creative
common

C O M O N § E E D
& X EAI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= F R0l 86tH HFSA
o Ol MHZE= SN, HE, 8E, A, SH & &5 = AsLIC

XS Metok §LICh

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. Adt= 0 &

o 7lot=, 0l M= MOISOILEBHES B2, 0l H&E=0 HE= 0
S Tt LIEHLHO10F S LICH
o HEZXNZRH EE2 oltE O 0leiet 2AE=2 HEBX E&LICHL

AEAH OHE olSXAt2 Heles 212 WS0ll 26t g&

712 (Legal Code)E Ololiotl| & £

olx2 0S5t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

il
H)
,mﬂ
o

ol
Tor
Ho

e Ay
Bl 3 A A 3
7F

]

A2
ko]
o)

2011 24

270
et o st
3l

&7 %
7}



il
H)
oF
o

ol
Tor
Ho

e Ay
Bl 3 A A 3
7F

]

A2
ko]
o)

2011a 24

L
et o st
3l

¢ 43 ¥ T
2}



(EiEm ] TRt BAGn = AuiEh

=>

201149 2¢ 25¢

P
9 A LTI AA
9 4 FTIHEA
9 9 FTEwa




= T oo i
LASt OF TABIES -+ eseeeseeseeseemseesemmemsemsussmsssssassessssesssesssssssssssssss s sssseassssnas iv
LASE O FAQUIES -reveesesereeeeeeesssssssssesessssssss s ssisisss s siss s s vi
LISt OF ADDENCICES «+reeeessereesssssessessssmssessssssssssssssssssssssssssssss s sssssssssosss e <
ADSEFACE «+eseeereesreseemseesmseemssasas s s as s ss s es e xi
I ;\1 R T ¥ PP DT TT T PP PITR e 1
II. O] 2 F] HJ 7 cereereresssenntiniiiiisiei it 4
1. A&7 G ... N TR ... R JH....... .. sy oferensessonnssenes 4
VAN TN A ANV e W . o A— 4
U, A2 7b5 8 MR O ml B T 7} ookt i st 5
e N I A I A R B R - - B o 7
T A N 4 11
Th @A T2 0] AP H I EE e 11
Lb, @A 722 A ZFHFQE weveesseesssesssssessssssses ittt 17
3. O T ] T TFH e s 20
Th R 2B AR EJ BF coveeseeeeseesssesssseeis st s 20
U, ol MR 9} o L] R B BEIE O] A O] errerererrnsssssssssssssssssssssse s 23
T}, O B ] R Z wrvssustursnsrussnstssissussissussissussissusssssassussassnssantusstassssssssstsssssssstssasssses 2%
Zh o] W 2 el o] 88 & TLALE] e, 28



1 ARG AR = FHIF e 31
2. AR Q] T K] T T} rerreerreerrenmsermsemeennsr e 37
Th OB 2] BT TE ZFA] e 37
L, o B 2] Z| 42 0] L 8F T T e A1
3. AA AZ wotd g o B R EA] e, 42
Th S ATEA A ZIHFOL AL BB g Tttt seasons 49
U, LA 7b s A zEFobel] T Bk of] B X] IEAL st e, 48
4, A A A BELE] i et 50
71 U= AeTel A g e W W e 50
v}, 2l o [ Zang] ....... . SUNUSIE. . R ... el 52
v}, 2] | aeke w oz A SRS D R ....... e e, 53
gl ma g T e N O B L 54

1. oA B2 2 BT e 57
Th ST R B2 Z T e 57
Lb, o B 2] RG22 0] R 8F T T e 66
2. LAJIA A ZFHEQte] T o H K] T} e 71
7h AT A 7O A 8G9 Eh o B ] o] = s 71
U @27k A7ES AL aE of 0] X] T 7} e 74
RIS AR AN [ = = oo 82
ZF o R A 2Bl L ZRE] e ]2



38
91
05

lao

o

5

o g A
3

ki3

v =d7ks wEE oy

o 247k A

‘%]

)

d

o =] =

ol | A

&

3|
~

A ete

o

oy

)

1=

ki3

‘(‘34

AlE

N
4

-+ 107

s

-+ 110

-
il

118

Appendices 0000000000000 0000000000000000000000000000000000000000000000000000000

iii



Table
Table
Table
Table

Table
Table
Table
Table

Table

Table

Table
Table
Table
Table

Table
Table
Table

List of Tables

21 The ranking Of Clty applylng EPI indeX ..................................... 10
22 A type Of the greenhouse GASES rrorerrerrrsessnss sttt 13
23 Greenhouse gas emiSSionS in Korea ............................................. 14
2.4 The result of estimation for greenhouse gas emissions in

Busan ..................................................................................................... 16
3.1 The change of energy consumption-in Busan. -«eeeeeeeeeeeess 34
3.2 Tabular-format of emergy analysis table for. Busan -=====oeeeeeee 40
3.3 Greenhouse .gas emissions of energy section in ‘Busan - 42

3.4 The reduction plan and the amount of greenhouse gas
inventory Of Busan ............................................................................. 44

3.5 Reduction of ‘greenhouse gas emissions in each reduction plan

3.6 Calculation ;of -constants for the Model- EISH using numbers

on the diagram inig. 3.8 sl Bl 54
4.1 Emergy flows of the-Busan-metropolitan city in 2007 < 58
42. Summary of flows for Busan in 2007 - sswesseeeemssecseessnncee 61
4.3 Indices for overview of Busan using emergy in 2007 - 62

4.4 Variation of Emergy inflow from renewable sources(R),

Nonrenewable sources(N) and Purchased input(F) =-«sseeeeeeeeees 63
45 Variation of emergy indices from 1998 to 2007 --weeeesereeeeseeeess 67
4.6 Sustainability state based on ESI in nation system -« 70

47 Variation of predicted emergy indices in Busan form 2010 to

_iV_



Table

Table

Table
Table
Table
Table

4.8 Nonrenewable sources(Oil) changes by reduction plan of

greenhouse gas emiSSionS ................................................................

4.9 Nonrenewable sources(electricity) changes by reduction plan

Of greenhouse gas emiSSionS ...........................................................

4.10 Variation of emergy indices by reduction plan --:eeeeseeeeeeeess

4.11 Initial values of the storage and flow in Energy diagram -- 86

4.12 Normalization and calibration for the mode] = eeeeeeeeeeeeeeeeees

4.13 Energy used-in 2005 and average annual decrease rate from

2010 to 2020



Fig.

Fig.
Fig.
Fig.
Fig.
Fig.

Fig.

Fig.
Fig.
Fig.
Fig.

Fig.
Fig.
Fig.
Fig.

Fig.

List of Figures

2.1 The contribution of greenhouse gas emissions for the each

SeCtion in Busan ..................................................................................... 16
22 Symbols Of the energy SyStemS language ..................................... 21
2.3 The methodological roots of systems ecology «---xweeseeeeeeneeesneees 22
2.4 Emergy quality chain used to calculate solar transformity - 24

2.5 Concepts of energy transformation hierarchy and transformity 25

2.6 Emergy based indices, accounting for local renewable emergy
inputs(R), local nonrenewable inputs(N), and purchased inputs
from OutSide the System(F) ................................................................. 26

2.7 A comparison of emergy sustainability index in regional

systetng oo L SR . B 30
3.1 The graph of population change in Busan -t 39
3.2 The graph of progress in energy consumption in Busan - 33
3.3 The flow"chart-for this Study « e Totiebie i, 36

3.4 Typical energy sourees driving an environmental system

arranged in order from low quality on left to high quality on

FRGRE ++essvssssssssssssssssnsmsssssssnssssssssssssssssssssssssssssmsssssssmssassssssssssssssssssasonssss 28
35 Energy system diagram of BUSan - wseesreemscsomssccneis. 39
3.6, Model of World carbon dioxide - - wwrerrrerimmimsesismmsesissmsesnsnes 51
3.7 Kinds of equations for the simple storage model TANK ::«---- 53

3.8 Minimodel FISH with three evaluated pathways to show how
tO Calibrated equations .......................................................................... 54

3.9 Example of Module in Visual Basic Editor from MS EXCEL

_Vi_



Fig.
Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.
Fig.

Fig.

Fig.

Fig.

Fig.
Fig.

DITO@TALIL +## #5544 5t 55
4.1 Emergy signature in Busam « et 60
4.2 The contribution of emergy inflow average from Renewable
sources(R), Nonrenewable sources(N) and Purchased input(F) 64
4.3 Variation of emergy inflow from Renewable, Nonrenewable
sources and Purchased InpuL e ssseeesessssmssssiiins 64
4.4 Variation of coal, oil, gas, electricity, and inflow of Good &
SerVice ....................................................................................................... 65
45 Variation of emergy indices in Busan - e 68
4.6 Variation” of predicted emergy inflow from purchased input -+ 72
4.7 Change of energy consumption by reduction plan «--:«:-wxeeeeeeeee 78
4.8 Variation of predicted emergy inflow from purchased input by
reduction Dlan .......................................................................................... 79
4.9 Energy systems diagram of Busan for energy modeling -+ 33
4.10 Energy systems diagram of Busan with letters for each
storage And PATIVAY e werereeseeseeesessessusss st st 84
411 The results of energy simulation-about the system of
greenhouse gas emiSSions N BUSAN «w e ereeremssesesmssssnsistsisiinen. 89
412 R, F, and Y values of energy simulation about the system of
greenhouse gas emissions in Busan e, 90
413 EYR, ELR and ESI indices of energy simulation about the
system of greenhouse gas emissions in Busamn «eeeeeeeeeeeeeeeenes 91
4.14 The results of energy simulation applying the reduction plan 93

4.15 Change of R, F, and Y values applying the reduction plan

— Vil —



Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

4.16 Change of EYR, ELR and ESI indices applying the reduction

417 The results of energy simulation applying the reduction plan
and increasing usage of renewable energy sources by 10%
DT YT+t seeeee e ee e el s 96

418 Change of R, F and Y values applying the reduction plan and

increasing usage of renewable energy sources by 10% per

4.19 Change of EYR, ELR and ESI indices applying the reduction
plan and increasing usage of renewable energy sources by
1096 PET YEAT w++++samwssessesstnes finase s tunsscessiseisisins s st s 08
4.20 The results of ‘energy simulation applying the reduction plan
and increasing usage of renewable energy sources by 20%
DT T+ e et et b s 99
4.21 Change of EYR, ELR and ESI indices applying the reduction
plan and increasing usage of renewable energy sources by
2006 PEI JEAT ++++ et isssesste s thiah s ftn et 100
4.22 The results of energy simulation applying the reduction plan
and increasing usage of renewable energy sources by 30%
DT YT+ e seseeesses s as s 101
4.23 Change of EYR, ELR and ESI indices of the system applying
the reduction plan and increasing usage of renewable energy
SOUTCES DY 3096 DI YEAT wwrweeseeressesssssssssuntasuntisintiststistisistisin s 102
4.24 The results of energy simulation applying the reduction plan

and increasing usage of renewable energy sources by 40%

— viil —



DET JEAT ++essosssssssssssassssssssssssssssssssssssssssssssssssnsssssnssssissssssssssonsssinsonssss 103

Fig. 4.25 Chage of EYR, ELR and ESI indices applying the case of
reduction plan and increasing usage of renewable energy
SOUTCES DY 4026 DO YEAT wwevveveresssrerssssremesssssesssessemssssenssssennssseonss 104

Fig. 4.26 ESI index applying the case of reduction plan and increasing

usage of renewable energy sources from 109 to 409 per

_iX_



List of Appendices

Appendix 4.1. Emergy evaluation for Busan metropolitan city form 1998
£ DO()7 wreererreresremssnmsssmnssnssss s sss e sss s 118
Appendix 4.2. Emergy evaluation for Busan metropolitan city in 2007 127
Appendix 4.3. Summary of flows in BUSAn - seeessseeeessseeemsesieiscn 131
Appendix 4.4. Solar transformity used in Emergy analysis of Busan - 132
Appendix 4.5. Predictied emergy-evaluation for Busan metropolitan city
from 20T0% ROBOV W RS L. .. o e, 133
Appendix 4.6. The code of Visual Basic programming about the system
of greenhouse gas emissions.in Busan e 136
Appendix 4//. The code of Visual Basic programming about the system
of greenhouse gas emissions in the case of applying the

reduction Dlan il’l Busan .......................................................... 138



An Ecological Economic Evaluation on the Carbon

Reduction Plan of Urban by the Energy Modeling

Jung Hyuk Im

Department of Environmental Engineering, The Graduate School,

Pukyong National -University

Abstract

Research to solve the global climate change crisis by reducing greenhouse
gas emission and to achieve sustainable development of urban is in process. It
1s desirable to reduce nonrenewable energy use by greenhouse gas reduction,
but the change of system should be evaluated to adapt the ripple effects.

The aim of this study is to confirm the present condition .of urban system
and to predict the “changes of urban system by. the.policy for responding to
climate change crisis through“the approach of.system-ecological method.

In this study, we selected Busan metropolitan city as a target site and
studied the system of Busan using Emergy evaluation from 1998 to 2007.

As the result, energy basis of Busan includes environment energies such as
sun, rain, river, tide, wave, earth cycle and purchased input such as supplied
coal, oil, gas, electricity, good & service from out of system boundary. Total
emergy of Busan was shown 5.82E22 ~ 6.91E22 sej/yr and about 84% of it
was purchased sources from outside.

Emergy flows from the environment was shown about 10 percent in total
emergy in Busan. The emergy from river was shown the highest proportion in

the environment energy resource, and the emergy from tide was the next.

_Xi_



Emergy yield ratio(EYR) and Emergy investment ratio(EIR) of Busan in year
2007 were 1.12 and 8.05. Also, Environmental loading ratio(ELR), showing the
ratio of rising environmental load from the development of urban system was
8.14, which is similar with the ELR of South Korea. Emergy Sustainability.
Emergy Sustainability index(ESI) was 0.14, which means Busan has a low
sustainability level.

We tried to predict the future of Busan after 2007 based on the data from
Emergy analysis and statistical analysis, and also considered applying the
reduction plan of Greenhouse gas emissions of Busan.

Predicted amount of purchased -input-shows a clear increment trend until
2020. The green house_gas emission reduction plan made to reduce the amount
of purchased input” slightly but there was no -significant “change to emergy
indices such as ‘EYR, ELR or ESL

The results of simulation on greenhouse gas emission of Busan shows
decrement of stored environmental resource(Q) and money(M)  due to the
increasing of ‘economical asset(A) and the consumption of the city. The
simulation also shows ‘the prediction on amount of greenhouse gas
emissions(C) which increases :steadily until 2020, the .amount of export(Ex)
decreased gradually.

In the case of applying reduction plan of greenhouse gas emissions on the
simulation, Economical asset(A)-slowed it increment. The Money storage(M),
and the amount of export(Ex) also decreased due to the reduction of fossil
fuels use. The increasing trend of greenhouse gas emissions(C) was switched
to decreasing by 15% until 2020. However, applying the reduction plan of
greenhouse gas emissions did not occur the positive changes to emergy
indices.

Therefore we applied the reduction plan and increased usage of renewable
energy source by 10% per year on the simulation. The result of the simulation
shows the reduction in greenhouse gas emission and increment on emergy
sustainability index(ESI) in Busan.

The result of performing the simulation through various stages for the

- Xil —



realizability of sustainable city, more amount of greenhouse gas emissions(C)
decreased while emergy sustainability index(ESI) increased up to 0.98 in the
case of applying the reduction plan and to 40% increase on usage of renewable
energy source per year simultaneously.

These results indicate that the transition in industrial structure is required
by promoting renewable energy industry based on energy in the environment
through enhanced usage of renewable energy source and reducing use of fossil

fuels simultaneously.
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5 A7k FE] Adte] AA s RAH o
2 AEHI e FATIFdE A EF37]H(International Organization
for Standardization)oll Al Zgk  1SO  140649F Al A AL A 72 (World
Resources Institute) 3 AAIA &7 3 2 3] (World Business  Council
for Sustainable Development)oll A 7§¥3k GHG Protocole] o™, -7t
7] %18 3191 Y 3] (Intergovernmental Panel on Climate Change, IPCC)¢] 7}o]

coleln WAAROR SN/l S4stn pelshed BEH T ok

Table 2.2 A type of the greenhouse gases

O, CH, N0 HFCgFIZFCS’
.. Energy Waste/ Industrial .
E;IZ) 1usrs(1:2n use/Industrial  Agriculture, Processes/Fer Recfféiﬁjgt/
Processes Forestry tilizer use
Global warming
potentials 1 21 310 1,300 ~23,900
(GWPs)
Contribution
to global 55 15 6 24
warming (%)
Total
domestic 88.6 4.8 2.8 3.8
emissions(%)
AAAE SATF A eSS R uESA EAE (A A A A, 2009) ol A
Syuyete] 47t~ wiEsF A= Table 2.33 2] 1990 o Fwj=

% 2981 WtonCOs ol Al 2004 %] 590.0 W HonCO, AHA = 9 om,
20061 ol = 5995 WutonCO,0. 2 F7kete] 17k 45 % FFEF Z7}
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Table 2.3 Greenhouse gas emissions in Korea('90 ~ '06)

(unit : millionTonCQOs)

Annual
Section '90 00 04 05 o averasge
mecreasing
ratio(%)
rer U777 4385 489.0 4985 505.4 6
ey (831)  (&26) (28 (839 (843 '
Industrial 19.9 583 685 648 63.7 .
Processes (6.7) (11.0) (11.6) (10.9) (10.6) '
. 185 17.0 16.4 16.1 15,1
Agriculture / wiey 7 30y HN@g) @7 ¢ A28 07
17.0 N 165 14.9 154
Waste 5.7) (3.2) 2.8) (25) (2.6) 06
Total emick 298.1 531.0 590.0 504.4 5995 L5
otal emIsSIon - 100.0) | (100.0)  (100.0)  (100.0)  (100.0) '
Land use/ 237 ho79 -315 & 0 —37 17
forestry
Net emission 2744 4938 559.0 562.4 568.4 47

.
el 90 %% AAFL Ye AU BRI AQTY PR AT Z
g FNERe AWF F/HEA5 %S £EL AT 53 YA
BEe AA MEFe) 80 % oS AHstm gon wWd Frkse F4)
£ wolm gtk

MEA Y 247 wlEdF 2AE RS A 20049 % VIEo® 256 9

d

HECO2 AHdE vE e of d71=% 455 MHECO= +4

o
B onk AR AT A R, 2006; 87170 9, 2006).
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Table 2.4 The result of estimation for greenhouse gas emissions in
Busan(Busan Metropolitan City, 2007)

(unit : GgCO»)

Annual average

Section 1990 1995 2000 2005 increasing
ratio(%)
Energy 15,045 20,961 18,728 18,710 1.37
Industrial 855 2,070 2,701 3,556 9.32
Processes
Environment 855 1,575 1,752 1,390 3.90
Agriculture/ -
stockbreeding o % A . 0.5
Total 16814 24672 23245 23710 221
emission
Forestry ~46 =130 -71 =48 0.27
Net emission 16,768 24542 23,174 23,662 2.21
Greenhouse
gas emissions 4.46 6.34 6.10 6.48 2.37
(ton/cap/year)
100% -
80% -
B Agriculture/stock
E'i breeding
£ 60% -
'~§ B Environment
2
= 40% -
8 M Industrial
Processes
20% -
B Energy
0% ; . ;
1990 1995 2000 2005
year

Fig. 2.1 The contribution of greenhouse gas emissions for the each
section in Busan(Busan Metropolitan City, 2007).
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Fig. 2.2 Symbols of the energy systems language(Odum, 1971; 1983).

Energy circuit: A pathway whose flow i1s proportinal to the
quantity in the storage or source upstream.

Source: Outside source of energy delivering forces accourding to a
program controlled from outside; a forcing function.

Stroage: A compartment of energy storage within the system
storing a quantity as the balance of inflows and outflows; a state
variable.

Heat sink: Dispersion of potential energy into heat that
accompanies all real transformation processes and storages; loss of
petential energy from further use by the system

Interaction: Interactive intersection of two pathways coupled to
produce an outflow in proportion-.to a function of both: control
action of one flow on another; limiting factor action; work gate.

Producer: Unit that collects and transforms low-quality energy
under control interactions of high—quality flows.

Consumer: Unit that transforms energy quality, sotres it, and
feeds in back autocatalytically to improve inflow.

Switching action: A symbol that indicates one or/more switching
actions.

Box: Misecellaneous symbol to -use for-whatever unit or function is
labeled.

Transaction: A unit that indicates a sale of goods or
services(solid line) in exchange for payment of money(dashed line).
Price is shown as an external source.
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System Analysis System Modeling
Emergy Analysis Energy Simulation
Emergy Indices Prediction

Selecting Policy
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Real Wealth Public Benefit

Fig. 2.3 The methodological roots of systems ecology(Odum, 1983).
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40,000 indirect sun
embodied in rain

/R wood i coal electricit
light Plants Geolo.glcal .| Power y
2 action 1 plant 1/4

A A A

Fig. 2.4 Emergy quality chain used to calculate solar transformity
(Odum, 198%).

452 oW Fejo oux [ J& WS 40890 2nd o
ol gAle] Fo w2 AHolxm w9l Solar emjoules per joule(sej/]) = 3%
ATt Transformity= U A ASTZ2E el JPstr] Fapxo=z
S7HA™, AdA ASTE Hel dyA sEoly Bl g de] A
=2 o] &HHOdum, 1988).



{a) View Together 1

(b) Separate by Scale Territory and Size of Centers

{c) Energy web

(d) Transformation Series

Solar
Empower
=6 E9
sedit

{8) Power
{Jtime)

—p

if}  solar
Transformity
(sed/d)

- ] -
B ——

Transformation Steps

Fig. 25 Concepts of energy transformation hierarchy
and transformity, (a) All units view together; (b) Units
separated by scale; (c¢) Units as a web of energy flows;
(d) Processes shown as an ordered series; (e) Flows of
energy per unit time; (f) Transformities (Brown et al.,
2004).
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Environmental Loading Ratio(ELR) = (F+N)/R......(4)
Emergy Sustainability Index(ESI) = EYR/ELR.... (5)

Fig. 2.6 Emergy based indices, accounting for local renewable emergy
inputs(R), local nonrenewable inputs(N), and purchased inputs
from outside the system(F)(Brown and Ulgiati, 1997).
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o] 4007t W MolM = AAE Holthrl 2000d el o = A A3 FHAa
st FAE 28 Tl AthH(Fig 3.1). 1980 o= 3,159z 2 & 30073
of & HEAIE AAslon, 1990del] 3798H B o® A+ Tk w
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Fig. 3.1 The graph of population change in Busan(Busan metropolitan
city statistics,-2009).
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Z=9 #ol7F AATH(Table 3.1).

Table 3.1 The change of energy consumption in Busan(1998~2007)

Year Coal Oil Gas Elect.
(E04 MT) (E07 BBL) (E05 MT) (E04 Gwh)
1998 3.56 3.23 2.18 1.09
1999 3.95 3.52 2.76 1.13
2000 3.05 3.68 3.17 1.24
2001 4.65 3.47 341 1.34
2002 410 341 3.81 1.43
2003 413 3.41 4.00 1.48
2004 4.28 3.21 4.23 1.55
2005 497 ooy 4.88 1.66
2006 6.66 2.92 4.95 1.72
2007 5.06 297 5.09 1.79
Average ‘annual 4 1 13 6

increase! ratio(%)
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Ecological
economic
value(W/yr)

Solar
Emergy
(sej/yr)
of T #s Al
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Solar
(sej/unit)
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tranformity
AlE Alz=E AAZ 1998WH-H 20073

Raw Units
(J or W)

Item
101 7ke] off = A

=

[

No

Table 3.2 Tabular format of emergy analysis table for Busan
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1 GgCOy)
2004
2,643
10,780
4531
204
18,158

(unit

2003

2,853
10,442

217
18,630

5118

2002

3,066
9,999
5,105

168
18,338

2001
3,053
10,674
5,335
192
19,254

2000

3,026
10,045
5,467

190
18,728

Section
Industry
Transport
Household/
commerce
Public, etc.
Total

Table 3.3 Greenhouse gas emissions of energy section in Busan
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Table 3.4 The reduction plan and effect of greenhouse gas inventory
of Busan(Busan metropolitan city, 2007)

(unit : GgCO»)

Section Reduction plan 2010 2015 2020

Expandl.ng ren.ewable.energy n 1358 980.4 434.0
industrial section

Expanding renewable energy in public, 197 2.0 491

Energy etc. section
Supplying BD 20 394 82.0 124.6
Total reduction 187.8 391.4 607.6
Expanding homeworking support 0.3 1.1 1.9
Trans Inducement tosscrap decrepit car 16 14 1.4
port Expanding central bus road 0.0 0.1 0.1
Expanding CNG bus supply 385 38.5 385
Total reduction 40.1 445.0 906.0
Energy conservation in household 86.0 257.0 429.0
Citizen Expanding triple one(111) campaign 258.0 465.0 765.0
practice Expanding-autonomous traffic restriction 35.0 183.0 288.0
Total redution 479.0 905.0 1,482.0
Policy of waste-reduction 61.0 75.0 81.0
E?n\;l;(t)n Increasing reC(;\lflf;z rate on sewage 0.9 20 30
Total reduction 61.9 77.0 34.0
Total 7189 1,8184 3,079.6
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Table 3.5 Reduction of greenhouse gas emissions in each reduction plan

. Greenhouse gas
Reduction plan Year £

reduction(GgCQO»)
. .. . 2010 135.8
Expanding renewaslzii;rllergy in industrial 2015 980.4
2020 434.0
. . . 2010 12.7
Expanding renewalsaéitie;ergy in public, etc. 2015 99,0
2020 49.1
2010 39.4
Supplying BD 20 2015 82.0
2020 124.6
Emission permit standard 28 13.0
intention(America) 83 404.0
2020 864.0
2010 385
Expanding CNG bus supply 2015 385
2020 385
2010 86.0
Energy conservation in household 2015 257.0
2020 429.0
2010 258.0
Expanding triple one(11l) campaign 2015 465.0
2020 765.0
2010 85.0
Expanding autonomous traffic. restriction 2015 183.0
2020 288.0
2010 668.4
Total reduction 2015 1,738.9
2020 2,992.2
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Fig. 3.7 Kinds of equations for the simple storage model TANK(Odum,
2000).
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(K1*E, K2#Q, K3«Q+F)& HAZstt HAGH dquAd 2 255 S35t

mdlo) o] g¥= 7 AlG g2 Table 3. 63 22 WHo R Abgett
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Effort
10

Fig. 3.8 Minimodel FISH with three evaluated pathways to show how
to calibrated equations(Odum, 2000).

Table 3.6 Calculation -of.constants for the Model FISH using numbers
on the diagram in Fig 3.8

Expression Coefficient . Coefficient
. Calculation
and value expression value
K1*E=5 K1=5/E K1=5/10 K1=05
K2*Q=3 K2=3/Q K2=3/1000 K2=0.003
K3#Q=+F=2 K3=2/(Q*F) K3=2/(1000%10) K3=0.0002
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Fig. 3.9 Example of Module in Visual Basic Editor from MS EXCEL
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Table 4.1 Emergy flows of the Busan metropolitan city in 2007

Raw Solar Solar Ecological
No Item Units tranformity Emergy economic value,
(sej/unit) (sej/yr) 2007 Won
RENEWABLE RESOURCES
1 Sunlight 210E+19 J 100E+00  210E+19  1.74E+10
2 Wind 520E+15 ] 251E+03  130E+19  1.08E+10
3 Rain, 338E+14 ] 470E+04  159E+19 131E+10
geopotential
A Rain, chemical  482E+15 ] 305E+04  147E+20  122E+11
5 Tide 855E+15 | J | 7.39B+04 - 632E+20  523E+11
6 Waves 5AIE+15 ] 512E+04- [ 277E+20  229E+11
7 River, chemficAl '+ 779E+16 J | 813E+04 -.6.33E+21 5.24F+12
8  Earth &vlle." / 765E#0a)0 BB 02y, 4MFHG. N\ 365E+10
INDIGENOUS = RENEWABLE ENERGY
g ~ Asricultural gl med ] 336E405  207E420 1.79E+11
Production
T & 192E+15 ] |3.36E+06 = A08E+21 | 3.38E+12
Production
NONRENEWABLE SOURCE USE FROM WITHIN SYSTEM
11 Groundwatér. “IgeE+14 ] |272E+05~ ~ 48E+19  401E+10
12 Top Soil 1336%14 ] 124B+05 . 164E+19  1.36E+10
IMPORTS AND OUTSIDE SOURCES
13 Coal 147E+15 ] 671E+04  985E+19  8.16E+10
14 oil 187E+17 ] 9Q06E+04  1.69E+22 140E+13
15 Gas 071E+16 ] 8O05E+04  2.18E+21 1.80E+12
16 Electricity 645E+16 ] 291E+05  1.88E+22 155E+13
17 Inflow of G.&S. 439E+13 W 425E+08  1.86E+22 154E+13
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sej/yr, vfEo 2 HEH 130 E19 sej/yr, B HXAUXZFEH 159 E19
sei/yr, ]9 3}stA oA ZEE 147 E20 sej/yr, FAC2ZREH 6.32 E20
sej/yr, FEoYRZHEE 277 E20 sej/yr, st 2 HE 633 E21 sej/yr,
A7k gsol o)ate] 441 E19 sej/yr,7b e E A otk oo s g
o WmE AuUAAY A5 stHelA e Ay A 7t 6.33 E21 sej/yr,= 7HE
B AHAE FAA7IL AAT 2 24 9= B 3184 oA,

g, A7bes, B, wel A oA wow omAs} e Aol

Aol FRAEF 2ste] 217 E20 sej/yr, o1&l 93t 4.08 E21
sej/yr Alz=®l el AR Y E 48 E19 sej/yr, BEZYE 164 E19
sej/yr WhEo] oMA| 7} o] & 5l

AFEZHYH fFYP¥H = duU A= Aol 985 E19 sej/yr, 4171 1.69 E22
sej/yr, AA7F2~7F 218 E21 sej/yr, Z28°] 183 E22 sej/yrz YESE S
1 9] Good & Service:= = 1.86 E22 sej/yr= L ES
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Table 4.2. Summary of flows for Busan in 2007

Emergy flows Solar Emergy Contribution

(sej/yr) (%)

Renewable sources used(R) 6.96E+21 10.95
Nonrenewable SBOEZ(;;S( I\J[]"l)ow from within 6.49E+19 0.10
Imported minerals and fuels(F) 5.66E+22 83.95
Total emergy inflow(Y) 6.36E+22 100

Z AW A (Yol dE53 A e v 1095 %= YGEFR o, 74
Ale] @9 AA Y Emergy A& %S 832 EI3 sej/yr/m’, 1919 Emergy A}
S22 489 E16 sej/yr/cap® FER:

Aol A Ao m A FEA 8t Al Bade HIteke ol
|5 odmA AMHEYR) =3 A5, @4 T8 AdemAMo 7HAE
Brvele HmEA Zb ouxfelo] MAFEZ|ZFA] o] ¥ o M X|(Y)el thI
A2 o HA(F)e] H= AFEATE 2007d % FARS] o] AJAkH] =
11222 Yeston dhar(Lee and Odum, 1994)9] 1.129} &Lt A &
Holal 9lvh w7h A GA| =g gk o] ALu = 2ol tig Bt

o8 fFdE AMAE Uro]l AT F lom, oA F Akl

n = oA 72 E 5 dtH(Brown and Ulgiati, 1997).
Alz=gle] AAETA Fof o mA] ALH(EIR)S 8.05= WE O™, 2k S
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Table 4.3 Indices for overview of Busan. using emergy in 2007

Name of Index Expression Value
Renewable emergy flow(sej/yr) R 6.96E+21
Flow from' indigenous ' nonrenewable
reserves(sej/yr) A 649D
Flow of imported emergy(sej/yr) F 5.66E+22
Total emergy inflow (sej/yr) R+N+F 6.36E+22
Total emergy used(sej/yr) Y=N+R+F 6.36E+22
Emergy to money ratio P1=Y/GNP 1.21E+09
Fraction used, locally renewable
(% Renew) R/Y 10.95
Use per unit area (7.58E8 m?) Y/(area) 8.32E+13
Use per capita (3.83E6 people) Y/(population) 4.89E+16
Emergy yield ratio(EYR) Y/F 1.12
Emergy investment ratio(EIR) F/(R+N) 8.05
Environmental loading ratio(ELR) (N+F)/R 8.14
Emergy Sustainability index(ESI) EYR/ELR 0.14




1998 H-E] 2007 7kA1 ©] AE® o wx] FA A whe} & A
AR)CZHE S #9 ¥ 604 E21~1.40
AN W= 593 E19~1.05 E20 sej/yr, QIR 25E Fujs s ouxY
(F)& 4.74 E22~5.66 E22 sej/yro2 AdA3 & FAA 3t It
(Table 4.4). 10 ¢t Hy Aoz J&HA JUAYLR)S 155 %, Hl G
A AU AAMN)S 01 %, FE5E Fujd JUALFE)S 844 %E 2HA|
st gl vhH(Fig.4.2).

Fig. 433 #Zo] AAl o™ A(Y)2 1998 %2 576 E22 sej/yrol 4 2007
dXol = 630 E22 sejyre2 A8 09 % F7Hal o, 10d3E S71HA

o 7AE wEan 2 Wl gl A6l

Table 4.4 Variation of Emergy inflow from renewable' sources(R),
Nonrenewable sources(N) and Purchased input(F)

(unit : sej/yr)

Year R N F Y
1998 1.07.E22 1.05 E20 474822 5.82 E22
1999 9.37. E21 9.38 E19 5.12"E22 6.07 E22
2000 8.49 E21 9.88 E19 545 E22 6.31 E22
2001 6.04 E21 9.79 E19 546 E22 6.07 E22
2002 1.10 E22 713 E19 553 E22 6.64 E22
2003 1.40 E22 7.86 E19 550 E22 6.91 E22
2004 1.00 E22 7.38 E19 5.36 E22 6.37 E22
2005 8.34 E21 7.31 E19 5.40 E22 6.24 E22
2006 1.34 E22 593 E19 548 E22 6.83 E22
2007 6.96 E21 6.49 E19 566 E22 6.36 E22
Average 9.84 E21 8.17 E19 5.37 E22 6.36 E22




Renewable resource: R, Nonrenewable source :N,
Purchased input: F
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Fig. 4.3 Variation of emergy inflow from Renewable, Nonrenewable
sources and Purchased input.
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Table 4.5 Variation of emergy indices from 1998 to 2007
Year %Renew."” EYR? EIR” ELR” EST”
1998 18.38 1.23 4.39 4.44 0.28
1999 15.44 1.18 541 5.48 0.22
2000 13.46 1.16 6.34 6.43 0.18
2001 9.96 1.11 3.88 9.04 0.12
2002 16.63 1.20 497 5.01 0.24
2003 20.31 1.26 3.90 3.92 0.32
2004 15.77 1.19 5.30 5.34 0.22
2005 13.37 1.16 6.41 6.48 0.18
2006 19.64 1.25 4.07 4.09 0.30
2007 10.95 1.12 8.05 3.14 0.14

1) %Renew. = R/(R+N+F)
2) EYR, Emergy vield ratio = (F+R+N)/F

3) EIR, Emergy investment ratio = F/(R+N)
4) ELR, Emergy loading ratio = (F+N)/R

5) ESI, Sustainability index, ESI = EYR/ ELR
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Table. 4.6 Sustainability state based on ESI in national systems(Choi,

2003).
The state of national systems
Unsustainable systems Transitional Systems Sustainable Systems
(ESI < 1) 1 < ESI < 10 10 < ESI
Nation ESI Nation ESI Nation ESI
Belgium 0.01 Thailand 1.01 Colombia 10.80
Israel 0.01 Philippines 1.16 Australia 12.27
Germany 0.03 Pakistan 1.44 Chile 15.28
Czech 0.04 Mexico 1.48 Bangladesh 19.84
Italy 0.05 Nigeria 1.77 Brazil 21.70
Netherlands 0.05 India 1.95 Russia 45.55
Switzerland 0.07 Canada 2.24 New Zealand 57.52
Austria 0.09 Ireland 2.40 Argentina 137.68
Jordan 0.10 South Africa 3.65 Ethiopia 153.53
Spain 0.10 Indonesia 4.09
Korea Rep. 0.11 Peru 4.56
Poland 0.11 Norway 6.62
Japan 0.12 Venezuela IR
France 0.14
Greece 0.14
Turkey 0.19
Denmark 0.19
Sweden 0.20
Finland 0.26
United Kingdom  0.30
Portugal 0:40
USA 0.46
Egypt 0.63
Hungary 0.66
Costa Rica 0.74
China 0.80
Malaysia 0.87
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Fig. 4.6 Variation of predicted emergy inflow from purchased input.
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Table 4.7 Variation of-predicted emergy indices-in Busan from 2010 to

2020.
Indices
%Renew EYR EIR ELR ESI
year
2010 13.85 1.16 6.16 6.22 0.19
2015 12.63 1.15 6.85 6.92 0.17
2020 11.61 1.13 7.55 7.62 0.15
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Table 4.8 Nonrenewable sources(Oil) changes by reduction plan of
greenhouse gas emissions

Greenhouse Oil
Reduction plan gas reduction reduction
(GgCO2) (BBL)
Expandm.g reneyvab%e energy in 1358 306,356
industrial field
Expanding renewable energy in 197 98 650
public, etc. field ' ’
Supplying BD 20 29.4 N
2010 HPping
Expanding ENG bus supply 385 86,853
Expanding autgngmous traffic 350 191,754
restriction
Total 301.4 631,300
Expandm.g reneyvab%e energy in 980.4 147,989
industrial field
Expanding renewable energy in 99,0 65.499
public, etc. field ' ’
Supplying -BD 20 82.0 36,997
2015 upplymg
Expanding ‘CNG bus supply 38.5 86,853
Expanding autgngmous traffic 123.0 412,836
restriction
Total 612.9 537,320
Expandm.g reneyvab%e energy in 434.0 979,076
industrial field
Expanding renewable energy in
. . 49.1 110,766
public, etc. field
Supplying BD 20 124.6 56,218
2020 upplymg
Expanding CNG bus supply 385 86,853
Expanding autgngmous traffic 983 0 649,700
restriction
Total 934.2 1,882,622




Table 4.9 Nonrenewable sources(electricity) changes by reduction plan
of the greenhouse gases emission.

Greenhouse Electric.
Reduction plan gas reduction reduction
(GgCO») (Gwh)
Energy conservation in household 86 202.8
2010 Expanding trlple one(111) 953 6085
campaign
Total 344 811.0
Energy conservation in household 257 606.1
2015 Expanding trlple one(111) 465 1096.7
campaign
Total 122 1,702.8
Energy conservation in household 429 1,011.8
2020 Expanding trlple one(111) 765 1.804.3
campaign
Total 1,194 2,816.0

Agpkote] uwhgl oAl EAHo e REZREH B e M, AyF
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R=J-KO*«R=*Q R=]J/(1+K0O=*Q)

U(Consumption)= K5 * Q * Jei * Jgi

DQ = Kl'+ R*Q - K2 *Q - K3 *x Q * Jel * Jgi

DA = K6 * U = Jea * Jga * A — K7 *x A

DM = K4 % Q = Jei = Jgi * pa = Kll * M - K12 * M - KI3 * M
- K14 = M

C(CO2 emission)= K8 *Q + K9 * Q * Jei = Jgi + KI0 * U * A *

Jea * Jga
Ex(Export) = K4 *Q =*-Jei * Jgi

Fig. 410 Energy systems diagram—of-Busan with letters for each
storage and pathway.
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Table 4.11 Initial values of the storage and flow in Energy diagram

J= 2.08E+19 J/yr Enviornmental energy

= 2.08E+18 J/yr Radiant energy
Q= 1.81E+06 ton Biomass
C= 1.54E+04 GgCOy Amount of CO2 emission
A= 3.41E+14 W Economical asset
M= 4.81E+13 W Amount holding money
KO*R*Q= 1.87E+19 J/yr Energy flow from Environ.
K1xR*Q= 5.68E+06 ton/yr Productivity of Environ.
K2xQ= 5.25E+06 ton/yr Natural decrement

Oy Tt s T v Product form primary

K3*Qx*Jei*]Jgi 4.30E+05 ton/yr il
K4xQx* JeixJgi= 3.84E+12 W/yr Export of Good & service
K5%Qx* Jei*Jgi(U)= 4.42E+13 W/ yr Amount. of consumption

Money using formation about

K6+UsJear JgarA= 1398 18 O total liabilities and' net worth

K7xA= 6.81E+12 W/yr Depeciation
K8+Q= 5.40R+01 GeOT .COZ emission from primary
industry

v Tt T CO2 emission from secondary
K9#Qx*Jeix]gi 356E+03 GgCOy/yr o
CO- " emission from the

K10+U*xAxJea*xJga= 2:01E+04 GgCOy/yr hetfoption in city

Energy using in city except

Jea=K11=M/pg 4.26E+06 toe/yr L
for electricity.

. . Energy wusing in industry
Jgi=K12+M/pg 1.02E+06 toe/yr except for electricity
Jea=K13+M/pe 1.09E+04 Gwh/yr Electricity using in city
Jei=K14*M/pe 4.86E+05 Gwh/yr Electricity using in industry

Fig. 499} Table 4.11¢] A3&E &8st 7k 27| kol tiste] Zd o
o] &3 F AEE BASFIAL 7t dFdHE Ao wg duyA sE5S

HAsIH o™, oo tg A= Table 4.129F £ T}



Table 4.12 Normalization and calibration for the model

Source and Storage used for Calibration :

J=10 Jga=8.76

R=1 Jgi=2.10

Q=10 Jea=1.94

A=10 Jei=1.00

M=10

C=10

Normalization value Calculation of coefficient

K0+R*Q=8.99 K0=8.99/(R*Q) Therefore, KO=  0.8990
K1#R*Q=31.4 K1=31.4/(R*Q) Therefore, Kl=  3.1381
K2+Q=29 K2=29/Q Therefore, K2=  2.9003
K3#Q*Jei*]Jgi=2.38 K3=2:38/(Qx*Jei*]Jgi) Therefore, K3=  0.1228
K4+xQ*Jei+]Jgi=0.799 K4=0.799/(Qx*JeixJgi) Therefore, K4=  0.0381
K5#Q*Jei*]gi=9.19 K5=9.19/(Qx*Jei*]Jgi) Therefore, K5=  0.4381
K6+Us*JeaxJgaxA=0.4 K6=0.4/(Qx*Jea*]Jga*U) Therefore, K6=  0.0003
K7xA=0.2 K7=0.2/A Therefore, K= 0.0200
K&%Q=0.0228 K8=0.0228/Q Therefore, K8=  0.0023
K9xQx*JeixJgi=1.5 K9=1.5/(Q*Jei*Jgi) Therefore;; K9=  0.0715
K10%U*A*Jea*Jga=8:48 |"K10=-848/(A*Jea*Jga*U) | Therefore, K10= 0.0054
K11+M=0.913 K11=0.913/M Therefore, Kll= 0.0913
K12+M=0.173 K12=0.173/M Therefore, Kl12= 0.0173
K13=«M=0.212 K13=0.212/M Therefore, K13= 0.0212
K14+M=0.0705 K14=0.0705/M Therefore, Kl14= 0.0070
A A B wAHE Ao dquyx sE did e o83k

Visual Basic Z2I13< Fdqst7] 913 2=5 sl 1A fids =

Fro| AES J4E F AkEd 7 AR 2 Age 27 #3s gy
¥ 3 For next 7S &83ste] 2000 7| Hoz2 2472 A7l
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Fig. 4.11 The results of energy simulation about the system of
greenhouse gas emissions in Busan.

e

wds Ane o wx Fr Anpe} vlasia o Wx x| 3 2§
jste] 12k Ajtel] o] ¥ = AASA A o] &FR)H oA FAY

Astet &9 F)e] Mkt spofat
12 kgl o] Agke] o] Sul= A%t
K3#QxJeixJgio] oluvA] &2 -4

il

ARz o otolA Fds = oy A
G (F)= Jga, Jai, Jea, Jeio] #to = APy, Tda F=o F
HE AAstL Cell 2 d¥8to] R, F, YR+F)#to] ¥ =5 Het
shath =3 b= #@e B 2 ArstEY] de] 2] glew Hg
5 oA EAd A o] &¥ = A4S F&sto] sej/yr ¢ele UEUE
= fFsilth R, Fol Wiste 23 ghol wel 2472 Azeks A8
Aol vetd= oA S Felstazt sl

Fig. 4123} zro] & Edlor o] AAe7d #el o] & R)2 488 E21 ~

S
s
=
H

ro



485 E21 sej/yre] WelolAl ZAsta dden, F25E FujE 2o
HAde wid 362 E22 sei/yritE
411 E22 ~ 410 E22 sej/yr H91=2 YEST o9} 22 R, F, Y& 7]

Z2 A AFE AFE & AATH

30

=f==Rirenewable source)

=== F(purchased input)

20 =iy (tOkal €mETEY)

Emergy flow, E21sejfyr

10

Q T T T T

2005 2007 2009 2011 2013 2015 2017 2019
year

Fig. 412 R, F, and Y values of energy simulation about the system of
greenhouse gas emissions in Busan.
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system of greenhouse gas emissions in-Busan.
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Table 4.13 Energy used in 2005 and average annual decrease rate from
2010 to 2020

Energy used in 2005 2010 2015 2020

) Jpa 4.26E06 toe/yr 0.19 % 0.22 % 0.52 %

ol Jpi 1.02E+06 toe/yr 0.74 % 0.36 % 2.35 %
Electric.  Jea 1.09E+04 Gwh 1.48 % 312 % 515 %
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Fig. 4.14 The results of energy simulation applying the reduction plan.
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Appendix

Appendix 4.1. Emergy evaluation for Busan metropolitan city from
1998 to 2006

4. 1. 1. Emergy evaluation for Busan metropolitan city in 1998

Solar Solar Ecolr:)g;ial
No. Item Raw Units tranformity Emergy economic
L. . value, 1998

(sej/unit) (sej/yr) Won

RENEWABLE RESOURCES

1 Sunlight 163E+19  J  LOOE+00 163E+19  834E+09
2 Wind 781E+15 ]  251E+03 1.96E+19 1.00E+10
3 Rain, geopotential 5.28E+14 J 4. /0E+04 2.48E+19 1.27E+10
4 Rain, chemical 755E+15 ] | 3.05E+04 2.30E+20 1.18E+11
5 Tide 877E+15 ] | 7.39E+04 6.48E+20 | 3.31E+11
6 Waves 541E+15 ] 5.12E+04 2.7TE+20 1.42E+11
7 River,, chemical 1.24E+17 J 8.13E+04 1.01E+22 5.14E+12
8 Earth'.cycle 753E%14 ]| B.76E+04 A34E+19  2.22E+10
INDIGENOUS RENEWABLE ENERGY

9 Agricultural 865EA14r pimn 396EW0S 2.91E+20 1.49E+11

Production

10 Pi;jfgfjﬂ 157E+15  J  3.36E+06 5.27E+21 2.70E+12
NONRENEWABLE SOURCE USE FROM WITHIN SYSTEM

11 Groundwater 323E+14 ] 272E+05 878E+19  4.49E+10
12 Top Soil 139E+14 ] 1.24E+05 172E+19  880E+09
IMPORTS AND OUTSIDE SOURCES

13 Coal 103E+15 ]  671E+04 693E+19  354E+10
14 oil 203E+17 ] 9.06E+04 184E+22  9.39E+12
15 Gas L16E+16  J  805E+04 931E+20  476E+1l
16 Electricity 394E+16 ] 291E+05 115E+22  5.86E+12
17 Inflow of G& S.  254E+13 W  654E+08 166E+22  848E+12
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4. 1. 2. Emergy evaluation for Busan metropolitan city in 1999

Solar Solar Ecologigal
No. Item Raw tranformity Emergy economic
Units (sej/unit) (sej/yr) value, 1999
Won
RENEWABLE RESOURCES
1 Sunlight 1.80E+19 J 1.00E+00 1.80E+19 9.62E+09
2 Wind 6.69E+15 J 2.51E+03 1.68E+19 8.95E+09
3 Rain, geopotential 6.29E+14 J 4.70E+04 2.95E+19 1.58E+10
4 Rain, chemical 8.98E+15 J 3.06E+04 2.7T4E+20 1.46E+11
5 Tide 8.80E+15 J 7.39E+04 6.50E+20 347E+11
6 Waves 541E+15 J 5.12E+04 2.77E+20 1.48E+11
7 River, chemical 1.07E+17 J 8.13E+04 8.72E+21 4.65E+12
8 Earth cycle 7.58E+14 J 5.76E+04 4.37E+19 2.33E+10
INDIGENOUS - RENEWABLE ENERGY
9 Agificyltygal 922E+14 ] |11 336E+05 310E+20 | 1.65E+11
Production
10 Fisheries Production  1.68E+15 J 3.36E+06 5.63E+21 3.01E+12
NONRENEWABLE “SOURCE USE FROM WITHIN SYSTEM
11 Groundwater 2.82E+14 J 2.72E+05 7.68E+19 4.10E+10
12 Top Soil 1.38E+14 J 1.24E+05 1.71E+19 9.11E+09
IMPORTS AND OUTSIDE SOURCES
13 Coal 1.15E+15 J 6.71E+04 7.69E+19 4.10E+10
14 Oil 2.21E+17 J 9.06E+04 2.00E+22 1.07E+13
15 Gas 1.47E+16 J 8.05E+04 1.18E+21 6.31E+11
16 Electricity 4.07E+16 J 291E+05 1.18E+22 6.32E+12
17 Inflow of G.& S. 2.85E+13 W 6.34E+08 1.81E+22 9.66E+12
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4. 1. 3. Emergy evaluation for Busan metropolitan city in 2000

Solar Solar Ecologigal
No. Item Raw Units tranformity Emergy economie
(sej/unit) (sej/yr) value, 2000
Won
RENEWABLE RESOURCES
1 Sunlight 1.94E+19 J 1.00E+00 1.94E+19 1.05E+10
2 Wind 6.70E+15 J 2.51E+03 1.68E+19 9.10E+09
3 Rain, geopotential 3.28E+14 J 4.70E+04 1.4E+19 8.34E+09
4 Rain, chemical 4.69E+15 J 3.05E+04 1.43E+20 7.713E+10
5 Tide 8.34E+15 J 1.39E+04 6.16E+20 3.33E+11
6 Waves 541E+15 J " BA2E+04 2. TTE+20 1.50E+11
7 River, chemical 9.69E+16 J 8.13E+04 7.88E+21 4.26E+12
8 Earth cycle 7.60E+14 J 5.76E+04 4.38E+19 2.37E+10
INDIGENOUS « RENEWABLE ENERGY
9 Agiicyltygal 851E+14 ]| 336E+05 2.86E+20 1.55E+11
Production
10 PFrf;fcrtiie(fn 145E+15 ] 3.36E+06 48TE+21 2.63E+12
NONRENEWABLE SOURCE USE FROM WITHIN SYSTEM
11 Groundwater 3:01E+14 J 2.72E+05 8.18E+19 4.42E+10
12 Top Soil 1.37E+14 J 1.24E+05 1.70E+19 9.21E+09
IMPORTS AND OUTSIDE SOURCES
13 Coal 8.85E+14 J 6.71E+04 5.94E+19 3.21E+10
14 Oil 2.31E+17 J 9.06E+04 2.09E+22 1.13E+13
15 Gas 1.68E+16 J 8.05E+04 1.36E+21 7.34E+11
16 Electricity 447E+16 J 291E+05 1.30E+22 7.03E+12
17  Inflow of G.& S. 3.17E+13 W 6.06E+08 1.92E+22 1.04E+13
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4. 1. 4. Emergy evaluation for Busan metropolitan city in 2001

Solar Solar Ecologigal
No. Item Raw Units tranformity Emgrgy VZTSE,OIZTBSI
(sej/unit) (sej/yr) Won
RENEWABLE RESOURCES
1 Sunlight 1.89E+19 J  LOOE+00  189E+19  119E+10
2 Wind 6.72E+15 J  251E+03  169E+19  1OBE+10
3 Rain, geopotential 3.09E+14 J 4. 70E+04 1.45E+19 9.11E+09
4 Rain, chemical 441E+15 J 3.06E+04 1.34E+20 8.45E+10
5 Tide 8.46E+15 J 739E+04  6.25E+20  3.93E+11
6 Waves 541E+15 ] 5I12E+04~._ 277E+20  174E+11
7 River, chemical 6.67E+16 J  8I13E+04  542E+21  340E+12
8 Earth cyele 7.62E+14 ] 576E+04 . 439E9  276E+10
INDIGENOUS = RENEWABLE ENERGY
9 Agnigujurpl 9.30E+14 J 336E+05  3.13E+20 = 196E+11
Production
10 Ifrlzgirclszn 161E+15 J  336E+06  540E+21'  3.39E+12
NONRENEWABLE “SOURCE USE FROM WITHIN'SYSTEM
11 Groundwater 2.08E+414 ] 2TEw5  809E+19  5.08E+10
12 Top Soil 1.37E+14 ] L24E+05  169E+19  1OBE+10
IMPORTS AND OUTSIDE SOURCES
13 Coal 1.35E+15 ] 67IE+04  904E+19  568E+10
14 oil 2.18E+17 J  906E+04  198E+22  124E+13
15 Gas 1.81E+16 J  805E+04  146E+21  916E+11
16 Electricity 4.83E+16 J  291E+05  141E+22  883E+12
17 Inflow of G& S.  338E+13 W  568E+08  LO92E+22  1.20E+13

- 121 -



4. 1. 5. Emergy evaluation for Busan metropolitan city in 2002

Solar Solar Ecologigal
No. Item Raw Units tranformity Emergy economie
(sej/unit) (sej/yr) value, 2002
Won
RENEWABLE RESOURCES
1 Sunlight 2.05E+19 J  1.00E+00 2.06E+19 1.26E+10
2 Wind 8.55E+15 J  251E+03 2.15E+19 1.33E+10
3 Rain, geopotential 5.50E+14 ] 470E+04 2.59E+19 1.60E+10
4 Rain, chemical 7.86E+15 ] 3.05E+04 2.40E+20 1.48E+11
5 Tide 8.68E+15 J7.39E+04 6.41E+20 3.96E+11
6 Waves 541E+15 ) 5.12E+04 2. TTE+20 1.71E+11
7 River, chemical 1.28E+17 J  8.13E+04 1.04E+22 6.42E+12
8 Earth cycle 7.63E+14 J _ B76E+04 4.39E+19 2.71E+10
INDIGENOUS « RENEWABLE ENERGY
9 Agiicyltygal 9.06E+14 ] 3.36E+05 3.05E+20 1.88E+11
Production
10 PFrf;fcrtiie(fn 140E+15 ] 336E+06 A71E+21 2.91E+12
NONRENEWABLE SOURCE USE FROM WITHIN SYSTEM
11 Groundwater 2.00E+14 ] 2.772E+05 5.45E+19 3.37E+10
12 Top Soil 1.36E+14 ] 1.24E+05 1.69E+19 1.04E+10
IMPORTS AND OUTSIDE SOURCES
13 Coal 1.19E+15 ]  6.71E+04 7.97E+19 4.93E+10
14 Oil 2.14E+17 J  9.06E+04 1.94E+22 1.20E+13
15 Gas 2.02E+16 J  8.05E+04 1.63E+21 1.01E+12
16 Electricity 5.14E+16 J  291E+05 1.49E+22 9.24E+12
17  Inflow of G.& S. 3.62E+13 ¥ 5.31E+08 1.92E+22 1.19E+13
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4. 1. 6. Emergy evaluation for Busan metropolitan city in 2003

Solar Solar Ecologigal
No. Item Raw tranformity Emergy econonuce
Units (sej/unit) (sej/yr) value, 2003
Won
RENEWABLE RESOURCES
1 Sunlight 1.71E+19 J 1.00E+00 1.71E+19 1.09E+10
2 Wind 4.73E+15 J 2.51E+03 1.19E+19 7.53E+09
3 Rain, geopotential 6.22E+14 J 470E+04 2.92E+19 1.86E+10
4 Rain, chemical 8.88E+15 J 3.05E+04 2.71E+20 1.72E+11
5 Tide 8.65E+15 J 7.39E+04 6.39E+20 4.06E+11
6 Waves 541E+15 J 5.12E+04 2.77E+20 1.76E+11
7 River, chemical 1.65E+17 J 8.13E+04 1.34E+22 8.50E+12
8 Earth/cycle 7.63E+14 J 5.76E+04 4.40E+19 2.79E+10
INDIGENOUS = RENEWABLE ENERGY
9 Aprigujpurel 722E+14 ]| 336E+05 2.43E+20 154E+11
Production
10 PFrf;fcrtifjn 128E+15  J|  3.36E+06 430E+21 2.73E+12
NONRENEWABLE SOURCE USE FROM WITHINy'SYSTEM
11 Groundwater 2.27E+14 J 2.72E+05 6.18E+19 3.92E+10
12 Top Soil 1.35E+14 J 1.24E+05 1.68E+19 1.07E+10
IMPORTS AND OUTSIDE SOURCES
13 Coal 1.20E+15 J 6.71E+04 8.03E+19 5.10E+10
14 Oil 2.14E+17 J 9.06E+04 1.94E+22 1.23E+13
15 Gas 2.13E+16 J 8.05E+04 1.71E+21 1.09E+12
16 Electricity 5.32E+16 J 291E+05 1.55E+22 9.82E+12
17 Inflow of G.& S. 364E+13 W 5.03E+08 1.83E+22 1.16E+13
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4. 1. 7. Emergy evaluation for Busan metropolitan city in 2004

Solar Solar Ecologigal
No. Item Raw Units tranformity Emergy econome
(sej/unit) (sej/yr) value, 2004
Won
RENEWABLE RESOURCES
1 Sunlight 1.93E+19 J 1.00E+00 1.93E+19 1.39E+10
2 Wind 4.30E+15 J 2.51E+03 1.08E+19 7.78E+09
3 Rain, geopotential 3.66E+14 J 4 70E+04 1.72E+19 1.24E+10
4 Rain, chemical 5.23E+15 J 3.05E+04 1.59E+20 1.15E+11
5 Tide 851E+15 J 7.39E+04 6.29E+20 4.54E+11
6 Waves 5.41E+15 J 5.12E+04 2.TTE+20 2.00E+11
7 River, chemical 1.16E+17 J 8.13E+04 9.42E+21 6.80E+12
8 Earth cycle 7.63E+14 J 5.76E+04 4.40E+19 3.17E+10
INDIGENOUS  RENEWABLE ENERGY
9 Agriguprs] 824E+14 ]| 336E+05 277TB+20 | 2.00E+11
Production
10 PFrﬁfCrfjn I83E+15  J|  386E«06  443E+21  323E+12
NONRENEWABLE SOURCE USE FROM WITHIN:SYSTEM
11 Groundwater 2.10E+14 J 272E+05 5.71E+19 412E+10
12 Top Soil 1.350E+14 J 1.24E+05 1.67E+19 1.21E+10
IMPORTS AND OUTSIDE SOURCES
13 Coal 1.24E+15 J 6.71E+04 8.33E+19 6.01E+10
14 Oil 2.01E+17 J 9.06E+04 1.82E+22 1.32E+13
15 Gas 2.25E+16 J 8.05E+04 1.81E+21 1.31E+12
16 Electricity 5.57E+16 J 291E+05 1.62E+22 1.17E+13
17 Inflow of G.& S. 3. 70E+13 W 4.67E+08 1.73E+22 1.25E+13
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4. 1. 8. Emergy evaluation for Busan metropolitan city in 2005

Solar Solar Ecologigal
No. Item Raw Units tranformity Emgrgy VZTSZ,OIZTS(C)B
(sej/unit) (sej/yr) Won

RENEWABLE RESOURCES

1 Sunlight 2.08E+19 J 100E+00  208E+19  1.60E+10
2 Wind 4.30E+15 J  251E+03  1.08E+19  831E+09
3 Rain, geopotential 3.66E+14 J 470E+04 1.72E+19 1.32E+10
4 Rain, chemical 5.22E+15 J  305E+04  159E+20  1.23E+ll
5 Tide 8.03E+15 J- 739E+04  594E+20  A57E+11
6 Waves 541E+15 ] 5A2E+04 - 277E+20  2.13E+ll
7 River, chemical 9.53E+16 J  8I3E+04 7.75E+21  597E+12
8 Earth ¢ycle 7.63E+14 ] 576E+04 . 440E+19  3.39E+10
INDIGENOUS - RENEWABLE ENERGY

9 Agrigugerl 7.95E+14 J 336E+05  267E+20 | 206E+11

Production

10 Pi;jfgfjﬂ 1.26E+15 J 336E+06  423E+21/ 326E+12
NONRENEWABLE SOURCE USE FROM WITHIN SYSTEM

11 Groundwater 2.08E+14 J | 272E+05 565E+19  435E+10
12 Top Soil 1.34E+14 ] 124E+05  166E+19  1.28E+10
IMPORTS AND OUTSIDE SOURCES

13 Coal 144E+15 J  67IE+04  967E+19  745E+10
14 oil 1.87E+17 J  906E+04  160E+22  1.30E+13
15 Gas 2.59E+16 J  805E+04  209E+21  161E+I2
16 Electricity 5.97E+16 ] 291E+05  174E+22  1.34E+13
17 Inflow of G.& S. 387E+13 W 453E+08  175E+22  1.35E+13
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4. 1. 9. Emergy evaluation for Busan metropolitan city in 2006

Solar Solar Ecologigal
No. Item Raw Units tranformity Emgrgy VZTEZ,OIZTS(C%
(sej/unit) (sej/yr) Won

RENEWABLE RESOURCES

1 Sunlight 1.99E+19 J 1.00E+00 1.99E+19 1.44E+10
2 Wind 4.30E+15 J 2.51E+03 1.08E+19 7.82E+09
3 Rain, geopotential 4.04E+14 J 4. 70E+04 1.90E+19 1.37E+10
4 Rain, chemical 5.77E+15 J 3.06E+04 1.76E+20 1.27E+11
5 Tide 8.58E+15 J 7.39E+04 6.34E+20 4.59E+11
6 Waves 541E+15 J 5.12E+04 2.1TE+20 2.01E+11
7 River, chemical 157E+17 J 8.13E+04 1.28E+22 9.25E+12
8 Earth cycle 7.64E+14 J 5.76E+04 440E+19 3.19E+10
INDIGENOUS « RENEWABLE ENERGY

9 Aggioyltgeal 6.63E+14 ] 336E+05 223E+20 | 16IE+11

Production

10 PFrf;fcrtiie(fn 112E+15 ] 3.36E06 376E+21 | 2.72E+12
NONRENEWABLE SOURCE USE.FROM WITHIN SYSTEM

11 Groundwater 1.57EX14 J 2. 12E+05 4.28E+19 3.10E+10
12 Top Soil 1.33E+14 J 1.24E+05 1.65E+19 1.19E+10
IMPORTS AND OUTSIDE SOURCES

13 Coal 1.93E+15 J 6.71E+04 1.30E+20 9.38E+10
14 Oil 1.83E+17 J 9.06E+04 1.66E+22 1.20E+13
15 Gas 2.63E+16 J 8.05E+04 2.12E+21 1.53E+12
16 Electricity 6.20E+16 J 2.91E+05 1.80E+22 1.31E+13
17  Inflow of G.& S. 4.11E+13 W 4.37E+08 1.79E+22 1.30E+13
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Appendix 4.2. Emergy evaluation for Busan metropolitan city in 2007

Solar Solar Ecologigal
No. Item Raw Units tranformity Emergy econorme
(sej/unit) (sej/yr) value, 2007
Won
RENEWABLE RESOURCES
1 Sunlight 2.10E+19 J  1.00E+00 2.10E+19 1.74E+10
2 Wind 5.20E+15 J  251E+03 1.30E+19 1.08E+10
3 Rain, geopotential 3.38E+14 ] 4770E+04 1.59E+19 1.31E+10
4 Rain, chemical 4.82E+15 J  3.05E+04 1.47E+20 1.22E+11
5 Tide 8.55E+15 J7.39E+04 6.32E+20 5.23E+11
6 Waves 5.41E+15 J  5.12E+04 2.77TE+20 2.29E+11
7 River, chemical 7.79E+16 J  8.13E+04 6.33E+21 5.24E+12
8 Earth cycle 7.60E+14 J  5.76E+04 4.41E+19 3.65E+10
INDIGENOUS  RENEWABLE ENERGY
g  Aerfultyel 644E+14 ] |336E+05 2.17E+20 1.79E+11
Production
10 Pijfgfjﬂ 122B+15 ] 3.36E+06 4.08E+21 3.38E+12
NONRENEWABLE SOURCE USE FROM WITHIN SYSTEM
11 Groundwater 1.78E+14 J __2/2E+05 4.85E+19 4.01E+10
12 Top Soil 1.33E+14 J  1.24E+05 1.64E+19 1.36E+10
IMPORTS AND OUTSIDE SOURCES
13 Coal 1.47E+15 ] 6.71E+04 9.85E+19 8.16E+10
14 Oil 1.87E+17 ] 9.06E+04 1.69E+22 1.40E+13
15 Gas 2. 71E+16 J  8.05E+04 2.18E+21 1.80E+12
16 Electricity 6.45E+16 ] 291E+05 1.88E+22 1.55E+13
17 Inflow of G.& S. 4.39E+13 B 4.25E+08 1.86E+22 1.54E+13
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Footnotes to appendix 4.2

RENEWABLE RESOURCES

1

Sunlight
Continental shelf
Land area
Insolation

Albedo

Energy(])

Wind

Land area
Density of Air
Avg, annual wind
velocity
Geostrophic wind
Drag Coeff.
Wind, kinetic
energy

Energy (J)

Rain, geopotential
Area

Rainfall

Average elevation
Runoff rate
Energy (J)

Rain, chemical
Land area
Rainfall
Energy(land)(])

Tide

Cont. Shelf area
Avg. Tide range
Density

Energy (J)

4.79E+09 m2

7.65E+08 m2

5.41E+09 J/m2/yr

0.30 (% given as decimal)

(5.55E9 m2)*(541E9  J/m2/yr)*(1-0.30)

2.10E+19 J/yr
7.65E+08

1.3 kg/m3
3.3 m/s
5.50 m/s
1.00E-03

(area)(air density)(drag - coeffcient)(velocity™3)

(7.65E8 m2)(1.3 " kg/m3)(1.00E-03)(5.50 m/s)"3(3.14E7 s/yr)

5.20E+15 J/yr (Here, 1997)
7.65E+08 m2

1.28 m/yr
69.2 m

0.51 (% given as decimal)

(7.65E8m2)*(0.51)#(1.28m/y1)*(1000kg/m3) *(69.2m)*(9.8m/
s2)

3.38E+14 J/yr

7.65E+08 m/yr

1.28 m/yr (used that for land area)
(7.65E8m2)*(1.28m/yr)*(1000kg/m3)*(4.94E3 J/kg)
4.82E+15 J/yr

4.79E+09 m2

0.71 m

1.03E+03 kg/m3

(area elevated)(0.5)(tides/yr)(height
squared)(density)(gravity)

(479E9 m"2)*(0.5)*(706/yr)*(0.71)"2+(1.025 E3
kg/m"3)*(9.8m/s"2)

8.55E+15 J/yr
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6 Waves
Shore Length
Wave height
Energy (J)

7 River
Volume flow
Gibbs free energy
Energy (J)

8 Earth cycle
Area
Energy (J)

7.00E+04 m

0.42 m

(shore length)(1/8)(density)(gravity)(height
squared)(velocity)
(298.52m)*(1/8)*(1.025E3kg/m3)*(9.8m/s"2)*(0.42m)"2
(9.8m/s°2+12.5m)""(3.154ETsec/yr)

541E+15 J/yr

1.58E+10 m"3/yr

494 J/g
(1.58E9m"3/yr)*(1.0E6g/m"3)*(4.94]/g)
7.79E+16 J/yr

7.65E+08 m2
(7.65E8m2)*(1E6]/m2/yr)
7.65E+14 I/yr

INDIGENOUS RENEWABLE ENERGY :

8  Agricultural /Production

Production
Energy(])

9 Fisheries Production
Production
Energy(])

NONRENEWABLE SOUR

10 Ground water, used
Consumption in
city
Gibbs free energy

11 Top Sail
Soil loss
Mountain zone
Energy(])

Soil loss
Arable zone
Energy(])

Total

4.40E+04 MT
(440E5MT)*(1 E6g/MT)*(3.5 kcal/g)*(4186'J/kcal)
6.44E+14 J/yr

3.63E+05 MT
(8.63E5 MT)+(1 E6 g/MT)*(4 kcal/g)*(4186]/kcal)*(0.20)
1'22E+15 Jyr

CE FROM WITHIN SYSTEM

3:56E+07 t/yr

5 J/g
(3.56E7ton/yr)*(1E6g/m3)*5
1.78E+14

2.60E+02 g/m"2/yr

3.61E+08 m~2
(9.38E10g/y1)*(0.030rganic)*(5.4Kcal)*(4186]/Kcal)
6.36E+13 J/yr

8.50E+02 g/m"2/yr

1.20E+08 m~2
(1.02E10g/y1)*(0.030rganic)*(5.4Kcal)*(4186]/Kcal)
6.90E+13 J/yr

1.33E+14 g/yr
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IMPORTS AND OUTSIDE
12 Coal
Consumption =

Energy(]) =

13 Oil
Imports =

Energy(]) =

14  Gas
Imports =

Energy(]) =

15  Electricity
Consumption =

Energy(]) =

16  Inflow of G. & S. =

SOURCES:
5.06E+04 MT
(5.06E4 MT/yr)=(29E10 J/MT)
147E+15 I/yr
2.97E+07 BBL/yr
(2.97E7 BBL/yr)=(6.28 E9 ]J/BBL)
1.87E+17 I/yr
5.09E+05 MT

(5.09E5 MT)*(1.27-E7.. kcal/MT)*(4186]/kcal)
2.71E+16 J/yr

1.79E+04 Gwh

(1:79E4 Gwh)(3.6E12 J/Gwh)
6.45E+16 J/yr

4.39E+13 W/yr
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Appendix 4.3. Summary of flows in Busan

Name of Index Expression Value

Renewable emergy flow(sej/]) R 6.33E+21

Flow from 1nd1genous' N 649519
nonrenewable reserves(sej/])

Flow of imported emergy(sej/]) F 5.66E+22
Total emergy inflow(sej/]) R+N+F 6.30E+22
Total emergy used(sej/]) U=N+R+E 6.30E+22

Emergy to money ratio P1=U/GNP. 1.20E+09
Fraction used, locally
renewable(% Renew) e 1005

Use per unit area (7.58E8 m?) U/(area) 8.23E+13

Use per capita (3:83E6 people) U/(population) 4.84E+16

Renewable ot A o at (R/U) #(population) 1.31E+05

present living- standard

Developed carrying capacty-al 8(R/U)*(population) 1.05E+06

present living standard
Emergy yield ratio(EYR) U/F 1.11
Emergy investment ratio(EIR) F/(R+N) 8.85
Environmental loading ratio(ELR) (N+F)/R 8.95
Sustainability index(SI) EYR/ELR 0.12
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Appendix 4.4. Solar transformity used in Emergy analysis of Busan

Energy Sources

Solar Transformity(sej/J)

Sunlight
Wind
Rain, geopotential
Rain, chemical
Tide
Waves
River, chemical
Earth cycle
Agricultural Production
Fisheries Production
Groundwater
Top Soil
Coal
Oil
Gas
Electricity

Inflow of G.& S.

1
2510
47000
30500
73900
51200
81300
57600
3.36E+05
3.36E+06
2.72E+05
1.24E+05
6.71E+04
9.06E+04
8.05E+04
2.91E+05
6.54E+08
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Appendix 4.5. Emergy

Busan metropolitan city from 2010 to 2020

evaluation of predicted resource basis for

4. 5. 1. Predicted emergy evaluation for Busan metropolitan city in

2010
Solar Solar Ecologigal
No. Item Raw Units Tranformity Emergy econonue
(sej/unit) (sej/yr) value, 2010
Won
RENEWABLE RESOURCES
1 Sunlight L92E+19 ] 1.00E+00 L92E+19  1.65E+10
2 Wind 5.87E+15.—F 2.51E+03 147E+19  1.27E+10
3 Rain, geopotential 4 49E+14 J 470E+04 2.11E+19 1.82E+10
4 Rain, chemical 64IE+15— ] 3.05E+04 L95E+20  1.69E+11
5 Tide 854E+15 ] 7.39E+04 6.31E+20  5.44E+11
6 Waves 5AIEHS ] 5.12E+04 27TE#20  2.39E+11
7 River, chemical  1I3E+17 ] 8.13E+04 921E+21  7.95E+12
8 Earth cycle 769E+14 ] 5.76E+04 443E+19|  3.82E+10
INDIGENOUS - RENEWABLE ENERGY
9 i%;ﬁ;‘ii‘fjﬁl S8I2E+14 ] 3.36E+05 2.73E+20  2.35E+11
10 PFrféfcr;fjn 1L.39E+15 ] 3.36E+06 467E+21  4.03E+12
NONRENEWABLE SOURCE-USE FROM. WITHIN SYSTEM
11 Groundwater 238E+14 ] 2.72E+05 6.43E+19  559E+10
12 Top Soil 131E+14 ] 1.24E+05 L62E+19  1.40E+10
IMPORTS AND OUTSIDE SOURCES
13 Coal 180E+15 ] 6.71E+04 L21E+20  1.04E+11
14 oil L72E417 ] 9.06E+04 156E+22  1.35E+13
15 Gas 338E+16 ] 8.05E+04 2.72E+21  2.34E+12
16 Electricity T52E+16 ] 291E+05 2.19E+22  1.89E+13
17 Inflow of G.& S.  489E+13 W  4.25E+08 208E+22  1.79E+13
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4. 5. 2. Predicted emergy evaluation for Busan metropolitan city in

2015
Solar Solar Ecolr?g;ial
No. Item Raw Units Tranformity Emergy econotmic
.. . value, 2015
(sej/unit) (sej/yr) Won

RENEWABLE RESOURCES

1 Sunlight 1.92E+19 J 1.00E+00 1.92E+19 1.82E+10
2 Wind 5.90E+15 J 2.51E+03 1.48E+19 1.41E+10
3 Rain, geopotential 451E+14 J 4 70E+04 2.12E+19 2.01E+10
4 Rain, chemical 6.45E+15 J 3.05E+04 1.97E+20 1.87E+11
5 Tide 8:54E+15 J 7.39E+04 6.31E+20 599E~+11
6 Waves 541E+15 J 5.12E+04 2.7TE+20 2.63E+11
7 River, chemical 1.13E+17 J 8.13E+04 9.21E+21 8. 75E+12
8 Earth cycle 7.74E+14 J 5.76E+04 446E+19 4.23E+10

INDIGENOUS - RENEWABLE ENERGY

9 Agrlcultl'lral 8 12F+14 ] 3.36E+05 2.73E+20 2.59E+11
Production

10 Fisheries 1.39EM6 ] | "836E406 46TE+21 4.44E+12
Production

NONRENEWABLE SOURCE USE FROM WITHIN-SYSTEM
11 Groundwater 2.38E+14 J 2.72E+05 6.48E+19 6.16E+10
12 Top Soil 1.27E+14 J 1.24E+05 1.58E+19 1.50E+10

IMPORTS AND OUTSIDE SOURCES

13 Coal 2.16E+15 J 6.71E+04 1.45E+20 1.38E+11
14 Oil 1.52E+17 J 9.06E+04 1.37E+22 1.30E+13
15 Gas 4.23E+16 J 8.05E+04 3.40E+21 3.23E+12
16 Electricity 8.96E+16 J 291E+05 2.61E+22 2.48E+13
17 Inflow of G.& S. 5.80E+13 W 4.25E+08 24TE+22 2.34E+13
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4. 5. 3. Predicted emergy evaluation for Busan metropolitan city in

2020

Solar Solar Ecologigal

No. Item Raw Units Tranformity Emergy econonne
(sej/unit) (sej/yr) value, 2020

Won
RENEWABLE RESOURCES

1 Sunlight 1.92E+19 J  1.00E+00 1.92E+19 1.96E+10
2 Wind 5.94E+15 J  251E+03 1.49E+19 1.53E+10
3 Rain, geopotential 454E+14 ] 470E+04 2.14E+19 2.19E+10
4 Rain, chemical 6.49E+15 J  3.05E+04 1.98E+20 2.03E+11
5 Tide 8.54E+15 J 7.39E+04 6.31E+20 6.46E+11
6 Waves 541E+15 ] 512E+04 2.7TTE+20 2.84E+11
7 River, chemical 1.13E+17 J  8.13E+04 9.21E+21 9.43E+12
8 Earth cycle 7.79E+14 )] 576E+04 449E+19 4.59E+10

INDIGENOUS - RENEWABLE ENERGY

Agricultural
Production

10 Fisheries Production ~ 1.39E+15 ] 3.36E+06 4.67TE+21 478E+12

9 8.12E+14 ] 3.36E+05 2.73E+20 2.79E+11

NONRENEWABLE SOURCE USE FROM WITHIN SYSTEM
11 Groundwater 2.35E+14 Jo [ 2.72E+05 6.48E+19 6.64E+10
12 Top Soil 1.24E+14 J  1.24E+05 1.54E+19 1.57E+10

IMPORTS AND OUTSIDE SOURCES

13 Coal 2.52E+15 ] 6.71E+04 1.69E+20 1.73E+11
14 Oil 1.31E+17 J  9.06E+04 1.19E+22 1.21E+13
15 Gas 5.08E+16 J  8.05E+04 4.09E+21 418E+12
16 Electricity 1.04E+17 ] 291E+05 3.03E+22 3.10E+13
17 Inflow of G.& S. 6.71E+13 ¥ 4.25E+08 2.85E+22 2.92E+13

- 135 —



Appendix 4.6. The code of Visual Basic programming about the
system of greenhouse gas emissions in Busan

Sub Energy_modeling_Busan()

KO = 0.899
K1 = 3.138
K2 = 2.9003
k3 = 0.1228
K4 = 0.0381
K5 = 0.4381
K6 = 0.0003
K7 = 0.02
K8 = 0.0023
K9 = 0.0715
K10 = 0.0054
k11 = 0.0913
k12 = 0.0173
k13 = 0.0212
k14 = 0.007
jga = 8.76
jgi = 2.1
jea = 1.94
jei = 1

pa =1

pg = 2.04
pe = 1.96

j =10
q=10

a =10

m = 10

c =10

Ex = 0.799
q0 =5

a0 = 4

m0 = 3

c0 =2

Ex0 = 10
dt = 0.1
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t=20

Cells(1, 1) = t

Cells(1, 2) = q * g0
Cells(1, 3) = a * a0
Cells(1, 4) = m * m0
Cells(1, 5) = ¢ * c0
Cells(1, 6) = Ex * Ex0

Fort =1 To 15

Ex = K4 * g * jel * jgi

u = K5 * q * jei * jgi

R=j/0+KO0=*aq)

c=K8 g+ K9 *q*jel *jgi + KIO * ux* a * jea * jga

dg = KI * R *q - K2 * g= k3 * g * jel * jgi

da = K6 * u * jea * jga * a - K7 % a

dm = K4 % q * jel * jgi * pa — kll * m - k12 * m = k13 * m = kl4 * m
g=q+dg*dt

a=a+da=*xdt

m=m + dm * dt

Cells(t + 1, 1) = t

Cells(t + 1,2) = g * g0
Cells(t + 1,3) =a * a0
Cells(t + 1, 4) = m * m0
Cells(t + 1, 5) = ¢ * c0
Cells(t + 1, 6) = Ex *-Ex0
Next t

End Sub
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Appendix 4.7. The code of Visual Basic programming about the
system of greenhouse gas emissions in the case of
applying the reduction plan in Busan

Sub Energy_modeling_applying_Greenhouse_gases_reduction_plan()
KO = 0.899

K1 = 3.138
K2 = 2.9003
K3 = 0.1228
K4 = 0.0381
K5 = 0.4381
K6 = 0.0003
K7 = 0.02
K8 = 0.0023
K9 = 0.0715
K10 = 0.0054
K11 = 0.0913
K12 = 0.0173
K13 = 0.0212
K14 = 0.007
jga = 8.76
jgi = 2.1

jea = 1.94
jei = 1

pa =1

pg = 2.04

pe = 1.96

j =10

q =10

A =10

M =10

c =10

a0 =

a0 = 4

m0 = 3

c0 =2

dt = 0.1
t=20
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Cells(1, 1) = t

Cells(1, 2) = q * g0

Cells(1, 3) = A * a0

Cells(1, 4) = M * m0

Cells(1, 5) = ¢ * c0

For t =1 To 15

If 0 <t <6 Then jga = jga * (1 - 0.0019 = dt)
If 0 <t <6 Then jgi = jgi * (1 - 0.0074 = dt)

If 0 <t < 6 Then jea = jea * (1 - 0.0148 * dt)
If 5 <t <11 Then jga = jga * (1 - 0.0022 * dt)
If 5 <t < 11 Then jgi = jgi * (1 - 0.0036 = dt)
If 5 <t <11 Then jea = jea * (1 - 0.0312 * dt)
If 10 < t < 15 Then jga =-jga * (1 - 0.0052 * dt)
If 10 < t < 15 Then jgi = jgi * (1 — 0.0235 * dt)
If 10 < t < 15 Then jea = jea * (1 - 0.0515 * dt)
Ex = K4 = q #'jel * jgi

u= Kb *x q % jel * jgi

R=j/0+ KO0=*q)

c=K8 *x g+ K9 =*q=*je *jgi+ KIO * u* A * jea * jga

dg = KI =R *q - K2 xq - K3 * q * jel * jgi

da = K6 * u % jea % jga * A - K7 * A

dm = K4 % q * jel * g1 * pa = K11 * M = K12 * M - K13« M - K14 = M
a=q+dg*dt

A=A +da*dt

M =M + dm * dt

Cells(t + 1, 1) = t
Cells(t + 1, 2) = q * g0
Cells(t + 1, 3) = A * a0
Cells(t + 1, 4) = M * m0
Cells(t + 1, 5) = ¢ * c0
Cells(t + 1, 6) =1

Cells(t + 1, 7) = Ex
Next t

End Sub
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