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[bookmark: _Hlk174200731]Table S1. A comprehensive estimate of CO2 equivalent emission reductions and economic benefits of biochar and biofertiliser applications from Ulva biomass in China and South Korea (2008–-2022)

	Country
	Year
	Total area (km2)
	Dry biomass (ton)
	CO2eq (ton) by carbon contents
	CO2eq (ton) 
by biochar
	CO2eq (ton) 
by biofertilizer 
34%–50%
	Total CO2eq (ton)
	Total benefit (USD)

	China
	2008
	2,590
	2,249,100
	2,434,990
	1,217,497
	413,950–608,750
	4,066,437–4,261,237
	831,849776,048931–857,693866,476707

	
	2009
	3,700
	188,300
	203,865
	101,934
	34,659–50,969
	340,458–356,768
	6,846,6107,020,244–7,356,556174,604

	
	2010
	530
	12,000
	12,992
	6,496
	2,209–3,248
	21,697–22,736
	436,32747,392–46857,816221

	
	2011
	560
	17,200
	18,622
	9,311
	3,167–4,657
	31,100–32,590
	62541,421282–65572,385006

	
	2012
	36,267
	45,274
	49,017
	24,508
	8,335–12,254
	81,860–85,779
	1,646,205687,953–1,725,01668,763

	
	2013
	790
	496,483
	537,516
	268,758
	91,379–134,381
	897,653–940,655
	18,051,802509,605–19,396,3068,916,572

	
	2014
	540
	244,629
	264,849
	132,425
	45,024–66,214
	442,298–463,488
	8,894,6139,120,185–9,557,1239,320,744

	
	2015
	594
	179,100
	193,904
	96,954
	32,964–48,477
	323,822–339,335
	6,512,0606,677,210–6,997,0886,824,027

	
	2016
	554
	117,456
	127,166
	63,583
	21,620–31,793
	212,369–222,542
	4,270,741379,049–4,588,816,475,320

	
	2017
	312
	321
	349
	176
	59–88
	584–613
	11,7442,042–12,327640

	
	2018
	ND
	ND
	ND
	ND
	ND
	ND
	ND

	
	2019
	ND
	ND
	ND
	ND
	ND
	ND
	ND

	
	2020
	ND
	ND
	ND
	ND
	ND
	ND
	ND

	
	Total
	46,437
	3,549,863
	3,843,270
	1,921,642
	653,366–960,831
	6,418,278–6,725,743
	132,344,893129,071,571–135,254,69238,684,821

	Korea
	2008
	ND
	1,000
	1,083
	543
	184–272
	1,810–1,898
	367,39922–389,16937

	
	2011
	1.38
	173
	187
	95
	33–48
	315–330
	6,33495–6,636805

	
	2012
	1.38
	188
	202
	103
	37–51
	342–356
	6,8787,052–7,341159

	
	2013
	1.38
	235
	253
	128
	44–66
	425–447
	8,547764–8,9899,217

	
	2014
	1.38
	122
	132
	66
	22–33
	220–231
	4,424536–4,645763

	
	2015
	1.38
	277
	301
	150
	51–77
	502–528
	10,095351–10,618887

	
	2016
	1.38
	275
	297
	150
	51–77
	498–524
	10,015269–10,538805

	
	2017
	1.38
	531
	576
	290
	99–147
	965–1,013
	19,406898–20,888371

	
	2018
	3.00
	330
	356
	180
	62–92
	598–628
	12,026331–12,629949

	
	2019
	3.00
	694
	752
	378
	128–191
	1,258–1,321
	25,298940–26,5657,239

	
	2020
	3.00
	1,334
	1,446
	723
	246–363
	2,415–2,532
	48,5669,797–52,210,919

	
	2021
	ND
	511
	554
	279
	95–139
	928–972
	18,6629,135–19,54720,043

	
	2022
	ND
	889
	962
	481
	165–242
	1,608–1,685
	32,3373,157–33,8854,745

	
	Total
	19
	6,559
	7,101
	3,566
	1,217–1,798
	11,884–12,465
	238,98845,047–257,02950,670


The carbon content of Ulva sp. has been reported in various studies (Untawale and Dhargalkar 1986; Pérez-Lloréns et al. 1996; Altamirano et al. 2000; Kakinuma et al. 2004; Nielsen et al. 2012; Malta and de Nys 2016; Hu et al. 2017; Gao et al. 2018; Wu et al. 2018; Samanta et al. 2019; Yan et al. 2019; Hiraoka et al. 2020; Lee and Kang 2020; Lawton et al. 2021), with an average value of 29.5%. This percentage is multiplied by the dry biomass to predict the carbon content. As approximately half of the carbon in the feedstock is incorporated into the biochar (Lehmann et al. 2006), this value is multiplied by 50% to estimate the amount of carbon stored as biochar. The total CO2 sequestered by the biochar is calculated by multiplying the carbon content by 3.67 (the ratio of the molecular weights of carbon dioxide and carbon, i.e., 44 ÷ 12 = 3.67). Based on the conversion rate (34–50%) of biochar applied to agricultural land (Sohi et al. 2009), the carbon content in the biochar is multiplied by 34% to 50% to determine the amount of carbon contributed. The total amount of CO2 sequestered by biochar used in agriculture is then calculated by multiplying the carbon content by 3.67. Finally, the amount of CO2 sequestered by biochar is multiplied by the average carbon market price of $20.11 per tonne of CO2e in 2019 (World Bank) to estimate its monetary value.


Figure Fig. S1. A literature-based hypothetical techno-economic analysis (TEA) example of Ulva biomass and biochar production in land-based aquaculture with carbon trading revenues.
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% TERMS AND EQUATIONS
= Net Present Value (NPV)
= Sum of Discounted Cash Flows - Initial Investment
Itis used to determine the present value of all future cash flows
whish will be generated by the investment
= Return on Investment (ROI)
= (Total Profit / Initial Investment) x 100

Itis a ratio that measures the gain or loss generated from an
investment in relation to the initial amount of money invested

% ASSUMPTIONS
Revenue

Carbon trade value
Cost (Per 100ha)

Capital expenditures* $1,969,390-2,171,771

Operating expenditures™

Depreciation and interest $493,677-544,354
**Operating expenditures (OpEx)
= Electricity
- Cost of electricity: $0.07/KWh
- Electricity for water, pumps, paddles: 11.16 kW installed.
(Used 7,000 hours/year)
- Electricity for harvest and conveyors: 4.5 kW installed.
(Used 400 hours/year)

- Electricity for drying line: 7.2 kW installed. (Used 400 hours/year)

- Steam for drying: 45.18 MWh to produce 50 tons biomass.
(Operation and maintenance costs: 57% of total costs)

Price of dry biomass

$20.62 per 1 ton CO:z equivalent

Electricity cost Investment cost

-20% -20% +20% -20% +20%
1,453,125 2,009,152 1,786,428 2,373,808 1,797,772
247 213 190 236 170

1. 1.3 14 1.4 15

Payback Period (PBP)
= Initial Investment / Annual Cash Flow

Itis the number of years it requires to recover the original cash
which is invested in a project.

= CO: removed by biomass 0.295 x 3.67 x biomass (tons)

0.295 x 3.67 x 0.34 x biochar (tons) or
0.295 x 3.67 x 0.5 x biochar (tons)

= CO:z removed by biochar

*Capital expenditures (CapEx; Unit: $/ha)

- 4 raceways each 2,500m? $1,674

- Watersupply, pumps, paddles $216

- Harvest system and conveyors ~ $270

- Storage tank for fertilizers $18

. . - Drying line $360

$332,230-383,740 (Annual operation cost for basins: 7,000 hours) - Building for drying line $81
(Lifetime of all equipment: 10 years) - Building for storage $81

= Labor
- Labor wages: $105,000
- Harvest hours: once a week for 8 hours, total 400 hours/year
- Maintenance cost: 2% of capital cost annually
» Costs of the drying operation with a thermal capacity of 1 ton/hour:
$10,800
= Transportation costs for a 25-ton truck: $ 0.47/km for 40 km




