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Abstract — Several emergy researches have been carried out to estimate the value of marine ecosystem services in
Korea over the last decade. Their results cannot be compared mainly due to inconsistency in emergy-money ratios
used to convert emergy unit into monetary unit. This study aimed at providing a standardized format for the
emergy evaluation of the Korean economy and environment for different emergy evaluations to be compatible.
Even though the area of the continental shelf increased in this study compared to those of previous studies, area-
weighted average tidal range for the entire continental shelf of Korea resulted in smaller tidal range, decreasing the
final emergy input from tide. However, emergy inputs from nonrenewable resources and purchased goods and ser-
vices increased with new categorization and use of more detailed data, combined with updated unit emergy values.
This led to higher emergy-money ratio for the Korean economy, indicating that previous emergy valuations might
have overestimated the contributions of marine ecosystem to the real wealth of the Korean society. The base year
for gross domestic product used in the emergy evaluation needs to be clearly indicated due to its impact on the cal-
culation of the emergy-money ratio. A standardized emergy table for the Korean economy will contribute to ensur-
ing consistency among future emergy researches on the valuation of marine ecosystem services.
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$ Wigl® Ojass A4 3 wskeE vt sieRgEiAle] A
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15 =338k 28iM= Al EAL] AAA 714 A

TEAF X3, vheFet A AGE Aol 2ol = sl el A1) ofgtel]
gk =71e] )1 3
71% AR Algolelks SHolA s EEiATE -2 Als]el AlFa)
+ oierst AeiAABI A EIHYEN A7 Alssle AgkE 23he] 7t
A& sty or Frisk B o) Qirt. o|E sk 7] H7k= 3
BiAIL] A&7s o] 8 7INkE TSkl 8%k i
AT} Beaumont et al.[2007] S FBEETHYF o] Algshe A
B A B 2o ohsl ThEEA ARiAX R A B3 e] AEiA B R=
CHEfAl L] Habsl S ARAA R dRiklo] B FA ol E
T QA s, A o83} T HAgel] D= AT HY
o] F4I1A Ath= ol 4+ YEF Frhal TS
UNEP-WCMC[2011 = AeiAlellA dofuh= s} 1zke] 4hel
ofd ks n A=A olalsk] Yg T2 e SR AEH A
A2 77 S0 e, s AIM ] 28] 7R E 7
gok 3h= T8 o2 BFEEAl Telel 2ot A E w
7] Slah e a9) we= AR ] vg Hels Hrbstar gk Al
EiA Be= A7) Ad® AL A7l Al AlEshs e 7}
e o Folald = e ARE AT eke 98 sk He
=3t

SEuetelA] A7 sl EEIAS] 7HXE B7tskE] o] 8%
WS A8 B2 (@S 91, Yoo[2007a]; Yoo[2007b]; Yoo
and Lee[2011]; Kwon ez al.[2013]))2} oA H7PHAE &
Lee and Kang[2008]; Nam et al.[2010]; Kang[2013])°] 3/ t}. 3|
FAENAIZ} AYaket AEjAAR] 20 gt AH|RFe] X E-SJALE: o]
8310 71X 3 7H(receiver-based approach)sl= 7 A|eH4] H7}
Hap G owx] Frpge olef st AejAMu| 27} P = &
e A, 24, Rl Agt o x5S o] 838t 71X 7}
(donor-based approach)E 43 $t}(Odum[1996]). TEEB[2010]>-
A ARG 7R E Hrleks WS AA A% 7IRE 57P
H (preference-based approach)¥} AJ+&2]2] 33 714 (biophysical
approach)©. % 5 v} It a2 Aol 23] Qle
o] H7PHS 19900l FHF =uljell =3 (Lee and Odum([1994])
¥ o] % thefsh okl ALE =T, NFYEANAL B9 Ak
(Son et al[1996]; Eum et al[1996]; Kim et al[2001]; Oh et al[2008]),
70 (Kang[2001]; Kim[2002]; Kang et al.[2006]), SF7-(Lee et al.
[2001]; Song and Je[2004]; Lee and Kang[2008]; Kang[2013]),
QI = A (Nam er al.[2010]; Kang[2010]), BFoFE 2] 2] 3] (Yang
and Kang[2011]) 5= tiido 2 A|2~E Ae)ste] dgox] ek
AeiA ] 3 9 ARSI A A o] & B Bk LF
e A B 2 Bl tfgt 7EX & otk 4-8-E vt Besh

FHol= sllekazti el oA FrhHs 488 flgt =27t
& 3L 9l tH(Nam et al.[2012]; Kang[2014]; Kang and Nam
[2014)).
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mid SEE oA ol AlA ZAL] AT oA ARl
st A7 FeeldA = EeFlUA, AT deluix], 24
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O T AHe) 018 57t A SERT wE 79 AEETE
s ol 8o I = Qs B YEFAE ok, A E
E3beIiE, EA o R EAEE ERTES WA=, Ak
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A5, e 0% sk AR oA RS At

AA ZAE] 2011 A SH]EE AT F WA AR
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58 2H o] (Fig. 22 N=Nj#N)), &|5rollr] =916to] Flah=
Astet &2 (Fig. 20] F)2l Al W2 F=eh AlA] 2319 o]
A B7Rs AT AAE H7F BAR s Wizl el=elA ds
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g, BFA o R % flE £ 3 o] ST =d
A1) A&7 sEHA] & o]4-(Fig. 29] Ny; AA7Fe AFdakee)
)k Aol FEAke 3 4 AekAtel o] o] &(Fig. 29
N)O= Weglth, 2k 0] A9 2011 7% S53E2 98,
HEEGES 158 A AsE EUZ oW R3s Altstal
o}, ejuiztellA] Ak AR ] S AXA] okl =2
HEE 9= 0% $E3 FEARel E3HE o AR (Fig. 29] N,)&
et A eflA] AR AlelA AlLlalgitt. elsreld
ete] Fhshs Akl &9 (F)Q] A9 117K TR 72519
om, 7 MFHR AP FEEE] A AR F o]5S o

Table 1. Emergy evaluation of the global economy in 2011
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tol 2t 58] F oA =E it lUAsARE A5 E
o] g-gt ofuf#] FQl5Fo]£]e] B > UN Comtrade®] AF&
(SITC rev.19] 45F$] 77)5 o231tk

Seuet AA9) ow#] Frhse] E3hE LA F 7] B
= 59, 7, 94, AR T U] A7 FselluA el Z1RksE
AAE] oA} 9]0 F FEShE Alske} 8919 omR|go]
o} =9] 2] A YT FLS Yoz 11709 2o E
ol ou A S AtelGitt. o] F 7] Mg fEvet AA7E
A d Fet o] &3t FolmH|Fe] Aiteli= o] 83514 $AIRE, $-2]
it A2 5A3S g7k Tkl o] #]5=2] Alel| o] gct.

-2zt AA12) 2011 715 WA SR &S AxFsH=d] AL
£ FU A E)S 1.33x10" Wyr (1.20x10' $/yr)e] ek
(BOK[2014]). 71& 1772005 7157)9} 2] o] A7ellx] ARE-sh
FUREEAIARS 201038 75502 St Ak, dhr2e2 2014
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3.1 MIAI BHA2] 2011 of|HX] I}

AlA ZBAI7E 2011 ARSSF F AT 1.64x10% sej/yre]
UTH(Table 1). |5 WFEE AR sPAge} FEaked 5 A
AE7FSAFAWN el 2238 ol x|5o] 1.47x10% sejlyr= 71
o=t WA ol x) ARgRRe] 89.7%¢l SldEtth(Fig. 1). AAY7F
SHARYZE Fa st WA= AA WA AREC] 9.7%
(1.58%10% sej/ynNR o™, AAW7Fs AARHE 2] THA(N)E 531
FFE NHAE= 0.6%(9.83x10% sej/yr)el B33tk AW
oA e] - AT dellUA7E 358t elmAo] 50.9%%
71 worew, A7 s AFAARES] Thae AR (50.5%), A

™

No Item Inflow Unit Emergy Value(UEV)* UEV Source® Solar Emergy (sej/yr)
Renewable inputs
1 Sunlight 3.94x10% J/yr 1 sej/) 1 3.94x10%
2 Deep earth heat 6.72x10% J/yr 1.20x10* sej/J 1 8.06x10*
3 Tidal energy 5.20x10" J/yr 7.39x10* sej/J 1 3.84x10*
Slowly renewable inputs
4 Soil 2.05%10" J/yr 1.23x10* sej/J 2 2.52x10%
5 Forest biomass 1.30x10" J/yr 3.83x10* sej/J 3 4.96x10%
6 Peat 5.85x10" J/yr 3.19x10* sej/J 4 1.87x10%
7 Fisheries 2.57x10" J/yr 8.40x10° sej/J 5 2.16x10%
Nonrenewable inputs
8 Coal 1.52x10% J/yr varies sej/J 2 1.47x10%
9 Crude oil 1.63x10% J/yr 1.54x10° sej/J 2 2.51x10%
10 Natural gas 1.16x10% J/yr 1.78x10° sej/J 2 2.07x10%
11 Metals 3.36x10" g/yr varies sej/g 6 3.23x10%
12 Nonmetallic minerals 5.88x10" g/yr varies sej/g 6 5.40x10%

a) All unit emergy values were adjusted to the global renewable emergy baseline of 15.83x10* sej/yr.
b) UEV sources: 1) Odum et al.[2000a], 2) Brown and Ulgiati[2011a], 3) Sweeney et al.[2007], 4) Odum[1996], 5) Brown et al.[1993],

6) Cohen et al.[2007]
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Fig. 1. Summary diagram for the emergy evaluation of the global
economy in 2011. R=renewable inputs, N,=slowly renewable inputs
(nonrenewable use of renewable natural capital), N,=nonrenewable
inputs (fossil fuels and minerals), GWP=gross world product, and
Info.=information.
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9+ Brown and Ulgiati[2011b]¢] 7% R, N,, N;°] 2R 8H= H]&
o] 717t 14%, 2%, 84%%= ©] A7-2] A7} =jo]7} Qltt. o= |
W2 F7tel| AFE-sh FEAY A AFRL Apole] 7]Q1gitt.
Brown and Ulgiati[2011b]2] ¢ AYE AL S E3 354
oAHA|F Aol 5 T572 B5FE@FE, 78, . E, okt
2 TR0 HIEEEE A 3], QIARE o] 88itt. o] ATtelA=
3059 253 3159 leSEE A ARE H7lel o &
3l3Ac). E3] A413)1412] 73$- Brown and Ulgiati[2011bF= A13](lime) A}
2l A7 S o] 83 whd, o] Aol =7hd M3 A B
Alel e A5 E o] &3te] F st 454 AakdS o] g8l
Brown and Ulgiati[2011b]7} ©]&-st 413] Ak A57} A]3]4 0]
Fo AR AHE ABaEE2008'd 7)F 28.591%, USGS[2011])
Hrh A2 Ao, A3] gako| ol FA) T o2k A5]4E o4
W= & 183 u] Brown and Ulgiati[2011b]= 4
3|Ao] AlA 7 Aol Faeh A a7 210 % Ykt
o] ATl Aket A &]49] o x] 7]ofE(5.05% 10 sej/yrye A
A v]FEEE ol A ] t(93.5%)= 2SR

Table 10114 AAFSE o] w2 9%} GWPE o] &-3te] ALt
2011 AMAl ZAQ] oA H]E-2 2.26x10' sej/$SATF. A7
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3.2 22|L2t ZH2] 20114 oMK =}

Syt AA7E 2011900 ARESE F AR 5.82x10% sej/
yriZ HYEFGTH(Table 2). 2J50llA =538t Ajstel 8912 ofw=]=
(Fig. 29] F| 2] AR 82.9%(4.82x10% sej/yn)e. 71 Wkt 31
AATT} Fast ollm|=go] AA] 5797 22 39.2%(1.89x10%
sej/yniE 7P Eworom, o) 9o E SE5F(EE 3 24.8%, AH]
2 24.6%2 o7 wUolt) AR, FEF(FE L3, A~
7} A 9 oA 88.6%= *FAISISITE

UR-2] AAE7Fss A o]-(Fig. 22 NgtN)S 538l 3345
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At 2011 HIFE3ES] RS Bl % ollmRH(8.43x10%
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thH-(98.2%) S XFA1513AT

A7 FsollUA (Fig. 22] Ry7F S-2lvet AAe] & oA A
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A7Fse AR 7F Seluet AAl S5 ol MRk S A
@EFeteldA)e} st A= 9] oA &s tE ghld], =
AR 7F A7 sl A1 2] 81.7%(1.11x10% sej/yr)= thF--&
2SR 2011 AlA] ZAS] oA A7k A A7 Fsell
A7} ZA SR HIE(9.7%)°ll vl8l -2luet AA12] ATk o=
AREEOlA] A7 Fs A 7E AFASR= HlEo] of= Akt o]
71211 el f-elvete] A|&7Fs/do] AL A%7ts
el vlsl #A8] Wrks Z1E ow|sitt,
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Fig. 2. Summary diagram for the emergy evaluation of the Korean
economy in 2011. R=renewable inputs, N=nonrenewable use of renew-
able natural capital, N,=use of nonrenewable resources (fossil fuels
and minerals), N,=nonrenewable resources exported without use,
Fi=imported fuels and minerals, Gi=imported goods, P,I=imported
services, [=money paid for imports, F=sum of purchased inputs (Fi+
Gi+P,I), Fe=exported fuels and minerals, Ge=exported goods, P,E
=exported services, E=money paid for exports, GDP=gross domestic prod-
uct, P,=Korean emergy-money ratio, and P,=world emergy-money ratio.
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Table 2. Emergy evaluation of the Korean economy in 2011

No Item Flows Unit Emergy Value (UEV)’ UEV Source® Emergy (sej/yr) Emvalue (Em$/yr)
Renewable inputs
1 Sun 1.50x10% Jyr 1 sej/) 1 1.50x10% 3.11x10®
2 Wind 2.06x10" Jyr 2.45x10° sej/) 1 5.05x10% 1.05x108
3 Total water see notes  J/yr varies sej/] 1 2.48%10% 5.13x10°
4 Wave 3.15x10" J/yr 5.10x10* sej/) 1 1.60x10%* 3.32x10°
5 Deep heat 1.89x10" J/yr 5.76x10* sej/) 2 1.09x10%* 2.26x10°
6 Tide 1.50x10" J/yr 7.39x10* sej/) 1 1.11x10% 2.30%x10"
Internal transformations (Economic)
7 Agricultural production 1.41x10"7  J/yr varies sej/l multiple 2.47x10% 5.10x10°
8  Livestock production 2.90x10'  J/yr varies sej/l multiple 9.51x10% 1.97x10"
Fisheries production 7.14x10"  J/yr  8.40x10° sej/l 3 6.00x10% 1.24x10"
10 Fuelwood production 1.52x10'  J/yr  2.26x10* sej/l multiple 3.43x10% 7.09x10’
11 Industrial roundwood production ~ 2.21x10'®  J/yr varies sej/l multiple 9.89x10% 2.04x10°
12 Water extraction 1.34x10"7  J/yr varies sej/J multiple 1.41x10% 2.91x10°
13 Hydroelectricity production 2.82x10'  J/yr 2.77%10° sej/l 4 7.81x10* 1.62x10°
14 Total electricity use 1.73x10"® Jyr 2.86x10° sej/) 4 4.96x10% 1.03x10"
Indigenous nonrenewable extraction
15 Forestry - Jiyr 3.83x10* sej/] multiple - -
16  Fisheries 5.34x10"  J/yr 8.40x10° sej/J 3 4.49x10% 9.28x108
17  Water 1.67x10'  J/yr 8.14x10* sej/] 1 1.36x10% 2.81x108
18  Topsoil loss 3.83x10" Jyr 1.23x10* sej/) 5 4.72x10% 9.75%107
19  Coal production 4.01x10' Jyr 1.01x10° sej/) 6 4.05x10% 8.38x108
20 Metallic minerals 7.30x10"  g/yr varies sej/g 7 6.32x10* 1.31x10°
21  Nonmetallic minerals 9.49x10°  gfyr varies sej/g 7 8.43x10% 1.74x10"
Imports
22 Fuels 1.18x10"  J/yr varies sej/] 6 1.89x10%* 3.91x10"
23 Metals 1.11x10"  g/yr varies sej/g 7 1.20x10%* 2.47x10"
24  Nonmetallic minerals 1.66x10"  g/yr varies sej/g 7 4.46x10%* 9.23x10°
25 Food & agricultural products 3.88x10"7  J/yr varies sej/] 7 5.88x10% 1.22x10"
26 Livestock, meat, fish 2.39x10"  J/yr varies sej/] 7 6.87x10%* 1.42x10'
27  Plastics & synthetic rubber 2.03x10"  g/yr varies sej/g 7 2.84x10% 5.88x10°
28  Chemicals notes mixed varies mixed 7 7.65x10% 1.58x10"
29  Finished products notes mixed varies mixed 7 5.79x10% 1.20x10"
30 Machinery & transp. equipments ~ 5.98x10"  g/yr varies sej/g 7 1.33x10% 2.74x10"
31  Other refined goods 3.64x10"  $/yr  2.26x10" sej/$ 8 8.23x10% 1.70x10"
32 Service in imports 5.24x10"  $/yr  2.26x10" sej/$ 8 1.18x10* 2.45x10"
Exports
33  Fuels 2.24x10"  J/yr varies sej/l 6 4.22x10% 8.72x10"
34  Metals 3.42x10%  gfyr varies sejl/g 7 6.28x10% 1.30x10"
35 Nonmetallic minerals 1.19x10%  gfyr varies sejl/g 7 3.77x10% 7.80x10°
36 Food & agricultural products 2.22x10"  J/yr varies sej/] 7 2.90x10% 6.00x108
37 Livestock, meat, fish 2.01x10"  J/yr varies sej/] 7 1.75x10% 3.62x10°
38 Plastics & synthetic rubber 1.38x10"%  g/yr varies sej/g 7 1.78x10% 3.68x10"
39 Chemicals notes mixed varies mixed 7 1.15x10% 2.37x10"
40  Finished products notes mixed varies mixed 7 4.92x10% 1.02x10"
41 Machinery & transp. equipments ~ 3.27x10"  g/yr varies sej/g 7 7.26x10% 1.50x10"
42 Other refined goods 4.79x10"°  $/yr  4.84x10" sej/$ 8 2.32x10% 4.79%x10'
43 Service in exports 5.55x10"  $/yr  4.84x10" sej/$ 8 2.68x10%* 5.55x10"
44 Tourism 125%100 Sy 4.84x107  sej/$ 8 6.03x10% 1.25%10"

a) All unit emergy values were adjusted to the total global renewable emergy baseline of 15.83x10%* sej/yr.
b) UEV sources: 1) Odum ef al.[2000a], 2) Odum[2000], 3) Brown et al.[1993], 4) Odum[1996], 5) Brown and Ulgiati[2011a], 6) Brown
et al.[2011], 7) Cohen et al.[2007], 8) this study
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Table 3. Reassessment of the value of environmental inputs to Woosedo
calculated in Nam et a/.[2010]

Nam et al. (2010)
3.17x10* em$/yr
4.94x10° em$/yr
4.97x10° em$/yr

Items Reassessed in this study
2.28x10* em$/yr
3.56x10° em$/yr

3.58x10° em$/yr

Land sources
Marine sources
Total

Table 4. Reassessment of the value of selected ecosystem services
provided by Youngsan River estuary calculated in Kang[2013]
Kang(2013)
1.01x10" em¥W/yr
3.26x10" emW/yr
1.80x10" em¥/yr
9.34x10° emW/yr

Ecosystem services Reassessed in this study
1.13x10" emW/yr
3.63x10" emW/yr
2.00x10" em¥W/yr

1.04x10° emW/yr

Fishery production
Pollutant removal
Aesthetic service
Scientific research
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Appendix 1. Notes to Table 1

1. Sunlight
Solar constant = 2 cal/cm*/min
Absorbed = 0.7
Area facing the sun = 1.28x10" m?
Energy = Solar constantx(1000 cm*m?)x(525600 min/yr)x
AbsorbedxAreax(4.186 J/cal) = 3.94x10* J/yr
2. Deep earth heat
Energy = 6.72x10% J/yr (Sclater et al.[1980])
3. Tidal energy
Energy = 5.20x10" J/yr (Miller[1966])
4. Soil erosion
Global erosion = 3.50x10'¢ g/yr (Quinton et al.[2010])
Energy = Massx(1.4% C)x(10 kcal/gC)x(4,186 J/kcal)
=2.05x10" J/yr
5. Forest biomass
Forest loss = 5.58x10° ha/yr (FAO[2010])
Biomass = 148.8 MT/ha (FAO[2010])
Energy content = 1.56x10'° J/MT (IPCC[2006])
Energy = Forest lossxBiomassxEnergy content = 1.30x10' J/yr
6. Peat
Production = 2.71x10” MT/yr (USGS[2011])
Energy = Productionx(1x10° g/MT)x(2.16x10* J/g)
= 5.85x10" J/yr
7. Fisheries
Fishery loss = 9.88x10° MT/yr (FAOSTAT-Fishery & FAQ[2011])
Energy = Lossx(2,600 J/g)x(1x10° g/MT) = 2.57x10'¢ J/yr
8. Coal
Hard coal
Consumption = 1.30x10% J/yr (IEA[2014])
Hard coal UEV = 1.01x10° sej/J (Brown et al.[2011])
Empower = 1.31x10% sej/yr
Soft coal
Consumption = 2.20x10" J/yr (IEA[2014])
Soft coal UEV = 6.90x10* sej/J (Brown et al.[2011])
Empower = 1.52x10* sej/yr
Total Empower = 1.47x10% sej/yr
9. Crude oil
Consumption = 1.63x10% J/yr (IEA[2014])
10. Natural gas
Consumption = 1.16x10% J/yr (IEA[2014])
11. Metallic minerals
Production = 3.36x10° MT/yr (Kelly and Matos[2013];
BGS[2014]; national data)
Empower = 3.23x10% sej/yr (sum of emergy for 30 minerals)

12. Industrial minerals

Production = 5.88x10° MT/yr (Kelly and Matos[2013]; BGS[2014];
national data)

Empower = 5.40x10% sej/yr (sum of emergy for 31 minerals)

Appendix 2. Notes to Table 2

. Sun

Land area = 1.00x10'" m? (Statistics Korea[2012])
Albedo, land = 0.2

Continental shelf area = 2.45x10" m?

Albedo, sea = 0.1

Insolation = 5.00x10° J/m¥yr (KMA[2011])

Energy = AreaxInsolationx(1-Albedo) = 1.50x10*' J/yr

2. Wind

Area = 1.00x10" m’

Average wind speed = 2.3 m/s (KMA[2011])

Geostrophic wind = Average wind speedx(10/6) = 3.76 m/s
Energy = (1.23 kg/m?*)x0.001x(Geostrophic wind)®
x(3.1536x107 sec/yr)xArea = 2.06x10"7 J/yr

3. Total water

Total Emergy = 2.48x10% sej/yr
Rain, chemical potential (land)
Rain = 1.645 m/yr (KMA[2011])
Energy = Land areaxRainx(1000 kg/m*)x(4,940 J/kg)
= 8.14x10" J/yr
UEV = 3.05x10* sej/J (Odum et al.[2000])
Emergy = 2.48x10% sej/yr
Rain, chemical potential (shelf)
Rain = 1.645 m/yr (assumed land rainfall)
Energy = Shelf areaxRainx(1000 kg/m*)x(4,940 J/kg)
= 1.99x10"® J/yr
UEV = 1.25x10* sej/J (Odum[1996])
Emergy = 2.48x10% sej/yr
AET (land), chemical potential
Evapotranspiration ratio = 0.42 (MLTM[2011])
Energy = Land areaxRainxEvapotrans. ratiox(1,000 kg/m?)
x(4,940 J/kg) = 3.42x10"7 J/yr
UEV = 3.05x10* sej/J (Odum et al.[2000])
Emergy = 1.04x10% sej/yr
Runoft, chemical potential
Runoff ratio = 0.58 (MLTM[2011])
Energy = Land areaxRainfallxRunoff ratiox(1,000 kg/m®)
x(4,940 J/kg) = 4.72x10"7 J/yr
UEV = 8.08x10* sej/J (Odum et al.[2000a])
Emergy = 3.81x10% sej/yr
Runoff, geopotential

Average elevation = 254.25 m (MLIT, www.wamis.go.kr)
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Runoff = 0.58 (MLTM[2011])
Energy = Land areaxRainfallxRunoff(1,000 kg/m’)xAvg, elevation
x(9.8 m/s?) = 2.38x10"7 J/yr
UEV = 4.66x10* sej/J (Odum et al.[2000a])
Emergy = 1.11x10% sej/yr
4. Wave
Wave energy potential = 9978 MW (Ryu et al.[2011])
Total energy = Wave energy potentialx(1x10° J/sec/MW)x
(31536000 sec/yr) = 3.15x10"7 J/yr
5. Deep heat
Heat flow = 60 mW/m? (Kim and Lee[2007))
Energy = Land areaxHeat flowx(0.001 W/mW)x(31536000 sec/yr)
= 1.89x10" J/yr
6. Tide
Continental shelf area = 2.45x10" m?
Average tidal range = 1.86 m (KHOA[2012])
Energy = (DensityxAreaxTidal range)x(9.8 m/s*)x(0.5xTidal range)
x(706 cycles/yr)x0.5 = 1.50x10' J/yr
7. Agricultural Production
Production = 2.16x10” MT/yr (FAOSTAT-Agriculture, faostat.fao.org)
Energy = 1.41x10" J/yr (sum of 65 agricultural products)
Emergy = 2.47x10% sej/yr (sum of emergy for 65 agricultural products)
8. Livestock Production
Production = 4.38x10° MT/yr (FAOSTAT-Agriculture, faostat.fao.org)
Energy = 2.90x10' J/yr (sum of 19 livestock products)
Emergy = 9.51x10% sej/yr (sum of emergy for 19 livestock products)
9. Fisheries Production
Production = 2.75x10° MT/yr (Statistics Korea[2012])
Energy = Productionx(1x10° g/MT)x(2,600 J/g) = 7.14x10" J/yr
10. Fuelwood Production
Production = 2.48x10° m*/yr (FAOSTAT-Forestry, faostat.fao.org)
Energy = Productionx(6.0x10° g/m*)x(10,200 J/g) = 1.52x10' J/yr
11. Industrial Roundwood Production
Coniferous = 2.37x10° m’*/yr (FAOSTAT-Forestry, faostat.fao.org)
Energy = Productionx(5.6x10° g/m®)x(10,400 J/g) = 1.38x10'¢ J/yr
UEV = 1.60x10* sej/J (Doherty et al.[2002])
Emergy = 2.20x10% sej/yr
Non-coniferous = 1.31x10° m*/yr (FAOSTAT-Forestry, faostat.fao.org)
Energy = Productionx(6.4x10° g/m’)x(10,000 J/g) = 8.35x10" Jjyr
UEV = 9.20x10* sej/J (Odum et al.[2000b])
Emergy = 7.68x10% sej/yr
Total energy = 2.21x10' J/yr
Total emergy = 9.89x10% sej/yr
12. Water Extraction
Surface water = 2.34x10" m*/yr (MLIT, www.wamis.go.kr)
Energy = Water extractionx(1000 kg/m?)x(4,920 J/kg)
= 1.15x10" J/yr

UEV = 8.14x10* sej/J (Odum et al.[2000a])
Emergy = 9.36x10?' sej/yr
Groundwater = 3.91x10° m*/yr (MLTM and Kwater[2012])
Energy = Water extractionx(1000 kg/m*)x(4,940 Jkg) = 1.93x10'® J/yr
UEV = 2.45x10° sej/J (Buenfil[20017)
Emergy = 4.72x10*' sej/yr
Total energy = 1.34x10"7 J/yr
Total emergy = 1.41x10% sej/yr
13. Hydroelectricity
Production = 7,831 GWh/yr (KEPCO[2012])
Energy = Productionx(3.6x10" J/GWh) = 2.82x10' J/yr
14. Total Electricity Use
Consumption = 481,474 GWh/yr (KEPCO[2012])
Energy = Consumptionx(3.6x10" J/GWh) = 1.73x10"® J/yr
15. Forestry
Nonrenewable extraction = 0 MT/yr (extraction over the annual
stock increase)
Energy = 0 J/yr
16. Fisheries
Adjacent waters fishery production = 1.24x10° MT/yr (Statistics
Korea[2012])
Maximum sustainable yield = 1.03x10° MT (Pyo[2006])
Nonrenewable extraction = Adjacent waters fishery production
- Maximum sustainable yield = 2.05x10° MT/yr
Energy = Nonrenewable extractionx(1x10° g/MT)*(2600 J/g)
= 5.34x10" J/yr
17. Water
Total annual water resource = Annual rainfallxLand area
= 1.65x10" m’/yr
Total renewable water = Total annual water resourcexRunoff ratio
=9.56x10" m’/yr
Total water use = 2.73x10"° m*/yr (MLIT, www.wamis.go.kr)
Nonrenewable use = Use in excess of 25% of the total renewable
water = 3.38x10° m*/yr
Energy = Nonrenewable usex(1000 kg/m?*)x(4,940 J/kg)
= 1.67x10'" J/yr
18. Topsoil loss
Rice paddies = 1.18x10° ha (Statistics Korea[2012])
Erosion rate = 1.0 MT/ha/yr (NIAST[2005])
Organic matter = 2.43% (NAAS[2009])
Dry paddies = 7.80x10° ha (Statistics Korea[2012])
Erosion rate = 37.7 MT/ha/yr (NIAST[2005))
Organic matter = 2.17% (NAAS[2009])
Forest = 6.43x10° ha (Statistics Korea[2012])
Erosion rate = 3.5 MT/ha/yr (NIAST[2005])
Organic matter = 4.49% (Jeong et al.[2002])
Orchard = 5.99x10* ha (Statistics Korea[2012])
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Erosion rate = 11.1 MT/ha/yr (NIAST[2005])
Organic matter = 2.70% (NAAS[2009])
Annual soil erosion = 5.38x10” MT/yr
Organic matter loss = 1.70x10° MT/yr
Energy = Organic matter lossx(1x10° g/MT)x(5.4 kcal/g)x
(4,186 J/kcal) = 3.83x10' J/yr
Coal production
Anthracite production = 2.08x10° MT (MKE and KEEI[2012])
Energy = Productionx(1.93x10" J/MT) = 4.01x10'° J/yr
Metallic minerals
Production = 7.30x10" g/yr (MKE and KIGAM[2012))
Emergy = 6.32x10?' sej/yr
Nonmetallic minerals
Production = 9.49x10" g/yr (MKE and KIGAM[2012])
Emergy = 8.43x10% sej/yr
Fuels
Total energy = 1.18x10" J/yr
Total emergy = 1.89x10* sej/yr
Coal, hard coal
Anthracite = 8.82x10° MT/yr (MKE and KEEI[2012])
Energy = Importsx(2.68x10' J/MT) = 2.36x10"7 J/yr
Bituminous
Fuel = 9.00x10" MT/yr (MKE and KEEI[2012])
Energy = Importsx(2.49x10'° J/MT) = 2.24x10'® J/yr
Raw material = 2.62x10” MT/yr (MKE and KEEI[2012])
Energy = Importsx(2.83x10'° J/MT) = 7.39x10"" J/yr
UEV = 1.37x10° sej/] (Brown et al.[2011])
Emergy = 4.41x10% sej/yr
Coal, soft coal
Imports = 4.78x10° MT/yr (MKE and KEEI[2012])
Energy = Importsx(2.09x10' J/MT) = 1.00x10" J/yr
UEV = 1.16¥10° sej/J (Brown et al.[2011])
Emergy = 1.16x10% sej/yr
Oil, crude
Imports = 9.27x10% bbl/yr (MKE and KEEI[2012])
Energy = Importsx(5.77x10° J/bbl) = 5.35x10'® J/yr
UEV = 1.62x10° sej/J (Brown et al.[2011])
Emergy = 8.66x10% sej/yr
Petroleum products
Imports = 2.79x10° bbl/yr (MKE and KEEI[2012])
Energy = 1.33x10'® J/yr (sum of 8 petroleum products)
Emergy = 2.39x10” sej/yr (sum of emergy for 8 petroleum products)
Natural gas
Tmports = 3.67x10" MT/yr (MKE and KEEI[2012])
Energy = Importsx(4.92x10' J/MT) = 1.80x10'® J/yr
UEV = 1.85x10° sej/J (Brown et al.[2011])
Emergy = 3.34x10% sej/yr
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Metals

Imports = 1.11x10™ g/yr (UN Comtrade,
Nonmetallic minerals

Imports = 1.66x10" g/yr (UN Comtrade,
Food and agricultural products

Imports = 2.93x10" g/yr (UN Comtrade,
Energy = 3.88x10"7 J/yr

Livestock, meat, fish

Imports = 2.83x10" g/yr (UN Comtrade,
Energy = 2.39x10' J/yr

Plastics and synthetic rubber

Imports = 2.03x10" g/yr (UN Comtrade,
Chemicals

Imports = 1.82x10" g/yr (UN Comtrade,
Finished products

Imports = 1.49x10" g/yr (UN Comtrade,
Machinery, transportation equipments
Imports = 5.98x10" g/yr (UN Comtrade,
Other refined goods

Imports = 3.64x10' $/yr (UN Comtrade,
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comtrade.un.org)

comtrade.un.org)

comtrade.un.org)

comtrade.un.org)

comtrade.un.org)

comtrade.un.org)

comtrade.un.org)

comtrade.un.org)

comtrade.un.org)

Service in imports = 5.24x10"" $/yr (Statistics Korea, kosis.kr)

Fuels

Petroleum products = 4.08x10° bbl/yr (MKE and KEEI[2012])
Energy = 2.24x10" J/yr (sum of 12 petroleum products)
Emergy = 4.22x107 sej/yr (sum of emergy for 12 petroleum products)

Metals

Exports = 3.42x10" g/yr (UN Comtrade,
Nonmetallic minerals

Exports = 1.19x10" g/yr (UN Comtrade,
Food and agricultural products

Exports = 2.55x10" g/yr (UN Comtrade,
Energy = 2.22x10' J/yr

Livestock, meat, fish

Exports = 6.33x10" g/yr (UN Comtrade,
Energy = 2.01x10" J/yr

Plastics and synthetic rubber

Exports = 1.38x10" g/yr (UN Comtrade,
Chemicals

Exports = 2.44x10" g/yr (UN Comtrade,
Finished products

Exports = 6.35x10" g/yr (UN Comtrade,
Machinery, transportation equipments
Exports = 3.27x10" g/yr (UN Comtrade,

comtrade.un.org)

comtrade.un.org)

comtrade.un.org)

comtrade.un.org)

comtrade.un.org)

comtrade.un.org)

comtrade.un.org)

comtrade.un.org)

Other refined goods (UN Comtrade, comtrade.un.org)

Exports = 4.79x10'° $/yr

Service in exports = 5.55x10" $/yr (Statistics Korea, kosis.kr)

Tourism = 1.25x10" $/yr (BOK[2014])
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