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ABSTRACT This study aims at examining economic feasibility, economic impacts, and CO2 reduction of a large scale project on
conversion of macro-algae to bioenergy in South Korea. As feedstock for producing biofuels such as methane, ethanol, and bio-oil,
Laminaria was accounted in the feasibility study. For low, medium, and high crude oil price scenarios, NPV, B/C, and IRR supported
positive feasibility of this project. As economic spill-over effects, forward and backward linkage effects were over 4trillion KRW,
employment effect was over 10,000 persons in 2030. For environmental effects, about 741,231 TCO2 were abated due to this project in
2030. We suggested that RPS, RFS, or RHO should take account of credits on the bioenergy from macro-algae in the future.

Key words Macro-Algae Biomass(3l| %5 H}-0] 1| 2), Economic Feasibility(7g #l| 2] E}'d-A), Economic Spillover(7 A 2] 1hF & 31}

Nomenclature B/C : Benefit-cost ratio

IRR : Internal rate of return

RPS : Renewable Portfolio Standard
RFS : Renewable Fuel Standard
RHO : Renewable Heat Obligation

Daf :dry and ash free
MT  :metric tonne
TCO2 : ton of CO;

KRW : Korean won
GHG : Green house gases

subscript
NPV : Net present value
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Table 1. Production Costs and Productivity of Various Macro

Algae
Productivity Production
Types of Macro
Algae Daf Dry Costs
MT/ha/yr | MT/ha/yr | (Unit: $/ton)
Macrocystis, 50 83 95
nearshore
Laminaria/
Laninariaropefarm 45 59 112
(offshore)
Ulva/Ulva,
’ 2 21
tidal flat farm 3 30
S.argassu.m, . 45 47 95
floating cultivation

(5 Daf=Dry and Ash Free)

(Z3]: Reith et al.(2009)"”, citing Chynoweth(2002)")

@ uioleE]mlolue] 7|l 9J5hd 27 vlo| QujAREE o]oF
F e TRsBIANE B A o x| gol] 23S Wi

@ Fel= ARFE o83t ufo] AR AFARGe] o] FofR| 1
Lok, o7t Aste] o]22] E3lL 9lof A ARE ol§
3] Balle-2 wrelEet

@ 2 AL AIAZ|E 7] 02 7HAE 2As|oF kATt JIEH 0]
A BEol x| ¢ 208 AR,




Biomass Research Center) 2] Z}&of 7|%35}ic} 31 o
AUk ol-gsto] gt} ofgke, Hio] @ @ A(HTL Biocrude)
& A7) S1gk oluiA] Mehe- 212} 0,124m’/kg, 0,254
kg/kg, 0.2278kg/kg = HAIBICIY, ojuf Hio]Q @
U2 A& H(light oil)¥hHa o= s3I,

SHA Ak b (ARET 71 59E/AEE/ <)
S 71E0 02 tAut RIS 270l H3E AYAkF 50
THES] 10%9] 5YHEC]A] 2RI PR Frleke
Aoz 7HgsIqitk(Fig, 1), o AMEE ZAIAE k=

ket 2},
= o

(Y(t): ARE tofl o] AR, Yoo 27] Ak, v A8E

20.5 A

Table 2, Bioenergy conversion rate and production costs of

macroalgae
Production Methane Ethanol Biooil
) .
Scale (metric 500,000 | 500,000 500,000
ton/yr, dry basis)
Conversion rate 0.124 0.254 0.2278 kg/kg
(dry Laminaria) | m’/kg ke/kg light crude;
electricity
Byproducts n/a 212,778 n/a
MWh/yr
Investment
41,5 243 1511
(millionUSD) ’ :
Operation cost
4.2 29.3 19.1
(millionUSD/yr) : ) :
113,900 metric ton
Net production 61,8 127,000 lightcrude
(per yr) million m” | metric ton | 48,800 metric ton
heavycrude

(Source: Roesijadi et al., 20109))
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Fig. 1. Logistic pathway on annual production of Laminaria
(dry metric ton)
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Fig. 2. Logistic pathway of methane, ethanol, and biooil

Table 3. Investment and maintenance costs for producing

energy
[tem Methane | Ethanol Biooil
Investment (MillionUSD) 415 243 151.1
Maintenance costs (MillionUSD) 4.2 29.3 19.1
Production (ms, MT) 61.8 | 127000 | 113900
Conversion rate (m’, MT/y) 0.124 | 0.254 | 0,2278
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Table 4. Production costs of final products (2008 average

usD)
: . Gasoline/
Production cost Gasoline Ethanol Diesel
F tati HTL and
Core technology e;zl;% éon Fermentation UpgTa?iIilng
Material
500,000 500,000 500,000
(dry MT/Y) ’ ’ ’
I .
ntermediate Methane n/a HTL biooil
product
) . Gasoline,
Final product Gasoline Ethanol .
diesel
Ann i
ual production, 1 49 39
(million gal/yr)
Intermediate
product cost 1.4 1.8 1.5
($/gallon)
Final product
1.5 1.2
($/gallon) ) v/ )
2008 market
average of final 2.6 2.2 2.82
products ($/gallon)

Footnote 1, Excludes feedstock cost, all costs rounded nearest
$0.10;

Footnote 2, Rounded average of gasoline price and diesel price
in 2008
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Table 5. Sales price (before tax) for petroleum products

Year Gasoline Diesel Kerosene
2008 731 855 752
2009 610 631 627
2010 714 748 722
2011 899 964 936
2012 945 1,000 974
Average 780 840 802

Source: http://www,opinet, co, kr/chart, do?cmd=chart, pricestepl6)
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Table 6. Industry share of cost items for 2013

Cost item 2013 value | Corresponding | Share
(million KRW) industry (%)
Investment for methane 5,842
Process cost of methane 474
Investment for biooil 21,272
Fuel 44,0
Process cost of biooil 2,155
Gasoline conversion cost 1,858
Kerosene conversion cost 5,271
Financial cost 3,066 N.A, 3.7
Investment for ethanol 34,210
alcohol 44 8
Process cost of ethanol 3,306
Production .cost of 6.300 F‘isbery and 75
lamania marine farm
Total cost 83,755
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Fig. 8. Industry share of total project costs (unit: million
KRW)
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Fig. 12. Job creation effects (person/billion KRW)
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