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Analysis of Environmental Impacts and Alternative Scenarios of Transportation Stages on Food Miles
for Major Imported Crops

xFO* . A =, xXtS* . ***q'}'
Az - UsE" - HHE M T

Kim, Chanwoo * Kim, Solhee * Jung, Chanhoon * Suh, Kyo

Abstract

Transportation and storage technologies, which are key drivers for trade, has increased global trade of agricultural products about 165% from 1995 to
2015. Korea imports 76.2% of grain from major food exporters such as USA, Australia, Brazil, and China. The expected long shipping distances from
these countries can seriously cause environmental impacts on various environmental categories such as climate change, particulate matter, and
acidification. The goal of this study is to assess the environmental implications focused on greenhouse gases (GHGs) and particulate matters (PMs)
emissions of imported grains (wheat, corn, and bean) using food miles analysis and life cycle assessment (LCA). The environmental impacts of imported
crops are estimated by transportation modes using the national LCI database provided by Korea Environmental Industry & Technology Institute (KEITI).
The results of this study are as follows; (1) Imported wheat comes from USA (29%), AUS (27%), and URK (20%), corn is imported from USA (34%),
BRA (29%), and URK (16%), and bean comes from BRA (57%), USA (40%), and CHN (2%); (2) the food miles of imported crops (wheat, corn,
and bean) are 3.62E+10, 1.30E+11, and 2.20E+10 ton * km, respectively; (3) the potential GHGs and PMs of wheat, corn, and bean are 5.02E+08,
1.67E+09, and 2.84E+08 kg CO,e and 5.89E+05, 1.83E+06, 3.07E+05 kg PMjee, respectively. The outputs of this study could provide environmental
impacts and carrying distances of imported agricultural products for preparing a plan to reduce environmental impacts.
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o2 1995WHE] 2015E7FA] 20:7F 11,8902 o] A
31,6009 Fef2 °F 165% F7Fotal o, f-2uhete] 7o
T 199539 1929 G oflA] 20153 9] 4399 S Z 129%
S7FATHWTO, 2016). o]&3h 5415 o] AjAISh= 4
ARR|eF AH|RTE] AR] SHE op|skglon, 527}
o] weh ETAlA Sl WA= Gkl gt o
A A 271813 QlthKim, 2012).

el 30l 4 Aolste o] FBE Sl
ojzelaL Lo, olelet 5 4:3lof T LU A
©° 2 Z7}s1a 9Jth(Yoon et al., 2010; MAFRA, 2016). =<
25 AFELE 19909 43.1%004 2015 23.8%= 25¢7F
19.3%p Frastglon, AgAgEe] 4ol 22 71t &
ot 70.3%01| A 50.2%= 20.1%p ZASHHA, IE9] $UFS
A&H 0z F7ISHL ITHMAFRA, 2016). 53] F2490=
A 9, S, T AFES 20159 71202 74207,
0.8, 9.4%= 90% oA 4o &3} JUTHMAFRA,
2016). ERF U =8 $YUE] A pE=0] vl=, T
T, Hepd o7 HlwA YA Akl §lof(Korea
Customs Service, 2016), 2= 9] SETAH L 2A7A A
e SR A AT ZA0] =8 ti4fe] Har qltt
(Lee et al., 2010).
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" elei 0l e59 470 Balelel FE0l
S APyap] 911 BRI Sodshe e

g0 20154 7|% 82 S 54 E RS L5}
ArhKorea Customs Service, 2015). 255
= 7IEeE oA AHEAL Q= o U F AT
4027} Eolv, St} F2AMR] = u]=H(Montana, 116}

I} TF(Mellee, 1079+ E), T afo]i(Odessa, 815 )2 A
A 2 4-1e) oF 760 At olek 9ol 4%
21,0359 Eo0 2 u|=H(lowa, 3544t E)1} E 212 (Panama,
3020t E), _?_EE]-OM(Dnipro 1617 F)olA & &= ¢

T of 79%9] W= AAstaL At = & F 1305k
Table 1 Major exporting countries by grain and imports by usage
Grain Nation Imports{ton)
For edibility For feed Total
USA 1,105,874 95% 58,178 5% 1,164,052
Wheat AUS 1,041,947 97% 31,345 3% 1,073,292
UKR 0 0% 810,942 100% 810,942
USA 461,423 13% 3,076,826 87% 3,538,248
Corn BRA 383,124 13% 2,635,867 87% 3,018,991
UKR 274,584 17% 1,330,601 83% 1,605,185
BRA 178,995 24% 566,819 76% 745,814
Bean USA 127,115 24% 402,532 76% 529,648
CHN 5,849 24% 18,522 76% 24,371

The United States(USA), Australia(AUS), Ukraine(URK), Brazil(BRA), and China(CHN)
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Agriculture)ol| A A|-&-8}= World Agricultural Outlook Board
o 422 o]§5H9l3, Hebae] 29 The Van Trump Report
o] 2122 AREEFITHUSDA, 2014; USDA, 2016; TVTR,
2015). F5E ol B ZEE 22 247
2= Google maps2] 42245 o] &3, F1kA] 2] F
WHoRE £We] AASZAR Al +
oA = U7 9] s A 2= Searatesol| A A5}
L 5aEe] BhesAelE Aesidn B Soges
g ZE 7L 7RAZIA S @A Tl dlolHA oflA] A
Sote AR 715 S B85l HdAE AAbsieith

A=l dieh FEnkd AR 3 e RS Bt o,

__1

[ =] A= 0]
83l $Feko|ute] 7% USDA(United States Department of 7V 7k A A FE FEo] o] oA 7
USA AUS URK USA BRA URK
1,160,000 ton 1,070,000 ton 810,000 ton 3,540,000 ton 3,020,000 ton 1,610,000 ton
Origin Montana Mallee Odessa Origin lowa Panama Dnipro
’ Train Train Truck " Train Truck Truck
Tr::snporl Transportation Transportation Transportation Tral-::port Transportation Transportation Transportation
(1,304 km) (2,962 km) (4 km) (1,924 km) (834 km) (524 km)
Export Portland Fremantle Odessa Export Portland Santos Odessa
Marine Marine
Transport Transport
(Container) (8,631 km) (7,861 km) (16,038 km) (Container) (8,631 km) (20,938 km) (16,038 km)
Import Busan, KOR Import Busan, KOR
Land Land
Transport (7 km) (37 km) Transport (377 km) (37 km)
(Truck) (Truck)
(For edibility) (For feed) (For edibility) (For feed)
Milling factory Mixed feed factory Grain wholesale market Mixed feed factory
,Busan Yangsan ,Seoul ,Yangsan
(a) Imported wheat from USA, AUS, and URK (b) Imported corn from USA, BRA, and URK
BRA USA CHN
750,000 ton 530,000 ton 25,000 ton
Origin Panama lowa Hebei
Land Truck Train Train
an : . "
Transport Transportation Transportation Transportation
(834 km) (1,924 km) (343 km)
Export Santos Portland Xingang
Marine
Transport
(Container) (20,938 km) (8,631 km) (825 km)
Import Busan, KOR Incheon, KOR
Land
Transport (37 km) (377 km) (44 km) (3 km)
(Truck)
(For feed) (For edibility) (For feed)
Mixed feed factory Grain wholesale market Mixed feed factory
JYangsan ,Seoul JIncheon

(c) Imported bean from BRA, USA, and CHN

Fig. 1 Transportation processes of imported wheat, corn, and bean: Origin shows the major producing state of grains in export countries
such as the United States (USA), Australia (AUS), Ukraine (URK), Brazil (BRA), and China (CHN). export and import show the major

port of countries for agricultural products including grain
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Customs Service, 2015). weba ] S2&SHA A=
PFEY S5 A8 AREo R ERsto] 482 AlEy
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@30l FEE ] = 97N AR 5 = Ul
7P A AR e, widAbEE Y] S kAL
230 52| 9 6970 TA F Y 42950
g 7P 7PA 1A% Log AAskgie) WA Y Al
o] B AR g T5EH 3 T Al FAF
o] Sakaol A 706 kmz 73 s A/ ek A%
2 Agu HB9) EulAe R § A9
% 60% oo 5B MEEWA| S 4 oty
Agem AAsigon, BRI QugomnE 247
376.7 kme} 442 kme] A2]o] 9IA|aQlc}. whEALR T 0]
A% ARG S2E] Qs T4 5 Rl 7}
% A KIAT AR E A A GREE AR
7] Aeli= 36.8 km, Q1NN 7V 7k AFRER
A GAR 1357 o] Agle 2.6 km=z TjofE|glom, o] 5
7o R R EY S SE&ETACNAY Funtde
Agstelch

PR

o

2 UubHoR AFES o Aufol HRE
AL @F, 27 AaPgolA] A ElE 5 &%
g L AFY pFel 285 ouAE AoHt
(Coley et al., 2008). APgHHH-2 ok A()} Zo] E5|=
AF9] Fgo 5AEE Fote] UEhd 4= qlow, B4
Frupde] mE eSS AFEdte] AR 25 2
AR ZRZE AFLETHColey et al., 2008; NRDC, 2007). 3
oS APE of A 2ol ofgt gl KR RS
718ke & gfjof SiA|T FANE fe o) gt AhE 4
el thgt o o2 QI3 AR ZRE Au]A|742| 9] Az
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£ AMESheE Ao YhbAo|ciBernatz, 2009; Hill, 2008; Pirog
et al., 2001).

FM] = V;J x Di,j M
where, ¢ means chief producing districts of imported cops
j means consumption place of imported crops
FM;; means food miles from i to j
V:

;; means import volume of grain from i to j

D,; means transport distance of grain from i to j

A71A, Vi AR 104 &H]A] j782] 9] 257 Volume)
= oJuish, Dy= iollA j71A1 9] 2571 2|(Distance) S e}
Hok

3. 240| M2 24712 Wz U 0|MHx]
Rl% A
80| QATAN S4AToR 3o} B2, ZigoluA

o] =2 ARg-gof wl2l(Envision Transportation, 2011), S22k
BAR7 s QoA Algshs wl AP ES dlolEuo] X
(LCI DB) Z9|A 71ZH7AS), EE(S, 11.5 ton, 80 km/h),
AL MCHD S AAete] Lbaa BHATS Bl
ATHKEITL, 2017). 7P $44ate] 4% 2523 U)o
S2EEAA A Bepde 4o &% Jzetz Qs EY
= &3l &Fo] o]FoiA|l(Park, 2013), S-Ato|Lol A= =
2 98 A QUAHOR E2S o] §5R(CTS, 2014), 0} A
eRk STl A= 712 o] 88k Al ® AR ITK Sparger
and Nick, 2015; Australian Government, 2009).

Distribution Stage

Major producing state
Land
Transportation

Export port(Oversea)

Production Marine Consumption
Stage Transportation Stage

Import port(Domestic)
Land
Transportation

Market/Food facilities

System Boundary

Fig. 2 System boundary of distribution stage: land and marine
transportation perspective
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Fig. 3 Shipping distance for each transportation stage of
imported wheat, corn, and bean
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Fig. 4 Food miles for each transportation stage of imported

wheat, corn, and bean
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o] ¥kl ok pEel Hls) vl AL Yo
sto] FETIe] e Ao R BAH IR 4
= 3ol et Furtde Hepd, nl=, S o9l Aor &
Asglek o] 2THE Bal APgE Fadelnge 195 F1
gL 9F 3642 ton - km/Q1 .2, o] Yoon et al(2010)2] &
Troll ozt 2010 7| S-ejubete] A = wAlEol izt
191g sE=nfele] 7,085 ton - km/19] 51%9] et Yoon
et al., 2010).

2. FEOKU0| WE 2471A D42 H 0[MHX|

(GHGs)2} tAHA|(PMs) A5 24813 2 dtollA 4]
S EFrTe SEZENM IR, BB 115
ton, 80 km/h)o]aL, F7H2E2 AHOIUAI(F ) o= A5t

S 9] FErkon - kol T GHGst= £
9] "rAlEFo] 0.08 kg COx-equivalent(©]3} eq) = 71 =0,
F2} 0.052} 0.01 kg COreq. 2 EA 5
ek SR A EE PMs9] A7) 713) B, 1|
O] Al 2208 HRgEES. Z}7F 0,05, 0.05, 0.01 g PMj-eq 2

N
Wi
R
©
M
il
o
i
20
flo
N

Table 2 Environmental implications by transportation modes
(per 1ton - km)

Transportation mode

Category Unit Land Marine

Container
0.0084
0.0104

Train Truck
0.0494 0.0808
0.0548 0.0516

r
1
1o
1
Mo
10
Ho
op
4
Ho
ro
>

7tA 3 O|MITX] gt
TR PAFEY] 2FTA A B S YS
3+ AaFigure 5), £54=2] 7$- GHGs2} PMs2] A
7k} 1,669.9 Gg COreq.9} 1,828.8 Mg PMgeq. & 528
T2 2 7 2o Hoa Yehdeh Ea] Bapda 49
©427} GHGs o} PMs WHA§eF0) 212} 45%9F 4% 713

1
-
2 ulEe AEh g Ao BRIt 2o e

r M
1=

4y oft A

Moo O
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oA HM¥E= GHGs®} PMs7} ZF2F 501.9 Gg CO-eq.9}
588.7 Mg PMyreq. & LIERLOR, O] 553 5 5504
AL Q= B]F0] GHGsS] 72 46%, PMse] < 45%2
Vg B B A% ThE B o] A eEFo s
SETACIA AR AR oA ThE TR H3)

-

2 Ao vepdtt o5 eI MR A EH GHGs
9} PMsof|A] 283.5 Gg CO»-eq.2} 307.2 Mg PMjgeq.7} HHAYE]
£ 208 griEglon, 3o & FoAe Hepdol 4
© = W0l A 712} 65% o]AFe] H]E=S AR|FHaL Qi Ao
2 #4H A
3. EEGE XMAS flst ALtz 24
71 Ao XIEES T2t YHTHHM|AS] L MARA|

St b lk=dnl

2016ES 71202 o] & AFFEL 105%E Q ek
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A |30 BRI 7F 109 B 3169 Yo 1759 Eo &
A|are] A7F BIHH|R oF 55009 Yo] ARSE|IL §lo] o]
wh2 v o] A AE Aie] 7t HEE L QITKPark et al,
2009).

e =1 oA BE Al 7kt AEE dA e =0
A Aui7h 7Hs8bE(Kim, 2014), 100% A2 9J8) st
= UAS ALeh JolHA S g R IS A F9- T
Aok BE P AdaIE A8t BrHHel= Ee
FrE=d v, 35, fAdo|URE BH O YRk FolA
UollA] At 7hsgt o) ok Alelstal =gk -0 &
STA A HAYSH T YT YR YL

9 9 A7l A A7 64,941 haZ HHESAAE
ol A A gz 20165 HEA AR o] LAJH o] A
ek PAEF 5.4 ton/ha®t 2016\ 7] & AL WHA¥EF 350k
ton 7]Z0 2 AFYSFAITKMAFRA, 2017).

745 HA oA AL 7HseE W2 HRHAT YAE 3
ton/has 7|F0 2 A7F 194,823 tono|H, 0=+ O 2 HE] 4=9]

= 1S oA AR HE gidshes 4 AEE
GHGs9} PMs+= 133 Gg CO»-eq.2} 157 Mg PMyg-eq. 2 212}
17% A=9] x7ho] 7haeh A& yepgeh oA YAk
H YR sFoA s W giAHERE F$-= GHGs<t
PMs HHAEFo] 187 Gg COx-eq.2} 215 Mg PMpeq. 2 212}
18% A& S, Aol A|9] 4=9)=ks thAIS ¢
GHGs "HliFo] 84 Gg COreq, PMs HHAJako] 103 Mg
PMeq. 2 217} 24%9] AAAI7L Qs AR EAES
Ch(Table 3).
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— — OLand transport
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g
g
] —— 297
% 300 229
161 iz 189
112 sa
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0
USA AUS URK ‘ USA BRA URK BRA USA CHN
Wheat Corn Bean
Exoortin Land transport Marine transport Land transport Total
Grain P 9 (from origin to (from export to (from import to Subtotal (%) o
Country . : (%)
export) import) consumption)
USA 7513 84,69 0.80 160.02 (31.9) 501 86
Wheat AUS 157.15 71.12 0.69 228,96 (45.6) (10'0)
URK 0.25 109.62 2.41 112.28 (22.4)
USA 336.43 257.41 23.18 617.02 (36.9) 1669 90
Corn BRA 203.36 532.80 19.49 755.65 (45.3) ’(106)
URK 67.92 217.00 12,31 297.23 (17.8)
BRA 50.24 131.62 7.13 188.99 (66.7) 283 54
Bean USA 50.36 38.53 5.06 93.95 (33.1) (10'0)
CHN 0.41 0.17 0.02 0.6 (0.2)
(a) GHGs emissions by transportation stage of imported wheat, corn, and bean (Gg CO.—eq.)
900
@ Land transport
& (from origir';I to export)
706 B Marine transport
| S (from export to import)
;‘? £ D[&?;;li;:::tcl:consumpﬂcn)
g ] 320
2 300 263
= 189 200
137
— 107
= B a8 .
o e e | L L .
uUsa AUS URK USA BRA URK BRA uUsAa CHN
Wheat Corn Bean
Exoortin Land transport Marine transport Land transport Total
Grain P 9 (from origin to (from export to (from import to Subtotal (%) o
Country . . (%)
export) import) consumption)
USA 83.23 104.89 0.51 188.63 (32.0) 588 74
Wheat AUS 174,10 88.09 0.44 262,63 (44.6) (106)
URK 0.16 135,78 1.54 137.48 (23.4)
USA 372,71 318,82 14,82 706.35 (38.6) 182878
Corn BRA 129,99 659,92 12.46 802,37 (43.9) ’(106)
URK 43,42 268,77 7.87 320.06 (17.5)
BRA 32.11 163.03 456 199.7 (65.0) 307 15
Bean USA 55.79 47,73 3.24 106.76 (34.8) (100)
CHN 0.46 0.21 0.02 0.69 (0.2)

(b) PMs emissions by transportation stage of imported wheat, corn, and bean (Mg PMip—eq.)

Fig. 5 Environmental implications by foodmiles for each transportation stage of major imported grain
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Table 3 Potential reductions of GHGs and PMs for scenario 1,

GHGs(Gg CO,—eq.) PMs(Mg PMio—eq.)
Baseline Scenario Reduction(%) Baseline Scenario Reduction(%)
USA 159.8 133.1 17 188.1 156.6 17
AUS 228.3 186.8 18 262.2 214.6 18
URK 109.9 83.5 24 135.9 103.3 24
40
Wheat Corn Bean
. : 104 15.6 ETH 16.7 2l
- e
o Baseline  10% Lo |30l 10% 20% 30% 38 gl 7S
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(b) PMs reductions of wheat, corn, and bean (Mg PMio—eq.)
Fig. 6 Comparing the reduction of environmental impacts of imported grain based on scenario 2
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