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Table S1. Cost factors used for CAPEX estimation. Source: Peters, M. S.; Timmerhaus, K. 
D.; West, R. E. Plant Design and Economics for Chemical Engineers, 5th ed.; McGraw-Hill, 
2003.

Cost Component Factor (fraction of bare 
equipment cost)

Equipment erection 0.3
Piping 0.8

Instrumentation & 
control 0.3

Electrical 0.2
Civil works 0.2

Structures and 
buildings 0.2

Insulation (lagging) 
and painting 0.1

Offsites (OSBL) 0.3
Design and 
engineering 0.3

Contingency 0.1
Working capital 
(fraction of FCI) 0.1

Table S2. Financial parameters and raw material costs for base case TEA.

Financial parameters Value Ref
Discount rate/Interest rate (%) 10.7% 1, 2

Taxes (%) 30.0% 1

Indirect costs (% of direct costs) 30% 3

Design and engineering costs (% of direct and indirect 
costs)

30% 3

Contingency (% of direct and indirect costs) 10% 4, 5

Working/startup capital (% of fixed capital 
investment)

10% 4, 5

Utility prices
Electricity price ($/kWh) 0.07 6-8

Raw water price ($/m3) 1.5 9

Natural gas price ($/GJ) 5.5 9

Raw materials and product prices
Methanol ($/t) 339 9, 10

WCO ($/t) 826 11, 12

Glycerol ($/t) 1300 13
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Table S3. ANOVA for the response surface quadratic model

Source SoS* Df* Mean square F-value p-value Significance

Model 3376.89 10 337.69 11.19 <0.0001 Significant

A (Temperature) 164.08 1 164.08 5.44 0.0331

B (Pressure) 61.82 1 61.82 2.05 0.1717

C (Time) 51.67 1 51.67 1.71 0.2092

D (M:O ratio) 1060.32 1 1060.32 35.13 <0.0001

AC 674.98 1 674.98 22.36 0.0002

AD 19.50 1 19.50 0.6460 0.4333

BD 143.11 1 143.11 4.74 0.0448

CD 28.35 1 28.35 0.9391 0.3469

A2 1138.18 1 1138.18 37.71 <0.0001

D2 157.08 1 157.08 5.20 0.0366

Residual 482.97 16 30.19

Lack of fit 331.82 14 23.70 0.3136 0.9277 Not significant
*SoS, sum of squares; Df, degrees of freedom.

The model’s fit was further evaluated using the coefficient of determination (R2), predicted R2, 

adjusted R2, and adequate precision (Table S2). R2 showed that 87.5% of the variation in 

biodiesel yield was explained by the model. The predicted R2 closely matched the adjusted R2 

(difference <0.2), indicating strong predictive ability for new data. Additionally, the adequate 

precision, which measures the signal-to-noise ratio, exceeded the threshold of 4, confirming a 

reliable signal across the tests. Moreover, the coefficient of variation (CV) of 6.90% indicates 

minimal relative dispersion around the mean, demonstrating high precision in the predicted 

biodiesel yields. These metrics emphasize the model’s reliability, precision, and consistency in 

predicting biodiesel yield.
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Table S4. Summary of model fit statistics

Metric Value

Std. dev. 5.49

Mean 79.62

CV % 6.90

R2 0.8749

Adjusted R2 0.7967

Predicted R2 0.6141

Adequate precision 10.9989

Table S5. Validation table with 95% confidence interval

Predicted 

mean

Predicted 

median

Std dev n* SE Pred 95% PI 

low

Data 

mean

95% PI 

high

95.9241 95.9241 5.49415 4 4.00401 87.436 92.2775 104.412
*n, number of experiments.
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Fig. S1. Comparison of model-predicted versus experimentally observed biodiesel yield (a) 

and plot of residuals versus experimental run (b).

Fig. S2. Samples of (a) untreated WCO and (b) supercritical biodiesel after centrifugation.

(a) (b)

(b)(a)



S6

Fig. S3. Process flow diagram of biodiesel production via the SCM process including stream numbers.
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Table S6. Material and energy balances for various process streams 
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Table S6. Material and energy balances for various process streams (Cont.)
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