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Seaweod cultivation for protein and carbon capture v
Copilot steps v
Creating a plan to respond to your query How can seaweed cultivati il protein
Performing keyword search Coptlot stine >
M scopus
(seaweed OR macroalgae OR kelp) AND (protein OR "biochemical yield*” OR nutrit” OR amino acid®) g i 2
¥ Seaweed cultivation for protein and carbon capture
AND (cultivat” OR farm* OR aquaculture OR mariculture)
How seaweed cultivation can boost global protein supply while capturing carbon
Performing natural language search
Seaweed d carbon capture through well-documented
g mechanisms:
How do seaweed cultivation practices enhance protein yields and support global protein supply?
1 High especially when nutrients are optimized.
Performing keyword search 2. Substantial carbon fixation during growth, vith some portion stored long-term as particulate or
W scopus dissolved organic carbon.
(seaweed OR macroalgae OR kelp) AND ("carbon capture” OR "carbon sequestration” OR "blue 3. Ecosystem and climate co-benefits such as nutrient removal, reduced emissions, and low
carbon”) AND (cultivat® OR farm* OR mariculture) land/water requirements.
Performing natural language search Summary table
W Scopus
Domain Key mechanisms Evidence
How does seaweed farming enable carbon capture and long-term carbon sequestration potential?
boost: and i,
Performing keyword search Seaweed can reach high protein levels and senve asalternatve 5 @)
ta from I Full text P pr
recanerabilty
(seaweed OR macroalgae OR kelp) AND (ecolog® OR environmental impact® OR habitat* OR
biodivers*) AND (cultivat* OR farm* OR mariculture) AND (method* OR protocol OR "experimental = SRR e AR Al B aiis GG
design” OR result”) POC or RDOC becomes long-term storage. « Carbon sink estimates for 5| 30w,
cultivated systems are targe (depending on fate of blomass =
Performing natural language search
sing data from [l Full text Integrated «IMTA systems recycle nutrients and enhance both biomass and B30,
What ecological impacts arise from large-scale seaweed cultivation systems: systems & co- carbon capture. » Wastewater-based cultivation removes N/P while 5
benefits producing protein-rich blomass.
Ask a follow-up questio .
0 a
{ e from Elseier and other publishers. Al responses may vary in quality. Share feedback \ put ‘Shars fescisck
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Microplastics and human health v
Lurnnuernce Levet

High confidence that these themes represent the major open questions, as they appear consistently
across numerous reviews that highlight methodological limitations, research gaps, and missing long-term
human data.
If you'd like, | can also generate:

« aconceptual diagram of research gaps,

« aprioritized research agenda,

« or a more detailed breakdown of gaps by exposure route, organ system, or particle type.

Show all 33 references B Explore asatable 71 | ° D 5

Follow-up Suggestions
> What are the potential pathways through which microplastics may affect human health?
- How do microplastics interact with the human immune system?

- What are the long-term health implications of microplastic exposure in humans?

Ask a follow-up question

0

L LeapSpace is powered by Scopus data and full-text content from Elsevier and other publishers. Al responses may vary in quality. Share feedback

Add a column e

Column name

[Ired cotumn name

Add paper(s)

Enter DOI, Pl or EID (add multiple separated by comma)

Describe what you want this column to do

Add description “ cxstial_Aaiin B30 00 00t 2e2.0-HORAR0TN ]

Cancel _ paper(s) +

4
onso

L. RAES ROV . S “DAFRASTEAINE” |, BIRPRIRIZ S SR — X A —5 |
SCHRSAT,  REEIENERRS,

2. FIGHERIREE IR ——y, AR LA, sSEBRISheR, URIRNERZHEE
KEBHINIFRI,



4. 0% “ZHEEIENET O IE T

-
Seaweed cultivation for protein and carbon capture v Reference details &
How ol ivati i protein Scopus abstract Chapter
Protein from seaweed aquaculture
Copilot steps >
— Suryaningtyas, LT ; Je, LY. ; Pangestuti, R,
: T . Future Proteins: Sources, Processing, Applications and the
Seaweed cultivation for protein and carbon capture “
Bioeconomy 7
. X ; . + Elsevier » Other » 2023
How seaweed cultivation can boost global protein supply while capturing carbon
2citations 1348 Y}
Seaweed d carbon capture through well-documented i e
mechanisms: View at publisher 7 View Scopus document 71
1. High espocially when nutrients are optimized.
2. Substantial carbon fixation during growth, vith some portion stored long-term as particulate or Naatzal
dissolved organic carbon.
The reference discusses seaweed's high protein
3. Ecosystem and climate co-benefits such as nutrient removal, reduced emissions, and low content (up to 7% dry weight) and notes
land/water requirements. developing extraction techniques (solvent,
enzymatic, microbial) but does not address
Summary table wastewater/process-water cultivation or biorefinery
approaches. Thus, while the general topic of
Domain Key mechanisms Evidence seaweed as an alternative protein source and
improved recoverability is aligned, parts of the claim
. bosss: and are not directly supported.
yields. » Seaweed can reach high protein levels and serve as altemative .EI—.
protein. pr Do you find it useful? 3 Yes J No
recanerabilty
Carbon capture +Very high primary productivity draws down COy.« Carbon exportedas 81,7, 8 Abstract  Excerpts
POC or RDOC becomes long-term storage. « Carbon sink estimates for %), ),
cultivated systems are targe (depending on fate of blomass
tivated systems are large (depending on fate of b & o b
Asian ient L die: that this
Integrated «IMTA systems recycle nutrients and enhance both biomass and B, marine flora poses a high prote} ent, some of which even
systems & co- carbon capture. « Wastewater-based cultivation removes N/P while & reach up Lo 47% of its dry weight Apart from being a potential
benefits producing protein-rich biomass. source of protein, bioactive derivatives of scaweed protein aiso
havea rolein nd treating
as CVD, obesity, cancer, etc. As a result, seaweed become an
Ask a follow-up question Interesting commaodity in the agricultural, food, and health
industries. The growing markel for seaweed increases the
'] . seaweed agricultural industry. The use of seaweed as a future
o s 10 be a possil tothe
\ pot Share frechack problem of highly scarce agricultural land, as well as

BACWIHF BRI —— 5 SO SR TS Gk R, HhER:

SERE R R
SIS ORI,

F3KEHIX (Claim Radar) : SoR—fRICWHSHERS BRIGIVISIEE, FARENSHR: REEHNZ, B
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Seawoed cultivation for protein and carbon capture v claim Radar Tstcwds| X
g i i o catect Processing steps > o
Copilot steps > Identified claim

Wastewater/process-water cultivation boosts protein

1 : . d yields.
Seaweed cultivation for protein and carbon capture content and yields.

How seaweed cultivation can boost global protein supply while capturing carbon 25 related documents
Seaweed cul i arb gf @ Suppon ee— 7
mechanisms:
Mixed — &
1. High-protein biomass generation, especially when nutrients are optimized, ® Contradict == 2
2. Substantial carbon fixation during growth, with some portion stored long-term as particulate or
dissolved organic carbon. S key insights
3. Ecosystem and climate co-benefits such as nutrient removal, reduced emissions, and low * Claim asserts wastewater/process-water cultivation
land/water requirements. raises protein content and yields in biomass.
Show more
Summary table
Domain Key mechanisms Evidence Do you find Claim Radar helpful? Dves JNe
Protein supply + Wastewater/process-water cultivation boosts proteln content and 1,023 T7suppert  Emixed 2 contradict
yields. » Seaweed can reach high protein levels and serve as alternative. D. >
protein. v se pro .
recoverability Cultivation in wastewater increases grovwth and nitrogen content of
seaveeds: A metwanalysis
Carbon capture h primary productivity draws down COy. « Carbon exported 3s  (8,(7,(8 Stedt, K.; Pavif, H. ; Toth, G.A.
IDOC becomes long-term storage. « Carbon sink estimates for . @), Algal Research 7 » Joumal » 2022
cultivated systems are large (depending on fate of biomass)
o 8 citations
Integrated «IMTA systems recycle nutrients and enhance both biomass and 0,3, ", Sha sher?1 - View Scopus document 2
« Wastewater removes N/P while %
benefits producing protein-rich biomass.

Cultivation of Ula fenestrata using hering production process waters
imcreases biomass yiekl and protein content
Stedt, K. ; Gustavsson, 0. ; Kollander, B. ; Toth, G., ; Pavid, H.

Frontiers in Marine Science 21 + Journal « 2022

W citations

J Show abstract

publisher 7 Wiew Scopus document 7 &

1. MRS 2 RN: F5kEIX (Claim Radar) AI7EREAN B T2 RIS EGIE
F ATZERRASTRDL, EREFIEREHRTIGIERIeHT, FHREWIEE R Scopus IERITSL
BRFFIZEERAEDRATZE 2 40 MRIFHHTIGS:, DA RIERR SR, RBOE R EIIFZAIZEIL,
FHHC AR T A AN RDEIRIE S EE, R DR “SSTiX&IeH, ) 720
EELVI? 7
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Summary Table: Top Experts by Domain ].- iﬂ%ﬂiﬁ?%ﬁ'ﬁfgfbéﬁ% : ﬁﬁﬁ
Domain Key Experts Why They're Relevant Citations L o apspa ce *%I‘Iﬂ, i//t{% IJ T:Eiz@iﬁ\tﬂjj: {/IEE(J ?&

Scawced Cultivation Ni P.D. Kusuma, Picter Work on Kappaphycus and o)

& Aquaculture Amalo, Rifgah Pratiwi, Adrian  Eucheuma cultivation, growth = s %ﬁ }\ — “i[?% Hjia IEJ” Epmﬁgm%g

K. Macleod optimization, and sustainable farm
design , . A
A />
X, BASHEEIETESIEE.,
Seaweed Proteins & Diane Purcell, Jodo P. Trigo, Lead research on seaweed protein 52/ (53
Extraction Kristoffer Stedt, Jayani extraction, functional foods, = (@
hnologi Maria Hayes biochemical profiling -
Macroalgal Carbon Si Chen, Xiuting Feng, Ruimin Produce high-impact work on 57| 58
Capture & Blue Zhang, Ellen Ould, Bin Li DOC/POC pathways, carbon =) (60
Carbon Modeling accounting frameworks, and -

macroalgal carbon fate

1. Experts in Seaweed Cultivation and Applied Aquaculture
Ni P.D. Kusuma

Focus on Kappaphyeus and Sargassum cultivaticn performance, biochemical composition, and
bioactivity 48 .

Pieter Amalo

Ask a follow-up question

9

L Leapspace is powered d full-text content ier and other publi may vary in quality. Share feedback J
( N
Seaweed cultivation for protein and carbon capture v Author preview
Experts in Seaweed Cultivation and Marine Protein
Adrian K. Macleod
Leading Experts on Seaweed Cultivation, Seaweed-Based Protein, and Macroalgal
Carbon Capture Matching documents  h-index  Citations
Below is a structured synthesis of the most relevant experts identified from the retrieved author data. 12 “ 'l 872
These individual xpertise in
seaweed cultivation, marine protein, macroalgal carbon sequestration, or carbon-cycle modeling.
View profile A
Summary Table: Top Experts by Domain
Matching documents
Domain Key Experts Why They re Relevant Citations
Production of acetone, butancl, and ethanol by
Scaweed Cultivation NI P.D, Kusuma, Fieter Work on Kappaphyeus and - fermentation of Saccharina latissima: Cultivation,
& Aquaculture Aumalo, Rifgah Prativi, Adrian  Eucheuma cultivation, growth @ enzymatic hydrolysis, inhibitor removal, and
K. Macleod optimization, and sustainable farm fermentation
design
Schultze-Jans, &, ; Yroon, R, ; Macleod, AKCA, ;
Scaweed Protsins & Diane Purcell, Joso P. Trigs,  Lead research on seaweed protein (53 (85 let i L B s
Extraction Kristoffer Stedt, Jayani extraction, functional foods, =) (3 Algal Ressarch 7 + . 20m
Technologies. Samarathunga, Maria Hayes biochemical profiling =
Macroalgal Carbon SiChen, Xiuting Feng, Ruimin  Produce high-impact work on 5% » ) o
Capture & Blue Zhang, Ellen Ould, Bin Li DOC/POC pathways, carban =) (@& Ensiling of sugar kelp biomass for biorefining
Carbon Modeling accounting frameworks, and = arsen, SAL ; Ma, N, ; Hou, X, ; Bk, UG, ; Blerre, A,
macroslgal carbon fate §
Biomass and Bisenergy 7 + Journal = 2071
Titations
. - ‘ 15 social license 1o operate relevant for seaweed
1. Experts in Seaweed Cultivation and Applied Aquaculture cultvation in Europe?
NIP.D. Kusuma Biling, 5L ; Fostan, J. ; Tet, 7. ; Maclood, A,
Focus on Kappaphyeus and Sargassum cultivation performance, biochemical compesition, and Aquacuiture A + Journal = 3071
bioactivity @8 42 citations
Pieter Amala
e s Eramathon Effects of seeding niethod, timing and site selection on
the production and quality of sugar kelp, Saccharina
g n latissima: A Danish case study
Baderskoy, T.; Nislsen, MM, ; Rasmussen, MB, ; Sloth, 1), ;
Loapep eTTE— o vary I qualiy, Shars fesdback ¥ rmen

2. BEHKMIAE LY LeapSpace 24— 14, FIH XTSI AE .
3. BATIRERVEN: B DURAGIN & RUERIES, DEBRSRSEE TR, XEHIE
KI5 T Elsevier HY Scopus BHaE (k190075 HEERIR) S
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Haw can seaweed cultivation contribute to global pratein supply while capturing carbon? ]- .

Copilot steps >

Seaweed cultivation for protein and carbon capture

How seaweed cultivation can boost global protein supply while capturing carbon

to protei eapture through well
mechanisms:
1. High-protein biomass generation, especially when nutrients are optimized

2 g , with portion stored long-term as particulate or
dissolved organic carbon.

3. Ecosystem and climate co-benefits such as nutrient removal, raduced emissions, and low
land/water requirements.

Summary table

Domain Key mechanisms Evidence

Protein supply + Wastewater/process water cultivation boosts protein content and 1,3,3,
vields. d can reach high serve 3,0
protein. - Biorefineries and improved extraction increase protein
recoverability.

Carbon capture < Very high primary produetivity draws down C0;. + Carbonexported as 61,7, 8,
FOC or RDOC +Carbon sink t 3), %), @
cultivated systems are lange (depending on fate of biomass). -

Integrated « IMTA systems recyele nutrients and enhance both blomass and B\,

systems & co- carbon capture, » Wastewater-based cultivation removes NP while 5

benefits producing protein-rich biomass.

What funding oppertunities exist in the U.S. for this topic?
\ L - from - o in guality. Shars foedbck J

Seaweed cultivation for protein and carbon capture

Funding preview x

Funding Institutional  Funding opportunity
Measurement Science to
Promote Water Quality and
Health in Aquaculture

National Institute of Standards and Technology A USA
mary.bedner@nist.gov

Funding opportunities for seaweed cultivation and carbon capture

U.S. Funding Opportunities Relevant to Seaweed Cultivation, Marine Protein, and
Ocean-Based Carbon Capture
Below is 2 focused synthesis of the funding

work on seaweed

your search that meaningfully support

 marine biomass, marine protein, or enabling

for carbon removal and

¥
ly oppor included

Summary Table: Most Relevant Opportunities
Auarded amount  Type

]

Who are the experts on this topic?

o Scoous dats and

Opportunity Funder Amount Why It's Relevant Citations $85764 USD Individual fellowships
Apply for funding 7
VentursWell Ocean VentureWell §40000  Supports ocean-data techand )
Enterprise Acceleratar innavations; strang it for MRY, %
carbon accounting, seawsed-farm Summary igibility details
manitoring
NIST, in collaboration with the Institute of Marine and
NIST: Water Guality & ST $95767  Dwectly supports aquaculu = Enviranmental Technology (IMET), is seeking 2 post-
ot RAD Including nutrien dymamics doctoral scientist to participate in measurement science
impartant to seamsd and IMTA research to support the development of sustainable
aquaculture in the US. The research will be accomplished
through the complementary capabilities or bath
NOAA: Population NOAA Notlisted  Supports ecological medelingfor ~34) organizations including advanced analytical capabilities at
Assessment Modeling aquaculture; relevant for NIST (e.g., LC-HRMS and LC-MS/MS, GC-MS) and a state-of-
for Marine Auaculture semueed-ecosystem Interactions the art aguaculture research center at IMET. Potential
research areas of interest include the development of
BARD Aquaculture & BARD (US- $600,000  Funds algae, seafood, and - . “"’i“"’.“ and selective methods for "m""‘.i"”‘s organic
Desart Farmuing erael) aqusculcure protsin e contaminants, such as hormones, metabolites, and feed by-
Program requires US-lsrael partne; products in recirculating aquaculture systems (RAS);
evaluation of passive sampling devices for mimicking the
i ion of targeted RAS;
NRL Seawater Carbon US. Naval $104.401 ‘Strong thematic link to ocean e study of antibiotics used as food supplements in
Capture & Hydrogen Ressarch Lab carbon pathways; enabling aquaculture, particularly transport through the water,
B Exbon Sayhiretech metabolic by-products, and development of novel
treatment approaches; development of analytical
e e — T Notlaind  Supportafumdational = capabilities for off-flavor detection in water and fish tissue,

including the development and evaluation of novel
technology for off-flavor removal; measurement approaches
for understanding contaminant remediation by oysters and
other filter foeders in marine aguaculture; and

i #tha impact of
aguaculture animals and water.
Keywords:

2. BERYPRE: Er]UBZIZI USRI R,

3. BUIBAAIIBEBILZS |
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JERTARA TS
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Experts in Seaweed Cultivation and Marine Protein 1. EEJ‘-&*&%‘- . {@)}H *%Hjﬁlﬁj ]jjﬁléﬁu&iﬂiﬁmb’
Leading Experts on Seaweed Cultivation, Seaweed-Based Protein, and Macroalgal N N l_[
SNSRI
o
Below is a structured synthesis of the most relevant experts identified from the retrieved author data.
These individuals have substantial publication output, citation impact, or specialized expertise in
seaweed cultivation, marine protein, macroalgal carbon sequestration, or carbon-cycle modeling
Summary Table: Top Experts by Domain
Domain Key Experts Why They re Relevant Citations
Seaweed Cultivation NiP.D. Kusuma, Pieter Wiork on Kappaphyeus and a8 s
& Aquaculture Amalo, Rifgah Pratiwi, Adrian Eucheuma cultivation, growth B =)
K. Maclead optimization, and sustainable farm
design
Seaweed Proteins & Diane Purcell, Joo P. Trigo, Lead research on seaweed protein 2 (5
Extraction Kristoffer Stedt, Jayani extraction, functional foods, ) (@)
Technologies Samarathunga, Maria Hayes  biochemical profiling -
Macroalgal Carbon i Chen, Xiuting Feng, Ruimin  Produce high-impact work on 57 58
Capture & Blue Zhang, Ellen Ould, Bi DOC/POC pathvways, carbon = @
Carbon Modeling, accounting frameworks, and o
macroalgal carbon fate
1. Experts in Seaweed Cultivation and Applied Aguaculture
Ni P.D. Kusuma
Focus on and ltivation perfo , biochemi ition, and
bioactivity 4
Piater Amala
Can you make a short report for my team about this and include diagrams? °
¢ o
\ L P . from Elsevter ishers. 4 resper in qually. Share feecbark J
" N y N
Seaweed cultivation for protein and carbon capture v )
Matching documents
3. Diagram: Protein & Carbon Pathways in Seaweed Cultivation Production of acetone, butanol, and ethanol by
fermentation of Saccharina latissima: Cultivation,
enzymatic hydrolysis, inhibitor removal, and
Nutrients fermentation
Schultze-Jena, A. ; Vroon, RC. ; Macleod, AK.A. ;
Lopez-Contreras, AM. ; Boon, M.A,
Algal Research 7 + Journal = 2022
Growth
32 citations
Ensiling of sugar kelp biomass for biorefining
Biomass
Larsen, SU. ; Ma, N. ; Hou, X. ; Bak, U.G. ; Bjerre, A.-B.
Biomass and Bioenergy 7 = Journal = 2021
T citations
Protein ‘ ‘ Carbon fixation ‘
/ \ Is social license to operate relevant for seaweed
cultivation in Europe?
‘ POC export ‘ RDOC formation ‘ Billing, S-L. ; Rostan, J. ; Tett, P. ; Macleod, A.
Aquaculture 71 = Journal = 2021
\ / 42 citations
Long term storage
Effects of seeding method, timing and site selection on
the production and quality of sugar kelp, Saccharina
latissima: A Danish case study
Figure 1: Seaweed nutrient uptake drives biomass formation, protein yield, and carbon pathways 1) (3 Boderskov, T. : Nielsen, M.M. : Rasmussen, M.B. : Sloth, Ju. :
710 (12 E—— ’ . i
\ \ Rruhn A . 7
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Discover deeper insights

Based on peer-reviewed abstracts and full text

Which seaweed species exhibit the highest protein yield under varying nutrient and light conditions, a
nd what physiological or biechemical mechanisms regulate their carbon capture efficiency and amino
acid synthesis?

() |4 Deepresearch x o

B Explore topics #8% Find experts 151 Find funding

1. JEE2m, R EIHRS : RERILEERRRE S —— e Hr AR, IRUE™
AR, SR — DR, RETRA R EEIEEE, BERHE iRt
X, 1E LeapSpace FEIEHI SRR T) IZAeR, FFERHYIR RFE A iU bR ik

Seaweed species protein yield and mechanisms v

Which seaweed species exhibit the highest protein yield under varying nutrient and light
and what physiological or biochemical mechanisms regulate their carbon capture

efficiency and amino acid synthesis?

e Show deep research steps - Processed for Im 57s

‘ Deep research report ew Deep research response as PDF

This report may contain inaccuracies. Please verify the information independently.

Protein Yield, Carbon Capture, and Amino Acid Synthesis in High-
Protein Seaweeds: Species Comparisons and Environmental
Regulation

Quick Reference

Key Findings Table

Max Protein Key Mechanisms for Carbon
Yield (% Optimal Capture & Amino Acid Notable
Species/Group DW) Conditions Synthesis References
Ulva fasciata 245 High nutrients, Robust CCMs, boundary- 1(2)(3
high light layer acidification,

GS/GOGAT, PII/NAGK

Ulva prolifera Highest in 400 pmol m2 g1, CCM flexibility, strong N 4[5

Ulva group 925°C, high N assimilation, GS/GOGAT
Porphyra/Pyropia 30-47 Winter/spring, high Efficient Rubisco, 8 (7
spp. nutrients GS/GOGAT, PII/NAGK

2. bl AERHS RIS, ARTETERES BRSSO A, X el
HIEE, WL RIZERR. a5 AR5, Sie AR 12,
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Discover deeper insights

Based on peer-reviewed abstracts and full text

Which seaweed species exhibit the highest protein yield under varying nutrient and light conditions, a
regulate their carbon capture efficiency and amino

58 Find experts £33 Find funding

=

Global food systems face mounting pressure to deliver adequate protein to a
projected poputation of 9.7 billion by 2050, while simutaneously reducing
greenhouse gas emissions. Conventional animal agriculture contributes roughly
14.5% of emissions and occuples nearly 80% of agricultural land,
making new protein sources an urgent priority. Seaweed has emerged as a
compelling candidate: it requires no freshwater, no fertiizer, and no arable land,
and some species contain 25-47% protein by dry weight with amino acid profiles
broadly comparable to soy. Large-scale offshore cultivation has also been
proposed as a mechanism for active carbon drawdown. But the evidence
supporting seaweed's dual-function potential s more complicated than optimistic
projections often suggest.

To examine what the evidence actually supports, we conducted a systematic
search across leading academic fiterature databases covering peer-reviewed
Iierature from 2000 to 2024, supplemented by FAO and IPCC reports. After
screening, 94 studles were included. Given substantial heterogenelty In
measurement methods — particutarly in how protein content was calculated
across studies — we used a narative synthesis rather than meta-analysis.

Reported protein content ranges from 8% to 47% dry weight depending on
species and growing conditions, and some brown aigae contain iodine levels and

anti-nutritonal that reduce iy, Pr g can partially
address this, but adds cost and complexity. Seaweed's protein contribution is
most credible as a o existing ther than a

The carbon picture Is similarly nuanced. Seaweed absorbs CO: while growing, but
most of that carbon is released when biomass is harvested, consumed, or
decomposed. Lasting sequestration depends on biomass sinking to deep ocean
sediment — a pathway that remains poorly quantfied at scale. Current estimates
suggest seaweed cultivation could offset 0.5-1.5 Gt CO: per year by 2050,
meaningful but modest against the 40 Gt annual reductions required under 15°C
scenarios.

The strongest case for seaweed Is not that it solves either problem alone, but that
it represents a genuinely low-mpact production system with real co-benefits
across food security, coastal livelihoods, and ecosystem services — including
water quality improvement and marine habitat provisioning — that are difficult to
monetize but substantively real,

E1EEhF (Writing Coach) 2—kE MFFA RITIERIFIFEE

Assistant x

# Dratintroduction
3 Discover gaps

3 Find literature

Evaluate whether my draftis supported by existi

ng literature. =

TAE=R), FREIRIEE T EARIESR, 9&1&1@?&#&%%&2&&0
FIFEVEBT: M LeapSpace E TR Writing Coach,

AR : RS R A SRS MG AS R 2.

FTHF Assistant fiti: %fE “Assistant” Ebr, HAMIKXEER,

KA THE—BOWE, BN, FHeiEE T H ZRSE s 5 &,
B ETUER RN R A R AL

st S 5e

Assistant x

Evaluate whether my draft is supported
by existing literature.

Copllot stops > a
Overall assessment

Your draft is partly well supported, but it mixes

conclusions. The strongest support s for the
broad motivation: global protein demand is rising
and food systems are under climate pressure 1,
2, 3. The weakest support is for precise
numeric claims about seaweed protein ranges,
amino-acid comparability to soy, and especially
large-scale carbon drawdown at the levels
implied in the draft

Segment 1: protein demand and
alternative protein framing

Well supported: the world faces
tising protein demand alongside
climate constraints 1,2, 3

Well supported: livestock and food
production are major GHG sources,
and alternative proteins are being
explored as mitigation options 3 , 4
/@

Less well supported / needs tightening:

+ “Conventional animal agriculture
oy 18 &%

TR— 2 HAERDN I




s

- > F i A Y I\j farq
Z . 71N
“ Claim radar A Assistant x 1 . Eﬁl’ﬁ# %ﬁ H w& . :1&{\ n
Flag sentence level edits in my draft and A} Y—‘X—J“#ﬂé‘ %/AE/J = j‘ Pl 2
Giobal food systems face mounting pressure to deliver adeguate protein 1o a paiatey l,/{ (A 1 Z| éi"\‘ »fj‘ ) ||:| H\ 7]\ o
projected population of 9.7 bilion by 2050, while simultaneously reducing
N > S,
L — st ERERAINE. Blan, HEER
opilt steps > =2 eIl =N n’ '/fu\
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Global food systems face mounting pressure to provide adequate protein for a
growing global population by 2050 while reducing greenhouse gas emissions

Godfray etal. 2010 |, | Springmann et al. 2018 , | Foley et al. 2011 . Conventional animal
agriculture is widely cited as a major contributor to food-related emissions, but
precise estimates vary across studies; more broadly, food systems account for a
substantial share of global anthropogenic greenhouse gas emissions, and shifts
away from animal-source foods can reduce those impacts | Poore & Nemecek 2018 |,
Tilman & Clark 2014 |, | Crippa et al. 2021 |, | Vermeulen et al. 2012 |, | Zhao et al. 2026 |
Seaweed has emerged as a compelling candidate: it requires no freshwater, no
fertilizer, and no arable land, and some species contain 25—47% protein by dry
weight with amino acid profiles broadly comparable to soy. Large-scale offshore
cultivation has also been proposed as a mechanism for active carbon drawdown.
But the evidence supporting seaweed's dual-function potential is more
complicated than optimistic projections often suggest.

To examine what the evidence actually supports, we conducted a systematic
search across leading academic literature databases covering peer-reviewed
literature from 2000 to 2024, supplemented by FAO and IPCC reports. After
screening, 94 studies were included. Given substantial heterogeneity in
measurement methods — particularly in how protein content was calculated
across studies — we used a narrative synthesis rather than meta-analysis.

Reported protein content ranges from 8% to 47% dry weight depending on
species and growing conditions, and some brown algae contain iodine levels and
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“Seaweed generally requires liztle or no arable
land and freshwater relative to terrestrial protein
crops.”

“some species reach high protein concentrations
on adry-weight basis,

“Reported protein content ranges from 8% to 47%
dry weight depending on species and growing
conditions.”

“Some species also present iodine burdens,
phenolic compounds, and digestibility constraints
that can reduce usable protein, even when amino
acid profiles appear favorable”

“Processing can partially address
cost and complexity.”

“Seaweed absorbz CO; while growing”

“much of that carbon is subsequently returned to
i ed,
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Identificd claim

Conventional animal agriculture
contributes roughly 14.5% of
anthropegenic emissions and occupies
nearly 80% of agricultural land.

46 related documents
@ Support —— Eil
Mixed — “

@ Contradict *

4key insights

» Provided abstracts mostly place animal
agriculture near the claim's emissions range
and land-use dominance.
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Pre- and post-production processes increasingly
dominate greenhouse gas eissions from agri-food
systems
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not firmly support. That matters because readers
will trust the argument more when the level of
certainty matches the evidence, especially on
emissions shares, land use, and seaweed carbon
removal, where estimates vary across sources
They also help the paper present seaweed as a
promising but limited option rather than a
settled solution, which is closer to the current
review literature on protein potential, processing
constraints, and uncertain sequestration
pathways The main thing to double-check is that
every quantitative statement now has a source
that supports that exact figure, not just the
general idea
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These changes make the draft more credible by
aligning the strength of each claim with what the
literature actually supports, especially where the
evidence is variable or uncertain. That matters
because readers notice when precise numbers or
climate claims sound firmer than the sources
justify, and that can weaken trust in the whole
argument. They also sharpen the distinction
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