance

TC DDS with CO2 costs
TC DDS without CO2 costs

75,926
Middle_distance
(b)

Short_distance

69,559

78,000
£ 76,000
74,000
72,000
70,000
68,000
66.000
64,000

659

Long_distance

154,849_*

154,558 LT

-+ TC TS with CO2 costs
TC TS without CO2 costs

Middle_distance
(@)

Short_distance

153,251| .-

_ 155,000
154,500
154,000
153,500
153,000
152,500
152,000

Fig. 3. Total Costs of Logistics Strategies: (a) Traditional (b) Direct delivery
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Table 6. Total Operation Costs and EOQ by Logistics Strategy

Type of the different transport distance
(a) Traditional logistics strategy (b) Direct delivery logistics strategy (a)-(b)
TC dshort 153,251,429 69,559,234 83,692,195
[W/year] dmiddle 154,557,856 75,926,198 78,631,658
Y dlong 154,848,613 77,367,767 77,480,846
dshort 9,584 6,114 3,470
EOQ dmiddle 9,895 8,339 1,556
dlong 9,963 8,765 1,198
Type of the different holding time
(a) Traditional logistics strategy (b) Direct delivery logistics strategy (a)-(b)
15h 154,468,909 78,562,420
TC 24h 154,502,987 75,906,489 78,596,498
[W/year] 48h 154,571,109 R 78,664,620
72h 154,623,686 78,717,197
15h 15,355 7,016
24h 12,277 3,938
EOoQ 48h 8,766 8,339 427
72h 7,181 -1,158
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