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Abstract

Integrated multi-trophic aquaculture (IMTA) is widely recognized as a sustainable model for en-
hancing nearshore carbon sequestration, yet existing blue carbon accounting predominantly fo-
cuses on “gross carbon sequestration” while neglecting full life cycle carbon emissions, leading to
systematic overestimation of carbon sink capacity. This study takes Sanggou Bay, Rongcheng City,
Shandong Province as a case, and conducts a critical assessment of current seaweed aquaculture
carbon sink accounting practices based on the life cycle assessment (LCA) methodology (ISO
14040/14044), integrating published carbon footprint parameters and official aquaculture statis-
tics. The study adopts a “cradle-to-gate” system boundary, dividing the aquaculture cycle into
nursery, transportation, and grow-out phases, and calculates carbon emissions and carbon absorp-
tion for each phase, while attempting to construct a conceptual framework for estimating the net
carbon sink of IMTA systems. Results show that: (1) the net carbon sink of kelp aquaculture in
Sanggou Bay is —95.93 kg COze/t (negative value indicates carbon sink), with carbon emissions of
74.30 kg COze/t and carbon absorption of 170.23 kg COze/t; the carbon sink composition is 79.9%
biomass carbon, 14.1% sediment burial carbon, and 6.0% RDOC; (2) aquaculture facilities (polyeth-
ylene ropes, floats, etc.) are the main carbon emission source, accounting for 95.95% of grow-out
phase emissions, while diesel and electricity account for 4.05% and 1.14% respectively; (3) Han et
al. (2013)’s IMTA experiment with Gracilaria and scallop in Sanggou Bay showed the lowest pCO: at
a scallop:Gracilaria wet weight ratio of 1:0.96, suggesting synergistic carbon reduction potential in
integrated systems, but the 42-hour experiment duration is insufficient to assess annual carbon
balance, and the precise carbon footprint of IMTA systems remains dependent on more complete
LCA parameters; (4) based on the ratio analysis of official data (Xunshan Group’s 425,000 tons an-
nual carbon sequestration for 100,000 mu) and LCA emission parameters, there exists a fundamen-
tal conceptual difference between the “gross carbon sequestration” in current blue carbon account-
ing and the “net carbon sink” from LCA, and if full life cycle emissions are incorporated, the tradable
carbon sink of IMTA systems may be overestimated by 20%~40%. This study recommends that LCA
should be included as a necessary component in seaweed aquaculture carbon sink methodology,
replacing “gross carbon sequestration” with “net carbon sink” as the core indicator for blue carbon
accounting.

Keywords

Life Cycle Assessment, Carbon Footprint, Carbon Sink Accounting, Blue Carbon Methodology,
Integrated Multi-Trophic Aquaculture, Kelp, Gracilaria, Scallop, Sanggou Bay

Copyright © 2026 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).

http://creativecommons.org/licenses/by/4.0/

1. 5[
TRV A HOBR 5 R BTE RB E , WKL T 240 93 % AL 25 RN 22 R AR AT 25%~30% 1 N 2R HE1X CO4 [1]6

DOI: 10.12677/ije.2026.153049 451 A


https://doi.org/10.12677/ije.2026.153049
http://creativecommons.org/licenses/by/4.0/

FKICH 5

Forp, fORANEEE . ZDBAR. M PRAIVECHE ER VA MG RO WE B A2 28 R 48 AR 5 MR R THIARE 0.2%, E05T
R 1R R ) 50% A B[2]0 A E R SR — R IR, 2024 A4 [ENRK SR FRE R
302.94 JIWE[3]o 1l AR 45 G T 2R BT S TSR B 20 20 80 AR ENITAASEIL 2 8 77 R ISR & FrE
(IMTAE R, W74 (Saccharina japonica)~ W% (Gracilariopsis lemaneiformis) 51 fL ks UL (Chlamys farreri)-
PR 5 IR RO A ER IMTA IE[4].

PRI, FE A% Sk, “ R [E B & (Gross Primary Production, GPP) 5 “ %%/ & ” (Net Ecosystem
Production, NEP)[JVRIE LA — MR IITER R . JTEOOHREAS KRG SR AR ERIFIR AR
Rev BRIFURFIN G SHHE: 53 W S i R 40 JLSER i i . X — ML TRIE BRI BRI ST 5 A 2
PEAN R BUOR R

2021 4 8 H, SRACRFERAT LT LG 10 75 a7 i R e i AR [ B B 42.5 TIMONRITARI, B8
A E R CUEERILSE” 2000 JI70[5]. X — QIR SR TR E M RIC DI Re Fe A o Rl B, (BRI &
WHEIR TR 42.5 MR “ SEbRE” L& “BiiICE” , TR T iAo S S kR ?
EE B, BT DASCHERRICAS 5 P () “ABAME” A« RIAZErE " SR 2

A B AN (Life Cycle Assessment, LCA) A PR = i B AR 45 4= A= Ay 8 33 PR 55 52 ) 1) 1] B 7 7 v
(ISO 14040/14044), C# ZMNH T &N TALFAEIRATIR R 2 254 5 . TR, LCA ik Fia5]
NIKPZIRFERETE o PIMEEE(2021) 35 T LCA X ST 3 R T OB L I HEAT 1 RGEvHAk 6] I ZEE
PAEEE M 00 O PR AT SRS I kAT T LCA BRAEIE AT 7] il R A2 R R T BT A A i A
BHE R VLK DU BEFR B BRI R L [8]. SR, INA DA 2 RET R —Wfpei s —77 i, Hi
KX LCA J51% 2 G S T B 8 B % B ST B Ot 4 i A0

KWL SV N FG], BE O KKK LCA ZHEE T REEE, B1E: (1) 2T LCA JERH
WA IMTA WAL S HIE R B (2) 00 Z AR MBI AE: (3) WHAEE T “RkE” 4
5 LCA “#iri- & ZAMM&ZE R SEERER: (4) WE IMTA REHFHICAFIMSHESE, A
AKHEFIRBETT R IRFGT] . ASCHIRZ O TTERAE TR A — N KEHI R IMTA RGEMICEIE, TE T #ER
WAEERRB RGN W%, FHESHR LCA QYNGR T 127 b EE3A T

2. MRGESHIRKIE
2.1. HREHR

ZVTEA T IR B T A HB(36°55'N~37°08'N, 122°30'E~122°42'E), MHFRZ) 133~163 km?, & EH b
77 B KRG IR A 2 —[4]. WRARECE B R TR B (UNDP) R, SRIGTEFRAE X 100 km?,
FEWE S G B UL B RS 5 24 Jimi[4]. FILSE R ST KR EE IR 10 7R AU,
LR 2 E R RS TEEN: LEIREE . . RO EY, PEFREN, KE~RANTL
5]

2.2. LCA ARG R 5ThRES N

AHEFERH “ WNRETERIKT]” (cradle-to-gate) K] REEIA S, IR AL BE N “AE 1 Mg (RE)” .
1 JE7R T ASHETUN LCA RGUASE, WA 7O ANAHERR P A At . R 4810 SR -

B W ER A TR, R84 70 R, WIRREHEGEM . HREEME TR BRI B .

BB N E His B IR X, BEEY 2 km [6].

TR N THFEERTRIOGR, RFERZ) 200 R, BAEFRIEBORRN « BEURTHARAHE A A2 IR rh Bk
MR

DOI: 10.12677/ije.2026.153049 452 A


https://doi.org/10.12677/ije.2026.153049

SROCH 5%

RYGHNLF AR TUHER, HINE T IERE): I, MBI RACENE N 7E% LCA
SH(EEHEA L) BOERE VR R LR

/ A (£170 KD BB (2 2km) FER (29200 K \
- S5 - s CaBiE BRI Y
. )
— —>
HHA R it
)
\ o KRR
e e 350
\ BB+ TR /
/ FLHDR CRBFSHERD N
| T - RS LCA - Jii T 58 LCA i
: CHBA ) CHIEAR L) :
| e e |
| e i

WK e Bl ONT, HER, Sk

Figure 1. System boundary of the life cycle assessment (LCA) for kelp aquaculture in Sanggou Bay (cradle-to-gate)
1. RIEBEFE LCA REUARE(MEERIK)

2.3. BUEXIE

BT BB S B ok B PR R R SCHR .

PVEEE(2021): (UL RFEHERE) AR SVATE AR M R AL IE AL, $ROL T 5B LCA 4K
[6].

Han %%(2013): Aquaculture International /& & [ SRVAVE R - i UL IMTA S258, #24E 726 KR40
BRIR Eh R G AR B Hh 9]

] G U PSR 0 00 (2025) s AR A SRS I L Mk i 2 28 43 A, St TN IR HER S H 7] .

ML DR 2 TRV /K DL TR 0 4 25 A A IR HE IO 72, 3248t 17 DR i S48

BTG BT NRBUN . SRR B RAT AT “HERRIL Y AR5 ].

T MAS R, IMTA REEIFHILE 4% NABESHELE (5.

NEP_IMTA = Z(Cabsi — Cemiti) — Cfacility — Cpost-harvest

Fohi,

NEP_IMTA: IMTA %% kil & (kg COze);

s FREEA SN HAEE. D);

Cabsi: #17) i MRS (CEVIBRR + JIRRK + RDOC); ;

DOI: 10.12677/ije.2026.153049 453 A


https://doi.org/10.12677/ije.2026.153049

FKICH 5

Table 1. Summary of major emission sources and absorption items at each stage of the kelp, Gracilaria, and scallop integrated
multi-trophic aquaculture (IMTA) system
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Table 2. Carbon footprint summary of the kelp monoculture system in Sanggou Bay (functional unit: 1 t wet weight of kelp)
2. REGEFRFRARGHRETC S THEERNM: 1| MIEEET)

bR HiAH B 14 &1

T R T AR il —95.93 kg COqe/t — U EE TR 2B

Bk 2 T8 A SN IEE 3¢ 74.30 kg COzel/t — —

[ FERUFSRN TR 170.23 kg COzeft — —
BRIC AR X/ 136.00 kg CO2 79.9% R, WOERIE SRR
BRI VIR MR B 23.98 kg CO> 14.1% K AT
WAL EYEE A HLKRDOC) 10.25 kg CO2 6.0% KA
HEHOE 1k A I 1.66 kg COze/t 2.24% FLAE 51.13%, 457H 48.73%
HE A R BT B 4.00 x 105 kg COzet 0.00005% A 0%
HEHOE % Fr HAHER 72.64 kg COqelt 97.76% —
HETBORE —FRFA BB CR 2.0%) 69.71 kg COae/t 93.81% (/5 & &) ¥ 10 S5 Pl
HE TR % — SEih 2.94 kg COze/t 3.96% (5 E ) —

DOI: 10.12677/ije.2026.153049 454 A


https://doi.org/10.12677/ije.2026.153049

FKICH 5F

PIVECSE TSI TE B B HE U » %3 10 P A A AR BR 20 i A SE R P4 PR 148, R TR ) 8%
[6]c X —RINEH, FERERRAZ S 20 FR0E Bt HFBORE 3 B0 15 Bk B 10 2 35wl

3.2. B3R - BNE S RGEHR BT

3.2.1. Han % (2013)R9 IMTA SLIf
Han Tingting 25 7E 32 VATE I & | WASE(Gracilaria lemaneiformis) 5 ¥ 5L UL (Chlamys farreri)if) IMTA
S, IR 42 /N9, SEIG B E = AN EE(EE 3):

Table 3. Experimental design of the Gracilaria-scallop IMTA system
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Figure 2. Schematic comparison of accounting pathways for “total carbon sequestration” (GPP) and “net carbon sink” (NEP/LCA)
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BARE, IMTA E4 R M ERTEREHITE, Q) B “EmE” BUEMMNE T ERATF, H5 LCA
SHINEEN FEANTEM: 3) T ARG ERTE AT 7L, (HX S8R (KR HER AT 8 5
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FKICH 5F

U e i A R T (A s S I T BB OB I RS B B 7]) -

TR, IR R IR IF AN 55 45 SCRAZ O SRR —— a7 B A A S s e b R RS TR A R G
P 72 o BIEAEARRIRAGHE R A IMTA R4 LCA 2805, ABFHITTERHER(LL LCA yHEAiH) 4
BRI S ARG R o

5. &hig

(1) ZVVEHEAH IR RGN LCA B LT N—95.93 kg COxe/t, RIUABRICLIRE, (EBICH R LI
YIBRN F(79.9%), K IHTTA(14.1%) F1 RDOC (6.0%) i LLHLIK

(2) FREAVLHE(R CIRAPRE) 7 75 58 1 2 BERRHE O, o AN A= i R HE G Y 93.81%, J2ikHEm)
AR A IR TR B AR PR 1 ] kD R HEI L) 8%

(3) Han 55(2013) ] IMTA SEEGR B RATCE - B IS A R4t B AW FEbRIE 71, 8 42 /N SLig A
JE VAN SE BT . AR SO T IMTA RS BRICAL IS HESE (e 1 FIAR), (EREH f 2 12547
AT e RN Fs D37 B T it HE 7S 2 0 AR s AR e

4) BHIERT ILER 42.5 JTMER B ERT < S E R (GPP)MEE, 5 LCA “I#iL =" (NEP)
FAAEMRAVEZ R . GPP 5 NEP (W LI AT ik 37:1, (HiX & AR &R 72— NEP HEZE A,
FRWGR R R, 7T 22 2 Bl & n] GEOCH 411 B ARE K 20%~40%.

(5) AW FCRHIAZ O DT RRTE T8 /s DU AT W BHAZ B S B () 7 VR IR B, 1B o8 LCA GINI BEFR BRI J7
PR BT, DLWl R” B CRRBERRE” NI AZ IO AR SR, HESIE TR “ SRl

&R R
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