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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 & 0.3
control )
Electrical 0.2
Civil works 0.2
Structures and 0.2
buildings '
Insulation (lagging) 0.1
and painting '
Offsites (OSBL) 0.3
Design and 0.3
engineering
Contingency 0.1
Working capital 0.1
(fraction of FCI) )

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% !
Indirect costs (% of direct costs) 30% 3
Design and engineering costs (% of direct and indirect 30% 3
costs)

Contingency (% of direct and indirect costs) 10% 4,3
Working/startup capital (% of fixed capital 10% 4,5
investment)

Utility prices

Electricity price ($/kWh) 0.07 6-8
Raw water price ($/m?) 1.5 ?
Natural gas price ($/GJ) 5.5 ?

Raw materials and product prices

Methanol ($/t) 339 9,10
WCO ($/) 826 1,12
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 I 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 67498 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 2835 0.9391 0.3469

A? 1138.18 1 1138.18 37.71 <0.0001

D? 157.08 1 157.08 5.20 0.0366

Residual 48297 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 (R?), predicted R?,
adjusted R, and adequate precision (Table S2). R’ showed that 87.5% of the variation in
biodiesel yield was explained by the model. The predicted R’ closely matched the adjusted R’
(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
R’ 0.8749
Adjusted R? 0.7967
Predicted R’ 0.6141

Adequate precision 10.9989

Table S5. Validation table with 95% confidence interval

Predicted Predicted Std dev n" SE Pred 95% PI Data 95% PI
mean median low mean high
95.9241 95.9241 5.49415 4 4.00401 87.436 922775  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).

(a) (b)

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

Fresh
Methanol to | Methanol to Fresh WCO Combined feed|Combined feed| Raw product | Raw product Raw product to
e e i m

To | | meonwmxa | mepump | rFEmia | wcomxa | wcopuwmp | Femixt | ReEx | RPRHXx | REACTOR | RxEx | FasH | coolert | wmeonc | wmix2 [ wmix2 | mEwpume
Temperature ¢ | o0 | 0 | e | 00 | sta | 7as | 676 | 05 | zes | 228 | 0 | w0 | 0 | w0 | 667 | o1
Mass Liquid Fraction | 10 | 10 | 10 [ 10 [ 10 [ 10 [ 10 [ 10 | 10 | 10 [ 10 [ oo [ 10 [ 10 [ 10 | 10
Mass Enthalpy | cal/gm | 17736 | a7ss1 | a7a07 | s731 | se03 [ 572 | 1586 | aoes0 | 10583 | 10661 | 12567 | 14800 | 974 | a7s3a [ a7aso | 17522
Mass Density | gw/ec | 08 | o8 | o7 | o8 | o8 | o8 | os | o3 | 03 | 03 | 07 | o, 07 | o8 | o7 | o7
Average MW 50 | a0 | 30 | mas | mss | mes | sa3 | sa | s | sas | sea Bl 30 [ 533 commeeizo | mddo g

Mass Flows | kg/hr | 1390 | 21022 | 21022 | 12673 | 14244 | 14244 | 3566 | 35266 [ 3sa67 | 35267 | 35267 [fieeadessat | 20820 | madss B saadl | fa06s3

TRIOL-0L | kg | 00 | oo | oo | 1us6 | 12258 | 1258 [ 1258 | 1258 | 1256 | 1071 | so7a B oo | @3] Foo B ool |
METHA-01 | kghe | 1390 | 21022 | 21022 | o0 | 0o [ 00 [ 21022 [ 21022 [ 21025 | 10637 | 19637 Q] 14420 | sHTheliSiad20 JUNNsaiI | 10632et
GLYCE-01 | ke | 00 | o0 | o0 [ o0 [ oo [ 00 [ oo [ oo | oo | w18y [ 187 | o1 [ 186 [ o1 WA ool [ o1
METHY-02 | kg | 00 | oo | oo [ oo [ 386 [ 386 [ 36 | 386 | 386 | 12032 | w032 | oo [ w031 [ oo [ oo [ o0
TRIPA-OL | | oo | o0 | oo | 01 | o1 [ o1 [ o0 | oo | oo | oo | o0 | oo [ 00 [ oo [ oo | o0

| | oo | oo | oo | oo | oo [ oo [ oo [ o0 [ o0 | o0 | oo | oo | oo | oo | oo | oo

| | o0 [ oo | o0 [ o0 | o0 [ o0 | o0 [ o0 [ 00 | o0 | oo | o0 | oo | o0 | o0 | o0

| | oo | o0 | oo | o0 | oo | oo [ oo | oo | o0 | o0 | oo | oo [ o1 | oo [ oo [ o0

1/min 29 46.3 50.4 256 311 315 1204 190.6 223.8 171.4 813 14712.0 46.6 321 11.7 43.8
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Table S6. Material and energy balances for various process streams (Cont.)

d Raw product to|
Waste Water |Raw product to|Raw product to| Raw product to| Raw FAME to | Raw FAME to | Recycle WCO | Purified FAME | Purified FAME | Purified FAME
Description MEOH from MEOH from BPROD- Recycle WCO
_ i mm ekl e coogra | DEAMEL | MODS | PAMEC | leWoTs | iomsMEC | wcootts |t

| 7t [ eRo>B2 | WEWAC | meowmxt | | BIMP | PROD-EX1 | COOLER2 | DECANTER | PROD-EXL | FAMEC | wco-p2 | pRop-ex2 | cooters | e | B | wcowmx
| Temperwre | 619 | 708 | 66 | 884 | 2440 | 2a42 | 700 | 40 | 420 | 2382 | aaa1 | a9 | 640 | 400 [ 42 | 2443694391
| Masuqudfacion [ 10 [ 10 [ 10 | 10 [ 10 [ 10 | 10 [ 10 | 10 [ 10 [ 10 | 10 [ 10 | 10 [ 10 |
| MasEnthaly [ 17521 | 17446 [ 17538 | 35761 | 5634 | 5634 | -eees | 6793 | -ses0 [ 4776 | 4s65 | -se82 [ 5796 | -se19 | -a7;21 |
| Mawbensty [ o7 | o7 A o8 | o9 | o6 | o6 | os [ o8 | o8 [ o6 [ o5 | o8 [ o8 | o9 [ 13 |
| Averagemw | 320 | #@0 [ 320 | 190 | 2505 | 2505 | 2505 | 2505 | 304 [ 3104 | 5872 | 2034 | 2034 | 2034 [ o018 |
| MassFows [} | 9632 | 26 | 15609 | 15609 | 15609 | 15609 | 14328 | 14328 | 1571 [ 12557 | 1557 | 1257 | w87 |
| mwor [ o0 | o0 Bf oo | oo [ so71 | 2074 | 1072 [ 72 | 1071 [ 1072 | w072 | o0 [ o0 | 00 [ o0 |
| wemaor  [PPioe32 | 19632 [ 1932 | oo [ os | o5 | os [ os | o3 [ 03 | oo | o3 | o3 | 03 [ 02 |
| eweema | o1 | o1 [ oo | o1 | 186 | 1286 | 186 [ w6 | o2 [ 02 | oo | 02 [ 02 | o2 [ 184 |
| wmemvo2 [ o0 [ o0 | oo [ o0 | w031 | w031 [ 1031 | 1031 | 12036 [ 1036 | 386 [ meso | mes0 [ meso | oo |
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