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model ACcess
Preliminary model will be found on GitHub at: https://github.com/tonyanastasi22/biomass-thermo-model. If multiple models are available, as the process is further defined, version v1.0 (Thermo-Model v1.0 in packages) was used to produce results for this paper. Further models may provide more accurate data as more limitations are relaxed with regards to other compounds or increasing accuracy of entropy calculations. 
model limitations
This work presents a regression-based thermodynamic framework for estimating combustion enthalpy (), Gibbs free energy () and formation properties () of CHO-based organic compounds. The core of the model is a linear relationship between  and the compound’s molar oxygen requirement, , consistent with Thornton’s rule. Formation properties are derived from empirical regressions of elemental composition (C, H, O). 
The model was trained on 50+ organic compounds and validated against reported experimental values of biomass materials, showing low deviations for biomass constituents. 
However, entropy-related predictions are inherently more sensitive due to their derivation from and . Small inaccuracies in these values can lead to amplified uncertainty in entropy estimations. Additionally, this model has not been calibrated for oxygen-rich or low-carbon compounds (< 0.5), and such cases may return unreliable or non-physical results. 
This version of the model should be used as a lightweight tool for first-pass thermodynamic screening in process modeling or bioenergy system design. Future improvements will focus on refining regressions using expanded datasets and potentially incorporating additional features. Additionally, the impact of nitrogen and sulfur atoms, as are found in many organic biomass compounds, will potentially be examined and incorporated into future models.
Table S1: Thermodynamic properties retrieved from NIST WebBook [1].
Family
Compound
Formula








Alkanes
Methane
CH4
-74.87
186.25
-80.94
-50.74

Ethane
C2H6
-84.00
229.6
-174.11
-32.09

Propane
C3H8
-104.70
269.91
-270.31
-24.11

Butane
C4H10
-125.60
310.1
-366.63
-16.29

Pentane
C5H12
-146.80
347.82
-465.43
-8.03

Hexane
C614
-198.70
296.06
-653.70
-3.80

Heptane
C7H16
-224.40
328.57
-757.70
1.51

Octane
C8H18
-250.30
361.2
-861.58
6.58

Nonane
C9H20
-274.70
393.67
-965.63
13.20

Decane
C10H22
-301.00
425.89
-1069.92
18.00

Undecane
C11H24
-327.20
458.12
-1174.20
22.89

Dodecane
C12H26
-352.10
490.66
-1278.18
28.99
Branched
Alkanes
2-Methylpropane
C4H10
-134.20
290
-386.73
-18.90

2-Methylbutane
C5H12
-178.20
260.41
-552.84
-13.37

2-Methylpentane
C7H16
-204.30
290.58
-795.69
32.94

2-Methylhexane
C8H18
-229.80
323.34
-899.44
38.37

2-Methylheptane
C9H20
-255.20
356.39
-1002.91
43.82

2,2-Dimethylpropane
C5H12
-167.90
306
-507.25
-16.66
Cyclohexanes
Cyclopropane
C3H6
53.30
237.4
-172.14
104.62

Cyclopentane
C5H10
-105.60
204.14
-478.43
37.04

Cyclohexane
C6H12
-157.70
203.89
-615.19
25.72
Alkenes
Ethene
C2H4
52.47
219.32
-53.71
68.48

Propene
C3H6
20.41
266.82
-142.72
62.96

But-1-ene
C4H8
-0.63
307
-239.05
70.64

trans-But-2-ene
C4H8
-10.8
209
-337.05
89.69

cis-But-2-ene
C4H8
-7.7
209
-337.05
92.79

Buta-1,2-diene
C4H6
162.2
321.21
-94.16
190.27

Buta-1,3-diene
C4H6
108.8
278.78
-136.59
149.52
Alkynes
Ethyne
C2H2
226.73
200.93
58.58
209.26

Propyne
C3H4
185.4
268.6
-10.26
188.46

1-Butyne
C4H6
165.2
310.23
-105.14
196.55

2-Butyne
C4H6
145.1
195.1
-220.27
210.77
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Arenes
Benzene
C6H6
49
173.26
-253.78
124.66

Methylbenzene
C7H8
12
220.96
-342.59
114.14

Ethylbenzene
C8H10
-12.5
255.01
-445.05
120.19

Propylbenzene
C9H12
-38.4
287.78
-548.80
125.22

1,2-Dimethylbenzene
C8H10
-24.4
246.02
-454.04
110.97

1,3-Dimethylbenzene
C8H10
-25.4
253.8
-446.26
107.65

1,4-Dimethylbenzene
C8H10
-24.4
247.154
-452.91
110.64
Alcohols
Methanol
CH4O
-238.4
127.19
-242.58
-166.08

Ethanol
C2H6O
-276
159.86
-346.42
-172.71

Propan-1-ol
C3H8O
-302.54
192.8
-449.99
-168.37

Propan-2-ol
C3H8O
-317
180.58
-462.21
-179.19

Butan-1-ol
C4H10O
-328
225.73
-553.58
-162.95

Pentan-1-ol
C5H12O
-351.6
258.9
-656.92
-155.74

Hexan-1-ol
C6H14O
-377.5
287.4
-764.93
-149.44

Heptan-1-ol
C7H16O
-403.4
325.9
-862.95
-146.11

Octan-1-ol
C8H18O
-426.6
355.9
-969.46
-137.56

Ethan-1,2-diol
C2H6O2
-460
166.9
-441.96
-328.23
Carboxylic acids
Formic Acid
HCOOH
-425.5
131.84
-209.82
-362.94

Acetic Acid
CH3COOH
-483.52
158
-320.18
-388.06

Oxalic Acid
(COOH)2
-828.93
115.6
-437.05
-698.62

Benzoic Acid
C6H5COOH
-384.8
165.71
-472.31
-243.98

Table S2: Combustion reaction data for data retrieved from NIST WebBook [1].  
Compound
Formula








Methane
CH4
-74.87
-50.74
890.30
817.90
Ethane
C2H6
-84.00
-32.09
1560.51
1468.05
Propane
C3H8
-104.70
-24.11
2219.15
2107.53
Butane
C4H10
-125.60
-16.29
2877.59
2746.85
Pentane
C5H12
-146.80
-8.03
3535.73
3386.61
Hexane
C6H14
-198.70
-3.80
4163.17
4022.34
Heptane
C7H16
-224.40
1.51
4816.81
4659.15
Octane
C8H18
-250.30
6.58
5470.25
5295.72
Nonane
C9H20
-274.70
13.20
6125.19
5933.84
Decane
C10H22
-301.00
18.00
6778.23
6570.14
Undecane
C11H24
-327.20
22.89
7431.37
7206.53
Dodecane
C12H26
-352.10
28.99
8085.81
7844.13
2-Methylpropane
C4H10
-134.20
-18.90
2868.99
2744.24
2-Methylbutane
C5H12
-178.20
-13.37
3504.33
3381.27
2-Methylpentane
C7H16
-204.30
32.94
4836.91
4690.58
2-Methylhexane
C8H18
-229.80
38.37
5490.75
5327.51
2-Methylheptane
C9H20
-255.20
43.82
6144.69
5964.46
2,2-Dimethylpropane
C5H12
-167.90
-16.66
3514.63
3377.98
Cyclopropane
C3H6
53.30
104.62
2091.32
1999.12
Cyclopentane
C5H10
-105.60
37.04
3291.10
3194.54
Cyclohexane
C6H12
-157.70
25.72
3918.34
3814.72
Ethene
C2H4
52.47
68.48
1411.15
1331.48
Propene
C3H6
20.41
62.96
2058.43
1957.46
But-1-ene
C4H8
-0.63
70.64
2716.73
2596.64
trans-But-2-ene
C4H8
-10.80
89.69
2706.56
2615.69
cis-But-2-ene
C4H8
-7.70
92.79
2709.66
2618.79
Buta-1,2-diene
C4H6
162.20
190.27
2593.73
2479.13
Buta-1,3-diene
C4H6
108.80
149.52
2540.33
2438.38
Styrene
C8H8
103.40
201.46
4394.80
4304.90
Ethyne
C2H2
226.73
209.26
1299.58
1235.12
Propyne
C3H4
185.40
188.46
1937.59
1845.82
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