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e =5 et 2 Wg%ﬂ /\1&
SHATE 2SS 18t =99 &2 BBtk olye} HIE ALk VA, F T
< 9% A AR STMFTE AFAr] o] Wsh= THs 2] ALk —2—7}&7&
o o]of of4x] AHEE FTISIATE AAEAE 93 YA AvlE TS v
Z7FI e 8 31 BHS 9t & AHE F43] SURIAT<IE 1>, A
£7Fsd AT ol tigk ®AlE 7]EolA | Zlolth

A&7Vsd A #ele] BeAe TS wE B FEEs Al
o]-§ T1g]al FHIE sl 17 AES AUT T vk el RIFRHAT:
A&7Fsd A AR E SlsiAE ARG 13 o8 Aok Ao AAd &

* (famchoi@snu.ac.kr).
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o) Z1E)a AR ool JlolA 4y R AEAAIE ol .

UA AFTE HEel o] QI Tl WhE A FF ALkt Ak o)8o] 54
18al ol Fwsky] AT AR A S o] &2 JJr A 1
A k= QR Aol 2a3d T8 AdH Aske] A&rbsdt o] 84 A
Aloll o] & 7 Ath= £AIE A7Iskith. 53] 7|53 st A Sl 4Rl A
TARS] A&7 Al AR SEde shue] Bxo] oTt E-ollvR-AF
AHRBAE ol duutof o= =27t IAARS] A FA3] o)stE AT

olg} o] EUA|-AFE FH o E ngHE o2 & FE(water security) A
£ Aeidsta & GRS A% m¥e 7eof = Tl A7]EL e, o]
sk HHo] E-olyA|- A% LjJ/\‘]._(\5(/ater—Food—Energy Nexus) ©|T} wepa] o] Zo
M E-oldALA 7 dxze] A A3 A0 ALSTEsRE BElE #7 =l
UA-A 7 dA 2 s il ARE aviskalat gtk

a

a3 1L vEe] slat shEazte] 84 A g

19954 v=9] 84> M| |3 2005 W=re] 84 &M %
85 5% I 1%
319 ¥l 3%

e

TUET 5% 398 1%

7H4 48 8%

=S’

AH&:Solley £](1998). A& Kenny £1(2009).
(http://blog.ucsusa.org/john—rogers/how—much—water —do—power—plants—use—316).
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A o] F QTS FWH F/he o B 4L WRE G /1%
Al WAL C% BE oUIA AHE TS U8 e A3 ) S8 B
#) ol:go] Z7FaL, A BAE Hrslo] Ao} ASEE THF A o
go| Z/hEiglon, Ag Z442 913 HIE A A 29T 23 AFES 9
3 oA T FA Mol A&H 0= Janh. AT Z7hsh o] o]

A A SISt 39, S W eI B oA e
g A AT Tho] 5Tt
el ol U B € U A A DO AL I AP
T e gEo] SRR wHe A AR AT olvA] ALkS 9
Al Ffo) Zizt ool SO, wE B O R s ST
SR At oA 00) TRs 2RAOR B 409l ZHE A ols
Aol S/ sha O 85 ol 8ol Alofe] S| Sgon], ZEA O R Sl
of el Ak A4rFs AL AHsrs sk WA
B, 4 5ol A9 sk A4rkss Beistel A9 Bl A TR
o= AAZ & thFetA o] FolA gkom, &, odA, A Ao AAES sliY
shal FEA Q1 AURES AABE] 18 WA 2x(Nexus) 7HE-2 20110l HIZA -
Azt Aow wEth 2011d AAIZE A E 3 (World Economic Forum)o| A & SHE
(water security)D 9} TSI 7|5 AT W T2 Ok A9 7 FAES 5FA
o7 313 F de =R «V\Péxéxl% Az"le] BaAE ARKEIE o o=
“Water—Food —Energy—Climate Nexus 2 A A% $ATH2011 World Economic Forum). ©]+&
715 Rske] 91y oA &, oA, AEe F8 aQle g AAstan afls ke &
AW A AR 8RlEs THR R s WA B Ao o]
o A AR=E FASE YA HH A7 A AAIFCE Tt FAE

d

Ll »—%%%‘ 74 A Ax(Stockholm Environment Institute, SEI) oA+ 20113 119l
€ Bonn2011 Nexus Conference®] 7|3 =T 9= “The Water, Energy and Food Security
Nexus Solutions for the Green Economy” & 3Esle] WA 2ol tfgt 7]& 7 gz} &5 A|
Ao EM BAZ 02 Wiz gk =9 AMERS AlFStAT

1) o] ZoHE securityS “QtR R SR A1
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3. 2-0UN-AF YMAL} NSNS Lt id

- A2 & YA 0} &7 HsSE AR AE] 7Hd 2 SEIS(Stockholm Environment
Institute) HILA011)°l & YEh Qlek o] HuMo] W2 JidE<ay 2>8 4
HRME A2 T (Nexus perspective)ye 720 E11, A 3YEOKAction Fields), FA]
(Governance), 5% QK To promote) 2] HAIE Astal 9o FaF 2A4AZA= A
T2 FAGlobal trend)?] EAISKUrbanization), 17+ 7} 8|3 7| $RIslE £ itk

FET AL Nexus perspective] 71H]ol] 7H8-A1(Available water resources)®] &=
Zlolt}. ol& 7He- Aol 23w R, oluA g, A7 gro] 4l 9at, Al
7HA 840 FRE 9l 7H8 FARde] F3] o] &H AL Fe BTl itk ThA
AR A Bolks AL A, oz RSt Wzl HEE 5= a, AT
2 FAZE Y20 dEFLARE uHE g Ao, PX(Governanc) A= w8, T&
ot AHAE, dile S vk A= FAF A 2o syl A8, 4
HH o7 SR UASE AFSH HFskal AEL7stE A, SEEEd, A
A FRRTTE SNE F de Ao HE Aot

% 2. SEI BuAd AAE E—duA] 213 dxx~ /de

Ay BB a5 LB 3
8919 Byal
QLA
AL
A Tk,
sgjuee) e 4 A A F3 9
=% %"ﬁi‘}l\‘ A2k sy e oa
: 2/ou)/2%
7 v IR} K
J O oFO ] =k _/F—Z}-%]'
He doR o el BEsha Adrbs
A ' B
/ B, el
N 37
7 :
A7k A 1A
Au 2ol ek =2} yyx B3 L

EA AT 715Rs
A A7A 8t 34

A& Stockholm Environment Institute(2011).
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<9 3>04 B uie} o] Eo|UA|- AR Y2 Ags 7B o R
TFALE BEH R Hefste A&TbedS sk 2ls BRE 3tk
A2 Al g 8T AR E-oUA- A ARAAV} HESHA
2%°HUnknown and unbalanced) 7H&- FAFA O B HE] A4hS 93 B2 We & A

e A2 HAFR Jlow, 0E8&S BolixAF WAV HHAL BAEE 7
3 9l AR olgo] ol FolAA Thg FAUCRIE ALgFo| Zhasdtel X4t
s4o] e AL Jehih

T8 3. W) Bgel ofdt Fhg SRl $)

<Unknown and unbalanced> <Known and balanced>

Asz: AR 24,

4. SDGs2 YN~ 12|12 2MUAL| Nexus 018 5

TADTON)S AA AF TF TS AT FES 159 Aldbsk=l 2000
o AFst WEY A= EMillenium Development Goals, MDSs)”7} 201539l A&7}
E-3%(Sustainable Development Goals, SDGs)Z AAAAZH AT A&7/ E3E= 2015
A 98 UN 3] ollA A 20000l T3]0} Z3YH o £ MDGsE B7Fskal 2030 =
FaA AFA AL AoR spGsehal A, IFe] AErbstt AL HES
2As7] A% o] IAVITE TR TFstAl HNE AL AT sDGsw A
37} o] A& BAE S8k Hste] o= s oF & H3xolH 20301
7] FAEE G AL BE JAES AEE Flolth sDGs ol F 17719 5371 &

3=]o] l=Hl, ©] F 2. Zero Hunger, 6. Clean Water and Sanitation 13. Climate Action-e
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o2l 8- =38 XA

3} 2kl 221 Bao] Sk o]9ol = Bl No Poverty), A= 4H]|9} A
Ak12. Responsible Consumption and Production), 183l 5 YE SDGER AIHHA o ZE
=3 IHo] Sith

a9 4. 2015 92 UNeA AAE 17709 A&7/ 53E

E HIEINT WHE Ll I HIean
[ETAGwL ERTHTE RIS

/v”

15 Fl.h".l.]"m II'I; 'l::l-d‘ 1::rI
""m““'* SUSTAINABLE

BEVELDPHENT

GOALS

A}&.: Sustainable Development Goals(SDGs).

Az Ao ArEE =3 A vt sDGs FEEC] Ul 20 Zero
Hunger, 6. Clean Water and Sanitation, 7. Affordable and Clean Energyt =-0l|UA]-2] & )
Az AAS S 8 243 717} h s U 8-Sl M. No Poverty), 3]
= AH]e} AJ4K12. Responsible Consumption and Production), 18|31l 7]% 4813,
Climate Action) 59| SDGsE= A 2=0] BAol| A ARGAIE S st 4 =
o] ZAIEE Bl A7d= Aol &8 o Utk E-oUAA = YA 2= QIRTE A
SrPssiA BB T3] Ustel Bash Al el A BAEA BoluA
o] BZBAE viehE o e VNS AASER & SE, olUA] FH, A7k SHo
UM A FH] glo] EeF o g Bl T2 02 IAAE A LA sh=
Tl N A A7 PsSES She w7 B 4 AT sDGse] 7 BEe A
AL} A8 BASHY Q172 AEIH LS /NAsHE A&7V sdEE s A &
e Ao slme 17 Bel £ Rl AWT B ojs) e AR
Aol x BAT AL o8 AAL) M AY, 79, A W} =72A
Wzt F& Tittel B 4 91e Aol

oUA-A R dA e A AE7E A AFEQ] WS FARA 1T S7F A
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oHel =8 =8 IHA

olell FAO= Fammini 22014 FAO)°ll 25t 7 H7h=7-8 o83t AlA| 100
A7 o) =7kl gk YX2 ARE Aketal 1 AAE AlFshs QAI2=HE Th
WAt o] A|2HlS kol 283 dl= <T1E 6> 2o =] A 7Y
A3} T3 77) AR o] AlgE2 4 (Affluent country, natural resource constraint)EH=
B7rek A Az B A 285 AASATH

213 6. FAO Water—Energy—Food Nexus Rapid Appraisal 2] &=kl 2]t dl=ro] dir -~ HAdy) x4

| Republic of Korea v
The basic set of indicators used for the rapid nexus appraisal is:
AFFLUENT COUNTRY, NATURAL RESOURCE CONSTRAINT

Select type of nexus intervention

Power Irrigation Bioenergy from energy crops Hydropower generation Water desalination for agricultural use

Nexus Context Assessment Nexus Intervention Assessment

Walehi{iWiee===——————-="
Nexus aspect score: 2.8

Fresh water withdrawal as a % of total actual
renewable water resources (%)

Value for selected country 36.5

Benchmark 20.6
Divergence from 77.4 %
benchmark
Score 28 Weight (0-3) 3
Data computed from Aquastat (2014)

Share of monitoring sites in agriculture areas that
exceed recommender drinking water limits for
nitrates, phosphorous and pesticides in surface
water and ground water

Value for selected country n/a

Benchmark nia
Divergence from n/a
benchmark

Score Weight (0-3)

n/a

Select

Data computed from n/a

Additional indicator Overall Nexus Context
score (1to 3)
Value .
0 Overall Nexus Intervention

score (1to 5)
Benchmark

A& Nexus aspect score: 2,8.

2) (http://www.fao.org/energy/water—food—energy —nexus/en/).
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e, WMz TS AR e ol 7R AEEE f' EUE 7S 3
Agst7] 1% A7 JAH D Atk FADE FREA 23
(United Nations Economic Commission for Europe, UNECE)< 4] 2~ RS AYE| A 2~
el 283h7] At WA AAIE E-olUAl-AF A ~dl o2 738t
LA 3] Al s Y WA SHE 7 SOl ol A7HUNECE 20175
EstATE A LAY o R 7] 7K International Renewable Energy Agency, IRENA)OI|A]
+ 715 sl g3k 918 @4 7S A AR o TR o] go] B AR ShE
o F= AEA F4 A2 HIHS F8EloH, o8 AR O= sHste] A
AISFATHIRENA 2015). Dubois 2]2014)= B8 E e} A&7bs THS A% M=
Ao rA E-o|A-A dx2=E AAISFIL Fammini £12014)7F A7 W8
A z=rg stk
UN2] World Water Development Report(UN 2014)0l 4= &3} AU x] WA 2~of Tk
AW AAe E45 AAs e, ol& uiRo R &3 ofl|A] Y] 2 45 Bd
of oA, A& a0l 3t Y& B3I H, oA FEE fJste] o] 8H< =
A gHol A3 oE:A I AEAe Q75 I ste] BauMd ==t I A
ST 7NEAA 719D 8 (World Business Council for Sustainable Development, WBCSD)
o)l A= “Water, Food and Energy Nexus Challenges”H= RILAE EXFstal FHol gk
WHolM BT, 71503} ouA] =8, 247k WilE T18al o Toll Bk
A Bt

5. SISO MIAIWAE A S-0ILIN-F YA 2

E-OU |- A & )X 2 (Water-Food-Energy Nexus)= 2} 849 A4k} StHE 9|5t
28] o] 8ol ZZ oEAH FFBAltrade-off) 7t g A= 3Tt ]9} S 2
A 7P A BAE e SR EPladorm, 4 T = B4 7|HWhE& HQo Z 3
O WA Foje] oA BT B0 9T A9 B4 D B, ol
A, A 28 A e 4853, Beo Y Auelod BE B aaEw
S rdeof) BAE Ft0] B, oA, ) AP 58 WK 5 Aok
NE o Q1T Z7bol SJs) 4% v} TS AL E Aol 58T A
Cheed] A1 A4 TaTke] BART: ohjzh A% A 919 ANIEE A

3 o] AA9] ol §FS FA BAZ 5 ik w3 AT AN AT a4

—o
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o2l 8- =38 XA

2 ol g Tl W E} 849 o8 Alste] WA 4= 9o o]F FFHo=
T AU A&7FsA 2 FR JPEsA 52 35Ut £ Y Aotk
E-oUAA g YA F83 ASTFs AddE] B4S A% SHE S 3
AR FES 5 Atk WA 7 84AE SREl] J8iA A8re Ay I 8w
o tigk kg 712A 50 3] B 2ARS HlRC 2 dlojEuo] 2~ 53 QlulE e
2 8 A RS T8 YA ZEEY portfolio)s Tk, T WA= &
A A 2235 T A2FTO WY 2system dynamics s XA 2~B)E S8t A
2FslEl AFU7Ee] A (trade-ofs) L AA] BA AL Edle] ZF 94 7F o] o
AL He AE g  UEE sjjof 5t vt 2= A, AS|AA G, 7
sk sk Ao AjE 58 AT I AT AU oE A8ste R
E-ollUA- A5 a2z 7|hke] ALd3e] 37} Al2~H

1) 2-0UN-2F YL NPAQY QUMEL|QY REZ2|Q P&

oA Al WAz B} Awe] PEe J|BHo2 ABE UGk HolE

S% 7. B A4S 99 Bolg 5ES Uk e A4 9 Alg sEL

-

Husking

Total milling
1

Extraction
pf=0.18 pf=0.82
Legend vf=0.95 vf = 0.05
0.80 pf = Product fraction E i

A Yoo 9(2014) EES HIEOR A% A,

1.00 vf = Vlaue fraction
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Hjo]|23ls= Aol o]= I EE(Inventory) T2 A4S 4= Stk FALG R
Ths i, AL A% T o] 8% oA ks fI7E AR o8l B
A5E skl F5e Adske 4], o] AN AEe 471 A AP
71 AN afF= AR e detshs Zlo] Tasith o] Ao & ' &
WA} (Water Footprint) 78 o1y I8 H 7 Life Cycle Assessment, LCA)S} 22 71
o] 4 4 Yot<17 7>,

(2) E2-0IUN-2F YL Yz N SO

rzs 7RFos SolUAAE daz=e g4 3F Adolge] AEdA
(Trade-offs)E 75l AHHQ] A &7HsAd-& EE3H7] {13 7|Hto|t) o]& flsiA=
WA 28] ARgo] B Aol mX= G B 71F AT T2 oF-aslEe] Wt
A9 B8l GIL Holalor sk ol AshH ANF 7he] HEBA| E4o)
3t} 2RSS VIEY A FHl2 dax o] 4a2E B AedAE FAsh=t o]

At SIS Sef ) AT 0] AN e -
samicy©]Th AZHTIO I 4G ol 8F 29 Bt 9215 el Wape] A
 opje =S B BT A BAT 5 Ak F B, oA, 4%
7159k BAE R AQ15e) BT A2 A7, Y 8152 st A
A A S S < 315k AU e
rge] QA B WENE HAE 5 Qon, AUEe] BAS 24
293 5= Qi< g

vl S 7H‘E”°ﬂ A3 ATEA Howells 92013y &, o|U=], 22k ZA)0)

i)

-

S

}.75:‘,]% ‘T‘Oi Eatcs 1:11:41‘1,]_ EX]O]—%- 1:11:41 o]]];];q oS S E_‘og‘ﬁ‘]- Z,: gll\t CLEW(7]
T B YR, B EFS /NSl Mohtar and Daher(2014)= &, o|UA|, 2%F

Q_
84710] 485 118F W71 WEF-NexusA| 28l 7ldste] Q21 Thefsgt Al
o] A& SE ZYPES AABIATE T Vanham(2016) EA= 7
Hog A = 5| Bzl o g B ouUX] A AREE TSI <1 8>

=
<= SEA o] YAz B4 28d F S HAFATH
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0. =X
od oo

EHA

&

nutrient (e.g. N and P} recovery
from wastewaler for agriculture,

use of composted sludge

BLUE WATER
SUPPLY
SECURITY

access to safe rainfed livestock
drinking water
and sanitation o -
water for manu- . * d
facturing industry ecosystems ! B g
(excluding faod-processing and that provide | wwild aqua- wild fish ana
g b e wild foeds | foods culture seafood

water for transport
{excluding food and energy)

= -

water for recreation/tourism
{swimming pools, snowmaking
goll courses, }

water pollution

returned

(unused)
water,
water

recycling

WATER

water for enviran-
mental flows/
walter Tor other
ecosyslem services

blue water for
transport af

RENEWABLE ENERGY

— energy (shipping) i
— iz} {inciuding from
food crops)
biomass from

trees for

[
combustion
[ ] Q} hydropower
-
s - wind and
= ﬁ =z solar

[ | ‘ﬁ] geothermal

FOSSIL
ENERGY
A natural

E_ gas
A=
-

coal

shale
gas

)

oil

nergy recovery from waslewater

energy from sludge (biogas and combustion)

returned {unused) water, water recycling

water pollution

energy for acquisition (pumping

from aquifers, rivers, desalination etc.),
conveyance, and use and
| | wastewater treatment

ENERGY
SECURITY

245 Vanham(2016).

freshwater aguaculture and
environmental fliows for wild fish

RESOURCES =

marine
waters

RETAIL,
PREPARATION and
1 COOKING

1‘ ! 11.6% of
global

energy end
consumption

PROCESSING and
DISTRIBUTION
14.1% of global energy
end consumption

wd 5,

from farm to fork: 32.3% of global energy end consumption

AGRICULTURAL PRODUCTION
enargy for primary production
of crops, livestock and fisheries
6.6% of global
energy end consumption

2nd generation biofugls fram

Az o)A, AR-&(2015)004 A& (http/vensim.cokr,) .
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) NSsY B0 S-0Iun-2Z YA e A

2 A7) i%u AL T A B2 AU e Hesie] A}
A A&7 PsAE va-BAER= Aotk Ul A|2ES ALS Ae Al gl o
U, $49 A 201401 W8 A g ole), B MiE, AAA 53 5

of WA & G GFL AFHOL A, o8 Fus] 2 A4 B At
W AVeH AFE AR MR 5 A< 9> EF A 8 A e

915 2915l ofs) thepsbll 98 & k. whebd WA A Sjuel 2

AT ANAHAY AL JIF D AT S| 9)RA1E Ml T TR 4
%A, AU A AU 08 A8 5 JoBE A AYAE] T A4
wo} ohe} B} A WHE P YA AUV AU YL ) o) &
g & 9k

o) 1wm~ Fhmek oje} 2 A= G v 5 glom, s
& g 2, oA FFAE GFS V1A 5 ek 53, 7158kl alet 544
o1§ 7ol WAl Z7HH H1, AT F7HE <ol A g ofuix] Amls}

mL

)
Z7HE A9 F7149 5909 o] go] BaF 5+ Urk. ols) o] Az} B i
AT AWYL AU 3, AY HHE 9T oUixe] BeA oA F7kH 8
o mebd 7158 Y AUBYE s BoUANT IHLE B A

1—0]

a7 10, E-oldA-A=F YMAES B AE57Fsd W7t

S-:enarm Resource Reguirements Resource Indices Sustainability Indices

gt Sisminahity ndzx

T e ——— N WIS —
W oo | Soonoee T 8 Scanone T

- Il;—

A& Mohtar and Daher(2014), o4&, 24-&(2015)00A4 A2l-&.
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o] F s YA A|2EHS 2 Ao 83 e A HE
a9le) wE A&7Psd A9l el A Aol Zbss) A 5 Qrk<ad 10>,

A2~ o] g0 A mHEte] WA Fuke] At AE 9l 7= =
=B 9] Aolde <& 1> YeERIT

1. B9 PR} upja s8] Age) Aol

i 71z A a2 1&1 71l A9 2]
o 4 oMl 2 A9 g
- B9EA B Bag a4y - 4 2 e 9 A e e
e |+ AR AEE 28 - BUARS B0 1A A Wl
F8 . 4% 0|8

E
FA9) FEE B}
7

e}
.

239 249 97} EdFE o) _"*6‘ H7} (Green water)
(H ’Y‘X] X]ﬁ}\ Z] 0]_ ) T7]' *]'7H 8T T 17]’ (Blue water)
T T v Green water2} Blue water 171314

A2k
10 o o Ak _/;\_H]JHE%q] w2 Alekin|EE A8
2~ .Z]_E ZHU&]—]_Q_E@_}_/\&&;LX_] 10 \__; i 1O o 10 .
?“g;r E AEAE B T 5w A o A&k 23 WSl WE Green/Blue water H 2% A4
ol o FEAQVE AT oA AFH AT W g
FE e AR A R SRl e g | - Adde] 43 AR U dad ae ks
Wk o A9 B SRR $714 Q)
A% e NEE AR e A 52 Y FF | e /)T M8 A3 Ade) /1 FHs e A
{5 = By Vs
A8 e 7|3 g 4 *Mﬂ% Ast A |« V1Sl mE aisle] 8 B #4 sk

. H o] B -
29121 i;—ii}fﬂ 4 o AzElttolufEl g o] g8 B-oluiA -4 ¥ /15
SR e Fol B4 A8 L 45 e, AL 7S HE

PFE— A

A o, #71-8(2015).

6. 3

o] oM Aol oM A&7 FEE AT ol A-AF P29

& 712 g Tela 2840l thste] A ESIT. E-olUA-AF WA 2= Al
AH o= F7FskaL = A7) AR srR0l t-sstar A S AEA717] 2Rt
ol A 2]l Al 7HA] 8429 A|&7FeRt StEol| tiRk T84 AT ¥Rl
2 FEo] A1H] BAo] =i A7 BEE] UYE AL s Bkt AlAIF L
2 AR A&TFsA A A7) o QAT A 2L Qe e mA
Ao Aok SEE fJste] 7]z B AR E-olyA-AFel tiR e 5 9

I
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A7 BelE 1% ATe] Wade FslolA oln FH3| ANE e B % 9
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