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1. Production Steps 

  

Measure Water Content 

Filter 

Water Removal in PT1 

Measure Acid Value 

Esterification Pretreatment 

[H2O] < 0.5% 

FFA > 5% FFA < 5% 

Water and Methanol Removal 

Waste Oil 

[H2O] > 0.5% 

Clean Vegetable Oil 

Transesterification Reaction 

Methanol Evaporation 

Glycerol Removal 

Water Washing in R1 

Dry Washing with Ion Exchange Water Removal 

Ion Exchange Column Unavailable 

Add Anti-Oxidant and Store in Drum 
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2. Reactant Procurement 

2.1 Waste or fresh vegetable oil 

 The fresh vegetable oil can be obtained free of charge from Allied Reclamation Services 

in Vancouver - Contact Larry Murphy at 604-232-9550 or larry@alliedrec.com 

2.2 Acid esterification 

2.2.1 Methanol 

 Methanol can be obtained from the Chemical Exchange Program at UBC - contact Bang 

Dang at bang@interchange.ubc.ca 

2.2.2 Sulphuric acid 

 Can be obtained from Chemistry Stores with a journal voucher (~$20 / 4L) 

2.3 Transesterification 

2.3.1 Methanol 

 As above 

2.3.2 Potassium Hydroxide 

 Fisher Scientific - Potassium Hydroxide, Flakes (1kg, 232550010, $46.80) 

3. Safety Considerations 

1. Ensure the ventilation system is working. 

2. Gloves, lab coat and safety glasses are to be worn at all times. 

3. Do not use electrical equipment in the cage while the unit is in operation. 

4. Methanol handling: 

a. Never handle methanol outside of the cage 

b. Wear a respirator, full mask or half mask with goggles, at all times when handling open 
methanol within the cage. 

c. Keep the doors to the cage closed when handling methanol 

d. After handling methanol in the cage, allow 20-30 minutes for the vapors to be removed 
before entering without a mask 

e. Use the black neoprene gloves when handling methanol. 

3.1 Emergency shutdown procedure 

1. Press the emergency shutoff button near the door 

2. Evacuate the lab 

mailto:larry@alliedrec.com
mailto:bang@interchange.ubc.ca
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4. Reactants Required 

4.1 Transesterification 

4.1.1 Methanol 

 Use two times the stoichiometric amount of methanol:  

5. 6:1 

moles CH3OH : moles triglycerides (oil) 
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4.1.2 Potassium Hydroxide (KOH) 



4 

 Use 1 wt% KOH to triglycerides (oil) 

 Add additional KOH according to acid number 

 

                        

                             

                         

1. AN found through titration of raw oil. Typically in units of gKOH/mLoil. 

4.2 Esterification Pre-Treatment 

Esterification is only necessary when the FFA content is greater than 1% by mass of the oil. If FFA content 

is less than 1 wt% then extra KOH needs to be added to the transesterification reaction according to the acid 

number, but no esterification pre-treatment is required. 

4.2.1 Methanol 

Use two times the stoichiometric amount of methanol required: 

2 : 1 

moles CH3OH : moles free fatty acids (FFA) 

 

              

     
  

     
      

 where AN = acid number of oil in gKOH / mLoil 

 see appendix A for titration to obtain acid number 
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4.2.2 Sulfuric Acid (H2SO4) 

Use 5 wt% H2SO4 to free fatty acid (FFA) 

      
           

     
    

     
 

     
  

     
      

      
 

  
           

      

 

 

 

 

 

 

 

 

 

5. Operating Protocols 
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This protocol describes the production of biodiesel from waste vegetable oil via a two-step method. The 

various process component referred to in the following protocol are clearly labelled on the attached 

process flow diagram (PFD) and on the process itself. 

**Unless indicated otherwise, a valve is open when its handle lies parallel to the valve’s body** 

5.1 Oil Prescreening 

1. Measure water content of oil (section 7.2) 

a. If water content is greater than 0.5%, dewatering is necessary 

2. Measure FFA content of oil (section 8) 

a. If FFA content is greater than 2%, esterification pretreatment is necessary 

5.2 Filtering waste oil and transferring to holding tank H2  

1. If using waste vegetable oil, pour the waste oil into holding tank 1 (waste oil tank) 

i. If using clean oil, pour into holding tank 2 (clean oil tank) and proceed to section 4.iii 

Open V0 and V1 (bottom of holding tanks) 

2. Make sure the valve V23 is in the horizontal position 

3. Open the main air valve V21 

4. Gently open the needle valve V22 to ensure that the pressure gauge G5 does not exceed 30 psi 

5. The air pump AP1 should now be pumping from holding tank H1, through the filter F2 into 

holding tank H2 

i. if the oil is flowing very slowly, than the filter cartridge in F2 may need to be replaced, see 

section 7 on maintenance 

6. When holding tank H2 is full, close the needle valve V22 and V0 

i. If the oil transferred to H2 is cloudy then it may need to be re-filtered using a finer filter 

cartridge 

ii. see section 4.ii  below on transferring back to H1 

7. The filtered oil can now be transfered to the pretreatment reactor PT1, see section 4.iii below 

8. This process may need to be repeated after emptying H2 into PT1 to reach the minimum volume 

of oil of 60L (16 gallons)  

i. This volume ensures that the heaters in both tanks are fully submerged. 

ii. Keep track of the volume using the gradients on the side of the holding tanks 

5.3 Transferring from holding tank H2 to holding tank H1  

1. Ensure valves V0 and V2 are closed 

2. Open valves V1 and V30 

3. Ensure that the lid is secured loosely to the top of holding tank H1 

4. Switch V23 to power the air pump AP2 (handle in vertical position) 

5. Open slowly the needle valve V22 to ensure that you do not exceed 30 psi (gauge G5) 

6. When holding tank H2 is empty, close the needle valve V22 and valves V30 and V1 

7. Repeat filtering, section 4.1 

5.4 Transferring from holding tank H2 to pretreatment reactor PT1 
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1. Ensure valve V30 is closed 

2. Open valve V2 

3. Open valve V7 

4. Open valve V6 - place a container at the outlet of V6 when opening it as some fluid remaining in 

the tubing might come out 

5. Ensure A1 is disconnected to allow air to escape when filling PT1 

6. Make sure V3 (sampling valve at the bottom of PT1) is closed 

7. Switch V23 to power the air pump AP2 (handle in vertical position) 

8. Open slowly the needle valve V22 to ensure that you do not exceed 30 psi (gauge G5) 

9. Make sure you open the valve of the liquid level on the reactor PT1 

10. You should see the level in H1 decreasing and at some point the liquid should be visible in the 

liquid level on the reactor PT1 

11. You must make sure that liquid level in the pretreatment reactor PT1 is at least above the “Min” 

mark on the liquid level to ensure that the heater and the thermocouple in PT1 are fully 

submerged (typically the liquid level should be above the 60L mark) 

12. When the holding tank H2 is empty close the needle valve V22 and the valve V21 

13. Close valves V1 and V2 

14. Close valves V6 and V7 

15. You are now ready to start the pretreatment phase in PT1 
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5.5 Esterification pre-treatment in reactor PT1 

***Esterification pre-treatment is only necessary when using waste oil with FFA greater than 1 wt%, 

otherwise skip to procedure 4.iv*** 

5.5.1 HEATING 

1. Turn on the main power switch 

2. Turn on the circuit breaker labelled “CB 20A” and “CB 27” on the main power box 

3. The red light above the circuit breaker should come on 

4. Open the main steam valve “87 Steam” located opposite the main entrance door to the lab 5.36 

5. Open valve V27 

6. Increase the temperature to 60
o
C using the right hand side temperature controller PLC1  

 Use the arrows to adjust the temperature up and down and press the refresh button to set the 

temperature 

 You should hear a noise corresponding to the solenoid valve V28 opening 

7. Check if the water is coming out of the condensate line and flowing into the drain this is an 

indication the steam is on 

8. Open valve V4 

9. Open valve V5 (handle of the valve should be perpendicular to green arrow with label 

“Recirculation”) 

10. Make sure that V8 is closed (handle of the valve should be perpendicular to green arrow with 

label “Transfer to R1”) 

11. Open V7 and make sure V6 is closed 

12. You can now start to pump P1 by turning the left hand switch labeled “P1” counter-clockwise 

 The red light above the switch should come on 

13. The fluid in PT1 should now be forced to recirculate by the pump P1, ensuring a homogeneous 

temperature distribution 

14. Once the fluid in PT1 has reached 60
o
C, you are now ready for the dewatering process 

5.5.2 DEWATERING 

1. Stop the pump P1 by turning the left hand switch labeled “P1” clockwise 

 The light above the switch should go off 

2. Close valve V4 

3. Close valve V7 

4. Close valve V5 (handle should be perpendicular to the green arrow with the label 

“Recirculation”) 

5. Switch V24 to condenser position (handle in horizontal position) 

6. Open V25 to start the condenser 

 Monitor the temperature on the condenser and adjust V25 to maintain 5-10
o
C 

7. Increase the temperature on the controller PLC1 to 85
o
C 

8. Open valve V16 

9. Start vacuum pump P3 by turning the far right switch labeled “Vacuum” counter-clockwise 

 The red light above the switch should turn on 

 Then use the switch on the vacuum pump to turn it on and off 
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 The vacuum pump will cycle on and off according to the pressure switch PS1 

 If the vacuum pump is running for a long period the pump may flip the breaker and stop 

running, ensure all breakers on the main power box are in the one position (up) 

10. Evaporated water will condense in the condenser and  fill waste tank W1 

11. Leave the tank under vacuum and at temperature for 30-60 mins, or until no more water is seen 

entering the condenser 

12. Reduce the temperature on process controller PLC1 to 60
o
C 

13. To re-pressurize the reactor PT1, open V6 then slowly open valve V7 

14. Monitor the pressure gauge G1, the pressure in the reactor PT1 should increase back to 0 psi 

15. Open V16 

16. Once the temperature has decreased back to 60
o
C, you are now ready to load the Methanol-

Sulphuric acid mixture for the esterification reaction 

5.5.3 LOADING OF A1 

1. Put on appropriate PPE for handling methanol 

 Mask with organic gas filter 

 Goggles 

 Solvent resistant gloves 

2. Measure calculated quantity of methanol using 4L plastic graduated cylinder 

 See section 3.b for calculating reactant quantities 

3. Pour methanol into bottle A1 

4. Measure calculated quantity of sulfuric acid using 1L glass graduated cylinder 

5. Pour sulfuric acid into bottle A1 with methanol 

6. Tighten the cap of A1 

7. Swish the mixture in A1 by hand to ensure it is well mixed 

8. Connect the tubing from A1 to the valve V6 via the quick connect fitting and make sure the 

fitting is attached properly 

9. Check that V16, V6 and V7 are open 

10. Start the vacuum pump 

11. Monitor the pressure in the PT1 by checking the pressure gauge G1 

12. Once the pressure has reached -3 inHg, stop the vacuum pump 

13. You can now start transferring the mixture from A1 to PT1, by letting air in A1 by adjusting the 

valve V19. This can be done by turning the adjustment nut counter-clockwise to let more and 

more air in (whistling noise) and thus pushing the mixture from A1 to PT1 

14. You can repeat steps iv - vii as many times as needed to fully empty A1 

 ***Make sure that you do not vacuum too much otherwise A1 will collapse***  

 If this happens, open V19 immediately 

15. Once A1 is empty as well as the tubing from A1 to V6, fully open V19 by turning it counter-

clockwise, until the pressure in PT1 is back to 0 psi 

16. Close V6 

17. CAREFULLY disconnect A1 from V6. Some liquid residual containing vegetable oil, methanol 

and sulphuric acid might drip when disconnecting the tubing 

18. Close V16 (check that the vacuum pump is turned off) 

19. You can now stop the condenser by closing V25 
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20. You are now ready to proceed to the reaction phase 

5.5.4 REACTION: ACID ESTERIFICATION  

1. Open valve V5 (handle of the valve should be parallel to green arrow with the label 
“Recirculation”) 

2. Open V4 

3. Start pump P1 

4. Increase the temperature on PLC1 to 62
o
C 

 The boiling point of methanol is 64
o
C at atmospheric pressure 

 if the temperature increases above this you should see a corresponding increase in 

pressure as the methanol vapour pressure increases 

 There will be a loud click corresponding to the solenoid valve V28 opening 

5. Monitor the process until the reaction is completed 

 Approximately 1hr 

 Temperature and pressure should be continuously monitored for safety 

6. Once the reaction is complete stop pump P1 

7. Close V5 

8. Close V4 

9. Close V7 

10. Open V25 to start the condenser 

11. Valve V24 should be on condenser positions (handle in horizontal position) 

12. You are now ready to remove any methanol excess 

5.5.5 METHANOL AND WATER REMOVAL 

1. Increase the temperature on controller PLC1 to 90
o
C  

2. Open valve V16 

3. Start vacuum pump P3 by turning the far right switch labeled “Vacuum” counter-clockwise 

 The red light above the switch should turn on 

 Then use the switch on the vacuum pump to turn it on and off 

 The vacuum pump will cycle on and off according to the pressure switch PS1 

 If the vacuum pump is running for a long period the pump may flip the breaker and stop 

running, ensure all breakers on the main power box are in the one position (up) 

4. Check V24 is in the condenser position (handle in horizontal position) 

5. Open V25 to start the condenser 

 Monitor the temperature on the condenser and adjust V25 to maintain 5-10
o
C 

6. Leave the tank under vacuum and at temperature 1-2 hrs or until no more liquid is seen coming 

out of the condenser 

  Temperature in reactor should be above 80
o
C under vacuum (-15 inHg) 

7. Any remaining methanol will be evaporated, and then recondensed in the condenser and finally 

trapped in the waste tank W1 

8. To re-pressurize the reactor PT1, open Valve V6 then open slowly Valve V7 

9. Then open V16 

10. Monitor the pressure gauge G1, the pressure in the reactor PT1 should increase back to 0 psi 
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11. Once the pressure is back to 0 psi, close V16 

12. You can now stop the condenser by closing V25 

13. You are now ready to transfer the mixture to reactor R1 for the transesterification reaction 
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5.6 Transfer from pre-treatment reactor PT1 to reactor R1 

1. Turn off heating of PT1: 

 Decrease the temperature 0 degrees C on the right hand side temperature control by using 

the down button and press the refresh button to set the temperature 

 Close valve V27 

2. Open valve V4 

3. Valves V7 and V6 should be opened and A1 should be disconnected. This is to allow the air to get 

in when emptying PT1 

4. Make sure V3 (sampling valve at the bottom of PT1) is closed 

5. Valve V5 should be closed (handle of the valve should be perpendicular to green arrow labelled 

“Recirculation”) 

6. Open valve V8 (handle of valve should be parallel to green arrow labelled “Transfer to R1”) 

7. Open V9 

8. Open V29 (if the outlet of the valve is capped off, remove the cap) 

9. You can now start to pump P1 by turning the switch to the left 

10. Check to make sure the pump is on by listening and observing the cooling rotor inside the pump 

housing 

 If the pump is not running, very carefully attempt to ‘bump’ start it by spinning the cooling 

rotor counter-clockwise (??) 

 ***This should only be done by an experienced operator*** 

11. Ensure the valve on the liquid level on reactor R1 is open 

12. You should see the level in PT1 decreasing and at the some point the liquid level on R1 should 

start rising 

 Depending on the colour of the original oil the line will be very faint 

13. You must ensure that the liquid level in the reactor R1 is at least above the “2 inch above heater” 

mark on the liquid level to ensure that the heater and the thermocouple in R1 are fully submerged 

 ***If the heater is not fully submerged when turned on, it will fail*** 

14. Monitor the pressure in the filter housing F1 

15. When the pre-treatment reactor PT1 is empty (the pump P1 should start making a rattling noise), 

immediately stop the pump P1 

16. Close valve V4 

17. Close valve V8 

18. Close valves V6 and V7 

19. Close V9 

20. Close V29 

21. You are now ready to start the second reaction phase in reactor R1 

22. NB About 3L of mixture will be lost in the filter housing F1. This should be taken into 

consideration when loading the holding tank H1, to ensure that the heaters in both PT1 and R1 are 

fully submerge 
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5.7 Transesterification in reactor R1 

5.7.1 HEATING 

1. Ensure the heater in R1 is fully submerged , 2” above minimum line 

 ***If the heater is not fully submerged when turned on, it will fail*** 

2. Turn on the circuit breaker labelled “CB 20A” on the main power box 

 The red light above the circuit breaker should come on 

3. Increase the temperature in R1 to 65 degrees C on the left hand side temperature control panel by 

pressing the up button until the desired temperature is reached, and then pressing the button that 

looks similar to a webpage’s “refresh” button to set the desired temperature.  

4. Open valve V11 

5. Open valve V12 (handle of the valve should be parallel to blue arrow with the label 

“Recirculation”) 

6. Make sure that V15 is closed (handle on the valve should be perpendicular to blue arrow with the 

label “Transfer to FP1”) 

7. Open valve V14 

8. Make sure valves V10, V13 and V18 are closed 

9. You can now start the pump P2 by turning the middle switch on the control box labeled “P2” 

counter-clockwise 

 a red light should come on above the switch 

10. Monitor continuously the temperature evolution in reactor R1 by checking the temperature in the 

top line of the temperature control (PV) 

11. The fluid in R1 should now be forced to recirculate by the pump P2, ensuring a homogeneous 

temperature distribution 

12. Once the fluid in R1 has reached 65 degrees C, you are ready for the dewatering phase 

5.7.2 DEWATERING 

Dewatering is only necessary if water content of oil > 0.5% 

1. Stop pump P2 by turning the switch labeled “P2” clockwise 

 the red light above the switch should turn off 

2. Close V11 

3. Close V14  

4. Close V12 (Handle of the valve perpendicular to the blue arrow with the label “Recirculation” 

5. Make sure V10 and V18 are closed 

6. Check V24 is in the condenser position (handle in horizontal position) 

7. Open V25 to start the condenser 

 Monitor the temperature on the condenser and adjust V25 to maintain 5-10
o
C 

8. Increase the temperature on controller PLC2 to 90
o
C 

9. Open V17 and close V29 

10. Start vacuum pump P3 by turning the far right switch labeled “Vacuum” counter-clockwise 

 The red light above the switch should turn on 

 Then use the switch on the vacuum pump to turn it on and off 

 The vacuum pump will cycle on and off according to the pressure switch PS1 
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 If the vacuum pump is running for a long period the pump may flip the breaker and stop 

running, ensure all breakers on the main power box are in the one position (up) 

11. Leave the tank under vacuum at temperature for 30 - 60 minutes or until no more liquid is coming out 

of the condenser 

12. To re-pressurize the reactor R1, open valve V29 very slowly 

13. Monitor the pressure gauge G3, the pressure in R1 should increase back to 0 psi 

5.7.3 LOADING OF M1 

1. Open V17 

2. Set temperature on controller PLC2 for R1 to 62
o
C 

3. Once the temperature has reached 62-65
o
C, close V29 

4. You are now ready to load the Methanol-Potassium Hydroxide mixture into M1 for the 

transesterification reaction 

5. See section 3.4 for methanol handling safety precautions 

6. Measure calculated volume of methanol using 4L plastic graduated cylinder 

 See section 4.1 for calculating reactant quantities 

7. Pour methanol into bottle M1 

8. Measure calculated mass of potassium hydroxide flakes using the scale in rm5.18 

 limit the amount of time the KOH is exposed to the air as it will rapidly absorb moisture from the 

air 

9. Pour the KOH into bottle M1 with methanol using a funnel 

10. Tighten the cap of M1 

11. Swish the mixture in M1 by hand to ensure it is well mixed 

 All the KOH should be dissolved 

12. Connect the tubing from M1 to the valve V13 via the quick-connect fitting 

13. Ensure that the quick-connect fitting is attached properly 

14. Open valves V13 and V14 

15. Check that V17 is opened 

16. Start the vacuum pump P3 to transfer the methanox mixture 

 Monitor the pressure in R1 by checking the pressure gauge G3 

 Once the pressure had reached -5 inHg, stop the vacuum pump 

 You can now start transferring the mixture from M1 to R1. Let air into M1 by adjusting valve 

V20. This can be done by turning the adjustment nut counter-clockwise to let more and more air 

in and thus pushing the mixture from M1 to R1. 

17. Repeat steps 16 as many times as necessary to fully empty M1 

 ***Ensure the vacuum is not too low, otherwise the bottle M1 will collapse*** 

18. Once M1 is empty, as well as the tubing from M1 to V13 stop pump P3 

19. Fully open V20 by turning it counter-clockwise or loosen the cap of M1, until the pressure in R1 is 

back to 0 psi 

20. Close V13 

21. CAREFULLY disconnect M1 from V13. Some liquid residual containing vegetable oil, methanol and 

potassium hydroxide might drip when disconnecting. 

22. Close V17 (check the vacuum pump is turned off) 

23. You can now stop the condenser by closing V25 
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24. You are now ready to proceed to the reaction phase 

5.7.4 REACTION: TRANSESTERIFICATION REACTION 

1. Open valve V12 (Handle of the valve should be parallel to blue arrow with the label “Recirculation”) 

2. Open V11 and check that valve V14 is opened 

3. Start pump P2  

4. Increase the temperature on controller PLC2 to 62
o
C  

 64
o
C is the boiling point of methanol 

5. Monitor the process until the reaction is completed for temperature and pressure 

 the reaction should be complete in 1 hr 

6. Once the reaction has been carried out to completion stop pump P2 

 Check the completeness of the reaction by performing a water test, (Appendix B: Water Wash 

Test) 

 The 3/27 converstion test could also be performed at this point (7.3) 

7. Close V12 

8. Close V11 

9. Close V14 

10. Check V24 is in the condenser position (handle in horizontal position) 

11. Open V25 to start the condenser 

 Monitor the temperature on the condenser and adjust V25 to maintain 5-10
o
C 

12. You are now ready to remove any catalyst (potassium hydroxide) and/or methanol excess 

5.7.5 BASE CATALYST NEUTRALIZATION (not possible in current setup) 

1. Any excess catalyst should be neutralized before removing any excess methanol and before 

proceeding to the water-wash step. Otherwise it is very likely that the potassium hydroxide will react 

with any water present in the mixture and will form soap which is an unwanted product. 

2. Typically a stock solution of sulfuric acid can be added very carefully to the mixture to neutralize any 

remaining catalyst 

3. However, it is not possible with the present setup the current setup to add such a solution without 

releasing potential methanol vapours 

4. The process should be modified to allow for this extra step 

5.7.6 METHANOL REMOVAL 

1. Increase the temperature on controller PLC2 to 80
o
C 

 Use the ‘reset’ button to change the decimal place and the ‘up’ and ‘down’ arrows to set the 

temperature 

 When heating R1 from room temperature without mixing, the heater may auto shutoff due to 

elevated local temperature 

2. Open valve V17 

3. Ensure valve V16 is closed 

4. Start vacuum pump P3 by turning the far right switch labeled “Vacuum” counter-clockwise 

 The red light above the switch should turn on 

 Then use the switch on the vacuum pump to turn it on and off 
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 The vacuum pump will cycle on and off according to the pressure switch PS1 

 If the vacuum pump is running for a long period the pump may flip the breaker and stop 

running, ensure all breakers on the main power box are in the one position (up) 

5. Check V24 is in the condenser position (handle in horizontal position) 

6. Open V25 to start the condenser 

 Monitor the temperature on the condenser and adjust V25 to maintain 5-10
o
C 

7. Leave the tank under vacuum and at temperature 1-2 hrs until methanol removal is complete 

 No more liquid is seen coming out of the condenser 

 Temperature in reactor should be above 65
o
C under vacuum (-15 inHg) 

 95% of the calculated excess methanol should be recovered from W1 

8. Any remaining methanol will be evaporated, and then recondensed in the condenser and finally 

trapped in the waste tank W1 

9. Turn off pump P3 

10. To re-pressurize the reactor R1, slowly open Valve V29 

11. Monitor the pressure gauge G1, the pressure in the reactor PT1 should increase back to 0 psi 

12. Once the pressure is back to 0 psi, close V17 

13. You can now stop the condenser by closing V25 

14. You are now ready to start the conditioning phase of the biodiesel 

15. Leave the mixture to settle for 12-24 hrs to allow glycerol to settle out 

  



17 

5.8 Switching off the biodiesel unit 

1. Turn off the electrical heater in R1 

 Set the temperature to 0 degrees C on both temperature controllers PLC1 and PLC2 

 Turn off the circuit breaker labelled “CB 20A” on the main power box 

 The red light above the circuit breaker should turn off 

2. Check the following: 

 Pump P1 should be off 

 Pump P2 should be off 

 The temperature setpoint for both heaters should be 0 degrees C 

 Vacuum pump P3 should be off 

3. Turn off the circuit breaker labelled “CB 27” on the main power box 

 The red light above the circuit breaker should turn off 

4. Switch off the main power box labelled “CB Panel 5L” using the toggle switch 

 The yellow light should turn off 
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5.9 Biodiesel Washing in Reactor (if not using ion exchange) 

5.9.1 BIODIESEL / GLYCEROL SEPARATION 

1. After allowing 12-24hrs of gravity separation the glycerol may be removed 

2. Connect a piece of tubing to valve V10 

3. Place the other end of the tubing in a suitable container to collect the glycerol phase 

 expect approximately 6L to 10L to come out depending on triglyceride volume 

4. Open V29 

5. Open slowly valve V10 

6. Drain the glycerol phase (dark brown colour) 

7. When the colour changes from dark brown to light yellow, quickly close V10 

8. Set aside glyceror for soap production  

9. Place a new container at the end of the tubing connected to V10 

10. Open again the valve V10 

11. Drain, if present, any soap layer (“mayonnaise” or “milky” appearance) until you reach a uniform 

yellowish layer 

12. Close quickly V10 

13. Dispose of the soap layer in a proper manner 

 Neutralize, dilute and pour down drain 

14. Disconnect the piece of tubing from V10 

15. You are now ready to water-wash your biodiesel 

5.9.2 BIODIESEL WATER WASHING 

1. Check that valve V10 is closed and valve V29 is open 

2. Open V18 

3. Check that V14 is closed 

4. Switch V24 from condenser to R1 position (handle in vertical position) 

5. Open V25 

6. Typically, you should add between 20 - 50% volume of biodiesel in water 

7. Use the liquid level on R1 to monitor how much water has been added 

8. When the desired volume of water has been added, close V25 

9. Switch V24 from R1 to condenser position (horizontal position) 

10. Close V18 

11. Close V29 

12. Leave the mixture to settle for at least 24 hours 

13. Connect a piece of tubing to valve V10 

14. Place the other end of the tubing in a suitable container to collect the waste water 

15. Uncap and open valve V29 

16. Open slowly valve V10 

17. Drain the waste water phase (murky water) 

18. When the colour changes to a light yellow, quickly close V10 

19. Dispose of waste water phase in a proper manner 
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 Skim off top biodiesel layer using absorbent pads 

 Neutralize the pH using a weak acid such as acetic 

20. Repeat steps washing 2 to 3 times 

 When the produced waste water is clear and its pH is close to 7 washing is complete 

5.9.3 BIODIESEL DRYING 

1. Ensure that the liquid in the reactor R1 is at least above the “2 inch above heater” mark on the liquid 

level. It is to ensure that the heater and the thermocouple in R1 are fully submerged. 

 ***If the heater is not fully submerged when turned on, it will fail*** 

2. If the volume of the biodiesel is not sufficient in R1 to fully cover the heater (>50L), one solution 

could be as follows: 

 Check that valve V10 is closed and valve V29 is uncapped and open 

 Open V18 

 Check that valve V14 is closed 

 Switch V24 from condenser to R1 position (handle in vertical position) 

 Open V25 

 Add enough water so the level of liquid is above the “2 inch above heater” mark on the liquid 

level 

 Use the liquid level on R1 to monitor how much water has been added 

 When the desired volume of water has been added, close V25 

 Switch V24 from R1 to condenser position 

 Close V18 

 Close V29 and cap it 

3. Switch on the main power box labelled “CB Panel 5L” using the toggle switch 

 The yellow light should come on 

4. Turn on the circuit breaker labelled “CB 27” on the main power box 

 The red light above the circuit breaker should come on 

5. The current temperature in PT1 and R1 should now be displayed on the right and left temperature 

control panels respectively 

6. The heater in R1 is an electrical heater 

7. Turn on the circuit breaker labelled “CB 20A” on the main power box 

 The red light above the circuit breaker should come on 

8. Increase the temperature in R1 to 95
o
C using PLC2 

9. Open V17 

10. Start vacuum pump P3 by turning the far right switch labeled “Vacuum” counter-clockwise 

 The red light above the switch should turn on 

 Then use the switch on the vacuum pump to turn it on and off 

 The vacuum pump will cycle on and off according to the pressure switch PS1 

 If the vacuum pump is running for a long period the pump may flip the breaker and stop 

running, ensure all breakers on the main power box are in the one position (up) 

11. Check V24 is in the condenser position (handle in horizontal position) 

12. Open V25 to start the condenser 

 Monitor the temperature on the condenser and adjust V25 to maintain 5-10
o
C 
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13. Leave the tank under vacuum and at temperature 1-2 hrs until water removal is complete 

 No more liquid is seen coming out of the condenser 

 Temperature in reactor should be above 95
o
C under vacuum (-15 inHg) 

14. Open V29 very slowly to re-pressurize R1 

15. Decrease the temperature on the R1 temperature control (PLC2) to 0
o
C 

16. Turn off the circuit breaker labelled “CB 20A” on the main power box 

 The red light above the circuit breaker should turn off 

17. Close V17 

18. Close V29 

19. You can now stop the condenser by closing V25 

20. Stop Control Unit by turning off the circuit breaker “CB 27” on the main power box 

 The red light above the circuit breaker should turn off 

21. Switch off the main power box labelled “CB Panel 5L” using the toggle switch 

 The yellow light should turn off 

22. Once the biodiesel has cooled to < 40
 o
C it can be transfered to the storage container 

5.9.4 DRAWING OFF BIODIESEL 

1. Connect a piece of tubing to valve V10 

2. Place the other end of the tubing in a suitable container to collect the biodiesel (steel bucket) 

3. Open V29 

4. Open slowly valve V10 

5. If soap comes out first, quickly close V10 and discard soap 

6. Drain the biodiesel slowly 

7. Close V10 and V29 

8. Disconnect the piece of tubing from V10 

9. Add biodiesel anti-oxidant to buckets 

 400 ppm concnetraion 
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5.10  Biodiesel Dry Washing (under construction) 

1. Open valve V11 

2. Open V29 (if the outlet of the valve is capped off, remove cap) to allow air to get in when emptying 

R1 

3. Make sure V10 (sampling valve at bottom of PT1) is closed 

4. Valve V12 should be closed (handle of valve perpendicular to blue arrow labelled “Recirculation”) 

5. Open V15 (handle of valve parallel to blue arrow labelled “Transfer to FP1”) 

6. Place a suitable container after the pressure gauge G4 to collect the finished biodiesel product 

7. Turn on pump P2 

 Switch on main power box labelled “CB Panel 5L” 

 Turn on circuit breaker labelled “CB 27” 

 Turn pump P2 switch to the right 

8. Turn off pump P2 when container is filled 

9. Close valves V11, V29 and V15 
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6.  Fueling Station Procedures 

6.1 Fuel Dispensing Procedure 

1. Position vehicle so that the fuel intake is within 5ft of the cage doors. 

2. Turn off vehicle 

3. Loosen the two small caps on the top of the two fuel drums enough to allow air to enter  

4. Turn on fueling station by turning on power bar 

 To change the biodiesel or diesel prices, enter 987 as the biodiesel blend and follow prompts 

5. Enter the desired biodiesel blend and press the green button 

6. Press the green button again to start the pump 

7. Place the nozzle in the fuel intake of the vehicle and squeeze the handle to begin fueling 

8. When the tank is full, the nozzle will automatically stop 

9. Return the nozzle to its place on the pumping station 

10. Turn off the pumps by pressing the red button 

11. Wait for the receipt to print 

12. Give customer copy of receipt 

13. Record the amount of fuel pumped on the clipboard 

14. Calculate the amount of fuel remaining in each of the drums 

15. Turn off the system by turning off the power bar 

16. Re-tighten the small drum caps 

6.2 Drum-Filling Procedure 

1. Remove the small cap from the drum to be filled 

2. Place the fuel nozzle into the hole 

3. Detach the outlet line at the swagelok fitting, from the top of the drum to be filled 

4. Place the detached line into the fuel source (jerry can, steel bucket, etc.) 

5. Ensure this line remains in the fuel for the entire re-fill 

6. Turn on fueling station by turning on power bar 

7. Enter either 100 or 0 % biodiesel concentration depending on which drum is to be filled (0% for re-filling petro-

diesel drum, 100% for biodiesel) 

8. Turn on the pump 

9. Squeeze the nozzle handle to begin re-filling 

10. When the fuel source is empty, release the handle 

11. For multiple fuel sources, place the outlet line into the next source 

12. When all sources have been emptied, stop the pumps by pressing the red button 

13. Return the nozzle to its place on the fueling station 

14. Record the amount of fuel pumped on the clipboard 

15. Calculate the amount of fuel remaining in the re-filled drum 

16. Turn off the system by turning off the power bar 

17. Replace and tighten the small drum cap 

18. Replace and tighten the drum outlet line 
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6.3 Accidental Release & Spill Clean-up 

Provincial Spill Reporting 

Regulations http://www.bclaws.ca/EPLibraries/bclaws_new/document/ID/freeside/46_263_90 

1. Remove sources of ignition 

2. Contain spill to the smallest area possible, preferably inside the berm, and prevent the fuel from entering the 

sewer drains, soil or surface water using fuel absorbent materials and drain covers 

3. If possible, stop the leak 

4. Use absorbent materials, such as paper towels, sand, kitty litter, Oil Dry® or dirt, to pick up the spill 

5. If the spill has reached soil or gravel, excavate the affected material using vision and smell to determine the 

extent of excavation 

6. Place the materials used to pick up the spill and any excavated soil and gravel in the provided garbage bags, 

seal them and label as hazardous waste 

7. Place waste material tag on the bag and note the bag’s contents. Give the bag to Richard Ryoo in Stores for 

the disposal 

8. Contact CHBE safety officer Ivan Leversage (leversag@mail.ubc.ca)  

9. If the spill has entered the sewer drain, cannot be excavated, or exceeds 100L, call 1-800-663-3456 

(Emergency Management BC) to report the spill and its details 

1. the reporting person's name and telephone number, 

2. the name and telephone number of the person who caused the spill, 

3. the location and time of the spill, 

4. the type and quantity of the substance spilled, 

5. the cause and effect of the spill, 

6. details of action taken or proposed to comply with section 3 of the Provincial Spill Reporting 

Regulations 

7. a description of the spill location and of the area surrounding the spill, 

8. the details of further action contemplated or required, 

9. the names of agencies on the scene, and 

10. the names of other persons or agencies advised concerning the spill. 

6.4 Spill kit 

 fuel absorbent gravel (kitty litter) 

 waste bags and ties 

 resistant gloves 

 mobile container (to hold everything) 

 broom and dust pan 

  

http://www.bclaws.ca/EPLibraries/bclaws_new/document/ID/freeside/46_263_90
mailto:leversag@mail.ubc.ca
http://www.pep.bc.ca/


25 

7. Quality testing procedures 

7.1 Methanol Content 

1. Weigh 250mL erlenmeyer flask 

2. Pour 200ml of biodiesel product into the flask 

3. Weigh the flask with the biodiesel 

4. Heat the biodiesel to 70 degrees C using a magnetic stirrer, a temperature control, and a 
thermometer to ensure temperature of the biodiesel does not exceed 90 degrees C 

5. Leave at 70 degrees C for 15 mins 

6. Take the flask off the heat and reweigh. Record weight 

7. Repeat steps 5 and 6 until the weight no longer changes 

8. Calculate methanol weight percentage 

7.2 Water Content - use of autotitrator to be determined 

1. Weigh 250mL erlenmeyer flask 

2. Pour 200ml of biodiesel product into the flask 

3. Weigh the flask with the biodiesel 

4. Heat the biodiesel to 110 degrees C using a magnetic stirrer, a temperature control, and a 
thermometer to ensure temperature of the biodiesel does not exceed 120 degrees C 

5. Leave at 110 degrees C for 15 mins 

6. Take the flask off the heat and reweigh. Record weight 

7. Repeat steps 5 and 6 until the weight no longer changes 

8. Calculate water weight percentage 

7.3 3/27 Conversion Test  

(done in fume hood) 

1. Pipette 27mL of room temperature methanol into a clear vial with a lid 

2. Add 3mL of room temperature biodiesel product 

3. Shake well, and allow to settle for 30 mins 

 If an oily material settles out, then the fuel contains more than trace amounts of 
triglycerides (unreacted oil), diglycerides, and monoglycerides - may need further 
reaction 

 If nothing settles out, it is highly converted! 

7.4 Water Separation Test  

(to tell whether further washing is required) 

1. During the process 

a. Drain 50mL of wet biodiesel (a hazy orange juice colour) into a clear vial with a lid 

b. Gently warm the vial for 10 mins 

c. If it takes longer than 10 mins to become translucent, more washing is needed 

2. After Process 

a. To a clear vial with a lid, add 50mL of dry biodiesel 

b. Add 50mL of water 
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c. Shake well, and allow to settle 

 If the water is dirty (not completely clear), needs more washingIf water is clear 
and the separation line is clean, no further washing is required 

7.5 Viscosity 

(use of viscometer to be determined) 

7.6 Acid Number 

 (see titration in appendix A) 

7.7 Cloud Point 

 (Use cloud point tester in 5.18) 

7.8 Glycerol Content 

 (free and total glycerol can be determined in the GC-MS) 
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8. Appendix A: Titration 

Excerpt from www.journeytoforever.com  

8.1 Basic titration 

For processing used oil, it's essential to titrate the oil to determine the Free Fatty Acid (FFA) content 

and calculate how much extra lye will be required to neutralise it. 

An electronic pH tester is best, but you can also use phenolphthalein solution (from a chemicals 

supplier). 

Dissolve 1 gram of pure sodium hydroxide lye (NaOH) in 1 litre of distilled or de-ionized water (0.1% 

w/v NaOH solution) (weight to volume). 

In a smaller beaker, dissolve 1 ml of dewatered WVO in 10 ml of pure isopropyl alcohol (isopropanol). 

Warm the beaker gently by standing it in some hot water, stir until all the oil dissolves in the alcohol and 

the mixture turns clear. If you're using phenolphthalein, add 2 drops of phenolphthalein solution. 

Using a graduated syringe, add the 0.1% NaOH solution drop by drop to the oil-alcohol-phenolphthalein 

solution, stirring all the time. It might turn a bit cloudy, keep stirring. Keep on carefully adding the lye 

solution until the solution stays pink (actually magenta) for 15 seconds. 

Take the number of millilitres of 0.1% lye solution you used and add 3.5 (the basic amount of lye 

needed for fresh oil). This is the number of grams of lye you'll need per litre of oil to process the WVO. 

Potassium hydroxide (KOH) can also be used for titration, see Using KOH, below. 

Duda's Alternative Energy Online Store supplies phenolphthalein solution in convenient 18-ml 

dropper bottles, enough for about 180 titrations, as well as a variety of syringes, beakers, chemicals for 

titration, and gloves, sold separately and as part of their WVO Titration Kit, buy online: 

http://dudadiesel.com/ 

8.1.1 Electronic pH testers 

With an electronic pH tester, use the same procedure as above but without the phenolphthalein. Dip the 

pH tester electrode in the oil-alcohol mixture, add 0.1% sodium hydroxide (NaOH) solution drop by drop 

while stirring until the pH tester reads 8.5. 

Take the number of millilitres of NaOH solution you used and add 3.5 (the basic amount of lye needed 

for fresh oil). This is the number of grams of lye you'll need per litre of oil to process the WVO. For 

potassium hydroxide, see Using KOH, below. 

Do a few practice runs first to get used to the pH tester. Sometimes they can be a little slow to register. 

Stop adding the NaOH solution and stirring the mixture for half a minute or so to see if the tester needs 

time to catch up. 

To be accurate, pH testers need regular calibration using buffer solutions, normally supplied with the 

tester, along with directions for use. See: 

pH meters 

pH testing > Techtips 

http://www.journeytoforever.com/
http://journeytoforever.org/biodiesel_make2.html#wotffa
http://journeytoforever.org/biodiesel_make2.html#phenol
http://journeytoforever.org/biodiesel_make.html#water
http://journeytoforever.org/biodiesel_make2.html#koh
http://www.dudadiesel.com/install/affiliate/affiliate.php?id=4&group=1
http://journeytoforever.org/biodiesel_make2.html#koh
http://journeytoforever.org/biodiesel_make2.html#pHmeters
http://journeytoforever.org/biofuel_supply.html#pH
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8.2 Better titration 

Unless you have a very accurate scale, it's not easy to measure exactly 1 gram of lye. It's much easier 

to measure 5 g accurately than 1 g. So mix 5 g of NaOH (or KOH) with 500 millilitres of distilled or de-

ionized water to make a stock solution. 

Before titration measure out 5 ml of the stock solution, add 45 ml of distilled or de-ionized water. This 

makes a 0.1% w/v lye solution (weight/volume). 

It's also not easy to measure exactly 1 millilitre of oil. Instead of the usual 1 ml of oil and 10 ml of 

isopropyl alcohol, mix 4 ml of oil in 40 ml of isopropyl alcohol in a glass beaker. 

Warm the mixture gently by standing the beaker in hot water, stir until all the oil disperses and it 

becomes a clear mixture. 

If you're using phenolphthalein, add 2 drops as usual -- no need to add four times as much, 8 drops 

gives the same result as 2 drops. 

Titrate as usual, measuring millilitres of 0.1% lye solution used. When it reaches pH8.5 count up the 

number of millilitres used as usual and divide by 4. This will give a much more precise measurement. 

To save on isopropyl alcohol, use 2 ml of oil in 20 ml of isopropyl and divide the results by two -- still 

twice as accurate. 

8.3 Using KOH 

KOH is not as strong as NaOH -- use 1.4 times as much KOH (actually 1.4025 times). 

Titration is basically the same. 

You can use either KOH solution or NaOH solution for titration. Unlike NaOH, your KOH probably won't 

be pure, but as long as you use the same strength of KOH for both the titration solution and the 

reaction it won't make any difference. 

Mix the KOH solution the same as for NaOH: add 1 g of KOH to 1 litre of distilled water to make 0.1% 

KOH solution. Or do it the Better titration way. For each 1 millilitre of solution used in the titration add 

1 g of KOH to the basic amount. 

You can also use the usual 0.1% w/v NaOH solution and convert the end result for KOH, see below. 

Instead of the basic 3.5 grams of NaOH per litre of oil, use 3.5 x 1.4 = 4.9 grams of KOH (4.90875). So, 

if your titration was 3 ml of 0.1% KOH solution, use 3 + 4.9 = 7.9 g KOH per litre of oil. 

One more complication: KOH is generally not as pure as NaOH. KOH is usually 92%, 90% or 85% pure 

-- check the label. We use half-pearls assayed at 85%, with good and reliable results. KOH is available 

at 99% strength, but it's hard to find and it's expensive, and anyway 92% or 85% work just fine. 

Adjust the basic lye quantity according to the strength of the KOH: the basic 4.9 grams of KOH at 100% 

strength would be: 

 85% KOH -- 5.8 (5.775) grams 

 90% KOH -- 5.5 (5.454) grams 

 92% KOH -- 5.3 (5.336) grams 

To substitute KOH for the 3.1 grams of NaOH per litre of oil used in the acid-base process: 

 85% KOH -- 5.1 (5.115) grams 

http://journeytoforever.org/biodiesel_make2.html#bettertitrate
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 90% KOH -- 4.8 (4.831) grams 

 92% KOH -- 4.7 (4.726) grams 

To convert NaOH quantities for KOH: 

 For 85% KOH use 165% of the NaOH amount (x 1.65). 

 For 90% KOH use 155.83% of the NaOH amount (x 1.56). 

 For 92% KOH use 152.45% of the NaOH amount (x 1.52). 

 

Example: You're using 85% KOH and the titration needed 3 ml of KOH solution to bring the pH to 8.5. 

Number of grams of KOH required for the reaction: 

 Basic amount: 5.8 g KOH (5.775) 

 Titration result: 3 ml 

 Add: 3 g KOH 

 Total: 8.8 g (8.775) of 85% KOH required per litre of WVO. 

Using 0.1% NaOH solution for titration and the same WVO as above: the titration result is lower, it only 

needs 1.8 ml to reach pH8.5. (Actually 1.82 ml, according to the calculation.) 

 Basic amount: 3.5 g NaOH 

 Titration result: 1.8 ml (1.82) 

 Add: 1.8 g NaOH (1.82) 

 Total: 5.3 g NaOH (5.32) 

 Convert for 85% KOH: 

 5.3 (5.32) x 1.65 = 8.8 g (8.778) of 85% KOH per litre of WVO. 

We usually use NaOH solution for titration and convert the result for our 85% KOH, but in practice 

NaOH solution and KOH solution both work equally well. 

One reason for preferring NaOH solution is that it's usually the standard used in describing FFA content 

of different oils -- 2 ml titration WVO or 5 ml titration WVO invariably refers to ml of 0.1% NaOH 

solution, unless otherwise specified. In the example above, the WVO would be described as 1.8 ml 

titration WVO. 

KOH dissolves in methanol much faster and more easily than NaOH does, and doesn't "clump" 

together as NaOH can do. When you use KOH the glycerine by-product is liquid and won't solidify. 

KOH is easier to use than NaOH. It's more flexible and adaptible and it gives generally better results -- 

all round it's a better catalyst than NaOH. We seldom use NaOH (except for titration). 

Note Don't mix KOH and NaOH in the same batch. If you use KOH as the catalyst, you must also use 

KOH if you make soap from the glycerin by-product, and again you must use KOH if you deacidify the 

WVO as a pre-processing step. 

 

9. Appendix B: Water Wash Test 

Excerpt from www.journeytoforever.com 

http://journeytoforever.org/biodiesel_make2.html#deacid
http://journeytoforever.org/biodiesel_make2.html#deacid
http://www.journey/
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9.1 Wash test 

This is the most useful all-round test, and it's very simple: Put 150 ml of unwashed biodiesel (settled for 

12 hours or more, with the glycerine layer removed) in a half-litre glass jar or PET bottle. Add 150 ml of 

water (at room temperature), screw the lid on tight and shake it up and down violently for 10 seconds. 

Then let it settle. 

The biodiesel should separate from the water in half an hour or less, with amber (and cloudy) biodiesel 

on top and milky water below, and no more than a paper-thin white interface layer between the oil and 

water. 

This is quality fuel, a completed product with minimal contaminants. Wash it and use it with confidence. 

But if it turns into something that looks like mayonaisse and won't separate, or if it only separates very 

slowly, with a thick, creamy white layer sandwiched between the water and the biodiesel, it's not quality 

fuel and your process needs improvement. 

Either you've used too much catalyst and made excess soap (solution: more accurate measurements, 

better titration), or an incomplete reaction with poor conversion has left you with half-processed 

monoglycerides and diglycerides, fuel contaminants that also act as emulsifiers. Emulsifiers are used to 

make stable mixtures of oil and water, such as, indeed, mayonnaise (solution: more accurate 

measurements, better titration; longer processing time, better temperature control, also try using more 

methanol), or both -- too much catalyst as well as poor conversion. 

◄ Wash-test with unwashed biodiesel -- left, after a violent 10-second 

shaking; right, biodiesel and water separated cleanly within minutes. The 

biodiesel will be cloudy, and the water can be milkier than this, but as long 

as it separates quickly and cleanly, it passes the test. 

 

Poor conversion is much more likely to cause a severe emulsion that 

won't separate than excess soap is. See Emulsions. Either way you're 

headed for washing problems. Using super-gentle washing techniques 

like bubble-washing or mist-washing might avoid the washing problems, 

but you'll still be left with poor-quality fuel laced with contaminants that 

can cause injector coking and engine damage and they can't be washed 

out. 

 

  

http://journeytoforever.org/biodiesel_make2.html#measure
http://journeytoforever.org/biodiesel_make2.html#measure
http://journeytoforever.org/biodiesel_make2.html#measure
http://journeytoforever.org/biodiesel_bubblewash.html#emulsion
http://journeytoforever.org/biodiesel_bubblewash.html#method
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10. Appendix C: Water boiling point 
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11. Appendix D: NREL procedure for high FFA oils 

11.1 Procedure for High FFA Feedstocks 

1. Measure FFA level 

2. Add 2.25 g methanol and 0.05 g sulfuric acid for each gram of free fatty acid in the oil or fat. 

Sulfuric acid and methanol should be mixed first and then added slowly to the oil. 

3. Agitate for one hour at 60-65ºC. 

4. Let mixture settle. Methanol-water mixture will rise to the top. Decant the methanol, water, and 

sulfuric acid layer. 

5. Take bottom fraction and measure new FFA level. 

6. If FFA is > 0.5%, return to step 2 with new FFA level. If FFA is < 0.5%, proceed to step 

7. Add an amount of methanol equal to 0.217 x [grams of unreacted triglycerides] and an amount of 

sodium methoxide equal to [0.25 + (%FFA)0.190]/100 x [grams of unreacted triglycerides]. Mix 

the sodium methoxide with the methanol and then add to the oil. This corresponds to a 6:1 molar 

ratio of methanol to oil for the unreacted triglycerides. It ignores any methanol that may have 

carried over from the pretreatment. 

8. Agitate for 1 hour at 60ºC. 

 

11.1.1 Example: 100 g of 12% FFA animal fat 

1. Pretreatment 

 2.25 x 12 g = 27.0 g methanol 

 0.05 x 12 g = 0.6 g H2SO4 (sulfuric acid) 

2. Mix acid with methanol. Then add mixture to fat. Agitate for one hour at 60ºC. Let settle and 

separate bottom phase. Acid value should decrease substantially, to at least 5-6 mg KOH/g. 

Therefore, FFA = 2.5% 

3. Second step of pretreatment: 

 2.25 x 2.5 g = 5.6 g of methanol 

 0.05 x 2.5 g = 0.13 g H2SO4 

4. Mix with oil, agitate at 60ºC for 1 hour. FFA should be < 0.5%. Removal of upper phase is 

usually optional at this point. 

5. Then add  0.217 x (88) = 19.1 g methanol 

 [0.25 + (0.5)(0.190)]/100 x 88 = 0.30 g sodium methoxide 

6. Agitate at 60ºC for one hour. If glycerol and ester do not separate, add 50 g of warm distilled 

water to encourage separation. Wash 3-4 times. 
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12. Appendix E: Biodiesel Production Scheduling - Fresh Vegetable Oil 

Complete form and ensure each person has a copy 

Supervising Grad Student:                                                        Phone #: 

Team Members: 

Day Date Task 
Duration 

(hrs) 

Personal 
Start Time End Time 

Req’d Team Members SGS 

1 
 Waste Oil Procurement 1 1  Initiate   

 
2 

 

Oil Transfer to R1 2 4  
Initiate / 

Available   
Heating of R1 

2 4  On-Site   Methoxide Production 

Transesterification 1 2  
Initiate / 

Available   
3 

 

Methanol Removal 1 2 1  Initiate   
Methanol Removal 1 2 1  Available   
Methanol Removal 1 2 1  Available   

4 
 First Water Wash 1 2  Initiate   

5 
 Second Water Wash 1 2  Initiate   

6 
 Third Water Wash 1 2  Initiate   

 
7 

 

Water Removal 2 1  Available   

Water Removal 2 1  Available   

Biodiesel Removal 

1.5 2  Initiate   Waste Disposal 

Lab Clean-Up 

8  Quality Control 2 1  Initiate   
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13. Appendix F: Biodiesel Production Scheduling - Waste Vegetable Oil 

Complete form and ensure each person has a copy 

Supervising Grad Student:                                                        Phone #: 
Team Members: 

Day Date Task 
Duration 

(hrs) 

Personal 
Start Time End Time 

Req’d Team Members SGS 

1  Waste Oil Titration 1 1  Initiate   

1 

 

Waste Oil Filtration 0.5 2  Available   

Oil Transfer to PT1 0.5 2  Available   

Heating of PT1 1 2  
Initiate / 

Available 
  

Water Removal 2 1  Available   

3 

 

Oil Transfer to R1 2 2  
Initiate / 

Available   
Heating of R1 

2 2  On-Site   Methoxide Production 

Transesterification 1 2  
Initiate / 

Available   
3 

 

Methanol Removal 1 2 1  Initiate   

Methanol Removal 1 2 1  Available   

Methanol Removal 1 2 1  Available   

4 
 First Water Wash 1 2  Initiate   

5 
 Second Water Wash 1 2  Initiate   

6 
 Third Water Wash 1 2  Initiate   

7  

Water Removal 2 1  Available   

Water Removal 2 1  Available   

Biodiesel Removal 

1.5 2  Available   Waste Disposal 

Lab Clean-Up 

8  Quality Control 2 1  Initiate   
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14. Appendix G: Basics of Biodiesel Production 

(Excerpt from NREL’s Production Handbook) 
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15. Appendix H: Soap Production 

15.1 Procedure 

1) Filter glycerin: Remove any unwanted impurities – any vegetable strainer will do 

2) Quantities: Amount of water should be approx. 25% volume of glycerin being processed. 38.5grams of lye 

(NaOH) per litre of glycerin. 

3) Methanol Removal: Heat glycerin to 65 degrees Celsius to remove all left-over methanol. 

4) Water/Lye: Heat water to 38 degrees Celsius and add lye. Stir until all lye is dissolved. Add this mixture to 

the glycerin and keep heating for 10 minutes. Reduce stir speed and continue heating for another 10 minutes 

(20 minutes total). 

5) Container: Use any Tupperware container (Wal-Mart especially) and pour in soap at desired thickness. 

Cover with cardboard/plywood to keep in heat and let it cool for 24 hours. 

6) Removal: Use a butter knife to slide soap out of container, cut into desired sizes and let sit in a cool are for 4 

-7 days. Note: the colour will lighten over this period. 

 

15.2 Making Glycerin Soap from Biodiesel By-Products 

by Terry McGleish 

A byproduct from making bio-diesel is glycerin. In a process called transesterification, waste vegetable oil 

(WVO) is broken down into esters (bio-diesel) and glycerin. This glycerin can be filtered to remove any food 

particles or impurities, and used as an industrial degreaser in its raw form, composted and used as a fertilizer, 

or made into bar soap. Bar soap made from your glycerin byproduct is excellent for use in the shop because of 

its degreasing abilities, but can also be used as a household soap for everyday use. Adding fragrances and dyes 

will make household use more appealing to other members of the household. 

Ingredients used in making bar soap from glycerin are, glycerin, 

water and lye. The amounts of water and lye used will effect the 

lathering abilities of the soap. I have found that the more water used, 

the more lather the soap will produce. And using more lye will 

produce a soap which is very strong and cuts grease well, but also 

dries out the skin. 

To begin, filter the glycerin to remove any unwanted impurities, you 

may have to heat the glycerin back to a liquid state in order to strain 

it. A good strainer is a restaurant type strainer used for vegetable oil 

or an old pair of panty hose works well. 

The amount of lye and water used will depend on the amount of 

glycerin you are processing. I have found that one quart of water per 

gallon of glycerin (or 25%) works well, producing a soap with good 

lathering and cleansing abilities. On the lye, I use 38.5 grams per 

liter or 5.5 oz. per gallon of glycerin. I have used these quantities on 

several batches of glycerin, even when the glycerin is from WVO from 

different sources. 

 

The soap lathers well and cuts 
grease and dirt easily. 



42 

Heat the glycerin in a stainless steel or aluminum pot (or your bio 

processor) to 150 degrees F. to remove any excess methanol (if you 

used ethanol, heat to 175 F.). Measure the proper amounts of water 

and lye to be used, heat the water to 100 degrees F., add the lye and 

mix until all the lye is dissolved. Be sure not to breathe the fumes. 

Pour the water/lye mixture into the glycerin. Continue to heat the 

glycerin for another ten minutes while mixing. Allow to mix for an 

additional ten minutes (20 mins. total) at slow speed. The mixture 

may foam up slightly and form soap bubbles. After mixing is 

complete, the soap can be poured into a container and allowed to 

cool. 

A good container to use is a Tupperware type container available at 

any Wal-mart for a couple dollars. You do not need to add any type of 

release agent using these type of containers, and removal is simple. 

You will need two 28 qt. containers for 3 gallons of soap at 1 1/2" 

thick. Pour the soap into the containers at the desired thickness and 

cover with a piece of cardboard or plywood to help hold the heat in, 

and let set for 24 hrs. As the soap cools, it will start to solidify. 

After the 24 

hr cooling period, the soap should be ready to be 

removed and cut into bars. Using a butter knife or 

putty knife, slice around the inside edge of the 

container to release the soap from the sides. Quickly 

turn the container upside down over a piece of 

newspaper or cardboard. You may have to tap lightly 

on the bottom of the container to help it release and 

drop out. You now have a nice evenly shaped "slab" of 

soap which can be cut into individual bars. Each slap 

will produce about 45 bars of soap measuring 2" X 3" 

each. 

 

Allow soap to set in a cool area for approximately 4 - 7 

days before using. When first cut the soap will appear 

dark in color, but will lighten to a tan color as drying 

progresses. The resulting soap is a long lasting bar with 

good cleansing abilities leaving no greasy residues. 

Soap can be stored in plastic zip lock bags or placed in 

plastic tubs in layers with waxed paper in between each 

layer and kept in a cool place. 

 

Plastic "Tupperware" sweater box 
used to hold soap while cooling. 

 

The hardend soap easily is removed from the 
container and is ready to be cut into 

individual bars. 

 

Lay the bars of soap on a piece of waxed 

paper or newspaper to allow for further 
drying. 
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16. Appendix I: Material Safety and Data Sheets 

16.1 Methanol MSDS 
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16.2 KOH MSDS 
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16.3 NaOH Flakes MSDS 
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16.4 Biodiesel MSDS 
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16.5 Diesel MSDS 
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