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Emergy evaluation of the Busan Metropolitan City

from an eco-city perspective

Kim Jin Hee

Department of Ecological engineering, Graduate school,
Pukyoung National University

Abstract

As urban environmental problem becomes a global concern on environmental
issues, “eco—city”, which is sustainable for present and next generation, has
been developed as a new paradigm.

Accordingly, it, was vital to utilize an index to assess the ecological property
of the city and several researches have been performed-to establish the index of
the eco-city. However, “previous -studies: were limited -as they were mainly
based surveys, which are subjective by nature.

In this study, we employed an emergy analysis scheme, which is able to
analyse both environmental and economic value with reliable statistical data, to
provide the indices of the eco-city for its principles and definition.

As a result the selected indices are productivity, independency, environmental
performance, and sustainability.

Emergy yield ratio(EYR) has been chosen to represent the productivity of

eco—city, (R*N)/(Y) for independency, environmental loading ratio(ELR) for



environment performance and emergy sustainability index(EmSI) for
sustainability.

The eco—city indices of Busan were rated as quite low with values of 1.04,
0.04, 2473 and 0.04 for productivity, independency, environmental performance
and sustainability, respectively. These results have raised concerns that
development of Busan as an eco-city, where human beings and the
environment is able to co—exist, may not materialize into reality.

Therefore, in order to turn Busan city into an eco-city, Busan should develop
more active plans to improve the eco-city index such-as reducing the amount

of purchased input by shifting its energy source to renewable energy.
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Table 1. The OECD

environmental outlook to 2030

Division Green Light Yellow Light Red Light
- Declining GHG - Global GHG emissions
Climate - emissions per unit of GDP| - Increasing evidence of
change an already changing
climate
- Forested area in OECD)| - Forested management - Ecosystem quality
Biodiversity| countries - Protected areas - Species loss
& - Invasive alien species
renewable - Tropical forests
natural - Illegal logging
resources - Ecosystem
fragmentation
- Point—source water - Surface water quality - Water scarcity
Water pollution in OECD and wastewater - Groundwater quality
countries(industry, treatment - Agricultural water use
municipalities) & pollution
- OECD country SO, '& - PM & ground-level - Urban air quality
Air quality | NOx'emissions ozone
- Road transport emission
- Waste management in + Municipal waste + Hazardous waste
OECD country generation management and
- OECD country emission . Developing country transportation
Waste & of CFCs emissions of CFCs - Waste management in
hazardous . .
. developing counties
chemicals

- Chemicals in the

environment and in
products

Green Light: environmental issue which are being well managed, or for which there have been
significant improvements in management in recent years but for which countries should remain
issues which remain a challenge but for which
management is improving, or for which current state is uncertain, or which have been well
managed in the past but are less so now, Red Light: environmental issue which are not well
managed, are in a bad or worsening state, and which require urgent attention. All trends are

vigilant,

Yellow Light:

environmental

global, unless otherwise specified, OECD(2008).
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Table 2. The Quality of life index

Component

1. Environmental

component

Index Calculation or Unit Effect
SOz ppm -
BOD ppm -
COD ppm -
DO ppm +
sunshine hr/yr +
clear days day/yr +
thunder storm days day/yr -

waste emissions

ton per 1,000 people

no. of plants

per 1,000 people

parks land similar land-use ratio

parks and similar land use
/total land use areax100(%)

2. Health and
Educational

component

no. of beds in general

hospitals

per 1,000 person

no. of.children per a teacher

in kindergarten

person

no. of elementary students

per a teacher

person

no. of high school

per 1,000 person

mortality rate

the death toll
/no. of total population(%s)

no. of dentists

per 1,000 person

no. of physicians

per 1,000 person

_11_



Component Index Calculation or Unit Effect
. population using water
water supply ratio . +
/total population(%)
population density population/area(km) -
incidence of crime per 1,000 person -
3. Social no. of financial institutions |per 1,000 person +
component | no. of public library books |per 1,000 person +

birth rate

no. of births
/total pepulation (%)

no. of-theaters and- venues

per-1,000 person

no. of divorces

per 1,000 person

4. Economic

employment jrate

no. of employees/no. of

people over 15 years of age

no. of cars per 1,000 person +

component
_ |no. of welfare family
percentage of welfare family ] -
/total number of families

no. “of pelice officers per 1,000 person +

no. of firefighters per.1,000 person +
5. Political ) ) social welfare budget

social services budget +
component /total budget(%)

criminal arrest rate

no. of criminal arrests

/crime incidence(%)

Kim, Kwi-gon(1990)

_12_
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Table 3. Urban sustainability indicators

Principles of urban

/10,000 person

L Item Measured variables Unit Effect
sustainability
green belt percentage of forest land % +
1. Prevention of population population density person/kit -
environmental damage conservation of | protective green belt space -
1 +
national land /total area of the city
’ . calculated by
water _quality water pollution level -
JoongAng Ilbo
. . calculated by
atmosphere air pollution level -
JoongAng Ilbo
) . |no. of'doctors
medical facilities person +
/10,000 person
public health no. of medicine distributor
N number +
facilities /10,000 person
prevention of no. of vaccinated people
; person +
disease /10,000 person
2. Consider fai fi o, no. of sports-facilities
nsicer alrness o sports“facilities number +
the next generation /10,000 person
social welfare social-services .
. . million won +
facilities expenditures
water service )
water supply ratio % +
supply
housing supply |housing supply ratio % +
) . no. of traffic accidents
traffic accident case -
/10,000 person
policing criminal arrest rate % +
. crime incidence
crime occurrence case -

_14_



Principles of urban

L Item Measured variables Unit Effect
sustainability
3. The use of renewable ) water usage of one
. . . . |water saving Y -
or circulating materials person/day
5. Limited human activity |secure teachers |no. of students per class person -
income level budget per capita won +

number of cultural
6. Measuring prosperity |cultural space number +

facilities/10,000 person
(take account of the
park - park & amusement park

economic wealth and kit n
amusement park | area/10,000 person

environmental welfare)

river area/total area of

waterfront areas ; k' +
the city
(preserve green space+
7. Natural resource the total area of |Natural green spacet o )
conservation green belt productive green space)
/10,000 person

Kim, Kwi-gonKim, ‘Hoon-hee(1997)

el sl 507) AMAE, O FAAEE AN, o] F AL Q4w
) R bsd A FEE FES BHEA AXE FEIAT T
S8 ARE vkt 39, o QAN @A FAA QAT A gahe] wA
WEEA F5HS 54 - Hlaskg on, Table 49 7871 A=A AL F
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Table 4. Type of indicators for measuring the potential eco—city

Comprehensive | Intermediate | Individual o Variables and Unit &
. . Detail indicators )
Index indicators | indicators calculation Effects
arable land | percentage of arable land| AGRI7/area m, +
green  |percentage of green FOR97/area m, +
o ) number )
diversity of plant species species/ ),
/area
diversity of diversity of animal number .
: g i species/ m,
ENVironmen species /area
tal urees |- -
R bioindicator | ng, of specific plant
I number,
communities, nurmber s/
1,
natural monuments s
no. of certain wild )
[ number species/ ),
Fnvironmental animals and plants
resources of RIV/area
waterside |river area, coastal area m?/m, +
ban ’
. comfortable- LOCarea
ness ‘of no. of natural parks
) : = NINP/area m’/m’, +
environmen- Jeity area
landscape
tal resources natural-park-area
) ANP/area m’/m’, +
/city area
tity of | groundwater bearing
panity of |2 SUBhrea | ¢/m, +
water | /city area
stability of the length of sunshi f the
of sunshine | ave
environmen— | sunshine e o HWS, +
hours past 10 years
tal resources
available |area of less than 8 developable .
m, +
land  |degrees slope/city area area/area

Kim, Cheol-su(2000)

_16_
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Table 5. Planning indicator of the Korean style eco—city

Division

Indicators

1. Land use - traffic -

info-commumnications field

environment—friendly

arrangement

advantage of the natural topography

minimization for the topography variation

environment—friendly appropriate scale density

building arrangement for securing open space

development of

degree of green naturality - ecological zoning
map-eonsiderations

land use appropriate density selecting developing regions
(considering the capacity)
conservation of secure ahility to self purification
natural resources preservation of the ‘excellent natural landscape
creation of ‘open create a buffer green on the wayside
space and green belt -'the skirts of river and use zoning
euregatiolly B tl.qe expansion ?f pedestrian precinct
) (install pedestrian)
Blipchice networking of pedestrian space
traffic system

vitalization of bicycle use

mstallation of the bicycle road

vitalization:of
public transport

traffic planning for transit oriented

(eriterion is low-emission)

information and

commumnications

urban and envirenmental

management using
information networks

environmental and urban management based
on the secure of new technologies

nformation - communication network

2. Ecology & Green field

connectivity of green space(green matrix)

provision for green space planning create a green belt
green space for green network create a abundant city park - green space,
urban forest
symbiotic create a biological corridor

relationship with

organisms

developing for biotope

secure habitat(wetlands, shrubbery etc.)
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Division

Indicators

3. Water - wind field

utilization of

water resources

utilization of rainwater

create a rainwater recycling facility

permeability area maximization

eco—friendly sewage
treatment

separation of rain and sewage water

making of the
waterscape

making of the waterfront

making a close-to—nature stream

use of wind road

securement-of wind road

creation-of wind road(control of microclimate,

air circulation)

4. Energy field

natural energy usage

clean energy usage

usage increase of LPG, LNG

renewable energy

usage

utilization of unused energy

local renewable energy usage
(geothermal heat, river water heat, scawater

heat, solar heat, wind power etc.)

5. Environment and waste . field

waste management

eco—friendly waste treatment

mstallation of a recycling space & bin

leisure facilities

6. Amenity field
landscape formation of urban landscape | visual-corridor; skyline adjustment etc.
development of culture and ) o
culture create culture and leisure facilities

participation of

resident

participation of resident in

COMMUNIty

maintenance plans of community activities and

city management by citizen participation

Lee, Jea—joon(2005)

_19_



Table 6. Environment=friendly urban indicators

Upper standards

Lower standard

Valuation basis

Land usage

multipurpose on'land usage

sustainable land usage for

circulation of ecosystem

vitalization of multipurpose usage

sustainable land usage

down-grade of density of
development(Floor area ratio and

dwelling density ete.)

floor area ratio, dwelling density

formation~and arrangement of
blocks based on .efficiency of land
usage, sunshine;-ventilation-and

environment

sustainable land usage,

increase in energy efficiency

concentration on convenient and

public facilities

accessibility (convenience),
consistency with neighbouring

environments

up-grade of floor area ratio for
energy efficiency in urban areas
(high density)

increase in energy efficiency

down-grade of floor area ratio in

rural eco—housing(low density)

housing complex development

for circulation of ecosystem
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Upper standards

Lower standard

Valuation basis

encourage on public transport

utilization

connection of public transport

transports for minimizing fossil

ratio of natural gas buses

fuels
Traffic usage in sidewalk and bicycle accessibility
construction of exclusive .
) convenience
pedestrian pathway
decrease in road width and )
flow of traffic
pavement of un-even road
energy efficiency/Building - ! .
: - i increase in energy efficiency and
environment-with informative d
; energy saving
function
environmental planning for circulation of atmosphere for
reduction in pollutant emissions ecological environment
) . ! __ |increase in energy efficiency and
increase in district heating facilities y
energy saving
Environmental .
. ; sustainable energy usage for
and increase in usage of clean energy

Energy-saving

ecological environment

increase and-connection in open

space

housing™ complex development

for circulation of ecosystem

usage of waste heat: cogeneration

district heating

increase in energy efficiency and

energy saving

low temperature heating strategy
connected with district heating

system

increase in energy efficiency and

energy saving

Kim, Bum-chul et al.(2005)
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nsan Metropolitan City

and Area = 767.35km?

a'-]’fﬂi._.r-‘_-ni; M_Aﬂ: I,;?‘i.mﬂ:ll

Fig. 1. Map showing study area.

_24_




o d&

2. HEA

L
@_/m o E = N BR )
) B ~ ,_lx.wo 1_M ,W_FL “ﬂuﬂ _EI O.#
e T o dw x4l :
N N o ‘wlvlﬂ io Wm HT E H 1_7I
N ) Amamw
F8 YT LF 2% &
o 0 K o~ X Lo S W
mnm o R X T o0l Oy 4~l 5
X oA AN —E. S <
ﬁo%__hﬂ@%ni?ﬂm
do T K = T of S 5
L3 b/ 2,%%1@
HMﬂWﬂmM%@MW).
= R o0 T o= K N %
JS g L o o = Y e
T LN < .
= N oo o o yal L
o o] 08 o gt~
o = = L~ mh 4 Wrﬂ - i
™ 2l it | — S ol &
ﬁ(%ﬂm n@mw%éswf
0 N u o | Gl F 3 - ,Ur
3 mm TR N, T A
& o =4, MW
T W - = > D
@ B M B MNT = 5
N Aﬂ o] S Mg X R = %
r T e g
ngJ@M%%wmwﬂ
-~ = TNK 3 5 A
o) il & = ® G
2 m R SAS N -
T X e I Y 5
ﬁo%><ﬁﬂﬂ%}xz%
W e < © oz .
FEZEEREI G :
om0 BT ~ ~ 9 L
Y _\L.I/M Bo — 0 tmo o ey =~
- A
5Ty > AP n
Foogg® X wWoE % N
- OL \_I_.‘AIL E‘.M o ;OL ‘._AJV-O ‘Mﬂ 1_..;1_ %lu
B oo & o o
=) —

_25_



o

0.0

9

25.0

c GRS )
© 1 S s S O N .
= - 2 ~ R
2 G e T R
O wuao@oﬁ_»oh_soﬂ
= [3) ) Mwua - % 2 m ﬂl [\
o o = = Njo B om0 & %o
1 8 o1 S ] T ow o
g 4 S S B T WA
© o 2 = ) T O o~ oM oo g oM
™ = >3 - fite) éo O#
2 & m BT % R T o
o © S /3 —~ X = o
5 /= c - AT
7% = o oo X % o= M
°© © 2 = Ly E. oo WS ww
g Gl = & XN — - &
Ly > = = ~ X 0 o —_
(R & o = P Yoaowm g 50
[ m— - O o_e %O o
P A 83 17 nw_ i) % T = g W @\; ,a__.
-5 S o P A
= 2 o v X SO
o o o = B o T oA X ¥ 5 -
P 2 mw. i X < X0 mxu wﬁ
© © = T O
. & O %%5&2%2%
o m.. mu _#O*I! ﬂArO ﬂ_rﬂ % ll -
o g — W o
I o m ‘OI =K JL ;IY‘VI Oﬁ HA_I N
Y o N B = ol = o R Njo
0 o I G R
= > = X A 2 . TN
= = o =) o © — ) T K = I
W o T =] - © U
iy - O Y mu M ﬂﬂ c.l = - = Tc
(2)ramezadwa nmu. TK W = - o 2 & oF
© S
~ N o Yaerwdw @O
. P T W g 1R
@) M =0 s —
i T o+ ® T 7T oo ooFom °
" oo E T B o ™

_26_



T 3.4%9]

x|
(e}

]

O
RS

= 1945 71 4]

s
—_
RW o M T
T o Mo = Ho o ﬂr 1r
w \WE ° ‘mﬂ oﬂAIl ji \.mo amas ;OL ‘q_Ol ]FL
= ) v ol == GG )
- < o] 9 Vo S nox < ol %g_ =
%5%1@@mo§ﬂzﬂoi BP o x
Zo X o IH o @ T T X = T ¢ In © o D
ﬁu i L0 "o . i ﬂ E‘* ‘rltvl UT e N . 0 ‘)AI E‘*
| < N ) iy o) = o) X o )
T ar ) [~ :i = E =
,ﬁ HT . B4 T3 - \.ﬂw oy E:,._ o} 0 - <
X A © M- T A o] oy S % =3
! oy e S o ot Iy < =
T OTOE xOgoqA_f E __L1afuw7
I % %0 = B Q= ﬂw oA w K < ~ <
o = ol T o= i N o o’
— 5 ° g 2 i LAl -t i N R W o
<% < n ° M- = o= M N e No-., & 4 b -~
%M%%Lu 1%%?@1?%%%%3@3
! © f ) — — - .
415v0_z_wgum %ﬂﬂﬂoxz%m%?.@
T g T B <| a2 o = K AN A 8 = © &=
T o &% M =l g = & 2 s E =
BN o ovﬂiiﬁrﬂ@ﬂ% oo o g B
7R w el e ad = F N R T o K
3 2 & gt W | - LIy W gl > o 2B 5
WK IS D vlo o po Yo | M U o N -
o = T . W 2N gt B S Mo N5
. ! el 2] = ) " X o ho — 7 1 ol o N
o T o T 7 Hoa o 2 Y | < ) = 5
4 20 o| B ) oy P T 0 wjr
~ ath] o ol B _ <X & il T L = -~ " In -
nE %) B S = A TR 5 AR = ° oo
TE T e = Ty 5% D' T
o= 0 T N - i 4 &) = i _mﬁ A mm_ = < o ok
- =9 wp TR ME P H .S oo 5
%og17ﬂ7zamﬂwwxﬁo1nm e
LTI Zéwnfgm}gf;mgm
) C A H = 2 Z o w oM el oy 4 B X W R
™R ,Wﬂ o) T o) = + 1_,_Al, o) oF 5 ™ W i ‘_._wO o0 !
! ~ —_ ! — X ne
CARON N T e F w NI > X TIF < I
S TR oIk - "R J Z M T i
A 1 o 1 ﬁ S T._ m :i ~ ) XA
< M % g 5 o = = .
_b Hoond R
c 2 E T
~ ZT

- 27 -



12,000

3
g

E somw
5

0

Fig. 3

20,000
10,051 g 16,606
z
z
-3
z
£ 10,000
g
-
3,466 g
2472 2,713 é 4,517
1,489 1511 = 2796 2636 2972 2798
1,094 =9
I I ° 1,033
N T WTe HENN
’ ,- F 0 4 - =
Seoul Busan Daegu Incheon Gwangju Daejeon Ulsan Seoul Busan. Daegu Incheon Gwangju Daejeon Ulsan

. Population and population density of Busan Metropolitan City(2010).

25.0 y = f =

20,0 . e BEFTTTEE o)

15.0 ~Sg—8—0"g 9 g3

S
10.0
5.0
0.0

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

—0—In-Migrations rate ~ —@-Out-Migrarions rate

Fig. 4. Population movement trend 2001 ~2010.

_28_



BAZE

BK

N

re

A= 1960 th oF 1970 o T RE7FA] 25

ki3

7

o

1995

o)

il
_io

o
+

X

X

fite)

W
)

)A

il
oy
gl
Mo

el
Mo
o

to
oE

ToR

tick ey 19709t =3}

)

W

o)

AT A= 3%

=
=

20~25%

b 90l

Folar, 19801 A|2x

)

A5
o] e A2

gol= A&HE A 95 olgz 2o HA

Fodom, 1990

)

]

A

/1\1,

=]
T

A= A o]l

L |

el
o

2020 Al

X
el
e

il

e

1

A

A

)

ol

2020 A=

VREIS
=

.
110

o
)

e
fte)

—
fite)

Al A ARG A

/‘\_]_,

o B
- T

Fig. 59 A ¢} % o]
9] 1.0%°) = ' 1

K
N
NJo

<]

WRE w9l o} 1 W7t 1285137% Alel® 2 W

of AL glom, 3k A (1,23 =

8~87.6%¢ W= 74 B HES XA

G

o] 3x Akdo] 723% = 7 =&

o] 7}7} 21.0%, 58% = 1

)

gl

-
1

Aoz Ao

A A% 53, 2004), 37 4Fd el W] F o]

j
a-

AT -

(th

A AQAT 1574000 W F 33 Y FAA 57

S

al

A9 7

N

el
oy
%

_29_



1,292,000 78, 22k AF4 FAFAF 270,000 H, 12k A4 FARAEZE 12,000 8 o= A4
A28 FdskA 3xF AF(82.1%), 22 AF1(17.2%), 14} 4F§1(0.8%) o &
300,000

YERSETH(FAEA], 2011).
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(Number of establishments)
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Fig. 5. Primary, secondary, tertiary industry 2001 ~2010.
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Fig. 6. Industrial structure of Busan Metropolitan City(2010).

_30_



ANEAE R B S HNEA 21

o BPA o AARUA A% Hss EAMAL A3 oAlst o2 Brtal)
A3 AR T4 Arh AL AF FA0E 99 1926l ‘el 4

ek AR A AT FAEAl ShA o] FE DS w3 AL
T2 Adre 3t 7 EQH S FASE B 217 AFAF] 2 gl o],
21709 oA Eo] Wl Mg WA AAH T2 dd= A3 HEo] &
HE o g4 Fokollwt AH4 A= 3 o wAEe] A7|E AT ol 2004
ol 7] 2%3kS AAuste] “AAe 8418, A& 73 =AY A5
dutus ALE AT 59 3u 71 EAH I 10708 FEAE, 4270 oA 2 A%
2 ATAEAL, 2011 D oA B A EF HA] A Eo] 3t 71293, 10
N AsAE, 3078 AHAE B2 AER AT A FAEIL AT
(Table 7).
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Table 7. Local agenda 21 for Busan

Branch

Agenda

Index

Protection of the healthy environment

I -1. clean air, blue skies, cozy

reduce amount of dust

PM-10 concentration

Alr reduce amount of fossil fuel used consumption of final energy
reduces vehicle exhaust gas CO, concentration
I -2. crystal clear water flowing
clear water to flow in the river axgess rate of the environmental .
Water standard(grade IV) for water quality
make the'sea of refreshing smell zxtanceggré?gtiai t}ﬁe) sea water quality
reduce water consumption Water consumption per person per day
I'-3. healthy & warious living things
cultivate dense woods ratio of forest field - park
Creature |preserve wetlands ratio of rice paddy - river - marsh

increase the amount of a nest for
migratory bird

migrant birds genus and number
in Nakdong estuary

Buildup of sustainable urban- system

IT-1. reusing ‘resources without creating waste

reduce waste

waste generation amount

Waste |- : _ -
increase the recycling rate recycling ratio
reduce food waste annual food waste generation amount
II-2. sustainable & energy self-sufficient urban
reduce energy consumption annual energy consumption per capita
Energy | efficient use of energy unspecified
increase the use of renewable .
renewable energy production
energy
II-3. cozy streets, traffic culture in consideration for others
build pedestrian—friendly & safe streets|no. of pedestrian accidents
Traffic |increase the traffic culture level traffic culture index

increase use of public transportation

transport share rate of public
transportation
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Branch

Agenda

Index

Urban
Planning

II-4. place of beautiful & harmonious living

create abundant a green belt

park area per capita

preserve the beautiful coastline

extension of a coastline

establish harmonious urban planning

unspecified

Creation of society worth living in

IM-1. magnificent cultural city

increase friendly cultural space

no. of-cultural facilities

and regiment for solving of global
environmental problem

Culture increase cultural activists no. of registered of cultural activities
makes' the living and breathing 4
- f perf
culthre By rate of performing arts
M-2. all citizens are friendly neighborhood
increase convenient facilities for no. of people of a social | welfare
people with a mobility impairment organization
Welfare :

If t that A . e
crealg c;a;qe;r\;l\fx?ﬁ;lter andy}(]):;ﬁ]y no. of a teenagers training facilities
expand social participation of the econonic.activity rates of the
weak worman - disabled person - senior citizen

IM-3. city helping and sharing each other
cooperatlor.l and regiment . participation rate in volunteer
strengthening between regions for .
. activities
Solidarity sustainable development
and _ |strengthening global cooperation
Cooperation

unspecified

consideration for the future
generation

environmental budget ratio

http://www.busan.go.kr
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oA BA

7o AHAS YA ABE

m el Alzgl A el et xt H T. Odume] A|Hat ol m ] Brbwe AlE 2k A
22 Aol AbEE Q17Ee] o Wk of el Ao ALA BF FA sbee
7P olth(H. T. Odum, 1996). ol =] F7kel A =2 5= ol M A (emergy) =
7] AAH BAANN H2BAR ALY FARG & AARA Ao AAE
A5G 7ratar, AAH el H(real wealth)e] ol A 2FA8A =pgho] AAlol 7
Ae #AH - AAE VN R A FRE HER, oHd W E B
o] gl w WAlElE o (calorie) =2 =(joule)® LEF
© I A (energy) et TEE = N olHedlH A= AlFoluyt =2 o] A 7t

filo
e
o
QL
8
s
fru

A e de ¥ e FAE sHs Qs v vt Al "Mz 2
ol= oW A (emergy)= & A 7FAAL Az oA ERE of Y2 ARkl A 3}
Aol 22" RE MRS e = JId oz “FEIEA Ml A 52 A 350
RS A7 A A - Ao Z o) ALgE Tl o8 Thed AT

0

A 2] 5 ™ (Odum, 1983, 1994, 1996), emjoules @ = AF83FaL, "o] Aol AW
o] g 7}53k ol x e 7|E"olgt= HolA "energy memory” = YEN| 7] =
Skt (Odum, 1933).

AN A FAHFAA g FFEY o] & Thed AUATE AR stE AL AST

Z(hierarchy) 2 B4 H A2 e Fee UAEL A +9F & JE &

r\ﬂ

g, % ouAe] dol BUSA BOUE, FUAF AEE BAFE 44 §ol
44 wlashs A B7hsets] 9ol thOdum, 1996). o1& Sof, Agt 4
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71 1Jo] 3 4 & Ao T 2x gfornz Muy 7] TS oy
FRrs 7 AL g vk HE Q7T BASHA fnh ol A AR e ¥
el ol |qAE Hud well= Blalstais} e oy A Eo] WE A 7] 7HA] A
£ WA oA (embodied energy)® #HAFgH & u] sl ol sl o]ufj o]
A YA Z oA W3 = (transformity) & YEFRITE oy A W3lE = &
o] AibE o] RESol X7 7bA] o] ol x BE o m Ao s 1 AAREC] @A)

Qs dHA =2 Yol A 5 o, 9= emjoules/J& AFE-3F]
eI THOdum, 1996). @4, A= the FE oldxs @iter] leke] 7]
To® A e A AT Ay A e 7]d] Bk ol Aol shtel ALkE
1J& 7] 98 Af 52 g3 o2 ARG Holx L& dyAE Y oY
AFor ghitsto} vekdl AL B kol | %] B ghki-(solar transformity)ebal

ol&t | &9l = solar emjoule/J(sej/])S Ak&2EH(Odum, 1996).

Lo

Indirect sun
40 U'DE/,\ embodiedin rain

-
-~
'l
light plants Wood Geological coal | Power |electricily
2 action 1 plant 1/4

& 4

Fig. 7. Emergy quality chain used to calculate solar transformity(Odum, 1988).
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Energy circuit : A pathway whose flow is proportional to the quantity in

the storage or source upstream.

Source : Outside source of energy delivering forces according to a

program controlled from outside; a forcing function.

Storage : 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 transformationprocesses and storages; loss of potential 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, stores it, and feeds in

back autocatalytically to improve inflow.

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

Box : Miscellaneous 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.

Fig. 8. Symbols of energy systems language(Odum, 1983).
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Table 8. Tabular format for the emergy analysis

Energy | Data Raw Units | Solar Tranformity | Solar Emergy Emvalue
source (J, g, or W/vr) (sej/unit) (sej/yr) (em$/yr, emW/yr)

(one line here for each process, or storage of interest)
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E Purchased Resources
ocal Non-
renewable Services
SOUrCes
N
Energy N ]
Sources | Environmental R o| Economic Y Yield -
Systems Use =

1

Yield(Y) = R+N+F
Emergy Yield Ratio(EYR) = Y/F = .. 2
Environmental Loading Ratio(ELR) = (F+N)/R
Emergy Sustainability Index(EmSI) = EYR/ELR

Fig. 10. 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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Table 9. Average values from emergy evaluation of resource basis of Busan in 2010

No. Item Raw Units T(r;;f/(l)lrnnlqg)t v Sol:ej]ijr;f)rgy
RENEWABLE RESOURCES

1 | Sunlight 7.88E+18 ] 1.00E+00 7.88E+18
2 | Wind 493E+15 ] 2.45E+03* 1.21E+19
3 | Rain, chemical 547E+15 ] 3.05E+04* 1.67E+20
4 Rain, geopotential 599E+14 ] 4.70E+04° 2.81E+19
5 | Waves 6.43E+15 ] 5.12E+04* 3.30E+20
6 | Earth cycle 767E+14 ] 5.76E+04" 4.42E+19
7 | Tide 9.97E+14- ] 7.39E+04* 5.15E+21
8 | River, chemical 6.83E+16 ] 8.13E+04% 5.56E+21

INDIGENOUS RENEWABLE ENERGY

9 Forest Extraction 246E+12 ] 5.82E+04°¢ 1.43E+17
10 | Agricultural Production 141E+15 ] 3.36E+05¢ 4.75E+20
11 |Fisheries Production 1.16E+15 ] 3.36E+06" 3.89E+21

NONRENEWABLE SOURCE USE FROM WITHIN SYSTEM

12 | Top Soil 127E+14 ] 1:24E+05" 1.58E+19
13 | Groundwater 553E+14 ] 2.72E+05° 1.50E+20

PURCHASED INPUT SOURCE

14 | Coal 1.12E+15 ] 6.71E+04" 7.48E+19
15 | Natural gas 555E+16 ] 8.05E+04" 4 47E+21
16 | Petroleum products 1.60E+17 ] 1.11E+05° 1.77TE+22
17 | Electricity 729E+16 ] 2.91E+05" 2.12E+22
18 | Inflow of Goods & Services AT2E+13 # | 4.77E+09¢ 2.25E+23

Transformity has been adjusted for GEB of 15.83E+ 24 sej/yr

References for transformities: *Odum et al.(2000); °Campbell et al.(2005); ‘Brown and
MaClanahan(1996); D. Kang and M.T. Brown(2012), adjusted for the global emergy base of
15.83x<10E+ 24 sej/yr
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AAZH Dol A LA qUALES] UA &9 7F 7o EE B A
Y7} A A9 98.9%(7.88E+18]/yr) = 74 =9k o vk (Fig. 129 a), ©] kel =

-

F WIS F3 AAZHQ 7ok Fig. 129 bel o] sk o 38t o| A
7} AAY 49.21%(5.56E+21sei/yr) 2 7FE E=A dEbga, 244 R 7}
4558%(5.15E+21sej/yr) = L FE oAt i A @9 7E 7oA =T 7MY =
dA Bl x e A AAH 7)o 0.07%(7.88E+18sej/yr)ol B33
g, o] 2%E E3) A= & Fue] duAE Bl - F7F Al A A& 3
Bt Ao 18x] e Ag AF b2 Ayt e S & F glen, ne
A MR e dUAESS Tl tid i §lo] I HusHA EHW o] &9

A AAE AN GARA Foe eFE WT P

Fig. 12. Energy and emergy of renewable resource(2010).
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B e Fa3 A 7hed AaoRE A 9, B Aatel
Rom, 53] FAbol os ALkE = o M #] F(389E+21sej/yr)o]l A B4k
89.1%F #tAstal A+ Ao = YEtH(Table 10). A &E7Fsg Bt X
FHAEA Al 7113k k& A E7F 1.50E+20sej/yr(90.51%), E%e] 7%
1.58E+19sej/yr(9.49%) = A = om, wehy} welo =z Fd A =E7hser
AN Ao A, F 2.69E+23sej/yr T A RO EHFE T48E+19sej/yre] o™ A 7}t

+
o
©

FdEa, As AEFEEE 177E+2sej/yr, B=A7FAREE 447E+21sej/vr,
A7 258 2.12E+22sej/yr, 122l A|3}9} & 0= F-B 225E+23sej/yre] of H
A7F Fg = glo] AL 71 == Alskek 89(83:81%), ©71(7.90%), A1+
A FEF(6.59%), =AZF2(166%), 12131 AH(0.03%) w0 Aoz e
(Fig. 13).

-2.69E23 |
sejlyr

G.&S.
83.81%

Fig. 13. Emergy of indigenous renewable resource & purchased input

source(2010).
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Table 1014 A4 ¥ FAkA]
g5kl ol% AL W)
st AN A Z1F ArAe] G AW TFsd SHAR), W A4

oA we wAg Bl FYEE e, A, 7, W7 2 A4 Alsket &9
o] oHAE A E7se 7Y AWAE R EFsAem, 1 AH(E Table
113} Fig. 140l YeEFR A
BN 9] A9 A 7HsE A8 dUuALAR)H A Brbed R B
F AUAAN)2 7l == 7h2t 3.89%, 0.06%0] Eoaslv], A Brtsd
A AU AA(F)e] 96.05% = 7Hd =2 o] 7[QEgE B 2 AFoA 4bE

A A%E Fo FANE Y FY ARdpdgo gEaE AP A B

A

=}
Fxo E42 AT e Ble 08 = A%k

Table 10 Emergy flow of Busan.in 2010

Name of Index Expression Value
Renewable emergy flow R 1.09E+22
Flow from indigenous nonrenewable reserves N 1.66E+20
Purchased input emergy F 2.69E+23
Total emergy used Y=N+R+F 2.80E+23
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Fuel & Electricity

2.69E+23 sejfyr

N

1.66E+20 sej/yr
N Yield
Busan System _—
R 2.80E+23 sejfyr
_—
1. 09E+22 sejfyr

Fig. 14. Three arms diagram of Busan(R: renewable emergy flow, N: low
from indigenous nonrenewable reserves, F: purchased input emergy, Y:

emergy Yield).
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2. AHA AREE o] &F FAFHAIY A=A A X F7}

UM AR R ol MA] FAARE A A hd ko] FAbA o] B, AR A,
S8, 18al A& A FEake AArE A3, Table 110 YR vpe} 7ho] A
2FA A F (productivity index):= 1.04, At 84 #] & (independency index)+= 0.04,
217 H-3F¥](Environmental loading ratio)= 24.73, #1474 A 3 (Sustainability

index)= 0.04%2 2H4 ¥ Ao}

Table 11. Eco—city indices of Busan

Principles of eco-city Expression Value
o Y
Productivity ¥l 1.04
Independency (R -;N) 0.04
Environmental loading -ratio (N; F) 24.73
. . FYR
Sustainability ELR 0.04
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Appendix

Footnotes to appendix 4-1.

RENEWABLE RESOURCES

1

Sunlight

Continental shelf area
Land area

Insolation

Albedo

Energy(])

Wind

Land area

Density of Air

Avg, annual wind velocity
Geostrophic wind

Drag Coeff.

Wind, kinetic energy

Energy(])

1.37E+09 m (=3 Fride, 2011)
7T67E+08 m’ (FAHA] FAAE, 2011)
5.26E+09 J/m*/yr

0.3 (% ‘given as decimal)

(area)*(insolation)x(1-albedo)

(2.14E+09 m")*(5.26E+09 m")*(1-0.3)

1.88E+18 Jyr

167E+08

1.23 kg/m’ (Odum et al., 1995)
3.3 nvs (717441, 2010)
55 n/s

1.00E-03

(area)x(air density)x(drag coeffcient)x(velocity)®
(767E+08 m)x(1.23 kg/m)x(1L.O0E-03)x(55 m/s\’*(314E+07 s/yr)

493E+15 Jyr
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Rain, geopotential
Area

Rainfall

Average elevation
Runoff rate

Energy(])

Rain, chemical
Land area
Rainfall

Energy(land)(])

Tide

Cont. Shef. area
Avg. Tide range
Density

Energy(])

Waves
Coastline length

Wave height

T67E+08 m’ (FAHA] FAAE, 2011)
1.44 m/yr (717415, 2010)
108.29 m (calculated in this study)
051 (% given as decimal)

(area)x(runoff rate)x(ranfal)*(1000 kg/m)x(avg. evation)<(9.8 mys)
(767E+8 m)=(0.51)x(1.44myyr)x(1000kg/m)*(108 20m)x(98ny'sY)

5.99E+14 I
7.67E+08 m' FAMA] BAAR, 2011)
144 m/yr (used that for land area) (7’315, 2010)

(area)x(rainfall) (1000 kg/m')x(4.94E+03 J/kg)

(767E+08 m’)>(1.44 m/yr)*(1000 kg/m’)x(4.94E+03 J/kg)

547E+15 J/yr

1.37E+09 m (Br=raf Akl 2010)
0.64 m (Tl =AM ZA 3, 2010)
1.03E+03 kg/m’

(Area)x(0.5)x(0.5)x (tides/yr) x(height squared)x(density)x(gravity)

(L37EH09 m)x<(0.5)x(05)x(706/yr)*(0.64)°<(1.08E+08 kg/m)*(9.8 mys)

997E+14 J/yr
8.32E+(4 m (calculated in this study)
042 m
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Energy(])

River

Volume flow

(shore length)x(1/8)x(density)x(gravity)x(height squared)x(velocity)

(8.32E+04 m)x(1/8)x(1.025E+03 kg/m')x(9.8 m/s>)x(0.42 m)>
x(9.8 m/s*x12.5 m)"*x(3.154E+07 sec/yr)

6.43E+15 J/yr

1.48E+10 m'/yr (B2 HA|=H)

Avg. Gibbs free energy of Nakdong river

Energy(])

Earth cycle
Area

Energy(])

I

[(8.33]/mol/C)*( Temp.+273,15K)/(18g/moD) ] In[ (10°~TDS)/965,000]
4.63 Ve (calculated in this study)
(148E+10 m'/yr)x(1.0E+06 g/m’)*x(4.63 J/g)

6.83E+16 J/yr

167E+08 m’ (FAHA] SAIAE, 2011)
(T67E+08 m)x(1E+06 J/m’/yr)
7.67E+14 J/yr

INDIGENOUS RENEWABLE ENERGY

9

10

Agricultural Production
Production

Energy(])

Fisheries Production

Production

9.65E+04 MT (F-AkA] EAIAR, 2011)
(Production)*(1E+06 g/MT)*(3.5 kcal/g)x(4186 J/kcal)
(9.65E+04 MT)x(1IE+06 g/MT)*(3.5 kcal/g)x(4186 J/kcal)
141E+15 J/yr

345E+05 MT FARAl BAIRE, 2011
(Production)*(1E+06 g/MT)x(4 kcal/g)x(4186 J/kcal)*(0.2)
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11

Energy(])

Forest Extraction
Harvest

Energy(])

(345E+05 MT)x(1E+06 g/MT)x(4 keal/g)*(4186 J/keal)*(0.20)
1.16E+15 Jyr

1.63E+02 MT (2010 k= AAE 224D
(Harvest)x(1IE+06 g/MT)x(3.6 kcal/g)=(4186 J/kcal)

(1L.63E+02 MT)x(1IE+06 g/MT)*x(3.6 kcal/g)*x(4186 J/kcal)
246E+12 J/yr

NONRENEWABLE SOURCE FROM WITHIN SYSTEM

12

13

Ground water used
Consumption in city

Gibbs free energy

Top Soil
Soil loss
Mountain zone

Energy(])

Soil loss
Arable zone

Energy(])

Total

L11E+08 t/yr (7 8k wLAE)
5 J/g

(1.11E+08 ton/yr)x(1E+06 g/m')x5 J/g

0.53E+14

2.60E+02 g/m'/yr (=A%, 1999)
355E+08 m’ A FAIAE, 2011)

(soil loss)x(zone)x(0.03 organic)x(5.4 kcal)x(4186 J/kcal)
(2.60E+02 g/m/yr)*(3.56E+08m*)%(0.03)x(5.4 kecal)x(4186 J/kcal)

6.26E+13 J/yr
8.50E+02 g/m'/yr (£A%, 199)
1.12E+08 m’ (FAHA] FAAE, 2011)

(soil loss)*(zone)x(0.03 organic)x(5.4 kcal)x(4186 J/kcal)
(850E+02 g/m’/yr)*(L12E+08m’)x(0.03)x(54 keal)x(4186 J/kcal)
6.46E+13 J/yr

1.27E+14 g/yr
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PURCHASED INPUT SOURCE

14 Coal
Consumption =

Energy(]) =

15  Petroleum products
Consumption =

Energy(]) =

16 Natural gas
Consumption =

Energy(]) =

17  Electricity
Consumption =

Energy(]) =

18 Inflow of G. & S.

3.85E+04 MT (FAbA] SAARE, 2011)
(consumption)x(2.9E+10 J/MT)
(38E+04 MT)x(2.9E+10 J/MT)

1.12E+15 Jyr

2.54E+07 BBL/yr (FAHA] BAAR, 2011)
(consumption)x(6.28E+09 J/BBL)
(254E+07 MT)*(6.28E+09 J/BBL)

1.60E+17 Jyr

1.28E+09 m’ (BT 7} 3])
(consumption)x (LOAE+04 kcal/m')x(4186 J/kcal)
(1.28E+09 m’)x(1.04E+04 kcal/m')x(4186 ]/kcal)

5.55E+16 Ty

2.03E+04 Gwh Q011 A= k== FA)
(consumption)x(3.6E+12 J/Gwh)
(2.03E+04 MT)*x(3.6E+12 J/Gwh)

71.29E+16 J/yr

472E+13 W/yr
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