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Developing Ulva prolifera aquaculture technology for utilization of OTEC discharges 2
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Abstract

OTEC discharges nutrient rich deep seawater. The rich nutrient is beneficial for seaweed aquaculture but has negative
impacts to coral reefs. Culturing expensive, fast grow green algac Ulva prolifera is efficient and effective way to retrieve
nutrient from OTEC discharge. To develop the aquaculture technology, 35 cultivation experiments were conducted under
different conditions using four sets of tanks of 30L, 5S00L and 2 tons at Okinawa Deep Seawater Research Center from 2021
to 2024. As a result (1): DGR (daily growth rate) was higher (74%) in Kumejima than in Shikoku (about 40%); (2)
Productivity was 12.8 g-dry/m>-d, which was higher than that of other seaweeds. The growth rate did not differ between
generations, and the high growth rate was passed on to the next generation; (3) Comparative tests were carried out at water
temperatures between 17 and 21 °C. The higher water temperatures up to 20 °C resulted in higher production. Nineteen and
20 °C seem to be the appropriate water temperature for the aquaculture; (4) DGR was higher with higher light intensity, and
there was a strong positive correlation between the two; (5) Eightythree-91% of the nitrate nitrogen and 30-37% of the
phosphate phosphorus in the culture water could be retrieved through cultivation of Ulva prolifera.
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Fig. 2 Cultivation of U. prolifera

Fig. 1 Ulva prolifera.
in a flask.

Fig. 4 Cultivation of U. prolifera in S00L tanks. Fig. 5 Cultivation of U. prolifera in 2ton tanks.
3. MRLER

3-1 ERABROHE

35 [AlDOIBEARBROMEZ Table 1 (R L7z, AV T A U OWARITE 2 L 5 RO D EfE - 7223,
B4R, S HARAZ 0 o72. Max DGR 1L, NI 28 U7e 2% CORKDGR THo. 2 bkl
EEIT1ELRL, 0L KDL E AL H o702, Max Prod.i%, 2 b /KRB R S0 T2 AERTHS.
35 [AIDFEE)T 2,145g 72~ 7-. BEFEHEUT 12 BA3 25|, 11 BHAN6[0], 9 H, 10 H, 13 HABAZRZN 1 [EZ-
7-. Whole DGR 1%, fx KAEFEREORRXIZI51T 2 2HH O DGR T, [A UAFERE THEHE BNV E &L 25,
35 [ DOYHE)E 74%72 -7z, ILL. (Illuminance) (LB MM OKBEANORETH L (K EETe). 35 EDFY
1% 17,462Lux 72572, Variable [Z5:(F T, ZKili23 27 B, HK$FE (=REBEIREE) 23418, AT 47 U OHAKRR
R EIREIE S/ W bl



14

Table 1 Outline of cultivation experiments.
Max DGR is the maximum daily growth rate (DGR) in whole cultivation term. Max Prod. is the maximum production
at the end of the cultivation. Whole DGR is the whole cultivation term DGR of the Max Prod. experimental plot.

NO Year Start date Gen. Dé’f{ Mg’é (o) \B’g&){le (IIIJuI;{) Variable, Term
1 2021 NOV14 3rd 99% 2,599 76% 14,041 Temp., 12 days
2 2021 DEC12 3rd 106% 2,097 93% 12,427 Same, 10 days
3 2022 JAN29 2nd 89% 1,658  71% 10,893 Nutrient, 12 days
4 2022 FEB18 2nd 83% 1,346 74% 9,762  Nutrient, 12 days
5 2022 MAR18 3rd 74% 1,050  70% 13,209 Nutrient, 12 days
6 2022 APR13 3rd T7% 1,721 70% 19,222  Nutrient, 12 days
7 2022 JULG6 4th  211% 4,260 119% 28,394 Temp., 9 days
8 2022 AUG4 4th 140% 4,194  93% 28,290 Temp., 11 days
9 2022 AUG27 4th 132% 714 64% 19,352 Temp., 11 days
10 2022 SEP 14 4th 141% 1,025  72% 22,330 Temp., 11 days
11 2022 OCT11 4th 131% 757  65% 17,621 Temp., 11 days
12 2022 OCT20 4th 127% 1,057  70% 17,652 Temp., 11 days
13 2022 NOV21 4th 81% 571 56% 7,222 Temp., 12 days
14 2022 DEC14 4th 87% 953 69% 7,708 Temp., 11 days
15 2023 JAN25 2-4th 111% 1,944  72% 11,773  Gen., 12 days
16 2023 FEB22 2-5th 127% 4,040 82% 15,040 Gen., 12 days
17 2023 MAR 18 2-5th  99% 2,738  76% 11,693 Gen., 12 days
18 2023 APR13 5th 125% 4,088 82% 18,800 Temp., 12 days
19 2023 MAY 17 5th 113% 2878 77% 21,426 Temp., 12 days
20 2023 JUL1 5th  140% 2,458  75% 27,421 Temp., 12 days
21 2023 JUL24 5th 106% 1,672  63% 15,678 Temp., 13 days
22 2023 AUG28 5th 89% 938  62% 25,455 Temp., 12 days
23 2023 SEP17 5th 116% 1,030  63% 25,935 Temp., 12 days
24 2023 OCT1 5th 88% 1,680 70% 16,552 Temp., 12 days
25 2023 DECI 2nd  104% 1,138 67% 9,580 Temp., 12 days
26 2024 JAN11 3rd 117% 2,504 75% 13,181 Temp., 12 days
27 2024 FEB7 4th 90% 1,584 67% 12,375 Temp., 12 days
28 2024 FEB25 5th 105% 1,992 72% 8,051 Temp., 12 days
29 2024 APL26 5th 115% 2286  74% 18,704 Temp., 12 days
30 2024 MAY 13 5th 161% 3,189  79% 18,462 Temp., 12 days
31 2024 JUN2 4th  147% 2,602  76% 13,973 Temp., 12 days
32 2024 JUN28 4th 165% 3,906 82% 27,973 Temp., 12 days
33 2024 JUL31 4th  146% 3,978 82% 28,219 Temp., 12 days
34 2024 AUG22 5th 119% 3,020 78% 23,997 Temp., 12 days
35 2024 SPT16 4th 116% 1,398  67% 18,757 Temp., 12 days
AVG. 116%| _ 2,145]  74%| 17.462|
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Fig. 6 Transition of water temperature in 4 tanks. 15, 20, Fig. 7 Transition of water temperature in 4 tanks. 18, 19,
22.5,25°C are set temperatures. 60 minutes running 20,21°C are set temperatures. Raw data of 10 minutes

averages of 10 minutes interval raw data. interval measurement.
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Fig. 8 Growth of U. prolifera in Kochi and Kumejima. Fig. 9 Growth of U. prolifera by generations.
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Experiment No.

Fig. 10 Max production of U. prolifera.
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Fig. 11 Growth by water temperatures in JAN 2024. Fig. 12 Growth by water temperatures in JUN-JLY 2024.
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Fig. 13 Average production by set Fig. 14 Average production by set Fig. 15 Average production by set
temperatures (R5). temperatures (R6). temperatures (R5-R6).
T: Standard error. T: Standard error. T: Standard error.
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Fig.16 The relation between illuminance ~ Fig.17 The relation between illuminance  p; .18 The relation between illuminance
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Fig.19 Illuminance transition on 7-12 August 2024.

2023 43 A2, 500L AKRED 1 SWEIIC LV ENTLE 72720, BN THEE LTV 7= 2011 4EBEA D 5000
AR Z T2, DK & XTI LNCHEREIZEZR H o727, 74 774 ¥ —LA-105 & W CTHED
MRS, SeAROtE R (PPFD), UV ZH# L7-. 4 SOKFENEOREL, #MIxt LT 56~66%T, %
FEDEVKFECEDE L 72D 2 &3/ h o7z, PPFD O4F & DT 52~56% T, ZHHAKMEM CAETR -T2
UV 23K TRE S B o7, BHEDIR S00L AFE TIX UV A D 18~22%72 > 723, B D EV VK
CIE 5%~ 7.
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KXV EWEEE, KEEOMFEITFHL< 20, ZOHIES00L DIEH> 282 hrr XV EnoT-.

3.6 RIEIZX BHREFHEEINZIE

BRI6AEFEIZ 2 [Al, AT F 7 UEEET D 2 b AR OHEAM & AN S F - 500mL £k L, 7 —/UA#
THR)FFPEERBEFIEAT IS5 0 IHIRRE R R (REAK P OIFEREEFE ORI Z HH D) LU UEEREY v O %
RTHH otz ZORERE, 1EIEIE, FEARMOMEEEZESR 035mg/L (LT, BHALT<XTmgL) 7230.06 [
L7z (B3 83%). U UMEHEY L0F, 0.047 73 0.033 (23 Lz (3 30%) . 2 BIEIL, HEKMIOMHIERES &
0.34 23 0.03 129 L= B E91%). U U ERREY 1%, 0.038 78 0.024 12 L= (B2 37%). 118 HIE Do
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BRI =N e <, HOVAEREE IR IRICE ] Sk Tz,
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B X WABICEERNR S -T2 19C, 20CHAEEICH L TWAEEZBNRD.

(4) NS5 FEEEZRODTEENZVIELE DGR 1TE L, MEIZITIRWIEDFHENH - 7-.

(5) AT AV OFHEIT X0 EEEKF OMFEREZEFR D 83~91%, U UEEREY D 30~37% %Al CT& 5 2 &
Vi Y oYYV
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