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Abstract

Environmental Impact Assessment (EIA) is an important policy implemented before starting development projects to
estimate and reduce environmental impact. However, the difficulty of quantification on several rating categories has hampered
comprehensive analysis. Instead of it, the current EIA just summarizes outcome of investigation. Therefore, EIA fails to
definitively ascertain whether the development shold be approved or not. This study aimed at providing the way to
comprehensive decision-making by applying Emergy analysis and Emergy indicators to EIA. Production (P), Emergy Yield
Ratio (EYR), Environmenta Loading Ratio (ELR) and Emergy Sustainability Index (ESI) were selected for indicators. The
indicators of range approving the development were set up with comparing before and after development or according to
circumstances of which view of average that was classified as region or industry is appropriate to analysis. As a result, the
vaue after development of P should be higher than the value before development. EYR and ESI of the value before
development should be higher than region or industry average. On the contrary to these, ELR of the value after development
should be lower than region or industry average. To verify applying Emergy indicators to EIA comprehensive analysis,
Emergy eva uation was conducted to real case. As aresult, applying Emergy analysis could suggest whether the devel opment
is appropriate or not. These indices and the result of this research are expected to be applied decision-making on environmental
impact for sustainable devel opment.
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Fig. 1. Procedure for comparing two systems (P1 and P2). For each system the contribution (P) is the sum of the Emergy of
its environmenta input (1) plus the Emergy of its economic input (F)(Odum, 1996).
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Emergy Yield Ratio(EYR) = (R+N+F)/F
Environmental Loading Ratio(ELR) = (N+F)/R
Emergy Sustainability Index(ESI) = EYR/ELR

Fig. 2. Emergy based indices, accounting for loca 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 1. Classification of environmental impact assessment projectsin views of region and industry

Regional view

Industrial view

1. Urban development

2. Development of a harbor

3. Construction of road

4. Development of water resources

5. Construction of arailroad

6. Construction of airport

7. Development of land and reclamation of public waters
8. Development of atourism complex

9. Development of amountainous district
10. Establishment of a sportsfacility

11. Development of an industrid site

1. Development of energy sources

2. Development of awaste disposal facility

3. Extraction of earth and stone, sand, gravel,
minerals, etc.

4. Development of an industrial complex
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Fig. 3. Decision-making procedure.
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Table 2. Emergy index of overall developmentsin Saemangeum, Korea

Item Name of index Expression Orgqr}zi\/lr; e l\(l;/v/;se
1 Renewable emergy flow R 7.22E+20 5.14E+20
2 Nonrenewable emergy flow N - 3.27E+19
3 Flow of imported emergy F 1.10E+20 1.94E+20
4 Production(P) R+N+F 8.32E+20 > 7.41E+20
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Table 3. Emergy index of tidal power plant construction in the Shihwalake, Korea

Item Name of index Expression On.gl nd Ngw : ndustr!al mean
(sailyr) (sdilyr) (sglyr)
1 Renewable emergy flow R 7.46E+18 9.04E+19
2 Nonrenewable emergy flow N
3.49E+19 1.49E+19
3 Flow of imported emergy F
4 Production(P) R+N+F 424E+19 < 10.53E+19
5 Emergy yield ratio(EYR) (R+N+F)/F 11.07 > 6.64
6 Environmental loading ratio(ELR) (F+N)/R 0.16 < 0.35
7 Emergy sustainability index(ESI) EYR/ELR 69.19 > 2541
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Table4. Emergy index of tidal power plant construction in the Garorim bay, Korea

Item Name of index Expression Ongl nd N.aN : ndusir!al mean
(sailyr) (sdilyr) (sglyr)
1 Renewable emergy flow R 4.14E+20 2.78E+20
2 Nonrenewable emergy flow N
5.97E+19 2.07E+20
3 Flow of imported emergy F
4 Production(P) R+N+F 474E+20 <  4.85E+20
5 Emergy yield ratio(EYR) (R+N+F)/F 2.34 < 6.64
6 Environmental loading ratio(ELR) (F+N)/R 0.75 > 0.35
7 Emergy sustainability index(ESI) EYR/ELR 314 < 2541
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Table 5. Emergy index of multi-administrative city in Sgjong, Koreawith 300 thousands population

Regional mean

Item Name of index Expression (()sr;g;;? (s’\;?;/vr) (Chur;gn.am,1999)
sglyr)
1 Renewable emergy flow R 8.11E+20 8.11E+20 8.77E+22
2 Nonrenewable emergy flow N 4.12E+17 4.12E+17 1.33E+20
3 Flow of imported emergy F 1.22E+21 1.65E+21 3.41E+22
4 Production(P) R+N+F 2.03E+21 < 4.05E+21 4.30E+22
5 Emergy yield ratio(EYR) (R+N+F)/F 1.49 > 126
6 Environmental loading ratio(ELR) (F+N)/R 204 < 3.90
7 Emergy sustainability index(ESI) EYR/ELR 0.73 > 0.32
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Table 6. Emergy index of multi-administrative city in Sgjong, Korea with 500 thousands popul ation

Regional mean

Item Name of index Expression C();g;;? (Sl\;e/\;vr) (Chur;gn_am,1999)
sgilyr)
1 Renewable emergy flow R 8.11E+20 8.04E+21 8.77E+22
2 Nonrenewable emergy flow N 4.12E+17 4.12E+17 1.33E+20
3 Flow of imported emergy F 1.22E+21 4.37E+21 3.41E+22
4 Production(P) R+N+F 203E+21 < 153E+22 4.30E+22
5 Emergy yield ratio(EYR) (R+N+F)/F 119 < 126
6 Environmental loading ratio(ELR) (F+N)/R 5.38 > 3.90
7 Emergy sustainability index(ESI) EYR/ELR 0.22 < 0.32
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AA AFA S FHSHETE=A S FFE A ofof w2 A= 2 9] 7ER|9F 17t AFE] 9 714
(Korealand corporation, 2006) 2|41 2] £ 71 S A £ ol o9E YyERd 4= Q1= EmegyE o83t
274 FFFol e =l tieh aof el A R FFE7] FHHS AT =N 2
Og J§7}7]- WA O] QAAA = LZEA] o] 8E 4= Q)

7 e} shAT Emergy S o] 82 B9} %
3 H7bHol A 300 Q17 BEE EAAE

B% HFA A ATlo] Bhet Wak o]
T4k 48 7Fs St 1ol Sl Wi 508 Q1S B
B2 BAASE & Aol AT 8 Yol
£ wAASlo] Bkt ojaka o] Zhs st ol ¢
ZE AR AP A A A B Rs R e W
of gidl] ulsh Q7 F7kge] wet Azk 1126+
2256jfyre] ol A gdo] o Wasts) ujiolck. o] A
EmergyS o] §3 F3H7PES =] AZle] 94 g
Aol Tt SRS s Wk ol i UA)
of QI 5-g2e] that Qx4 A shsSiet wet
A AR Atde] 92 Al QlolA Ao Bk 2
shehel Qixe) A el oAl AR 9
x0] g2l e wel Hesick

W FEFR7= ol Mt sk A ARl 2
gt e apﬂz;f;o W AE7psEt AlslE
A o] SJu)7E glet. 34|

v ofe] 24 4 @%ksz}ow Aol 2 ofele

]. S,

2 314t o2 9J8}e] Production(P), EYR, ELR,
% yl 7FA12) A EE AA I Ryt Adg ot
94 Emergy A EZ 0|83t shdolakg o] Zalwy}
S AAEIc) TaEla AlA) 3R 71t 28
Aol o] HhHE Agaf o] Ao A HE
shoict 1 A3k 7 Aol thgk A9l oA
o] 7hs e Al & 4= Q) SIT
HAEAH O EmegyE o83 SEFFE7F T
B7PE 7)E —4 S g E7He] S 2l
AMERIE B G e Al Foju AETke A
Al 71s0] obd Xé%kﬁ 7t ook 37t
FE7HY] ol Ad A A=
TFEA AT S| sh= AR, 2 Aol A A
AR S 2 Rk 7] ST Rl A A
Al RS T 5 UEF Sh=dl AEA 7|22



Emergy 4

REFERENCES

Brown, M. T., Ulgiati, S., 1997, Emergy based indicesand
ratios to evauate sustainability Monitoring
economies and technology toward environmentaly
sound innovation, J. Ecological Engineering, 9, 51-69.

Brown, M. T., Ulgiati, S., 2002, Emergy evauations and
environmental loading of electricity production
systems, Journa of Cleaner Production, 10, 321-334.

Brundtland Commission, 1987, Report of the world
commission on environment and development : Our
common future, UN document A/42/427, WECD,
New York, USA.

Choi, Y. G., 2003, Sustainability evaluation on national
and regional systems, Ph. D. Dissertation, Pukyong
National University, Korea, 76-79.

Im, J. H., 2004, Emergy evauation of the optimum
number of stories of apartment buildings, M. S.
Dissertation, Pukyong National University, Korea,
22-29.

Im, J. H., 2011, An Ecologica economic evaluation onthe
carbon reduction plan of urban by the energy
modeling, Ph. D. Dissertation, Pukyong National
University, Koreg, 57-70.

Jea, Y. M., 2004, A Study on environmental responsibility
index of manufacturing industry by emergy analysis,
M. S. Dissertation, Pukyong National University,
Korea, 38-51.

Joo, Y. S., 2006, Emergy evaluation for the tidal power
plant of the Shiwhalake, M. S. Dissertation, Pukyong
National University, Korea.

Kang, D., 2009, The emergy value of Garorim ecology,
Journal of the Korean Society for Marine Environment
and Energy, 85-87.

Kim, W. S, 2002, Development and application of
strategic environmental assessment to the tideland

o
o
oo
)
ot
o
o2

FE7ke] SR A 343

reclamation project by the environmental accounting,
M. S. Dissertation, Pukyong National University,
Korea.

Korea land corporation, 2006, Environmental impact
assessment of urban planning in multi-administrative
city in Sgong, Korea, K130803, Jinju 1033-1047.

Korearural community corporation, 1989, Environmental
impact assessment of overall developments in
Saemangeum, ME1989J005, Naju, 419-439.

Korea water resources corporation, 2004, Environmental
impact assessment of tidal power plant constructionin
the Shiwhalake, ME2004C005, Dagj eon 833-854.

Lee, S. M., Odum, H. T., 1994, Emergy analysisoverview
of Korea, Journa of the Environmental Sciences, 3,
165-175.

Ministry of land, transport and maritime affairs, 2009,
Prior environmental review of tida power plant
congtruction in the Garorim bay, ME20090052,
Sgjong, 597-611.

Moon, T., 1998, A Study on the modeling of
environmental carrying capacity and developing
environmental  indicators for a sustainable
development, The Korean Association for Policy
Studies, 7 (1), 123-148.

Odum, H. T., 1996, Environmental accounting, emergy
and environmental decision making, John Wiley and
Sons, New York, USA, 169-171, 370.

Rim, B. H., 2013, A Study on the environmental capacity
sustainability assessment of sgjong city by emergy
anaysis, M. Eng. Dissertation, Kongju Nationa
University, Korea, 54-55.

Son, J., 1999, A Study on the sustainable development of a
city by the emergy evauation, Ph. D. Dissertation,
Pukyong Nationd University, Korea, 7-39, 114-119.

Yeongi-gun, 2006, Yeongi statistical year book,
Chungcheongnam-do, 135-141.



