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Abstract

Water as an essesntial to life is an indispensable resource. Sustainable water
management is needed as one of measures against water depletion and degradation by
human activities. This study aimed to develop methodology to evaluate water footprint
throughout life cycle of the products as a tool for sustainable water management. The
methodology was developed in accordance with ISO 14040s and ISO DIS 14046. Water
inventory is the amount of water consumption by water types. Water consumption from
direct and indirect sources is calculated to apply Korean life cycle inventory database.
Based on the result of water inventory, water—related environmental impacts
considering water depletion and degradation is calculated. Case study on cabbages was
conducted to evaluate water footprint over the product's life cycle according to the

aforementioned methodology.
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H7y A 24 dostelon, WENS ‘At 9 AnjA Ao AbgH = g & & B0
Zolgt sttt oY M2 E Foz A& oW WHES gt rbel| wel Euxts A
Y= g A A Aok A3gF ) ide] wEd WEN HHHEC] 3rie 29 2uxis Adyes
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Y. Water accounting
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YA A gethe AolA @dAE 7HADL Qlof, S FUHA] A sk Aot

3. ArEl AT 3

ek 52 9 oA 9
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AT o AIA"E v S Al AlARIO R V]FS 5 Table 13 o] ‘o Awjzt
of thgk w5 1lton” o2 AASAT. AlAY AAl= a5 Au] HAgoA A 5
Ao dmAs 9 JhFelARFE wiFE Adiete] e zbA e B

“cradle—to—gate” & A4t 2, Fig. 20] JeE T

Table 1. 7|%, 719, 7I+55 2%
) AemE [ maHmE [ =AReE [ AdwF
7% T BES 53 ANEE A8 2 AE AxY AR
7] %55 i A el ojst w3 1ton A
NEEE g Aol i w3 lton

- 100 -



S22 AHE A
27|27
Al

Fig. 2. A28 A7

3

714

7IEH S AR 4

SAHAH A Z A

glolE] 44

=1

R =
=

A5 2011 $-2luE A

A 7lEe 71w MeE

hH

2 4n|F

3ol A

N

Felek i A

o]

=
T

2luete) )
t AdEE 5 AR 5 %

on, ¢

)|
_

o
uzel

N

o

o

3

| e BN AHEFE

9]

=
o

=
=

A

L

R

= =
2554

7
=

o ooy 2E

A A 9 AU Y o
%

| 2dnkd o] 8] (Eco—Invent DB)

o

=z ]
=

€]

2 oH7] wEel W vekelA

Grey water

T

k<)
pal

1

o A2
AAAA A B Abel u}

e R

=
T

o} whebA 1 dijke® oA vz
el
Ig.l

FEE 3

=

.

nhgo.s )

[e]

=
o 72

olgf&o] ut

ol
=

bk ma, 2ol A

9

diolg At
LreR e, A7) A)

o

st s#vet 7671 #=
Hsto] 48
HE 74 -7k
-,
=
, &4 Penman%, Pan', Blaney—Criddle¥, FAO Penman—Monteith]
g o7 AA =] gh},

AR W AUA ARGl BE FBE

2
7] Wl & AT elM s @
ke

ot

KN
=
S

171 98] = Blaney—Criddle?] ¥} Penman®¢] £ % o]

S

be ALY

SIS
= v

Njo

[e)

R

15t7, o2 @

ol A4

L

o] &3l+= Penman—Monteith®
[e}

- 101 -

3] (ICID), AAIZ17&717-(WMO)

Rl

&4

AE1PN
-

715H(FAO), AlA & u=4]

3

Z7 T (FAO) ol A

Al A



AR glom, 7]¥E Penman 2 TS Hsto] d MAFOR
S AlFsta JE&Ao] Hold Aor d#A Stk & Aol A
wALEE AP el FAO Penman—MonteithH-S 2| glsfo] & &35}
Rom, o Fig. 337 22 A4S T i =2 dead 9 Wwisds Pl

Rjodes 714k TOJE] 3
'
TS EARKETo) A

¥
= SR

et —]

22 1A Green, Blue water) AH|ZF A4

=2

Fig. 3. 485 203 43 58

fot

FA SR {FF (FAO Penman—Monteith Approach)

900
0.408A(Rn G)‘FWUQ(BS ea)

Ly = A+~(1+0.3405)

* es—e, - /1A (kPa)
o A FTIIYETA (kPa/T)
oy I HFEAF (kPa/TC)

o G EYoR FFHE dR5H¥ (MJ/m? - day)
2m ol A Y HHEFE (m/s)

ET, =K, « ET,

o ETy : ZASTAE (mm/day)

[}
* Ko #A=Ae

- 102 -



on
~
XN |o|w|w|o
— || — ||
< ~ |~ [~
= |o|S|F |
3
— | O |O ||~
Nl =]
L.E....
[ e R B I I ]
AT Lo | 0 o0
TN | QM
i o | < | <|—| <

D(t)=D(t—1)+ Re(t)+ Req(t)— U(t)

StdY FESHE (mm)

0.78
0.62
0.69
1.13

Re(t)

il

Table 2.

T

=
T

il

7}

LR Al 5

o] 2% zlojrt}

01 e - ARV

N (mm)

B

o %
o %

—

Req(t) : 1¢
tO

uw :

(t—1)+ Re(t) o]
Dy — Dt—1)—Re(t) + U(t)
(mm)

B %F (mm)

P
T

af

Req(t) =
Req(t)

(4) Dy > Dt—1) + Re(t)— U(t) o1 H

(7}) Dy <
D HYAFZ (mm)
s A

Dmax
Dmin

7 20 3

K

I
e
K

—

NI

dolE & uf

o
T

- E¥ 7]

2011 A

L

R

1ol A

B

el
o

4
i

TR

NI

s
ﬁo

T
il

0

ol ola) At

£

A ol A

R

fu

3

}I\l,

3
oA Aakatg el 2]

=

=

A4 o

=]

H

AR 249 o1

R
i

5

=

- 103 -

A ol 79l - vl

Blue water® -

]
=

Green



e wol #% 7% HolH 9
of #ek AMEE Al

LCI "lolEHlo)lAs 75 A 53 ddd FJr7t
U ES ARSI Y] wEdd o5 &8

TEHEAFZE §ls #AR, & dATedA =
Fohe WS AdsHarh

LCI tlo]eluo] ~eA] &

Qs HHEEA o

do +A49 ANEYE EEa
o

Ao AFANS @ 2A7F . wEbA FAZHoZE FdE A9 29 Eco—Invent LCI
E o] A5 &8st WHS A E3kslth

HE4 anlES AbgEtr] Qe FE An] P £ - AlEEH = 229 LCI HolEHolAE
FR sl =299 HAHE Green, Blue waterZ 57 - FEO0EZH HFHo7 EZY E4HA
TE At=3S9lTh Table 32 Eco—InventellA AlFstes 54 vy 5 23 #Add AHE

Green, Blue water® #&F3Fo] Yeb it}

Table 3. Eco—Invent LCI Hlo]glu|o] A9 o 3l uje}n] g

_?_

Green water Water, rain

e
e

X
of

Water, barrage

Water, cooling, drinking

Water, cooling, surface

Water, cooling, unspecified natural origin/kg

Water, cooling, unspecified natural origin/m3

Water, cooling, well, in ground

Water, fossil
Water, fresh

Water, groundwater consumption
Water, lake

Water, process and cooling, unspecified natural origin

Water, process, drinking

Blue water
Water, process, surface

Water, process, unspecified natural origin/kg

Water, process, unspecified natural origin/m3

Water, process, well, in ground

Water, river

Water, Surface water consumption

Water, thermoelectric groundwater consumption

Water, thermoelectric surface water consumption

Water, turbine use, unspecified natural origin

Water, unspecified natural origin/kg

Water, unspecified natural origin/m3

Water, well, in ground

ofj L1 4] of

& ATelM= LCT Holguo]As &gsto] wia A IHgor Fda A
A st HF

)3t Green % Blue water AH|A|FE AbE3ste] A &3t o= S dolH g}
o=z ZE AUl 7FHAS5 AnEo w7 TE319 T

ol N2

A a7t
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T 37 YHE
TR 17 Swiss Eco—scarcity method 2006
T kst Struijs et al.,, 2009 (EUTREND Model)
o}, A3} & w3z

D ARs 28 A 43
Auf g E el i oS A A3RE Table 5ol YERHSIT A uE7}
LFRE a8, w7k 230.2mm, AAWE7E 208.4mm, ZHeHlE
= #te Bk ol Ak AuiAEE wiFo] A7t WA #
Z 71 AAFel A nRAwErE P 2 Hesds

[¢]

=
7} 150.9mm= 7} =+ =
AZF Jom, doaor Fukakeo
JHA = AoR A HEY

Table 5. AMAHE w5 Be5F (@91 mm)

S 7t LA wl = e Al a5

A& 145.7 225.4 221.1 191.3

AR 138.9 229.1 223.5 196.8

FTHEZ 116.2 242.0 232.2 206.8

FAET= 148.9 233.7 229.5 195.6

AgEE 163.3 250.8 236.7 200.2

Aed= 178.7 237.8 223.2 221.1

AEE 155.7 277.5 238.4 226.2

g = 159.4 254.6 236.9 229.1

= R 150.9 243.9 230.2 208.4
oot 201199 Ay e 0 ke vhow wiFe] @ 485 L)
Fs Abgskgltt o] W A E ALul Aol REYPEty] skl A ot TtEHAE F
af Azt FHt AP APEE APl B3, A AE sk b, A D S
E HaeY e B3 HFE Green ¥ Blue water® TR AM#FI} Lnlate 4

e B s g8 847 #ass Ao dgshit.

Aareke] whE AHS AnjEe p@AuFt 49.2 mi/tonCo R @A & B4Rt vpg 2
ZAog zgyton 7 vgo® HujFr}t 33.8 m¥/ton, 7FEHIF7F 21.6 mP/ton, A AR} 21.5
m?/ton 2% YElsth Table 504 Aol EujFo] HBQ4TF Aol 5.6%°] BH31X
o S gAY A M4 v A e By uEAEFrE 31.3%7F o 2 Ao E=EHUL
ol LA FL AT AAFo] FulFe] BlE] oA Aabdo] "ojs ou gt mhik
A2 7SS Horae AW nudS o 57.5mm T AR AHF L6ES §

ARRE & WER AL 9lof, TR Aabdol AldulE Btk v Stha @ 5 gl

B>

dlo
o
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Table 6. Ao - AP E wjFo] 75 2H)=F (F9): m?/ton)

Green water Blue water Total direct water
B A i 2 el il b N el Rl RS E SN R
W | s E | W | as E | W | as Wl
371 8.8 -1 12.0 —| 14.6 - 21.1 —-| 234 -1 33.2 -1 20.1
A 12.2| 38.6| 14.5 —| 14.6| 11.4| 254 —-| 26.8| 50.0| 39.8 - 30.8
FAE= 8.8 -1 13.3 - 9.0 -1 23.5 - 17.7 - 36.8 - 19.1
AL 6.0 -1 10.3 - 12.2 —-| 22.9| 18.6] 18.2 —| 33.2] 18.6| 20.6
A= 9.5| 40.2 6.8 —| 13.3| 12.7| 24.1 —| 22.8| 52.9| 30.9 - 26.7
Aepd= 8.4 - 9.1 —-| 16.0 —| 21.3| 25.0] 24.4 —| 30.4] 25.0| 23.0
EEE | 10.2] 25.5] 10.0 —| 12.2] 19.2| 24.1 —| 22.4| 44.8] 34.0 —-| 264
K ea=ast 9.6| 38.8 - —| 19.6| 11.6 - —| 19.2| 50.4 - —| 14.7
iy 9.0| 35.1| 10.6 —| 12.6| 14.1| 23.1| 21.5| 21.6| 49.2| 33.8| 21.5

% 2z A Aol £ - mMiEEHE sAAS} AUAE Aaksts ©@AA 4]
1 ES ou|dth AJAuFrt 252.8 mi/tonl® 7P W ko] IS AnlEty, I vgo®
ZFeulZ7F 152.7 m®/ton, LA MZE7 144.3 mP/ton, EH37F 141.6 mP/ton?] FHAS5E AH)

Table 7. A< - AujzaE wj3=2 785 2 (F$): m*/ton)

Green water Blue water Total indirect water
T 7}:?_— ﬂ%_xl S /‘V,—jj 7]—.%: 1%_11 Y *V.j;? 7}:?: _]_’_%»X] S /\V,ji 0
LI LU Ll S Il Hj ==
371 - - - —-1129.1 —1154.4 —-1129.1 —1154.4 —-1101.5
AR - - - —1113.9(236.5|262.9 —1113.9(236.5|262.9 —1165.5
TAEE - - - —1439.6 —1123.0 —1439.6 —1123.0 —1212.2
FAIE - - - —-1120.4 —1145.7|248.4|120.4 —1145.7]1248.41128.8
HEEE - - - —| 86.5|151.9|125.8 -] 86.5|151.9|125.8 - 97.2
Aepd= - - - —1177.5 —| 93.5|258.0|177.5 -1 93.5]258.0|135.0
IS - - - —| 84.3|106.7|112.5 —| 84.3/106.7|112.5 -1 85.5
X ea=ast - - - -1 92.5| 99.7 - -1 92.5| 99.7 - -1 50.4
Bt - — - —1152.7|144.3|141.6|252.8|152.7|144.3141.6|252.8
A arEE v Fe] P A 7R E AR, wA oA AujEE The, A, s
Bl HEHE ? 2 e Rb,

2] FEFo] A =E9 H&tﬂ AEEE XS z_]'-ﬂ o]

=
N
=2,
s
N
Fu
(0
o
g M
o2
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N
o
low
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EFHIE 323%
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W 82 104%

B4 11.7%
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Fig. 3. AMARE M9 285 &n) TolE

3) AR A= A A
Azl v Fo] AAreh P v e A A 9 Fgoksted g Al A
39 th. Table 8& A zbo] that JdH 7 A= Je9 o, Swiss Eco—scarcity method
2006904 #AAsF Q= 329 Water scarcity Index(0.12) 5 A g3lo] =&% Ao},

o
20.9 m® freshwater/ton® 2 A3} zto] 71 ZA ey}, ole A= 998 14X 5E

A7 32.9 m® freshwater/tonO 2 Fapd i zbe] tfst oJdko] 7} av, 7FSu)FE7}
] sk
o4 EudA e sy 48

o

Hhd sl ke A o® X [SO 14046 A Ao wet nEFA e &
| 79t sl 14AFE wgsvtd ZE A A HES o ol o] &3 AR, A
= O @Wol o]&3 AL offe| wetx Farduzel st @As A Aot debd
U= Aolth

r ot
mlo
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Table 8. X - Aujzdd w59 S JFF7 A3 (F$): m® freshwater/ton)
FAL
e Direct water Indirect water Total water
| [ g | A TR | AT T T
W | aE W | g | s W | g | e s
7371 2.8 - 4.0 —| 15.5 —-| 18.5 - 18.3 —-| 225 —| 14.6
AR 3.2 6.0 4.8 —| 13.7| 284| 31.5 —| 16.9| 34.4] 36.3 —-| 23.6
FHEE 2.1 - 4.4 - 52.8 - 14.8 —| 54.9 -1 19.2 —-| 27.8
FAI= 2.2 - 4.0 2.2 14.4 —| 17.5| 29.8| 16.6 —| 21.5] 32.0| 17.9
e 2.7 6.3 3.7 —-| 10.4| 18.2] 15.1 —| 13.1| 24.6| 18.8 - 14.9
Aepd= 2.9 - 3.6 3.0 21.3 —-| 11.2| 31.0| 24.2 —| 14.9] 34.0] 19.0
AdEE 2.7 5.4 4.1 —-| 10.1| 12.8] 13.5 - 12.8| 18.2| 17.6 - 13.4
= 2.3 6.0 - - 11.1] 12.0 - —| 13.4| 18.0 - - 7.8
Ht 2.6 5.9 4.1 2.6| 18.3| 17.3| 17.0] 30.3| 20.9| 23.2| 21.0| 32.9

A=A Q wlER QI o] Fojokste dist gt Ay @A uiErE 4.0E-11 kg P/ton
o7 748 gu, AAu|FE7 2.8E—11 kg P/tonC 2 718 WA A EQIT) o] v E A o)A Q1
of thet wjEo] W] wEel How %Hﬂv‘r 2 A= wA W AR Ao ARS-E == H|7}

Q= oM TR R B BEYoR fEEAN, e el ot Al 540 of7] o
woll & AtgldelM s frE2d 294 %§E$E1 Wgshes FYEt T ek stk mEkA

okah Gl AL tha aTAbE Fio] don, 35 B

g
1%
rO

T2 Folo] uglo] 2w



Table 9. A9 - Az wjFo] ksl JFE 7 Ax (9] 107" kg P/ton)
7 opal
= Direct water Indirect water Total water
T[T (R [ [ [ TR Tl TR T
W | % W | g | e W | g | e Wl
771 - - - - 2.7 - 4.4 - 2.7 - 4.4 - 2.5
RIS - - - - 3.3 6.4 4.5 - 3.3 6.4 4.5 - 3.7
THEE - - - —-| 13.0 - 3.6 —-| 13.0 - 3.6 - 6.3
= - - - - 2.8 - 2.3 2.7 2.8 - 2.3 2.7 2.2
Aeps - - - - 2.1 4.4 3.6 - 2.1 4.4 3.6 - 2.7
A= - - - - 2.9 - 2.4 3.0 2.9 - 2.4 3.0 24
RS - - - - 2.5 3.0 3.0 - 2.5 3.0] 3.0 - 2.4
ea=ast - - - - 2.6 2.9 - - 2.6 2.9 - - 1.4
i - - = = 3.9 4.0 3.4 2.8 3.9 4.0| 3.4 2.8
4. Qo

S = EdE 4 -4 = A6

2 Addd oz Fukakgke] & 7|21 o Fe AuiE= 1

SHE A5 AEAA vlE59 olyA e ARERFo]l W

A7 F AR EEHAT B AT A I 34AFE JdshA 32 2 E SO

14046 Aol wet nx54de] U8 2udAT 4 Fo sxA ] e ZAnA 5o o] &

Qs ok, w9 544 A9A - AE JEFS wol v wiitel] FY]itel A dolHE
o] g3to] KBty J&st Bzt AAE Frsof 3 Fojr,

o] Fe] A= FF, fEuhgtel A 4w 52 Q3% MEE At avyew &

S5 4 glom, AEF <tn o] apgleA Wb 3|

M
I

AR}
2 =2 20139 5EXSH dEdTAN A E el st o F - AR

=
7F AA =" A (FAR Z: PJ0089782013) & rastHA ¥& AE viRo® AAE
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D &FFeds Zhel=ad (?h), d=3127]=d 4, 2004

2) F4E&TY 554 ol 9% LAE & WY Ve, #EIETH sdHATI=d, 2007

3 AEE 9 2%, 9T /M (Virtual water) =9 % &85 93 7 x2AT, 5554
AldTe, 2012

4) 719] A&7t A T2 Water footprinte] =FA| %8k =34 AN 7)<, 2013
5 YT FaE-128 wWiF A¥i7]E, sFXTA, 2002

6) Richard G. Allen 2] 3%, FAO Irrigation and Drainage Paper No.56 — Crop
Evapotranspiration (Guidelines for computing crop water requirements), FAO, 1998

7) Arjen Y. Hoekstra 2] 3291, The Water Footprint Assessment Manual — Setting the
Global Standard, Water Footprint Network, 2011

8) ISO 14044: Environmental management — Life cycle assessment — Requirements
and guidelines, International Organization for Standardization, 2006
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guidelines, International Organization for Standardization, 2013
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