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Environmental Accounting of the Total Maximum Daily Loads

Program in the Nakdong River Basin

Jin Lee KIM

Department of Environmental Engineering, Graduate School, Pukyong National University,

Abstract

In present day, there is limited to accomplish environmental standards in
the river by the concentration regulation of water quality, due to the high
population growth, crowding and densely located industrial facilities on
the middle and downstream area of Nakdong river.

It is difficult to control increasing pollution load by only the
concentration regulation of water ‘quality focused on the standard of
discharge permission. Therefore, the government should regulate the
increase of pollution load by introduce Total Maximum Daily Loads(TMDL)
Program to control pollutant load.

Under this background, this study was carried out environmental
accounting of the Total Maximum Daily Loads(TMDL) Program in the

Nakdong river basin by emergy analysis which was evaluated both natural



environment and human economic activity from the same measure.

To evaluate the contribution for the economic systems and the essential
value in the Nakdong river basin, this study is estimated by the emergy
analysis prior to environmental accounting for the TMDL. Environmental
accounting for TMDL is evaluated to separate the condition before and
after TMDL program.

This study discussed for the improvement countermeasure of TMDL is as
below:

First, emergy analysis of Nakdong river basin was carried out, the
emergy input of whole Nakdong river basin was calculated 1.55E+23
sej/yr, and Emergy Yield Ratio and Emergy Investment Ratio were 1.06
and 17.50. In this result, it-showed the local production contributes the
main economy in Nakdong river basin and the area in Nakdong river
basin has high environmental pressure. Emergy Sustainability Index was
0.03 which means sustainable development ability in this area is a little
low.

Second, emergy from the outside of goods and services after introduced
with TMDL was calculated 7.90 E+20 sej/yr. Although river’s real yield
value after investment was still high(before : 9.7118E+20 sej/yr and after :
9.7224E+20 sej/yr) the real improvement effect is not great compared with
the investment cost. Environmental Accounting result after TMDL shows us
a decrease on benefit/cost ratio from 1.493 to 1.230 due to the cost on

treatment facilities.

_Xi_



Third, the input emergy of advanced treatment plant for N and P
reduction by 1kg of N and P reduction were estimated 4.14E+14 sej,
5.02E+15 sej, and the imput emergy of wetland for the 1lkg of N and P
reduction were estimated 2.48E+14 sej, 3.38E+15 sej, respectively. To reduce
1kg of N and P, it costs 197,466 and 2,388,739 won by advanced treatment
plant and 117,976 and 1,609,213 won by constructing artificial wetland.

Fourth, In the case of wetland for reduction of non-point source, the
share of renewable source showed 100%. According to the result of emergy
analysis for the natural wetland, river was highest in the renewable
resources by 2.92 E+19 sej /yr, and waterfowls was highest in the storages
by 3.37 E+19 sej/yr. If we make efforts to use natural wetland with
abundant natural resource or construct wetland for reduction facilities of
non point source, the wetland will not provide only the effect of reduction
of non point pollution source, but also flood control ability and habitat of
animals or plants.

In conclusion, it is necessary that ecological treatment facilities to use
efficiently environmental resource with spending few cost of investment
and management is suggested to the Total Maximum Daily Loads(TMDL)
Program. If the structure of water management depending on expansion of
the waste water treatment facilities to use high environmental cost should
alternate with the efficient natural formation that is supported by the
renewable source in the region, the system and water resource of Nakdong

river basin will develop and be sustainable use of this structure.
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Table 2.1. Water quality standard of each boundary between metropolitans cities
and provinces

Water
ualit
Name of reach Point q Y
standard
(unit : mg/L)

Nakdong river main stream A Bourfdary. of Gangwon province aer Kyeongsangbuk 15
province in the Nakdong river main stream
B f K k i D

Nakdong river main stream F oundar)'r © 'yec).ngsangbu provm.ce and' acgu 20
metropolitan city in the Nakdong river main stream

Gumho river stream B Boundar)lr of K‘yeo.ngsangbuk province and Daegu 24
metropolitan city in the Gumho. river stream
B f D li i

Gumho river stream C oundary of Daegu r'netro.po itan city and. 40
Kyeongsangbuk province in the Gumho river stream
Boundary of Daegu metropolitan city and

Nakdong river main stream G Kyeongsangnam province in the Nakdong river main 29
stream

Hyoichen stream A Boundary of Kyeongs.angb%lk province. and 15
Kyeongsangnam province in the Hyoichen stream

Miryang river stream A Boundary of Kyeongs.angbl'lk provir'lce and. 14
Kyeongsangnam province in_the Miryang river
B f K k i B

Nakdong river main stream L oundary of Kyeongsangbuk province and Busan a1

metropolitan city in the Nakdong river main stream

*) Ministry of Environment’s announcement, 2003-156.



Fig. 2.1. TDML station of the Nakdong river basin(Ministry of Environment’s
announcement, 2002-163).
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Table 2.2. Final discharge of BOD in the Nakdong river basin

(Unit : BOD kg/day)

Final discharge (2010year)
City Exisisted Point source Non point source
discharge | 4] - Dovdl
Sum | Natural cvelop- Sum | Natural cvelop-
ment plan ment plan
Gangwon 1887 | 2894 | 1437 | 1,069 368 1457 | 772 685
province
Kyeongsangbuk | 19 701 | 204463 | 77347 | 71361 598  |127116| 123,328 | 3,788
provmce
Daegu
metropolitan | 46912 | 46427 | 24492 | 23521 971 21,935 | 20,724 1,211
city
Kyeongsangnam | 15 104 | 139341 | 57.746 | 48,820 8926 | 81,595 | 75232 6,363
provmce
Busan
metropolitan | 10527 | 11,682 |.8175 | 3175 0 8,507 | 8507 0
city
Total 351,544 | 404,807 | 164,197 | 147,946 | 16251 | 240,610| 228,563 | 12,047

*) Result of TMDL master plan of each metropolitan city and province

, B BEE, BA - A9 293 HdE VE2AY &1
A7 20109 @FHEFS AHRE FAdE7F 2,118ke/ Y, BAEE 196,933ke/d, W

RN 40475ke/ L, AHHE 127,656ke/ L, FAF DA 11,431ke/ D o ek,



Table 2.3. Load allocation of the Nakdong river basin in 2010

(Unit : BOD kg/day)

Load allocation .
. Margin of
City Total fot
Sum Point source |Non Point source sarety
Gangwon 2,118 1,906 969 937 212
Province
Kyeongsangbuk
. 196,933 177,240 64,742 112,498 19,693
provmce
Daegu
Metropolitan 40,475 36,427 17,153 19,274 4,048
City
Kyeongsangnam| 1,7 ¢5¢ 114,888 42,113 72,775 12,768
province
Busan
Metropolitan 11,431 10,288 2,857 7,431 1,143
City
Total 378,613 340,749 127,834 212,915 37,864

*) Result of TMDL master plan of each metropolitan city and province

GEPSA APRHFE TFRFFS Frak) AN Ae Foz HE(d

9y ME PSR GIR el Aol gholM AW AR FS Table 249 Lk,

g BE, B O FRGAE 0 GFFRe NEAY 5
Q_]ﬂ

N REESs AHEWE ZYE7 988kg/ Y, AAEE 27,223kg/d, tTF A
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Table 2.4. Load reduction of the Nakdong river basin

(Unit : BOD kg/day)

City Sum Point source.. |Non point soutce| Margin of safety
G
angwon 988 363 413 212
province
Kyeongsangbuk
. 27,223 5415 2,115 19,693
province
Daegu
, , 10,000 5433 519 4,048
metropolitan city
Kyeongsangnam
yeongsangn 24,453 10,957 728 12,768
province
Busan
. ) 1,394 0 251 1,143
metropolitan city
Total 64,058 22,168 4,026 37,864

*) Result of TMDL master program of each metropolitan city and province
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Table 2.5. Load allocation of the Nakdong river basin

(Unit : BOD kg/day)

Reduction plan . Local develop Load allocation
B Pl | Load Baus
discharge | allocation Devdop _0aco
Gity Basin load™ | gy mcillgﬂ on Natural 10adg Sum | Natural —g}:ﬁt Bxcess | final year
B C E e F
Ay | 2 b (AB) Dolpo|l ¢ | 4 || (BB
SeongiuINNF | 4985 574 413 161 4411 4985 | 574 67 | 161 | 346 4,985

gun

Q_“é{%g’k NM F | 4457 472 | 400 | 71| 3985 | 44% |471 | 18 | 285 | 1| 44%

Gimchenrsi [N.M. F 116 9 6 3 106 15 | O 2 2 45 155
Daegu-si (IN.M. F 100 9 9 - 9 91 - - - - 9
Sangju-si EgnuggA 7,536| 1,130 869 261 6,406 7272 | 866 521 | 123 | 222 7,272
Andong-si |Wichen B 5 - - - 5 5 - - - - 5
Sangju-si (Wichen B 36 2 2 34 39 5 5 39

Uif;g?g Wichen B | 6480 706 | 412 | 294 | 5783 | 6706 | 9B | 14| 38| Tl | 6706

(ﬁg?n‘fi Wichen B| 43| 1 ) 1 ) DAY - “ /| - )

YOG | Gumho B | 8425|866 | - 800 6 | 75 | 99 248 | 2100 | 267 | 66 | 9

Yeongcheon | ho g | 2066 297 2% 55 1,769 2380 | 611 538 4 69 2,380

-51

Daegu-si |Gurho B 26 9 13 86 243 157 - - - - 157

Daegu-si |GumhoC |23450| 4812 | 4536 276 18914 19642 | 998 -] 998 - 19,642

Goseon
-gung m 4820 749 633 116 4,071 4523 | 452 127 68 | 257 4523

*)1. Nakdong river main stream - N.M.
2. Result of the TMDL operating program in the Nakdong river basin



Table 2.5. (continued)

(Unit : BOD kg/day)
Reduction plan Local develop Load allocation
.. Exisisted
e Aol | o o
Sﬁ)adge Plan dislcharge allocation Develop final year
Gity Basin Sum | eduction Natural oad Sum | Natural -E}:Et Excess
B C E e F
A @) | 2 b ey | P joo| | 4 |Eed| (B
Daegusi [NM. G B107| 7262 4957 2305 18150 16537| 699 - 6% - 16537
Goryeong |\ vy, G 1662 218 172 46| 1444 2081 637 u48| 286 103 2,081
cheongdo |y vy 500 0 0 5 5(-. 0 of o 0 5
_gun - o
qﬂé{gk NM. G m| s 7| a7 33| 146 9 12| 6 363
Changnye
ong-% NM. G 62| - 136 74 62 546 68| 2 571 27 8 638
Jinjsi |Nam riverD | 13133| 5034 492  102| (809 10127| 2028| 1044| 82| 142 10127
j
G?gsf;;l“g NamriverD | 1582 107 39 68| 14/ 192| 47 135 312 1,922
Gil_‘;?ae NM. N 7.863| 5461|5461 -l 2402 775|587 2913|806 1654 775
Busan-si [N.M. N 1980|466 466 1484 2485/ 1,001 89| 172 4 2485
Total 113,038| 28464 24482| 3982 85767| 102378[17805|  8919| 48%9| 3%91| 102378

*)1. Nakdong river main stream - N.M.
2. Result of the TMDL operating program in the Nakdong river basin



A

<]

o 2449 @

[e=]
&

ol A At
Suleh Awv], FAZE R 7IEE Adzge] ojFoA=d

3]
=1}

ol Al

=

o

p

g ABAE BgA

T

%
o E ]

o
"

3]
3]

42
of e dxE FAH = Table 2.67 2t
HHA

A, AFA 24
A
2)

2
A A

3l

gl

tel FAA

5

= 2~ [e)
S44s 1y

K

Fa 2N ol g

o

RS

2005 A7FA 4% 247299 0] &

.
[<)

3%

71x2A14

73

B
03
oF

el
i

!

-~

o
Bn
ol
T

™

a5 A 2l vl g3

[

90.9% 7}

o

20053 71 A

A ¢
Hjgol¥ 1 9

—

X

Ak
=y
Ho
Ho

718 587 A

bor A g )

3|

<

R

.

1 AL EA

=
1

[e)

HAde 4

o

AR g A9

3o
T FA A AL E AT

Z el

[<)

=

#A Aol 51809 €
gl

P
i, 8

}_

YA AADZ 230699 59 £o7 FAESUL

©

A 2«

o
L

957

I

W Table 2.73 ok

2 A
AfAt A

L

=
K3



Table 2.6. Investment plan for the reduction facilities by city and county

Investment plan
caT(;t?ilt (Unit : millionpwon)
City Reduction facilities pacity
(m'/day)| 2005 | 2006 | 2007 | 2008 | 2009 | 2010
Sewage treatment plan 23,495 2,515| 1,200 62,300
Sewer pipe 95,000
%‘fgiﬁ}e wastewater treatment 100 2,000
Daegu-si ) .
River purification 233
Constructed wetland 11,700{ 9,200
gfa%stee{)fiug%?/age treatment 50,000
Sewage treatment plan 6,362 9,273 3,841| 14,177 14,590| 12,656
Busan-si |constructed wetland 72 72
The others
Sewage treatment plan 26,300 10,699
Sangju Sewer pipe 138 12,989 147,100
-51 %‘fgg}e wastewater treatment 250 15,000
The others 4,000
Gimchen-si |Sewage treatment plan 50 1,400
Yeong [Sewer pipe 14,353 15,000( 9,000
cheon :
_si %‘fgg}e wastewater treatment 10,000
Sewage ‘treatment plan 90 1,116
Gyeon .
gS{m_si Sewer pipe 26,200/ 21,800
Intercepting sewer 3,100f 6,909 6,000
Sewage treatment plan 197,340 28,791| 23,587| 52,548  9,113| 12,389
Sewer pipe 50 33,239
Intercepting sewer 7 4,245
Jinju-si }S)ﬁi&e wastewater treatment 60 5,138
River purification 3,600 2,200
Buffer zone 1,100
The others 580 1,175 145
*) Result of the TMDL operating program in the Nakdong river basin



Table 2.6 (continued)

Investment plan
Total (Unit : million won)
City Reduction facilities capacity
(m'/day)| 2005 2006 2007 2008 2009 2010
Sewage treatment plan 152,510| 156,302 12,442| 139,530, 2,830
Gimhae .
~si Sewer pipe 103 91,850
Buffer zone 72 144
Changny Sewage treatment plan 600 3,505 4,557 2,443
eong
“8UN  |River purification 5,000
Sewage treatment plan 15,360 3,506| 16,791| 4,645 8,562
Geochang |gewer pipe 39 38,000
IS)‘I\éirﬂe wastewater treatment 120 18,000
Gogﬁ%ng— Sewage /treatment plan 280 975 2,000 1,529
Sewage treatment plan 5,870 29,450 6,748| 4,387| 8,845
Sewer pipe 39 15,600
Seongju
-gun .
& %‘fg}{}e wastewater treatment 8,241
Buffer zone 1,178
Sewage treatment plan 4,080 15,515 14,559
Chilgok i
s fn %‘fg}{}e wastewater treatment 45 4,734
River purification 3,810
Sewage treatment plan 3,700 23,205
Uiseong
-gun
& Sewer pipe 32,077 37,356
Go_rgggng Sewage treatment plan 5,230 1,000 6,000| 14,065

*) Result of the TMDL operating program in the Nakdong river basin



Table 2.7. Investment plan for the reduction facilities of the Nakdong river basin
after Total Maximum Daily Loads(TMDL) program

(Unit : million won)

Reduction facilities Ir'lv.estment The C(?mponent

(million won) ratio (%)
Sewage treatment plant 377,945 35.89
Sewer pipe 517,968 49.19
Swine wastewater treatment plant 63,113 6.00
Reuse of sewage treatment plant effluent 50,000 475
River purification 14,843 1.41
constructed wetland 23,178 2.20
The others 5,900 0.56
Total 1,052,947 100.00

*) Result of the TMDL operating program in the Nakdong river basin
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4.1 Emergy /N8

AT c@dAYL 7 AP Ade] vdFY AR AUAZEH 2Fe AFgddAz A

gH= AF F2E AL Jdoeng EFgFHor 2 A7) duAgr 4

i)
X
o

de T 5 gt SHoE o7t Uik oHF AolE AFHNBEY ¢

R

)

ol
JE
o

=
HFAUAE 7IEos 4 =2 Hristy] 98t 747 & e A3 &
[e=]

of §AHNAA A DPAew 22H BF UAE solar emergy2ti A o] F

pal

o

(Odum, 1988).

indirect sun
0,000 SO0 .
4 embodied in rain

. wood i coal electricit
light Plants Geolo'glcal .| Power |[€l€Ctriclly
2 action 1 plant 1/4

. A J_

Fig. 2.2. Emergy quality chain, used to calculate solar transformity(Odum, 1988).

4.2 Transformity

<
TEE HAL A ol 559 A2 Fxe YA W] e AFTE
(hierarchy)E B43% . odAe Fe7t 29 oyA 9 do] gz7] wi, 37t

Ao oy A A o AuAZE duA MERYE Tl FHH7] A AHEE TE



Fe o duAF, =5 A" oA (embodied energy)Z Aitstd ZAsA "o
Emergy= 7 oldAldel WAl ejFoldAel it Hrolw, o5 Atst7] s
A Az ol A Bl UAzREH Y AFFEE YEHE solar transformity 7}
AHgEthFig. 23). e AUAZY Hxg oW Feje oyA 1 jouled WHEZ]
A A - AR And HEFANGA Foer HoHn, &= solar emjoules per
joule(sej/j)E X HH T} Transformity= ANUA AZFFZE wet APsAs Hxz o
2 Z7teEH, U A ASFEUHY dUA sEoly HigZd tigh Ao xR ol &

HHOdum, 1983).

10

Solar
Energy

Joules per Time

Eenrgy Quantity

Solar Joules/Joules 10° 10° 10° 10°
(b)
'o.‘. 2 [ ]
e, 0 %o [ 4 ([ ]
R e e °
ee® o, ® o .

©

Fig. 2.3. Hierarchical chain of energy transformations : (a)decrease of energy in
successive transformations : by-product pathways are omitted : (b)
energy-transformation ratios in solar equivalents : (c) spatial hierarchy
characteristics(Odum, 1983).



4.3 EmWon

EmergyE StH @92 33 Ao=m AAZH AYiHS flsted &AR¥E F emergy ot

AbE shE7EA ko] WIS o] &3] AL Th(Fig 24). °] 7HA=

Yeh Beta HEed 44

)
rO

5 H7let= emergyol 71x3S

S8t 7FA 7E of

AE - AAA AR

o] tH(Odum, 199). & =% 20049 3F=9 emergy/money ratio= 2.10E+09

sej/won©| Th(Appendix 4).

Non-
Renewable
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Environmental
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Goods &
Services

Imports

Production

Economic
Production

\

Macroeconomic Overview

Exports
Services

=

Total emergy flow
Money flow, GDP

Emergy/Money ratio =

Fig. 2.4. Emergy inputs used to evaluate the emergy/money ratio of the

national economy(Odum, 1996).
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Fig. 3.2. Typical energy sources driving an environmental system arranged in order
from low quality on' left to high quality on right.
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Table 3.1. Tabular format of emergy analysis table(Odum, 1996)

Energy Solar Solar

Energy ) i Emwon
inflow transformity emergy

source ) } (W/yr)
(. g W/y1) (sej/J) (sej/yr)

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

F oAA dele FL AuAge] JHAE AA duXA, BF xE 3 @99 gS
714, B Ao & Table 329 =3 A5 9 Appendix 29 AFA S o] &3}
g, v, Bk, AL, dse dyA 992, gy wds 53 Age}t g9
AW) sE ez Atskad.

B oATE 200498 7F0E FaquAde 425 AUA, s w9 gL
>
[©)
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ot
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>
o
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:?L_',
ot
QL
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2
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o
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A RA dee F2 Ay del Ui solar transformity9} AIgF R §Go ot
emergy per won ratios Yggth £ AF A= solar transformity®] 7§ Appendix 3
B o] 71ES HIMAE o] &L, emergy per won ratio= w9 19 AMET F
emergy#FS 1 319 FAAHGDP)LE YirgtS ]33 th(Appendix 4).

U A Eells F ™A do Fo duyAdoel ZhAe Al ol Al WA E

solar transformity$} emergy per wonE F3}4 emergy #<S 7] Yot
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st Al AAA 7FA] (macroeconomic value)E 7Y Sth G5 K99 AHF emergy
=
[<)

2
e

e F8 AYUALY emergy S emergy won ratioZ U] ALk

pol

o
AL

won ratior= $EZF Y A7 emergy 9 F(total emergy inflow)

=

y
o] -3}

tio
O]
32

A %A 2HGRDP) 2 &2 U gk

Table 3.2. Data for calculating energy flows of environmental and purchased inputs

Input
Item Reference
source
Sun Average of insolation Korea meteorological
(MJ/ m*/yr) administration, 2004
Wind Eddy diffusion coefficient Odum, H.T., 1994
(m'/m/sec)
Wind gradient (m/sec/m) Korea meteorological
administration, 2004
Rain  Rainfall (mm/yr) Korea meteorological
administration, 2004
TDS(mg/L) Huh, C.G., 1984
Fuel = Fuel used (bbl) Korea energy and economics
institute, 2004
G&S Imported goods & services, Local statistical yearbook, 2004

GRDP (Gross Regional Domestic Local chamber of commerce &

Production) industry, 2004




2.3 Emergy A% ALt

Emergy E4olX T3 emergy #S 7122, A2WS SA4S H7behr] 93 Fig.

333 #Zo] emergy AE7F AL AT

S

2 AFdAE G547 A" ASH Bd 7he s Hrker] A olF
2 9&A dUAYY emergy(R)E TEFIIL, Al2E Yieo Mgk

_?_
I FEE o] FFoERE VoH HIEL BFAdA LY emergy(N)2 3321,

N

a3 BA WeEiH udd uds Fi FAHe AdE, A7 a2y AF

Astel &9 emergys wHFH WS Fi FHEHE AUALY emergy(F)E T

A

&t emergy ARE AU

Purchased
Resources

; - Tervicas

.—'-'_'_'_'_'_'_

Enengy

SOUMCES |

Ensironmental
Systems

Econamic ¥ Yield
Use

Yield(Y) = R+N+F

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

Emergy Yield Ratio (EYR) = Y/F

Emergy Investment Ratio (EIR) = F/(R+N)
Environmental Loading Ratio (ELR) = (F+N)/R
Sustainability Index (SI) = EYR/ELR

Fig. 3.3. Emergy based indices, accounting for local renewable emergy input(R),

local nonrenewable input(N), and purchased input from outside the
system(F)(Brown and Ulgiati, 1997).
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2.3.2 Emergy A 4Y¥l (Emergy yield ratio)

Emergy A3tvl= Alxgloz iy A" Aol 7HA= AAl emergydol A
HozRE uwdd wEs T FUE AMUALE emergy F(F)SE ol ALtst
), BAHE (product)o] 7HAl= AAAAH A AHe] 84S HULS

7t A GA|2Hlel Ul g emergy AaHHIE Aol didt Hrleke A AFolsiu
T 7t AGA 2"l F AL emergys AT wol] 3 FYH emergys YT
of Al 4 9lom o] FAAe] F AA ] WA= emergy VIAE E 5 9

(Brown and Ulgiati, 1997).
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Fig. 3.4. Correlation between BOD concentration and conductivity.



G5 735499 2010971 A 9] BOD A F31#S Table 3.33% Zth, 2dEFAAE

FHolF 201097HA] o Se WA RIS 835E+08kg/yrolH HAFE(C)= 344mg

FB.omg/L)2 Yol AT LA@FFAIAL £ ol EFAH wEF
Fe FRFQ) 77CMSS} R FE(C) 4.1mg/LE F3te] 9.96E+06ke/yrZ A = S

o 59 olFe] BIAY WERIATL JFHHQ) 77CMSS} F2%EE(C) 3.0m/L

AR FFdTFE ol&He Y5 4FAY 25 AH X254 3.0mg/LE 2437 9
st 2N FAHl 2.65E+11won/yrZ 71E A ZEAIA =79 2125E+11won/yrol

2iA go] FHHU

i
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t}(Table 2.6).

TZHYALe] FHHEHEA ARA A= FAAD =g APA L wE AA
EAHE AAFLT B AFNME emergy 24 S 53 AFAHQA A E HULEH)
At oA 2 SR A AT AA gl wE AHFAlE EE, AF,
A7) 59 AR} FAHE FEFASH AREEST 208 st = £
#E s A W™, A, HFF T2 dYATHE YEtd F AAT Ve £HA
AEu et 1] 7e A HE StH G2 ZASFHO

2 AFdAMe 2d4ZFHY AQAY AAFNA Fgd FatgF oz wE3t
71 918 =o] HAddA 95% oS AAGFAT. steAGALY A, s
A ARAL, FAAFTTAAY, B $o2 4 A dgH FFS A
A7 S8 e FAE AlgEa v o] T st AARIA gl 49.19% =2 7+
Bokow tgo g st galde Ade] 3589%% e THTable 2.7).
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T 1ms Agsted FAA Bod AEALE ARSI emergy A4S St
(Appendix 6). |5 7|22 2¥8FZFAAY £ A< 2003A7HA
A BA7NZAEY ANEBEFSE 15 emergy ¥HE P on FYH olF AS
200495 H 20107h A AAAE T A7 E2AEL] AEEEFS L8t emergy

1=
24

o
iy,
i)
2,

T o™ #Fe "t GG Aol I AzFAde 9

emergy w2S AASATHAppendix 9, 10).

Table 3.3. BOD discharge of the Nakdong river basin

(Unit : kg/yr)

Daegu
Gangwon |Kyeongsangbuk 8 . Kyeongsangnam
Total ) 4 metropolitan )
province province , province
city
Load generation| 8.35E+08 3.52E+06 4.70E+08 1.77E+08 1.84E+08
Load discharge | 1.34E+08 1.06E+05 7.46E+07 1.69E+07 4.28E+07

*) Result of TMDL master program of each metropolitan city and province



2.125E11 won/yr

QC 9.96E6 ka/yr
(Q77CMS, C4.1ppm)

QC 8.35E8 kafyr
(Q77CMS, C344ppm)

2.65E11 won/yr

QC 8.35E8 kg/wr QC 7.28E6 kag/vr
(Q77CMS, C344ppm) (Q77CMS, C3.0ppm)

Fig. 3.5. BOD reduction plan for the Nakdong river basin before and after Total
Maximum Daily Loads(IMDL) program:.
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Table 3.4. Tabular format for environmental accounting

I Environmental cost Environmental benefit
em
(Emwon/yr) (Emwon/yr)

Water quality improvement
Facility investment

Management
Total
Cost-benefit
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Table 3.5. Parameters of Ha-Dong Sewage treatment plant(Ha-Dong county, 2006)

Item BOD COD SS TN TP
Inflow(m’/day) 6,000 6,000 6,000 6,000 6,000
Inflow concentration(mg/L) 137.9 109.8 131.7 264 3.0
Load inflow(kg/day) 8274 658.8 790.2 158.4 180.0
Outflow concentration(mg/L) 85 15.0 85 13.0 13
Load outflow(kg/day) 51.0 90.0 51.0 78.0 7.8
Treatment(%) 93.8 86.3 93.5 50.8 56.7
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Table 3.6. Parameters of constructed wetland
*) Environmental Management Corporation, 2005.
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Fig. 4.1. Complex energy diagram-of the Nakdong river basin.
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Table 4.1. Emergy evaluation of resource basis for Nakdong river basin(2004)

Raw Units Transformity Solar emergy ~Emwon
Note Item ] . .

(J,8%/yr) (sej/unit) (sej/yr) (W/yr)
RENEWABLE RESOURCES:
1 Sunlight 7.21E+19 ] 1 7.21E+19 3.43E+10
2 Wind 2.78E+16 ] 2513 6.98E+19 3.32E+10
3 Rain 1.60E+17 ] 30574 4.88E+21 2.32E+12
4 Earth cycle 3.16E+16 J 57600 1.82E+21 8.66E+11

INDIGENOUS RENEWABLE ENERGY:

5  Hydroelectricity 8.43E+18 ] 2.91E+05 245E+24 1.17E+15
6 Agricultural production 6.89E+16 J 3.36E+05 2.32E+22 1.10E+13
7 Fuelwood production 3.49E+14 ] 5.86E+04 2.05E+19 9.75E+09
8 Forest extraction 4 34E+15 J 5.86E+04 2.54E+20 1.21E+11
9  Water supply 1.19E+16 ] 8.13E+04 9.71E+20 4.62E+11

NONRENEWABLE SOURCES FROM WITHIN SYSTEM:
10 Mineral 1.57E+12 g 1.68E+09 2.63E+21 1.25E+12
11 Top soil 7.11E+15 ] 1.24E+05 8.81E+20 4.20E+11

IMPORTS AND OUTSIDE SOURCES:

12 Coal 5.87E+16 J 6.72E+04 3.95E+21 1.88E+12
13 Ol 5.62E+17 ] 9.07E+04 5.10E+22 2.43E+13
14  Gas 7.26E+16 J 8.06E+04 5.85E+21 2.79E+12
15  Goods & Services 410E+13 W - 2.10E+09 8.60E+22 410E+13
EXPORTS:

16  Export Goods & Services 6.56E+13 W  2.36E+09 1.55E+23 7.39E+13
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Fig. 4.3. Contribution of emergy from renewable sources, nonrenewable sources,
fossil fuel and goods & services.
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Table 4.2. Summary of flows in the Nakdong river basin

Variable Item Solar Untis
emergy

R Renewable resources 4.88E+21 sej/yr
N  Nonrenewable resources from within Nakdong river basin 3.51E+21 sej/yr
F  Imported fuels and minerals 1.47E+23 sej/yr
U  Total emergy inflow 1.55E+23 sej/yr
P Korea emergy/W ratio 210E+09  sej/ W
X Gross regional domestic product 147E+14  W/yr
| Total paid for input 410E+13 W /yr
E  Total paid for output 6.56E+13 W /yr
P*E  Total output of goods & services 1.55E+23 sej/yr
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Fig. 4.4. Aggregated diagram of the Nakdong river basin.
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Table 4.3. Indices using emergy for overview of the Nakdong river basin

rr

Name of index Expression Value Unit

Renewable emergy flow R 4.88E+21 sej/yr
Flow from indigenous nonrenewable reserves N 3.51E+21 sej/yr
Flow of imported emergy F 1.47E+23 sej/yr
Total emergy inflow R+N+F 1.55E+23 sej/yr
Total emergy used U=N+R+F 1.55E+23 sej/yr
Total exported emergy P1E 1.55E+23

Emergy to money ratio P1=U/GNP 2.10E+09 sej/ W
Fraction used, locally renewable (%Renew) (R/U)*¥100 314

Emergy Yield Ratio (EYR) U/ (F+P2I) 1.06

Use per unit area (2.34 E+10 m) U/ (area) 6.63E+12 sej/ m’
Use per capita (7.22 E+06 people) U/ (population) 215E+16  sej/cap.
FI;;V T oo capacly 2t prewen (R/U)(populatior)  2.27E+05
F‘I/lgliiddymg copeely st preant S(R/UY(population)  182E+06

Emergy Investment Ratio(EIR) (F)/ (R+N) 17.50
Environmental Loading Ratio(ELR) (N+F)/R 30.82

Emergy Sustainability Index (ESI) EYR/ELR 0.03




Table 4.4. A comparison of emergy indices of the Nakdong river basin with other

basins
Nakdong Nakdong o
) ) ) ) Mississippi ~ Amazon
Name of Index river basin  river basin ) ) ]
river basin basin
(2004) (1996)
% renew(R) 3.14 3.40 6.50 88.0
Emergy Yield Ratio(EYR) 1.06 1.07 251 12.04
Emergy Investment Ratio(EIR) 17.50 14.90 0.49 0.10
Environmental Loading Ratio(ELR) 30.82 28.52 17.65 0.20
Emergy Sustainability Index(ESI) 0.03 0.04 0.14 60.20
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Table 4.5. Emergy analysis of treated water and river water in each basin

Raw units Transformity Solar emergy ~Emwon

Note Item ] . .
(J/m) (sej/ unit) (sej/ ) (W/m)

Treated water
1 Treated water 494E+06 ] 207438 1.02E+12 487.97
River water
2 Raw water of upper basin ~ 493E+06 ] 81300 4.01E+11 190.86
3 Raw water of middle basin 4.91E+06 ] 81300 3.99E+11 190.09
4 Raw water of lower basin  4.88E+06 ] 81300 3.97E+11 188.93

Table 4.6. Economic analysis of water resources in each basin

Note Item Cost
Upper basin :
1 Raw water 190.86-. W (Table 4.5)
2 Cost of upper dam management 790 W
3 Cost of upper water treatment 33914 W
Sum 53791 W
Middle basin :
4 Raw water 190.09 W (Table 4.5)
5 Cost of upper dam management 790 W
6 Cost of upper waste treatment 0.80 W
7  Cost of middle dam management 0.36 W
8 Cost of middle water treatment 353.62 W
Sum 552.78 W
Lower basin :
9 Raw water 188.93 W (Table 4.5)
10 Cost of upper dam management 7.90 W
11 Cost of upper waste treatment 0.80 W
12 Cost of middle dam management 0.36 W
13 Cost of middle waste treatment 2.66 W
14 Cost of lower dam management 0.41 W
15 Cost of lower water treatment 36283 W
Sum 563.90 W
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Fig. 4.5. Energy diagram of point sources treatment system before Total Maximum
Daily Load(TMDL) Program.
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Table 4.7. Emergy analysis of point sources treatment system before Total
Maximum Daily Load(TMDL) Program

Solar

Raw units Transformity Emwon
Note Item emergy
0.8/ yr) (sej/unit) (sej/yr) (#/yr)
1 Water quality improvement 1.195E+16 81300 9.7118E+20  4.625E+11

FACILITY INVESTMENT

Treatment plant for the point sources

2 Electricity 1.04E+14 ] 2.91E+05 3.03E+19  1.44E+10
3 Oil 427E+14 ] 9.07E+04 3.87E+19  1.84E+10
4 Concrete 934E+10 g 7.34E+08 6.86E+19  3.26E+10
5 Iron 116E+10 g 2.65E+09 3.07E+19  1.46E+10
6 Cost of construction 149E+11 W 2.10E+09 3.12E+20 1.49E+11
Sum 480E+20  229E+11
MANAGEMENT
Treatment plant for the point sources
7 Chemicals 784E+09 g 2.65E+09 2.08E+19 9.9E+09
Electricity 208E+14 ] 2.91E+05 6.05E+19  2.88E+10
9 Oil 1.64E+14 ] 9.07E+04 149E+19  7.09E+09
10 Sludge disposal 1.75E+10 W 2.10E+09 3.67E+19  1.75E+10
11 Labor 1.08E+10 W 2.10E+09 226E+19  1.08E+10
12 Management 6.95E+09 W 2.10E+09 146E+19  6.95E+09
Sum 1.70E+20  8.10E+10
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Table 4.8. Emergy analysis of point and non-point sources treatment system after
Total Maximum Daily Load(TMDL) Program

Solar

Note Item Raw units Transformity Emwon
emergy
(g% /yr) (sej/ unit) (sej/yr) (W/yr)
1 Water quality improvement 1.196E+16 81300 9.7224E+20  4.630E+11

FACILITY INVESTMENT

Treatment plant for the point sources

2 Electricity 117E+14 ] 2.91E+05 3.39E+19  1.62E+10
3 Qi 4.77E+14 ] 9.07E+04 433E+19  2.06E+10
4 Concrete 1.04E+11 g 7.34E+08 7.67E+19  3.65E+10
5 Iron 130E+10 g 2.65E+09 343E+19  1.64E+10
6 Cost of construction 1.52E+11 W 2.10E+09 3.20E+20  1.52E+11

Treatment plant for the non point sources
7 Wetland 440E+10 W 2.10E+09 9.24E+19  4.40E+10

Sum 6.01E+20  2.86E+11

MANAGEMENT

Treatment plant for the point sources

Chemicals 877E+09 g 2.65E+09 233E+19  1.11E+10
9 Electricity 233E+14 ] 2.91E+05 6.77E+19  3.22E+10
10 Oil 1.84E+14 ] 9.07E+04 1.67E+19  7.93E+09
11 Sludge disposal 1.95E+10 ¥ 2.10E+09 410E+19  1.95E+10
12 Labor 1.20E+10- W 2.10E+09 253E+19  1.20E+10
13 Management 777E+09 W 2.10E+09 1.63E+19  7.77E+09

Sum 190E+20  9.06E+10
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Table 4.9. Environmental accounting of the Nakdong river basin before Total
Maximum Daily Loads(TMDL) program

Environmental cost Environmental benefit
No. Item

(Emwon/yr) (Emwon/yr)

1 Water quality improvement 4625 E+11
2 PFacility investment 2.288 E+11
3 Management 8.099 E+10

Subtotal 3.098 E+11 4,625 E+11

Cost-Benefit 1.527 E+11

Benefit/ Cost 1.493

Table 4.10. Environmental accounting of the Nakdong river basin after Total
Maximum Daily Loads(TMDL) program

Environmental cost Environmental benefit
No. Item
(Emwon/yr) (Emwon/yr)
1 Water quality improvement 4630 E+11
2 Facility investment 2.859 E+11
3 Management 9.058 E+10
Subtotal 3.765 E+11 4.630 E+11
Cost-Benefit 8.650 E+10
Benefit/Cost 1.230




3. TFBIA Y 3 gL

o]
Rl

of:

31 9 A AZES Y QA

2 Table 2.72 Zo] AL Apwdrts A

ot

FFoAGd g2 A
=2

F AFAGAN ez dnsd Ak WD AR AN ] G573
2

&= Table 4.49 2t}

1L
offt
N
Jo
18
flo
s
r
s
bl

>~

13te} AFF3Ert A&EH SR FUhEo] emergy A ARH]
1.06, emergy FA8] 1750, 374 %-30] 30.82, A4 A% 0.0302 vwz T}
b A @Al 2 A gelm A &go] vre AJxF o g HriE i,
weka] fF9e] A ALE A T AFTERE ARASAY B4 2
A A B EASE AT o ) FIAAAEY Z]EAEA A A

AA Hojokrt 2Tt

32 24 -1 AAS A AT

Head ARANEAAY F FANE ol 7HF & Z2 steFeA ALl AF 23t

B ATAE A8 T nEADAAe] FFoz Ahst AL AANS A 2

A AYANEY HEAe gL Ao TEADNLL F3F AIY HF H5A

Axs AL AANY 9F LEADALY AR fAFRE 27 A 5ol
W A ZaeE, 2, /8 FAue f9oR YAt ALY F
o

ade Ay, 249 S AAsteH LPHE g



ato] MdAstofop stARE B AT
CaEHE A AYFE 6,000 m/YE W AAae 99 1 ke
< AAs=Y A288®  FAMH 2 FAFAY= 77t Table 4117 Table 4.129F 't}
(Appendix 12, 13).

A A 1

=2 -

=

g& AAs =Y B8t AE FAHY emergy Fh 2.08E+14 sejol ™ A

o)

#EH 9 emergy @2 2.06E+14 sejol™, 1 1 kg A A=l L3 AL T
o] emergy @2 2.74E+15 sejol™ FA T2 M 2] emergy @S 2.28E+15 sejol™ FARA|
b AN BT AFAEFO]l M ol 228 o2 A H A

T3 s sterAgEe] 1AM FFe EXAMAN 5 £ AEE At
B2 HEo] v AA 289 ACRZ HIFEAY. Ty n=H ALY F9 oF

2RH F499HE FlALed 100% JE3E ASE HILE o)



Management Construction
Cost

Cost

Effluent after
secondary treatment

G —=
>

Advanced treatment

/

/
2/

Fig. 4.7. Energy diagram of advanced treatment system.

Yy

Water



Table 4.11. Emergy analysis of advanced treatment for the 1 kg of N reduction

Raw units Transformity ~ Solar emergy Emwon
Note Item
O#/keN)  (scj/unit)  (scj/keN)  (W/keN)
FACILITY INVESTMENT
1 Electricity 577E+08 ] 2.91E+05 1.68E+14 79,903
2 Concrete 5,947 g 7.34E+08 4 37E+12 2,079
3 Iron 8.88 g 2.65E+09 2.35E+10 11
4 Cost of construction 17,169 W 2.10E+09 3.61E+13 17,169
Sum 2.08E+14 99,162
MANAGEMENT
5 Chemicals 0.56 g 2.65E+09 1.49E+09 1
6  Electricity 467E+08 ] 2.91E+05 1.36E+14 64,647
7 Sludge disposal 1,111 W 210E+09 2.33E+12 1,111
8 Management 32,545 W 210E+09 6.83E+13 32,545
Sum 2.06E+14 98,304
Table 4.12. Emergy analysis of -advanced treatment for the 1 kg of P reduction
Raw units Transformity  Solar emergy Emwon
Note [tem
O%/keP) | (sejfunity  (sej/keP) | (F/keP)
FACILITY INVESTMENT
1 Electricity 6.37E+09 ] 2.91E+05 1.85E+15 882,941
2 Concrete 657,142 g 7.34E+08 4.82E+14 229,687
3 Iron 98.08 g 2.65E+09 2.60E+11 124
4 Cost of construction 189,721 W 2.10E+09 3.98E+14 189,721
Sum 2.74E+15 1,302,473
MANAGEMENT
5 Chemicals 6.21 g 2.65E+09 1.64E+10 8
6  Electricity 516E+09 ] 2.91E+05 1.50E+15 714,354
7 Sludge disposal 12,274 W 2.10E+09 2.58E+13 12,274
8 Management 359,630 W 210E+09 7.55E+14 359,630
Sum 2.28E+15 1,086,266
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Fig. 4.8. Energy diagram of constructed wetland.



Table 4.13. Emergy analysis of constructed wetland for the 1kg of N reduction

Transformity Solar emergy Emwon
(sej/ unit) (sej/ke-N)  (¥/ke-N)

Note Item Raw units

RENEWABLE SOURCES

1 Sunlight 1.81E+13  J/yr 1 1.81E+13 8,596
2 Wind 213E+11  J/yr 2513 5.36E+14 255,348
3 Rain, chemical 3.0E+14 J/yr 30574 9.16E+18 4.36E+09

PURCHASED INPUT
4 Goods & Services 117,976  W/kg 2.10E+09 2.48E+14 117,976

Table 4.14. Emergy analysis of constructed wetland for the 1kg of P reduction

Transformity Solar emergy ~Emwon
(sej/ unit) (sej/ke-P)  (¥/ke-P)

Note Item Raw units

RENEWABLE SOURCES

1 Sunlight 217E+13  J/yr 1 2.17E+13 10,338
2 Wind 257E+11  J/yr 2513 6.45E+14 307,07
3 Rain, chemical 3.60E+14  J/yr 30574 110E+19  4.36E+09

PURCHASED INPUT
4 Goods & Services 1,609,213 %/kg  2.10E+09 3.38E+15 1,609,213
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Table 4.15. Cost accounting of reduction facilities for 1kg of N and P reduction

Advanced treatment Constructed wetland
Ttem
(Emwon/ kg) (Emwon/kg)
Cost (N-reduction) 197,466 117,976
Cost (P-reduction) 2,388,739 1,609,213
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Table 4.16. Investment plan for the reduction facilities of the Nakdong river basin
after Total Maximum Daily Loads(TMDL) program

(Unit : million won)

Investment The component

Reduction facilities - N ratio (%) Sources
Sewage treatment plant 377,945 35.89
Sewer pipe 517,968 4919
) Point
Swine wastewater treatment plant 63,113 6.00
sources
Reuse of sewage treatment plant effluent 50,000 475
Sum 1,009,026 95.83
River purification 14,843 141
constructed wetland 23,178 2.20 Non-point
The others 5,900 0.56 sources
Sum 43,921 417
Total 1,052,947 100
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Fig. 4.9. Energy diagram of natural. wetland.



Table 4.17. Emergy analysis of natural wetland

(a) Flows
. Transformity ~ Solar emergy =~ Emwon
Note Item Raw units o .
(sej/ unit) (sej/yr) (W/yr)
RENEWABLE SOURCES
1 Sunlight 273E+13  J/yr 1 2.73E+13 12,978
2 Wind 322E+11  J/yr 2513 8.10E+14 385,523
3 Rain, chemical 3.63E+14  J/yr 30574 1.11E+19 5.29E+09
4 River 3.60E+14  J/yr 81300 2.92E+19 1.39E+10
(b) Storages
. Transformity  Solar emergy =~ Emwon
Note Item Raw units o g
(sej/ unit) (s€j) (W)
STORAGES
1 Mud and sediments energy 251E+12 ] = 3.51E+03 8.79E+15 419E+06
2 Phytoplankton 440E+12 ] 1.84E+04 8.10E+16 3.86E+07
3 Waterfowls 8.04E+11 ']  4.19E+07 3.37E+19 1.60E+10
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Appendix

Appendix 1. A section table of the Nakdong river basin
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Appendix 2. Formulas for calculating energy flows in joules per year

Flow source Formulas Units
Direct sunlight (area of region)(average of insolation) oy
= (mA)(J/m%yr)
Kinetic energy of (height)(density)(diffusion coefficient)(wind gradient)(area) o
wind use at surface =(1000m)(1.23kg/m)(-m3/m/sec)(3.154x10"seclyr)(_m/sec/m)*(Lm?) T
Chemlcgl po.temlal (Area including shelf)(rainfall)(G) Jlyr
energy in rain
Chemlogl pgtent|a| (volume flow)(density)(G) Jlyr
energy in river
Earth cycle (land area)(heat flow per area) Jlyr
) (area)(uplift rate)(density)(0.5)(uplift)(gravity)
Net uplift » 3 3 2 Jiyr
=(Cm)(m/yr)(_x10°kg/m”)(0.5)(_m)(9.8m/sec”)
(erosion outflow)-(formation rate)(area of region)
Net loss of earth 5 alyr
=(_glyr)-(_g/m"/yn(_m)
Chemioa_l pgtential (weight per year)(G)
energy In Importgq and = (_Tnlyn(G J/g)(1x10%g/yr) el
exported commodities -
Net 1oss of topsoil (farmed area)(erosion rate)-(successional area)(formation rate) Syt
=(_m?)(_g/m%yn-(m3(_g/m?/yr)
Geopotential (flow volume)(density)(height of river entry=river egress)(gravity)
in inflowing rivers =(_m/yr)(_m)(1x10%kg/m*)9.8m/sec?) el
Geopotential 1. (area)(mean elevation®)(runoff)(density)(gravity) I
in rain used 2. =Cm3)Cm)Cm/yn(1x10°kg/m>)(9.8m/sec?) Y
Ocean waves absorbed (shore length)(1/8)(density)(height squared)(velocity)
at the shore =(_m)(1/8)(1.025x 10°kg/m*)(9.8m/sec®)(_m?*)(_m/sec)(3.154x 10 sec/yr) e
Tide absorbed (area elevated)(0.5)(tides/yr)(height squared)(density)(gravity)
) ) 5 A 2 . 5 Jlyr
in estuaries =(_m?)(0.5)(706/yr)(_m)=(1.0253x10°kg/m")(9.8m/sec”)
Coal flows or outflows (weight/yr)(energy/unit weight)=(_Tn/yr)(3.18x10'°J/Tn) Jiyr
Oil inflows or outflows ~ (barrels/yr)(energy/obl)=(_bblfyr)(6.28x 10°J/bbl) Jlyr
Natural-gas inflows or (volume of gas/yr)(energy/unit volume) o
outflows =(_thousand cubic ft/yr)(1.1x10°J/thousand.cubic. ft) T
i (power units forra time)(energy per unit of ‘power for a time)
Flow of electri power =(,kWh/yr)(3.60x106J/kWh) Jlyr
Eiﬁ;ﬁi;ﬁgm of (_KWh/yr)(3.60% 10°J/KWh) Jiyr
Heat production of (weight of uranium use per time)(fraction 2*°U)(energy per unit e

fission

25U)=(_Tnlyr Us0s)(0.007)(1x10°g/Tn)(7.95%10'°J/g**V)




Appendix 3. Solar transformity used in emergy analysis of Nakdong river basin

Energy source

Solar transformity(sej/J)

Sunlight
Wind

Rain

Earth cycle
Coal

Gas

Oil
Electricity

Goods & services

1

2,513

30,574

57,600

67,200

80,600

90,700

291,000
2.10E+09(sej/ )




Appendix 4. Summary flows for the Korea in 20041

1. Emergy table

. Tranfomity ~ Solar emergy Macroeconomic
No. Item Raw units (sej/ unit) (sej/ 1) value,
(2004 won)
RENEWABLE RESOURCES:
1 Sunlight 4.89E+20 ] 1 4.89E+20 2.33E+11
2 Wind 2.33E+17 ]  2.51E+03 5.85E+20 2.78E+11
3 Rain, geopotential 1.79E+17 ]  4.68E+04 8.36E+21 4.92E+09
4 Rain, chemical 1.96E+18 ]  3.12E+04 6.12E+22 5.41E+10
5 Waves 497E+17 ]  5.13E+04 2.55E+22 2.26E+10
6 Tide 4.21E+18 ]  2.83E+04 1.19E+23 1.06E+11
7 Earth cycle 9.96E+16 ]  5.76E+04 5.74E+21 5.08E+09
INDIGENOUS RENEWABLE ENERGY:
8 Hydroelectricity 218E+16 ]  2.06E+05 4.49E+21 3.97E+09
9 Agricultural production 2.57E+17 .J3.36E+05 8.65E+22 7.65E+10
10 Livestock production 4.05E+15 ] 3.36E+06 1.36E+22 1.20E+10
11 Fisheries production 6.76E+15 ] 3.36E+06 2.27E+22 2.01E+10
12 Fuelwood production 237E+15 ]  5.86E+04 1.39E+20 1.23E+08
13 Forest extraction 6.22E+16 ]  5.86E+04 3.65E+21 3.23E+09
NONRENEWABLE SOURCE USE EROM WITHIN SYSTEM:
14 Coal production 9.25E+16 ]  6.71E+04 6.21E+21 5.50E+09
15 Metallic minerals 593E+11 g  1.68E+09 9.96E+20 8.81E+08
16 Inustrial minerals 9.66E+13 g  1.68E+09 1.62E+23 1.44E+11
17 Top soil 3.47E+16 ]  1.24E+05 4.32E+21 3.82E+09
IMPORTS AND OUTSIDE SOURCES:
18 Coal, import 221E+18 ]  6.71E+04 1.49E+23 1.31E+11
19 Oil, crude 519E+18 ]  9.06E+04 4.70E+23 416E+11
20 Petroleum products 557E+18 ] 1.11E+05 6.17E+23 5.46E+11
21 Metallic minerals 4.62E+12 g 1.68E+09 7.77E+21 6.87E+09
22 Industrial minerals 427E+12 g 1.68E+09 718E+21 6.36E+09
23 Natural gas 1.18E+18 ]  8.05E+04 9.48E+22 8.39E+10
24 Goods & Services 2.61E+08 $ 1.18E+12 2.95E+20 2.61E+08
Exports:
25 Goods & Services 2.84E+08 W  2.10E+09 5.98E+17 5.29E+05

1) A1(2007) -7 dietal tighel AAR=E,

T



2. Indices using emergy for overview of the Korea in 2004

Name of Index Expression Value
Renewable emergy flow R 1.19E+23
nomencwable reserve N 17423

Flow of imported emergy F+P2I 1.35E+24
Total emergy inflow R+N+F+P2I 1.64E+24
Total emergy used U=N+R+F+P2I 1.64E+24
Total exported emergy P1E 5.98E+17
Emergy to money ratio P1=U/GDP 2.10E+09
Fraction of emergy used derived (N+R)/U 018
from home sources
Imports minus exports (F+P2I)-P1E 1.35E+24
Ratio of imports to exports (F+P2I)/P1E 2.25E+06
Fraction used, locally renewable R/U 0.07
Fractiorfl of emergy used derived (N+R)/U 0.18
rom home sources
Fecion of gl fod o2
Emergy Yield Ratio U/ (F+P2I) 1.22
Use per unit area (9.96 E10 m?2) U/ (area) 1.64E+13
Emergy investment ratio F+P2I/R+N 4.59
Environmental loading ratio (N+F+P2I)/R 1.27E+01
SI EYR/ELR 0.10




Appendix 5. Correlation coefficient and significance test between BOD and

conductivity

¥ B A9 10d7F BOD, A7IAEE A5 9 Pearson A#AAAS(r) 2 FoA

= VT2 e L)
Vi

year B(%) Cond&ci;i"ity YY) 06X (YiVeaX) 06X°  (YY?S
1996 4.8 315 7273 179 13025 321 5289.26

1997 42 334 9173 119  109.24 1.42 8413.89

1998 3.0 209 3327001 030 0.00 1107.07

1999 2.8 240 227 <021 048 0.04 5.17

2000 2.7 202 -40.27° <031 = 1245 0.10 1621.89

2001 3.0 271 2873 =001 -0.26 0.00 825.26

2002 26 245 273 041  -112 0.17 744 08643 4.55
2003 21 165 7727 -091  70.25 0.83 5971.07

2004 26 207 3527 -041 1443 0.17 1244.17

2005 2.6 222 2027 041 829 0.17 410.98

2006 2.7 255 1273 031  -393 0.10 161.98

Average 242.3 3.01

Total 340.37 619 2505818




T =4 0.05, A= n=9
Ho : p= 0, H1 : p= 0

—2
i = rvn=2) 4.5465 | t,, = t(a/2;n—2) = (0.025;9) = 2.26

obs
v1i— r

It sl = 14.5465| >t = 2.26

a=0.0514 AF7HE(Ho)2 712t= W, BOD9} 7] H = =3

fr
ox
4

oo

PN
F 3

gapA e AAH Fo)4

FRBAATY He A
+0.81 ~ £1.00 o5 7
+0.61 ~ +0.80 7l
+0.41 ~ +0.60 =3
+0.21 ~ +0.40 ksk
+0.00 ~ +0.20 =




Appendix 6. Emergy analysis table in Jang-you sewage treatment plant

1 Sunlight
Land Area = 1.38E+05m"2
Insolation = 4.40E+09J/m"2/yr
Albedo = 0.1 (%given as decimal)
Energy(J) = (Land area )(avg insolation)
= (1.38E+5m”2)(4.40E9J/m"2/y)(1-0.3)
= 5.46E+14 Jlyr
2 Wind
Energy(J) = (height)(density)(diff.coefficigfwind gradient)(area)
= (1000m)(1.23kg/m"3)(3.9m"3/m/sec)(3.154E7sec/yr)
(2.8E-3m/sec/m)"2(1.38E5m"2)
= 1.64E+11 Jlyr
3 Rain:
Land Area = 1.38E+05m"2
Rainfall = 1.38 miyr
Energy (J)= (area)(rainfall)(Gibbs no.)
= (1.38E5m”2)(1.38m)(1E3kg/m"3YHE3J/kg)
= 9.40E+11 Jlyr
4 Electricity

Consumer = 1.44E+0BWh
Total purchased £1.44E6KWh/yr)*(3.6E6 J/KWh)/(3.54E+Q7 ton/yr)
= 5.20E+12 J/ton
5 Qi
Purchased to plant = 0.013 L/ton
(0.013L/ton)*(3.78E7 J/L)
491400 J/yr
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10

11

12

13

14

15

Concrete
Consumer = 7.61E+18
= 3.54E+07m3/yr
Total amount of concrete &.61E10g)/(20yr)/(3.54E07ton/yr)
= 3.81E+09g/ton
Iron
Consumer = 9.44E+0§
Total amount of concrete €9.44E9g)/(20yr)/(3.54E07ton/yr)
4.72E+08g/ton
Machinery

1.28E+09W/ton

Cost of construction

= 6.06E+09W
Chemicals
NaOH+CHOH = (5.2g/ton)+(3.83g/ton)
e 9.03E+00g/ton 10.71
Electricity
Consumer = 8.52E+0KWh 432

Total purchased £8.52E4KWh/ton)*(3.6E6 J/KWh)
=3.07E+11 Jiton 1555200000

Oil 0.005 L/ton
Consumer 50.005L/ton)*(283,000ton/day)*(365day/yr)*(3.78E/L)
Total purchased = 189000 Jlyr

Sludge disposal

2.01E+01J/ton
Labor

o 12 <l/ton
Maintenance

= 8 ¢l/ton
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(1.08E10+6.66E9+4.92E9+3.12W9/(20yr)/(3.54E7ton/yr)

(1.56E11-1.46E10-2.77E9-1.08E10-6.66E9)/(20yr)4BFon/



Appendix 7. Emergy evaluation of resource basis for the

basin(2004) - Footnotes for Table 4.1

Nakdong

RENEWABL E RESOURCES:

1  Sunlight
Land Area = 2.34E+10 m"2
Insolation = 4.40E+093/m"2/yr
Albedo = 0.3 (%given as decimal)
Energy(J) = (Land area )(avg insolation)
= (2.34E+10m"2)(4.40E9J/m"2/y)(1)0.3
= 7.21E+19 Jlyr
2 Wind
Energy(J) = (height)(density)(diff.coefficfwind gradient)(area)
= (1000m)(1.23kg/m"3)(3.9m"3/m/sec)(3.154E7seclyr)
(2.8E-3m/sec/m)"2(2.34E10m"2)
= 2.78E+16 Jlyr
3  Rain:
Land Area = 2.34E+10m~"2
Rainfall = 1.38mlyr

Energy (J)= (area)(rainfall)(Gibbs no.)
= (2.34E10m”2)(1.38m)(1E3kg/m"3YUE3J/kg)
3 1.60E+17 J/yr

4  Earth cycle

Land Area = 2.34E+10 rfin

Heat flow = 1.35E+06 J/nin

Energy (J) 2.34E10m”2)(1.35E6J/m”"
S 3.16E+16 J

INDIGENOUS RENEWABLE ENERGY:
5  Hydroelectricity

Production = 2.34E+0&Wh/yr
Energy (J) = (2.34E6KWh/yr)*(3.6E6 J/KWh)
= 8.43E+18J/yr

6  Agricultural Production
Production = 4.70E+OMT
Energy (J) = (4.70E6 MT)*(1 E6 g/MT)*(80%)*(4.0 kdg)*(4186 J/kcal)
= 6.89E+16J/yr

7  Fuelwood Production

Production = 2.32E+0MT
Energy (J) = (2.32E04MT)*(0.5E6 g/MT)*(3.6 kcal/g¥186 J/kcal)
= 3.49E+14J/yr

8 Forest Extraction
Harvest = 2.88E+0BAT
Energy(J) = (2.88E05 MT)*(1 E6 g/MT)*(3.6 kcal/g)*186 J/kcal)
= 4.34E+15 Jlyr

- 102 —
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9 WATER SUPPLY
TDS = 193.4656 A7 A =E*0.64
Gibb's free energy(J/g) €8.33J/mole/deg)(300 )(mole/18g)In((1000000-s)ppm/965000)
= 4.919377757 Jlg

volume flow = 2.43E+09 m3/yr HEA A 75

Energy (J) = (volume flow(m3))(density(g/m3))(G(J/9)

(2.87E+09m3/yr)(1000000g/m3)(4.92J/g)

1.19E+16 J

NONRENEWABLE RESOURCE USE FROM WITHIN NAKDONG RIVER BASIN:
10 Mineral
Production = 1.57E+06MT/yr
Mass(g) = (1.57E06MT)*(1E6 g/MT)
= 1.57E+12 glyr

11 Topsoil:
Soil loss = 2.60E+02g/m"2/yr 4.34E+12
Mountain zone = 1.67E+10m"2

Energy(J) = (4.34E12g/yr)(0.03 organic)(52akKg)(4186 J/Kcal)
= 2.94E+15 Jlyr

Soil loss = 8.60E+02 g/m"2/yr

Ag. zone = 7.14E+09 m"2 6.14E+12

Energy(J) = (6.14E12g/yr)(0.03 organic)(52akKg)(4186 J/Kcal)
= 4.16E+15 Jlyr

Total = 7.11E+15 Jlyr

IMPORTS OF OUTSIDE ENERGY SOURCES:

12 Coal
Imports = 2.03E+06 MT/yr
Energy(J) = (2.03E06MT/yr)*(2.9 E10 J/MT)
= 5.87E+16J/yr
13 Oil
Imports = 9.22E+07b/yr
Energy (J) = (9.22EQ07 b/yr)(6.1 E9 Jouleskdar
= 5.62E+17 Jlyr
14 Gas

Imports = 1.23E+06 m"3/yr
Energy (J) £1.23E6m"3/yr)(5.91E10J/m"3)
= 7.26E+16 Jlyr

15 Import G. & S.

Import = 4.10E+13 /yr
EXPORTS:
16 Export of G. & S. =

Export = 6.56E+13 /yr
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Appendix 8. Footnote for Table 4.5

1 Treated water
(treated water per m3)*(G)
(1000000g/m3)*(4.94J/g)
4.94E+06

2 Raw water in upper basion(per m3)
(raw water per m3)*(G)
(1000000g/m3)*(4.93J/g)
4.93E+06

3 Raw water in middle basin(per m3)
(raw water per m3)*(G)
(1000000g/m3)*(4.91J/g)
4.91E+06

4 Raw water in lower basin(per m3)
(raw water per m3)*(G)
(1000000g/m3)*(4.88J/g)
4.88E+06
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Appendix 9. Footnote for Table 4.6

2 Cost of upper dam management
(cost in upper dam manage.)*(water from dam)/(wateipper)
(47.93won/m3)*(1.04e9m3)/(1.45e9 m3/yr)
7.90

3 Cost of upper water treatment
(cost of upper water treatment)
(288-30.25won/m3)*(100/76)
339.14
5 Cost of upper dam management
(cost in upper dam manage.)*(water from dam)/(watempper)
(47.93won/m3)*(1.42e9m3)/(8.61e9 m3/yr)
7.90
6 Cost of upper waste treatment
(cost of upper waste treatment)*(waste from uppegter in middle)
(325won/m3)*(100/60)*(5.7e7*0.8*0.9m3/yr)/(2.77EhtB/yr)
0.80
7 Cost of middle dam management
(cost in middle dam manage.)*(water from middle Yéwater in middle)
(47.93won/m3)*(2.1E8 m3)/(2.77E10m3/yr)
0.36
8 Cost of middlewater treatment
(cost of middle water treatment)
(299-30.25won/m3)*(100/76)
353.6184211
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10 Cost of upper dam management
(cost in dam manage.)*(water from dam)/(water ipen
(47.93won/m3)*(1.42e9m3)/(8.61e9 m3/yr)
7.90
11 Cost of upper waste treatment
(cost of upper waste treatment)*(waste from upfegter in middle)
(325won/m3)*(100/60)*(5.7e7*0.8*0.9m3/yr)/(2.77EhB/yr)
0.80
12 Cost of middle dam management
(cost in middle dam manage.)*(water from middle Jé&water in middle)
(47.93won/m3)*(2.1E8 m3)/(2.77E10m3/yr)
0.36
13 Cost of middle waste treatment
(cost of middle waste treatment)*(waste from midifieater in lower)
(325won/m3)*(100/60)*(5.9e8*0.8*0.9m3/yr)/(8.64E 1B/yr)
2.66
14 Cost of lower dam management
(cost in lower dam manage.)*(water from lower dgmter in lower)
(47.93won/m3)*(7.4E8 m3)/(8.64E10m3/yr)
0.41
156 Cost of lower water treatment
(cost of lower water treatment)
(306-30.25won/m3)*(100/76)
362.8289474
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Appendix 10. Footnote for Table 4.7

River water
1 T0S = 193.4656 ppm P EE+0.64
Gibb's free energy(J/g) = (8.33J/mole/deg)(300°C)(mole/18g)In((1000000-s)ppm/965000)
= 4.9194 J/g
volume flow = 2.43E+09 m3/yr S2FJIERY

Energy (J) = (volume flow(m3))(density(g/m3))(G(J/g))
(2.43E+09m3)(1000000g/m3)(4.9194J/9)
1.195E+16 J/yr

FACILITY INVESTMENT
2 Electricity
Consumer = 1.18E+06 KWh/yr
volume flow = 3.54E+07 m3/yr
Total purchased = (1.18E6KWh/yr)*(3.6E6 J/KWh)/(3.54E+07 ton/yr)
1.20E+05 J/m3

volume flow = 8.69E+08 m3/yr  (2.38E+06m3/day)
Energy = 1.04E+14 J/yr
3 Qil
Purchased to plant = 0.013 L/ton

= (0.013L/ton)*(3.78E7 J/L)
7 491400 J/m3

volume flow = 8.69E+08 m3/yr (2.38E+06m3/day)
Energy = 4.27E+14 J/yr
4 Concrete
Consumer = 7.61E+10 g

Total amount of concrete = (7.61E10g)/(20yr)/(3.54E07ton/yr)
1.08€+02 g/ton

volume flow = 8.69E+08 m3/yr (2.38E+06m3/day)
Energy = 9.34E+10 g/yr
5 Iron
Consumer = 9.44E+09 g

Total amount of concrete = (9.44E+09g)/(20yr)/(3.54E07ton/yr)
= 1.33E+01 g/ton
volume flow = 8.69E+08 m3/yr (2.38E+06m3/day)
Energy = 1.16E+10 g/yr

6  Cost of construction
= (1.2117E+11)%W/(20yr)/(3.54E7ton/yr)

= 1.71E+02 W
volume flow = 8.69E+08 m3/yr (2.38E+06m3/day)
Energy = 1.49E+11 W/yr
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MANAGEMENT

7 Chemicals
NaOH+CH3;0H = (5.29/m3+3.83g/m3)
9.03 g/m3
volume flow = 8.69E+08 m3/yr (2.38E+06m3/day)
Energy = 7.84E+09 g/yr
8  Electricity
Consumer = 2.35E+06 KWh
Total purchased = (2.35E6KWh/yr)*(3.6E6 J/KWh)
= 2.39E+05 J/ton
volume flow = 8.69E+08 m3/yr (2.38E+06m3/day)
Energy = 2.08E+14 J/yr
9 Qil 0.005 L/ton
Consumer = (0.005L/ton)*(3.78E7 J/L)
Total purchased = 1.89E+05 J/yr
volume flow = 8.69E+08 m3/yr (2.38E+06m3/day)
Energy = 1.64E+14 J/yr
10 Sludge disposal
~ 2.01E+01 J/ton
volume flow = 8.69E+08 m3/yr (2.38E+06m3/day)
Energy = 1,75E+10 J/yr
11 Labor
= 12.4 W¥/ton
volume flow = 8.69E+08 m3/yr (2.38E+06m3/day)
Energy = 1.08E+10 W/yr
12 Maintenance
= 8.0 W/ton
volume flow-= 8.69E+08 m3/yr (2.38E+06m3/day)
Energy = 6.95E+09 W/yr
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Appendix 11. Footnote for Table 4.8

River water
1 TOS = 154.7456 ppm MIIMEE0.64
Gibb's free energy(J/g) = (8.33J/mole/deg)(300°C)(mole/18g)In((1000000-s)ppm/9650C
4.92475432 J/g
volume flow = 2.43E+09 m3/yr SE2FJIERY
Energy (J) = (volume flow(m3))(density(g/m3))(G(J/g))
(2.7814E+10m3)(1000000g/m3)(4.92J/9)
1.196E+16 J/yr

FACILITY INVESTMENT
2 Electricity
Consumer = 2.36E+06 KWh/yr
volume flow = 7.08E+07 m3/yr
Total purchased = (2.36E6KWh/yr)*(3.6E6 J/KWh)/(7.08E+07 ton/yr)
= 1.20E+05 J/m3

volume flow = 9.72E+08 m3/yr
Energy = 1A7E+14 J/yr
3 Qil
Purchased to plant 0.026 L/ton

(0.026L/ton)*(3.78E7 J/L)
9.83E+05 J/m3
volume flow = 9.72E+08 m3/yr
Energy = 4. 77E+14 J/yr

4 Concrete
Consumer = 1.52E+11 g
Total amount of concrete = (1.52E11g)/(20yr)/(7.08E07ton/yr)
- 1.08E+02 g/ton

volume flow = 9.72E+08 m3/yr
Energy = 1.04E+11 g/yr
5 Iron
Consumer = 1.89E+10 g

Total amount of concrete =(1.89E10g)/(20yr)/(7.08E07ton/yr)
= 2.67E+01 g/ton
volume flow = 9.72E+08 m3/yr
Energy = 1.30E+10 g/yr

6 Cost of construction
{(1.467E11)W/(20yr)/(3.54E7ton/yr)}

2.07E+02 W
volume flow = 9.72E+08 m3/yr
Energy = 1.52E+11 W/yr
7 Wetland
= 4.40E+10 W
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MANAGEMENT

8

Chemicals
NaOH+CH3OH = (18.06g/ton)
= 18.06 g/m3
volume flow = 9.72E+08 m3/yr
Energy = 8.77E+09 g/yr
Electricity
Consumer = 4.70E+06 KWh

(4.70E6KWhH/yr)*(3.6E6 J/KWh)/(3.54E+07 ton/yr)
= 4.78E+05 J/ton

Total purchased

volume flow = 9.72E+08 m3/yr
Energy = 2.33E+14 J/yr
Oil 0.01 L/ton
Consumer = (0.01L/ton)*(3.78E7 J/L)
Total purchased = 3.78E+05 J/yr
volume flow = 9.72E+08 m3/yr
Energy = 1.84E+14 J/yr

Sludge disposal
= 4.02E+01 J/ton
volume flow 9.72E+08 m3/yr
Energy = 1.95E+10 J/yr

Labor

= 2.48E+01 W/ton
9.72E+08 m3/yr
1.20E+10 W/yr

volume flow
Energy

Maintenance

= 1.60E+01 W/ton
9.72E+08 m3/yr
7.77E+09 W/yr

volume. flow
Energy
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Appendix 12. Footnote for Table 4.11

FACILITY INVESTMENT
1 Electricity
Consumer = 2.71E+06 KWh
Total purchased = (2.71E6KWh/yr)*(3.6E6 J/KWh)
= 9.74E+12 J/yr
= 1.69E+04 kg/yr N, yearly reduction
5.77E+08 J/kg

2 Concrete
Consumer = 2.01E+09 ¢
Total amount of concrete = (2.01E+09)g/(20yr)
= 1.01E+08 g/yr
= 1.69E+04 kg/yr N, yearly reduction
= 5,947 g/kg
3 [ron
Consumer = 3.00E+06 ¢
Total amount of concrete = (3.0E+06)g/(20yr) g/yr
= 1.50E+05 g/yr
= 1.69E+04 kg/yr N, yearly reduction
= 8.88 g/kg
4 Cost of construction
Total purchased = 5.80E+09 W
= (5.80E+09)W/(20yr)
= 2.90E+08 W/yr
= 1.69E+04 kg/yr N, yearly reduction

= 17,169 W/kg
MANAGEMENT

5 Chemicals

Consumer = 9490 kg/yr
= 1.69E+04 kg/yr N, yearly reduction

Energy = 0.56 kog/kg

6 Electricity
Consumer = 2.19E+06 KWh

Total purchased = (2.19EBKWh/yr)(8.6E6 J/KWh)

= 7.88E+12 J/yr
= 1.69E+04 kg/yr N, yearly reduction
= 4.67E+08 J/kg

7 Sludge disposal
= 1.88E+07 W/yr
= 1.69E+04 kg/yr N, yearly reduction
= 1,111 W/kg

8 Maintenance
= 5.50E+08 W/yr
= 1.69E+04 kg/yr N, yearly reduction
= 32,545 W/kg
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Appendix 13. Footnote for Table 4.12

FACILITY INVESTMENT
1 Electricity

Consumer =

Total purchased

2 Concrete
Consumer
Total amount of concrete

3 Iron

Consumer =

Total amount of concrete

4 Cost of construction
Total purchased

MANAGEMENT
5 Chemicals
Consumer =
Energy
6 Electricity
Consumer =

Total purchased

7 Sludge disposal

8 Maintenance

2.71E+06 KWh
(2.71EBKWh/yr)*(3.6E6 J/KWh)

9.74E+12 Jlyr

1.53E+03 kg/yr P, yearly reduction

6.37E+09 J/kg

2.01E+10 ¢
(2.01E+10)g/(20yr)
1.01E+09 g/yr
1.53E+03 kg/yr P, yearly reduction
6.57E+05 g/kg

3.00E+06 ¢
(3.0E+06)g/(20yr) glyr
1.50E+05 g/yr
1.53E+03 kg/yr P, yearly reduction
9.81E+01 g/kg

5.80E+09 W

(5/80E+09)W/(20yr)

2.90E+08 W/yr
1.53E+03 ka/yr P, yearly reduction
1.90E+05 W/kg

9490 kg/d
1.53E+03 kg/yr P, yearly reduction
6.21E+00 kg/kg

2.19E+06 KWh
(2.19E6KWh/yr)=(3.6E6 J/KWh)

7.88E+12 J/yr

1.53E+03 kg/yr P, yearly reduction

5.16E+09 J/kg

1.88E+07 W/yr
1.53E+03 kg/yr P, yearly reduction
1.23E+04 W/kg

5.50E+08 W/yr
1.53E+03 kg/yr P, yearly reduction
3.60E+05 W/kg
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Appendix 14. Footnote for Table 4.13

1 Sunlight
Area = 4.50E+04 m

Insolation =  4.46E+02 MJ/m2/year
Albedo = 0.1
Energy(J) = Area*(1-Albedo)*Insoration*(1E06J/MJ)

1.81E+13 Jlyr
2 Wind kinetic energy
Area = 4.50E+04 m

Atomosphere layer = 1000 m
Air density = 1.23 kg/m3
Average wind range = 4 m/s(Zhang, 1988)

Energy(J) = (height)(density)(diff.coefficient)(wind gradiené)ea)
(1000mM)(1.23kg/m"3)(3.9m"3/m/sec)(3.154E7seclyr)
(2.8E-3m/sec/m)*2(2.34E10m"2)
= 2.13E+11 Jlyr
3 Rain chemical potential energy
Area = 4 50E+04 m’
Rainfall'= 1349 m/yr
Density = 1.00E+03  kg/m3
Gibbs free energy per gram = 4.94E+03 J/kg
Energy(J) = Area*Rainfall*Density*Gibbs free energy per gram
= 3.00E+14  Jlyr
4 Goods & Services
Goods & Services = 4 55E+04  won/m2
= 44973 m2/kg
= 2.05E+09  won/kg
1.73E+04 ka/yr N, yearly reduction
1.18E+05  W/kg
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Appendix 15. Footnote for Table 4.14

1 Sunlight
Area = 5.41E+04 m

Insolation = 4.46E+02 MJ/m2/year
Albedo = 0.1
Energy(J) = Area*(1-Albedo)+*Insoration*(1E06J/MJ)

2.17E+13 Jdlyr

2 Wind kinetic energy
Area = 5.41E+04 m’

Atomosphere layer = 1000 m
Air density = 1.23 kg/m3
Average wind range = 4 m/s(Zhang, 1988)

Energy(J) = (height)(density)(diff.coefficient)(wind gradiensyea)
(1000m)(1.23kg/m"3)(3.9m"3/m/sec)(3.154E7seclyr)
(2.8E-3m/sec/m)"2(2.34E10m"2)
= 2.57E+11 Jlyr
3 Rain chemical potential energy
Area = 5.41E+04 m'
Rainfall = 1349 m/yr
Density = 1.00E+03  kg/m3
Gibbs free energy per gram = 4.94E+03 J/kg
Energy(J) = Area*Rainfall*Density*Gibbs free energy per gram

3.60E+14  Jlyr

4 Goods & Services
Goods & Services = 4 .55E+04  won/m2
= 54089 m2/kg
2.46E+09 won/kg
1529.35 kg/yr P, yearly reduction
1.61E+06 W/kg
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Appendix 16. Footnote for Table 4.17

(a) FLOW
1 Sunlight
Area = 6.79E+04 m
Insolation = 4.46E+02 MJ/m2/year
Albedo 0.1
Energy(J) = Areax(1—Albedo)*Insoration*(1E06J/MJ)
= 2.73E+13 Jdlyr

2 Wind kinetic energy

Area = 6.79E+04 m

Atomosphere layer = 1000 m
Air density = 1.23 kg/m3
Average wind range = 4 m/s(Zhang, 1988)

Energy(J) = (height)(density)(diff.coefficient)(wind gradienéiea)
(1000m)(1.23kg/m"3)(3.9m"3/m/sec)(3.154E7sec/yr)
(2.8E-3m/sec/m)"2(2.34E10m"2)
= 3.22E+11 Jlyr
3 Rain chemical potential energy
Area = 6.79E+04 m*
Rainfall = 1083 m/yr
Density = 1.00E+03 kg/m3
Gibbs free energy per gram =.4.94E+03  J/kg
Energy(J) = Area*Rainfall*Density=Gibbs free energy per gram
= 3.63E+14  Jlyr
4 River chemical potential energy
Volume flow=  7.35E+07 m3/yr
Gibbs free energy per gram = 4.89 Jig
Energy(J) = (2.31E+07m3/yr)(4.89J/g)(1.0E+069/m3)
= 3.60E+14 Jlyr

(b) STORAGES
1 Mud and sediments energy
Area 6.79E+04 w
Peaty sediments energy = 3.69E+07  J/m’
Energy(J)= Area*Peaty sediments energy
=2.51E+12  Jdlyr

2 Phytoplankton

Water area =  6.79E+04 m?
Average depth = 1.14E+00 m
Concentration of chl.a'=  6:86E+01 mg/m®
Ratio of algal biomass to chl.a = 1.00E-02 g algae/ mg chl.a
Primary producer = 1.67E+04
3
. . .01 .
Energy(J)= (68.6mg chl.a/m )£O 01g algae/mg chl.a)
(1.14m)(1.92E8 m*)(16700J/g—dry)
4.40E+12 J
3 Waterfowls
Number = 140 head
Average weight = 900 g/head
Vertebrate dry wt. to live wt. ratio = 0.6
Wt.—energy conversion = 2.09E+04 J/g—dry wt.

Energy(J) = (7.12E+04head)(900g/head)(0.6)(2.09E+04J/g—dry wt.)
8.04E+11 J
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