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An Economic Evaluation of the Marine Bio-Energy
Development Project Using Contingent Valuation Methods

and an Input-Output Analysis

Tae Young, Kim

Department of Marine Business and Economics

The Graduate School-of Pukyong. National University

Abstract
The need to develop .new technologies and “to use, alternative

energy resources for the worldwide energy crisis and climate change,
as well as to meet carbon dioxide reduction obligations and reinforce
environmental restrictions, 1is increasing. The Renewable Fuels
Standard (RES) proposed in*the United States is projected to produce
3.6 billion gallons of-bieenergy by 2022, of which. 2.1 billion gallons
are technologically and. economically advanced; as compared to corn
ethanol.

Until now, first and second generation products such as cellulose
ethanol from corn and other plants have been playing critical roles in
Energy Independence and Security Act (EISA). However, the purpose
of the EISA was to produce 2.1 billion gallons of bioenergy, which is
a particular goal of RFS, using third generation products such as
micro algae fuels rather than first and second generation fuels. The

Republic of Korea is also affected by the EISA bill and aims at



maximizing the use of new renewable energy resources by up to
11% by 2030.

Nevertheless, it is very difficult to accomplish this goal because
research and development as well as commercialization are not
functioning effectively. A solution would be to produce bioenergy
from marine organisms, which would eliminate fuel competition with
edible plants. According to the Third Basic Plan for New Renewable
Energy Technology Development and Usage/Distribution of 2008,
mass production of .marine bioenergy is aimed-at 1,000 ha by 2018,
producing five million TOE by 2030, with the expectation that 5096
of overall bioenergy produetion will come from marine bioenergy.

Currently, marine bioenergy has an @ economic limit due to
technological restrictions. However, it is a field in which supply will
surprisingly ‘increase in the near future, which is why the US, EU,
and Japanese governments are leading technological development and
supply. Marine “bioenergy is an environmental resource: the market
for evaluation projections”iswnot yet ready:-"However, using valuation
research, non-use values or intangible values can be estimated. It is
hard to define the value of the reduction effect of greenhouse gases
associated with marine bioenergy as a non—-commodity and, even if
the value were to be defined, it is still not easy to set up the “how”
part. An objective of this research was to set out some of the
implications of marine bioenergy development led by the Korean
government in order to reveal the economic benefits, based on a

willingness—to-pay(WTP) for the reduction of greenhouse gas using

vii



contingent valuation methods (CVM) which include parametric
approach such as double-bounded dichotomous choice model and
spike model, and a non—parametric approach.

As a result, the estimated WTP for reducing greenhouse gas due
to the marine bioenergy development project is 1,180 Won to 3,117
Won per month per household based on parametric approaches and
2,158 Won to 4,401 Won per month per household based on a
non-parametric approach. And the annual aggregated WTPs for the
entire nation are 70.6 billion Won for a conservative scenario, 129.2
billion Won for a normal scenario, and 263.5 billion Won for an
optimistic scenario.

Another objective for the study was to quantify the economic effect
on other industries’ using input-output analysis based on a
demand-driven model “with exogenous specifications so 'that more
detailed economic effects can. be projected. The conclusion deals with
the overall economic -effects of the total budget .of 223.4 billion Won.
The total value of induced+production effects-is 312.3 billion Won,
which includes 223.4 billion Won from inside the industry and 88.9
billion Won from outside the industry. Added value will total 96.5
billion Won with 55 billion Won from its own industry and 31.5
billion Won from other industries. The research and development
value will total 4.78 billion Won with 4.14 billion Won from its own
industry and 0.64 billion Won from other industries. Also, the
employment inducement effects will be up to 1,151 employees.

To understand the position of marine bioenergy R&D project

viii



among the economy as a whole, there was an analysis of linkage
effect among business from which the index of the sensitivity of
dispersion recorded larger than 1. This means that marine bioenergy
R&D project is largely effected by overall business cycle. Also, the
index of power of dispersion recorded 1.0642 -larger than 1- which
shows us that this business effects other industries substantially.

An economic feasibility of marine bioenergy R&D project has been
proved as Investment efficiency index such as net present
value(NPV), internal rate of return(IRR), and benefit-cost ratio(BC
Ratio) record better than each evaluation criteria. The-specific results
show NPV of 183 billion..Won at the-discount rate of 5.5%, IRR of
26.15%, and B/C ratio of 1.78 under the conservative scenario.

As there is no heuristic economie- valuation of marine bioenergy,
this will be meaningful from an academic perspective. Also, the
marine bioenergy business is a public service that will -be subjected
to political judgments regarding the massive ~budget allocation. This
research will provide—~both academic and policy implications as it is
primarily based on the economic valuation of greenhouse gas

reduction by marine bioenergy.

Keywords: contingent valuation method, double-bounded dichotomous

choice, non—-parametric, input-output analysis, marine bioenergy
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Hlo] @ oy x| AL Sl Z2F 1 tone oF 300Le] Hlo]Qof k&0l 35
22 dxzFe del=29 3,000L720,000LE A4 4 Aok #lAlZ R/ 1ton
< °F 300L7500Le] wielet]Ae] = de=d wolorA
15,000L7100,000LE A4 & A& A2 7|tE (o] &, 2009).

14) AUAAAAFY 7R B AF A 2 A =8 (http://www.kesis.net), 574
TE o A AR BAA ol
15) AA A S EFS 201197 5dst 52 Aoz HA S
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<E 7> 23 o|M=Re MLz dHn

B} AER

A © Lp MP HP
7 /o] o] 7 % 13 633 2,637 10,549

% wol(uwt o o]7) 636 636 2% 6.26
e /e ()) 30 400 660 660

As oA bs H&%) | 45 61 100 100

* 1789 = ofF 38 H (M), ¢ 4521H(),x 1olo]A = ¢F 40508 4w H

* LP: Low Productivity, 10g/m’/day at 15% TAG,* MP: Medium Productivity. 25g/m’
/day at 25% TAG

* HP: High Productivity, 50g/m’/day-at-50% TAG:#x TAG: Triacylglycerols(E #] o}-2 =]
AE)

ol gk WA ZF Hiol oA ALkl AAALE Hfe]oy Aol Y8 E
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202430 = s Fulol o qA] 7} HA wlolot A F 20%740% HALEE

A ok 33RO ARTFEE BT Aow
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<¥E 10> 20309 7tX| 2| 3f HiO| 20| HA| HF S E
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Hio] @ o L *(BE) 987 2,210 4,211 10,357
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Valuation Method) 2& ¢ &5 &3] Aol A5E FA st WTPY
NEHS FA4 = e 2L A Hanemann(1934)°0] Aetst & 87
253 (utility  difference model) ¥} Cameron and James(1987)¢] A <+3t
WTP 3 el 27k 7F <l
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Prigsol “o"}=Pr{Av(4) = n}= F,[Av(4)] (4)

A7 F, (- )e n® FALEITF(cdf, cumulative distribution function)
oty “o"® SHZ Avz0d W ISFHW, “ofyo"d SHS Av<0d
b #SET AEHFH o2 2718 WTPE SEHFTEA o]9 cdfe
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G(0)=0.5 ®)
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0
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oAM= olTdA I &7 09 WTPE AHd +

<E 13> X2 Atgde| SEHA 2x(Ao0Z 1Y)

SHTEE SHAT
A A= Y ru
of by 2.
7]
First | Lower | Higher o ol Q. o ofL] @ —dj ofL] 9 -0l &

1,000 500 2,000 87 30 24 5 0 28
2,000 1,000 4,000 88 11 36 9 0 32
3,000 1,500 6,000 88 9 19 13 2 45
4,000 2,000 8,000 87 10 18 10 5 44
5,000 2,500 10,000 87 6 13 14 7 45
7,000 3,500 14,000 88 4 10 10 11 53
10,000 5,000 20,000 87 2 13 12 13 47
13,000 7,500 26,000 383 6 7 6 13 56
Al 700 78 142 79 51 350

olF A REE ol&ste] FAI A= <GE 14>0] 2okl S o]



AE4 RdoA e & de= $FAY &5 v HMAE -~
7}Al 7F4 % Overall Mean WTPE &¥ & v E2gA] AzF 743 1,216¢9
o7 FAHJOH FHFS £33 %S w= 1,180¥ o= HEY

sHAe] & v WHE 0FH o7tAZ 73 Mean WTP= A&

A Rdl F IS 3R FUs w AzF 73,1369 2.2 Overall
Mean WTPHT} thh =A FAHJoH, FHEFS E33 Mean WTP
T3k Overall Mean WTPHETF &2 30669422 e A3ulolm =Y

)
th ol fo5% 5%olA BAHCL FelF Ao Uggon ‘ol
A o] WIRE 2 $9ke HFE ovjsis Astolags A2 A

ARAE 1l 5099 SHA HEe] FASAFAAASS & F 9

2upola RdS o] 83t9S W Mean WTPE C =In[l+exp(a)l/b2
UEbdth Median WTPE= 2] (292 A2 g & dqoA Avto]ard
< o] &3 Median WTP #2 3¥ &S xEsfo] o} AF3tgle] 002 F74
= et

o {a/b, if[1+exp(a)l~ ! <0.5, (29)

0 otherwise

24) 2(14)2] Hy WTPFANA 1+ 4= uh
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<¥E 14> 0o|5ZA =Z2&2 WTP &1}

A A 4 (t-value)?

AEH B N EERE
RS
without without
with covariates with covariates
covariates covariates
R 0.3402(3.52) 3 -4.2293(-3.22)** -0.0273(-0.36) -4.5743(-3.95)
AA = Y -0.2799(-23.70)x=* | -0.2858(-23.42)** | -0.2180(-22.05)*x* | -0.2237(22.03)*x*
#*Z T 700
2a%% -815.5968 -803.0220 -982.4497 -968.5309
(Log-likelihood)
Wald & A % 357:3490 339.28671 279.4951 272.6492
(p—value) (0.0000) (0.0000) (0.0000) (0.0000)
Overall Mean WTP 1,216%(382)** 1,180% (369)**
95% 212 71 588¢171,817¢! 5209 71,769
99% 21 &3k 3874171,995¢) 323%171,946¢)
Mean WTP 3,136 (18.90) # 3,065 (18.42) *x 3,1179.(16.82) % 3,030 (16.51 )%

%% A= -3t

99% 4123k

2,8249173,4794
2,7299173,604:1

2,746473,410<
2,6489173521 41

27739735249
2,683973,663¢4

2,698973,412¢
2,581 173,566

Median WTP

1,216 91 (3.82)*

1,18091 (3.69)

%% A= -3t

99% 412 -3k

583971,817¢
387171,995¢

8539 71,817¢
5549171,995¢

293 oe%o] B3 ot Yu FAHE @Ol i FAFE 5%A B
Mo fol3he et

D W WTPe EZxox:
WTPe] 217k

[e]
e

A E}H (delta method) & o] &3] AAESITH H

Krinsky and Robb(1986)°] A|AlE ZHZZ 2o
o]-&3lo] AAtalE MEEFES 3¢ 50003 2 AU
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<E 16> X|E2Atgzde SEHA 2x

A A2 SEHTIE SEAT
FEA7]
First o % oy o %
1,000 87(100.0) 54 62.1 33 379
2,000 88(100.0) 47 534 41 46.6
3,000 88(100.0) 28 31.8 60 68.2
4,000 87(100.0) 28 32.2 59 67.8
5,000 87(100:0) 21 24.1 66 75.9
7,000 83(100.0) 14 159 74 34.1
10,000 87(100.0) 15 17.2 72 82.8
13,000 88(100.0) 13 14.8 75 85.2
Al 700 220 31.4 480 68.6

<Z2E 6>9lA 300004 10,0009l FXE7FA] FEtEE o] HdEA o
2 Ye7] gl olg AgEM e BASUT, <& 17> YEd
o} Zol AAlF N 4,000l A 7000872 2577 &E0.3218, 0.2414, 0.1591
= 747} 02974, 0.2765, 0.2349% KA EH 25 o] ¢} o] WA e E
of W& A Zoatde] YEIFE <Y 6>3 gt o7|A FTAge AR

olabel etatgol 059 ASolm, Fitghe TUZE AR golrhw

-

25) AR oa AEF2(y=a+be)S FAT AANFH () AF0)E
dzHel V7S FAY F JdEZ AAFA 3000404 10,0009 Atol 2]
FHEIE(YS BASE WHOE p=(0.3182—0.1724)/(3000— 10000) =—0.00002083 I}
ol AET £ da, AFLWE FHFEAM wE A= U
(a=10.3182—(—0.00002083 X 3000) = 0.3807) 2.2 & = Qlt} o]} o] XAPFn
Zl“%ﬂoﬂ 94?_51} }ﬂsé@'—?él% y:o;ssm—ooooomsszo]‘q—. 'I]'E}H xﬂ/\]%ﬁ’l,‘ 4,00 %ﬂ]r
7,0009 oMol BAFH FHEHISES APFFAY xo AATFHES 47 g

ofr

st o =4 0.2974, 0.2765, 0.2349= b= = Sl
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<¥F

17> RMAIZYS BHE Setas

A A= H(=X) FHEE(=Y) e s
0 1 1
1,000 0.6207 0.6207
2,000 0.5341 0.5341
3,000 0.3182 0.3182
4,000 0.3218 0.2974
5,000 0.2414 0.2765
7,000 0.1591 0.2349
10,000 0.1724 0.1724
13,000 0.1477 0.1477
18,280 0 0
" | B B ot

0.8 — —— el

0.6 - R - —BFYH

n N et

04

0.2

A 4

1,000 2,000 3,000 4,000 5000 7,000 10,000 13,000 18280

<33 6> EF -T2 XNE22AMY SHEZ X
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Helo R AR S BEA Addets Red WY F AEd 2y
S o] ¥3% overall mean == median WTPS! 1,180, o2 Ay

2o HEFE W mean WTPQ 4401, R5A Yo nEE3
W o] median WTPS! 2,1589S -8 3lt},
B Augee #4848 48 7I€2 7 ¥ (misspecification) 2]

do] WTP FAHARA(KE

Lo
e
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B
dot
o
al8
£
ob
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o
=)
il

s9leke] CVMA
T ATHRALAL, 2011). 33, ZF Al e WTPe oA =714 2910 A
9] F3%3l(aggregation)® B3 Ay29= o392 <F 19>9F 2ot

ofo
N
N
o
[
)
[40
9
=
i
i
i
>,
Ay
e
ol
0,
e
N
o
)
et

28) E’—“/I:X—l —il‘ 6]5(]?_]_'% -ty 7(5]—(,)— E’_—’F%Zéi]gq }\]Q:[Lﬂ-_q A} ]_{{;‘(]% E“/[:X—'],
A esh A Avee R @gahe A supe] ol
29) B4 Alue o AE 2 g WiP(1,1809) x Z W “3717P(5L1)>< AA7 V(11,9743 7))
E]—E }\] ‘/}‘4 Q: H]E—’F—ﬁ‘—ﬁ‘ﬂ%dwn WIP(Q 158 J) >< '—:1__ 37]7]—(5L:]) ><7<-];q 7],‘?_'_(11 974%47}?)
s Alvhe] e wRSE R o) et WIP(,4019) < F 0 715 ) < A 7H4 (11,9741 717)

79



<E 19> ALEld F=F Zo

T A% 34 23}
A%H wdel WG Ld
w5 AU oF 7069] ¢
overall mean of median WTP
HE Ay e H 254 F=A W] median WTP oF 1,29299 ¥
S Alve L H 242 =4 H ] mean WTP °F 263594

AR | ARV dAE G AA TR | eAAE e | AR THA
2014 | 14,129 12,694 25,840 23,126 52,696 47,345
2015 | 14,129 12,032 25,340 22,006 92,696 44,877
2016 | 14,129 11,405 25,840 20,858 52,696 42,537
2017 | 14,129 10,811 25,840 19,771 52,696 40,320
2018 | 14,129 10,247 25,840 18,740 52,696 38,218
gA | 70,645 57,189 129,200 | 104,592 | 263,480 213,296

FiARE 20130 B AF@APAE 2P AT B A)F), FUAEL 55%(3F)
ATANA AT g AH B
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HEHE 7E Aol & 4 3

L
o
fr

Angan | | gaqan S
U 1.00001 0.39794 1.3979¢)
2,23421 91 889¢] <1 312391 91

> ¢ 0
A | o e B 0.38734)
55091 €1 31599 86591 91

¢ 0> 0
IURANC N 2.6347% 251737 515207
5897 5627 1,151

¢ 0> 0
AL 0.0185¢ 000299 002149
S8k 5 3} MEPCE 6.4 ¢ 47.891 91

<37 14> s LHfo| 20 X AT LEAH e HHAH g E
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93091 ¢l FAgR ¥ 259 Fob wid wAstE 29 Els
400791 1elth, B Ao A= 2011 129 Ao R VEHREE ARt v

Aol AT RE AFEFE NEme A RWAAE 989
A AA srolgal o TA }L PR 34: 5
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<HE 27> of 2Hio| 20 L x| A FIHLAtH of MAHZE A

. A &y i
HEEAF =9 FEFE

& 0.9882 12 0.9969
B 0.5690 27 0.9542
SAEF 1.1763 5 1.1246

A R FEAE 0.8115 17 1.0822
A B FolAF 0.9621 13 1.1368
A = HA 0.5256 29 0.5256
A 2 ARAE 1.0136 10 0.6367
s} ahAlF 1.7321 3 1.0360

H 5 &3 EAF 0.6076 24 1.1284
A12F =& A F 0.9156 14 0.8972
aEAF 0.7914 18 1.1788
A7 A 0.7620 20 1.2140

71 R A7) 0.7633 19 1.0232
AHE 717 0.5765 26 1.0908
F&24H 0.8797 16 1.1753

7V EbAl = G A 0.6460 22 1.1622
A48, 7l 2 5% 1.0444 9 0.7600
A4 0.6050 25 1.0828

Tl 1.3234 4 0.8950
+4d 4 s 1.0610 8 1.0936
- W R 1.0994 7 0.8798
T H2EE 0.8861 15 0.9883
8 % g 1.1491 6 0.8903
FE5A 9 ARG A H 2 1.7845 2 0.8221
TEAR B 0.5411 28 0.8227
A U 0.6431 23 0.8382
ALs] 2 7] ERA H] 2 0.7419 21 1.0076
71 ek 0.9971 11 1.4925

3 ko] Lol A AT EALY] 3.4033 1 1.0642
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1. A4 249 Aae 71E71H4

74 AR £49] s

(benefit-cost analysis)S o] &1z} Soh(H 24, 2011):
o] H]-§-He FA M= =& A 7HA (net present value, NPV), #2}/H]

=9 & (internal rate of return, IRR)¢] 37}

121



—
fite)

)

—
fite)

fvze)

N
el
or
)

bt

0]
pul

1 A=

o]

]
2

=

1

<
=

AT REANY o=

oA ZA = ofof

O

1o

R SN DR X IEES

A

olo

N

el

i)

&0 2 3ukA ol A

bol AAlg 2

=
Z}-
=

=

A

ol & AFel
A

EERCP

=

[

o/mlgnl&o] 18y a9

&gl

A A 7FA (NPV) 7]

PN
e

A,
Ae] o] & A 7} A of| A
NPV7F 00Xt} = AAAS)L o 0xTh

a2
s

==

[

(=

ATIAZ Y Ao

2 g9
=]

wrEo] Algle] AEWE(TIA

A ghez ol

A 7HA

o

)
™)
e

R

A A A ol

Foll 7] u)

°

A

-

1

EEEE!

S

T

R4

] o

[e)
32
Riu

122

E(IRR)S FAAY o]

o]
2

e

A

J

Al



r
]
r o
o
=
&
ftlo
-
o
rlr
po
o
fr
=
=
s
)Y
Do)
ot
2
i)
ro
o
=
f
4 Lo
iV
=}
o,
N
oX,

SRR

AAE BEAE Y= ARSI A Sl &(discount rate), +417]%F
(planning horizon), 7] (base year)E 24 dlloF 3t

o] ¥ WOl 2 o= g Al A=

Aol olygl HE £d-2e FAdd ZAA BAsIE R A3l ) 3t

%! v‘i'—

A BAe AHS QAT

AA, ATHEARY

= AAAAAA FrbEy, 2o 44 A dles FAskeE WS
ol g 7kAelut & Aol dE AT AKDDA A AAEL 9= A
3] eol8(20139 129 A 55%)S o] &3t}

12bE AolslioF dvh. A7 EArd e AALE 3

i
=,
i
dlo
o
fr
M
%
N

123



o,

o

74

oo

o

A

ofo]

A

b2
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CH) BT Fubol AU A ()9 ZAL 19, 3% 182 T4, <
de w3 19, +F 489S TPatel F sewor PHUL A7E o
AQRAL AUA AR, AT AR, Johpelte 4775k £

<¥E 28> olzidH| M4HE

T - e Rl (21) AZF 1w

A 7,500 1 90,000
AR 6,000 1 72,000
AT+

4 5,000 1 60,000

A AL 3,300 3] 118,800
71E=

4 5,000 1 60,000

I} 4,500 3 162,000

T4 3,300 6 237,600

7= 2,500 12 360,000

Bz 2,000 6 144,000
) 7(3 =]

4 5,000 1 60,000

I} 4,500 2 108,000

A} 2,500 3 240,000

715 1,800 7 151,200

A 52 1,863,600
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Tk A 20 (4 ool

n A ZF S 93 vt ¥ A9k (Na2Co3, K2HPO4, NaH2PO4,
CaCl2, FeSO4, MnCl12, ZnSO4, Agar, HCD) 9 +w& @At 2 81
= 25400 d o2 2015W F-E 2039 7kA] 25 7F Ay gkt

2k A& H

A Futol oy A AFAEAIG S AT R F OFR) el kel 2l
UA(F)e 98k, 7% 7], 4 s Adadnzt 3600984/

do 2 20159 4-H 20399 7HAL- 25 1 gl A gk

., 35

shoputel ool ux A WARSISl AIFER F (1)

(ol

= 8 FHke] .ol A
()9 Az 52 dssy] 9% BE kgom 930wt/ de] H 8o

20151 ¥ 203937 A 2503 A gkt

vl A RkAE A

=
ARt v = 5869 vkl /A 2015 H-E 2039 7kA] 2503 A ST
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ARK S ERSY

s guto] Lol x] AEALR Y] AMAFR T (FF) s Fubel .ol | A
(F)e] FAEFHE & FAMY 3%E A&t A AT (FE) =
g Futo] LY A|(F)e] FAKEFH = 2,790 e/ d e 2 20159 -8 2039

W7k 2563 A ST

<¥E 29> off 2Ho| 20 Lf x| HAFI| LAIH 2| HE

= A g e | O | A
=L Qaw | Amn | Agwe) 3
A A g 2| g ng
1 2012 27,900 27,900
2 | 2013 18,600 18,600
3 | 2014 46,500 46,500
4 | 2015 1,864 2,540 3,600 930 586 2,790 12,310
5 | 2016 1,864 2,540 3,600 930 586 2,790 12,310
6 | 2017 1,864 2,540 3,600 930 586 2,790 12,310
7 | 2018 1,364 2,540 3,600 930 586 2,790 12,310
8 | 2019 1,864 2,540 3,600 930 586 2,790 12,310
9 | 2020 1,864 2,540 3,600 930 536 2,790 12,310
10 | 2021 1,864 2,540 3,600 930 586 2,790 12,310
11 | 2022 1,864 2,540 3,600 930 986 2,790 12,310
12 | 2023 1,864 2,540 3,600 930 586 2,790 12,310
13 | 2024 1,864 2,540 3,600 930 586 2,790 12,310
14 | 2025 1,864 2,540 3,600 930 586 2,790 12,310
15 | 2026 1,864 2,540 3,600 930 586 2,790 12,310
16 | 2027 1,864 2,540 3,600 930 586 2,790 12,310
17 | 2028 1,864 2,540 3,600 930 586 2,790 12,310
18 | 2029 1,864 2,540 3,600 930 586 2,790 12,310
19 | 2030 1,864 2,540 3,600 930 586 2,790 12,310
20 | 2031 1,864 2,540 3,600 930 586 2,790 12,310
21 | 2032 1,864 2,540 3,600 930 586 2,790 12,310
22 | 2033 1,864 2,540 3,600 930 586 2,790 12,310
23 | 2034 1,864 2,540 3,600 930 586 2,790 12,310
24 | 2035 1,864 2,540 3,600 930 586 2,790 12,310
25 | 2036 1,864 2,540 3,600 930 586 2,790 12,310
26 | 2037 1,864 2,540 3,600 930 586 2,790 12,310
27 | 2038 1,864 2,540 3,600 930 586 2,790 12,310
28 | 2039 1,864 2,540 3,600 930 586 2,790 12,310
A 93,000 46,600 63,500 90,000 23,250 | 14,650 | 69,750 | 400,750
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. sgrtel 2o uA AFAEALY A 3

1) #3389 F
Fol oo A el A= 744

H] g kA

s oFutol <.

o %

QoI e
CORE2A 2 7}
COx=

= Al el A

o AAH AHHE <E
w318 7hA e,

At oz Qlef

(7h) 3w
ANTA AT EALS &
K= 10ha(eF 3nbsg)qF R el A A% 5760F
Aol A ABAkE = m] A
)¢} Chlorophy I —a,
AW MRS o SR o

o,

) ST

DREES

o ko] 2.0 1 4

=
R

S22 o3k CO.A a7 Q.
gekufo] © o | A+ T kAL ] o
30>ol A|A|H o] he
AgAEe
AR FTE T Al e

SR RES

SR

af Frto] o | =] (vfo]
Phycocyanin; - Cynocabalomin(®] E} 71

EHE=

2} 7} )

AR E A it

Ag A}

HAA=Z o3

2t4, utol
B12),
R

<# 30> of Hto| 20 x[2] A TN LAY YAEo] HHMEH T
Nz
3 A
A #7424 | USD/d 9/4
(%/kg) (kg/10,000m?)
(USD/kg)
Chl-a 133,000 1 58,176 7,737,408,000 8,511,148,800,000
Phycocyanin 1,500 3.5 203,616 305,424,000 335,966,400,000
Cynocabalomin 9,000 0.0003 175 157,075 172,782,720
Bio-ethanol 11 15 872,640 959,904 1,055,894,400
Bio-diesel 15 30 1,745,280 2,617,920 2,879,712,000
ey b 0.05 180 10,471,680 523,584 575,942,400
A 8,047,090,483 8,851,799,531,520
Fi QAW 10ne, VIAEF 10% BT S R AYEF 39 S7F A FEUSD 1-KRW 1,100,498
24 B4 LR 188 AL FLCIPEE, D1
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Aol BA @R® AFQ 201595 20399747 9] 259 ok, B
Atdol & wW(Do Something)®] =i &ff FrFo] Lol AALY Al At Ko}
& Aol 1& "W(Do nothing)®l =i & Frko] Lol YAALd o] Al F 5
o Aoz AoHE ¥ Agom Qs AitE FEHE AHRE <E
3153 o] dZ% 4 9

<E 31> MR FEFHE s LHIO 20 X ALY A ETE
(H9]: =Rke)
A3t A= B AYOZ Qo) AtE FEHE AT
1 2015 8,851,800
2 2016 8,851,800
3 2017 8,851,800
4 2018 8,851,800
5 2019 8,851,800
6 2020 8,851,800
7 2021 8,851,800
8 2022 8,851,800
9 2023 8,851,800
10 2024 8,851,800
11 2025 8,851,800
12 2026 8,851,800
13 2027 8,851,800
14 2028 8,851,800
15 2029 8,851,800
16 2030 8,851,800
17 2031 8,851,800
18 2032 8,851,800
19 2033 8,851,800
20 2034 8,851,800
21 2035 8,851,800
22 2036 8,851,800
23 2037 8,851,800
24 2038 8,851,800
25 2039 8,851,800
A 221,295,000
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@ R&D# o E=(%) % @ AFY 7] o] &(%)

<E 32> FIPVkx EHE Helo| WA =3 2H
T 8%k =7
e A7z 2541 = A ALY 8§ SRE THET 17F
= 7FA T AR € B IEA A 2L (KISTEP,

j,A
O A3 AT E 327% | 200904 AAE 71EAL AdE ATEEALEE 3
Alg/FA ) A&
A5 s Fulo]l oA AFNEALG o] AAH wF
a3 B4 ArAY BOEAE A8
® R&D7|A= 28.1% | KISTEP d®]eldA A A H&7]
@ A7 & 15% KISTEP of vletAd AL Al A7)

@ BV & 24.61%

N | RN

35 FI7H7bAl AEdd s A e WAl sty 7] 8 H 7 (KISTEP) 9
AT NEALY] dul el FAA] A -85 = W ot

132



Mo

}

fite)
o
il

oy

d glolA Ab

s

4

G

il

—
fite)

o
Mo

%0

el

Mo

o
—_

\.—_mﬂo

a0} 57) 7] 9

)

ox
™
—
fite)

olo
o

=]
T

A

2009%

Tl A=
(KISTEP)®] & AT ZWTAL o] - elH] e} d7d 2 AFA] 9

A3t FA g/ HA ) 32.7%

)

T8 (=4

3

A

3}

A

=
=

)

AESR TR SR T

of of

shoputol <.

o] g

]

AT AL AN E

s ofutol 2. ul A

3|
pud

b},

1]

s

B I ] 7 P e el
Nt nke] e u=] A7 At el F7 kA & &

9]

%o

}1\_]_,

AT AL o] F

ol | ]

el =

=

o}, oehA

bl ot

)

2= FAE 2641%% AHA

o

il

1ohe dAA A 5717

Aslel AIsE Ba oA 3E
A EE

=13
=

TN

2 Foll A

GRS

el whe QaEAbg el

o
oy

et

AT e

ol v] e}

) (KISTEP)S] ti& 72 Ay

[e)
32
1

817) 471897}

E
2z
ﬂo

=3
"o

ol
or
o

o

TEAR o o

7 AT FA =

B

o

B

el

133



134

HFHE Fgsholof FTh 2

ZAFA A AFe] ARVl S 15%

S AR ol 2/ AL el A AL



# 33> ol & HiO| 20X AFIMLALS FEIITtx| FE HY

Az dE | 2 AR e AE FEHE AR | BV AE 1Y | dAVA
1 2015 8,851,800 30,025 25,570
2 2016 8,851,800 30,025 24,237
3 2017 8,851,800 30,025 22,973
4 2018 8,851,800 30,025 21,776
5 2019 8,851,800 30,025 20,640
6 2020 8,851,800 30,025 19,564
7 2021 8,851,800 30,025 18,544
8 2022 8,851,800 30,025 17,578
9 2023 8,851,800 30,025 16,661
10 | 2024 8,851,800 30,025 15,793
11 2025 8,851,800 30,025 14,969
12 | 2026 8,851,800 30,025 14,189
13 | 2027 8,851,800 30,025 13,449
14 | 2028 8,851,800 30,025 12,748
15 | 2029 8,851,800 30,025 12,083
16 | 2030 8,851,800 30,025 11,454
17 | 2031 8,851,800 30,025 10,856
18 | 2032 8,851,800 30,025 10,290
19 | 2033 8,851,800 30,025 9,754
20 | 2034 8,851,800 30,025 9,245
21 2035 8,851,800 30,025 8,763
22 | 2036 8,851,800 30,025 8,307
23 | 2037 8,851,800 30,025 7,874
24 | 2038 8,851,800 30,025 7,463
25 | 2039 8,851,800 30,025 7,074

A 221,295,000 750,625 361,855
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ALNA EEE IR A5F] BAAAE ol gl HEE #3
Ao we@ Aol oo i ATARALS fowd B Ae o
S <E 34> AAEH 9t

E 34> & 2dio| 20 L X oA FIHEAIY S R-2E HY
(sl wgs))
A=2 y= Re)|
g e a e
A R P I T P R e v =pT
aw 74
o TEERE R ETARNT A4

2014 - - 14,129 12,694 25,839 24,492 52,696 49,949
2015 30,025 25,570 14,129 12,032 25,839 23,215 52,696 47,345
2016 30,025 24,237 14,129 11,405 25,839 22,005 52,696 44 877
2017 30,025 22,973 14,129 10,811 25,829 20,858 52,696 42,537
2018 30,025 21,776 14,129 10,247 25,839 19,771 52,696 40,320
2019 30,025 20,640 - o7 = < # -
2020 30,025 19,564 B I e 5 S -
2021 30,025 18,544 = T = b - -
2022 30,025 17,578 = - = * - -
2023 30,025 16,661 - ) r - - -
2024 30,025 15,793 =] = - - - -
2025 30,025 14,969 - = - - - -
2026 30,025 14,189 - - - - - -
2027 30,025 13,449 - - - - - -
2028 30,025 12,748 - - - - - -
2029 30,025 12,083 - - - - - -
2030 30,025 11,454 - - - - - -
2031 30,025 10,856 - - - - - -
2032 30,025 10,290 - - - - - -
2033 30,025 9,754 - - - - - -
2034 30,025 9,245 - - - - - -
2035 30,025 8,763 - - - - - -
2036 30,025 8,307 - - - - - -
2037 30,025 7874 - - - - - -
2038 30,025 7,463 - - - - - -
2039 30,025 7,074 - - - - - -
A 750,625 361,855 70,645 57,189 129,196 110,340 263,482 225,028
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o 3} sholu] & 1y 9 ey

- - BE B R B B RS
2012 27,900 0 0 0 -27,900 -27,900 -27,900
2013 17,630 0 0 0 -17,630 -17,630 -17,630
2014 41,778 12,694 23,216 47,345 -29,084 -18,562 5,567
2015 10,483 37,602 47575 70,446 27,119 37,092 59,963
2016 9,937 35,642 45,095 66,774 25,705 35,158 56,837
2017 9,419 33,784 42,744 63,293 24,365 33,325 53,874
2018 8,928 32,023 40,516 59,993 23,095 31,588 51,065
2019 8,462 20,640 20,640 20,640 12,178 12,178 12,178
2020 8,021 19,564 19,564 19,564 11,543 11,543 11,543
2021 7,603 18,544 18,544 18,544 10,941 10,941 10,941
2022 7,207 17,578 17,578 17,578 10,371 10,371 10,371
2023 6,331 16,661 16,661 16,661 9,830 9,830 9,830
2024 6,475 15,793 15,793 15,793 9,318 9,318 9,318
2025 6,137 14,969 14,969 14,969 8,832 8,832 8,832
2026 5,817 14,139 14,189 14,189 8,372 8,372 8,372
2027 5,514 13,449 13,449 13,449 HOE5 7,935 7,935
2028 5,227 12,748 12,748 12,748 7521 7,521 7,521
2029 4,954 12,083 12,083 12,083 7,129 7,129 7,129
2030 4,696 11,454 11,454 11,454 6,758 6,758 6,758
2031 4,451 10,856 10,856 10,856 6,405 6,405 6,405
2032 4,219 10,290 10,290 10,290 6,071 6,071 6,071
2033 3,999 9,754 9,754 9,754 5,755 5,755 5,795
2034 3,791 9,245 9,245 9,245 5,455 5,455 5,455
2035 3,593 8,763 8,763 8,763 5171 5,171 5,171
2036 3,406 8,307 8,307 8,307 4,901 4,901 4,901
2037 3,228 7,874 7,874 7,874 4,645 4,645 4,645
2038 3,060 7,463 7,463 7,463 4,403 4,403 4,403
2039 2,900 7,074 7,074 7,074 4,174 4,174 4,174
A 235,666 419,044 466,446 575,150 183,378 230,781 339,485
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