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A Methodological Study on Ecological Economic Evaluation of a
Multipurpese Dam Construction Using Emergy Concept
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Dept of Environmental Science and Engineering, Ewha Womans University

Abstract

Emergy concept was used to evaluate the contributions of a dam construction to the real
wealth of our economy. A dam that is proposed as a multi-purpose dam was used to illustrate
emergy evaluation methodology. Models for emergy evaluation were constructed with energy
systems language, a symbolic modeling language which presents network properties of
systems holistically, Water supply was the most important contribution in terms of emergy,
which reflects that the dam is proposed for stable water supply to a local region. Generation of
electricity was the second in emergy benefits of the dam. Emergy costs were more evenly
distributed among the costs which would occur as a result of the dam construction. Emergy
yield ratio was 1.30 if sediments are not included, and 1.15 if sediments are included, which
results in net yield in both cases. The ratio would, however, fall below 1.0 if rare species within
the system boundary are lost as a result of the dam construction because of the high emergy
value included in biotic species, which means that emergy costs will be greater than emergy
benefits, This study illustrated a new methodology in environmental impact assessment to
better manage our environments in an age of diminishing resources.

Keywords: emergy, dam construction, ecological economic evaluation

LA & 29 FAE 7PATEARA Y olg) FA oy
T AT el HAdW Aiglel 1Y

4

g AL AT 79 g ZAsAch watA, HIde WY



> B8 wefollzka) A&

il

oz AE e 4A3E 4% e
Hated doA 2o He A EHEE A3
T oAl 4 9 Zge] oist gulE b ¥
7h7F WAl adeis]ofo o) B QdipellA ezt
o Zpgde] fgle] AA 7]"15} 2148 714
& Hyristyl fg x=8E F ] el oA
(Emergy, spelled with an “m") #7} W& £3
of st BEol HFHE *hfé‘
N AYg A MR Az AN 2o} &)
Ack olwA] Hrpe ¢ 2k Aol A e
P o1& Apdtely] 918 A3 ¥ HHHoE
a3l O??Li Aol vl gk Pl Z1wkEkal 9l

L’]..l\)x‘

o goix

“

ulu

$2) Ul 1 E9 AF A, 85 B
5 24 B A%l A4URY BB By

B oA%He) Wg-Bel Wy e Sala BAgo)
ghoh. ciefuh, old@ AAHL PEEE A
Fyiel Al @74 g AA n}i]t:
A71el SES EIerA EInh oA
Mg olgd A B4 P A e 24
879 uE Y el B e A=
2 ANsgon, Berael ohiEr)
906 W3t el wEae] el A
Wol H4E JUEL Wrsed o
2 L2l Ukl E oleA Ade
2.8 92 v HAe Adrdn, Fie] B
Hggol gAvk 9o FAdo] nAQ

otEl Qo

el

_L‘

ol YY)

L
o -
>
_&1

b
S

it
2
l>~

A 2 9FE WA S olgsted BAF
ol &= ob# glvh

gl e A el kel e A E
o d¥or YL e W& AR o ¥
7 & oAl Adest FAaHe] 49

o
o
N
2

Y

1
58 oulx) A olgsal B sl B

IL ™ x](Emergy) 7032 274

dejzle “§h 7ixle My AAES whe
= AN Ay f HHeE ojn] £nE F
F#2 ol 7hed WA R Hojg i o
01/:] o] 492 empoued AREFICH o] ol

o g J1A DoE 874 AA5S MX‘E}
€ % s B Aol g 1
c2M A U8 4L /11 AUSE S0

Z1Zdd A ¥R g 4 AA He Zﬂ"]‘:}.

A2 “Energy Memory” & FA H &8s
oj2 7h3d 4 ed, § 71X zpgle] 71X
il SlE oy Al #AolAe] vhAjiz o] whgle]
AHZI7EA d9s A2y et AU
EE AUAE7A] ZAACE Sithe sldelt)
2 2 1 mie] 7hRjole dEAs 240 e
g @A o] FAe ol Adw YA (HA o
Agheat ofyel, 1 mre] A7t e Hol
of v o] AMEE 4 gle AUAE AehEe
BE oW - vty B3 d9EE 574
EgA Ak Foke Aotk e AyAE w
2} A AY A7 EafEkx] AT 1 miel

ZA 7 A BEE Aolr] wiolry

Haj ozl Hrp B M2 8 2
¢ vastyl fste 7EoR 4 oA
gioy efuxjolm, waba om=l el thele solar
emjoules(sen)-& ARSI it

218 01]“‘174 Mg oieksl AUAE Aleld
dE & 4 e wYHol tdEvies g PR
= %"Jﬂ" oA ZFolets Bl YA 1 calore

E %8 7k x¥so] e dluAl 1 caorert
?—J' G 9w A e Aeg ¥ 4 gl o)
o el dg ¥ ¢ doew o & 2y

& @ 5 dube gAA AL oAl |

“

caloriers Bl ol R] 1 caloierdth ¥ Ho| Fr)
3g 4 oloh wE okl el oA 7F Al A

o wolaleg Wk HA5E H9e T o



PO - UNR/OI0 Emergy) el OIBTH LISHE 2uol WERHUEY WIMEY MY X7 47

Ae| ol Folzl Fojof -8 AZtlANA &
gite Aolth ouA olgdMe olHE M=z
& oqR] Abele] Ael Abe|E Transformity 2}
= Hd ez vepdtl Tansfomityy 8 744 &
Hol FAsled AY 2 HEHeE BYHAW
7150 He AuAF zolE vehid,
Transformity 7} &5 2] 22 o Euh
Solar transformity & =& A9 2§ A ol
2] o|&ollA riEam AMEEE SlE HY oy
AE Abgste vER gte R 99le solar
emjoules per joule (sei/])& AHE-Fhh

ol Al ALE-8 Bl ool #Eal ol HAjd
EgEo e ofviA] 7t 100] o), o} EAjrt ¥
.)\35] 5—_0]-0“ /ld m /}xl;ﬂog 1‘%5]%1;1
BE AUAE HY oy JEesg H¥EIA
1000000 Jolgbsr 7HA ghelm, o] Eaje] o mz| gt
£ 1000000 emjoules ©f X3, Sclar Transformity
= 10000 sei/] 7F At wpebA, Foixl 2pe) 4
A olq A7 o] A el Transformity 3t 3L
cz}qnl o] Aol 7EA T Ae ARG AL
& 4 A "k

m 29 9 9wz 47tE 34

%%*5: "]fﬁ} *}’ﬁ"l/’ﬂ .."545]71 Ao
1A "Hi)r T2 obro] mdo] A HUE o]
£ 295} v AefEael Howard T. Odum ©|
7\ vk 011‘4 1 Al &® 9o} (Energy systems
language) 7} o]-H gt oA Aj2¥] loie
BAslaa} g A2y JREF ol Alold]
AARAE EYE 9ulEo] Fod 75EE o
%’55}0‘1 ]’V”’" WE}‘«HU‘i 1*% 611 ‘Ml 1

a2 ]

|
4

o Y

‘Rlir.é’% & iu‘rtl'.
A Azl mde A AFstaat e

Nxeel AAE 4, A Fad 59

A Q& i EFS FAAsla, AR Al
g R 2 AEEE Hotstn, YA Aae
WielA dolue F8 A 9 24 B E
e E88 AT, OAA Al2E AAH R
o AP EZFE Aste] Al2e W] 2zt

AEES A8 WG F olES ouix], B3,
AR H fuel 58 wet AT 2N Ty
drf

ool 2AdE RYERE o2 A8 @
Ado) 7tHeA B FEEo]l wetE I, o)Fio)
Azl HrtEE A shed ol EEH AU vz
HrtEo] ALEE 7 FR fd YAREL V)
& ¥FdE2RE motHgloew, 7t %‘%Oﬂ 2l
3 Transformity 9A] 7]&9] ofmx BMA#=
FE #Enh 7r gEo] Yt olo sFsl
¥ Transformity §+& &8t 7} 88o] 7)o sk
gz gre] ALtHA LT, o]REE Hel AHige)
A& o] 53 SR °l HI -l o] ’44-“1
& (Emergy vield ratio)o] Al4tso] & ZAdel &
g webstaal &k

Iv. 23 9 313

A A thEHHe] F Kde] B 1)
Ao L Foslr]) Hstd o] AH9 Ajxg)
ctoleldllo] zhzh o A Aa AM T2 Uy
o} &4 HYT} (Figure 13 Figure 2). o]5& 9
Aol FAHI de AHe F8 R ofuix
4 % A ARES olE Atele] AABAE A
7t o8 KMol Qv Figue 18 ARIAIE o]
o) £ Ao thFt A" thelofa@ g K
o F3 9lr} o] tholel@olat Al 2we] A
Y 704 g e ehye ol ehFE gl
& u o|2YE HES A g S x4 A
A7 E EFeidch olFA FozH e A
*401 7t E ggo] F o 2 AlmHoA] ek

A7 &oltt Figure 1 thekd el of

i

_ﬂ\.



48  LFBTEEI HeH H2T

~

Runq

. TN
ft @ Electricity @
/ TR ...

~ 0 ,
[ 55
% / Purchases
I
Money
Fertilizer / 9

< 459N,
o \ ’ Sales—-
' Cities

Production

5}

\Before Dam Construction

.

Fig. 1. Energy systems diagram before the dam construction.
=Assets, B=:Biomass, P=Population, sed=sediments.
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Fig. 2. Energy systems diagram after the dam construction.
A=Assets, B=Biomass, P=Population, sed=sediments.
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Table 1. Emergy evaluation of a multipurpose dam construction.

No. ltem Raw Units Tran;forpity Solar Emrgy
(sej/unit) (sejfyr)
1 River geopotential 8.33E+13 J 23564 1.96E+18
EMERGY BENEFITS
2 Electricity 1.99E+13 J 159000 3.16E+18
3 Aquatic productivity L27E+13 J 440 5.59E+15
4 Water supply 6.70E+14 1] 41000 2.75E+19
5 Flood control 3T0E+04 $ 1.52E+12 S.62E+16
Totai 3.07E+19
EMERGY COSTS
6 Operation and maintenance 1.80E+)6 $ 1.52E+12 2. 7TAE+18
7 Construction services 3.62E+06 $ 1.52E+12 S5.50E+18
8  Agricultural production 1.59E+09 g 9.70E+08 1.54E+18
9  Forest production 2.10E+14 I 1.87E+04 393E+18
10 Resettlement 3.38E+06 8 1.52E+12 5.44E+18
I Social disruption 452 peo |.00E+16 4.52E+18
12 Sediments 4.38E+13 J 6.30E+04 3.07E+18
Total 2.67E+19
Emergy yield ratio without sediments: 1.30
Emergy yield ratio with sediments: 1.15
Data sources and calculations are given below.
Footnotes to Table 1. 8. Lost agricultural production
[, River geopotentail Agricultural Area =2.97 km? (Ref. 4)
Average discharge = 5.4 m/sec (Ref. 4) Yield = 5.37 ES kg/kmtyr
Energy (1) = (1.7 E8 m3/yr)(1.0 E3 kg/m?)x (estimated from Ref. 3)
(9.8 m/s2)(50 m) Toal yield = (5.37 ES5 kg/km?yr)+
=833 E13 Myr (1000 g/kg)+(2.97 km?)
2. Electricity =159 E9 g/yr
Average power = 5522 MWh/yr (Ref. 4) 9. Lost forest production
Energy () = (5522 MWh/yr)=(3.6 E9 IIMWh) Forest area =533 km? (Ref. 4)
= 1.99EI13 J/yr Net production = 13.] thafyr (used that of Ref. 1)
3. Aquatic productivity Gross production = (5.33 km2)#( 100 ha/km2)+
Reservoir area = 8.3 km? (Ref. 4) (13.1 thafyr)«(1.0 E6 g/t)«(2)x
Productivity = | gCfm?/day (assumed) (3.6 kcal/g)»(4186 Jkcal)
Energy (J) =(1 gC/mday)+(2.5 gOM/gC)x =210E14 Jiyr
(1674 JigOM)%(365 day/yr)= 10. Resettlement (assumes a useful dam life = 50 years)

6.

~d

(8.3 km?)#(1.0 E6 m¥km?)
=1.27EL3 Iyr
Water supply
Yearly water supply
Energy (J)

=372 E5 m¥/day (Ref. 4)

=(1.36 E8 m3/yr)«(1000 kg/m3)«
(493 E3 Vkg)

=6.70E14 Jyr

Flood control

Yearly benefits =W 44 E7/yr=$3.7E4 /yr (Ref. 4)

Operation and Maintenance

Yearly costs =W 216 E9yr=$ 1 8 Eo/yr (Ref 4)

Construction services (assumes a useful dam life = 50

years)

Cosls

Yearly costs

=% 2.17E11 =% 1.81 E§ (Ref. 4)
=($ 1.81 E8)Y/(50 years)
=$3.62 Ebfyr

Costs
Yearly costs

=\215E11 =$ 1. 79 E8 (Ref. 4)
= ($ 1.79 EJ(50 years)
=5 3.58 B6iyr

. Social disruption (assumes social disruption is equal to the

emergy value of the population over a 30-year generation)

Number of people =753 people (Ref. 4)
Emergy percapita = 10.01 E15 sejfyricap. (Ref. 7)
People years lost = (753 people)«(30 yearsy
(50 years}
=452 people
. Sediments
Volume = 1.08 ES m¥/yr (Ref. 4)
Energy (1) = (1.08 ES m3/yri(2.0 E6 g/m3)x

{19 OM)=(5.4 cal/g)=(4186 Jcal)
=488 E13 Jiyr
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