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Abstract

An emergy analysis of the main energy flows driving the economy of humans and life support systems consists of
environmental energies, fuels, and imports, all expressed as solar emjoules. Total emergy use (371 E20 sej/yr) of the Western
Nakdong River Basin is 97 per cent from imported sources, fuels and goods and services. Emergy flows from the environment
such as rain and geological uplift flux accounted for only 2.9 percent of total emergy use. Emergy yield ratio and environment
loading ratio were 1.03 and 33.27, respectively. Emergy sustainability index, a ratio of emergy vyield ratio to environment
loading ratio, is therefore less than one, which is indicative of highly developed consumer oriented economies. It is necessary
for an efficient management of Western Nakdong River Basin to reduce pollution load basically and to restructure economic
activities into an environmental friendly industrial structure depending on renewable energy and resources.

keywords :

LR

A7 H

S E 0B

on

AggozH 31y

59 2 g 9

i 2@ g

LS oo b o

&

N,

B

=

0

M =

oy
>
-4
o
o
pol
Jo
12
9
v
N
es
poh
N
of¥
ri
’lﬂ

FaE 712AGANA AAGE G
F57] S =¥ oz 3737

"To whom correspondence should be addressed.
emergy99@Kkorea.kr

Emergy analysis, Emergy sustainability index, Emergy yield ratio, Environment loading ratio, Renewable sources

ZAA
ARz
FA],
AgE AWEE, FAFAA F 20073704 38.9%,
200811 ~ 201090 61.1%= FEH ol lom, Al 7
9 2007 A7HA] 44.5%, 2008'd ~20109744] 55.5%% HF
Hol e ALR FRAAY Fo Avh(EAZ, 2008). 17
e BT, Aued 92 st AAHA Fshed

1A P2 FERES WLE Aol AstHo,
AZIZAYAE AlFog FHoRHEY 29 EH o
t AARAE § f9EE FANAAG ol AlFS A
oltt. stHFY € FRIAYE & AAGRET ofet
Ala" A H2Hes &3 Adedy A&H o
#Egete AA kLA S

QAT BAGES Pt Al2g oz Fotshe
ML AABHAANA dojyt dvx] 2 E49
Al ¥t ol QIFH9 {713 FEHAE
ojla FFAHoR Td F e YHA 7HXE7}
. olElSt emergy NEE ol &S Al2F BESHE FIH
=9 2 FellA B2 AT7AE Y5 sl AEH
Atk FlM e OdumZ Brown 52 =7 XY, =
SHd, AdE 9 thget tid Al2Hd dig aF
Fd R (Brown and McClanahan, 1996, Odum et
1987, 1996), I =9 AAdFFH BAES
(]9 E &, 2000; Lee and Odum, 1994)°] w3t x| &4 H
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7h, BAA 2R O A& FrHEAS, 1999), 343
Al o 453 79 & (710:"21 5 2001) 9 957
F99 &Y FrHHER ] 5, 2000) § EANA B2 A
TAEC] AAFE AL <] } 1437} ATE FHHATH

2 ATdME AA8BH FALTS shtel Aadd
A 22U FXHE 2 H @ emergyE aHA Q] AR HQ
74X 9 A 28l A3 emergy A EQ FEA AL
9 A&, emergy AAHA], emergy FAHH], 1919 emergy
ALER, JITFFEE, &9 WHTF emergy AHEE, 3FF3)
&, A&Y AFE grlstd A4sd +99 Ada8 3%
BAZE A d2H X% 4EF ARE Sl 1P
"ﬂﬂrﬂ% EE AYdsd 99 AbdAdHA 2l A
9 @Y ALt 2 A&rtE HHE oF T Ue
H

Jore oiRsaA B

21, AFHY WY
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quWa 2851 km’, FEAF 185 kmolw F2 EUEF
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Fig. 1. Westen Nakdong River Basion.
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2.3. Emergy =4

231, Al~E MERS

AAQRAF BAGES e Al2FoR motstE Al
28 ¥ (System approach)2 2L AFREC &) &
B3] AMEEHI Ed Odume 19623 o] F oA Ao
E AHA Al 24, 34, 2 AlEHolH o] &
stk 28l AASREFH FAEEES e Al2"oA
Y3 NMANAEZ v wsE emergy NEE 0185t o
Holr% AAAZ F Ae dvA HAEE 722 ARE F

], B4, d&3to A|2dg SFH o2 B4k ti(Odum,

AZY ARG A%HA FAFSHS BT 9
FAZQ PFEPOE A2Y BAF UA ALY 2R
¥ 5 S @ A #4985 e =

g T3ste] w3
Ak} gojol o

2.3.2. Emergy

Emergys 7149 FEolY &9& Ayl fletd
A HHeR olgd BRE AdURAE U] 4 7HA
Holth, AF £3#FFoNA Z dUALL BFY AF
AUAZRE 42F9 AFNUAZ HAIHE ASTIE
ZEA A erg FHgHoR FE A7]9 0111411 = 4
AHoz 4& & F de sHAE o7t Atk olHT
ZolE ATFANEEY] dsEQl EHOWMX]% e
Y AERE FGristy] Yt 47 g FHY A%
g90] FPHIAHA F-HHAeE ARH HE AUAE
Solar emergy2til 7g 2ttt

2.3.3. Transformity

Emergy= Z Uz gel yiAE ezl st A=
ojH, o]& Atst7] A A" el A g e U] 25
o] AFFEE Yehl & solar transformity7} AFRH T} o]
£ dAux 49 HE2 od FHY A 1 joules THE
71 98l AP ez 229 HIdir oz P
H1, %9 solar emjoules per joule(sej/j)2 ZEFHATH
Transformity & <Yz W3] AZTFZE wet APshd
Al AR R F7HEA, A ASTFE WY ouA s
Folv EfFd dist 49 HxZ o]&Hrh

[of

2.3.4. EmWon

Emergyi st g2 St Aoz FAA s st
o &R" F emergy o Aibd stH7bX ¢be] HIE o] &5
o 7411_‘1*‘4. o] 7t et sHEZFX 7 ot #EhE

g AA

ArzA AAHYd FE grtste emergyel 71&x
BAF 74A o]t
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2.3.5. Emergy =M AtM

AGEZd FhoM AAEEE JMsASE olyxdol
M AZAQ 9H} JHXE FYUSG AEZ P
98 A Table 13 22L& emergy EAEE 243}

A WA dee dUA Al&"E tholojage A shetd
FoduA el &S FES J|Yeth. F WA Bele &
FE AA ANUAlyr), EZ(Glyr), £& St ($yn D
9 #}*Es 4% FARAEERFE G A WA Ges
Z+ B 4R transformity S 71YSth v WA @
e 4 FEY AA gl et transformity #S Ftd
emergy #< AT oA WA Qolle FL& AR
emergy #%< emergy dollar ratioZ U0 sz 34tE
Mg 719

Table 1. Tabular format for emergy evaluation

Date Solar Solar Macro-
. . economic
Item units transformity emergy value
J,G,or sej/unit sejlyr
(,6,0r$) (sejfunit) (sejlyr) (Em$)

(one line here for each source, process, or storage)

2.3.6. Emergy X2 Aot

Emergy Aol A T3 emergy 32 7122, A9E4 79
ol digt EAE gotstr] HAsiA Al2" 84ES AAS
B FYTH JANFAEE gF FYLE £/, o
o 2 emergy AEES(FEH ALY /&, emergy A
2H), emergy FAH], A F-5H], A& A) ) AlAkeItHFig. 2).
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28 thelolag e Fig. 33 Bk A2Y 9REREE A
A8Z BEAA AU Y, v, vk AR gL
G4 AUALR FABES EF A9, A2, A4,
ag :

ASH R AQNA 9 59 ARTEH 2
Y WEL Edte] AYY AUALL )8 A% 1Y U
JAE 22l wAS AnEEel o ROl T Aok

A2 R AR AAEA 8 FFANAE A2

g 9% Ades %EOETH FUHE A, vk, Hl
£ o] &sta] gate] o] oA k. AYEF #4993
AdEe AdsA 2 5FANAY BAdEe 722 A%
I 2ds &3 FUHE ARG 45 Astst 89S
ojg3ta] AlA® WO F FALFS FE5H, °IE s
H7HA 2 F7E Aol A9l T84 (GRDP)o| T

3.2. Emergy 2MZ1}

MG F9 = dde AAS FAEGA
AT AABE? BAEES FAAA FE T2 oY
A9g getaty] A& HNA(EA A, 2005a)eF FAFAA|
(BA4, 2005h) Z+E BAAE 2 AGAAALHS B4
371 S8 AGUESAHEAE, 2005c)A 5 E o] &5t &
g -gstd oA 2 emergy ©SIZ Al 2 Table 2

Purchased
Resources

Eneray
Sources

Environmental
Systems

s

Services

|

Economic Y Yield
Use

Yield(Y) = R+ N + F

% Renew =R /(R+N+F)

EMERGY vyield ratio=Y /F

EMERGY investment ratio =F /(R + N )

Environmental loading ratio =(F +N ) /R

Sustainability index = EYR / ELR

Fig. 2. Emergy ased indices, accountion for local renewable emergy inputs (R), local nonrenewable inputs (N), and

purchased inputs from outside the system (F).
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Fig. 3. Complex energy diagram of the Western Nakdong River Basin.

Fig. 49 2t}

o9 AF oluA(low quality energy)q] ElgAZE
RS A oAt 2% agdyA(high quality
energy)?l SHM AR a3 Astet 890 FaF&ae o

A AlZ(energy hierarchy) 7Z2 @438t Atk
Emergy £4& &3 7 A g 44521 719 &¥

oA AEEW, AATE EFolA 7 ALY 3
<, HYE AUAZEE 009 E18 sejlyr, HIFOZEE
0.009 E18 sejlyr, HIZHFE 84.1 E18 sejlyr, St S ZHH

84.8 E18 sejlyr, AFZE&CZREE 236 E18 sejlyr7t
Y o v, ", AFZFE, ¥, A o2 HAFF
7=} EolA e 74 o2 FrtEAh

A" i BERAL Topsoil 24 8.22 E18 sejlyr7}
Rom FAZF] ZaF AUALY FLE A §9
o] 2.830 E18 sejlyr, 7F2=Ag0] 222 E18 sejlyr, f-FAMS:
©] 1,480 E18 sejlyr, ZZEA-&°] 1,900 E18 sejlyre] +2
2 fYsHE Aoz FriEdnh

ol AT o] XY FAAZFol OF AF oy

Table 2. Emergy evaluation of resource basis for western Nakdong River Basin

. Trans formit Solar emer Emwon
Note Item Raw Units (sejlunit) y (s¢i) 9y ()

Renewable resources:
1 Sunlight 9.49E+16 J 1 9.49E+16 3.72E+07
2 Wind 3.61E+12 J 2513 9.06E+15 3.55E+06
3 Rain 2.75E+15 J 30574 8.41E+19 3.29E+10
4 Rivers 1.04E+15 J 81411 8.48E+19 3.32E+10
5 Earth Cycle 4.11E+14 J 57600 2.36E+19 1.13E+10
Indigenous renewable energy:
6 Agricultuer Production 1.95E+15 J 3.36E+05 6.56E+20 2.57E+11
7 Livestock Production 1.68E+14 J 3.36E+06 5.65E+20 2.21E+11
8 Water Supply 1.36E+15 J 8.13E+04 1.11E+20 4.34E+10
Nonrenewable sources from within system:
9 Top Soil 6.61E+13 J 1.24E+05 8.22E+18 3.22E+09
Imports and outside sources:
10 Oil 1.63E+16 J 9.07E+04 1.48E+21 5.78E+11
11 Gas 2.75E+15 J 8.06E+04 2.22E+20 8.68E+10
12 Electricity 9.48E+15 J 2.00E+05 1.90E+21 7.43E+11
13 Good & Service 1.35E+09 W 2.10E+09 2.83E+18 1.11E+09
Exports
14 Good & Service 1.29E+09 W 1.16E+09 1.50E+18 5.86E+08

TAEH =S 8HEE|X| A26@ F35, 2010
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Fig. 4. Emergy signature of energy source in Western Nakdong
River Basin.

Table 5. Sustainable state index based on emergy indices
(Brown and Ulgiati, 1997)

The state of system

Emergy - — -
indices Unsustainable Transitional Sustainable
system system system
% Renew <19 20~ 49 < 50
EIR 05 > 0.08~04 > 0.07
EYR <4 5~14 < 15
ELR 10 > 3~9 > 2
Sl <1 2~9 <10
AF(BR], 2007) MGEZE F99 emergy xS} H]

1,
E2X% A= Table 49 2on, Z4E emergy AREE
gog A&HZFQ vt s Hrtete AXE = Table 5

9} ZtHBrown and Ulgiati, 1997).

3.3.1. 95 X2 HF2(%Renew)

AGsd 99 ZAS duAdde JHE oA, uig,
v, 283 AAZEo] glen, U dquxgde g o)F
T+ 487 99 4&548 AuxdL o
ZArET AZ &L &k Ut A
A 2" ARF TG AL EE 7HeA st AA oY

Table 3. Indices using emergy for overview of Western Nakdong River Basin

Name of index Expression Value
Renewable emergy flow R 1.08E+20
Flow from indigenous nonrenewable reserves N 8.22E+18
Flow of imported emergy F 3.60E+21
Total emergy inflow R+N+F 3.71E+21
Total emergy used U=N+R+F+P2| 3.71E+21
Total exported emergy P1E 1.50E+18
Emergy to money ratio P1=U/GNP 1.17E+09
Fraction of emergy used derived from home sources (N+R)/U 0.03
Imports minus exports (F+P21)-P1E 3.60E+21
Ratio of imports to exports (F+P21)/P1E 2402.65
Fraction used, locally renewable (%Renew) R/IU 291
Fraction of emergy used purchased (imports) (F+P21)/U 0.97
Emergy VYield Ratio (EYR) U/(F+P2I) 1.03
Use per unit area (3.04E08 m?) Ul(area) 1.22E+13
Use per capita (4.06E05 people) U/(population) 9.15E+15
Renewable carrying capacity at present living standard (R/U)*(population) 1.19E+06
Developed carrying capacity at present living standard 8(R/U)*(population) 9.48E+06
Emergy Investment Ratio (EIR) (F)/(R+N) 30.85
Environmental Loading Ratio (ELR) (N+F)/R 33.27
Sustainability Index (SI) EYR/ELR 0.03

Table 4. A comparison of emergy indices of the Western Nakdong River Basin with other basins

Name of index

Western Nakdong river basin

Nakdong river basin Mississi-ppi river basin ~ Amazon basin

% renew (R) 291
Emergy Yield Ratio (EYR) 1.03
Emergy Investment Ratio (EIR) 30.85
Environmental Loading Ratio (ELR) 33.27
Emergy Sustainability Index (ESI) 0.03

3.14 6.50 88.0
1.06 2,51 12.04
17.50 0.49 0.10
30.82 17.65 0.20
0.03 0.14 60.20

Joumal of Korean Society on Water Quality, Vol. 26, No. 3, 2010
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A9 FIA G54 UAAY 68 (%Renew=RIU)S
AHon B Axdd A5 $AtsEe 2
&

2IAZ emergy FAH|, T8, #FFFE, A

X —{N
e

4 AF 59 A8 emergy Al dFE wTh
AEEd 99 9548 ALY HfreS 291%=A,
2ol 434 79 2 uE H7F shde] 954
AUAL HA/eS viws) BE G54 §9 3.14%, WA
W 79 6.50%, HA ofmtE 79 88.0%°l H|shA

=
B =
ASEZ g9 2% th 2L £E2 Y 99,

3.3.2. Emergy A AH|(EYR)

e 99 emergy A4HHl= Table 37 Zo] 1.03
24 A9 Aol FAA A HAUR 7dE e A
o2 BrtE A

Emergy B2t E XA 8, BE, Top soil 51 tstd =
Aoz 7HAE Frlste AEEA 7 Aol A4t
71744 o] &-H emergy ol thall AB4HE emergye] HZA
Addad. A4, Had 22 13 duxde Bede
emergy AJ4HH]7} Bolitolw, A, AlWMES ZE 23 oY
A Q9] Fol= emergy A4 7} 264 5Ako] o] WS o]H,
emergy AJ2H] 7} 2B T G2 A o= AYO 29 XKt
E AHAY AL 7MY F emergy A= A A4
o] Al&=H"lo)| A g &(efficiency)S H7Fete=t o882 F th

AGEZ F99 ALl emergy B4H7F 1.03024
954 A59 106RtE ti dou = FAC Hi
Al FELo2 Vs ALE Pty 2 g2
=7t 9 emergy A4HE vl BEH, mAAl9G &

9] 251, BetA 9 ofntE {99 12,049 v wi&
2 FES JE I AT

3.3.3. Emergy EX}H|(EIR)

Emergy FAHE= A3 Aiezo] BAIZA FA4HH
AAgFe gt Mol ZFEE Yeld =t Table 49 9l
© 9453 9 2 o& 7t sk emergy FAHIE H]
e BE 353 59 17.50, wAAHZ #9 049, B
29 ofulE §99] 0.100] HIAA HIEF F92 emergy
FAHE 30.859] grozA FYPst AFH A<t

2 A998 ¢ & quh

3.34. 121'E Emergy AIS&F

AGsd 79 FUE9 AAFA T8 hdd e
Ax2A JErEs Uele 199 A3 emergy AHEE
£ Table 3% Zo] 9.15 E15 sejlyricap. 24 3= 3.34E16
sejlyricap.(Lee and Odum, 1994)9] 27.4% F =] FFo=2
G574 G99 FHEY HAZA Fo FY e

10O
GFe Pz Yot

AAA BAFEL Iehe 199 A5% vasd, 2
A FEAA J1AF SFAAR, A §99 AgTEY
bz AABFOZRH 7AF AUALY A§FES T
Fohe 199 emergy A8 BTk o AAH B

2 9guigt,

TAEN ShRE&sts|X| A263 FM35, 2010

3.35. I7+=8H

A emergy LHIFES FAHHEAM AAFE Aol
o o EE A A7 ATF4FE5H2 Table 3
3} Zo] 119 wgoE AA o] 24% Azl 83
T fon, AXNFTPoR AAE DY F 799 emergy
7t 92 FAfole o 17nFERd F8S F glenz

A4 AIEZ §9 AT5E SHL oln] Ty

o, 18
()

Y
3 B G574 §9 3082, "WAAIAF §9 2852, HEt

A9 ofutE §9 17659 HFA AGEZ {99 dFR
2N

FFRekgol 200 He Folt BB GFo) e
Azgoz B Qlow, v 10 o 39 ghe veha
At gumoz @74 o 9ol = Azdoz

3 903, 3% 9 Aol B UE Jgol &

3.3.7. XM KI(ES)

A& A+E Table 58 Zo] Al 714 /Y A2H S
2 aFsteld AEA 2 7Hed e Al2#(Sustainable
system), A& A JhsAdol WEHQA AlLHE(Tradi-
tional system), A&l WA 7He/dol A2 A" (Unsus-
tainable system)©o.z@ FE=

AA, A&EHA LA 7tsdY AEEE AEHE A7t

¢

o

-

10 ool F&43 oA dY] HFE&S 50%°14,
F2H = 0.07 ©14, emergy A4tHlE 15 o4, #FFIHE
< 2 olgtolth EAl, A&AA LA sbesio]l MEH
2HE & AFTE 2004 97X S Eolx, ¥
UA L A& 20%1A 49%71x12] WS, emergy &
2= 0.0891A4 0.47kA1] H$, emergy AB4HH]E= 5ol A
1474A 9 ¥, BFR5E2 3004 974x19] HLjolt) A
£l Bd Jbeiol AL A&’ A& AFrt 1o]8t
olal, &4 dAAY FHEL 19% o}, emergy FA
HE= 05 ©o]4, emergy AAHE= 4 o]sh, i FFF-)
€2 10 o]AoltiBrown and Ulgiati, 1997).

AGEd 799 AEH AgE 0039 #e Yenx
RALoH, Table 49 Je F54 #9 € &2 I} A
o] A& AFE Has] BH 957 §9 0.03, #lAAlH

g 9 014, BeE 9 ofukE 9 60202% W E2

offt %o

VAS
.
A%4e Yeln 99, AGEd o9 3¢ =A%
2RsE A A%H Ag7) 474 FopAE Aoz A7
3} BE AT

NU5Z Fe A4 259 SHANE 193 TPL



NAR MEfS FIMol ofs NSZ Rel N&Y Bt 445

s HFEE AUALY fdol AdEF FH99 FE
FASL oy, BVIA] FH F, AAEES TS
A 2" Agste] DA BE &4 <71 0.032 U
Bt Age A&FH] B steAdo]l 2 Al2Hez 3

7he At

AGEZ +99 A&F] HAMsEE Fre] s
o g AEsd Hayd wet Aa8FT FAEES
U3 F=Q emergy2 BIHSH 23 oL 2
AA8FT AAEEE 7MsA she AA AU Fol
A FEgAUAAY vlg2 Al2gY x&FQ TsME
& AFshe FadAtoth MYEE §99 F&d¢Y
Adel A 718 2 7|gREe G573 FFshdelr gse
2 Z9FY wEd 7|Age ez Yeigth

AGEZ F99 emergy A= 1.03024 A9 4
ol F= AAd HAAYE 71qsa e AR FUrEHS
o ExHlE 97 Badse] FAAFQ FA48Y A4
BZ g A ZF=E Yeied A9Ed 99
emergy FAHHI¢t #3 Fah&o] 47 30.85, 33.279 #Ho

=4 vaE YAt AFHe] B = AYYL
I 5 itk N4EZ K99 FALES @14 ZH
Ae 293 DHS BF WGEH UALd fdel Ad
574 9999 22 fA%m gou, 37149 39 3, A
AREL TS A2d AEste BEAN BA A5
A7} 0032 vt Ade] A%H B Aol A
e Axgow BEgT

olgel ARE N2 AGEF K9 A%5H LA
54 gaAE AABAY A%HA ol§e] 5T £
A Fu MFAGY $F0] RANIE FLEFL 2
Hfofof gt

A ZWeN ASAA AASHEL A A2
o2 §A7 QAL A 2L 9R9 FHARD
MRS AS D goo] g PRI Y HYFE
2 Aue AABFAAY 5 ARG BEALo]
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