Supplementary material

Table S1. Techno-economic assumptions for the production of bioactive-rich oil and defatted biomass from N. oculata.

	Variable
	Unit
	Value

	Operational details
	 
	 

	Process capacity (microalgae)
	kg h-1
	720/360/180

	Capacity utilization rate 
	%
	85

	Operating labor productivity 
	employee-h kg-1
	146

	Shift length
	hours shift-1
	8

	Production schedule 
	days year-1
	330

	Construction time of the plant 
	year
	1

	Plant operation time (y)
	year
	9

	Location 
	-
	Brazil

	Plant area 
	m²
	2000

	Financial criteria
	 
	 

	Depreciation method 
	-
	linear

	Equipment 
	 year
	10

	Buildings 
	year
	25

	Local tax
	% profit before Tax 
	0.34

	Minimum acceptable rate of return (MARR) 
	%
	20

	Weighted average cost of capital (WACC)
	%
	20

	Salvage value 
	% of buildings
	60 

	Lifetime project
	year
	10

	Cost criteria
	 
	 

	Maintenance and repairs 
	% direct fixed capital investment
	6

	Operating supplies
	% of the maintenance and repairs
	10

	Laboratory charges
	% of the operating labor 
	10

	Patents and royalties 
	% of the total product cost.
	2

	Contingency
	% direct fixed capital investment
	9

	Local taxes 
	% fixed capital investment
	2

	Insurance 
	% fixed capital investment. 
	1

	Packaging
	% for operating labor and maintenance 
	6

	Indirect Labor 
	% for operating labor and maintenance 
	40

	Warehouse and storage facilities 
	% for operating labor and maintenance 
	3.5

	Administrative Expenses 
	% of the manufacturing cost
	8

	Selling and distribution expenses 
	% sales
	10

	Costs
	 
	 

	Microalgae biomass cost
	US$ kg-1
	25

	Microalgae oil selling price
	US$ kg-1
	100

	Defatted biomass selling price
	US$ kg-1
	1.5

	Ethanol
	US$ l-1
	0.83

	Coagulant
	US$ kg-1
	0.3

	Electric energy
	US$ kWh-1
	0.14

	Thermal energy
	US$ GJ-1
	3.22

	Waste disposal
	US$ t-1
	36

	Water
	US$ kg-1
	0.008

	Operating labor cost including benefits
	US$ h-1
	25.0

	Research and development
	% sales
	2





Table S2. Fatty acid methyl ester profile of Nannochloropsis oculata oil. 
	Fatty acid
	Content (%)*

	C14:0
	5.0 ± 0.4

	C16:0
	24.6 ± 0.3

	C16:1
	22.2 ± 0.5

	C18:1C
	5.5 ± 0.5

	C18:2C
	2.6 ± 0.1

	C18:3G
	11.0 ± 1.1

	C24:0
	5.5 ± 0.4

	C20:5
	25.6 ± 1.5

	∑SFA
	35.05 ± 0.9

	∑MUFA
	27.65 ± 0.2

	∑PUFA
	39.11 ± 1.1



*Mean value ± standard deviation (n = 3); SFA: saturated fatty acids; MUFA: monounsaturated fatty acid; PUFA: polyunsaturated fatty acids.




Table S3. Detailed material balance of all process streams shown in Figure 2 for the production of bioactive-rich oil and defatted biomass from Nannochloropsis oculata. Mass flow rates are expressed in kg h⁻¹. Biomass is divided into lipids and other biomass components (non-lipid fraction). 
	Stream
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15

	Mass Flow (kg h-1)
	144000.0
	1.4
	131015.5
	12985.9
	8657.0
	4329.0
	3607.0
	721.0
	728.0
	725.0
	724.0
	520.9
	204.0
	446.5
	276.2

	Biomass (kg h-1)
	720.0
	0.0
	720.0
	648.0
	0.0
	648.0
	0.0
	648.0
	0.0
	203.2
	444.8
	0.2
	203.0
	444.8
	0.0

	Lipids (kg h-1)
	360.0
	0.0
	360.0
	324.0
	0.0
	324.0
	0.0
	324.0
	0.0
	203.2
	120.8
	0.2
	203.0
	120.8
	0.0

	Other biomass components (kg h-1)
	360.0
	0.0
	360.0
	324.0
	0.0
	324.0
	0.0
	324.0
	0.0
	0.0
	324.0
	0.0
	0.0
	324.0
	0.0

	Water (kg h-1)
	143280.0
	0.0
	130943.4
	12336.6
	8657.0
	3679.0
	3607.0
	72.0
	0.0
	48.0
	25.0
	47.5
	0.1
	0.1
	24.4

	Flocculant (kg h-1)
	0.0
	1.4
	0.1
	1.3
	0.0
	1.3
	0.0
	1.3
	0.0
	0.0
	1.3
	0.0
	0.0
	1.3
	0.0

	Ethanol (kg h-1)
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	0.0
	728.0
	474.0
	253.4
	473.2
	0.9
	1.6
	251.8
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Table S4. Equipment sizing for the production of bioactive-rich oil and defatted biomass from Nannochloropsis oculata.

	Equipment
	720 kg h-1
	360 kg h-1
	180 kg h-1

	
	Quantity
	Capacity (kg h-1)
	Energy demand (kWh year-1)
	Quantity
	Capacity (kg h-1)
	Energy demand (kWh year-1)
	Quantity
	Capacity (kg h-1)
	Energy demand (kWh year-1)

	Decanter
	1
	720
	-
	1
	360
	-
	1
	180
	-

	Dewatering press
	3
	648
	5.2E+04
	2
	324
	3.5E+04
	1
	162
	1.7E+04

	[bookmark: _Hlk170675271]Tray Dryers
	11
	648
	3.4E+07
	6
	324
	1.8E+07
	3
	162
	9.2E+06

	Extractor
	1
	648
	-
	1
	324
	-
	1
	162
	-

	Evaporator
	1
	276
	1.3E+06
	1
	138
	6.4E+05
	1
	69
	3.0E+05

	Desolventizer
	1
	372
	8.6E+04
	1
	186
	4.4E+04
	1
	93
	2.3E+04





Table S5. Annual production costs for microalgae bioactive-rich oil and defatted biomass obtained from Nannochloropsis oculata across three plant capacities (720, 360 and 180 kg h-1).

	 
	Processing capacity (Kg/h)

	
	720
	360
	180

	Costs item
	(Million US$ /year)
	%
	(Million US$/year)
	%
	(Million US$/year)
	%

	Raw Materials 
	               142.56 
	      77.67 
	                  71.28 
	      77.64 
	                35.64 
	      77.61 

	Microalgae
	               142.56 
	      77.67 
	                  71.28 
	      77.64 
	                35.64 
	      77.61 

	Reactant
	                   0.01 
	        0.01 
	                    0.01 
	        0.01 
	                  0.00 
	        0.01 

	Coagulant
	                   0.00 
	        0.00 
	                    0.00 
	        0.00 
	                  0.00 
	        0.00 

	Ethanol
	                   0.01 
	        0.00 
	                    0.00 
	        0.00 
	                  0.00 
	        0.00 

	Operating Labor 
	                   2.38 
	        1.29 
	                    1.19 
	        1.29 
	                  0.59 
	        1.29 

	Utilities  
	                   0.29 
	        0.16 
	                    0.15 
	        0.16 
	                  0.07 
	        0.16 

	Electricity
	                   0.01 
	        0.00 
	                    0.00 
	        0.01 
	                  0.00 
	        0.01 

	Thermal energy
	                   0.10 
	        0.06 
	                    0.05 
	        0.06 
	                  0.03 
	        0.06 

	Waste disposal
	                   0.18 
	        0.10 
	                    0.09 
	        0.10 
	                  0.04 
	        0.10 

	Water
	                   0.00 
	        0.00 
	                    0.00 
	        0.00 
	                  0.00 
	        0.00 

	Maintenance and repairs 
	                   0.17 
	        0.10 
	                    0.10 
	        0.11 
	                  0.05 
	        0.12 

	Operating Supplies
	                   0.02 
	        0.01 
	                    0.01 
	        0.01 
	                  0.01 
	        0.01 

	Laboratory chages 
	                   0.24 
	        0.13 
	                    0.12 
	        0.13 
	                  0.06 
	        0.13 

	Patents and Royalties
	                   0.40 
	        0.22 
	                 0.201 
	        0.22 
	                0.101 
	        0.22 

	Direct production costs
	               146.07 
	      79.58 
	                  73.05 
	      79.57 
	                36.53 
	      79.55 

	Depreciation
	                   0.11 
	        0.06 
	                    0.07 
	        0.07 
	                  0.04 
	        0.08 

	Local taxes
	                   0.08 
	        0.05 
	                    0.05 
	        0.05 
	                  0.03 
	        0.06 

	Insurance 
	                   0.04 
	        0.02 
	                    0.02 
	        0.03 
	                  0.01 
	        0.03 

	Fixed Charges
	                   0.24 
	        0.13 
	                    0.14 
	        0.15 
	                  0.08 
	        0.17 

	Packaging 
	                   0.15 
	        0.08 
	                    0.08 
	        0.08 
	                  0.04 
	        0.08 

	Indirect Labor  
	                   1.02 
	        0.56 
	                    0.51 
	        0.56 
	                  0.26 
	        0.56 

	Warehouse and storage facilities  
	                   0.09 
	        0.05 
	                    0.05 
	        0.05 
	                  0.02 
	        0.05 

	Plant-overhead 
	                   1.26 
	        0.69 
	                    0.64 
	        0.69 
	                  0.32 
	        0.70 

	Manufacturing Costs
	               147.57 
	      80.40 
	                  73.82 
	      80.41 
	                36.93 
	      80.41 

	Administrative Expenses
	                 11.81 
	        6.43 
	                    5.91 
	        6.43 
	                  2.95 
	        6.43 

	Selling and Distribution Expenses
	                 20.14 
	      10.97 
	                  10.07 
	      10.97 
	                  5.03 
	      10.96 

	Research and development
	                   4.03 
	        2.19 
	                    2.01 
	        2.19 
	                  1.01 
	        2.19 

	General Expenses
	                 35.97 
	      19.60 
	                  17.99 
	      19.59 
	                  8.99 
	      19.59 

	Total Product Cost
	            183.538 
	    100.00 
	                91.810 
	  100.00 
	              45.922 
	    100.00 


*Production at 85% of capacity.



