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Emergy accounting of development proposals as a tool for
validity assessment and decision-making

Seohee Kang

Department of Ecological Engineering, Graduate School
Pukyong National University

Abstract

Rapid economic growth has led an affluent life to human, despoiling the environment.
Therefore, Environmentally Sound and Sustainable Development(ESSD) has been the key
issue to preserve environment. Above all, methods and techniques for environmental
decision-making based on verified validity through assessment in early stages of
development has played significant role. However, when it comes to most of the existing
methods, environmental values don’t weigh as much as economic values. Then there are
no choices but to conduct assessment inclined economic side or the best policy is
establishing mitigation plan administering environmental disruption.

This study aimed to suggest a tool for wvalidity assessment and decision-making on
development proposals by Emergy concepts which can analysis the real wealth of
economic and environmental values. Yield(Y), Emergy Yield Ratio(EYR), Environmental
Loading Ratio(ELR) and Emergy Sustainability Index(ESI) are selected as a validity
assessment indices derived by the result of Emergy accounting. Although having the result
of improvement in all figures after development than before is the ideal conditions because
of difficulty in reality, the range of each figures are being decided by region and industry.
The flow chart suggests how to assess validity and make a decision with Emergy by
processing the result of this study. When it applied to the real case, this method revealed
that the development of Saemangeum, Garorim bay and Sejong city with 500 thousands

population were not appropriate and that the development of Shiwha lake and Sejong city

_Vi_



with 300 thousands population is deserved. These development proposals passed
Environmental Impact Assessment(EIA) and this because EIA and other methods can not
compare the real worth of economic cost and benefit with environmental loss led by the
development. Also it approves that the result predicted by development would not excess
the standards which lay down at least to keep the situation. But this study evaluates both
environment and economy equally, presenting these values as a same units. Therefore,
when make definitive decisions, considering social and cultural conditions, this result will

contribute to support a scientific basis.
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Table 1. Comparison of SEA indices of France, Spain, Sweden and Germany(Kwon et al.,

2014)
Country Type of index Method of drawing list Feature
. . Make an assessment table on the
France Itemized index Grade or score .
basis of assessment contents
. ) ) Describe individual item  Divide by deficit indicators and
Spain Itemized index . . oo
in detail planned indicators
Describe about check o )
Sweden  Step check table list Collect opinion of various area
is
) ) Write existence or Consider about target area and
Germany  Itemized index ) ) i
non-existence surrounding environment
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2. Emergy 3714
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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 transformation processes 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.

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.

Switching action: A symbol that indicates one or more switching

actions.

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

Fig. 2. Symbols of energy systems language(Odum, 1983).
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1}. Emergy 713

1) Emergy9] A9

Emergy+ “3 7FA] Aul2y AAES vt = Aol FHH 18] (PP R o]
v 25" 3 FR ol Jhed AUA” = AHelHa glow, =8F oA F
3 Hzole= g2 &9 9A S8 F jouleo] ol emjouled AFEIFCHOdum,
1983, 1994, 1996).
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oA oA WIS FH3= AFTRE ISt Uk aHBE EFTFH O
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Fig. 3. Emergy quality chain, used to calculate solar transformity(Odum, 1988).

2) Unit emergy value(UEV)

A4 RE B4
< 3 7HA A FRuT 4S @ F Ue sEo] gE7] Wi 3 Edo] A
AEed 283 BE 34A ZMXE et O EEY A2 A JHAE 4R st
© A=o|tHOdum, 1996). 12 B2 <Al AHE Zo] Emergy H7tNAE ‘3 T/
o]-& 7hsd YA F sl HIFNUAE 7IEeE & dUAE Eitetes AA
o] JasHA Hrh

Emergy 7H'dollA A2 & T/ AdUAY 7IAE shte] A=z vedr] 9
& AFR Bt AL @9 oA I emergyF o E Ak FE unit emergy value(UEV)
olty. UEVeE ol®l 4o yAigo] &= AUAEY A2 1 £4 1Jo] wEojAl=
dE EE oAuAe At Aol B UEVE T38t7] s ARE
3 2go] wet o AW 3= (Transformity, emjoules/J), Specific emergy(emjoules/g),

rlo
riot
o
o
N
£
i
ol
rl:l
il
9

A a1, ol 7k Emergyel 7id

o 2 - dgHew

ps

of| 1} x] 8} | H] &-(emergy-money ratio, emjoules/$) SO 2 EHTH AR I FE
oz WHEO| 7]Fo] FHE oA o]= & solar transformity(e] &Fol| A 2| H 3k =)e} 11
T FEM 99E sej/lE ol &3t

UEVE ddlvA AlsTz7F AYLE+E Az S7kskH, ovAl Al 72 A o
Aol sgolv BAgFd gk Ax2 o] 857]%= FtHOdum, 1988).
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3) Emergy ¥4

Emergy 2492 oA Al="l tolojaslle 24, emergy 4% 24, emergy

AFE Aol £MZ ol FeiRith
7h A AxF tolojad &4

A ANF A A zEl AolE ol gdte] A AxEle] THLLG FEAE
2¥) tholo] 1R HATiTh

toloiad AYe % SHAZ 1BACAE BAsIA st Axde AAS 44
slopdtth. Ao B, BAHo B nheh Axdel ARE, F1H FAE 9
MRS Zo] Fastth 2BAAE AT RN Ande FFL WAL 24

=< Fobste Aot B doldA, v 22 dUAde] d =
FodEE At & JA o] GACA AHoks= &

Az’ WRe FE e asS dotste Aotk dgA YA o 249 YR as9

5 ghotsf okttt o] TACM = Ak, &nl, A &2

W Fo] Tgd™. mAY SEAMAE R 848 U HIE £o= dHd

A eEdor A widsta, W aaste] FTAAE st 4 8ase

AAdste toloj a3 A FrHOdum, 1996; A tHA - FA S, 2003).

) Emergy £4% 34

BOo 2 emergy BAEE At Aol

o] gz} JhA), Y AR 7

_r,
)
ojf

_15_



Table 2. Tabular format for emergy evaluation

Raw Data UEV Solar emergy Emvalue

No. It
© em {J, g or$) (sej/unit) (sej/yr) (emW/yr)

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

M BAE B, wh, v 5 2 FEL Wl AL G ouA, ol niHe
5% Aot g9 w9l AL F A Fe Bk A BE Frsug e

ANz=gle] AZHE AAY met AFEg. JHERE dutdog Azt YA Jlyn), Azt

Aste dld FEo E Yemergy @ 7Y gk
A e dol A= ALtE Bl energy #H= HI7F WY AIZEY A9 Al2H9
emergy-money ratioZ Y& @< 71

™) Emergy AE A4k

9A AT emergy BAEE ol g3kel W7 U Axwe] B4 veld) the Al
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gt vuE 93l emergy AEE AL

A7l FYsiol & AL HI7F dY Al xHlo] AMEStE & emergy®e TebAY
emergy A x A4S 3 AZ 92 emergyE U w o]FAl4Hdouble counting)e]
AdEs A8 okste Aot Odum, 1996). dl& E°, e, vbs, 4% BE57F A"

o FUHATGA emergy wAE2 AW Ths3 AUA L FFo Al FE EF
EFA Ak ot SHARE AlzEel] A" A e AUAY TS AN o
of Al &=<& Tl Fske Aole AZE Atk v A= B AR <As)
AT Edo] ZHEEY Yy Adddelr] wwed Al &5 ftom A THsdh
AquAdel FFolztal yelll= A2 vtgEad A5 277 Al 235 4
BFolld Ao 719 E F5 AlAA0l7] wEoltt. I#ER o] F-5-ol= emergyFol

g 2 AT Addste te ok,

S
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Purchased

Resources
Local Services
non F |
renewable K
Energy Environmental R Economic Y
Sources system > Use Yizld

<

|
+

Emergy Yield Ratio(EYR) = (R+N+F)/F
Environmental Loading Ratio(ELR) = (N+F)/R
Emergy Sustainability Index(ESI) = EYR/ELR

Fig. 4. 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).

Emergy A% A4S Fig. 4& HiEoE A4St Ax"log f=He A 7hs
AA L] emergyR), Alz=®l WiolA H{Fsa e ABEIHST AUAL9
emergy(N), 77 HtelA  FdEHE HAE, @7, ZF At} 899
emergy(F)2 TE3lo emergy A EE T3}

D F 4==Z(Yield; Y)
7 g Aoz FUEHE AdUA Y] AA emergy F2 A 7Hs oA

R), WERAAAN, A=d 24 922 PH 293 282 53 4995 T

dE)E] emergy o2 A4k Hoh
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YieldY) =R + N + F

o}lr

A= YieldY)= Emergy 7Hdol ot 71 Al2®le] AFAAQ 7ixgt & 4 Q)
}.

2) AA8AAAe HF8(% Renew)

Bt Ui Aoz FUHE AduAde AA emergy & SAA A T ol
Yz o] zA|st= emergy Bl&S AA/HALY] HFE&olgt & 4+ Utk

% Renew =R /| R + N+ F)

oW Alz®le] Adst= A oUAd FollA A Thedd AUA A HlES UE
W= % Renewel e A71Z A BHoNA Al=H ) A&7bed B 7Hsde 274

e oy AF el 4FL v

o

(3) Emergy A34k] (Emergy yield ratio; EYR)

Emergy A4HIEYR)= AA emergy H(Y)S AA HoZFH Fd== Tl
emergy Y2 o] AL

Emergy yield ratio EYR) = R + N + F) / F

Emergy A4bulE= Al 2®lo A Aabdl AAHE(product)e] 7HAE AU o 2 A 9] 71x) ¢}
A z'ol E&AE HrlseT ol &3t
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(4) Emergy ¥A}H] (Emergy investment ratio; EIR)

Emergy EAI(ER)= Al2glo] AES THEY] 98] AR dUA Y FolA, 9
22 FuiE AL emergy ¥E)<S WFHe] AA 7hsd AL emergy YR
QA E7Hs3E AL o] emergy oF N o2 o] A4kt gholth

Emergy investment ratio(EIR) = F / (R + N)

Emergy £ApulE Aele] 441, mAste] AEs UYehie gow dn Ase
A 22 727 g AA A" Aole m &)

7 WEo] YRolN TFAE Astel £ o RuRE Fdol s Azt g
o MeE AUs) SAE JTE epd
o] AAHo] 2 Azdoldy & & 9 R Ao wa) 9% AUL
duh} AAH o AJess 7hE e 4 Qo] ofm FAH FFHo AL
HAHE SR e A4 BB ERS M 8L o ghol SASAL Hojok st
(Odum, 1996).

o

P
2
. E3 FIRE Y
o<
B

(5) 874 8-3}4] (Environmental loading ratio; ELR)
#7432 SUELRS ThFS 3] BFo] AABAel NN FFL Uehis A%
2 A" WREFAY emergy N)Z oAb emergy (B9 &< AA7Fs3 A

2] emergy R)E Y= gholth

Environmental loading ratio(ELR) = N + F) / R

and Ugiati(1997)= o] ELR & 39AIZ F&3ka dth ELRo|] 3BT 28 Aol



At drel sbsdtA god gAY HaAdE 3es ¥+ doa sebstn
glor ELRS Hlie B34UL A&7bsa o188 + U= 44 +39 2§

g FE Avka Frieta Yt
(6) Emergy A <7}5A(Emergy sustainability index; ESD
Emergy A|47HsA(ESDE emergy AAHIEYR)Z 374 FE3SH(ELR)S] vlZ A A4t

Hrh
Emergy sustainability index(ESD = EYR / ELR

Brown and Ulgiati(1997)= ESI®] Zto]l 1Rt Zom A&l WA 7lsAdo] AL
A=Y v AA ), 10EH F Aods AHHR] #d /M8 w2 ANE A

by
2

AA 2oz FEIT BT ESIZL 194 10AF0]e] Aol A& 7He/dol HE3

NE=E=E FAZ &8t Aok
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m. A+

B oATe BRE 4H A AAA ANE L HYNA vaste] shtel v

S A= Aolth a¥EE B A= Emergyol &8 o] &35ty MAAE el

A BXo Ha7 sl AEE AAS T Y Emergy AE9 WS AAS] Emergy
H7PHS ol &3 MNEAZ S BEAd 43 AR AAE AASATE =3 AA

o
>
i
ox
oz
rE
o

g+ Emergy A & o] &3k AEES BHoAAFT] ffs A NTAY

Atglel & ATtel d3E AHEAIH

Emergy #H7PH& o83 MEAZ] Bl A 4 2 oAHEA Wl tid A=
?.

o< Fig. 59 2e A

Choose Emergy index

g

- Consider practical emergy index rangs
- Classify project in comprehensive assessment

Set up Emergy index range

9

Make a flow chart for
decision-making on ELA

9

- Chooss cases to prove validity
Prove validity - Make Emegy evaluation table for each case
- ApplyEmergy index tocase and compare results

A

Suggest procedure for
decision-making on EIA

Fig. 5. Research procedure.
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1. Emergy A ¥ A3

Nz ABAE B BHL ofd WARERES Gt Lokt Amgele
AASFAYL BAGZ @ 5 Hel, ARk AAF L 2L WPL AseA
U AAE el AN Aol X9 AR S AESAh oY e A

AABAS BF4 7HAe} AAA 7HAE T 7IEddA B2 & ¢ Qo 47

S =% Emery AEE o] §3te] AN B BAH JAAY PP 1k

ABAG] B B D AN Leisiok & e WA 1 Ael 74}

oL HEU/E Yehhe Ad4dolth BE Age Eho] o3 ofud FHzE
ool glofok B 1 Folye] T AUAT AAHAEE 1 Adel F NEF W
o) Btz AeAL el WAL Axdle] ANBA Besth £F ST} ALES

T EE Ade R E 7433 Ado)r] v I Algel drtd E&H o8 AdS
Abg3tEA o] gk BrF dasttt. O el 2 SAITFEIEY ZEAQ FHo
WA AP A Ao A FFASE AHstal A&Ied HH(ESSD)IS
g Zoll AAA BAHANA AlPFe] AP Qe WSS
A&E7V58s TFHSE B/ 5 JofoF gtk 2= Emergy
BAHS B3 842 7R AAH 7HAE st @R E TY AdelA vlaske
APAPE FH3F3 Emergy #4He A A =& 4+ = Emergy A&

&3t JNEAF S BEAEE E4E wo AHAHJ] AAE AT F UAEE ARE
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e
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4. Emergy ARE ©]-&% B34 £4 H gAEA PHY FH &

MAAZ et B4 9@ JAEAS 98] Emergy AXE A3ty HAS 23
sto] AR S 913 S TSIUTE o BAls AA NEAge] JAH AR
o AZE AAE ALNEE= GAVE Dasieh AA Aol A EEoEA B AT
AA AABHE MEALY BEAE E43 GAEA WHol FHAH o R ol§ Jhedt
Ve ddEtr] fs) 71EY] AMEAE FolA Emergy B717F o] Fo1Xl At ES o] &
ste] AA H&E& SRt AtElE FollA Emergy #ho] TlAIA % ol o)
M= AA Axtste] Emergy A% ge 7S o] A23}E wlE o= Table 33 22
FAtt.

ol

5 ZA %o Emergy A% 23S Hlw

Table 3. Tabular format for proving validity

. ) Original ~ New Industrial or
Item Name of index Expression

(sej/yr)  (sej/yr) Regional mean

| Renewable emergy flow

2 Nonrenewable emery flow N

3 Flow of imported emergy F

4 Yield(Y) R+N+F
5 Emergy yield ratio(EYR) (R+N+F)/F

6  Environmental loading ratio ELR)  (N#+F)R

7 Emergy sustainability index(ES)) ~EYR/ELR

AAAR Abele]l HE-& Emergy AFEE o] 43 ALAI] Bl B4 B i

A e dAAES Wl oud AXE gAEA st Ttel tiE o E RoEh
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V. 23 9 u3F
1L /AR B2y B4 2 AAAS $)% Emergy AE

7h & AdE(Yield; V)

MEAZ ] Bt 24 B gArEd S 98 A A WA AE= Fig 59 AxE F
oAA g Alz='e] ZHAE Ul & AEZelnh A Fol 7HE WA aies)
o

kG Ao AY AW AP FAV AAHOE Jelw BAHoE JEN O B
A& AT E AL L Zlelek, Emergy Adel met ofd UES WE W
RS VEY] A3 FYSE RE AUAUS Fol 2 1 AuEe] sHHE ek

2 s Mg I Az MR E A2FozRY
FHEE dUALY Folat & & AT MEAF S 532 ¥ B2 7HAE RS 8

= Ao A W Fo E HEFHYVES vl weke Aol BHHolT

ol

). Emergy A48](Emergy yield ratio; EYR)

0222 Emergy A4HIEYRIE H7F AZE AAH3H T EYRS Alxglo] A4keF
V& FuiALdERE o] F= AFEZ ML Fol| Ao F7kslt et Al2H 9]
RERE FUHE FuiAde] AT o5 FujAtdel] &&= B7t At A
5 BoFr EYRe] /M ARG A F7F Avd ik G840] doiAs A
olgf & 4 Q7] Wil A4te] AEAHS uEsty] 9% AEE EYRe] 8ttt
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t}. €7 33}8)(Environmental loading ratio; ELR)
ELRS V3 RaA9s) poldee] §N + D A4 5@ AR e oz
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Ao)7] Wi AXo T gFstx &vt a1z 2F ELRS /w4 8 9

B7h AE2 AR

2}. Emergy A <754 (Emergy sustainability index; ESD

npAer A F ESIE Aqte] e 874 RAEES Tt WUHE 5 o] AA
Aoz M Aol FFHor A A&7 RIE YEE AFolth e
S22 A&7 g GAskE Zlo)7] "ol ESIE NEAY BEAd £49] 3
A EZ A Yot
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2. NEAZY S Bt £ R JAEA S A% Emergy A x|

& AEFe] w2 wteA A 57 S ARG 7 okst

A gheth PEAge] AAsA grka &+ Ak

Y. <Y,
(1 : Before, , : After)

EYRE 7 AE A Fo] A 84S Y= AFEZ /i 371 7 ARG
FAokstal o] A7Fe FHo] FFHA GetH FHox A9z HF EYR Z& 443

W EYR Eo 7E %9 EYR gto]l B 7o 3t

EYR; < EYR;
or at least EYRg < EYR; or EYR; < EYR;
(r : Regional range, | : Industrial range)
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3. Emergy AEE o]4% B B4 % 9A48R SAE

Ao AR Awe] WY AP B AAALe By B4 B oAge o
= Fg. 63 22 &A= wef A
Emergy evaluation
No. \L
It needs to <— Y =Y,
revise the plan. \Lf
Yes
|
EYR; <EYR; y
ELR,; > ELR; — No.
ESI; < ESI,
Regional view Industrial view
EYRy < EYR; EYR; < EYR;
ELRj = FELR; ELR;=FELR;
ESIg <ESI, ESI; < ESI,
No.
All conditions are satisfied. All conditions are satisfied. [—— Ifneedsto
revise the plan.
Yes. This is approved. Yes. This is approved.

Fig. 6. Decision-making procedure.
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Emergy A%E o] &g /MIAYS g4 £4 9 JAAF S dixe 9A M
FolA = Alz=Ee] AA Agto] thi Emergy H7bek A AY o]Fo] W

318 N2"S oS3t Emergy B7HE dokdth. 1 & F AbEHY) A& vag
e Ax"oz fFdse= AX 7 AHUALR), A28 i UM, ZA ¥
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O¥ tf AbEA dARE dojzith

< ©Alel A& EYR, ELR, ESI AIFEY /A A T 3+S nludth =
ol ML MR AHETE o] Aol Alde] FlEo] ALAEe edg A%
oA AR AA ] AmEHA Ak AT T 7HA A xTHE
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=
ottt WA 4AdF BHAM BIID F e AdolEtd 4bdF W A= g
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7t F AEF ARE ol&7 BUL

T AhEF AR AHES A o]&F MNEAY A= Avts T 1T Aotk

_l

olE fs BAIA N ot TRrAMHAGS] APBEE A= Mt A8
4, 2002)] emergy H7F 2#E £ AT @A A - A SFATH

Table 4. Emergy evaluation in original Saemangeum(Kim, 2002)

No. Item Raw data UEV Solar emergy

(sej/J or W) (sej/yr)

RENEWABLE SOURCE

1 Sunlight 6.92E+17 ] 1 6.92E+17
2 Wind, kinetic energy 573E+14- ]  1.50E+03 8.58E+17
3 Rain, chemical 2.35E+15 J 7.44E+03 1.74E+19
4 Tide 2.36E+16 ]  1.68E+04 3.98E+20
5 Waves 2.67E+15 ] 3.06E+04 8.17E+19
6 River, chemical 6.33E+15 J  4.85E+04 3.07E+20
SUM OF RENEWABLE SOURCES 7.22E+20

PURCHASED INPUT
7 Goods & Services 5.15E+10 w  2.13E+09 1.10E+20
SUM 8.32E+20
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Table S. Emergy evaluation for overall developments in Saemangeum(Kim, 2002)

No. Item Raw data UEV Solar emergy
(sej/J or W) (sej/yr)
RENEWABLE SOURCE
| Sunlight 6.92E+17 J 1 6.92E+17
2 Wind, kinetic energy 5.73E+14 J 1.50E+03 8.58E+17
3 Rain, chemical 2.35E+15 J  7.44E+03 1.74E+19
4 River, chemical 1.00E+16 J  4.85E+04 4.87E+20
5 Earth cycle 2.83E+14 ] 3.44E+04 9.73E+18
SUM OF RENEWABLE SOURCES 5.14E+20
NONRENEWABLE SOURCE
6 Top soil 4.42E+14 ] 7.40E+04 3.27E+19
PURCHASED INPUT
7 Goods & Services 1.02E+11 W 2.13E+09 2.17TE+20
SUM 7.64E+20
Table 6. Emergy indices of overall developments in Saemangeum(Kim, 2002)
. . Original New
Item Name of index Expression Y )
(sej/yr) (sej/yr)
1 Renewable emergy flow R 7.22E+20 5.14E+20
2 Nonrenewable emery flow N = 3.27E+19
3  Flow of imported emergy F 1.10E+20 2.17E+20
4 Yield(Y) RAN+F 8.32E+20 > 7.64E+20
Emergy evaluation
No. J’

It needs to <—

Y, =Y;

revise the plan.

Fig. 7. Decision-making prodedure for Saemangeum.
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Table 7. Emergy evaluation in original Shiwha lake

No. Item Raw data UEV Solar emergy
(sej/J or W) (sej/yr)

RENEWABLE SOURCE

| Sunlight 2.25E+17 ] 1 2.25E+17
2 Wind, kinetic energy 9.10E+13 ]  1.50E+03 1.36E+17
3 Total water See note  J varies 5.79E+18
SUM OF RENEWABLE SOURCES 5.79E+18

PURCHASED INPUT
4 Goods & Services 2.22E+10 W 1.57E+09 3.49E+19
SUM 4.06E+19

Table 8. Emergy evaluation of tidal power plant construction in Shiwha lake

No. Item Raw data UEV Solar emergy
(sej/J or W) (sej/yr)

RENEWABLE SOURCE

1 Tide 5.37E+15 J  1.68E+04 4.19E+19

PURCHASED INPUT

7 Goods & Services 1.54E+10 ¥ 1.57E+09 2.42E+19
SUM 6.60E+19
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Table 9. Emergy indices of tidal power plant construction in Shihwa lake

Item Name of index Expression Original Nlew
(sej/yr) (sej/yr)

1 Renewable emergy flow R 5.79E+18 4.19E+19
2 Nonrenewable emery flow N - -
3 Flow of imparted emergy F 3.49E+19 2.42E+19
4 Yield(Y) RNHF 4.06E+19 < 6.60E+19
5 Emergy yield ratio(EYR) (RN+F)/F 1.17 < 2.73
6 Environmental loading ratioELR) (N+F)R 6.02 > 0.58
7 Fimergy sustainability index(ESI) EYR/ELR 0.19 < 4.74

Emergy evaluation

!

It needs to <— Y <Y,
revise the plan. \l/

Yes
v

EYR, <EYR,
ELR, = ELR,
ESI; <ESL

I

All conditions are satisfied.

W
Yes. This is approved.

Fig. 8. Decision-making prodedure for Shiwha lake.
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Table 10. Emergy evaluation in original Garorim bay

Item Raw data UEV Solar emergy

No.
(sej/J or W) (sej/yr)

RENEWABLE SOURCE

1 Sunlight 5.20E+17 ] Il 5.20E+17
2 Wind, kinetic energy 519E+14 ]  1.41E+03 7.32E+17
3 Rain, chemical 7.42E+14 J  7.19E+03 5.33E+18
4 Wave 6.87E+06 ] 2.93E+04 2.01E+11
5 Tide 9.47E+14 ] 4.25E+04 4.04E+20
6 River, chemical 3.54E+14 ] 3.31E+04 1.17E+19
SUM OF RENEWABLE SOURCES 4.14E+20

PURCHASED INPUT
7 Goods & Services 3.71E+10 w  2.64E+09 9.81E+19
SUM 5.14E+20
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Table 11. Emergy evaluation for tidal power plant construction in Garorim bay

No. Item Raw data UEV Solar emergy
(sej/] or W) (sej/yr)
RENEWABLE SOURCE
| Sunlight 5.20E+17 ] 1 5.20.E+17
2 Wind, kinetic energy 519E+14 ]  1.41E+03 7.32.E+17
3 Rain, chemical 742E+14 ]  7.19E+03 5.33.E+18
4 Wave 0 ] 2.93E+04 0
5 Tide 3.09E+15 ] 4.25E+04 1.31.E+20
6 River, chemical 3.54E+14 J  3.31E+04 1.17E+19
SUM OF RENEWABLE SOURCES 1.48E+20
PURCHASED INPUT
7 Goods & Services 4.63E+10 W  2.64E+09 1.22E+20
SUM 2.7T1E+20
Table 12. Emergy indices of tidal power plant construction in Garorim bay
: ) Original New Industrial
Item Name of index Expression . 1
(sej/yr) (sej/yr) mean
1 Renewable emergy flow R 4.14E+20 1.48E+20
2 Nonrenewable emery flow N - -
3 Fow of imported emergy F 9.81E+19 1.22E+20
4 Production(P) RANHF 514E+20 < 271E+20
5  Emergy yield ratio EYR) (RENHF)/F 524 > 221 < 6.64
6  FEnvironmental loading ratiofELR) — (N+F)/R 024 < 0.83 > 0.35
7  Emergy sustaimability index(ESI) EYR/ELR 2222 > 2.68 < 2541
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revise the plan.

Fig. 9. Decision-making prodedure for Garorim bay.

Table 109} Table 11-& Z}zF 7t A 39| 7}Z23 2] emergy H7}%o|t}h Table 12+
A A £ 72 emergy VMRS o] &8t AT emergy A AFsrolrh 1
A3 F A E 2 A HEY ¥ A0 o= AT 9] EYR, ELR,
ESI A% & vHlasiiy /i $o e AE gho] /MY A B vwxgr] ool o
= GAR dojzith. VtEdE =

1

9 YR 23 ELRES A4UBF Hoh ¥o} BE AXt 24 HEAIA 2
. 2eEE Fig 99 SAEAY 7t2Y 2HUd A4S BAA0R 58 4 @

£ ARglels] WEel Ay ABel Yol Wastt dAEYL WY & dnk

- 42 -



&

Aol AA

4

5 <
E%i_c
%zglmﬁ}
ﬂﬂQM47
:A]F‘I;o — ‘Nﬂe
EOLﬂ 0 _E_E‘Jli
ﬁlf@m?o ﬂw&f_f
4oﬂn‘w.mﬁcllﬁc ]Z..#Ld& )AJLI
AJI7L|AL| ,Awrou‘ma‘l ]‘EI
© mﬂ@w __Luﬁ}w:@d k moR
A ‘l_ n
@iﬂlﬁ_f owjﬂmqjéwiam .
—_ T 1. I} 0 oy
o T = LA Vo B T w B o 8 < ol N
S pow T F ﬂ_qum@ Eogl = -
L Box iy mrw_LurEA#o+10f ur&%
so}iA_s N iz& 5%Eo% ﬂgﬂuoﬁ
T o4 0 7 ‘l‘mﬂ‘.ﬂ H_Wﬂ ,le:._o ]]J.Aj_u
}ﬁcmOﬁ\mao 0 Mwﬁl‘ui]rmﬂﬂ. _ ﬁvxmﬂﬁﬂL
u@ﬂn@qa ﬂ,a% saﬁ_ngv ﬁfﬂm@%
5 ﬂ%%% Lia O_E_H%@wﬂow_% 90 o
mﬁ@ TR & ﬁ&vﬁ%@%or&ﬂﬂm @ﬁoﬂo_aﬁ
z@ﬂo_anpr > ol woy /B ﬂ/ygﬂ& 7P % <
i % ol dlo ° B/ fuy s gk T K 3 Poﬁ olJ Tr 3t X X
urkgq@ ) ugo%i T W Aﬁ_fﬂ@
mwu\m_r.._ ;ooll‘._, ﬂ_i ﬂ]ﬂ‘ll‘#n@uou‘_ HT ‘Ll]‘._,
S.LHL Bo Gl ) o) S X+Ho vl zi;o.dlﬂa
}4ﬂ o oﬂﬂ%% o S MoH oY wl%
7&2_.1“@‘%5 Jlﬂauﬂlrm 1_1&.‘_ ﬂ;\Ll eﬂ_ﬁq,ﬁcﬁﬂ
PR 2o b < oo S Al ~ g < w M
EY o BB iﬁﬂﬂ Eoﬁdﬂﬂ H op X
Mo_Eqﬂ@g cuﬂ7aﬁ_fow%7muurg ﬂﬂﬂm,ﬂ
2 ® % A R 5% O G - S
HTO)%Q_/ > uﬂwﬁféﬁro_aﬂﬂurmm aT%Edl
~ r 7 o) _sLug._nn 0 ~ ﬂzo
maﬂm@gai mrﬂ@r_lm_ﬂm wﬁw%ﬂy ﬂ&lma
o BP o < 0| I il - 0 JJJ ~ T o o r
%JJH@&Q J.éxx o o Ecqaﬂ1
}sxza} %mofa L_szﬂﬂﬂl B =
Z&outumr._mA oo W = W2 iy m_r._7o_a‘m_w X H Iz o
ATQE_EwE@ QWE_EET_} Wﬂ%;mtwftw%%m
E)L;@mﬂﬂo N ,ﬁE (¥ EN@E_E 1,_A|1r1<]_1__mm
ﬂmﬂﬁov __T./mamﬂw%iﬂ 1r7@ﬂéﬂmm,ﬂ
DAi o ‘mf o T E % ar Pl = et i ¥ ‘_,lo_ﬂ < = RO < Eat %
fﬁowf,%vwr.ao ﬁlz@ o_azmwﬂw%zsﬂ_/@%ﬂ
%iEﬂawwprtﬂmaﬁﬁmﬂ?%mﬂ&r#k%%té
> ok T qaao = — W%Qsﬁaﬁﬁ
Jo MF o oo N 3 o W o T T - % = O
i | T o HOMz% o_E@lzﬂg
-~ ~ ooy 4 _ 1 %0 ° o8
7mrzﬂr_f1ﬁrﬂée_a§1§§
ﬂlo_aﬂ_smnﬂrﬁﬁWﬂ
x@1¢@44}saw
OHﬂDﬂA_IO < OF <
5%H1ﬂ
H%rmu__]ﬁ_m
oﬁlon__o

-
Fo]7] wE
] wjEo] B Abg o
o éjq_

x|

L
[¢]

- 43 -

]

oF A]



A Emergy® ol 88 84997t ALY PP o185 SIsiAE Emergy £4
Astol] @ wolEl Mol TF S AT FF WA £ U 44T BAAN B
shitel s12 gel B & ok

tgos zunAgel Brtely] mEe] ¥ oAl Ao Fassy =Y
WHE a7 B A4S wEA Hel rudNe 2 duxE 29 wrow 3

HEe grom 784 Z2 2¥ 2do HNlE g Ive 1 2¥ 2 A2H
2 B 7 @3 =3 &A7F AUk A
g ATE B3 B A7V ANG $HITFH I oAEA e A8
ol sl AAskE sl7] wEo] WY 28 dUAE 28 B AlZH A
FUHE 24 AdUA=RE AddstRa, =29 B Az"lA #F =S
@A AbsteE Aol B Ao H AL FF A7t B8 B
NEtz et 7tEHY =8aA ALY AlglE EmergysS o] 83 44
o]l &4 2 WaE AFHOoE AAst A2 THAeke] Hlaz SFA I FAA

< LT ABFA AE Ao e dED F AT

o)
¢

T
rr

rlo

- 44 -



. A97 slzo s BFRE ook Ae] i B}

>

A #H BREHA O st ARl dig HrE AEle AEAY AHFAER=E

EAAY Adez MASAT. AEA FFEAS Emergy H7M=
w2 Al ok AMFA AT &K Wb AHYIHIE, 20195 F3
Q1T 308 =AAE S 507 E=AAZ o Uro]l HrbsR A, AYe FFe =vlet

Ao A& B@rtel td A DD, 2003004 T emergy AE G

Table 13. Emergy indices for Sejong city, Korea with 300 thousands population(Rim,
2013)

’ . Original New .
Item Name of index Expression ] g Regional mean
(sej/yr) (sej/yr)
1 Renewable emergy flow R 1.07E+21 1.O7E+21 8.7TTE+22
2 Nomrenewable emery flow N 544E+17 544E+17 1.33E+20
3 HFow of imported emergy F 1.03E+20 2.18E21 3.41E+22
4 Production(P) RAINHF  L17E#21 < 325821 4.30E+22
5 Emergy yield ratioEYR) (RINHFY/F 11.39 > 1.49 > 1.26

6  Environmental leading refioELR)  (N+F)R 0107 "4 200 < 3.09
7  Erergy sustaimbility index(®S)  EYR/ELR  117.74

V

0.73 > 0.32
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Fig. 10. Decision-making prodedure for Sejong with 300

thousands population.
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Table 14. Emergy indices for Sejong city, Korea with 500 thousands population(Rim,
2013)

. . Original New .
Item Name of index Expression ; ) Regional mean
(sej/yr) (sej/yr)
1  Renewable emergy flow R 1.07E+21 1.07E+21 8.7TTE+22
2 Nomrenewable emery flow N 544E+17 544E+17 1.33E+20
3 HFow of imported emergy F 1.03E+20 5.76E+21 3.41E+22
4 Production(P) RANHE  LI7ER21 < 683E#21 4.30E+22
5 Bmergy yield ratioEYR) (RINHFYF 11.39 > 1.19 < 1.26

6  Environmental lcading ratio ELR)  (N+FYR 010 < 538 > 3.09

Vv

7  Fmergy swstaimbility index@®S)  EYR/ELR ~ 117.74 02 < 032
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Fig. 11. Decision-making prodedure for Sejong with 500 thousands

population.
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Appendix

Appendix 1. Footnote for Table 7.

7 Good&Services

ARrE FEAL AL 4/

&4 (30) (3.05E+12)20=  2.17E+20  ¥/yr
(F=A FARE&H TN ER 8
Appendix 2. Footnote for Table 11.
1 Sunlight
Shiwha area = 4.38E+07 m’
Albedo, sea = 0.1
Insolation = 5.70E+09 J/;Z/ (KMA, 1999)
Energy = (Area)x(Insolation)x(1-albedo)
=" 2.25E+17 Jlyr
2 Wind
Avg. wind speed = 2.2 m/s (KMA, 1999)
Geostrophic wind = (Averager wind speed)x(10/6)
= 3.7 m/s
Density of air = 13
Drag coeff. = 0.001
Energy _ (area)x(air density)x(drag coeff)x(geo.wind"3)
X(3.1536E+07 sec/yr)
= 9.10E+13 Jlyr
3 Total water
Total Emergy = 5.79E+18 sej/yr
Rain, chemical potential (land)
Rain = 147 m/yr (KMA, 1999)
Energy = (area)x(rain)x(1000 kg/m3)x(4940 J/kg)
= 3.18E+14 Jlyr
UEV = 1.82+04 sej/J  (Odum et al., 2000)
Emergy = 5.79E+18 sej/yr
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Actual Evaporation

(land), chemical potential

Evapotrans. ratio = 0.42 MM 2011)
_ (area)x(rain)x(Evapotrans.ratio)x(1000
Energy kg/m3)x(4940 J/kg)
= 1.34E+14 Ilyr
UEV = 6.20E+21 sej/J  (Odum et al., 2000)
Emergy = 8.28E+35 sej/yr
Runoff, chemical potential
Runoft ratio = 0.58 MM 2011)
_ (area)x(rainfall)x(runoff rate)x(1000kg/m3)
Energy x(4940 J/kg)
= 1.84E+14 Jlyr
UEV = 4.82E+04 sej/J  (Odum et al., 2000)
Emergy = 8.89E+18 sej/yr
Appendix 3. Footnote for Table 12.
1 Tide
(Ali}qiqiﬁ%ﬁ
o i R
Tidal height = 5.6555 m %%‘%ﬁy]’)\i
2009
Number of tides = 706 /yr
Density = 1.025E+03 kg/m’
_ (cont shelf area)x(0.5)x(Tides/yr)x(Avg. Tide (Joo, 2006)2]
Energy range)”2x(Density)X(gravity) AP o8-
= 2.49E+15 Iyr
2 Good&Service
(19879 A3} WkzA] A F 30d-get Hal e H]8-S 20101 AN E APk
7P o 8dzt Al=dfok & B &S v 30do® HhEEH
for seewall 1] Bl A~ A% J & o
construction 814270}10;<T%§gdﬂ—]‘_%)e “EL i
&management o
= (AZF H=A B18)x 8year
=: 2.22E+10 x 8 W
= 1.78E+11 W
= A W=A v
= (5.92E+09)/30(}-8-A =)
= 5.92E+09 W/yr
for power plant
construction = 9.47E+09 W/yr
&management
Total = 1.54E+10 W/yr
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Appendix 4. Footnote

for Table 14.

7 Good & Services

7|22 72
, _ EfSHTAL HAH|
Fishery = 3.71E+10 W/yr ARIROY BT
2004)
Appendix 5. Footnote for Table 15.
4 Wave
Energy = WxA o3 waved] Yol Ut
5 Tide
==
Tidal height = 3.925 m AR &t
209
Number of tides = 706 /yr
Density = 1.025E+03 kg/m’
Ener _ (cont shelf area)x(0.5)x(Tides/yr)x(Avg. Tide
gy range)”2x(Density)X(gravity)x(0.5)
= 3.09E+15 J/yr
AAE AA F3 FQ 7tE2H 2P L= 520MWF ] AR o] &
Good&Service ddd FAY 4257 §17] Wi F5o] 2005\ de] L3tE
480MWH AlEEFS 7H8 % AAA 2A4AHAE ol &35t
for construction = 9.20E+l11 W
Service life = 30 yr
= (G&S for construction)/(30year)
for management = 1.56E+10 W/yr
Total _ (G&S for construction)+(G&S for
management)
= 9.36E+l1
Service life = 30 yr
Energy = 4.63E+10 W/yr
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