Appendix A
Comparison of energy available in crop residue to energy of natural gas.
Crop Residue
Amount of residue available: 3.3 Gigatons/year.7
Energy of residue: 14.86 Megajoules/kilogram, using wheat straw as a proxy.16
Available Energy = 3.3 x 14.86 x 1000 Megajoules/Gigaton = 49,038 x 109 Megajoules/year.

Natural Gas
Amount used globally in 2021: 4,040 x 109 cubic meters.
Energy of natural gas: 45,375 Kilojoules/kilogram.
Density of natural gas: 0.8 kilograms/cubic meter.
Available Energy = 4,040 x 109 x 45,375 x 0.8 x 1 Megajoule/1000 Kilojoules = 146,652 x 109 Megajoules/year.
Ratio of Crop Residue energy available to that of natural gas = 0.334, or 33.4%.

Appendix B
Hydrogen Needed for Ammonia (NH3) Production
Air is 78% nitrogen (N2) and 21% oxygen (O2).
Stoichiometric hydrogen air combustion per hydrogen molecule (H2) is;
H2 + 1/2 O2 + 1/2 x 78/21 N2 ==> H20 + 1.86 N2

This is equivalent to 1.86 nitrogen atoms produced for each hydrogen atom burned.
This equates to;
1/1.86 = 0.54 hydrogen atoms required to produce 1 nitrogen atom.

To achieve the 1 N to 3 H atoms ratio required for ammonia production you need 3 H atoms for each 0.54 hydrogen atoms that are burned;
or
0.54/3.54 * 100 = 15.2% of the hydrogen atoms need to be burned while the rest are required for ammonia production.
15.2% of the hydrogen is burned and 84.8% is used for ammonia production.

Appendix C
Residue needed to meet world ammonia (NH3) demand in 2021.
Assumes: 100% conversion rate of hydrogen and nitrogen to ammonia.
World production of ammonia: 150 million metric tons = 150,000 million kg 

Ammonia
3 H2 + N2 ==> 2 NH3
	By Vol
	Mols
	MW
	Wt, g
	Wt %

	N
	1.00
	12.00
	12.00
	80.00

	H
	3.00
	1.00
	3.00
	20.00

	Sum
	4.00
	
	15.00
	100.00


At 3 g H per 15 g ammonia it will take 30,000 million kg of H to meet global demand,
which is equivalent to 15,000 million kg of H2.
From Appendix B, 84.8 % of the dissociated hydrogen is used to produce ammonia. This makes the total H2 needed from water dissociation = 15,000 million kg / 0.848 = 17,690 million kg.

Calculate the amount of hydrogen production that is required to create enough oxygen to burn one kg of biofuel.
Using a model biofuel molecule of C2.5H5O4
	C2.5H5O2
	+
	2.75 O2
	—->
	2.5 CO2
	+
	2.5 H2O



	By mol:
	Mols
	MW
	Grams (g)

	O
	2.000
	16.000
	32.000

	C
	2.500
	12.000
	30.000

	H
	5.000
	1.000
	5.000

	Sum
	9.500
	
	67.000


This requires 2.75 mol O2 * 2 mol O/mol O2 = 5.5 additional oxygen atoms per mole of fuel for stoichiometric combustion.

By mass, oxygen = 5.5 mols x 16 g/mol = 88 additional grams of oxygen needed to burn the 67 g of fuel in that one g-mol of fuel.

Water
	H20
	—>
	H2
	+
	O



	By mol:
	Mols
	MW
	Grams (g)

	O
	1.000
	16.000
	16.000

	H
	2.000
	1.000
	2.000

	Sum
	3.000
	
	18.000


Need 2 g of H to get 16 g of O.
In terms of H2, 1 g of H2 is needed to get 16 g of O during water dissociation.
To get the 88 additional grams of oxygen needed will require;
88 grams of oxygen / 16 grams of oxygen produced per gram of H2 = 5.5 grams of H2 produced from water dissociation.

Putting this in terms of kilograms, via water dissociation, each 5.5 kilograms of H2 produces enough oxygen to burn 67 kilograms of biofuel.

Percentage of annual biomass residue needed to produce the global demand for ammonia.
Assume: Conversion of hydrogen and nitrogen to ammonia is 100%.
Assume: Conversion of biomass residue to biofuel is 50%.

From above, 17,690 million kg of H2 are needed from water dissociation and 5.5 kg of H2 produces enough oxygen to burn 67 kg of biofuel, so;
the total amount of biofuel that needs to be burned is,
17,690 million kg H2 / 5.5 kg H2 x 67 kg of biofuel = 215,500 million kg of biofuel burned,
                                                                           = 215.5 billion kg of biofuel burned,
                                                                           = 0.215 Gt of biofuel burned.

Assuming a 50% conversion rate of biomass residue to biofuel, this requires 0.430 Gt of biomass residue. The total residue available per year = 3.3 Gt
