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E T4 o BEENFRES R EIT T

ot kst Exyt o
&Y EFH' EEAT

(L. PEKFERART T B EI KIS BT AN SRR AT R AR A SR R R IR H ) 266071,
2. W By RL S S HOR T B R e i B S Y S PR OIRESC R IR ) 266071)
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WE SHBEALZHFRIMGFELET . s A AENENEGABAHRNEEAERLEE,
¥R %  (Saccharina japonica) 72 # AN 3778 Bl #] 19 CO, W IR 5 30, AR 58 35 T 4 & A H3F 1 3 A
HETERNREE TR TNE T, AFREREETNRELHTTINE, 2N THRETNEE
MHHEAEMA RN REERE, ERE T, R LEWHHR LTS H-9593kgC0e, HF, I
& 4 74.30 kgCOe, # WX & ¥ 170.23 kgCOe. M 7 & v& JF #h & 7 K B A A2 Z Al 3t
i, Ho, UEFEDFRNZAEEN CO Hdh 79.9%, LLILARE R TAEEH CO,
b 14.1%, DA PV AR R HLek (RDOC) 8y 7% 3K B € 8 CO, & 29 7 6.0%, I AR 3 8 sk An 18 14
EREENR K B TR ESRER,; RARKEEEEHIE, A H A 93.81%, Ui fre fE iy
AR & B Ry 5.05%A1 1.14%, B m fy By B O BAUR T 2 —

KEIR AT B BASRE; BWE; £ RE

hE4SES S917.3 XHEERIAEE A XEHS  2095-9869(2022)05-0016-08

UTAE, R A A BEHEROIR] T 4Bk
o FFEIES— ANHRE, FnF, dR s TS
—RE &4, 2021), JROURAEL, T FEBUMAS E
il CO, HE i I 7 2080 42 A7 ih BIIEEAE, 7E 2060 4
ZHISEEL W AT B B R EHIER R
TRERBRIE , PR SR R AP SR Bk SR
SRR R R EIZ, SR1, iR —I0UK ™ IR 5™
aili e, FEHFRHEAMIN CO, MITRILIFARTEE . e
AR RIS A A | sk (L AR REAN AR
i S N HE A & U R, LL CO, 2 i (COLe) #i

(Minx et al, 2009), i1 T JE 7K ;= FR 58 = i (14 ik J2 300
PEAG , AALRE A IEHER AR R A I Fe F8 5, 1B
Rl A HE R AR SR AL AR 2 I BE SR, ]
R 55 ¥ R Rk v R I e (R AR A, 2021)

INARAR ARG B AL B2, 1R 4K, 1B R
Il &3k . 2020 4E4248 FRAE IS 10l 66.92 7 t,
Hop, 7 (Saccharina japonica)f=4: 4 50.92 7 t,
R R 76%, 25 A A
(165.16 J7 1)) 30% (Al A A & vt sl v L 5 PR 55,
2021), VPR AR AL R R RE S I ORI R CO;,
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FER AL A LR, S5 ILIRIAS, WK T CO, e %
R mE KR CO, B (TR Ak£L 55, 2021), 4k [F]
A2 RS IR A ML N R ZORE (R R,
2022; Sui et al, 2019), X L6 R ) T AR 4 R I AE
FH o A SR 58 06 3l AR RS ) LR RR IR A, X
SEHE A2 H R RO COy. FRATTXT T RAG 1 =
A AR AN FEBE A PR B T COy A VR G AT
2 CHER IR CO, BRI TSI, T B 55
BETREAT IR AT 0 R T A o ASBIFIT LA LI AR 2 T 397
), TR i TR R A BRI AG T A A SR A
JE ST B Ty v, N STV SR B A A B A S R AT
B, AT AT RN AR I 1) 2 LS R R AT RE Y 25 R U
PIATRA T it KT BRI A A B B IR0, K
A X PR Ul HERE T AR A e Sy SRR S

1 HRAZE
1.1 SEaBEEEmME

ABIFE T A i JE BIPEAN v (life cycle assessment,
LCA) (1SO, 1999) #4148 2 F7 FH 17 ke 2 378
DT o Ao A PR ik 2 B4 46 H 19 5 9
JE BRI PR FZS AR R 4 N R . K
DR BRI A WL 1,

H B 575 B E#iE Goal and scope definition )
(R AR DIREER AN
REMAF . BRFRFE)
(Definition reasons and intended application, functional
or declare unit, system boundary, data quality, etc.)

5 B3 #r Inventory analysis h
(RF 7= A £ A SR 3 R AT LA T I R A
BAL, GRS BT ML LR, BHhER)
(Compilation and quantification of inputs and outputs for a
product throughout its life cycle, include: establish a data list,
\ data collection, calculation, summarization, and getting results.) )

|
N A
( SR Impact assessment

(RIBLFGHAT R BT, ISR NIRRT BRIB LA ERF L)
(Qualitative and quantitative evaluation according to the results to
provide necessary information for the phase of results interpretation.)
|
4E 47 % Results interpretation
(TEER e | SRR — B R A,
e, REER)

(Assessing the integrity, sensitivity, and consistency of the
results, and giving the conclusions and suggestions.)

Bl1 R R 4 PR

Fig.1 Four stepsin life cycle assessment

N

1.2 RAEFEBTHE DT

1.21 B 5EE®H T FFFE T AE M i Y
WA=, B AR WSO A B e P LR |

FRER GG AN, HA R I A8 AT I e ik o YA
FRFEIE O P SRR B . SR R R T
FHB . SR5H VO 2 B COL 3 FE o YT B A L I s
WA, DIzl SHINER T E Z o6, b E
2R WK A SRR SE, 2010), B L
VEEH 76 8 AWIHFLh, 76 10 A L. AaAaR HEE
KIGHIER T, BABHHABZ R 70d, BALHHE R
BTN 5 TR o W7 AR 1 2R XA T 57
RFRIEIAY, LAZRR T RIS B, A4S 15d 224
BFRB RS TG, BARGEEA  i21 .

S H 4 SR WX R 75 000 BR/hm?
(K%, 2019), P-4k 119 thm?, BIEEFRAE 1 t
T2 630 MR . EH 10 HJEEL 11 AW i
HH, AR 5—7 HRI5E bk, B2 R 2k
200d.

AT 1t Al (MR E) 10 R R IR ik 2 0
MITHRERANT . SR “PRIERIRTT” BEAan A, ¥
FRBE A T BT 7 i B A A TR R o B i
BRI B . R 3 B, IWES 1 RBE MR EIE 1
SEOCHE I, T T TR B W s B 5 Y s
BB, MR L EERTFRAETF AR 2T ISR LR S 7R i
AMFFEXS T IR AL 3T BT ARG CO, —Fhik
M, A CH, AT NLO 258 Hof iR 25 <A
122 KX FH LI PSR A
HULE 2, B EEZERRIEAESRSREA, 25
W 2 N s, SR U R AR R IR
Jite 1) $5 A R AR K A B [ 5 1 COyo TR TE 4
K i 2 G AR F e R Bk, X 2 — 3
Gy ez A B R X AE B, — 8800 23 LIS A LK
(DOC) i1 i ki 45 HL B (POC) 4 T =X B il 3 ¥ 7k
(Weigel et al, 2021; JeEARS, 2022; Jiao et al, 2010).
X4 DOC il POC W 7E “ThAEMIRE" EFH F ik
185 PE I i A P (RDOC) (7K 7K IV 4%, 2017; Chen et al,
2020) S IR WO A KA BRI WA
JFihk . T R RDOC LRI i A8 4 CO, T HERL,
AR .

B A R A Y R %, B A
A= ) B oy A SR UM G — L B B
AR R AR, SR IX 5 E W% 2 [ &
2yk 2 km, SR FRAE 8 AR I B R 10 48
(- 308 FHARBR 1153 o 35 i gl A ) I sk AR 4 Vg
1 H (14.3%~16.7%) (X, 2019; & K5, 2018)
ST #(23.92%+3.21%) (Zhang et al, 2012)i#471}
5. RDOC ##li DOC Bjif it #1 DOC [1] RDOC #%1k
R X IR BIE A Z . N A RS,
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FA

= i 5 43 %

- B3 Breeding phase

—l BEVRBLA Energy input ‘h

AT MBI R
Carbon footprint of kelp
suspending culture

I

FERU Culture phase

1

REBHEA Fertilizer input |~

| SUBA Energy input |

PIRLELZEL TN

Aquaculture equipment input

R CO,
Absorption or emission
carbon dioxide

st
Carbon in kelp body

~| iz%i¥rBt Transport phase

Kl 2
Fig.2

Y DOC HYREIEE N 470.1~1030 mg C/(m?-d)
(Gao et al, 2021; Weigel et al, 2021; Je EA%E, 2022),
KA A K R B DOC #4464 RDOC 1 Lt
I 1E 33%~78%i [l 14 (Gao et al, 2021; Watanabe et al,
2020; Zhang et al, 2017; Krause-Jensen et al, 2016), 4%
WSS R R RIS FRFE AT ik 28, HOR T Gao 45
(2021) % F I P AT I BFREAE R AT A, R A=
K1t #H DOC Bil® Ay 470.1 mg C/(m?-d), DOC ]
RDOC Hy#EALR N 37.8%. ITTAR I G RR AR Ji 247 i A
DURRBR A1 1 [83 g CI(m*-a)] (XIFESE, 2018) FIsAfiy ™=
(L )X 1 AH(78.8 mP) AL

123 HHF* AT A= A Jo 3 PE A 1Y
SR, X IR WFRFE NIRRT k2
AT . THEAX R

n
CF= ZVi x Fi
i=1

f, CF 9 IRFH I 30 (kgCO€), Vi HIRE |
P BEIR S RE PR AT AR A F SRR 5 | AP BT RE
TR HERC A 7 o

2 tEER

AT LT P AEOCE . BRI A2 A
& 1ol LnT 0, FREE T IOk 12 575 —95.93 kgCO.€lt,
Herpr, HEHE ) CO, M IR A 170.23 kgCOLeft, HEMUHE:
Jg 74.30 kgCO€/t (F 1 5 2.24%, F=8dM 5 97.76%,
iz B B 5 0.000 05%).

r

TR

Deposition carbon

FE R, RDOC
Forming RDOC

R E e -

Average transport distance

FHEE .

Average vehicle weight

PRI T H T A

Inventory analysis of kelp suspending culture

TREAT FRIEAS A P TR i HE R 0 LI 3. ARl 3
ALEL, E R RS R R HE O, e
1.66 kgCO.e/t F1 4.00 x 107 kgCO.e/t; A F7 Wil 2
BRALIRT, H—-97.59 kgCO.e/t.

B CO, HE I WLIE 4, BV BI6RHE RO AT
410, HLHEFS AR HEIL R 0.85 kgCOet, 57 1Y)
WcHEA L) 51.13%, A A= A AR =AY 1.14%.
B R e R A 0.81 kgCOLelt, (&
TcHEAIE 1) 48.73%, A A= fi R A HER = 1Y 1.09%;
2 Foft HERHE FH a2 R 430 4 2.00 x 1072 AT 3.00 x
107 kgCO.e/t, ki & i WIBkHERC R 0.14%.,

TP R CO (R 1) RESRFE 1 t il AR
22 170.23 kgCO,, L& 17 A P Tt filk [F . 136 kgCOs,
07 L2k 79.9%, UURHHE AR [ 2 23.98 kgCO,, (il
244 14.1%, RDOC [#E 10.25 kgCO,, i tbZh 6.0%.
FE I B FETEARA (B HG R LI M TR TR 48 | 48 45
FEH CO, HEL & 7 UM HE R I ) 95.95%, R
AN A SR HERRCER 1 93.81%;  F 4 M ) FH AR BT I #E
M58, H CO, HEl i 7 I UMY 4.05%.

3 Sth5itie

Fr BT (B T AL 45 R o, SR Y R
ety A B COL IR, S IsHERY S il K
RO EA DU M B RSER R, RS
PIrHIBIFAE  BRAR SR EE AR, FRT I oRAT SIS Y
B AU o FRIEAS A TH A BRI/ CO, BEHUEE 2R
P HAl AR BRI , A e B A 1l AR FR
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F1 AEFLUBFHEXBERRETITESR

Tab.1 Relevant data and carbon footprint calculation results for production of 1t kelp

FRH A i 7R gE| A& W HEL 2 5/ (kgCO.e/kg) CO, Hi =
Life cycle stage Items Data Carbon emission factor ~ CO, emissions/kg
HFH 5631 Diesel 0.375kg" 2.17° 0.81
Breeding phase H16E Electric energy 0.86 Jir" 0.997" 0.85
Tl 44 NaNO; 11g" 1.63" 2.00x 107
Wil — 24 KH,PO, 0.16 g" 1.53" 3.00x 107
iz B 1ZHi#E B Transportation distance 2 km” 0.172% 4.00x 10°°
Transport phase 4 Vehicle 61"
iz iy Transportation volume 3500 J7 kk
IR B 2R Polyethylene 115.8 kg® 0.602 9 69.70
Culture phase £ Diesel 1.34kg" 217" 2.94
TR M) % Kelp biomass carbon 37.1kg —44/12° -136.00
TLAHBE A% Deposition carbon 6.54 kg —44/12° -23.98
VA Pk RDOC 2.79kg —44/12° -10.25
fift /£ 35 Carbon footprint -95.93

T Ok ARl F I ; Q%K [ X1 (2019); GLEh FHE iR HER R EOK B 1PCC HEM R 1805 E 5
D5 . KHPO, Al NaNOs IR HE R B0k B CLCD 0.7 3tdl % ; %K A Z545(2008); ©44/12 1 CO, S5k AR
XForF R . BB HE IR B R kgCOLe/kW-h, 2 3z i (1 B HE T R B84 ) kgCOLe/(t-km).o

Note: @ Datafrom Rongcheng Xunshan Group; @ Datafrom Liu (2019); 3 Carbon emission coefficients of diesel and
electricity are from |PCC emission factor database; @) Carbon emission coefficients of road transportation, KH,PO, and NaNO,

are from CLCD 0.7 database; (5 Datafrom Li (2008); © 44/12 isthe relative molecular mass ratio of carbon dioxide to carbon.
The unit of carbon emission coefficient of electric energy is kgCO,e/kW-h, and the unit of carbon emission coefficient of highway

transportation is kgCO,e/(t-km).

W kgCOe/t
FE M Culture phase  —97.59

iZ¥i# Transport phase 0.000 04
B B Breeding phase 1.662 3
—140 =90 —40 10

K3 FREFIHEAT & 19 1 CO, HEC
Fig.3 CO, emissions of each production
phase of kelp mariculture

10 4FEiHar, L, T RURAT R ARBR BT B R [R]
] 3 2o S AR AR R 4 7 R AR AR . 23 K
B, FRFE A A I ST AR BRAEEAE K 1 A7 R 7 L 1 ik
HE 8%/t . UIRFE S B NeR H 4R F R 5755
EHTB, WK LR FE S, DUE K IR
B HTARFR

Seh . A ARREIRAYTHAE LR T v L i s X
FRIHEEA R o WRFEAR R, PRE IR AR MR L

48.73%

M 29 Diesel I Hi,BE Electric energy
TSPRHN NaNO, | BiR — &4 KH,PO,

K4 FrEIEIRTT COHEIS
Fig.4 Proportion of CO, emissions during the breeding phase

) CO, it R 4.6 kg, U5 CO, BEUE R 6.19%,
HR, AR5 i T B v 1R 2R M b, I HL 37751
VHE S TATE N, BRI, FTRls it FEA CO,
R AT o T IR X IR B R B i Y, T R
ok F AMNIb, SR X 3% 1 DGR R R YR, #Rax A
REVE I FE O 1IN T3S K COL FHER & , 2 fdi 155 /2 505
HK. B, JARERBIRGS K, & mReIEA R, 2
PEVE_EJRGRE | SR AT T A VR A (0 ) A5 it 7 YA A
B AR SR B TR RE S, S Ah, s ER = Ik B
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MG JRy, AT HRMT R E T Y, L
32 Bk R R HE AL

O A 1Y J5 T 25 A JE BT A 32 DA 45 1 0 5 B A
YRR R (R RS, 2010; [T, 2016; Ak
4 2015; Gephart et al, 2021), 4559 Wk (Kl 5), F5H
XUFEAE R FE 305K 1414 kgCOelt; FEFE X MR b 2 3
17 405 kgCO.€/t; 413k fij(Megal obrama amblycephala) i
W2 K 29 000 kgCO,e/t; K fi(Larimichthys
crocea)il i ot B %5 AL X, WK H ik 2 G A
76 000 kgCO,e/t [% %= 10 700 kgCO,e/t, F75i 17 Ik
S 4-95.93 kgCO,elt, figs i 21 3748 i HE ik /Y 15
o s Z BT DL R 3 A HE RO T, SRR T HAE
SR 7 BRI RE T o SR ST B TR
B I T A A W ok (Tl 4k 415, 2005) . Bl T 5T
BIERA , IESCPLFEE AR (Sui et al, 2019; Ak R4,
2022) Filifgafs H 4 o B B i DOC K I8 e i A= /e
TR RDOC (3K K M4, 2017)#R 2 b Ak I 0 &
PRy, W R AR E IR M B AR
W% & RDOC MR 4y, iR
(s M AR AR S 20%. AR5 LA SRRV 1Y) 75 50 185
WFFExT 4, 1535 1t R RDOC fEfi% &
JE 10.25 kgCO,, TAMFFEE R A, WA KT
il DOC MY RN 310~1030 mg C/(m*.d) (Gao
et al, 2021; Weigel et al, 2021; JE &A%, 2022; Reed
et al, 2015); F&jik DOC [7] RDOC ¥4k L5l 33%~
78% (Gao et al, 2021; Watanabe et al, 2020; Zhang et al,
2017; Krause-Jensen et al, 2016), # 1% MHLL 455 %
TR, FRFE 1t WA REAEIE B RDOC mlfEFE
5.90~46.35 kgCO, 7L Bl 5341, KAUBEISHEEIE B i
POC — 43 BLIZILIFIE B TR AR |, 5 — 3B 40 ) 2%
FE TIPS AR R JE B DOC, 4k 1 JE it RDOC
(Jiao et al, 2010; Chen et al, 2020), #R1i, &4 K 1k&K
W E I . RDOC MAHCHRIE, Frll, AR5
I AB RS T R E) RDOC #8703 AEN, Al GE
AL R RAL, HET, Bed B AAHDCHRIE Wos,
T I FEL ) (5 3 ) A 7= 4= 119 RDOC &4 i o H 1Y 7%
(Shi et al, 2017); W& (Ulva prolifera)f #iA [fi 7= 14
) RDOC 2B AY itk 1.6% (Chen et al,
2020), & RELL_ 0 R, M AR SR A A AR R
B RE T B3 A= A2 i) RDOC W R Ay He e [ 85 1Y)
4.0%~17.5%. 95K, AS[EEIXCHFRIE LM . FRAE M
Fifr . IR B A Y 2 S 23 (AN A [] 55 4 DX 2 [A)E JT
TR (1 R A AE 22 5% . 55T RDOC il A
0 2 1 TRUAN ()98 DX 2 ) T R S e 3 23 1Y) 2 5

2 R 43 4%
% 2375 kgCOqe/t
¥ Kelp 1-95.93
722 Bivalves 1414
R (B RIFE)
Large yellow croaker 10 700
(deep water cages)
X}HF Prawn 17 405
L4} Bluntnose black bream 29 000
KEEBAEGFIFH)
Large yellow croaker 76 000
(traditional cages) | | I . .
—20000 0 20000 40000 60 000 80 000
K5 AN[EIFRAH dh PR AL X 1L

Fig.5 Comparison of carbon footprints
of different breeding species

Wik, FHEHEAMT RDOC M Mt 5L . il
R B A R AR A DR, LR i B J i 1) T RS
JEE o B AT 7 9 Vg 95 (Tt 45 ) BB D i DA T
A RS SR A AR 1 1 D HE O R 2 45 B R Y
ER.

Z £ X

Bureau of Fisheries, Ministry of Agriculture and Rural Affairs,
National Fisheries Technology Extension Center, China
Society of Fisheries. China fishery statistical yearbook 2021.
Beijing: China Agriculture Press, 2021 [V A A3 ifly #a
HUE PR, K EORME S, K72 2021
T EWL SRS, bt drERE L Mk, 2021]

CHEN J, LI H M, ZHANG Z H, et al. DOC dynamics and
bacterial community succession during long-term degradation
of Ulva prolifera and their implications for the legacy effect
of green tides on refractory DOC pool in seawater. \Water
Research, 2020, 185: 116268

FANG Q, QIAN L H, LU Z W. Measure carbon emission amount
of chinain the context of carbon peak and carbon neutrality.
Environmental Protection, 2021, 49(16): 51-56 [ /7%, &7
e, B FRIE I BARA G 5 Rk rh ORI e e 5
B, 2021, 49(16): 51-56]

FU XY, ZHAO S, ZHU A 'Y, et al. Carbon footprint of large
yellow croaker cage culture system based on life cycle
assessment. China Water Transport, 2016, 16(3): 136-139
[FHbesE, BB, KRB, & BT AEaRNTN MM
WMIARFEIE R G0 B, T EKIZ, 2016, 16(3): 136-139)

GAOY P, Zhang Y T, DU M R, et al. Dissolved organic carbon
from cultured kelp Saccharina japonica: Production,
bioavailability, and bacteria degradation rates. Aquaculture
Environment Interactions, 2021, 13: 101-110

GEPHART JA, HENRIKSSON PJ G PARKER RW R, et al.
Environmental performance of blue foods. Nature, 2021,
597: 360366

I1SO. 1S014040-1999: International standards: Environmental
management-life cycle assessment-principles and frameworks.



%5 I

JRA LT A i A ST ) SRR A A D VA 21

Geneva: 1SO, 1999

JAO N Z, HERNDL G J, HANSELL D A, et a. Microbial
production of recalcitrant dissolved organic matter:
Long-term carbon storage in the global ocean. Nature
Reviews Microbiology, 2010, 8: 593-599

JAO N Z, LIU J H, SHI T, et al. Deploying ocean negative
carbon emissions to implement the carbon neutrality strategy.
Science China Earth Sciences, 2021, 51(4): 632-643 [f£4&
&, X, A, AR SO SRR TR T A O
HERRE HiERRLF, 2021, 51(4): 632-643]

KRAUSE-JENSEN D, AND DUARTE C M. Substantial role of
macroalgae in marine carbon sequestration. Nature
Geoscience, 2016, 9(10): 737742

LI M. Life cycle assessment of polythylene plastic production
and waste polythylene plastic reclamation technology.
Master’s Thesis of Harbin Institute of Technology, 2008 [2%
& R OIEIRA: R R CA% SR IR EOR A= A A
WP, WA IR Tl 2R AR5 A= 240738 3¢, 2008]

LIU S, YANG S, YANG Q, et al. The long-term changes of
annual carbon sequestration rate and regional difference in

culture areas of Sanggou Bay. Haiyang Xuebao, 2018, 40(1):

47-56 [XIFE, MUK, M, 5. SIS TR AT A
RN AR LD B 22 5 WEVESA AR, 2018, 40(1):
47-56]

LIU T. Kelp culture technology. Qingdao: Ocean University of
China Press, 2019 [X|¥%. R FREHER. FH & P EEE
A4 H AR, 2019]

MAOY Z, LI JQ, XUE SY, et al. Ecological functions of the
kelp Saccharina japonica in integrated multi-trophic
aquaculture, Sanggou Bay, China. Acta Ecologica Sinica,
2018, 38(9): 3230-3237 [B L7, 2INE, FERME, 4.
W IRIHTE RN ZEFRZR GBI RGP ESIIRE.
H 244, 2018, 38(9): 3230-3237]

MINX J C, WIEDMANN T, WOOD R, et al. Input-output
analysis and carbon footprinting: An overview of applications.
Economic Systems Research, 2009, 21(3): 187-216

NI Z J, LI B, SUN Y Q, et al. Effects of light intensity and
nutrients on dissolved organic carbon released from
Saccharina japonica young seedling. Progress in Fishery
Sciences, 2022, 43(5): 8-15 [JEiGA, 25, PNERMG, 4.
D't Wi B8 R 73 kX ¥ 21y 80y v R 8 ik AT DLtk 1) 52
ol BHEE R, 2022, 43(5): 8-15]

NIE M C, HUANG C L, SUI Q, et al. Carbon and nitrogen
stable isotope analysis and source analysis of organic matter
in sediments of Sanggou Bay. Progress in Fishery Sciences,
2022, 43(5): 84-97 [FAF /R, WARFY, FEBL, 45, RIWEIT
TR LIS 14 i BUARE [R162 3R 43 B R IR T il
Rl iR, 2022, 43(5): 84-97)

REED D C, CARLSON C A, HALEWOOD E R, et al. Patterns
and controls of reef-scale production of dissolved organic
carbon by giant kelp Macrocystis pyrifera. Limnology and
Oceanography, 2015, 60(6): 19962008

SHI L M, HUANG Y X, ZHANG M, et al. Bacteria community

dynamics and functional variation during the long-term
decomposition of cyanobacterial blooms in-vitro. Science of
the Total Environment, 2017, 598: 77-86

SUI J J, ZHANG J H, REN S J, et al. Organic carbon in the
surface sediments from the intensive mariculture zone of
Sanggou Bay: Distribution, seasonal variations and sources.
Journal of Ocean University of China, 2019, 18(04): 985-996

WATANABE K, YOSHIDA G HORI M, et al. Macroaga
metabolism and lateral carbon flows can create significant
carbon sinks. Biogeosciences, 2020, 17: 2425-2440

WEIGEL B L, PFISTER C A. The dynamics and stoichiometry
of dissolved organic carbon release by kelp. Ecology, 2021,
102(2): e03221

WU FF, J JY, XU H D. Research on carbon footprint of shrimp
pond farming based on LCA method. Chinese Management
Science, 2011, 19(S): 668672 [& KK, L2HMB, 5%,
BT LCA Jrik iR M YR SRR AL iR A 5T o 4 R
2%, 2011, 19(S): 668-672]

ZHANG J H, FANG J G TANG Q S. The contribution of
shellfish and seaweed mariculture in China to the carbon of
coastal ecosystem. Advances in Earth Science, 2005, 20(3):
359-365 [FK4kLL, T, FEIATE. PRI DL EESRAE
HEPEIRUE PR TTRR. HbBRFL7E €, 2005, 20(3): 359-365]

ZHANG JH, FANG J G WANG W, et al. Growth and loss of
mariculture kelp Saccharina japonica in Sungo Bay, China.
Journal of Applied Phycology, 2012, 24: 1209-1216

ZHANG JH, LiuJH, Zhang Y Y, et al. The strategic approach
for mariculture to practice “Ocean Negative Carbon
Emission”. Bulletin of the Chinese Academy of Sciences,
2021, 36(3): 241-247 [5k4k4r, X284k, BRI, 5. K
FRIEEAT MR TR 1R, T ERA BB T, 2021,
36(3): 241-247]

ZHANG T, WANG X C. Release and microbial degradation of
dissolved organic matter (DOM) from the macroalgae Ulva
prolifera. Marine Pollution Bulletin, 2017, 125(1/2): 192—
198

ZHANG Y Y, ZHANG J H, LIANG Y T, et al. Carbon
sequestration processes and mechanisms in coastal mariculture
environments in China. Scientia Sinica Terrae, 2017, 47(12):
1414-1424 [Tk, kaker, REE, %, PEIDEIHE
WERATE i B S ALH]. b ER HBkER, 2017,
47(12): 1414-1424]

ZHANG Z Z, CONG Y Z, QU S C, et al. The current situation
and development trend of kelp breeding in northern China.
Scientific Fish Farming, 2010(5): 1-3 [3kH:ak, M, 1ith
HRE A5 FREJTET B IR ROk S, Bl A,
2010(5): 1-3]

ZHU L, CHE X, LIU H. Greenhouse gas emissions of
Megalobrama amblycephala culture pond ecosystems in
summer. Journal of Shanxi Agricultural Sciences, 2015,
43(10): 1297-1300 [A4bk, 44T, XI5, HFWIk6575H
W AR S RGER AR HREOE . ROl FE,
2015, 43(10): 1297-1300]

(B BIER)



22 ook B %

-
el

% 43 %

Carbon Footprint Assessment of Cultured Kelp Based on Life Cycle Assessment

SUN Wei', ZHANG Jihong™?", WU Wenguang®, LIU Yi*, ZHONG Yi*, WANG Xinmeng', KANG Qinzi*

(1. Yellow Sea Fisheries Research Ingtitute, Chinese Academy of Fishery Sciences, Key Laboratory of Sustainable Development of
Marine Fisheries, Ministry of Agriculture and Rural Affairs, Qingdao, Shandong 266071, China;
2. Laboratory for Marine Fisheries Science and Food Production Processes,
Pilot National Laboratory for Marine Science and Technology (Qingdao), Qingdao, Shandong 266071, China)

Abstract China has the largest population and contributes the most to greenhouse gas emissions in
the world. Given the background of low-carbon emissions elsewhere, how to carry out emission reduction
activities scientifically and rationally is a question that individuals, enterprises, governments, and
countries must serioudly consider. The carbon footprint refers to the total amount of greenhouse gases
emitted by a commodity or service during the entire life cycle of the product, including production,
transportation, use, and disposal. The carbon sink effect of cultured macroalgae in coastal waters is
receiving considerable attention. However, international research on macroalgal carbon sinksis still poor,
especially the carbon footprint of cultured macroalgae, which makes it impossible to include the carbon
sinks of macroalgae within the scope of emission reductions such as “blue carbon.” Therefore, by
calculating the carbon footprint of macroalgae, the carbon emissions of each stage in the entire life cycle
can be determined, and subsequently scientific emission reduction measures can be formulated based on
the calculated carbon footprint results of each stage to reduce emissions. Kelp (Saccharina japonica
Areschoug) is the main macroalgae cultured in China. It has obvious advantages in aquaculture resources
and has a very large potential for the development of carbon sinks. As a primary producer in the sea,
organic matter is generated through photosynthesis, and carbon sequestration occurs during the kelp
growth phase. However, CO; is released during seedling growth, eectricity utilizing of equipments, fuel
consumption on boats, and facilities for culture. To explore the sources and sinks of CO, emissions from
kelp throughout the entire culture cycle and to establish a standard system for evaluating the carbon
footprint of macroalgae production, based on the life cycle assessment theory, a carbon footprint
calculation method for raft-cultured kelp was established in this study. The cradle-to-gate carbon footprint
of cultured kelp in Sanggou Bay was calculated, and the main influencing factors of the carbon footprint
and possible sources of error were analyzed. The life cycle assessment method included four parts: Goal
and scope definition, inventory anaysis, impact assessment, and interpretation of results. One ton of
produced kelp was recorded as the functional unit of the carbon footprint of cultured kelp, and the entire
life cycle of cultured kelp to form a kelp product was divided into three phases. Breeding, transport, and
culture. The carbon footprints of the three stages were analyzed. The results showed that the carbon
footprint of 1t of kelp farming is —95.93 kgCO.e, which indicates that the entire process from breeding to
growth and harvest is a carbon sink process. Among them, the carbon emission is 74.30 kgCO.e, and the
carbon absorption is 170.23 kgCO.e. A carbon sink of 79.9% is in the form of kelp biomass carbon,
14.1% exists in the form of deposited buried carbon, and 6.0% exists in the form of refractory dissolved
organic carbon (RDOC). Deposited buried carbon and RDOC can accumulate in the deep sea or on the
seafloor for along time. Previous studies on the carbon sink capacity of primary producers have primarily
focused on biomass carbon formed by them. Further research confirmed that DOC released during the
growth stage of kelp and RDOC formed by detritus under the action of microorganisms and deposited
carbon are al important parts of fishery carbon sinks and are also important forms of long-term stable
carbon pools in the ocean. If RDOC and deposited carbon are not considered, the carbon sink of cultured
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kelp will be underestimated by approximately 20%. Of course, differences in culture conditions, species,
and modes in different seas make the formation rate of deposited carbon different. In addition, the
formation process and mechanism of RDOC require further study. Aquaculture facilities were the main
carbon source, and their carbon emissions accounted for 93.81%. Our research found that emission
reduction can be achieved by extending the service life of aquaculture facilities. Each year of service life
extension can reduce the emissions by 8%. The carbon emissions from diesel and electricity accounted for
5.05% and 1.14%, respectively. Sanggou Bay is atypical coastal water; therefore, the demand for energy
during the breeding process is low. When the aquaculture area expands to the open sea, the proportion of
the energy carbon footprint will greatly increase, and even become the main carbon source. Fertilizer and
transportation account for only one ten-thousandth of carbon emissions. The kelp seedlings in the
breeding area of Sanggou Bay come from Rongcheng; therefore, the amount of CO, released during
transportation was not high. Insufficient numbers of nurseries for kelp breeding will result in the seeds
coming from other places, and the amount of CO, released during transportation will also increase greatly.
Therefore, strengthening the overall layout of the industrial chain is of great significance in reducing
carbon emissions during transportation. With further understanding of the carbon sink function of cultured
seaweeds, macroalgal cultures will play a more important role in ocean emission reduction. This study
provides technical support for the establishment of carbon footprint evaluation procedures and standard
systems for macroalgal farming.
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