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Table 1S. Equation used to calculate the kinetic parameters of the FWOD, OFW and KAS models.
	Model
	Equation
	Axis X
	Axis y
	Slope
	Reference

	OFW
	

	1/T
	
	
	(Jai Bhagwan Dahiya, Krishan Kumar 2006)

	FWOD
	
	1/T
	
	
	(Joseph H. Flynn 1966), (Ozawa 1965)

	KAS
	

	1/T
	
	
	(Kissinger 1957)

	Preexponential factor

	Vyazovki method
	
	(Koga et al. 2023)





Section 1:  Calculation of adiabatic flame temperature 
Equation 1 shows the stoichiometric balance for complete biomass combustion. 
 Eq. 1
Where x, y, z come from the empirical formula based one carbon atom of the biomass and m is the amount of stoichiometric air necessary for complete combustion of the biomass. 
Assuming thar the combustion gases are a mixture of ideal gas, it is solved as shown in Equatio 2 as follows.
Eq. 2
Where a, b, c, d are the species-specific coefficients, shown in the Table A-2.

Table A-2 Cengel 7th edition (Yunes A Cengel 2005)  
	Gas species
	a
	b
	c
	d
	Temperature range (K)

	CO2
	22,26
	5,98X-02
	-3,50X-05
	-7,47X-09
	273-1800

	H2
	29,11
	-1,92X-03
	4,00X-06
	-8,70X-10
	273-1800

	CO
	28,16
	1,68X-03
	5,37X-06
	-2,22X-09
	273-1800

	CH4
	19,89
	5,20X-02
	1,27X-05
	-1,10X-08
	273-1800

	H2O vapor
	32,24
	1,92X-03
	1,06X-05
	-3,60X-09
	273-1800

	N2
	28,9
	-1,57X-03
	8,08X-06
	-2,87X-09
	273-1800



The adiabatic flame temperature is approximately 580°C for rice husk and rice straw. 


Table 2S. Mass and energy indicators, price of raw materials, utilities and products.

	Mass indicators
	Equation
	Reference

	Product Yield ()
	
	(Solarte-Toro 2022)

	Annual production ()
	
	(Piedrahita-Rodríguez et al. 2022)

	Carbon conversion efficiency (CCE)
	
	(Aristizábal-Marulanda et al. 2021)

	Lower heating value of syngas (LHV) 
	
	(Basu 2013)

	Cold gas efficiency (CGE)
	
	(Dhanavath et al. 2018)

	Energy indicator 
	Equation
	Reference

	Specific energy consumption ()
	
	(Aristizábal-Marulanda et al. 2021)

	Overall energy efficiency ()
	
	(Aristizábal-Marulanda et al. 2021)

	Resource energy efficiency 
	
	(Solarte-Toro 2022)

	Component
	Value
	Unit
	Reference

	Rice husk or rice straw
	46.85 a
	USD/ton
	This work

	Cooling water 
	1.78 a
	USD/cum
	This work

	Electricity 
	0.15 a
	USD/KWh
	

	Bio-char
	50
	USD/ton
	(Beston Group 2023) 

	Bio-oil
	130
	USD/ton
	(Tewfik et al. 2009)

	Electricity
	0.15a
	USD/KWh
	This work


is the mass flow of the product, [kg/h].  is the mass flow of the raw material, [kg/h].  is the mass of product in a year, [ton/year]. : specific period of the process. : mass flows of process input streams, [kg/h].  mass flows of process output stream, [kg/h].  are the energy (heat) requirements of the process, [MJ/h].  are the energy (electricity) requirements of the process, [MJ/h]. :Lower heating value, [MJ/Kg] or [MJ/Nm3]. is the mass flow of the energy vector, [kg/h]
a Price for the Department of Sucre

Table 3S. GWP values for different time horizons (IPCC 2007)
	Gas
	20 years
	100 years
	500 years

	Carbon Dioxide
	1
	1
	1

	Methane
	72
	25
	7.6

	


: is the Global Warming Potential for substance i integrated over years. : [Kg] is the quantity of substance i emitted.  	

Table 4S. FTIR spectrum band assignments.
	Wavenumber (cm-1)
	Funtional groups
	Compounds
	Reference

	3600-3000
	O-H stretching
	Carbohydrates (hemicellulose, cellulose)
Phenols (lignin)
Alcohols
Carboxylic acid
	(Kumar et al. 2020), (Le Troedec et al. 2008), (Thakur et al. 2018)  

	3000-2800
	C-Hn stretching of aliphatic groups
	Polysaccharides
Aromatic
Aliphatic
	(Yang et al. 2007), (Le Troedec et al. 2008) 

	2929.34
	Asymmetric C-H stretching present in alkyl groups such as methyl or methylene group
	Hemicellulose
Cellulose
	(El-Hendawy 2006) 

	2856.06
	Symmetric C-H stretching present in alkyl groups such as methyl or methylene group
	Hemicellulose
Cellulose
	(El-Hendawy 2006) 

	1716.32
	C=O stretching of acetyl group
	Hemicellulose
	(Choudhary et al. 2022), (Le Troedec et al. 2008) 

	1639.2
	C-C stretching 
	Hemicellulose
Lignin
	(Kumar et al. 2020) 

	1513.85
	C=C stretching of the aromatic ring skeleton of phenylpropane
	Lignin
	(Alriols et al. 2009) 

	1344.14
	C-H stretching of phenolics groups
	Lignin
	(Choudhary et al. 2022) 

	1228.43
	Si-O-Si functional group
	Silice
	(Choudhary et al. 2022), (Kumar et al. 2020) 

	1200 – 1000
	C-O stretching in lignin and xylan.
C-H stretching of cellulose and hemicellulose
	Hemicellulose
Cellulose
Lignin
	(Choudhary et al. 2022) 

	867.81
	β-glycosidic
	Amorphous cellulose
	(Choudhary et al. 2022)
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