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Abstract — Bio-energy offers the opportunity to lessen fossil fuel consumption. Energy derived from solar, wind,
hydroelectric, geothermal, and biomass sources are considered renewable. Because most forms of bio-energy are derived
either directly or indirectly from the sun, there is an abundant supply of renewable energy available, unlike fossil fuels.
The use of bio-energy also provides environmental, economic and political benefits. Bio-energy can be produced from a
marine source such as biomass provides a CO, neutral, non-polluting form of energy. In this paper, the potential of
marine biomass is increasingly discussed, given the size of the resource in that more than three quarters of the surface of

planet earth is covered by water.
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Table 1. An estimated deposit of oil (billions barrels)[8]
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2 =718 A FEsle] HHEAES 2010 4, SR}
15 =g Z0R oSata glom, 39 2 v
jol] =ajsk a%j HRITK(Table 1). TFeF &9 159 WA 200 7k
2] A go] dAl AS5e el e, dF o d A
gk /dellA] 2030 AFoll= 50%0 1% %7}?1 o} 27Nk W/l
ol = Zlo = AgETH9]. @A AHE=7]9(OPEC) 7 7F=°]
& AulE Fustos 7}53‘°L 6}1 7k Af &
£ wehA] 3Bl 7P Al sk slvk 53] S 953
A g om QEl H Af et w48 Tk, T
A 2l AA 6.39%F vl /oA 20259 7 H 39k vl
& dold Aoz Aativi10]. Q1EeF 2 TRE ofrlo} IE
O] A MR TR Z0= odun, u] o LX) B (EIA)2
Aol =d w5 §9 2ok 7 Al A S Row A
SkATh. 2] 4xt 7] 9Rst B A= AEE 2ol A, Ae 5
s ARe SJESt Q1o Ao A&GEH 21471 A2 Het
7120] Hrfl 6.4 °C 53l Sl 59 em7HA] g Holta
Ak}, w3k A 1006 (1906~20051) E2F X 7-9) Ht 7]
©] 0.74 °C7HA] E3rhar vla|aA] 2001d EESE UlER o A2
U3} s o Azkeke A Jﬁo}oaur
ATtz 94_7}J} T

sfekart 7b & %S o ME Zo= gla|Fitt, olaksleki
o] ti7] 9] w5 A Waplel ti7] 5 $%=7F 180 ppm©]

O, Ak E o] AlFkE o] 5A43] F7kste] 18901 ell= 290
ppm, 199043 th F7E] Z|relli= 370 ppm O & B AE R I1[11], 1992
Woll== ¢k 360 ppmO.E 1417] ok 30% S/ Buh w3k 21
ATl olilsleia o] 2] w57t Akjls) o] vl 7
91 500 ppm(AFI3} o)A o= 280 ppm)oll =2 ZlolH, 1970
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Author Affiliation Year Estimated ultimate reserves Peak year
Hubbert Shell 1969 2100 2000
Bookout Shell 1989 2000 2010
Mackenzie Researcher 1996 2600 2007-2019
Appleby BP 1996 2010
Invanhoe Consultant 1996 2010
Edwars University of Colorado 1997 2836 2020
Cmpbell Consultant 1997 1800-2000 2010
Bemaby ENI 1998 2015-2035
IEA OECD 1998 2800 2010-2020
ELA us DOE 1999 4700 2030
Laherrere Consultant 1999 2700 2010
USGS International Department 2000 3270

Salameh Consultant 2000 2000 2004-2005
Deffeyes Princeton University 2001 1800-2100 2004
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3. oli¥ HIO|220HA (Marine biomass)

A2 (macro-algae)2} WAl ZF-(micro-algae)= = 253} &
= 4 =S Avlis) g Alsu =8 BlE R o] 85 o]
gt} 53] Ax¥ vAZEFE S 45E ok FHE v
ot Ao R o] gH Al gk PAARES S1g Al A
Wyst7|Eol= F2 Spirulina, Chlorella, Dunaliella, Nostoc,
Aphanizomenon 5-°] |51l 0™ 1999 = AAZ o2
Spirulina RFO] QU A7} oF 33 SME 715F AYALE QT 15]. B3t 3]
& nlo| e A7)E AAsl] flst A GRS Sst A
Ax A 9 AESA aE Bl vlo] eHerk APite] o] 81
o} vlo] oA E AAaket] $1gt blo] Qg Azt vlA|
ZHE o3| flaiMe 4 ABrdo)] 5aller sk Al g
gk 4= Qlofof sfar o] & 7hsg ThE vo] euf ARt FE sV
U] & H]g o7 ArtE|ojof it} o] T2 HAE 98 HEoR
ZFE A lle 25 o] el |82 Sl K
W U 52 o] Ql71E sttt vl ofluA] dijke ®A Hlo] 2.
w0 F ool AER AT wEH HlE vlo] QoA e ARE-
g ¢ Q= 7R EXHA T ALY 9 Aol = AR oS5
of] xfo]7F WAIRE vlo] euj = w|E] 2] 9de] FH 12} offix]
ol g Aox Wil QIth16]. Teiishe Hio] oA AIARe- e
e - AR QlojA g A&7Es e UAIA AL

3 7]o1% Zlojr},
zirells Bl A5k alld ZFr(marine algae)e} B
A AL P (fresh water algae)® U™ FEfsid oz =

bt

Py

AT} A ZFE BRI QUH17). Yukd o7 2H+= 84
AES AlQst B H3 AEC BHoR, ofd B RIS
A= BFEH gol7t ofuE) vilg- ikt RS XEehe

AURE gofo]th(Table 2).

TheFst LR FollA tifto] AeEdaEe |l Eu vl
32 mAIERTFe) &b o]52 S EHAY] T AR D
St AR SR vId A AAvES 7HARE
=7 o|ikslEkA s} THE of] R o R ] o]l mEAR ek
7oA AABIER Bk AE vlo] emAg M3 T GlojA
U grpdo|t}, thal 2] AuvizRoll 53R (green algae), 33

Table 2. The general classification of the algae

Common name Division

Blue green bacteria Cyanobacteria

Blue green algae Cyanophyta
Red algae Rhodophyta
Green algae Chlorophyta
Golden brown algae Chromophyta
Haptophytes Haptophyta
Dinoflagellates Dinophyta
Cryptomonads Cryptophyta
Euglenoids Euglenophyta

Table 3. Approximate chemical composition of seaweeds[19]

Component Brown Red Green
Water" 79-90% 70-80% 70-85%
Minerals® 30-50% 25-35% 10-25%
Carbohydrates 30-50% 30-60% 25-50%"
Protein 7-15% 7-15% 10-15%
Lipids 2-5% 1-5% 1-5%
Cellulose 2-10% 2-10% 20-40%
Dof fresh weight

Dof dry weight

IMainly alginate and fucose-containing polysaccharides
“Sulphated polygalactans and xylans, resp. dominate
3Cellulose and starch are the main components

F(red algae), 712] 11 ZF5F(brown algae)’| 31 01 0] 52 &2
the] AAAE FREA sk lom dETFr(seaweed)BFLE F-E
o} redt A7) vl Wl 60 m7RA] AR <= QluH18]. AAIE o
2 0% 7] e izl #2318 2448 vy} 1ti(Table 3).

2 thds el Gi-s ot B2 A9 22 3 21l
oJ8f o] &4 2ddlof she 52 Aol gax] H535 54
& Zb=t) S, Al B AR gl 712 5217](COOH)
L} AXEH2AT] SAE 2 Blo] Yotk S22 AET = th
2r}. o] S5 A5 71E5EA7 1= FE (pectine) A 9+ 2
o] A7} Wl o ~E| 2 (methyl ester)Z T/d=o] Sl oL} ol
£ 257 fEEolth20]. xR o A REE TR Ax
FENE 9 FIolH(fucoidan)? SXFENE A& MG
(carrageenan)?} o712 #¥ (agaropectin), H2=FEHE I+ sulfated
xyloarabinogalactan, sulfated glucuronoxylorhamnan °] 1=, 5
FAEME BAEA] FETH21). AEEE AsHE thdTrele
G, okl oRtEle]| BEEA g A Ee] Z7E o] F
ST}, St o] AfolE AT e &, el 7H8e] v
Zee) 71l AATIRE oH22].

2T 7REEIA I ST = ax(chlorophyll)el] <siA 3
A& stk Fo] §AAE 2k AR A5 FHeo]
E(pyrenoid)etell EAgH}. H272] & 7ell= ofg] 7HA] Alo]
7} 221 A A (hexose) U= INEH(pentose)’| T2 HHEE| =
Zlo] EAoln, 3= MEZS} A o] gt} ofH FRolME
FrEA (uronic acid)e] m-g- Wol 2/do] BAgRE & = Qlrk 5=
ol AEH b= AE R Q Z(cellulose), THr(mannose), A
Ul (xylane) 12]3 84 FEAF sigd 1l =84 3Rits) 5
‘drido] tisrAoltt. 53] AR 5 AEH A0 R 7|1 §l
ow, 228 AT $AEH AR Ho] drk A7 o
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F& Z(starch), F2&(fructan), IFAE (paramylon)©] tEZ 0]
t}h 53] A 18 2Ql opdzAwgoln] /A 5] HE T} 1]
Z3it), Batage] 23024 350] opuz AR o] ety 259}
FARIE HEFo opd R @ == ) of e 2 @ =9} vl SEh) LY
o] A FHo] oFstal ST} itk o]t AdHe =
o] ARAoln THEHYFTEES 2Hs 54S 7L Qo] &4
=7 PEECH21].

TERE T8k AxEgdie AER =, AY, vt
(mannan), ¥ (agar) 12|31 Al2]7]'H(carrageenan)©] T A1
AER Q= U B gt} TxAEH e AEr 0~
2 o] Q= Zof WA 25 2 AN S e A
Fo] AL ko). S Wl o g A% gdHr) oy
T oL A 70%)2) o L2 HE (S 30%)2] EgHEo|t}. de
o3} i wEd} 3 AS FRIEELF| Y wof wHi ¥
o] op7}E=0]al 4] = Fpo] optE AR, ghd thdHF
9] oprtr = &L B[ Foll wat vk, oF 30~90%°] 1L 33
T 70%] Tk, EAFES 16,000~135,00001 FAICHEH2A 2417
T Hom Aslsh= FHo] At ekl §a/dS Folst
= Aol Hrh22].

AZ570) 'pslEs HaA 8 g5o] e 2FEA 954
a, c®} 7F2E] o] = o]9lo] vz HAMEIo] Q7] wjie] AR S
o] Mg Rt oF 25045, 1,50001 57 QLo A7t ko
2 354 ddel] Bom AxEuelis UdxIAk FHoldt o thE
ol & 5 Qi AT bt AlEetdREs AE
29* A7 K alginate) 181 30| th(fucoidan)o] tHEH S 2
EAst AEE 2 TR ThAlvEe] PAdelA 3~5%, 735l
M 6~10%, 71EF AZFAAME 0.6~4.4% JEolth v]YolM =
AZZ =7 29 4~14%7F Ti=lo] Stk ¢31ake D-
mannuronic acid(M)2} L-guluronic acid(G)7} I&] 74| v]&= 4
¥ polyuronidetbd 0 2A A7 AR Alo]& A-9-a Itk
R T 9 AL, A, 9o vt 2 o546 S
o] 7V ol 7152 16~34%t Hrt. M¥} G] HIEL 3272
F, A 2 249 F-9je wjeg thEu g AAke BAFF o E )
£ AdAetA 9krh21,22]. At RA AT s s xFolA 3%
Na,CO,% F7| 530 oflghg = ko 24 HHAA 343},
13l A5 ZAlE A A sliEha el Enlshs Al
2 AAEC] e, olAY AR A¥ELt FXHEC] vlE
Folghon] TS 4-20% ot} tlio] ZxFe] £33 A
AobdiEA 2huek(laminaranye] 91O iR W Ul A
9l Al whet th2w £7] 5o Aol g Faiwt AldA
o= o] Pt W= o] Fou A&7ellE 1xet 24

Table 4. Photosynthetic efficiency and productivity

Marine macroalgae

Green algae

Red algae Brown algae

[Pre-treatment) [Pre-treatment
Agar
{Agarose (70%) + Agarofectin (30%a)

Cellulose, Carrageenan, Xylane, Mannan
l +

Galactose  Xylose Mannose

Galactose
{ P-D-galactose ; 3,6-anhydro-L-galactose) I T T
Alginate Fucoidan Laminaran Cellulose
Cellulose, Xylane, Mannose Glucose
Glucose
Starch, Fructan, Paramylon 1, yyannuronic acid (M), D-glucuronic acld (G)
Glucose  Xylose + (B-13-glucan)
Glucose Fructose 'i
Glucose L-Tucose, galatose, Xvlose, glucuronic acid

Glucose, mannitol

[ Anaerobic fermentation ] [Fermmtalion]

Hydrogen, Methane Ethanol, Butanol, Acetone

Fig. 1. Process of bioenergy production from carbohydrates of marine
macroalgae.

o] oF 20%7} & Wi Qlth. geuRke] 71EA1 FEREE B-1,3
A 57 glucan)e|™ AAUr} F24 2 F B-1,6 glucoside™
itk gyt Bl g4l ghvyEkA] (laminarase) ol = exo X
endo-B-1,3 glucanase, B-D-glucosidase”} It} O & A+ AT, &
Bo), 5, IAE, AAETE ol del EEerH20]. Fig. 191
ol Y&-& Qokste] TR TAIEIITH

ko

o el AR 2,0009) 2] FEA ] 90%7F Sk
of| A o]Foix| B R ulhe] FQ/3L w9 At 3 5= Qloh AE F
9] 80%7F A&3k= BlF AElAS] & 7ExE 25% € o|H, 4
o oA S E3eE el dRFA L] A= 13 4gEE SR Al
2 FAstar Qirt. e ulol oAkl ol AAIAIGS *17F 302 g
ol A vid Jrulld Z7FskaL Qleh23]. dA A AlAIE o= oF
20059 siZF7E o] 8 aL QlaL R el Sohs kT
(Monostroma), A3+ 5+(Enteromorpha)®} S350l 43l A%
(Porphyra), 719715 (Eucheuma), 7V F-~%5(Kappaphycus),
WA N7 (Gracilaria) 1831 2350l &3h= YA Laminaria
Japonica), W9 (Undaria pinnatifida)®] 28AF=) 10 91 31[24], A+
of wh sl =Fol FEd a8 YIS Table 49} 2t
S|zre] At AZF 7007 E(wet weightyol™ 15 71 B
& 5 AAsR= Zlo] vAlnt, WS, Te]an Floltt. 1993 gt
SRt FolARE TARErE 4005t Eolut AakE ST 22 a5l o
oM 305k Eo] AAtEe] A MAH R TiAlet T F50]

& 52

22 i

Plant system

Photosynthetic efficiency Typical productivity range Typical productivity (t ha™

T
Y Comments

of PAR (%) (gm?day™) (Maximum)

Laminaria offshore Not reported 1-5 7-16 Natural' populations and commercial
harvesting

Macrocystis, Gracilaria, .

Laminaria and Chondrus in Not reported 3-10 10-34(127) Probably n ot achievable on a
commercial scale

culture chambers

Laminaria in offshore farm Not reported Not reported 28 - 46 (expected values, - High va lues can only be obta.med by

prevented by storm!) supplying nutrients at excessive costs
Uncultivated brown algae Not reported Not reported 10-36
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o]x.

500%F Eolut AR GITE W] vt Ui, Sl = oF
2E=r] 19959 g 3 sk oF 751k o] Akl gl 92
gk}l Aol M= A (GFE Porphyra yezoensis)F2]0] Es}A]| o]
FolAA] 1994 oF 555 Eo] 718 A7 A= 7 Fikshd

oF 159 el Arr A AlA el 71wt bl FFolth

0% 73} |t TR 480 AT vk TR o
RV Sl 718k S5 Tl gt 8 A o) gEigtie,

thds 59 63l @i o] A1E FAdstar dla Al =7 At
oF 102 2e] &= ©ri25]. 7P AAako] B2 olE Al F ]9
ol F 1155 39582 siZ77t A8 43%, 398 42.8%, 2J°okE-
7.7%, ZLF/]"’ AFEE 6.5% o831 ITH26].

EFE ek ek T2 S5, e, g i, TEla
QUEHIAo} 5] ofAJof H7REeIH ER v, At ZE]_’ B
P2, 59, vgREs) e f7 R i) oHZ = A
Hisk7] Sl Alwslar QItH27-29]. vl=ro] thati % ZHHH Al

28L By vitks E8-3 AR-F il A1 2~ B (free-floating

)

837

Fig. 2. Multiple use of off-shore wind energy parks for the co-cultiva-
tion of seaweed and seafood[28].

cultivation system)s -8t 4kakar UTH30]. kAR o] gt & T shelvl= s sl el SlofA v e
PAE SRR A S 85 Sl DT S HEL § AR 20l A6k 2 o) G BAS S A2 A
A g BAZ P AT ol @ FAE S B2 Y TR A9l Ak 50039 Bevt ek S SER ode
(Circular ring structure)® o] A skSith sk O] TE= A ddolse ’\E‘ﬂ‘ﬁ_& e, sfHe]e o] ¢ 0(}01%3
Macrocystis(kelp)2] Aol 71 2l edsioh= ARdS WdsiSict. 1 7301}, Adnt sfjHolq], ek ol o vhrar Qlek. dnt &
3 A dERselds vEe) ok e, Xael K wlojgle ajdole] 2 Akolgl, w40l Bl Hal Alolele A
o] A (Fig 9 EUIE A2 FHUA /NG olgR AR 9ldt ojehe IR qlok, Saojglolehs At wigeka A
A sl AT Seh29). 3 el Qe el QRak ol Wtk WAl et
FEARI T AiE 13 A FH71A]9] o] 82 At 2} sz 2 ARk s (Table 5)2F A&l 42]o] % (Table 6)
Table S. Production of seaweed by adjacent waters in korea
Year
Unit: M/T 2000 2001 2002 2003 2004 2005 2006
Porphyra tenera 1 11 29 122 3 13 2
Gracilaria verrucosa 0 1 0 0 0 7 11
Laminaria japonica 350 357 88 37 0 9 12
Pachymeniopsis lanceolata 15 13 2 7 48 128 473
Diatom 29 22 0 0 0 2 1
Undaria pinnatifida 1,717 2,664 1,089 942 719 4,740 3,569
Gelidium amansii 2,872 3,768 2,150 467 1,791 3,079 3,012
Codium fragile 220 404 558 27 616 3,083 2,875
Hizikia fusiforme 6,062 7,024 5,081 2,744 5,284 3,520 2,933
Hizikia fusiforme 64 40 412 182 71 246 164
ete. 1,693 629 1,018 626 528 385 702
The sum total 13,023 14,933 10,427 5,154 9,060 15,212 13,754
Table 6. Production of seaweed by shallow-seas waters in korea
Year

Unit: M/T 2000 2001 2002 2003 2004 2005 2006
Porphyra tenera 130,488 167,909 209,995 193,553 228,554 197,610 217,559
Laminaria japonica 14,160 17,506 24,873 25,259 22,510 108,327 201,919
Undaria pinnatifida 212,429 175,490 242,135 198,172 261,574 281,871 322,371
Gelidium amansii 0 0 4 0 0 0 0
Codium fragile 164 7 72 53 142 1,597 165
Hizikia fusiforme 11,654 6,865 11,016 33,661 22,814 30,058 21,125
Hizikia fusiforme 5,288 5,760 9,291 1,355 1,154 814 682
ete. 273 1 171 1 0 879 1,092
The sum total 374,456 373,538 497,557 452,054 536,748 621,156 764,913
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Table 7. Cultivation area of seaweed in korea

) Year o002 2003 2004 2005 2006
Unit: ha

Porphyra tenera 54,012 53,136 52,749 51,894 55,101
Undaria pinnatifida 11,576 11,421 8,019 5873 5,740
Laminaria japonica 1,487 1,440 3,484 5,283 6,149

Hizikia fusiforme 411 393 1,481 2,130 2,371
Gelidium amansii 0 0 0 0 0
Hizikia fusiforme 1,570 1,523 3446 4,001 4,684
Meristotheca papulosa 0 0 0 0 0
Sargassum fulvellum 153 149 169 228 333
etc. 0 0 0 94 379
The sum total 69,209 68,062 69,348 69,503 74,757

2006

2005

2004
p
3 2003
-~

2002

2001

2000

0 200 400 600 800 1000

Thousand (M/T)

Fig. 3. Total annual production of seaweed in korea.

Table 8. European companies in the field of algal industry[31]

Field %
Colloids 100
Harvesting seaweeds 47
Agar 18
Carrageenan 15
Alginates 12
Other colloids 8
Bioactive 100
Carotenoids 25
Cosmetics 36
Liquid fertilizers 25
Other 14
Food & feed 100
Macroalgae for human 27
Microalgae for human 15
Macroalgae for feed 29
Microalgae for feed 26
Other 3
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Table 9. CO, migration of Tropical rain forest submarine forest

Tropical rain Temperate zone Sargassum  Forcing culture  Eisenia
forest deciduous tree  fulvellum Laminariajaponica bicyclis

1500~2000" 1200 4100 4800 2000~3000"
*Unit: gC/m>yr
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Fig. 4. Biomass energy conversion processes and products[37].
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Fig. 5. Proposed utilization of different fractions of brown seaweed.
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Table 10. Oil content in selected microalgal species

Species Oil content (% dw)  References
Ankistrodesmus TR-87 28-40 [39]
Botryococcus braunii 29-75 [40,41]
Chlorella sp. 29 [41]
Chlorella protothecoides 15-55 [42]
(autotrophic/ heterothrophic)

Cyclotella DI-35 42 [41]
Dunaliella tertiolecta 36-42 [43,44]
Hantzschia DI-160 66 [41]
Isochrysis sp. 7-33 [41,45]
Nannochloris 31 (6-63) [41,42,46]
Nannochloropsis 46 (31-68) [41,47]
Nitzschia TR-114 28-50 [48]
Phaeodactylum tricornutum 31 [41]
Scenedesmus TR-84 45 [41]
Stichococcus 33 (9-59) [41]

Tetraselmis suecica 15-32 [12,41,49]
Thalassiosira pseudonana (21-31) [50]
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Complex organic matter
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l Hydrolysis

Mono- and oligomers
Amino acids Sugars Fatty acids

Acidogenesis

Propionate
Butyrate
Alcohols

Acetogenesis
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Fig. 6. Anaerobic degradation of organic matter to CO, and CH,[55].
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Table 11. Production costs of methane produced from different feed

stocks[30]
Energy crop Methane cost US$ GJ! References
Sorghum 6-8 [56]
Poplar 3-7 [56]
Kelp 3-14 [57]

Table 12. Yield of methane produced from different feedstocks

Biomass Methane yield (m® kg™ References
Laminaria sp. 0.26-0.28 [59]
Gracilaria sp. 0.28-0.4 [58]
Sargassum sp. 0.12-0.19 [58]
Macrocystis (kelp) 0.39-0.41 [59]
Water hyacinth 0.13-0.21 [59]
Sorghum 0.26-0.39 [59]
Poplar 0.23-0.32 [59]
Food waste 0.54 [59]
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