
30 liter ReactorBuild Manual 
 
 
Overview 
 

This is the construction manual for the 30 liter size biodiesel reactor. The design concept of this 
system was to produce a small scale farm type biodiesel reactor which by nature of its design and 
construction affords the ability to get consistently reliable quality results when used in conjunction with 
proper procedures and good quality chemicals to convert bio-oil feed stocks of reasonable quality into 
methyl ester fuel suitable for use in diesel internal combustion engines and oil burner type heating 
equipment. 
 
Scope 
 

This document covers the detailed description of the process of building the reactor.  The 
instructions in this document therefore give specific guidance on how to assemble the sub components of 
the reactor system from the materials available as called out in the BOM (Bill Of Materials) included as an 
excel spreadsheet. 

A section on parts substitution is included to advise on the important considerations for these 
components is given so that an appropriate choice of alternative materials and components can be made to 
ensure the final outcome will be a unit with equal functionality and safety to the original design concept. 
Some treatment of the subject of scalability of this design is included with the same consideration to 
appropriately informed choice as to the selection of components as well.  It should be understood that the 
information regarding scalability is offered as a general guideline and that several factors that come into 
play in the course of up-scaling reactor size may result in performance that needs to be optimized through 
repeated experimentation until the exact configuration and process is realized. 

Final assembly of sub components follows the description and instructional sections for the sub 
components. Some guidelines as to consideration of the location and use of the equipment is included in the 
final section of this manual, however, instructions for the use of the reactor are beyond the scope of this 
document and are the subject of another course and associated documents. 
 
Purpose 
 
 The purpose of this manual is to provide guidance and step by step instruction for the construction 
and assembly of the 30 liter size biodiesel reactor. No warranty as to its use is expressed or implied in this 
document and no liability for its use or any possible outcome of its use is assumed by the author,  Non 
Profit Fuel, or any of its members. Every effort is made in the design of this system to address safety, 
reliability and consistency concerns.  Product of  high quality can be produced by this system but the 
responsibility for safe use, and verification of the product quality is the responsibility of the user. This 
manual may have errors and is subject to changes as the need arises so always obtain the most recent 
version at www.nonprofitfuel.ca.  Obsolete versions are not supported although considerable support may 
be obtained from the biofuels community in any case with regard to the evolution and best setup of 
biodiesel reactors in general. This project should be regarded as a work in progress. The design is expected 
to evolve as needs arise and as new ideas and processes become available. This is part of the reason why a 
biofuel experimenter must accept full responsibility for making sure everything is done correctly and in 
accordance with established knowledge of the biofuel community at the time any experiment or routine 
process is undertaken.  Everything written in this document should be regarded as for information purposes 
only and what you do with that information is your own responsibility. 
 Another important consideration from an environmental perspective is the fact that this reactor 
design calls for many parts in the BOM which are produced within the framework of a fundamentally 
flawed global economic model which is unsustainable.  There is a questionable aspect to this project in this 
regard since many of the part sources originate in offshore production sites.  Undoubtedly those who are 
resourceful can find local and therefore environmentally responsible alternatives to the parts selection in 

http://www.nonprofitfuel.ca/


building this reactor.  One of the constraints for this project was to offer something that would be 
universally achievable with readily available parts.  This led to unfortunate choices having to be made in 
specifying a source that would be available to people in a large area rather than just my local community. I 
fully encourage the builder to look for local alternative sources of parts for this project as long as no 
compromises to the performance of the reactor result.  Those who value time and money most, will likely 
build a system closely matching the one described here, but those with more important objectives will no 
doubt take a more sustainable approach to the execution and maintenance of the project.   
 A central theme of this project is that it is open sourced.  Therefore if you have been charged for 
any copy of this document then a fraud has been committed and please let me know so I can pursue it.. All 
of the information contained in this and supporting documents is offered under the Creative Commons 
public license and is therefore free to distribute under the terms of the license. 
 
 
Tools Required 
 
 
Hand tools: 
 Carpet knife 
 Adjustable crescent wrench or spanner set. 
 Pipe wrench. 

Rat tail file 
Half round file.  
Flat machinist’s file 
Hacksaw 
Screwdriver set. 
Ratchet set. 
Tap and die set 
Hammer and center punch 
Bench vise 
Propane torch and pipe solder kit 
Wire cutter 
Wire stripper 
Multimeter 
Hole punch set 

 
 
 
 
   
Power tools: 

Hand drill and the following bits; 
50 mm (2”) hole saw 
Stepped bit or combination bits up to ¾” (20mm) 
Wire feed welder and or TIG welder. Gloves and helmet. 
Chop saw 
Angle grinder.  
Bench grinder. 
 

 
 
Work Practices 
 
 Since this reactor is a vacuum system one item of great importance is the treatment of sealing 
surfaces.  All connections on the reactor tank and vacuum plumbing must be very well sealed to ensure 



proper vacuum operation, therefore always heed the following precautions when working with pipe thread 
connections. 

A. Avoid nicked or damaged threads on any component. 
B. Use proper application of Teflon tape and pipe dope appropriate to the materials without 

exception. 
C. Do not over torque compression fittings. 
D. Avoid scratching the outer surface of the 3/8” and ½”  tubing which will ruin the seal at the 

recirculation line attachment points for vacuum service. 
E. Once components are installed such as the recirculation pump, or the coaxial drier. Use caution to 

avoid applying forces to these components which would over stress the connections and perhaps 
damage vacuum integrity of the system. 

F. Use proper soldering techniques for soldered connections. 
When working with tools, always use appropriate safety equipment and measures to avoid injury such as 
safety glasses, gloves, safety shoes, and proper attitude which means if you are not sure about what you are 
doing, do not proceed. Ask for clarification and make sure you have a clear understanding of what you 
have to do and what is required before proceeding. 
 
 
 
 
Safety 
 

Personal safety gear: Safety glasses, safety boots or shoes, work gloves. 
Additional safety considerations: Always use proper techniques when working with power tools, lifting 
anything heavy, working with chemicals, electrical connections, or welding equipment. 
 
 
Parts list 
 

Parts list is generated in an excel spreadsheet as a bill of materials (BOM) This sheet is printed 
and included at the back of this manual. 
 
 
Parts substitution 
 
 
 If you are attempting to build the system by substituting components in the BOM with locally 
obtainable alternatives, you may be able to save some money.  Substituting parts can be fine as long as the 
system design constraints are not violated. The system must be able to achieve an ultimate vacuum of 28” 
Hg or better. The recirculation pump rate should not be degraded from that achievable with the materials 
and parts called out on the BOM. A higher pumping rate is not a problem but a lower recirculation rate 
should not be accepted.  Therefore no reduction in pump capacity or plumbing size can be tolerated. Some 
latitude is available in the choice of vacuum pump as long as ultimate vacuum is met. Various 
arrangements can be made for mixing methoxide in terms of mixing motor, shaft and agitator, and some 
ancillary components such as the temperature gauge, vacuum gauge, and exhaust shroud type and size have 
considerable flexibility. The reactor vessel size, heating element voltage and power, should not be changed. 
 
 
Main sections of this manual 
 

1. Liquid trap. 
2. Coaxial gas drier. 
3. Methoxide mixer. 
4. Injector assembly. 



5. Support frame. 
6. Reactor vessel. 
7. System assembly. 
8. Exhaust stack. 
9. Electrical hookup. 
10. Copyleft 

 
1. Liquid trap 
 

1. Trap vessel:  A one gallon cider jug was chosen as a liquid vessel for this application 
because it is an appropriate size for a reactor in the 30 to 100 liter range.  The cider jug is 
able to withstand the pressure created by the vacuum used in this system so long as it is in 
perfect shape with no chips, cracks or scratches anywhere on its surface.  A bottle with 
any chips or scratches will likely implode under vacuum and MUST NOT BE USED. 
The purpose of the trap is to collect and prevent any liquid removed from the air pumped 
out of the reactor from reaching the vacuum pump and provides a convenient way of 
collecting this liquid. 

2. Containment vessel:  The trap vessel is housed in a containment vessel which serves three 
important purposes. The first purpose relates to safety and it is to prevent flying glass 
from being a hazard if the trap vessel was ever to implode. The second and related reason 
for the containment is that in the case that an implosion occurred when the trap contained 
methanol the exhausted containment vessel prevents methanol from escaping into the 
work area and contains the resulting methanol vapors to the area which is actively 
exhausted to the outdoors. This is an important safety feature of the design and must not 
be omitted. The final purpose relates to protection of the vacuum pump.  The liquid 
removed from the air by the coaxial drier comes out at cold temperature and thus has a 
low vapor pressure. It is important to use insulation around the liquid trap to maintain this 
cold temperature so that liquid does not warm up and add to the vapour load on the 
vacuum pump. The containment vessel conveniently serves this purpose when fitted with 
insulating material as outlined below. The containment vessel is fabricated from a 
commonly available 5 gallon pail with simple modification to the lid as follows: 

A) Using a 50mm (2”) hole saw cut a hole in the center of the pail lid for the 
connection to the mouth of the trap vessel.  This is where the rubber bung on the 
end of the coaxial drier will connect to the mouth of the trap vessel. 

B) A second 50mm (2”) hole will need to be cut for the exhaust port for the 
containment vessel. The exact position of this hole is not critical except that it 
must line up with the exhaust connection at the time of final assembly.  The 
exhaust hole will be cut at that time to mate with the location of the lower 
exhaust stack.  

C) Using a carpet knife place a series of equally spaced cuts around the rim of the 
pail lid approximately 50 mm (2”) apart to ease removal and installation of the 
pail lid during use. Photo #1 shows these details. 

 



 
Photo #1. Top of Liquid trap containment vessel. 
 
D) The pail is insulated with a roll of aluminized bubble wrap type insulation. Due 

to variations in dimensions of pails and cider jugs, rather than list dimensions 
here it makes more sense to give instructions as to the desired result needed and 
you can measure the dimensions of the materials you have on hand and cut them 
appropriately.  Install the pail lid, and with a measuring tape, note the depth 
from the lid to the bottom of the pail. Cut the roll of insulation to this width and 
place the material into the pail so that it forms an insulating jacket roughly 50 
mm (2”) thick around the inside surface of the pail. The cider jug needs to sit so 
that the mouth of the jug is just at the height of the pail lid when the lid is 
installed, so measure the height of the bottle and subtract it from the depth of the 
pail you noted previously.  This figure is the height of the spacer you need to 
install in the bottom of the pail to support the trap vessel.  The spacer should 
offer insulation and be made of non absorbent type material.  Depending on the 
dimensions you have to work with, you may be able to use the remaining strip of 
aluminized bubble wrap cut from the width of the roll when making the jacket as 
the spacer by trimming it to the correct dimension and rolling it up to form the 
spacer at the bottom of the pail. A galvanized duct cap for a 200 mm (8”) round 
duct serves nicely as a support to rest on the insulated spacer for the cider jug to 
sit on.  It distributes the weight of the bottle and also serves to keep the 
insulation jacket spread open against the sides of the pail.  Use anything you 
have on hand which is suitable for this purpose. See Photo #2 for details. 

 



 
Photo #2.  Insulated trap vessel. 

 
2. Coaxial gas drier 
 The coaxial gas drier is fabricated from two lengths of copper water pipe, two reducing tee fittings 
and a ½” solder x ½” male pipe thread adapter.  The drier gets its name from the fact that the length of ½” 
copper pipe runs coaxially through the center of the outer ¾” copper pipe which forms the water cooling 
jacket around it. At either end of this jacket a reducing tee is fitted in order to accomplish this but the 
reducing tees must be slightly modified to allow this as follows. 

A) The reducing tee which has a ¾” port on one connection and a ½” port on each 
of the remaining sides has a slight internal swelling or shoulder on the inside 
diameter which is intended to prevent over insertion of the pipe into the fitting. 
On the ½” port opposite the ¾” port we need to remove this shoulder so that the 
½” pipe can slide all the way through the fitting to run inside the ¾” pipe.  This 
is done with a rattail file as shown in photo# 3.   
 



 
Photo #3. Removing the end stop shoulder. 
 
 
Work carefully and remove only enough material to allow the fitting to slide 
down the ½” pipe. Removing too much will only weaken the fitting and possibly 
result in a leak. Modify both of the tee fittings in this way. 

B) Using a pipe cutter cut a 61 cm (24”)length of ¾” pipe and a 81 cm (32”)length 
of ½” pipe as well as two 50 mm (2”)lengths of ½” pipe. 

C) Before soldering it is important that the surface of the copper be clean and free 
of oxide.  Use sandpaper to ensure a bright exposed copper surface to the inside 
of the fittings and outside surface of the pipe at the area to be soldered.  Take 
care from this point to avoid letting any grease or dirt including from 
fingerprints from contaminating these surfaces as you work. The tee fittings on 
the ¾” jacket serve to seal against water but the pipe thread adapter solder joint 
and the lower tee are vacuum connections which have to be extremely leak tight, 
so save those connections for last if you are inexperienced in this type of 
soldering. Position the ½” pipe inside the ¾” pipe. Apply a fine film of flux 
paste to the ends of the ¾” pipe and fully insert it into the tee fittings at either 
end.  Adjust the position of the ½” pipe to allow you to get some flux paste into 
the area where the solder connection will be by alternately sliding the pipe up a 
bit and applying the paste before sliding back the other way to bring the paste 
into the joint area. You want to leave about 50mm (2”) protruding from the tee 
on the one end where the thread adapter goes and have both of the tees aligned 
in the same direction.  Photo# 4 shows the top end of the coaxial drier partly 
assembled. 

 
 



 
Photo #4. Top end of coaxial drier showing water jacket connection in exploded 
view. 
 
 
D) In order to make a good solder joint both pieces of metal to be joined have to be 

clean and hot enough to melt the solder. Support the assembly so as to maintain 
alignment and allow freedom to work around the fittings with a propane torch 
without getting the flame near anything flammable. Apply the flame to one side 
of the fitting so that it is heating both the fitting and the pipe.  Allow time for the 
assemble to heat.  Depending on the ambient temperature this may take half a 
minute or more.  DO NOT put the solder into the flame.  Apply the solder at the 
junction of the pipe and fitting on the opposite side to where the flame is applied 
and when the metal is hot enough the solder will flow.  You should see the 
solder run completely around the joint at this point and that is sufficient.  More 
solder than this just makes a mess and does not make a better joint. Take care to 
avoid dripping hot solder on yourself or anyone assisting. Do the ½” connection 
first and then the second ½” and you will find that the latent heat from the first 
connection makes the second one go much faster.  Do the ¾” connection last. 
Do not disturb the position of anything while it is hot.  Wait for the connection 
to cool until the solder solidifies before moving anything.  Repeat for the tee at 
the opposite end. 

E) Clean and apply flux to the two short sections of ½” pipe and insert them into 
the remaining ½” ports on the tee fittings.  Install two boiler drain valves to the 
ends of these sections and remove the valve stems by loosening the nut beneath 
the valve handle before soldering in place.  

F) The vacuum port is fabricated out of another reducing tee and a short section of 
¾” tubing. Use the same techniques outlined above. The branch of the tee is 



connected to the vacuum valve with a short section of ½” tubing terminated in a 
sweat to ¼” FPT transition.   See Photo #5. 
 

 
Photo #5. Detail of lower end of coaxial drier. 
 

G) Carefully clean and flux the top end of the ½” coaxial pipe and the ¾” pipe 
thread adapter fitting and prepare to solder it on the end of the pipe.  Arrange the 
assembly vertically with this connection at the bottom and support the fitting so 
that it won’t fall off the end of the pipe during the soldering process.  Be sure to 
use plenty of heat and make sure you see the solder run quickly around the 
entire circumference of the joint before removing the heat.  Let the completed 
assembly cool in place without disturbance. Protect the adapter threads and set 
the drier aside for later. 

H) A number 6 rubber stopper is used as a bung for the liquid trap.  A ¾” hole 
needs to be made in the stopper, for the end of the coaxial drier.  If you do not 
have a ¾” hole punch then cut the hole by sharpening the end of a short section 
of 3/4” copper pipe and using it as a hole cutter.  Position the sharpened tube 
end at the desired location on the small end of the stopper and lubricate it with 
some soap or glycerin and then use a vise to force the cutter through the stopper. 

I) Insert the 3/4” vacuum tube through the stopper from the larger diameter end.  
Use soap or glycerin as a lubricant to ease this process. 

 
 
 
 
 



3. Methoxide Mixer 
 
 

The methoxide mixer assembly is made from a stainless steel stock pot and surrounded by a 
plastic shroud made from a 5 gallon pail.  The shroud is connected to the exhaust so that no vapours from 
within can escape into the room during the mixing process even when the trap door is opened. You may 
have to look around until you find a combination of pail and pot that fit together.  Basically all you need is 
to be able to put the stock pot into the bucket so that it sits at the bottom and use a bucket that is deep 
enough to allow room for a funnel to be placed through a hole in the pot lid and still be able to put the lid 
on the bucket. 
 
Exhaust shroud. 
 

A. A second 5 gallon pail is used similar to the liquid trap exhaust shroud.  This lid will have a trap 
door which can be opened and closed for adding chemicals. Fashion the door by cutting a wedge 
shape from the edge toward the center.  The width of the wedge should be about 6” (150mm) at 
the outer rim of the lid. Tin snips work well for this. Use a small hinge to secure the trap door near 
the center of the bucket lid. See Photo #6 

 

 
 
Photo #6   Methoxide mixer lid. 
 

B. Cut the lid with slits around the perimeter in a similar fashion as was done for the liquid trap. 
C. Roughly 3” (75mm) from the side of the lid opposite the trap door drill a xxx” (xxmm) hole for 

the mixer motor mount, insert the mount as shown in the photo and set the lid aside. 
D. On the bottom of the pail drill a ¾” (20mm) hole at the center. 
 



 
Modification of stainless stock pot. 
 

A. The bottom of the pot needs to be deformed to a convex shape so that all the Methoxide drains to 
the fitting which will be welded to the center bottom of the pot. This can be done with a press or 
by supporting the pot around its edge and using weights to deform the bottom outwards. 

B. Drill a ¼” (6mm) hole in the center of the pot at the point of maximum depression. 
C. Using a hacksaw squarely cut the threaded portion of the stainless methoxide fitting off and de-

burr the hole. Be careful not to damage the flared end of the fitting. 
D. Use a TIG welder to weld the fitting to the bottom of the pot at the hole location. Put the ferrules 

for the fitting aside in a safe place and put the compression nut on the fitting to protect it. If the 
sealing surfaces are damaged after this point it will be a real problem so keep them protected until 
it is time to install the methoxide delivery line. 

 
 
Photo #7  Stock pot detail 
 
 
E. Place the stock pot into the pail so the methoxide fitting protrudes from the hole in the bottom of 

the pail.  You may need to bend or remove handles if any on the sides of the pot to make it fit in 
the bucket.  My pot had the handles riveted on with aluminum rivets.  I drilled these out and used 
plastic 1/4-20 bolts to fill the holes.  I cut the length of the bolts so that they just extend to the 
sides of the bucket and hold the pot from moving around inside the bucket. The methoxide level 
doesn’t go as high as those holes but I didn’t want to leave them open. 

F. Place the lid on the pot. 
G. Place the lid on the pail and open the trap door. 
H. The mixer shaft needs a hole drilled in the end and tapped with 6-32 threads.  Check the shaft for 

straightness by rolling on a flat surface. 



I. Loosen the locking ring on the methoxide mixer motor and temporarily place the methoxide mixer 
motor into the motor mount as it appears in the photo. Temporarily screw in a small piece of 6-32 
threaded stock or a 6-32 machine screw with the head removed into the end of the mixer shaft. 
Slide the stainless mixer shaft through the motor till the threaded insert contacts the lid of the 
stock pot. Mark this location accurately on the lid of the pot. If you grind the threaded piece to a 
point you will be able to mark the spot by just raising the shaft a little and letting it fall.  

J. Take your funnel and lower it through the trap door till it rests on the lid of the stock pot.  Mark 
the location on the lid of the stock pot where the center of the bottom of the funnel rests. 

K. Remove the lid of the stock pot and drill a 7/16” (11mm) hole for the mixer shaft. 
L. Remove the ferrule and o ring from the fitting to be used as the mixer shaft bushing and drill out 

the internal hole with a 0.264 (6.7 mm) Letter H drill bit. 
M. Thread the fitting into the hole in the pot lid. 
N. Using a hole saw, drill an appropriate sized hole so that your funnel sits on the lid of the stock pot 

with the end of the funnel protruding through this hole. 
O. Finally measure the distance from the lid of the stock pot to the top of the bucket and mark a spot 

on the bucket 2” (50mm) above this point for the exhaust port. 
P. Using a 2” (50mm) hole saw, cut a hole through the side of the bucket at the point you just 

marked. 
 
 
4. Injector assembly 
 
 The pump is mounted on a manifold connected to the reactor tank and the pump inlet.  This 
manifold contains a home made type of injector that creates a suction effect at the pump inlet which helps 
with chemical injection into the oil stream, and also allows water to be pulled in during the wash cycle.  
The injector is fabricated from a tee, pipe nipple and hose barb as follows. 

 
A. Carefully drill a hole and tap a 1/8”FPT opposite the branch of the tee for the methoxide 

injection port. 
B. To make the injector more efficient it should have a smooth surface so use sandpaper to 

remove the hose barbs from the outer surface of the fitting. 
C. Using a ½” NPT pipe tap cut threads on the INSIDE of a ¾” x 2-1/2” black iron pipe 

nipple. 
D. Tape and thread the hose barb into the end of the pipe nipple. 
E. Prepare the same end of the pipe nipple outer threads and screw it into the end of the 

plastic ¾” tee so that the hose barb now extends into the tee.  The end of the hose barb 
should be visible by the threaded end on the opposite side of the tee. See Photo #8.  

 



 
 
Photo #8 View of injector choke tube as seen from elbow end. 
 
 
 

F. Prepare the male threads of the plastic ¾” street elbow and screw it in to the end of the 
tee. 

G. Prepare and install the ¾” x ½” reducing bushing as well as the ½” MPT x 3/8” 
compression fitting on the branch of the tee for the wash port. 

H. The stainless methoxide injection valve is fitted with a 1/8” FPT x ¼” compression fitting 
and is attached to the inlet manifold at the methoxide injection port via a 1/8” PVC short 
pipe nipple. Prepare threads properly and do not over tighten these connections. Photo #9 
shows the manifold positioned as a kind of exploded view with the major components 
arranged as they would go together. 

  



 
 
Photo #9 Exploded view of inlet manifold. 
 
 
5. Support Frame 
 
  

The frame is constructed from 19mm (3/4”) square tubular structural steel tubing using welded 
construction.  A small wire feed welder suitable for material up to 3mm (1/8”) thickness will suffice for this 
job.  The tubing must be cut accurately using a hacksaw or chop saw if available. A chop saw is preferred 
since the square cut it provides greatly eases the ability to maintain squareness during the welding of the 
assembly. An angle grinder is handy at times for grinding down welds and rounding corners quickly but a 
hand file could be used to accomplish this where necessary as well. Be sure to avoid fire hazards while 
welding and grinding work is taking place. 
 

A) Start by cutting the ½” tubing to various lengths as shown in the bill of materials. 
B) The frame as shown in photo #10 has a left and right side.  Start by fabricating the 

left side which has the lower bracket for the vacuum pump and then the right side 
which is taller and has the sliding bracket for the liquid trap.  Once the two frame 
halves are constructed they will be joined together by upper and lower joiner tubes in 
the front and back.  After the two frame halves are joined, the remaining sections 
will be added to the frame with it standing in place.  These sections consist of the 
methoxide mixer support and the liquid trap bracket. 

 



 
 
Photo#10 Completed frame. 
 

C) Left hand side (LHS) construction begins by clamping the longer front and rear tubes 
in position with a joiner tube between them flush with one end and a second joiner 
tube positioned a distance of 125 mm (4”) from the opposite ends of the tubes.  
Clamp everything square and tack weld the joiners in position.  Welder’s corner 
magnets are very handy for this part. Check squareness again before completely 
welding the joiners in place. 

D) Similarly the right side (RHS) frame members are clamped and welded, but in this 
case the joiners are positioned 300 mm (12”) away from one end and 125 mm (5”)  
from the opposite end. To avoid later problems compare the length of the upper and 
lower joiner tubes and make sure they are exactly the same length.  Failure to do 
this will result in problems with the sliders on the liquid trap support bracket later 
on. 

E)  Lay two joiner tubes on a flat work surface suitable for welding such as metal or 
concrete and position the LHS and RHS frame sides so that the upper and lower 
joiner tubes on each side match up with the two joiner tubes laying on the work 
surface.  The frame is laying on it’s back in this orientation. Using bar clamps, clamp 
the frame sides in position and maintain square alignment.  Similarly clamp the front 
upper and lower joiner tubes in place maintaining alignment with the upper and 
lower joiner tubes on the LHS and RHS.  Check squareness in at all corners and 
adjust if necessary to get best alignment.  Tack all joiners and check alignment again 
before completing the joiner tube welds. 

F) Position a tee nut with the threaded part inside the end of each side tube at the 
bottom end and tack weld in position as shown in Photo #11. 

 



 
 
Photo #11 Lower frame detail. 
 

G) Thread a ¼” nut onto each of four ¼” stove bolts and thread these into the tee nuts.  
These are the leveling feet for the frame. 

H) Stand the frame on its feet and adjust the levelers so that the frame rests solidly 
without teetering on it’s legs. 

I) Measure the bottom plate for the vacuum pump and cut pump bracket front, rear and 
side members to fit the pump used.  Weld these on to the lower joiner tube on the 
LHS frame side. 

J) Remove paint from the ends of the drawer slides opposite where the roller is and a 
section on each side 50mm (2”) from the roller end so that the drawer slides can be 
tack welded in position on the inside surfaces of the RHS frame sides as in Photo #8 

K) Cut the front, rear and bottom piece of the liquid trap bracket and position them as 
shown in photo #9  

L) Cut the front, rear and side pieces of the pail support for the liquid trap bracket and 
position them as shown in photo #10 centered along the lower slider joiner tube to 
form the pail support and weld squarely in place.  Alignment is not critical. 

M) Insert the matching halves of the drawer slides and measure the exact distance 
between the sliders. Insert thin cardstock between the rollers and guides to allow free 
movement after welding and temporarily tape slides in position.  Measure distance 
between slides top and bottom.  If the distance is not the same you will experience 
difficulty which will be difficult to correct.  Tack the bucket support bracket tubes to 
the sliders with the smallest tack possible and check for free operation.  Adjust as 
necessary before welding permanently. 

N) Cut a 225mm (9”) length of 12mm x 3mm (½” x 1/8”) flat bar stock and bend it 90 
degrees 50mm (2”)  from the end  to form a foot pedal and weld it to the front end of 
the liquid trap bracket as in photo #10 and #11.   



O) Weld methoxide support left side piece on to front of frame as an extension of the 
RHS joiner tube. 

P) Tack methoxide support front piece to the end of the piece attached in previous step. 
Q) Tack methoxide support right piece to the end of the latest piece. 
R) Finally add the rear piece for the methoxide support.  Check for squareness and weld 

up remaining joints. Check photo #10 for details. 
 
 
6. Reactor vessel 
 
 
 
 
Removal of Anode rod. 
 

A. Remove the top cover of the hot water tank and insulation. 
B. Using a pipe wrench unscrew the anode rod which is located on top of the tank close to one side. 
C. Measure the location of the center of the hole with reference to the metal jacket surrounding the 

insulation layer of the tank and with reference to the screw hole location for the nearest screw 
which holds the lid you have removed. 

D. Now mark the location on the removed lid and use the 2” (50mm) hole saw to create a hole in the 
lid which matches the location of the anode rod fitting on the top of the tank. This hole is for the 
connection to the coaxial gas drier which will be installed later. 

E. Cut a matching hole in the insulation and replace the insulation and lid. 
 
Removal of pressure relief. 
 

A. Using a pipe wrench remove the pressure relief valve on the side of the tank near the top.  You 
may need someone to hold the tank as this fitting may be quite tight. 

 
Removal of hot and cold water ports. 
 

A. Using a pipe wrench remove the pipe nipples at these ports.  
B. One of these nipples will be reused at the inlet port so take care to protect the threads. 
 

 
Drain hole preparation. 
 

A. Turn the water heater upside down and look at the drain fitting on the bottom surface.  Remove the 
drain plug. If the drain hole fitting does not have a plug in it, and the hole is not open you will 
have to drill the hole out.  The threads must not be damaged while doing this. If you can arrange to 
do this while drilling in an upward direction it will prevent metal bits from falling into the tank 
which will have to be removed otherwise. Mark the center with a center punch and drill a ¼” 
(6mm) pilot hole and then successively larger holes up to about 5/8” (16mm).  This is easily done 
using a stepped drill bit. 

B. Ensure that the tank is clean and free of metal fragments.  Remove the heater element and use a 
magnet if necessary to accomplish this. Turn the tank right side up and mount it on the stand and 
secure it with a strap against the side of the frame extension legs on the right hand side. So that the 
heater element access hatch is adjacent to the frame RHS so that it is free to be removed  

C. Using the technique described in the work practices section prepare the ends of a ¾” x 6” pipe 
nipple and thread it into the drain hole and tighten with a pipe wrench. 

D. Install a ¾” x ½” reducing tee on the end of the pipe nipple and tighten it but make sure to leave 
off with the tee branch facing toward the front of the frame. 

E. Prepare and install a ¾” close nipple into the end of the tee. 



F. Install a ¾” ball valve on the close nipple and tighten till the handle is facing the front using two 
wrenches so that the orientation of the tee is not changed. 

G. Prepare and install a garden hose adapter in the end of the ball valve. 
H. Prepare and install a ½” x45 degree street elbow on the branch of the tee tightening until the elbow 

points upward. 
I. Prepare and install a ½” close nipple on the elbow and thread a ½” ball valve onto the nipple. 

Tighten till the valve handle is accessible from the front of the frame and ensure the elbow 
orientation is not changed. 

J. Prepare and install a 3/8” x ½” thermoplastic push in fitting into the end of the ½” valve and do 
not over tighten the plastic fitting. 

 
Installation of fill port. 
 

A. Prepare and install a ¾” x 3” pipe nipple at the port where the pressure relief was removed. One of 
the hot and cold nipples removed from the tank earlier can be reused for this purpose. Install a 90 
degree x ¾” street elbow on the nipple pointing upward and prepare the other end and install a ¾” 
ball valve. Tighten and check clearance of the motion of the valve handle. 

B. Prepare and install a ¾” garden hose adapter to the end of the fill valve. 
 
Level Interlock 
 

A. A port must be added above the level of the heating element for the interlock switch.  This is done 
by cutting a ½”NPT black iron pipe union in half and welding it to the tank inside the heater 
access cover. 

B. With a hacksaw, cut the pipe union in half.  Using a half round file carefully contour the cut face 
of the fitting so that it matches the curve of the tank wall.  A good fit is important for welding.  

C. Center punch a mark near the top of the opening  on the tank heater access area so that it is 
equidistant from both sides and top of the opening. The will leave room for the weld nozzle to 
weld the fitting.  Remove scale from the surrounding area with sandpaper to prepare the surface 
for welding.  Using a stepped drill bit drill a ¾” hole at this location and use a magnetic wand to 
remove drill tailings from inside the tank. 

D. Remove scale from the fitting in the area to be welded.  NOTE: welding must only be done on a 
tank which has never been filled with any flammable substance otherwise an explosion may 
occur. Check welder settings to ensure proper weld performance since this is a vacuum seal area 
and is therefore a critical weld.  Carefully weld the fitting onto the tank.  See photo #12 for 
details. 



 
 
Photo #12 Detail of heater interlock installation.  
 
7. System assembly. 
 
Level interlock. 
 

A. Prepare threads and screw the level switch into the adapter port using care not to overtighten and 
stop with the N.O. marking up.  Ensure that the switch contacts are open when the float level 
hangs down and close when it rises. 

 
Coaxial drier. 
 

A. Prepare and thread the second of pipe nipples removed from the water connections to the port on 
top of the tank where the anode rod was removed. 

B. Install a ¾” tee on the end of this nipple and tighten till the branch of the tee points to the RHS. 
C. Install the ¾” x ¼” bushing on the top of the tee and install the vacuum gauge into this bushing. 
D. Prepare and install a 300 mm (6”) long  ¾” nipple into the branch of the tee and install a 90 degree 

elbow on the end tightening until it points downward. 
E. Prepare the pipe adapter on the end of the coaxial drier and install the unit into the elbow in the 

previous step, tightening until the boiler valves point to the RHS. 
 
Recirculation system. 
 

A. Using a 1/2” pipe thread cut internal threads on the 2.5” x ¾” black iron pipe nipple. 
B. Using fine sandpaper remove the hose barbs from the plastic injector piece. Tape and thread the 

injector into the threads created in the pipe nipple in the last step. 



C. Prepare both ends of the iron nipple and thread the end with the injector into the plastic ¾” pipe 
tee so that when holding the tee with the branch facing down the nipple extends to the right. 

D. Prepare and thread the ¾” plastic street elbow into the opposite end of the tee, and tighten with it 
ending pointing to the opposite side as the branch. Prepare and thread both the plastic ¾” x ½” 
bushing and the 1/2” x 3/8” plastic quick connect fitting to the branch of the tee. 

E. Prepare the threads of the 1/8”MPT x ¼ quick connect fitting and install in the female port of the 
methoxide control valve. 

F. With the inlet manifold  oriented with the  branch facing down and the street elbow on the left, 
drill and tap a 1/8” FPT on the side of the inlet manifold tee facing you to accept the methoxide 
control valve. Prepare the 1/8” MPT on the opposite port of the valve and thread the valve into the 
hole on the manifold tee. The recirculation inlet manifold assembly is now complete and ready for 
installation.  

G. Prepare and thread the recirculation manifold into the lower ‘cold’ water connection on the side of 
the tank. This connection should not be over tightened. Since it has plastic components it should 
be turned until finger tight and then any remaining rotation to ensure that the elbow on the end of 
the manifold points straight up. 

H. Prepare the threads on the pump inlet and turn the pump onto the elbow finishing with the pump 
outlet pointing toward the front and orthogonal to the inlet manifold. 

I. Install the plastic ¼” FPT x ½” MPT bushing on the pump outlet hand tight and then install the ½” 
compression fitting on the bushing.  Hand tighten the fitting and finish with 1 full turn with a 
wrench. 

J. Install the remaining compression fitting in a ¾” x ½” bushing and thread it into the remaining 
‘hot’ water port on the side of the tank. 

K. Insert the end of the ½” FEP tubing in the upper compression fitting.  
L. Using a heat gun, heat the tubing over about a 200 mm (8”) section starting about 50 mm (2”) 

from the end just installed. 
M. Bend the tubing downward maintaining a bend radius of no less than 50 mm (2”) avoiding kinking 

the tubing.  Be patient.  The tubing will bend easily when warmed and do not overheat it. 
N. Similarly bend the lower end to align with the lower compression fitting on the recirculation pump 

outlet.  With the help of a partner, place a block of wood under the tubing and trim the excess so 
that the tubing can be fully inserted into the fitting. Make sure it is completely bottomed out.   

O. Similarly cut and install the 3/8” FEP tubing from the bottom of the recirculation manifold to the 
compression wash fitting on the drain plumbing below the reactor.  A gentle bend in the tubing is 
required. 

P. With all valves closed the reactor should now be vacuum tight.  In order to test this, the liquid trap 
needs to be installed and in order to do that, the exhaust stack must be fitted.  

Q. Once the system can be pumped down, check to see that a vacuum of 28” Hg can be achieved.  
Seal any leaks if this is not the case. 

 
 
 
8. Exhaust stack. 
 
 
 The exhaust stack consists of three connections for the liquid trap, vacuum pump and methoxide 
mixer.  The main stack length is 75mm (3”) ABS pipe.  A 75mm (3”) to 38mm (1-1/2”) 45 degree tee and a 
75mm (3”) to 38mm (1-1/2”) reducer serve to adapt to the 38mm (1-1/2”) exhaust lines which connect to 
the liquid trap and the methoxide mixer.  The branch which runs to the liquid trap also has a tee which 
contains a bushing to connect to the exhaust hose from the vacuum pump. 
 

A. Using a hacksaw cut a 200mm (8”) length of the 75mm (3”) ABS pipe.  Apply ABS solvent 
cement according to the directions and install the reducer on one end of this piece. 

B. Glue the 45 degree tee on the other end so that the tee branch is angled toward the end with the 
reducer. 



C. Using two hose clamps, secure this section to the rear riser in the RHS frame top. Do not tighten 
the hose clamps so that final alignment can be done later. 

D. Glue a 45 degree street elbow into the branch of the 45 degree tee so that it is oriented with the 
end horizontal. 

E. Cut a 38 mm (1-1/2””) length of 38 mm (1-1/2”) ABS pipe and glue it into the end of the 45 
degree elbow from the previous step. 

F. Glue a 38mm (1-1/2”) 90 degree elbow on the piece installed in the previous step so that it is 
oriented straight toward the front of the system. 

G. Cut a 254 mm (10”) length of 38 mm (1-1/2”) ABS pipe and glue it into the elbow installed in the 
last step. 

H. Temporarily mount the methoxide exhaust shroud on its stand and then adjust the height of the 
exhaust stack so that the exhaust pipe installed in the previous step lines up with the exhaust port 
in the side of the pail. 

I. Tighten the hose clamps on the exhaust stack to maintain this alignment. Photo #13. 
 

 
 
Photo #13 Adjusting exhaust manifold height. 
 

J. Install but DO NOT GLUE a 38mm (1-1/2”) 45 degree street elbow on the piece installed in the 
previous step so that it is oriented toward the end of the coaxial drier. 

K. Cut a 38 mm (1-1/2”) length of 38 mm (1-1/2”) ABS pipe and glue it into the elbow installed in 
the last step. 

L. Glue the 38 mm (1-1/2”) tee onto the piece installed in the last step with the branch of the tee 
oriented downward. 

M. Glue the 38mm (1-1/2”) X 13mm (1/2”) FPT bushing into the 38mm (1-1/2”) tee. 
N. Cut a 38 mm (1-1/2”) length of 38 mm (1-1/2”) ABS pipe and insert BUT DO NOT GLUE it into 

the remaining port of the tee. 



O. Fit but DO NOT YET GLUE a 45 degree elbow to the length of pipe just installed and orient it 
downward. 

P. Measure the vertical distance from the bottom of the rubber stopper on the end of the coaxial drier 
to the elbow installed in the previous step and cut a section of 38 mm (1-1/2”) ABS pipe to that 
length and dry fit it to the elbow. 

Q. Check the orientation of these pieces to ensure that the lower exhaust duct ends beside the end of 
the coaxial drier and at the same height as the rubber stopper. Adjust the length if necessary. 

R. Glue the remaining connections in this orientation. 
S. Take the lid from the liquid trap containment vessel and hold it so that the rubber stopper on the 

coaxial drier lines up with the hole in the center of the lid.  Mark the location where the exhaust 
stack meets the surface of the lid and cut a hole for it using a 50 mm (2”) hole saw. 

  
 
9. Electrical hookup. 
 
 
The hot water tank has a 220 volt element but it will be powered with 110 volt AC so that it will only 
produce ¼ of the rated power.  The system requires six switched electrical outlets for the following: 
 

1. Exhaust fan. 
2. Vacuum pump. 
3. Heater. 
4. Cooling pump (if used -recommended)  
5. Mixing pump. 
6. Methoxide mixer. 
 

These can be made by combining switched outlets in dual duplex boxes.  Ensure sufficient amperage  and 
circuit protection on the circuit feeding the switch bank by adding up the current requirements for each of 
the components in the system.  Assume a value of 3.5 amps for a 220 volt heater of 1500 watt capacity 
running on 110 volts.  The boxes may be mounted wherever convenient such as welding to the frame or 
may be wall mounted beside the system as is the preference of the builder. They should be in reach of the 
system.  The heater element must also be interlocked with a level switch so that it can never be energized 
without being immersed.  Dry powering the heater will result in heater burnout and could result in an 
explosion if there were explosive vapours in the reactor at the time. Never defeat this interlock or omit it 
from a system when building one.  The level interlock is not rated for the power of the heater so therefore a 
solid state relay is wired in series with the heater for this purpose. The relay is energized by the level 
switch.  Mount the relay box on the side of the tank,  behind the methoxide mixer. The electrical power 
inlet to this box comes from a switched outlet.  If you are not qualified to do this wiring then have it done 
by someone who is.  Always ensure there is no power connected when working with electrical wiring.  See 
photo #14 which shows details of the wiring connections. Use armor flex to route the wires between the 
relay box and the tank electrical connection.  
 



 
 
Photo #14.  Wiring details for the heater interlock. 
 
 
 
 
 
 
 
 
11. Copyleft. 
 

 

Attribution-NonCommercial-ShareAlike 2.5 

CREATIVE COMMONS CORPORATION IS NOT A LAW FIRM AND DOES NOT 
PROVIDE LEGAL SERVICES. DISTRIBUTION OF THIS LICENSE DOES NOT 
CREATE AN ATTORNEY-CLIENT RELATIONSHIP. CREATIVE COMMONS 



PROVIDES THIS INFORMATION ON AN "AS-IS" BASIS. CREATIVE COMMONS 
MAKES NO WARRANTIES REGARDING THE INFORMATION PROVIDED, AND 
DISCLAIMS LIABILITY FOR DAMAGES RESULTING FROM ITS USE. 

License  

THE WORK (AS DEFINED BELOW) IS PROVIDED UNDER THE TERMS OF THIS 
CREATIVE COMMONS PUBLIC LICENSE ("CCPL" OR "LICENSE"). THE WORK 
IS PROTECTED BY COPYRIGHT AND/OR OTHER APPLICABLE LAW. ANY USE 
OF THE WORK OTHER THAN AS AUTHORIZED UNDER THIS LICENSE OR 
COPYRIGHT LAW IS PROHIBITED.  

BY EXERCISING ANY RIGHTS TO THE WORK PROVIDED HERE, YOU ACCEPT 
AND AGREE TO BE BOUND BY THE TERMS OF THIS LICENSE. THE 
LICENSOR GRANTS YOU THE RIGHTS CONTAINED HERE IN 
CONSIDERATION OF YOUR ACCEPTANCE OF SUCH TERMS AND 
CONDITIONS.  

1. Definitions  

a. "Collective Work" means a work, such as a periodical issue, anthology or 
encyclopedia, in which the Work in its entirety in unmodified form, along with a 
number of other contributions, constituting separate and independent works in 
themselves, are assembled into a collective whole. A work that constitutes a 
Collective Work will not be considered a Derivative Work (as defined below) for 
the purposes of this License.  

b. "Derivative Work" means a work based upon the Work or upon the Work and 
other pre-existing works, such as a translation, musical arrangement, 
dramatization, fictionalization, motion picture version, sound recording, art 
reproduction, abridgment, condensation, or any other form in which the Work 
may be recast, transformed, or adapted, except that a work that constitutes a 
Collective Work will not be considered a Derivative Work for the purpose of this 
License. For the avoidance of doubt, where the Work is a musical composition or 
sound recording, the synchronization of the Work in timed-relation with a moving 
image ("synching") will be considered a Derivative Work for the purpose of this 
License.  

c. "Licensor" means the individual or entity that offers the Work under the terms of 
this License.  

d. "Original Author" means the individual or entity who created the Work.  
e. "Work" means the copyrightable work of authorship offered under the terms of 

this License.  
f. "You" means an individual or entity exercising rights under this License who has 

not previously violated the terms of this License with respect to the Work, or who 
has received express permission from the Licensor to exercise rights under this 
License despite a previous violation.  



g. "License Elements" means the following high-level license attributes as selected 
by Licensor and indicated in the title of this License: Attribution, Noncommercial, 
ShareAlike. 

2. Fair Use Rights. Nothing in this license is intended to reduce, limit, or restrict any 
rights arising from fair use, first sale or other limitations on the exclusive rights of the 
copyright owner under copyright law or other applicable laws.  

3. License Grant. Subject to the terms and conditions of this License, Licensor hereby 
grants You a worldwide, royalty-free, non-exclusive, perpetual (for the duration of the 
applicable copyright) license to exercise the rights in the Work as stated below:  

a. to reproduce the Work, to incorporate the Work into one or more Collective 
Works, and to reproduce the Work as incorporated in the Collective Works;  

b. to create and reproduce Derivative Works;  
c. to distribute copies or phonorecords of, display publicly, perform publicly, and 

perform publicly by means of a digital audio transmission the Work including as 
incorporated in Collective Works;  

d. to distribute copies or phonorecords of, display publicly, perform publicly, and 
perform publicly by means of a digital audio transmission Derivative Works;  

The above rights may be exercised in all media and formats whether now known or 
hereafter devised. The above rights include the right to make such modifications as are 
technically necessary to exercise the rights in other media and formats. All rights not 
expressly granted by Licensor are hereby reserved, including but not limited to the rights 
set forth in Sections 4(e) and 4(f). 

4. Restrictions.The license granted in Section 3 above is expressly made subject to and 
limited by the following restrictions:  

a. You may distribute, publicly display, publicly perform, or publicly digitally 
perform the Work only under the terms of this License, and You must include a 
copy of, or the Uniform Resource Identifier for, this License with every copy or 
phonorecord of the Work You distribute, publicly display, publicly perform, or 
publicly digitally perform. You may not offer or impose any terms on the Work 
that alter or restrict the terms of this License or the recipients' exercise of the 
rights granted hereunder. You may not sublicense the Work. You must keep intact 
all notices that refer to this License and to the disclaimer of warranties. You may 
not distribute, publicly display, publicly perform, or publicly digitally perform the 
Work with any technological measures that control access or use of the Work in a 
manner inconsistent with the terms of this License Agreement. The above applies 
to the Work as incorporated in a Collective Work, but this does not require the 
Collective Work apart from the Work itself to be made subject to the terms of this 
License. If You create a Collective Work, upon notice from any Licensor You 
must, to the extent practicable, remove from the Collective Work any credit as 
required by clause 4(d), as requested. If You create a Derivative Work, upon 



notice from any Licensor You must, to the extent practicable, remove from the 
Derivative Work any credit as required by clause 4(d), as requested.  

b. You may distribute, publicly display, publicly perform, or publicly digitally 
perform a Derivative Work only under the terms of this License, a later version of 
this License with the same License Elements as this License, or a Creative 
Commons iCommons license that contains the same License Elements as this 
License (e.g. Attribution-NonCommercial-ShareAlike 2.5 Japan). You must 
include a copy of, or the Uniform Resource Identifier for, this License or other 
license specified in the previous sentence with every copy or phonorecord of each 
Derivative Work You distribute, publicly display, publicly perform, or publicly 
digitally perform. You may not offer or impose any terms on the Derivative 
Works that alter or restrict the terms of this License or the recipients' exercise of 
the rights granted hereunder, and You must keep intact all notices that refer to this 
License and to the disclaimer of warranties. You may not distribute, publicly 
display, publicly perform, or publicly digitally perform the Derivative Work with 
any technological measures that control access or use of the Work in a manner 
inconsistent with the terms of this License Agreement. The above applies to the 
Derivative Work as incorporated in a Collective Work, but this does not require 
the Collective Work apart from the Derivative Work itself to be made subject to 
the terms of this License.  

c. You may not exercise any of the rights granted to You in Section 3 above in any 
manner that is primarily intended for or directed toward commercial advantage or 
private monetary compensation. The exchange of the Work for other copyrighted 
works by means of digital file-sharing or otherwise shall not be considered to be 
intended for or directed toward commercial advantage or private monetary 
compensation, provided there is no payment of any monetary compensation in 
connection with the exchange of copyrighted works.  

d. If you distribute, publicly display, publicly perform, or publicly digitally perform 
the Work or any Derivative Works or Collective Works, You must keep intact all 
copyright notices for the Work and provide, reasonable to the medium or means 
You are utilizing: (i) the name of the Original Author (or pseudonym, if 
applicable) if supplied, and/or (ii) if the Original Author and/or Licensor 
designate another party or parties (e.g. a sponsor institute, publishing entity, 
journal) for attribution in Licensor's copyright notice, terms of service or by other 
reasonable means, the name of such party or parties; the title of the Work if 
supplied; to the extent reasonably practicable, the Uniform Resource Identifier, if 
any, that Licensor specifies to be associated with the Work, unless such URI does 
not refer to the copyright notice or licensing information for the Work; and in the 
case of a Derivative Work, a credit identifying the use of the Work in the 
Derivative Work (e.g., "French translation of the Work by Original Author," or 
"Screenplay based on original Work by Original Author"). Such credit may be 
implemented in any reasonable manner; provided, however, that in the case of a 
Derivative Work or Collective Work, at a minimum such credit will appear where 
any other comparable authorship credit appears and in a manner at least as 
prominent as such other comparable authorship credit.  

e. For the avoidance of doubt, where the Work is a musical composition: 



i. Performance Royalties Under Blanket Licenses. Licensor reserves the 
exclusive right to collect, whether individually or via a performance rights 
society (e.g. ASCAP, BMI, SESAC), royalties for the public performance 
or public digital performance (e.g. webcast) of the Work if that 
performance is primarily intended for or directed toward commercial 
advantage or private monetary compensation. 

ii. Mechanical Rights and Statutory Royalties. Licensor reserves the 
exclusive right to collect, whether individually or via a music rights 
agency or designated agent (e.g. Harry Fox Agency), royalties for any 
phonorecord You create from the Work ("cover version") and distribute, 
subject to the compulsory license created by 17 USC Section 115 of the 
US Copyright Act (or the equivalent in other jurisdictions), if Your 
distribution of such cover version is primarily intended for or directed 
toward commercial advantage or private monetary compensation. 

f. Webcasting Rights and Statutory Royalties. For the avoidance of doubt, where 
the Work is a sound recording, Licensor reserves the exclusive right to collect, 
whether individually or via a performance-rights society (e.g. SoundExchange), 
royalties for the public digital performance (e.g. webcast) of the Work, subject to 
the compulsory license created by 17 USC Section 114 of the US Copyright Act 
(or the equivalent in other jurisdictions), if Your public digital performance is 
primarily intended for or directed toward commercial advantage or private 
monetary compensation.  

5. Representations, Warranties and Disclaimer 

UNLESS OTHERWISE MUTUALLY AGREED TO BY THE PARTIES IN WRITING, 
LICENSOR OFFERS THE WORK AS-IS AND MAKES NO REPRESENTATIONS 
OR WARRANTIES OF ANY KIND CONCERNING THE WORK, EXPRESS, 
IMPLIED, STATUTORY OR OTHERWISE, INCLUDING, WITHOUT LIMITATION, 
WARRANTIES OF TITLE, MERCHANTIBILITY, FITNESS FOR A PARTICULAR 
PURPOSE, NONINFRINGEMENT, OR THE ABSENCE OF LATENT OR OTHER 
DEFECTS, ACCURACY, OR THE PRESENCE OF ABSENCE OF ERRORS, 
WHETHER OR NOT DISCOVERABLE. SOME JURISDICTIONS DO NOT ALLOW 
THE EXCLUSION OF IMPLIED WARRANTIES, SO SUCH EXCLUSION MAY NOT 
APPLY TO YOU. 

6. Limitation on Liability. EXCEPT TO THE EXTENT REQUIRED BY 
APPLICABLE LAW, IN NO EVENT WILL LICENSOR BE LIABLE TO YOU ON 
ANY LEGAL THEORY FOR ANY SPECIAL, INCIDENTAL, CONSEQUENTIAL, 
PUNITIVE OR EXEMPLARY DAMAGES ARISING OUT OF THIS LICENSE OR 
THE USE OF THE WORK, EVEN IF LICENSOR HAS BEEN ADVISED OF THE 
POSSIBILITY OF SUCH DAMAGES.  

7. Termination  



a. This License and the rights granted hereunder will terminate automatically upon 
any breach by You of the terms of this License. Individuals or entities who have 
received Derivative Works or Collective Works from You under this License, 
however, will not have their licenses terminated provided such individuals or 
entities remain in full compliance with those licenses. Sections 1, 2, 5, 6, 7, and 8 
will survive any termination of this License.  

b. Subject to the above terms and conditions, the license granted here is perpetual 
(for the duration of the applicable copyright in the Work). Notwithstanding the 
above, Licensor reserves the right to release the Work under different license 
terms or to stop distributing the Work at any time; provided, however that any 
such election will not serve to withdraw this License (or any other license that has 
been, or is required to be, granted under the terms of this License), and this 
License will continue in full force and effect unless terminated as stated above.  

8. Miscellaneous  

a. Each time You distribute or publicly digitally perform the Work or a Collective 
Work, the Licensor offers to the recipient a license to the Work on the same terms 
and conditions as the license granted to You under this License.  

b. Each time You distribute or publicly digitally perform a Derivative Work, 
Licensor offers to the recipient a license to the original Work on the same terms 
and conditions as the license granted to You under this License.  

c. If any provision of this License is invalid or unenforceable under applicable law, 
it shall not affect the validity or enforceability of the remainder of the terms of 
this License, and without further action by the parties to this agreement, such 
provision shall be reformed to the minimum extent necessary to make such 
provision valid and enforceable.  

d. No term or provision of this License shall be deemed waived and no breach 
consented to unless such waiver or consent shall be in writing and signed by the 
party to be charged with such waiver or consent.  

e. This License constitutes the entire agreement between the parties with respect to 
the Work licensed here. There are no understandings, agreements or 
representations with respect to the Work not specified here. Licensor shall not be 
bound by any additional provisions that may appear in any communication from 
You. This License may not be modified without the mutual written agreement of 
the Licensor and You.  

Creative Commons is not a party to this License, and makes no warranty whatsoever in 
connection with the Work. Creative Commons will not be liable to You or any party on 
any legal theory for any damages whatsoever, including without limitation any general, 
special, incidental or consequential damages arising in connection to this license. 
Notwithstanding the foregoing two (2) sentences, if Creative Commons has expressly 
identified itself as the Licensor hereunder, it shall have all rights and obligations of 
Licensor.  



Except for the limited purpose of indicating to the public that the Work is licensed under 
the CCPL, neither party will use the trademark "Creative Commons" or any related 
trademark or logo of Creative Commons without the prior written consent of Creative 
Commons. Any permitted use will be in compliance with Creative Commons' then-
current trademark usage guidelines, as may be published on its website or otherwise 
made available upon request from time to time. 

Creative Commons may be contacted at http://creativecommons.org/. 
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Part name Description Source UPC code Manufacturer Part number Data Price Qty Ext. Price
Recirc. Pump 68 lpm 110v Cole Parmer March A-07023-06 Catalog page $351.32 1 $351.32
Exhaust fan 110v furnace type Surplus Surplus Emerson M-053 $25.00 1 $25.00
Water heater 36L 220V water heater Home depot 020352508269 GE GE10P06CAG $200.00 1 $200.00
Heater interlock switch Side mounted level switch Omega LVN-92 Catalog page $22.00 1 $22.00
Heater interlock relay Solid state zero crossing switch Omega SSRL240AC25 Catalog Page $30.00 1 $30.00
Vacuum pump Dual stage rotary vane 4 CFM Cole Parmer RK-07164-50 Catalog page $470.67 1 $470.67
Vacuum Gauge 0-30" Hg Cole Parmer Ashcroft A-68004-00 Catalog page $23.85 1 $23.85
Temperature Gauge Digital meat thermometer Cole Parmer A-90025-05 Catalog page $25.10 1 $25.10

Aluminized bubble wrap 24" x 10 ft roll. Home depot 716511320000 $12.97 1 $12.97
Frame LHS front 0.75" X 0.75" X 36"square tubular steel Home depot 771878671677 Frame tube $6.95 5 $34.75
Frame LHS rear 0.75" X 0.75" X 36"square tubular steel Home depot 771878671677 Frame tube $0.00
Frame RHS front 0.75" X 0.75" X 48"square tubular steel Home depot 771878671677 Frame tube $0.00
Frame RHS rear 0.75" X 0.75" X 48"square tubular steel Home depot 771878671677 Frame tube $0.00
Frame joiner tubes 0.75" X 0.75" X 13"square tubular steel Home depot 771878671677 Frame tube $0.00
1/4" tee nuts 1/4"-20 Home depot 000000129432 $0.36 4 $1.44
1/4" Carriage bolts 1/4"-20 x 2" Home depot 000000137338 $0.27 4 $1.08
1/4" nuts 1/4"-20 Home depot 000000131119 $0.10 4 $0.40

Methoxide mixer left support piece 0.75" X 0.75" X 5"square tubular steel Home depot 771878671677 Frame tube $0.00
Methoxide mixer front support piece 0.75" X 0.75" X 11.5"square tubular steel Home depot 771878671677 Frame tube $0.00
Methoxide mixer right support piece 0.75" X 0.75" X 9"square tubular steel Home depot 771878671677 Frame tube $0.00
Methoxide mixer rear support piece 0.75" X 0.75" X 10"square tubular steel Home depot 771878671677 Frame tube $0.00

Vacuum valve Brass needle valve Cole Parmer A-68831-00 Catalog page $16.32 1 $16.32
Liquid trap bracket side piece 0.75" X 0.75" X 8"square tubular steel Home depot 771878671677 Frame tube $0.00
Liquid trap bracket bottom piece 0.75" X 0.75" X 12"square tubular steel Home depot 771878671677 Frame tube $0.00
Liquid trap bucket support piece 0.75" X 0.75" X 9"square tubular steel Home depot 771878671677 Frame tube $0.00
Foot pedal 0.5" X 0.125" X 9" steel flat bar Home depot 771878671035 3 ft length $4.46 0.33 $1.47
Drawer slide 12" length. Home depot 773199360018 $3.76 1 $3.76
Broom clips clips to hold fill and wash hoses Home depot 079325777287 $2.29 2 $4.58

Vacuum port horizontal piece 6"x 3/4" black pipe nipple Home depot 032888992993 $1.36 1 $1.36
Vacuum Gauge port 3/4" tee black pipe Home depot 032888406490 $0.99 1 $0.99
Gauge adapter 3/4" x 1/2" reducing bushing B.P. Home depot 032888407053 $1.08 1 $1.08
Gauge adapter reducer 1/2" x 1/4" reducing bushing B.P. Home depot 032888309647 $0.82 1 $0.82

Coaxial drier adapter 3/4" elbow black pipe Home depot 032888406155 $0.89 1 $0.89
Coaxial vacuum port 1/2" sweat x 1/4" FPT Home depot 685768203322 $2.22 1 $2.22
Coaxial vacuum port extension 1/2" x 4" copper water pipe Home depot 400020054432 $4.99 0.06 $0.30
Coaxial drier fitting 1/2" MPT x 3/4" socket copper fitting Home depot 685768203117 $2.77 1 $2.77
Coaxial drier ends 3/4" x 1/2" copper reducing end tee Home depot 685768204107 $2.78 3 $8.34
Coaxial drier valves 1/2" boiler valve Home depot 032888020030 $3.98 2 $7.96
Coaxial drier jacket 3/4" x 24" copper water pipe Home depot 400020054449 6 ft length $8.99 0.33 $2.97
Coaxial drier tube 1/2" x 32" copper water pipe Home depot 400020054432 6 ft length $4.99 0.5 $2.50
Rubber stopper # 8 with 9/16" and 1/4" holes Cole Parmer

Drain pipe 6"x 3/4" black pipe nipple Home depot 032888992993 $1.36 1 $1.36
Wash port 3/4" x 1/2" reducing tee Home depot 032888406544 $2.12 1 $2.12
wash port adapter 45 degree 1/2" street elbow Home depot 032888406407 $1.38 1 $1.38
Wash valve adapter 1/2" close nipple Home depot 032888992573 $0.64 1 $0.64
Wash valve 1/2" ball valve Home depot 032888070035 $6.98 1 $6.98
Wash tube fitting 1/2" MPT x 3/8" PP compression Home depot 003288830965 2 $0.00
Wash tube 3/8" FEP tube 12" length J.J.Downs FEP-250-2C $0.00



Drain valve 3/4" ball valve Home depot 032888070042 $9.98 1 $9.98
Drain hose adapter 3/4" x garden hose adapter Home depot 048643071889 $3.59 1 $3.59

Pump bracket 6" 90 degree angle bracket Home depot 044315048005 $3.94 1 $3.94
Pump inlet adapter 3/4 x 2.5" modified black pipe nipple Home depot 032888992924 $0.81 1 $0.81
Injector 1/2" MPT x 1/2" PE hose barb Home depot 914940042395 $1.99 1 $1.99
Injector body 3/4" PP Tee J.J.Downs Banjo TEE075 $0.00
Pump adapter 3/4" PP street elbow J.J.Downs Banjo SL075-90 $0.00
Wash injection fitting 3/4" MPT x 3/8" PP compression J.J.Downs Parker W6MC12 1 $0.00
Pump bushing 3/8" MPT" x 1/4" FPT  pp bushing J.J.Downs Banjo RB038-025 $0.00
Recirc line pump fitting 3/8" FPT x 1/2" 90 PP compression J.J.Downs Parker W8FE6 1 $0.00
Recirc line tank fitting 3/4" MPT x 1/2" PP compression J.J.Downs Parker W8MC12 1 $0.00
Recirc line 1/2" FEP tubing 24" length J.J.Downs FEP-375-2C 1 $0.00
Methoxide valve Stainless needle valve Tubefit Noshok 101 MFAS $51.00 1 $51.00

Inlet hose adapter 3/4" x garden hose adapter Home Depot 048643071889 $3.59 1 $3.59
Inlet valve 3/4" ball valve Home Depot 032888070042 $9.98 1 $9.98
Inlet elbow 3/4" street elbow Home Depot 032888406353 $1.46 1 $1.46
Inlet adapter 3/4" x 3" nipple relocate 1 $0.00
Interlock adapter 1/2" NPT black pipe union Home Depot $0.00
5 gallon Pail with lid Methoxide and liquid trap exhaust shroud Surplus 2 $0.00

Methoxide vessel Stainless steel 8 quart stock pot Canadian Tire 42-3625-6 $19.99 1 $19.99
Filling funnel Funnel with screw cap Canadian Tire 28-3336-0 $7.97 1 $7.97
Methoxide fitting 1/4" stainless compression fitting Tubefit SS-400-1-4 $0.00
Methoxide delivery line 1/4" x 0.04" wall PE tube x 5 foot length J.J.Downs Parker E-43-005 1 $0.00
Mixer motor Electric drafting eraser. Surplus Kohinoor $9.99 1 $9.99
Mixer shaft 1/4" x 24" 316 stainless rod Metal supermarket SS ROUND 304 $4.56 1 $4.56
Mixer prop Aquacraft 25mm plastic boat prop RC hobbyshop $2.50 1 $2.50
Prop screw 6-32 stainless panhead machine screw Spaenaur 424-058 $0.07 1 $0.07
1/4" wheel collet Collet with setscrew Spaenaur 600-100 $1.89 1 $1.89
Mixer motor mount ABS trap adapter Home depot 039923195180 $1.39 $0.00

Exhaust duct large 3" ABS drain pipe Home depot 622454091146 $16.89 1 $16.89
Exhaust duct small 1-1/2" ABS drain pipe Home depot 622454091178 $4.19 1 $4.19
Exhaust fan coupling 3" rubber with clamps Home depot 018578000773 $5.88 2 $11.76
Exhaust branch 3" x 3" x 1-1/2" 45 deg ABS tee Home depot 039923280435 $3.98 1 $3.98
Exhaust reducer 3" x 1-1/2" ABS reducer Home depot 039923201348 $2.98 1 $2.98
Vacuum pump bushing 1-1/2" x 1/2" FPT reducing bush Home depot 062852601644 $1.96 1 $1.96

Electrical box Relay box Home depot 626463080876 $3.10 3 $9.30
Cover plate Switch and outlet cover Home depot 622538422729 $2.77 3 $8.31
Switched outlet Power switch with 3 prong outlet Home depot 068679161217 $8.48 6 $50.88

$1,512.94
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