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Table S1 List of the different isoconversional methods used in the current study. 

Methods Expressions Approximations used Comments 

Integral  KAS[1,2]  
ln (

𝛽

𝑇2
) = ln (

𝑅. 𝐴

𝐸𝑎𝑔(𝛼)
) −

𝐸𝑎
𝑅𝑇

 
Murray and White approximation [3]: 

𝑝(𝑥) ≅
exp(−𝑥)

𝑥2
 

The Ea is calculated from the 

slope of the plot ln(
𝛽

𝑇2
) vs. T-1, for 

each . 

FWO [4,5] 
ln(𝛽) = ln (

𝐴. 𝐸𝑎
𝑅. 𝑔(𝛼)

) − 1.0518
𝐸𝑎
𝑅𝑇

− 5.33 

Doyle approximation [6]: 

𝑝(𝑥) ≅ exp(−2.315 + 0.4567𝑥) 

The plot of ln(𝛽) vs. T-1, for each 

 gives a slope from which Ea is 

estimated 

Starink [7] 
ln (

𝛽

𝑇1.8
) = 𝐶𝑠−1.0037

𝐸𝑎
𝑅𝑇

 
Similarly to KAS and FWO methods By plotting ln(

𝛽

𝑇1.8
) vs. T-1, Ea can 

be determined from the slope 

Vyazovkin 

[8,9] Φ(𝐸𝑎) =∑∑
𝐼(𝐸𝑎, 𝑇𝑎,𝑖)𝛽𝑗

𝐼(𝐸𝑎, 𝑇𝑎,𝑗)𝛽𝑖

𝑛

𝑗≠𝑖

𝑛

𝑖=1

 
Senum-Yang approximation [10]: 

𝐼(𝐸𝑎, 𝑇𝑎) = 𝑝(𝑥) = 𝑎(
𝑏

𝑐
) 

𝑎 = exp(−𝑥) 𝑥⁄  

𝑏 = 𝑥7 + 70𝑥6 + 1886𝑥5 + 24920𝑥4

+ 170136𝑥3 + 577584𝑥2

+ 844560𝑥 + 357120 

𝑐 = 𝑥8 + 72𝑥7 + 2024𝑥6 + 28560𝑥5

+ 21672𝑥4 + 880320𝑥3

+ 1794240𝑥2 + 1572480𝑥

+ 403200 

The value of apparent Ea for each 

𝛼 is obtained by minimizing 

Φ(𝐸𝑎) 

Differential Friedman 

[11] 
ln[ 𝛽𝑖. (

𝑑𝛼

𝑑𝑇
)𝛼,𝑖] =  ln(𝑓(𝛼). 𝐴) −

𝐸𝑎
𝑅𝑇

 

 

 

 

⸺ 
The plot of ln(

𝑑𝛼

𝑑𝑡
) vs. T-1 gives a 

slope from which Ea is evaluated 
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Table S2 Statistical treatment of different isoconversional methods at given conversion. 

 

Biomass 

R2        Error/% 

KAS FWO Starink Friedman Vyazovkin 

Min Max Min Max Min Max Min Max Min Max 

SGT 0.99 1.00 0.99 1.00 0.99 1.00 0.98 1.00 0.00 1.30 

pure SCG 0.97 1.00 0.97 1.00 0.97 1.00 0.96 1.00 0.10 2.83 

blended SCG 0.96 1.00 0.96 1.00 0.96 1.00 0.94 1.00 0.01 3.87 

CH 0.95 1.00 0.96 1.00 0.95 1.00 0.93 1.00 0.08 4.85 
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Table S3 Experimental-simulation fit quality at different heating rates. 

 

 

  

Biomass 

wastes 

 

β/°C min-1 

Fitting between experimental and simulated data 

MAE/min-1 RMSE/min-1 R2 

SGT 10 0.17 0.19 0.99 

 25 0.67 0.76 0.96 

 50 1.37 1.70 0.96 

100 2.35 3.14 0.98 

pure SCG 10 0.23 0.25 1.00 

 25 0.73 0.85 0.99 

 50 2.02 2.49 1.00 

100 4.15 4.70 1.00 

blended SCG 10 0.48 0.55 1.00 

 25 1.77 2.08 1.00 

 50 4.35 5.09 1.00 

100 9.83 11.49 0.99 

CH 10 0.11 0.14 1.00 

 25 0.72 0.84 1.00 

 50 2.35 2.79 1.00 

100 2.54 3.01 1.00 
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Table S4 Pre-exponential factors, A/s-1, using the activation energy from Friedman 

method. 

α SGT pure SCG blended SCG CH 

10 5,4·1012 1,1·1018 5,4·1021 1,2·1020 

15 9,3·1013 6,8·1019 1,9·1023 4,6·1019 

20 1,9·1018 1,3·1021 4,0·1022 2,7·1018 

25 4,8·1019 3,2·1021 1,2·1022 8,4·1017 

30 1,9·1020 3,6·1021 5,3·1021 7,3·1017 

35 4,2·1020 1.6·1021 3,3·1021 7,7·1017 

40 1,2·1020 7,0·1020 4,8·1021 6,9·1017 

45 1,7·1020 1,2·1021 2,2·1022 6,3·1017 

50 1,1·1020 4,6·1021 2,4·1023 6,9·1017 

55 3,5·1019 6,1·1022 2,8·1023 4,9·1017 

60 1,2·1019 1,2·1023 3,0·1023 3,1·1017 

65 1,4·1019 1,0·1022 4,3·1025 3,2·1017 

70 5,4·1020 5,4·1024 8,0·1023 2,0·1017 

75 7,4·1023 1,5·1021 8,3·1023 1,3·1016 

80 4,8·1024 2,5·1020 6,0·1026 1,8·1015 

85 4,6·1026 2,8·1022 2,2·1031 1,4·1013 

90 4,7·1029 1,1·1025 1,9·1032 3,2·1010 
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Fig. S1 Deconvolution of DTG curves of (a) SGT, (b) pure SCG, (c) blended SCG 

and (d) CH at 10 °C min-1 
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Fig. S2 Ea as a function of conversion for (a) SGT, (b) pure SCG, (c) blended SCG and 

(d) CH from different isoconversional methods 
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