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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? N

2. Does your protocol include software usage? N

3. Which steps from the protocol section below are the most important for viewers to see? Please list 4-6 individual steps using the step numbers listed in this document. This information is important to prepare your Videographer for your shoot. (You do not need to include steps that will be screen captured. Please do not list entire sections.)
2.4.1.
2.6.1.
4.2.1.
4.5.1.
5.2.3.
5.7.2.
5.10.1.
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? Please list 1-2 individual steps using the step numbers listed in this document. (Please do not list entire sections.)
NA

5. Will the filming need to take place in multiple locations? N


Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee.

Authors, these headshots will be used for the JoVE Dedicated Author Webpage. Here is one example if you wish to take a look.

1. REQUIRED Interview Statements: (Said by you on camera)  - All interview statements may be edited for length and clarity.

1.1. Dr. Sebastian Paczkowski: We apply low temperature microwave treatment in order to deplete willow biomass from fine dust precursors. This can help in upgrading biomass for combustion and, thereby, increasing the biomass fuel potential of a country [1].
1.1.1. INTERVIEW

1.2. Victoria Knappe: The microwaves allow an even and fast biomass heating, because they excite the water molecules in the whole reactor volume. Conventional reactors form several isotherms and heat up slower [1].
1.2.1. INTERVIEW

OPTIONAL Interview Statements: (Said by you on camera)  - All interview statements may be edited for length and clarity.

1.3. Victoria Knappe: Water is an intermediate microwave absorbing solvent and in order to reach higher reactor temperatures catalyzers, e.g. organic acids, have to be added [1].
1.3.1. INTERVIEW





Section - Protocol
2. Microwave Assisted Hydrothermal Carbonization (MAHC)
2.1. After drying, use a cutting mill to cut the willow wood chips [1]. Place the wood chips in a centrifugal mil, and grind to a particle size of 0.12 millimeters [2].
2.1.1. WIDE: Talent places wood chips in cutting mill.
2.1.2. MED: Talent uses a centrifugal mil to grind wood.
2.2. Transfer 500 milligrams of the ground raw material in a 50 milliliter PTFE reaction vessel with a spatula [1]. Add 10 milliliters of demineralized water [2]. Screw down the reaction vessel cap so that the pressure valve in the cap is on the same level as the cap brim [3].
2.2.1. MED: Talent places ground wood into a vessel with spatula.  Author comment: Here just for information: No gloves are used, because it is only wood and otherwise it is statically charged. Filling the sample is otherwise no longer possible.
2.2.2. CU: Talent adds water into the vessel.
2.2.3. CU: Talent screws down cap, and uses a finger to show the pressure valve.
2.3. Select a microwave oven with 850 Watts and a magnetron frequency of 2,455 megahertz [1]. Put twelve reaction vessels with raw materials in the microwave oven and close the oven [2].
2.3.1. MED: Shot of a microwave, if possible, with view of the feature showing watts and frequency.
2.3.2. MED: Talent places 12 vessels into the microwave.
2.4. Set up a temperature program for 150, 170 or 185 degrees Celsius [1-TXT]. Start the microwave oven with new raw materials for each single program [2].
2.4.1. CU: Talent sets up programs. TEXT: See manuscript for program settings.  Author comment: Only the selection of a program was filmed here, not the programming itself.
2.4.2. CU: Talent starts the microwave. Close up of the hand on settings.
2.5. After the program is completed [1], remove the reaction vessels to allow them to cool and reactivate [2]. Then transfer them under a fume cupboard, and slowly unscrew the lid to release the pressure inside. Open the vessels [3].
2.5.1. CU: Shot of the microwave screen showing it is complete.
2.5.2. MED: Talent takes out the reaction vessels out of the microwave and puts them on a surface to cool. Videographer: Take multiple shots, as this will be used later.
2.5.3. MED: Talent opens the vessels under a fume hood. Videographer: Take multiple shots, as this will be used later.
2.6. Add 35 milliliters of twice distilled water to each reaction vessel and shake to mix [1]. Pour the solution from each vessel to a centrifuge cylinder [2] and centrifuge at 1,714 times g for 10 minutes [3].
2.6.1. MED: Talent adds water to vessels and shakes.
2.6.2. MED: Talent transfers solution to centrifuge cylinders.
2.6.3. MED: Talent puts cylinders into centrifuge.
2.7. With a pipette, transfer the process water to a tube [1], and store it frozen at -5 degrees Celsius for pH and GC-MS analysis [2-TXT]. Freeze the centrifuge cylinder with the remaining biocoal pellet at -5 degrees Celsius for several hours [3].
2.7.1. CU: Talent removes supernatant in the cylinder.
2.7.2. MED: Talent places cylinders into freezer. TEXT: GC-MS: gas chromatography-mass spectrometry
2.7.3. MED: Talent shows the cylinders with pellets and puts them into freezer.
2.8. Then take out the biocoal pellet and dry it at 105 degrees Celsius for 24 hours [1]. After that, weigh the biocoal pellet and calculate the weight loss induced by the MAHC [2].
2.8.1. MED: Talent takes out the cylinders and puts into an oven, then adjusts the temperature on the oven.
2.8.2. MED: Talent weighs the pellet.
3. Ash Content Determination
3.1. First, weigh 20 empty ceramic dishes individually [1]. Add 1 gram of sample into each dish. From each temperature treatment, prepare 5 dishes with the dried raw material, and 5 dishes with the dried MAHC biocoal [2].
3.1.1. WIDE: Talent weighs dishes.
3.1.2. MED: Talent adds sample into each dish.
3.2. Place the open ceramic dishes into a muffle furnace and close the furnace [1]. Program a temperature program for the muffle furnace and start the program [2-TXT].
3.2.1. MED: Talent places dishes into furnace and closes it.
3.2.2. CU: Talent programs on the furnace, close up of the settings. TEXT: See manuscript for program settings. Author comment: Only the selection of a program was filmed here, not the programming itself.
3.3. After the program is completed, let the muffle furnace cool down to 105 degrees Celsius [1]. Then open the furnace and transfer the ceramic dishes [2] to a desiccator filled with a drying agent consisting of silica gel [3]. Close the extractor and vacuum dry with the help of a vacuum pump [4].
3.3.1. CU: Close up of the temperature panel of the furnace showing 105.
3.3.2. MED: Talent takes out dishes.
3.3.3. MED: Talent places the dishes in dessicator. Focus on the drying agent.
3.3.4. MED: Talent starts the vacuum pump, with view of the dessicator.
3.4. Take out the ceramic dishes after 24 hours of drying. Weigh the ceramic dish [1] containing the ash [2] and calculate the ash weight by subtracting the weight of the empty ceramic dish [3].
3.4.1. MED: Talent transfers dishes to a scale.
3.4.2. CU: Close up of the ash.
3.4.3. MED: Talent does calculation on paper (would be nice to show both calculations for raw material and coal at 170°C to compare the values for final statement 4.1.).
4. Determination of the Higher and Lower Heating Values
4.1. In a plastic sample bag having a defined calorific value of 46,479 joules per gram, fill with 1 gram of glucose [1]. Put the sample bag into the combustion crucible of a calorimeter bomb [2].
4.1.1. MED: Talent fills a plastic bag with glucose.
4.1.2. MED: Talent places the bag into a crucible.
4.2. Use a pipet to add 5 milliliters of twice deionized water in the bottom of the bomb [1] and screw down the bomb [2]. Put the bomb into the calorimeter and close the calorimeter [3].
4.2.1. CU: Talent adds water in the bottom of the bomb.
4.2.2. CU: Talent screws down the bomb. Close up of the screw and hand.
4.2.3. MED: Talent puts bomb into calorimeter and closes the calorimeter.
4.2.4. [Added Shot] MED: Talent puts bomb into calorimeter Author comment: Not more, the rest is in step 4.3.1
4.3. On the calorimeter, enter the weight of the sample, 1 gram, and change settings to sample bag method. Then, start the calorimeter [1].
4.3.1. CU: Talent adjusts settings on calorimeter, and starts
4.3.2. [Added Shot] Talent adjust settings on calorimeter, and starts. The calorimeter closes itself.
4.4. After the measurement is completed [1], take out the bomb, turn it upside down and shake it slowly for 1 minute [2].
4.4.1. CU: Close up of the screen of the calorimeter showing the measurement is completed. The calorimeter opens itself.
4.4.2. MED: Talent takes out the bomb to shake.
4.5. Unscrew the bomb and use twice demineralized water to flush out the sample into a volumetric flask [1]. Rinse the bomb several times, till the volume reaches 50 milliliters [2]. 
4.5.1. CU: Talent unscrews the bomb and rinse it with water into a flask.
4.5.2. CU: Close up of the water reaching 50 mL on the flask.
4.6. Repeat the calorimeter measurement five times with each MAHC biocoal and the raw material [1].
4.6.1. MED: Talent fills a plastic bag with biocoal.
5. Ion Chromatography (IC) for the Quantification of Chlorine and Induced Coupled Plasma Optical Emission Spectroscopy (ICP-OES)
5.1. After treatment in the calorimeter bomb, transfer the 5 milliliters of solution to a 50 milliliter volumetric flask add 45 milliliters of twice demineralized water to mix [1].
Author comment: This step is the same then 4.5
5.2. After calibration of the ion chromatograph [1], insert the sample suction tube into the flask [2] and draw approximately 3 milliliters of the sample with a syringe into the pre-column [3]. Start the analysis run [4].
5.2.1. MED: Talent operates on the computer.
5.2.2. CU: Talent inserts tube into flask.
5.2.3. MED: Talent draws sample into column.
5.2.4. SCREEN: Talent starts the analysis.
5.3. To perform Induced Coupled Plasma Optical Emission Spectroscopy, first transfer 400 milligrams of the dried raw material or the MAHC biocoal into a 50 milliliter PTFE reaction vessel with a spatula [1]. Add 3 milliliters of 69% nitric acid and 9 milliliters of 35% hydrochloric acid [2].
5.3.1. MED: Talent transfers sample to a vessel with a spatula.
5.3.2. CU: Talent adds two acids into the vessel.
5.4. Screw down the reaction vessel cap so that the pressure valve in the cap is on the same level as the cap brim [1]. Put the reaction vessels of the samples to be heated in the microwave oven and close the oven [2].
5.4.1. CU: Talent screws down cap, and points to pressure valve.
5.4.2. MED: Talent places vessels into the microwave.
5.5. Program the temperature program for complete degradation of the organic material, and start the microwave oven [1-TXT].
5.5.1. CU: Talent adjusts settings on the microwave. TEXT: See manuscript for program settings. Author comment: Only the selection of a program was filmed here, not the programming itself.
5.6. After the program is completed [1], remove the reaction vessels, allow them to cool and reactivate [2]. Under a fume cupboard, release the pressure inside the vessels, and open them [3].
5.6.1. CU: Shot of the microwave screen showing it is complete.
5.6.2. Use 2.5.2
5.6.3. Use 2.5.3
5.7. Pour the samples into a 50 milliliter bulb cylinder [1]. Then rinse the reaction vessel thoroughly with twice deionized water and transfer into the bulb cylinder [2]. Top up the cylinder to the 50 milliliter mark with twice deionized water to ensure even dilution of all samples [3]. 
5.7.1. CU: Talent pours solution into bulb cylinder.
5.7.2. MED: Talent rinses vessel and transfers the rinse water into bulb cylinder.
5.7.3. CU: Talent adds more water into the cylinder to reach 50 milliliters. Close up of the measuring graduation.
5.8. In a funnel with a piece of 150 micrometer mesh filter paper on top, filter the sample [1]. Transfer the filtrate into 50 milliliter conical centrifuge tubes [2].
5.8.1. MED: Talent filters the sample into a beaker.
5.8.2. MED: Talent transfers filtrate into tubes.  Author comment: Step 5.8.1. and 5.8.2. are filmed in the same step. The filtrate goes directly into the tube.
5.9. Load vials containing standard samples into the autoinjector of the ICP-OES (pronounce as I-C-P-O-E-S) [1-TXT], and run the calibration [2]. Then, load the raw material or biocoal samples in the autoinjector of the ICP-OES [3] and run the ICP-OES analysis with the same parameters [4].
5.9.1. MED: Talent loads vials into autoinjector. TEXT: See manuscript for details.
5.9.2. SCREEN: Talent runs the calibration.
5.9.3. MED: Talent loads samples into autoinjector.
5.9.4. [bookmark: _GoBack]SCREEN: Talent runs the analysis for samples
5.9.5. [Added shot]: Talent runs the autoinjector.
5.10. After the ICP-OES analysis, obtain the elemental concentrations from the software which is based on the calibration curves obtained from standard samples [1].
5.10.1. SCREEN: Talent obtains elemental concentrations.

2.1.1. 

Section – Results
6. Results: Elemental Analysis and Leaching Result
6.1. The results of the elemental analysis revealed [1] higher oxygen/carbon versus hydrogen/carbon ratios and a higher variation of the values for the raw material [2]. The MAHC treatment reduced the value variation due to homogenization in the microwave reactor [3].
6.1.1. Figure 1
6.1.2. Figure 1- Video editor: Emphasize the big blue circle and the orange circles.
6.1.3. Figure 1- Video editor: Emphasize the big blue circle.
6.2. The hydrogen/carbon ratio was reduced at 150 degrees Celsius [1]. The oxygen/carbon ratio was reduced at 170 degrees Celsius and further reduced at 185 degrees Celsius [2].
6.2.1. Figure 1- Video editor: Emphasize the big blue circle, and the triangles.
6.2.2. Figure 1- Video editor: Emphasize the big blue circle. Emphasize the upside down triangles and black diamonds one group by one group.
6.3. The temperature induced an increasing brown color [1], while the process water showed the same tendency caused by increase in aromatic rings [2].
6.3.1. Figure 2- Video editor: Emphasize the top four images.
6.3.2. Figure 2- Video editor: Emphasize the bottom three images.
6.4. Different elements show a different temperature dependent leaching in to the process water [1]. Chlorine and potassium were intensively transferred to the process water at 150 degrees Celsius [2]. 
6.4.1. Figure 3
6.4.2. Figure 3- Video editor: Emphasize the two blue triangles at temperature 150 in the top image.
6.5. While sulfur, magnesium, sodium, calcium, zinc, barium, manganese, and strontium showed their highest depletion rate at 170 degrees Celsius [1]. Only the silver and lithium concentrations in the biocoal showed an even decrease rate that was temperature independent [2].
6.5.1. Figure 3- Video editor: Emphasize the symbols at temperature 170 in the bottom image.
6.5.2. Figure 3- Video editor: Emphasize the yellow lines with squares and diamonds in the top image.
6.6. Nitrogen was not affected by the MAHC treatment at all [1]. 
6.6.1. Figure 3- Video editor: Emphasize the yellow line with circles in the top image.
2.2. 

Section - Conclusion
7. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.

7.1. Victoria Knappe: This method allows a depletion of fine dust precursors from the treated biomass and upgrades otherwise unfeasible biomass for combustion [1] [2].
7.1.1. Use 3.4.3
7.1.2. INTERVIEW
7.2. Victoria Knappe: By applying this method to different biomass, the  fuel upgrading technique can be transferred to many potential fuel feedstocks that are not used for combustion, yet [1].
7.2.1. INTERVIEW
7.3. Sebastian Paczkowski: As the temperature in the microwave is easy to control, further research on low temperature MAHC can reveal reaction steps during the early stages of biomass carbonization [1].
7.3.1. INTERVIEW
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