Advances in Marine Sciences 7R} 3RS, 2018, 5(4), 119-127 Hans )i
Published Online December 2018 in Hans. http://www.hanspub.org/journal/ams
https://doi.org/10.12677/ams.2018.54014

Effect of Carbon Reduction of a New Type of
Coral Building System and Beach Protection

Yanhong Li1, Liquan Xie2

'School of Naval Architecture, Ocean and Civil Engineering, Shanghai Jiao Tong University, Shanghai
2Department of Hydraulic Engineering, Tongji University, Shanghai

Email: yyhli@sjtu.edu.cn

Received: Nov. 1“, 2018; accepted: Nov. ZOth, 2018; published: Nov. 27”’, 2018

Abstract

A new type of coral reef building system and beach protection aimed with carbon reduction was
proposed. This new system promotes the fast generation of artificial stony carol reef by electro-
deposit effect, thereby sequestrating the overloaded carbon in the atmosphere and the seawater
permanently or semi-permanently. Compared with the usually used electrodeposit method, this
new system adds two sets of equipment: the first set is for wave attenuation and water current
collection; the second set is for power generation and storage. These two sets of equipment im-
prove the efficiency of carbon reduction and the environmental performance significantly. The
results of experiments conducted in the laboratory pool show the newly proposed coral building
system has significant effect on carbon reduction. After 170 h work of this system, the content of
carbon dioxide decreased by 88% - 90% and 81% - 89% in the seawater and atmosphere, respec-
tively. Compared with the usually used electrodeposit method without the equipment of wave at-
tenuation and water current collection, this newly proposed coral building system has higher effi-
ciency in absorption of carbon dioxide: the former is 1.52 - 1.55 and 4.24 - 5.1 of the latter in the
seawater and atmosphere, respectively. The main reason for this higher efficiency is that more
carbon dioxide is involved into seawater when the wave is broken by the equipment of wave at-
tenuation and water current collection, which promotes the synthesis of artificial coral reef. In
addition, the equipment of power generation and storage avoids the possible environment pollu-
tion caused by external electric current. In view of these advantages, the newly proposed coral
reef building system has huge prosperity in the application in coastal areas.
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1. 5[

LR, EEAABOENE 98 g Pl K R EOC P AR BB GE R N, AR A ik I B
TG, HAAR DB C LM T 6 w1020 280 x 106 #INFIFEIT 395 x 10°, BIK: T KT 40% [1]
(2], HHIE T & FAGEREIEE 1] [3]. R H IR AN W in it B a8 K - v T e A AN gk
NIFFE[4], 0 bk B X UMby e ) BLEEHEG 3 800 5 X K 2R ARRE[S] [6]. FRIL
(R 7K 8 B (Ca™ ) IR B R B, R R BR 45 (CaCOs) AR 5T 5 — S TR (COL) RZK 20 T (HL0) 1k &5 T gt
FREAS(Ca(HCO3),), IX 2> 1R 22 ¥ P B 204 L i B8l 1) 805 0 e AR T 52 AR [ 7] (8] ol PRI BL /5 aX AN e
ZASMHRETE ) B, TR CO, S ERIRINY, K= C g KRB [9]. I IHHT I Fi
B, 0 SR AR AR B Ak 2 LS T R EE B I, B B R DA S P B RR ORS00 b 7 31 2100 SRk “ 52
A7 (—MIERRIEARR CaCOy)M & ¥ FAMANRE. X—KIUEH, EEdiEhX, —SEgEEEy
TE L4 2 WA 2B LT B8 TAR Brde H IR AE ) LM 2 2 R A R K BEATTH CaCOs H4 AR
PIAME S . AN ant, RS 545 R H 2 R BT BL2ZVE W) CO, T BEAE % Kt B K M) R 2 g
NAZ S IR T IR WK R A R RERE, 2017) . H BT RS K A BB in i SRASAS B0 Rd= ], ¥
FEASKRI LM 28 B 5 R RS P A 3 R £ (8] [9], ™ & MOl AR R HE R 2 42( 1],
Rl AR S SR A RA 435 Tt S TR SR 7K B« [T e DA 0 382 v 7K R A 28 1 A 4 B i A5 AR e 1) B KBRS
B I
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FE SRR IR )R I SCBEPITAE o AN LA L ORU R ek N T3 (CaCO5) A AR [ 101, AT SR
BUXE KA RIS B O IR ORI [ A L2 B il R B AR A B M SRR R TT 1) o %7 VAR BEAS S
B AN AR AL R FE B B PR B 2 6] Fe A T e v T AR R (kK P Y Ca® PR 4 T IR LA,
IF5 HUE K BT ((OH) YA CO, 73 14 B CaCOs» TR B R AT A sk [ 7 - B AR o el 980 S A LR )
FIN, WERLG O EtEReA . HITRIE B ATRF /N B A 4% AT SE98[10]. B4k, 1E
AR T COL @IS, — /K B [ 7 b 78 T JSE X LA 2 N T B REERp 68 . RO AR B 223K, [T
B LS SR DOd B o 45T LA B AR e, SR RLUR ) T TR S B A g ORR S Bk
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Figure 1. Schematic layout of laboratory pool
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Figure 2. Side view of the drum of wave generating roller
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Figure 3. Sketch of breakwater with tilt multisteps
B 3. R BRI E TR E

KL HL G B e SRR AR B R I (] 3),  ER B ) K ALK AT LAN B F it ZE R Ao 3 A P i 2 B A HEL AE
IR M, 15 X RSN 1 m < 0.5 mx 1 om (Ko 5 J5) (1935 1 R £F 4R AL R, £F 4R FH =2 42 [ 52 AR 75
BOLRAS o 15 KRG /K it 58 5 7 R 3 2045 B 4), TN 20 em. 3% PR £ 4EHR G EL R HETAA 1500
m*/g, FLHPEA 720 Qem, ELHIAN 162 Flge B XHLF4ERR > BI4% 2.5 V IIE. filik. & —X%tE. fit
AT LT 4R 2 1B B BN 5 mm, Rl ZHE Al FAR T o S FLS, K AR Ca® e B AR AT R ) B AR
£, HIKFH) COy KAE R BAE R CaCOs, B T FABRAR MM T He N T EAEE , 44 B 7 A B 7K A [ 5
22. TRIFRE

SRR 2 HT, K ER KR 0.5 m, KSR AR EE TR ERK, KIRREFE 20°C. 7Kt
N CO, DB RRAG I FERR SR, /KT B 7 S SIE SRR FR b T R = N . Kt CO, IWIAa &
I E N 3610 ppmv, ZKIH L5 0.8 m 5 B Y READLOR S0 1) AL IR 4G & 50N 0.23%, B
=T HRWRE.
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Figure 4. Sketch of the coral reef building and carbon sequestration equipment

E 4. BHEREETEE

Table 1. Original concentration of Ca>" in six experiments (g/kg)
1. NASSEIE Ca¥TREE (gke)

SEEGZH IR
El E2 E3 E4 ES5 E6
0.15 0.21 0.28 0.35 0.39 0.39

SLIGHFUERT S 280 P K PR Ca® i, IRAEIME Ca¥ WA R E, RATHIRERMK B
B G E IS RGN 5 A AT, A BILL B1~ES 4’5 (5 1). N T B R BR Tk iRE K IR B8
A Ca™ ¥R, TSI Ca® WIRIR MR T IEH /KT Ca® 5 E(Z1N 0.4 gkg)] 62.5%~2.5%. &
B SRR A Ca® AT LU IR B 1 A 7SSO B8 Bk FE AR A, AT 1 55— DX sk P () Ca™ 9 (R 1E — 5
TLE N LR AR 10 2B — K Ca® IREE, FFAR MRS R Kb 78— Ca® i, kit e
Ca™ IR AR 5 AT UG E A ZE A 5% a R .

ARG R G AR DUE R (A 7= AR PR AT IR, PR A 0 e RN 1.2 m, P51 0.06
m, P 1.2 s PRIRAEF T OURIA B 3R S AR T, /NIRRT 3 Wk, RRIR 1S b, TRIRG 5 40P
AR A2 9250 A B BRSO R A ELER SR, 5 L SE6(E1~ES) IR S B FF — 20

DR AR G R GTER S A T IR BRBUR, AT AT T — AR B AR R G SR
(E6, # 1), ZAILAA N TGRS, sME 2.5V IER A, HismEmt 8% E S E1~ES 4152
Boe A, Ca® & B ik BN 5K R BS 4, 4 0.39 gkg.
3. BRI
3.1. SARPERRHYIR

S Tk R Hp AN B R — KRR A ) A AR, L R AR AN SR TH BT 0.8 m i AL .
FH I RS R 5~8, Bk L E1~ES HASZIRAEAR T IEH KCPH Ca® Bsirp, KA FREK 5
RIS R RFEE N RE#ass . 8 5 FE 6 B, fE47 30~170 /N2 J5, & T FH A it FRFEZEIER
K, XRINZY R IEME R G B3, BRI K B AN R SRS e ]
3.2. pERREXT Ca’ TRERKBIMYE

A Ca® W JE T NI SZIe LRI 5, K 6), 1ESLIGHIMAI Bo s CO, ST RGN, Zi i
RGBSk ) Ca® IRBE MG, B Ca™ WREEEE, FRBEA, Hrh BS HSui s ks
Ca™ WRFEIEAT, PEBRERE/N, o E1 41050 Bem i i/ o X2 RONTERIAG I B, /KAl 4 CaCO;
1 CO, 5 Ca®' & EMIIL AT RN, Wi CaCO; K& MRIEIE RS Ca WREA XK. BHER/KKST CO,
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Figure 5. Reduction curve of CO, in seawater
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Figure 6. Reduction curve of CO, in atmosphere

E 6. RESLWARS[H CO, TERY T L

D ELA I R Tl AR G PR R Ca” IR BE IR IOC 2R, K & LSR8 1 CO, FEAR 1 43 EL )
FXTH(EE 2), A HILLEL A ES PRSI0 BHE HEAT X EL i . 22 2 \BoR, 7F Ca” WRIE A f(0.15 g/kg)H)
El ZHsE8er, SEEGHARJE 1 /NS Z NI ZKFTR S I CO, 238 R T 4.3%; SEREET 10 /NS S HEK
I CO, R T T 21.6%, /Kifi EJ7 KA CO2 &8 NI T 17.3%; SZI6HHT RIS 50 /N K A
CO, && FIE T 62.2%, JKIf EJ7 RS H) CO B8 TR T 52.2%: LI AT RIS 90 /NEHEK ) CO,
TRTFET 78.2%, /Kl FAKAHM CO R NET 71.7%; SLIHHATRIZE 170 /MK CO, &
T 88.1%, /K EJ7 KA CO, &8 TR T 80.4%.

HZ X, 78 Ca™ IR 0 1(0.39 g/ke)f) ES A5G (7 2), SKERHFARIE 1 /N2 NIREK T ) CO,
TR NET 16.3%, Kil ETTRAHH CO, & & T 1 21.2%: SEE#kAT 10 NN JEHZK T CO, & & FiE
T 45.6%, K FJ5 KA H CO, B TR T 43.5%; SR AT 258 50 /NSHREZKF CO, &8 TR T 83.2%,
KT E7RAH CO, BT R T 83.5%;: SLIGHEITEIEE 90 /NI /Kh CO, & NI T 88.0%, /KIfl BJ7
KAH CO, RN T 87.4%; SLHHETRIZ 170 /MK CO, & & TR T 90.0%, /K EJ5 KA+
CO, &2 T I 1 88.7%.
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Table 2. Reduction percentage of CO, in experiments E1-E5
= 2. E1~E5 K¥ 1 CO, FERIE (%)

TR IR
El E2 E3 E4 E5

K KA HEYIN KA HEZIN KA HEYIN KA HEYIN KA

1 4.3 43 79 8.7 12.7 13.0 18.1 17.4 16.3 21.7

3 9.5 8.7 14.5 13.0 19.8 17.4 31.6 21.7 26.9 30.4

5 12.2 13.0 19.5 17.4 29.9 21.7 42.9 26.1 345 34.8

10 21.6 17.4 26.3 21.7 34.8 26.1 48.8 34.8 45.6 43.5
15 28.9 24.8 394 27.0 53.1 34.8 56.1 43.5 60.2 522
20 34.6 304 44.0 34.8 55.1 39.1 60.2 522 64.4 60.9
25 41.7 335 51.0 39.1 59.8 45.2 66.9 58.7 73.0 66.1
30 46.7 39.1 54.0 43.5 62.4 50.9 70.6 63.9 74.1 70.4
40 54.8 45.2 61.6 522 64.1 58.3 72.8 71.7 78.8 77.8
50 62.2 522 64.0 58.7 65.3 63.0 73.6 78.7 83.2 83.5
60 69.3 57.4 70.5 64.3 73.6 70.4 77.0 83.0 84.7 84.8
70 73.4 62.2 75.1 69.6 77.3 76.1 80.6 83.9 85.6 85.7
80 77..6 66.1 78.2 73.4 79.7 79.6 82.8 84.3 86.6 86.5
90 78.2 71.7 80.0 77.4 81.2 83.0 83.9 84.8 88.0 87.4
105 82.5 74.8 82.8 80.0 84.4 85.7 87.9 87.0 88.7 87.8
120 85.6 77.4 86.3 81.3 88.0 86.1 88.9 87.8 89.2 88.3
135 87.3 80.0 881 83.5 88.8 86.5 90.0 88.3 89.5 88.7
170 88.1 80.4 88.9 83.9 89.5 86.5 90.9 88.3 90.0 88.7

PLEPRA Ca® W SRR R ISR BR (BT 5 ES)XFELR I, SCIRITURJE 1| /N2 A BS SE6K AR
S CO, & R B BIA S E1 SEUG 0 3.8 581 4.9 £, —#HZERHRA: 10 N JEHEKF KA F CO,
TR T AR 0 TR 2.1 f5H 2.6 i 50 /NSS40 R 1.3 £ A0 1.6 55 90 /NS 3l T RS A
L1 AR 1.2 £55 170 /DB JE 20 50 FREZE 1.0 £5F0 1.1 %, —FZERCEREg /N, 120 s AR UL 1
ZA RIS R G PR XT Ca™ IR B AR 7E SLIG WA BER ISR Z,  BE A 9206 A Fr ik 1T 2 0 55
. T8I o e RIS RO 5 KA CO, B R IR AR K

3.3. BEEES CO, SETUNXAR

SIGR A ZY R ETE R MPERCR RS CaREEMA, s Co, A G M&REDIME. (H 7,
K 8) s & Ca® W FE TUL(EI~ES) B ARSI K (B BRGR FE 15 5 CO, & B B UM R IR 5 I T
ARG TAERIVIIEM B, CO, TREEERIR, B SLIR MRFSEIEIT, LT PRl Wk ae . 7550171
51N, MK CO, N B FEAE RN 4.3%~16.3%2 1], K5 CO, N s FEAE RN 4.3%~21.7%
Z ) SEHHAT R 50 NIIEKA CO, T FEE AR/ 0.74%~0.44%, 7K E77 KA CO, T
B3 7 N BRIV 0.78%~0.13% 0 4 SZBG HEAT & 135~170 /N, KT CO, K P& B[4 2 A /NI
0.015%~0.023%, KSH CO, CAMNFHRLE N, HIIX AL 35 2R R 2 BEE K CO, A 5 F i
MIRFSE T BE, AIEA R CaCOs HIRRERIR B Tk /b .

3.4. {FFRHYEE 2 B B X B BRI SR B R
5 ME 6 [FINRR TR ERTBSR AL A E R B 40T HseIn i M . X Huah RN, RE
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E6 B NS Ca™ IR F i ES S50 HA A, FLPRRscR 3 B4 KT E1~ES 4172405 1 170 /M 2 ),
E6 AL CO, & EAEH /KR AKI 7 KA 40 N T 57.8%F 17%, RECT EI~ES 411 88%F!
80% (K15, Kl 6). Hmisg, E1~E5 /K FEm LS| E6 HSLI01 1.52~1.55 5l 5), KA1 R
HILF] B6 01 4.24~5.1 f5(14 6). X E6 #E— DX L H SR KR k= 5, Kl 6), 4R
R KA Bk B R E AR T K, X BRI CO, HERIBIE /K - AUl E 7/ NI K . THTE
EI1~ES 58, KA KRB EIRON, XUt B7E MR BN SR B A E T, KA
CO, REMEAB IR (17 YR A5 5 1T 78 73 N7k e

7 A 8 FINHE R T E6 41X E s it B R o« 6 SEIGFFUR AT RT 30 /NI, E6 7K A A B ks
PR T E1~ES R BAKM Bl L5 23.4%; SR AES 30 /N ELAS 170 /N AR, FLRR ki B2 204G
KAKT EI~ES (B 7). HBUXFEITERZ T E6 KSHH CO, RFEHHENEEAK, BfliEKE CO,
W& CaCO; [FFE A B RE PR X AT LA 6 AT 8 d7esr o Hisk: E6 KA H CO, IR 1K
THRGHLI D 16% (14 6), FH T PR FE A SLI0 46 22 45 R B AL T 535 BR/KT (1A 8).

EARERR S, ELRITEMB E6 WK RERE =T B, HEE 5 KRR HIE M B E6
ff Ca”" & T El, N3 CaCOs (A HGH BERI R . SRR 5206 AR S0 AT, E6 MK P CO, #h7e
BEE/DT E1~ES 5258, S8 E6 L9 CaCO; & B ERRA% . iXHE—B 1B E1~ES 415256 rh iRl
B shs 27 38 S e % i AR A 11 /K i s AR & CO,

18

HEKFCO2 N EEE (ppmv/h)
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Figure 7. Reduction speed curve of CO, in seawater
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Figure 8. Reduction speed curve of CO, in atmosphere
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FIF ) Ca™ R CO, (2

TR PG RSN E R ARI N, 1) SEHRERREMATEBRARGALL, HERERR
GUAERR A TR K KR ) COp KB NMEK A, 9 N TSR AR 00 A ple b 14t 78 A IO AR 25 7, AT 2
FPEE T REBRACRANR 2) MURH B QBT BB IR BERE AL B T I B R KU RE  HEBIKAEHLA HL,
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