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A study to overcome "death valley" problem due to mass
production of seaweed with highly concentrated CO,

Kunihiko TAKEDA, Erika NAKASHIMA*

Basic research activities on the production of seaweed and algae have been
performed in the university level, as research projects were funded by NEDO and other
agencies. These performed studies signified the importance of developing marine
resources, as there is a possibility that the marine can have much higher resources than
that of land. However, there is a challenge in taking the academic research to applied
research for mass production in an industrial scale, which is known as "death valley"
problem. In this paper, we studied from the prospective of different specialized fields
from various research institutes related to production of seaweed and algae to overcome
the "death valley" problem. Since the authors belong to the engineering field, the goal of
present investigation is to organize and overcome the problems and the differences in
way of thinking for the agricultural industry and academia. This will provide a platform
to establish specific research techniques to enhance research output that goes beyond the
walls of academia.
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I, BRT DO OHRITMBLENICONTHRFEZToTm@RTHEREERET S, HICEHELNTE
SWICHIRT DD, BKEFZFOBEZFTOENEEFELZEIL, BENRPFIETIEOHSNTEZITVD,
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Figure 1  Elements contained in the oceans and human serum are proportional relation.
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Figure 2 Schematic diagram of system flow.
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BED T3MAEPEN & RSO EEMEEZ O LA T~ 2B R E2E5 201213 0.04% &V 9 Kn2E
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WiE, COD X I RFTNA Y RRIT EREB L TRBAN Y U L ERYEEA L AIKA, MR L &
LCILBELZZ L, SHIKITEDONERICE - THEHESNIZRBNPHERICHEBE Lz R EICXS.

WoT, TOWRIE (& A XARBREDBRITIKFEERZZEL[T THRET 5272 L) ZFMA L TERE
CO, mBAESH, MBEROK 4% TN ED CO, G LW ADRIMANKA > FThDH. BHEITT IV
BV, 44D, BRBICW 2GR, TNLENHLEHE D CO, DEMIL pH DK T2 ®
T, TNOORHELEEOAEET & pH OEENM, CO, 72T KRBT TALHARNEIROFER L %
BFFE L C& 7.

AR, ETERERFERSE LT, KNBEHMOYP T AORMAEZHRE L. KNEEHROH T A
W20, CO 2N 14% & KRRTICEEND COEED 40015 L mEBETHY, KAHBEFICHH SN DIHEA
BIRIX, EMORELLHE > TWD7®, ZORBEZEOPEIT ARITITEMOREICLELRD, S,
0, NZELEEND. ZNOHADEMGEE LU, BEFEONT Y v 7 RIRICRKZ2RR) 7T
<, BREEMEREAAVTEENICREZ i S, —EOMERED FICKE L BRI, &
EOHBEPIZRAEDOS FEIHRSE, ERMICESRECHEMREZIED. Z0X52T5L, BMLEK
FIZLIES S BEATORETHEATICEES (FMicks2, 6 ML EIZZ{E LAV, EBIC, 42
JUVDE—H—HEERERTIE CO,BE1 %D, 35F0OREENSE SN (Figure 3).
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Figure 3 Growth rate of Gracilaria and CO, concentration.

FAT T DML D EBAED COBEICH L TRED EF L L LICREENEMT SRR/ -
TWAHD, KREBRTIE CO, N 1%DKIZH > L bl ERNE S, TR LOREFERTIILLAKTL
TW2., ZOFERKRE LTI, COBNMMT 2 EMofEERNEXHILT DD, H DX CO, DIEMIC
KXo TpH ZOMDABFTRMFICENELT-bDLEEZILND.
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HERRZMWARPFERTHEAL TR T 7 —CEBbICWRBRE M, BHEMOMER 100L Y 72
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WO ANTHFRZFA LEOREZ2RET D ENAREL D MEO NGRS AT 2o EIiT,
440nm FFITE L O 670nm fFiTic e — 27 23 H Y, Figure 4 DV 7 7 X —IZHW A AT HIFIE, HEE2HE
THIENTEDLEIIER-THEY, AETIEFOHEBICEDLY CHEEAMET LI LICEIY EBIZ
ERTHZRIAX—ZHHT S, AKFETIIESSICHESREZHAICT A0, BEOREEICEDYE
T, COREE, pH OFREICMZ, NLXROEREMELITo72. 612, WEOREBEIZL > T, £ARR
ERH SRR DD, BEOERREICAEDLY, WIEREK, KOWBEFOHENREOFA, V7 72—
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Figure 4  Closed type cylindrical bioreactor.

BE, ZOBABE ORK e X7 hEToefEgks2E2, WE - 2Fx VX -T2 E2HH
L, 2 EERFLZESHTERBICH DS, BAFAHNT T 10t-dryAlgealday D 7 Z o b &% F L7235
&, Table LICART KO ICHEMORE = fr—L, oar b —LIZZEOZ R VX -4 NE LT
L. WICEBMANORNLO 2 ha— VIR VX —2NEL L TWDLIEND, BESLFOa v b
—AEIRm ERRDEND. —FE S0 oESEE 20 ML, WEENCTESGZHE LSS
1kg-dryseaweed 7=V OB IR, AT EEZR LOLAIT 128 M, BAHIE, ANTHXEESH Y O
BT 1326 HTH - 7= 22,

Fio, INLOT—HELICEH LN TORERREZITOBE, BELXMGEZHREL, DEORWVSE

EE—

o ABEBENAMEL RS, 20ROV TE, HITERKKSHEOFTERINE A ARABEBSHKASHD
HEWH R EZ2mMAE L, IT2FAHLEZEBEHR L AT L0 ML TV 5.

Table 1 Amount of power required to 10t-dry/day production in each process

(kW] (kW]
Bk s TR 45 2781
PSR 1, 890 24099
PRI TR 20 20
& ) —NEETR 717 717
&t 2, 672 27, 617

EHIT, HBEPTICHEZICL2BBEOLEE RRICHES D, HEME -S> TERL, KEAT—V
WIE LT, BEOEEMEBITL TV EE a2 2R ETS. FOBIZ, 14— NEFTERL,
fE2 L — R 2D EZOND L OICT 5. BEEMITITE Y —2T 0 A, pH, MEEOREZJE
L, BREICESWEOREZUYEZ, BITTH2BEROLV—FNAEETSH. 2K, 770 Mg
BEIETHZ L, BRIEIZESWIZEEEME, b5 WILESMICHNZER LIERE KRR Z &
NEGEL 2D EEZBND. (Figures)
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Figure 5  Culture tank system flow.
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FOWMAR, i (FHE) CEEOHEMEEOMBRNEZEAL NS,

R Lo BB ORI GIEE UTE, FARLBOE %23 I LBEEE & m DBt oM a G o2 v
D2 EEMBF L. OB, TRLET—HREICEBANCHREBE AN REAWDR, & T7aX s heL
TEAZZ 2546, LVHEURRBROONDID, FEMFEITT LI 2L, TEMNRIERDIRE L E
Abid.

FIT, IDOIZHIE, BERRKPPNAMBIRORBE LT X7 ofEbBEAZERT 2 & 2
FLTWD., AETHIHBREAOREIRLE, ZOMICHEBRENITIEBIZ BT OLEND Y, BBl
IR O & mEfbn b o L bEET, REEITHLVEBORIELZ T2 TETHD.

3.3. FPlRMIBIRMOAREDHH

LA ER ARI-RFE 2 B L 2aE R, IR o T REDRREL Table 2 [Z- 3. AET 2EBEDOY A
IR LTRRZRE L, HBORERGFAET DL EPHBHAL TE .

Table 2 Challenges in improving production efficiency of macroalgae and microalgae.
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K= 2 P TOFROFIE

BABENORE T Z 7 VETOLEREREEZ, WE - =X VX —R"T 2525 H, RENT
— X — L, F Rt EAM (pH, RE, RoE) 2EEHTLO0HEX aIr—va T
075 h) RERLTWS., HERICE > TEBL L TOEIFRREIT O S OEES:, EEHE
ERETD. ZOFHAAPEITENE, EOX I REBAGE, BEEY, 77 ML XITBNTY
REOFMEEEEINT I ENAREL 2 D.

BIZBRAT 2B OSy, DENXIZEFICEE CARKNIBETOP AT AT TR, FiFicks
T, AXURBAA R EEx RBEANEEBIBHF I TWDER, ThZno&EANEFROY, MkoT
—HER+STHD. AROFEEOTFEMBIE A ROFEIZE > TRV, 8 5% CiooHz0~1100340No s
2Sp1s D LIRS, TOEIMNTEEEE LRI SI (F14FE), Al (TrIi=vL), Ca (I
L), Fe (88), Mg (w7 x> U L), Na(FRUTLA), Ti (FFY), KUV TUL), METLHEIZ Be
(NYVTA), Se(ELy), VIRFPTL), Cr(ZrA), Co(m ), Ni (=y7L), Cu (8i),
Zn (), Ga (HV 7 A), Ge (FL~w=17 1), As (£ 3), Hg (k$), Pb (43), Rb (b E Y7 4),
Sr (AbarFUL), YAy UTL), Zr (Pra=vLs), Nb (=47), Ba (XU D L), La (7
&), Ce (BU D A), Nd (xAT2L), Sm (FP~VUL) REREEND. X5IZ, Table3 IZxR”T
L OICEEMC L > THHENRLRD.
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Table 3 Quality of coal.

R SENNE | 2N EJE | 2T

AH i e [T T [ En |
K5y Wt% | AR 9.6| 10.4 9.6 28
FEENE A kcallkg | AD | 7,150| 6,830| 7,150 5,900
BEAKy | wive | AD 1.8 3 1.8 14
T JR5y wt% | AD | 153 | 144 [ 153 8
%5 | wit% | AD 349 | 258 | 349 40

EEx#E| wtv | AD 48 56.8 | 48 38

ES b wt% | AD 055 | 0.46 | 0.55 0.8
RF wt% | DAF | 83.75| 852 [ 83.75 73.01

K wt% | DAF| 589 | 479 [ 5.89 7.21
JLRESHT | =R wt% | DAF| 201 | 163 | 201 1.2
fifi 26 wt% | DAF| 046 | 033 [ 0.46 1.01

L3 wt% | DAF| 7.80 | 8.04 [ 7.89 17.8

HGI - - 46 57 46 50
PR FT C - 1370 | 1,500 1370 1,350
Si0, wt% - 59.68| 51.67| 59.68 62.23

Al1,05 wt% - 23.05| 35.01| 23.05 24.00

Ti0, wt% - 123 | 199 | 1.23 0.53

Fe,03 wt% - 579 | 3.82 | 5.79 5.89

Ca0 wt% - 3.8 1.76 | 3.8 0.90

JRARRR Mg0 Wt% - 141 | 056 [ 1.41 1.43
Na,0 Wt% - 023 | 020 | 023 2.00

K,0 wt% - 124 | 073 | 1.24 1.03

P,05 wt% - 032 | 06 0.32 0.11

Mno Wt% - 0.05 | 0.02 | 0.05 0.05

S04 wt% - 2.62 | 066 | 2.62 1.20

Z M O BLRE R

AIREIRBES TG, BEEKSICHER U7 EARBRBER O RS 1%
CO,+H,0 — H,CO3 — H*+HCOy’
NaO+H,0 — NaOH+OH"

&ﬁé.abﬁﬁmﬁﬁﬁé&@%wﬁﬁﬁ%h Ty allERTAET AL VSRS, B
L THDN, BEOHBEERDSEH-OICITEMARNLE LD L, MERD OKIGE PR T A
FlizcEEns B Y, WEEHL I kofwkw% I, AMBICEFEL AT L, KIREFT~DEA
B, HEO~T VT ART R, ZOMOEABRIZOWT SRS L, ~FT U T ART
AEFHHELTND.

4. VRO FHHEEIC BT D gE
4.1. EBE COL IR JT 15D st

WH, KRBT, WBIRICEEOE (RNT) ZREALZERTY VT HFENAVLATY
BN, TOWMBE, B AT F AR NOBEANPLRKAEZRT T F TOERICIEMA N,
FIZT, RHIETIE, TVEMHERT, AT RaX bOBEWEBORT 2T 7.

Figure 6 |2 TR S RRREFT R SIRIAMIEE X, v 7 OFICKEB TR I, TOHITK
K EENOEH ENANRNAL TLERHLS ZHICEF VDO TFTETETFLTWE, o 7HOMLEEREIC
SN EMRLUTZRENEH IS, BHINAZBRAFOLRMMITERE TS 2 L IxREER %, EKIERE
A TG, EOEEICIE, BWERZBWLETFA2R 7O AT THBBT 2488 R-TEBY, &
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Figure 6  Dissolution device manufacturer by Daiei factory co., Itd.
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Figure 7 Comparison of total carbon amount in difference of the dissolution method.

4.2, MHEFEEESRTOTHRATE

HHHEE R RERMERM S AT LA MET 2720121, HBEAOa L bu—)b, KOLEPIEFICHE
Tho. BUEDAEEIY TIE, REBRMLAY - RPWMONTERY, BRIRERTEIRASNATEY,
BRAKOBFEMAKOREER)ZIT> T & H D —EORHICERENELS 20 WK NFEET D, MEER
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SELKOMET DR, WHT L TRLOCREZHFET DI EEEETHS.
EHETEEISN TV ABMBEEO —fE, AL U F a2kl SOT HHhz iz T, 30C T 14 HIME
#L, HRATEHEBOILHEL ICP ZHWCHIE L7 (Table4). Na, K, P, B, Ca, Cu, Zn |ZK:#al,
BB TIELE A EEIT R >7225, Mg, Mn, Feld®EBZIFIEPaLirol-.

Table 4 Measurement result in ICP.

Na K P B Ca Mg Mn Fe Cu Zn
[ppm] | [ppm] | [ppm] | [ppm] | [ppm] | [ppm] [ppb] [ppb] [ppb] [ppb]
b e 1) 5002 940 75.7 0.468 5.67 11.6 42.9 6.68 19.9 50.5
% 4762 945 77.1 1.85 6.94 0.736 0.457 0.135 17.1 17.1

AZAENYFIXpH 23 85~105 DT VA UBREICART 720, ZORENDL Y Na, K, PITEMEA &
LCEENRETA2DOICHLERZELY bREICRASNL TS Z ERb2s. ICP OWUEREOHEL
HY, K, POREMICEIZES DD, Na, K, PIZHEROBMETEDLNDIELEOBEERBVITAL
ol KefFRSEAIGEEINODOXEHELET=F ) UV LARTAILENHS. £, 14 HAIC
EZAENLVY FTORENIEE 722 005, Mg, Mn, Fe REEICRVRENIEE oL bHEIND.
INETH, BREVUPEELRIVBE LRI R LB TWEDR, SRIEHLUE LN EEE
BB TIREFNIEEEMN L, BREVUVBHBEEL LA THRENIEE b Tl oz

ZOXHIT, KE, WMEBFEOSETIE, BBEFMEOFTEOLDICHNE LD THNBEE TOH
ENRINTELT, FRELEMPIN TN RN ENZ.

4.3. CO, #F A L-MMEEIES
CO, Z KIZEIRLT-5E, pHOBRTZ L0 TLUTO LY AMMIGREZ 5.

H,0(aq)+C0O,(aq)=H,CO3(aq)
H,CO3(aq)$HCO; ™ (aq)+H"(aq)
HCO; ™ (agq)©>CO5* " (aq)+H"(aq)

FEBEAUIZ CO Z KD IR L7256, AR ESE T CONEML, pH IZEA AR TT S, L
AL, AELY T pH N 85~105 DT A Y BREIZ/ABRT 5720, CO, DFARICA LY THEEH %
WATOIMENDHD. 42 F TR LM@Y 4TI SOT B#IZITHEEM & LT Na, K, PABFRASATH
. &I T, SOT K CHEM AR 72 CO, A B Z Mt L7,

FEREAF L, 50ml D EEFEIFETHIZ A L U F & 30°C T, #OEIT @G & 100[ 1 mol/m?sY], Light/Dark=12/12
T, RBERICOHRCO,Z T Y 7 LTHALT. Figure8I1Z/8 L7238 Y CO5%, 10% TlIzEX & v
HEEN L oTz. C020%, 30% TIEER LD bEENRLS BN o72d, 0%IFIRET D Z &idn
Sz, BEBHRERKTRO pH (322K C 10.2, CO,5% T 8.5, 10% T 8.6, 20%T 8.0, 30% C 7.9, 40% T
15 Tholc. SHEDICHAERKR OGN ZED DNLERD L.
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Figure 8  Culture experiments in Spirulina.

5. TRaDB] RIRD=HDRBELGHED ML

RN o DL, AT L CEAMBAROEMBIC/R>TH, TI0b@EERBES R TES, T
RS HICKRRT 203D TE V. K%, ThbbilEROKEHELZOT I LF -8 L ORE~
O E W R& AT —~ T, LBEPZRE, BHEICXT BRI LIENE WD Z LI L CTHLR
B ThhoTWna Z LT,

1) APICTIEHRR, EC, AP LVRACHTI2EHERKIERH D, BOMITHMOEN TN HDODRKEN
RAFIERE R T D T THIFKERBRO R F O RELEB R, BRRREO LEMNREREF
SERHIHB L T/AEWLbEEZLND. DFVIHED TRBRITITRFEDKERNI 2R
bT o0 ENDD.

2) WEREOEFEICET IRBNT — 22T — 7 b LB RN b, XL T
W, DO TXBBNTOT =2 N6 A XV ABRBRRT TNV ElfEolzZ L, EBICHRDF
DBRT AV AL R>THLT AV INEERELL OT =TV EfEo TR OMRE T — ¥ %
A L7z, TRICHY T D Z L2 BANAKRKORMBERBZED D & & ITERE L TITY, 1R
ZU—FNTOUNERDD.

3) VEEROREAEIE, BRLY, ALY, BRLY, EXRLFREOLERLETH IR, K
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