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EMERGY Analysis of Nakdong River Basin for Sustainable Use
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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(720.0
E20 sej/yr) of the Nakdong River Basin is 96 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 4 percent of
total EMERGY use. Consequently, the ratio of outside investment to attracting natural resources was large, like
other industrialized areas.

EMERGY use per person in the Nakdong River Basin indicates a moderate EMERGY standard of living, even
though the indigenous resources are very poor. Population of 6.66 million people in 1996 is already in excess of
carrying capacity of the basin.

Carrying capacity for steady state based on its renewable sources is only 0.226 million people.

EMERGY vyield ratio and environment loading ratio were 1.07 and 2852, 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.

This study suggests that the economic structure of the Nakdong River Basin should be transformed from the
present industrial structure to the social-economic structure based on an ecological-recycling concept for the
sustainable use of the Nakdong River.

Key words : hydraulic model test, movable bed analysis, scour and deposition, sediment budget
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Fig. 1. Basin of Nakdong River.
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Table 1. Tabular format for EMERGY analysis of the
Nakdong River Basin

Macro -
Energy Solar Solar .
Energy . . economic
inflow Transformiy Emergy
source . . value
(Jor$/yr)  (sei/]) (sej/yr) $/vr)

{one line here for each source, process, or storage of
interest)
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Purchased Resm_nrces
/ [ Services .
e
o Environmental }_R Economic Y | Yield

Sysstems Use

>/
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Yield(Y})=R+N+F
%Renew=R/(R+N+F)

EMERGY yield ratio (EYR) =Y /F

EMERGY investment ratio (EIR) =F /(R +N) s
Environmental loading ratio (ELR) = (F+N}/R  ----mer]
Sustainability index ( S1) = EYR/ELR

Fig. 2. EMERGY based indices, accounting for local
renewable EMERGY inputs(R), local nonrenew-
able inputs(N), and purchased inputs from
outside the system(F).
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Fig. 3. Complex energy diagram of the Nakdong River

Basin.
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Table 2. EMERGY evaluation of resource basis for the
Nakdong River Basin(1996)

Note Item Raw Solar Solar EmDollars
Units Transformity Emergy
(sej/unit)  (E20 sej) (E8 1996 US$)
RENEWABLE RESOURCES:
1 Sunlight 1.24E+19 ] 1 012 0.09
2 Wind, kinetic energy 2.82E+16 ] 14% 042 031
3 Rain, chemical LHE+T ] 181% 2439 1820
4 Rain, geopotential ~ 2.79E+16 ] 27814 778 580
5 Earth Cycle 322E+16 | 34377 11.07 8%
NONRENEWABLE SOURCES FROM WITHIN SYSTEM:
6 Coal 1L77E+16 ]  400E+04 708 528
7 Minerals 85%6E+11 g 1.00E+(9 856 6.39
8 Top Sail TI10E+15 ]  7T40E+4 525 392
IMPORTS AND OUTSIDE SOURCES:
9 Ol 420E+17]  660E+M 27699 2067
10 Gas 461E+16 ] 4R0E+4 213 1651
11 Nuclear electricity 2.26E+16 ]  200E+05 4520 373
12 Imported G. & S.1) 44E+09 $ 132E+12 5861 4374
13 Inflow of G. & S.2) 18E+10$ 147E+12 211% 2029
EXPORTS:
14 Exported G. & S3) 95E+09$ 1SE+2 14501 10821
15_Outflow of G. & S4) 151510 §  15E+2 2052 1718
1) Import Good & Service
Import= 5.75E+09 A
natural gas= 1124E+6$/yr B
oil= 1.19E+09$US/yr C
Import G.& S.= A-B-C
= 44E+098US/yr D
2) Inflow of Good & Service
Input= 1.89ME+10
Nuclear electricity= 3.85E+08$US/yr E

Inflow of G.$ S.= Inport-E
1.85E+10$US/yr

3) Export of Goos & Service
Export= 954E+09

4) OQutflow of Goos & Service
Outflow of G.$ S.= (GRDP-Export-Consumption
in Nakdong River Basin)
151E+108US/yr
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Fig. 4. EMERGY signature of the Nakdong River Basin
system based on average values in 1996.
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Fg. 5 Contribution of EMERGY from renewable sources,
nonrenewable sources, fossil fuel & electricity,

and goos & services.

Table 3. Summary of flows in the Nakdong River

Basin(1996)
Item Solar Emergy Units
R Renewable resources 244E+21 sejly
N Nonrenewable resources from within 2.09E+21 sej/y
the Nakdong River Basin
F Imported Fuels and Minerals 344E+22 seily
P1+I1 Imported Goods & Services 5.86E+21 sejfy
P2«12 Inflow of Goods & Services 272E+22 seily
U Total emergy inflow T20E+22 sel/y
Pl World emergy/$ ratio, used for imports 1.32E+12 sei/$
It Money paid for imports 4.44E+09 $/y
P2 Korea emergy/$ ratio, used for inflow 1.47E+12 sei/$
12 Money paid for inflow 1.85E+10 $/y
I Total money paid for all Goods & Services 2.29E+10 $/v
X Gross Regional Domestic Product 474E+10 $/y
P Nakdong River Basin emergy/$ ratio 152E+12 sei/$
P+*E1 Exported Goods & Services 1.45E+22 sei/y
El Money paid for exports 954E+09 $/v
P*E2  Outflow of Goods & Services 229E+22 sei/y
E2 Money paid for outflow 151E+10 $/v
E Total money paid for output” 246E+10 $/y
P+E  Total output of Goods & Services 374E+22 seily

1) (E1=954E+09%/yr) + (E2=151E+10%/yr) = 2.46E+10%/yr
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Fig. 6. An aggregated diagram of the Nakdong River
Basin(1996).
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Table 4. Indices using EMERGY for overview of
Nakdong River Basin(1996)

Item Name of Index Expression Quantity  Unit
1 Renewable emergy flow R 244E+21  scifyr
2 indigenous nonrenewable N 209E+21  sej/yr

reserves
3 Flow of imported emergy ~ F+PIxI1+P2#12 6.75E+22  sei/vr
4 Total emergy inflows ReN+F+PIHI1+P2#12  T20E+22  seifvr
5 Total emergy used, U R+N+F+PLHI1+P2#12  T20E+22 seifyr
6 % renew (R/U)*100 339
7 Nonrenewable to renewable NR 086
ratio
8 Fraction emergy use derived (N+R)/U 0.06
from home sources
9 Fraction of use purchased  (F+P1=I1+P2+12)/U 094
10 Use per unit Ufarea) 303E+12 sej/m'/yr
area(2.38E10m™2)
11 Use per capita(6.66E6 pepole) U/(pepole) 108E+16 seifvr/ca
12 Renewable carrying capacity
at present living standard  (R/U)(population) 226E+05 people
13 Developed carrying capacity
at same living standard  8(R/U)(population) L8IE+06  people
14 Emergy Investment (F+P1#11+P2+12)/(R+N) 1490
Ratio(EIR)
15 Emergy Yield Ratio(EYR)  Itemd/Item3 107
16 Environmental Loading F+P1#I1+P2+12+N/R 2852
Ratio(ELR)
17 Sustainability Index(SI) EYR/ELR 0.04
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Table 5. A comparison of Emergy indices of Nakdong
River Basin with other basins

Neme of dex e % N Bodn B
% renew 3.39 0.065 088
Nonrenewable to renewable ratio 086 1149 0.10
EMERGY yield ratio(EYR) 107 251 1204
EMERGY investment ratio(EIR) 1490 049 0.10
2:22%‘{’}“5““’ loading 85 1765 020
Sustainability index(SI) 0.04 0.14 60.20
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