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Introduction
In August, 2004, I had the pleasure of attending a grand opening celebration of a new biodiesel
fueling station in Oracle, Arizona. Known as Fourth Dimension Fuels (FDF), this station makes
100% biodiesel available to the communities of San Manuel, Mammoth, and Oracle. It was on
that day that I was introduced to Megan Hartman (Fourth Dimension Fuels and originator of the
Tucson Biofuels Information Gatherings), Colleen Crowninshield (Clean Cities Coalition
Coordinator); Charris Ford (founder of Grassolean Solutions); and a vast grass-roots community
of biodiesel “homebrewers”; essentially, backyard chemists who were converting waste
vegetable oil to fuel for their modern vehicles. I had to try this out for myself. With the help of
a friend, I was able to purchase an old 1982 Mercedes 240D for $1800. Eventually, my wife and
I were both driving old Benzes using biodiesel rendered almost entirely from waste restaurant
oil.
Since then, I’m frequently asked to share what I’ve learned over the years. In response, I’ve
prepared this manual. Here, you’ll find answers to some very common questions; everything
ranging from the where to buy components and chemicals for production of biodiesel; how to
brew and use biodiesel, and legal challenges as I understand them from a layman’s perspective.
(Please note that I am not a lawyer).
This summary is based on the point of view of someone who is making biodiesel in Tucson,
Arizona. This information is based entirely on my own personal experience, and I do not want to
claim to be an expert in such matters. I’ve prepared this document out of concern resulting from
the sparse documentation that is frequently distributed with homebrew kits available on E-Bay or
through some well known biodiesel retail distributors. Respective documentation does not really
address the myriad challenges that one faces in trying to get a homebrew operation up and going
in a safe and responsible way. At a minimum, this document seeks to provide some context
regarding the risks of pursuing this activity, and perhaps discourage those who might approach
this activity irresponsibly.
Some sections borrow from Maria Mark Alovert’s Homebrew manual (10th edition). I must
emphasize here that to the best of my knowledge the equipment and the processes described in
Maria Mark Alovert’s manual have not been reviewed by a professional engineer or a
professional chemist. As such, there may be safety issues resulting from the use of this
information that have not been thoroughly explored by me or professionals who know more
about this than I do; you have been warned. Again, take the time to read my disclaimer in
detail.
By no means should the contents of this document be considered the only approach to making
biodiesel; your own experiences, climate, and/or expertise may take you down a different path.
This work is licensed for redistribution under the Creative Commons License available at:
http://creativecommons.org/licenses/by-sa/2.0/ and
http://creativecommons.org/licenses/by-sa/3.0/legalcode
107H
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The Diesel Engine
Over 100 years ago, Rudolf Diesel designed the powerful, internal-combustion engine that bears
his name. Although many give credit to Diesel for designing an engine that could run on
vegetable oil, that was not his original intention. Instead, his purpose was to design an efficient
substitute for the steam powered engine. Originally, his engine ran on mineral oil.
At the 1900 World’s Fair Exposition, the French government suggested using peanut-oil as an
alternative fuel in a diesel engine. This is confirmed in references published by Rudolf Diesel
himself as summarized in the publication Industrial Oils (vol. 12, November 2001): Historical
Perspectives on Vegetable Oil-Based Diesel Fuels:
“A Chemical Abstracts search yielded references to papers by Diesel in which he
reflected on that event in 1900. Two references related to a presentation Diesel made to
the Institution of Mechanical Engineers (of Great Britain) in March 1912 (apparently in
the last few years of his life, Diesel spent considerable time traveling to promote and to
discuss his engine, according to the biography by Nitske and Wilson). In any case, Diesel
states in those papers that:
“at the Paris Exhibition in 1900 there was shown by the Otto Company a small
Diesel engine, which, at the request of the French Government, ran on Arachide
(earth-nut or pea-nut) oil, and worked so smoothly that only very few people were
aware of it. The engine was constructed for using mineral oil, and was then
worked on vegetable oil without any alterations being made. The French
Government at the time thought of testing the applicability to power production of
the Arachide, or earth-nut, which grows in considerable quantities in their
African colonies, and which can be easily cultivated there, because in this way the
colonies could be supplied with power and industry from their own resources,
without being compelled to buy and import coal or liquid fuel. This question has
not been further developed in France owing to changes in the Ministry, but the
author resumed the trials a few months ago. It has been proved that Diesel
engines can be worked on earth-nut oil without any difficulty, and the author is in
a position to publish, on this occasion for the first time, reliable figures obtained
by tests: Consumption of earth-nut oil, 240 grammes (0.53 lb.) per brake
horsepower-hour; calorific power of the oil, 8600 calories (34,124 British
thermal units) per kg, thus fully equal to tar oils; hydrogen 11.8 per cent. This oil
is almost as effective as the natural mineral oils, and as it can also be used for
lubricating oil, the whole work can be carried out with a single kind of oil
produced directly on the spot. Thus this engine becomes a really independent
engine for the tropics.”
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This suggests that Rudolf Diesel was not the originator of the idea to use vegetable oil in
the diesel engine as is commonly credited in urban folklore. In papers published in 1912
and 1913, Diesel reflected on the 1900 World’s Fair event and noted:
“The use of vegetable oils for engine fuels may seem insignificant today, but such
oils may become, in the course of time, as important as petroleum and the coaltar heat of the sun, always available even when the natural stores of solid and
liquid fuel are completely exhausted.”
Based on this latter quote, Rudolf Diesel is frequently misrepresented as the inventor of an
engine designed to burn on vegetable oil exclusively. This by no means should discount the fact
that his engine will run on vegetable oil and its derivatives (i.e. biodiesel). For the full story,
please read the original publication available at this link:
http://lipidlibrary.aocs.org/history/Diesel/file.pdf
109H
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Biodiesel
Biodiesel is an EPA-approved alternative fuel made from renewable plant stocks. The most
common feedstock for biodiesel in the United States is soybeans, but it can also be generated
from just about any vegetable oil or animal fat. It is rendered via a simple chemical reaction
using alcohol and lye.
Biodiesel may be blended with petroleum diesel fuel. Commercial outlets typically offer
biodiesel for sale at a 20% blend (B20), but it can also be purchased and used in its pure form
(B100). Federal subsidies exist for biodiesel-petroleum blends. Consequently, it is sometimes
sold as B99 (1% petroleum). American Standards for Testing Materials (ASTM) exist for
biodiesel both as a B20 and B100 product.
Biodiesel is commercially available to the general public at over 1000 locations nationwide, but
at only 6 locations in Arizona. Of greatest significance, biodiesel has relatively lower harmful
emissions as compared to diesel; it can be rendered from domestic feedstocks; and emits
significantly fewer greenhouse gas emissions. These are discussed in more detail below.
Biodiesel is produced from domestic, renewable resources. It contains no petroleum, but it can
be blended at any level with petroleum diesel to create a biodiesel blend. It can be used in
compression-ignition (diesel) engines with little or no modifications. Biodiesel is simple to use,
biodegradable, nontoxic, and essentially free of sulfur and aromatics.
Biodiesel is recognized by Arizona Governor Napolitano’s Climate Change Advisory Group
(CCAG) as a means to reduce greenhouse gas emissions. The CCAG recommends increasing
the use of biodiesel as a policy option for meeting Governor Napolitano’s 2006 Executive Order
on climate change. That order states: “It shall be the goal of Arizona to reduce greenhouse gas
emissions to it’s 2000 emissions levels by 2020, and 50% below its 2000 emissions levels by
2040.”
Below is some additional information on common feed-stocks used for production of biodiesel:
Aquaculture: Much of the original organic matter that formed the basis of the world’s
petroleum reserves is algae; vast amounts of algae which existed in shallow prehistoric
bodies of water. These deposits were subsequently buried by sediments and later
transformed by pressure and heat into petroleum. Today, the process can be shortened to
just a few days simply by growing algae in ponds and extracting the oils from these
stocks.
Agriculture: There are hundreds of oil-producing plants that can be used as feedstocks
for biodiesel, from corn to soybeans and sunflower to oil-palm. One common crop used
for biodiesel production is soybeans. To put yield into perspective, let’s assume your
(diesel) vehicle gets 25 miles per gallon. If you were to convert that to miles per acre of
soybeans needed to produce biodiesel, that same vehicle could travel about 919 miles per
acre.
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Waste Cooking oils - There are many online websites and user groups that provide details
on how to build backyard processors for converting waste oils to usable biodiesel. What
makes homebrewing particularly attractive is that the byproducts of the processing (also
known as transesterification) are non-hazardous. In addition, biodiesel will biodegrade
more quickly than sugar and is ten times less toxic than table-salt.

This manual covers rendering biodiesel from waste cooking oils (aka yellow grease, waste
vegetable oil, restaurant grease, fat) through the use of a modified electric water heater. It
contains all my collective knowledge on the subject compiled from two years of
“homebrewing” in my backyard. Some sections rely heavily on the information published in
Maria Mark Alovert’s Homebrew Manual (10th edition) as well as the advice of the Tucson
Homebrew Community, particularly Mr. Steve Fischer. I also appreciate Mr. Tom
Carpenter’s assistance on all matters electrical.

Biodiesel Basics and Homebrewing Guide, Version 1.15_print
This manual is available for free at:
http://www.biod101.com

6

Disclaimer
Please read before proceeding. I am not a legal or chemical expert in the manufacture and/or
use of biodiesel. This volume is based on my experience and research which in no way is
comprehensive of the entire subject. Be aware that the manufacture and use of biodiesel
involves some risk to yourself and your equipment in addition to potential legal issues. As such,
the information contained in this volume is provided 'as is' without warranty of any kind. The
entire risk as to the results and the performance of the information in this volume is assumed by
the user, and in no event shall the provider(s) of any information in this volume be liable for any
consequential, incidental, legal, or direct damages, personal or otherwise suffered in the course
of biodiesel manufacture, use, or both. Bottom line – I make no guarantees as to the overall
accuracy and completeness of what’s contained in this document; you proceed entirely at your
own risk.
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Legal Consideration for Arizona Residents
Probably one of the most common questions I get regarding homebrew biodiesel is “Is it legal?”
For those of you who consider this to be the make or break consideration for starting a
homebrew operation, I’ll address this topic first.
First of all, why would anyone want to go to the trouble of collecting waste vegetable oil from
restaurants, and then convert this material into biodiesel? After all, there are commercial
alternatives. For me, it’s a matter of using local waste materials as my fuel source. When I
avoid purchasing commercial alternatives, I’m helping to diminish the carbon footprint which
results from having to import this alternative fuel via rail or truck from out of state.
Many would consider cost savings as the principal motivator. It’s true; my cost per rendered
gallon (about $1.15) is less than what I would pay at the pump, but that’s only if I neglect the
time for collection, rendering, and equipment maintenance. Be aware that if you factor in your
time and effort, this is a losing game financially unless you have broader goals in mind (i.e.
decentralized reliance on oil; better world for our kids; etc…)
So let’s attack the problem; the real legal issue I see regarding on the homebrew front lies with
the remittance of Federal and state taxes.
Federal Tax Remittance
Let's start with what I was able to find on the www.biodieselcommunity.org website:
"Biodiesel, if used as an on-road fuel in a vehicle, may be subject to road taxes. The
taxation laws are changing all the time so check with your local tax consultant to identify
which taxes biodiesel may be subject to. Currently (April 2005), the first 400 gallons of
homemade biodiesel is exempt from Federal excise taxes. Anything over 400 gallons is
subject to the normal tax rate. You will need to check your State Tax Code for
exemptions on State Excise Taxes."
With the help of the homebrew community here in Tucson, I’ve done some additional research
on this and have discovered that the 400 gallon Federal exemption appears to be per quarter and
is identified in the IRS code § 48.4081–1 . To get a copy of this section of the code, download it
from this link:
http://frwebgate.access.gpo.gov/cgi-bin/get-cfr.cgi?TITLE=26&PART=48&SECTION=40811&YEAR=2001&TYPE=PDF
10H

(Note that you may have to add a "pdf" extension to the file if your browser downloads the link
rather than opening it).
Now – for the language, first review what is considered a taxable fuel. On p 118:
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(c) Blended taxable fuel
as provided in paragraphs
taxable fuel means any
transfer/ terminal system

… —(1) Blended taxable fuel—(i) In general. Except
(c)(1)(ii) and (c)(1)(iii) of this section, blended
taxable fuel that is produced outside the bulk
by mixing.

Biodiesel is considered a taxable fuel. Now – jump to the exception on p 119:
(ii) Exclusion; minor blending. A mixture described in paragraph (c) (1)(i)
of this section is not blended taxable fuel if, during the calendar quarter
in which the blender removes or sells the mixture, all such mixtures removed
or sold by the blender contain, in the aggregate, less than 400 gallons of
liquid described in paragraph (c) (1)(i)(B) of this section.

I'm neither an accountant nor a lawyer, but my take on this is homebrewers of biodiesel are
exempt from paying Federal taxes on the first 400 gallons produced per quarter. For those
producing more than 400 per quarter, a posting to the Tucson BIG Biodiesel Cooperative website
identifies the following process:
1) Fill out form 637 (http://www.irs.gov/pub/irs-pdf/f637.pdf). The Activity letters for this
application are "M" and "AL" . This is explained in the application. Form 637 is the Application
for Registration for an individual to register as a "Blender" of fuels outside the "Bulk
Transfer/Terminal System".
1H

2) Once registered as a "Blender" an individual that uses more than 400 gallons of untaxed
biodiesel in a quarter can use form 720 (http://www.irs.gov/pub/irs-pdf/f720.pdf) to report the
excise tax.
3) That's it! The excise tax is 24 cents per gallon. For example, if I use 410 gallons of biodiesel
in a quarter, I owe 24 cents times 10 gallons (the first 400 is exempt) for a grand total of $2.40.
There is a also a $1 per gallon biodiesel tax incentive available for commercial producers of
biodiesel. The credit was renewed as part of the fiscal cliff negotiations and is retroactive back
to the beginning of 2012, but I have no guidance on how someone making biodiesel in small
quantities might claim this incentive; it may be worthy of research with your accountant.
Note that this information is compiled by a grassroots community doing it’s best to get its head
around how to pursue these activities legally. I would recommend you speak to an accountant
for corroboration if you decide to pursue this further.
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Arizona State Road Taxes
The question now becomes what is the State of Arizona's Tax policy. I first stopped by the
Arizona Department of Revenue on Congress Street and spoke with Ms. Sandra Gil in Room
104. Sandra called some lawyers at the capital which in turn indicated that the Department of
Revenue is only concerned with taxes on transactions. Therefore, if one isn't selling biodiesel,
she indicated that there's nothing to file, particularly if you have already paid taxes on the
materials used to make biodiesel. Regardless, Sandra suggested that it is a good idea to write a
letter to the Office of Tax Policy with any questions. By doing so, one can have something to fall
back on in the event of an audit and the issue of biodiesel somehow comes up. If you decide this
is something you personally want to do, submit your questions to the following address:
Office of Tax Policy
Arizona Department of Revenue
1600 West Monroe
Phoenix, Arizona 85007-2650
Sandra suggested I call the Motor Vehicles Division (MVD – 520-629-9808-1-1) since they
handle taxes related to vehicles. MVD had no idea and referred me to Arizona Department of
Transportation (ADOT-520-388-4200). I eventually got through to the ADOT-MVD Deputy
Director- Mr. John Tisdell. The Deputy Director requested that any questions regarding this issue
be submitted in writing to this address:
John Tisdel
Deputy Assistant Division Director
Arizona Department of Transportation - Motor Vehicle Division
Motor Carrier and Tax Services
1801 West Jefferson, Mail Drop 501M
Phoenix, Arizona 85007
As a member of a non-profit known as the Arizona Biodiesel Board (ABB), I requested that our
board do just that. The following page presents a copy of the letter submitted to ADOT
requesting clarification of the issue. This was signed by the President of the ABB, and was
forwarded as a certified letter. (Update March 29, 2013: Please note that the Arizona Biodiesel
Board is no longer in existence.)
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To date, we’ve had no response from ADOT. Note that there are formal rules in place for fuel
suppliers to collect road taxes for fuel used on Arizona highways, but these rules are difficult if
not impossible to apply to a small homebrew operation producing fuel for personal use.
Specifically, how do you collect the tax if you are not selling the fuel to yourself?
In my own humble and much uniformed opinion, I sense that there is no formal mechanism for
homebrewers to remit respective taxes on fuel they produce and use on Arizona highways. For
that matter, how do electric hybrid owners remit taxes for the miles their vehicles drive on
electricity? (They don’t). On that note, perhaps biodiesel use on Arizona highways is no more
(or less) legal than hybrids that run part time on electricity.
I personally sense that remittance of road taxes may be more trouble than its worth for all parties
involved. Specifically, I doubt the state would want to hire inspectors and accountants to mange
a vast grassroots community of biodiesel homebrewers. Perhaps the best policy may be one of
“don’t ask, don’t tell”. However, if you decide to take the road less traveled and wish to make
payments to the Arizona Department of Transportation, I suggest you write a letter to the Deputy
Assistant Division Director John Tisdel requesting guidance on how to do the same. At a
minimum, this will demonstrate due-diligence on your part. I personally would love to have a
user-friendly vehicle for paying these taxes since it would legitimize these activities, and would
gladly pay the tax to support the maintenance of our Arizona highways. Having said all this, I
need to emphasize that I’m not a lawyer; you’ll have to make up your own mind on the legalities
regarding homebrew production on your own. Hopefully, this gives you a foundation to build
upon.
Zoning Issues
In May, 2008, I was invited to sit in on an Arizona Biodiesel Board Meeting with Craig Gross,
Deputy Director/Zoning Administrator for the Development Services Department for the City of
Tucson. Mr. Gross had been invited to the board meeting to share details regarding land use
codes with respect to storage of biodiesel in above ground storage tanks for commercial
distribution. I took this opportunity to ask him about any City of Tucson zoning restrictions with
respect homebrewers. The following are highlights from the discussion.
1. Mr. Gross provided board members with a copy of the City of Tucson Land Use Code,
Article III: Development Regulations; Division 5. Performance Criteria, section 3.5.10
Storage Use Group. Regulations regarding commercial biodiesel storage and distribution
fall under this section.
2. Mr. Gross noted that biodiesel is considered a hazardous material as stipulated by fire
code. ABB members noted that biodiesel is classified as a III-B hazardous material (the
same as vegetable oil).
3. As per the regulation, Mr. Gross noted that biodiesel may not be stored in above ground
storage tanks for the purpose of commercial distribution to the public. However, he
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noted that if the Fire Department approves of a commercial above-ground tank
installation for public distribution, then the operation would probably be permitted by the
city.
4. Mr. Gross noted that homebrewers are not commercial operators, and thus do not fall
under respective zoning restrictions. In such cases, the city falls back on whatever the
fire code stipulates is acceptable for these operations. Fire code regulations are
summarized in this document.
5. Mr. Gross noted that homebrewers should be considerate of their neighbors with respect
to the appearance and operation of their operation. He noted that stricter regulations
could follow if the activity is not pursued responsibly and with consideration. If changes
are needed, City Council members will likely be engaged and will hold public hearings
on how city codes should be changed.
For what it’s worth, I think we should also be considerate of businesses. They can also engage
City Council members and shut us down very quickly. Needless to say, positive relationships
with restaurants are golden.
With respect to zoning within other municipalities, I have been allowed to listen on discussions
facilitated by the Desert Biofuels Initiative (DBI). This is a project organized by Eric Jones and
Brad Biddle and supported by members of the local biofuels community. Desert Biofuels
Initiative is a Phoenix, Arizona-based effort aimed at removing any practical and legal/regulatory
obstacles that stand in the way of the development of a robust biofuels infrastructure in the
Valley of the Sun. More information on DBI is available at this URL:
13H
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http://www.desertbiofuels.org-a.googlepages.com/home
15H

Now, for the discussion: DBI has managed to provide a forum for the perspectives of
homebrewers, city zoning officials, educators, fire fighters, and code engineers to discuss the
regulatory and land use aspects of homebrewing. One perspective is that homebrewers should be
allowed to operate under a regulatory umbrella that protects the safety and well being of
homebrewers and their neighbors. The other is that the activity itself in its current form is not
appropriate for residential practice, and should be disallowed. Regarding the latter, there is a
legitimate concern that the information regarding homebrewing currently available via the
internet is not entirely accurate or comprehensive of all the safety measures that need to be
considered.
I understand both perspectives and to some degree, feel they are both credible. My personal
concern with pursuing an outright ban is that this will only drive the activity underground.
Instead, I firmly believe that there should be some kind of review and/or certification of a
homebrew process to ensure that the activity does not put individuals or neighbors at risk.
Finding a happy medium is challenging. In my opinion, the best way to go about this is to set up
high visibility coops where homebrewers can congregate and work together under the guidance
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of those with experience and knowledge regarding safety in processing, and quality of finished
products.
In the interim, I suspect that this activity has not really hit the radar screen of the regulators. In
light of this, homebrewers need to act responsibly and take all necessary safety measures to
ensure accidents don’t cause the pendulum to swing towards an outright ban of the activity. I am
hoping the information contained in this document will help along those lines.
If you are homebrewing in a residential area, the best thing to do is avoid having a complaint
filed against you with the city zoning department. Keep you processor and associated
barrels/buckets in an area that won’t draw attention from your community or neighbors. If that’s
not possible, keep the area as neat and clean as you can, and perhaps engage your immediate
neighbors as to what you are doing.
If you are trying to avoid scrutiny from your neighbors, please don’t move your operation into a
confined area shared by a gas furnace or water heater; methanol fumes associated with your
processing are very likely to find the flame source. If you don’t have a flame source in your
garage and you do decide to pursue this indoors, make sure you have adequate ventilation in
your work area (i.e. open garage door with a fan operating on high).
Update September 5, 2008: The issue of whether homebrewing is appropriate for a residential
area is in focus as a result of a recent explosion in the community of Surprise, Arizona. The
following is a copy of the story as reported by Tim Vetscher of ABC news in Phoenix, Arizona:
Fumes from biodiesel kit cause house explosion in Surprise (August 24, 2008)
Investigators say fumes from chemicals used in making biodiesel sparked an explosion Sunday
morning at a home near Litchfield and Greenway roads in Surprise. Darren Spreadbury says he
recently started making biodiesel in his garage to save money on the high price of gasoline. He
admits to ordering a kit off the internet and mixing the chemicals: lye, vegetable oil and methanol
in the garage.
Sunday morning, some oily rags in Spreadbury's garage combusted and caught fire. The flames
from that fire ignited fumes in a nearby methanol drum, sparking an explosion. "We knew about
(Spreadbury) doing the biodiesel but we didn't think he was a danger to us," said neighbor
Shannon Daron. When asked if she now felt differently, Daron replied "absolutely."
The fire never spread beyond the garage and Spreadbury and his family were not injured. A
spokesperson for the Surprise Fire Department said Sunday they're concerned more people will
turn to alternative fuels like biodiesel with the rising price of gas.
Asst. Chief Kevin Pool worries, if not installed and maintained properly, they could see more
fires started by people making biodiesel at home. "You might make one little mistake like this
and there could be a tragedy," said Pool. "It's at your own risk and your neighbor's risk."
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"We just bought this house," said Daron. "We don't want it jeopardized or our children." The
Surprise Fire Department recommends people only buy biodiesel kits from reputable dealers on
the internet and to make biodiesel in a commercial setting, never at home

To come to terms with this issue, the following blog was initiated by Eric Jones of the Desert
Biofuels Initiative. The thread entitled “Unfortunate Opportunity” is well focused on the
question of what’s appropriate in a residential community in the context of homebrewing. As
such, I’ve included a copy of the first post in this manual
Unfortunate Opportunity
Just a few days ago (8/24) there was a report of an explosion and fire at a residence in
Surprise. It has been reported that oily rags caught fire and ignited methanol stored in a
garage. The homeowner had been making biodiesel "from a kit". Fortunately no one was
injured, but the hapless homebrewer unintentionally gave biodiesel, especially
"homebrew biodiesel", a black eye.
While DBI remains favorably disposed toward the idea of individuals producing their
own fuel [1], there are very real safety and legal obligations in making biodiesel. One of
my realizations after making biodiesel for a while was that it just wasn't reasonable to
expect that a family in a residential area could make themselves fuel self-sufficient.
[2] While some would assert that no amount of biodiesel can be safely made at home, I
still believe the issue to be resolved is how much is too much? Some folks are going to do
what they will, regardless of what anyone says, but for those who are trying to be good
neighbors while they pursue their homebrew activities a couple things seem obvious:
1) Making a "Dr. Pepper" batch is a perfectly reasonable example of homebrew
biodiesel, even in a residential setting. More information on the Dr. Pepper
method is available here:
http://biodiesel.infopop.cc/6/ubb.x?a=tpc&s=447609751&f=719605551&m=857600061

2) Making hundreds of gallons per week for a "cul-de-sac biodiesel coop" is not.
[3] The question is: where on that continuum -- between a liter test batch and hundreds of
gallons for friends and neighbors -- can a reasonable person say "this is (or should be)
permitted" in a residentially zoned area. And I mean this activity is permitted in the sense
of "non-interference" from the authorities, not sanctioned or licensed by them. The City
of Gilbert has a forward-thinking approach on this issue based on work done by the
Arizona Emergency Response Commission. (A copy of the Gilbert recommendations are
included in the next section.)
Anyone who is currently contemplating "homebrewing" biodiesel would be well-advised
to do some extensive investigation into the safety and legality of making fuel at their
residence.
15
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What may be an even better alternative is to join a biofuels cooperative, such as
Dynamite Biofuels Co-op (in Arizona; http://www.dynamite.coop/). This leverages the
experience of persons who have been doing this for years, and neatly side-steps the idea
of residential fuel production altogether.
19H

[1] Brad put his thoughts into a dbi-workshop forum post which I think neatly captures
our thinking:
"Re homebrewing, while I'm not a homebrewer myself, I personally remain
favorably disposed to homebrewing, subject to a few serious caveats. I admire the
do-it-yourself, self-sufficient culture that homebrewing embodies -- it seems
somehow quintessentially American. I like too that homebrewing is a
manifestation of an extremely decentralized model of fuel production -- I think
the trend towards decentralization in fuel production is good for everyone except
a few petrol fuel stakeholders. And homebrewers meet our "running code" test:
they have been getting sustainable biodiesel into fuel tanks and on the road for
years, with all of the attendant air quality and other benefits. The grassroots
energy of homebrewers has significantly helped the adoption of biofuels. Plus
there's an element of liberty: people should be free to pursue their homebrewing
interests (and put non-ASTM tested fuel into their own personal vehicles) unless
and until they create unwarranted risk for others."
[2] I use about 15-20 gallons of biodiesel a week. Add an additional vehicle (or three, in
my case, if I count my two sons, who both wanted in on this deal :-) and let's say for
round numbers 40 gals of biodiesel a week. That means processing 45-50 gals of oil per
week, which uses over 10 gals of methanol and approx. 3 lbs. of catalyst. I would also
have to dispose of at least 15 gals of glycerol/soap and, if water washing, more than 80
gals of high BOD wash water a week. Keeping enough methanol around to avoid running
every week to get it, and enough catalyst for same, means we've probably moved beyond
what could be considered reasonable in my home. However, doing a 15 gal batch per
week, as I did for several months, meant keeping only 10 gals of methanol at the house,
good for about 3 batches. By avoiding water-wash entirely using Graham Laming's
process, and composting the glycerol, I found it quite reasonable to fuel my personal
vehicle from 50-100% with homemade biodiesel.
More information on that process is available here:
http://www.graham-laming.com/bd/ecosystem/state_diagram_new.htm .
120H

[3] I want to emphasize I am talking about typical, densely packed residential
neighborhoods. At the closest point the gap between the roofs of my house and my
neighbor's is about 15' (I just measured it). And I have only the garage as a work area.
There are plenty of residential areas in Phoenix where there is enough room to safely
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make hundreds of gallons of biodiesel a week in an out-building away from anyone else's
property. A lot of people would disagree with that statement, though.
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That concludes the first post. A link to the full thread initiated by Eric Jones is available here:
http://desertbiofuels.blogspot.com/2008/08/unfortunate-opportunity.html
12H

As noted by Eric, the City of Gilbert, Arizona has a forward-thinking approach on this issue
based on work done by the Arizona Emergency Response Commission. I’ve included a copy of
the information in the following pages of this manual.
Obviously, the incident in Surprise raises concerns about safety. In prior versions of this manual,
I’ve included guidance throughout all the chapters. As of version 1.06, all these considerations
have been copied into a single chapter focused on safety. Please consider reviewing the chapter
entitled “Safety” in the main body of the manual. Also, please review the associated MSDS
sheets in the appendix (available at http://www.biod101.com). Consider the information in this
manual as a starting point in educating yourself on how to prevent accidents and injuries. To
ensure that respective safety considerations are not overlooked, points may be repeated in
multiple chapters.
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Fire Codes
On March 19th, 2008, I was invited to sit in on the latest meeting of the Arizona Biodiesel Board.
Tom Carpenter arranged for Captain Michael Jones (Fire Prevention Division for the City of
Tucson) to share information regarding fire code as it relates to biodiesel homebrewers. This
relates to homebrewers who are making biodiesel in a residential space. The following was
prepared by Mike Jones to provide guidance to the homebrew community:
Tucson Fire Department (TFD) Overview
This is an overview of Fire Code requirements, as they relate to biodiesel homebrewers in a
residential space (which must be for personal use only). Other zoning, environmental, and/or
state/federal requirements may apply, depending on the jurisdiction and the scope of the process.
The City of Tucson has adopted the 2006 edition of the International Fire Code (IFC) along with
some local modifications. Though this Fire Code does not prohibit the processing of biodiesel at
a residence, there are regulations that control the quantities and safe use/storage of chemicals
used in the process. Here are a few of the requirements for personal use:


You may not store more than 120 gallons of methanol on site within a single control
area. Your yard is considered as one control area.



Vegetable oil is classified as a Class III-B hazardous material based on its flash point.
Given the relatively low classification, limits for storage are in the thousands of
gallons. Precautions must be taken to control possible spills.
o Any spill into soil, storm drain or washes will be investigated Fire Stormwater
and/or EPA Officials



Limits on catalyst (Sodium or Potassium Hydroxide) for residential units are: 500# or
50 gallons.



Containers, piping, tubing, valves, fittings and related components shall be designed
and fabricated from materials that are compatible with the material to be contained
and shall be of adequate strength and durability to withstand the pressure, structural
stress and exposure to which they are subject.



All hazardous material containers must be labeled and kept securely closed when in
storage.



Open mixing of chemicals must be done in a well-ventilated area to avoid build up of
toxic or combustible fumes.
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Clearance between ignition sources, such as luminaires, heaters, flame-producing
devices and combustible materials, shall be maintained



Biodiesel, as well as, any hazardous material, in any quantity, shall not be released
into a sewer, storm drain, ditch, drainage canal, creek, stream, river, lake or tidal
waterway or on the ground, sidewalk, street, highway or into the atmosphere.



Electrical wiring and equipment must comply with the National Electric Code.
Exterior outlets must be GFI protected.

Opinion Regarding TFD Requirements
It may seem that these limits are lax, but that doesn’t necessarily mean your homebrew facility
will pass a Fire Department inspection. Mr. Jones indicated that in the event that a complaint is
registered by a neighbor, the Fire Department will investigate. In addition to checking for
covered barrels and chemical quantities on site, the Fire Department will also inspect the wiring
of your operation. As such, you don’t want to have an improperly wired setup (i.e. overloaded
circuits or a rat’s nest of extension cords). If the Fire Department deems your operation to be
unsafe, it will issue a “cease and desist” order – particularly if you are endangering your
neighbors.
If you do have a fire related to your operation, it is very possible that municipal and/or fire codes
will be re-evaluated as they apply to homebrew community. Mr. Jones noted that in such a case,
the pendulum is likely to swing beyond common sense, and is more likely to result in an overall
ban on activities related to homebrewing.
The restrictions for commercial distributors of biodiesel are much more stringent. This is a big
heads up for the homebrew community; we are walking a very fine line. Please do everything
you can to avoid having to engage the Fire Department with respect to your activities; one
accident might shut us all down. Here are some additional recommendations:
-

Keep you area neat so as to avoid complaints from neighbors
Keep things off unplugged when not in use
Keep your barrels covered and preferably out of site of neighbors
Keep chemicals out of reach of children and/or animals
Keep a fire extinguisher nearby
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Here’s my setup; it’s been placed along a wall of my house that has low visibility from the street and from
neighbors. I’ve also added a courtesy shade in case anyone decides to peek over a common wall.

One more recommendation to approach very delicately: consider sharing the details of your
homebrew operation with your local fire department. At a minimum, let them know where and
what kind of chemicals you are housing. In the event you have a fire, pre-informed responders
will know how to respond rather than watch your home burn down as they await officials from a
Hazardous Materials Unit to evaluate the situation. By engaging the Fire Department, you can
also get some good input on how to make your operation safe and effective. If they decide that
your operation is not safe, ask them for advice on what you might do to improve it. The Fire
Department is much more likely to respond positively to a home brewer who has engaged them
on matters of safety and chemical storage rather than responding to a complaint from a neighbor.
Personally, I want Fire Fighters on my side. You will have to make the decision as to whether
notification is prudent based on your own circumstances.
Lastly, if you are homebrewing in a residential community, please avoid storing methanol in
drums on site. I’ve found that the cost savings for volume purchases really aren’t worth the
associated risks to yourself or your neighbors especially for someone like me who lives in a hot
dry desert. Instead, buy what you need when you need it, and use it immediately. You can
purchase methanol by the gallon from Don’s Hot Rod Shop on Stone Avenue in Tucson. As of
this writing, the price is $5 per gallon, but it is expected to decrease over the next few months.
You will need a container approved for fuel storage when purchasing by the gallon from this
distributor. Any auto parts retailer will sell you 5 gallon containers for this purpose.
I’m sure I’ve missed a couple items; common sense is probably the best guide.
City of Gilbert - A Balanced Approach
On Wednesday, January 28, 2009, I attended a monthly meeting of the Southern Arizona
Emergency Management Society. This is a non-profit organization that actively promotes
awareness, education, and understanding regarding environmental issues. At this particular
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meeting, Dan Dubois (City of Gilbert Fire Marshall) presented a new city ordinance which
addresses the operation of biodiesel homebrew facilities in residential areas. The City of Gilbert
has approached these facilities in a balanced way by not prohibiting biodiesel production in
residential areas, but requiring homebrewers to register with the Fire Department.
An important consideration in the registration process is the amount of methanol one will store
on site for his/her operation. If a homebrewer stores 5 -10 gallons, he/she need only register with
the Fire Department. If more than 10 gallons are stored on site, the Fire Department requires a
permit for the operation. The issuance of a permits will requite a site inspection. In either case,
the registration process gives the fire department an opportunity to flag residences as storing
flammable and caustic substances such as methanol and sodium hydroxide. This ensures that
fire fighters can adequately and safely respond to an incident. Registration also gives the fire
department an opportunity to share safety information with homebrewers. By taking this
forward looking approach, the fire department is preventing these operations from being pushed
underground where they can become a greater hazard for all parties involved.
For the benefit of the homebrew community as well as municipal decision makers trying to come
to terms with this issue, Mr. Dubois has authorized to share the information presented at the
seminar. Rather than paraphrase, below are copies of respective slides:
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Homeowners Insurance Policies
If you’ve ever read your homeowners insurance policy, you’ll notice that it can be ambiguous
and/or difficult to interpret. Note that just because homebrewing isn’t explicitly identified as an
exclusionary activity, that doesn’t mean your insurance carrier will honor a claim if it is related
to your operation. If you are brave enough to ask your insurance agent whether accidents
associated with homebrewing are covered, don’t expect to hear him or her say that they will
honor a claim associated with your operation; they are smarter than to open themselves up to the
kind of liability implied by such a promise.
If you do have a claim associated with your operation, one of two will happen: either your
insurance policy will honor the claim, or they won’t. If the claim is honored, expect your
insurance policy to be promptly canceled after payment. If the claim is not honored, you will
have to take them to court where a final decision will be rendered by a judge. I certainly would
not want to have to be placed in that position; can you imagine trying to explain your operation
to a lawyer or a judge? Your intentions may be well founded, but are not likely to matter when
lawyers evaluate the risk of what you are doing vs. what your homeowner’s policy considers
acceptable risk. As such, do everything you can to minimize the risks associated with your
operation with the goal of never having a reportable accident.
Wastewater Discharges
A homebrew operation will required disposal of biodiesel wash water into the municipal waste
stream. Wash water results from washing your biodiesel with tap water in order to remove
residual soap from the rendering process. This is discussed in more detail in the section dealing
with homebrewing.
In February, 2006, I called the City of Tucson Industrial Waste Division regarding what is
acceptable for disposal in the sewers. I spoke with Mike Mallone and gave him some
background regarding my own homebrew operation for guidance. Mr. Mallone noted that the
pH of our discharges to the sewer should be between 6 and 9. Note that the pH of your first
wash can approach 10, but the volume will be relatively small as compared to an industrial
operation (i.e. approximately 15 gallons). I suspect that the pH of soapy bath water is similar to
the pH from your first wash. If you are concerned about meeting this guidance, one way to
mitigate the high pH is to neutralize it with a can of Coke or Pepsi. Soda pop is very acidic with
a pH of about 4, and should readily neutralize the high pH of your first wash. You will only
need to do this for your first wash since subsequent washes will produce wash water having a pH
within the acceptable range.
I asked Mr. Mallone if there were any regulations regarding soap in the wash water. He
indicated that these were not of concern as long as they were not foamy or cause foaming in the
system. Remember – these regulations are for industrial (large scale) operations. Homebrew
operations are relatively small and are not likely to cause any more foam than what you would
expect out of your shower drain.
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It is theoretically possible to use biological filtration- a constructed wetland or gray water
system- to break down the soaps in wash water. I don’t know of any biodiesel homebrewers who
are doing this yet, but it is possible. If you decide to recycle your wash water in your garden,
make sure you use potassium-hydroxide instead of sodium-hydroxide as your catalyst for
homebrewing. Potassium can be taken up as a nutrient by your plants, whereas sodium will
burn your plants. Also, take care to neutralize the base in your wash water by adding some acid
(i.e. vinegar, Coca Cola, etc). There is more information on catalysts in the section dealing with
homebrewing.
Glycerin Disposal
Glycerin disposal is the biggest headache for me personally. I generate about 6 gallons of
glycerin for every 35 gallons of fuel I make. Typically, I take mine to Pima County Household
Hazardous Waste for disposal. However, since glycerin is not a hazardous substance, this could
be considered a waste of taxpayer dollars since it costs the county $150 to dispose of every 55
gallons of waste.
Another alternative is to firmly seal it up in plastic or orange juice or milk bottles, and dispose of
it in the garbage. Glycerin is a nutrient and, if disposed of in an oxidizing environment, is likely
to only help with the biological processes digesting or waste in the municipal landfill. Having
said that, DO NOT dump your glycerin in the desert; it stains the soil; it makes an ugly mess; and
the residual soap and methanol could result in poisoning wildlife that may be attracted to the
glycerin (sugar).
The topic of glycerin disposal could fill a volume by itself. Here are some other ideas that have
been shared by Steve Fischer and other individuals in the Tucson biodiesel community:
a. Use it as a substitute for diesel or motor oil as form-release on newly poured foundations.
b. Mix it with water and use it as truck or car wash.
c. If you used sodium hydroxide as your catalyst, boil the glycerin until its consistency thickens
considerably. Then, blend it with motor oil to create a bearing-grease. You can also use it
as the grease for the lip on commercial trucks-trailers (Use the grease where the truck lip
comes into contact with the trailer).
d. Some folks will mix it with wood shavings to create combustible logs for heat. Others use it
straight in oil heaters. I don't recommend this given the potential formation of acrolein
fumes if not combusted at high enough temperatures.
e. Compost it. I don't recommend this option unless you first eliminate the alcohol and
catalyst, and then can somehow ensure an oxidizing environment for happy microbes.
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f.

Experiment with adding sulfuric acid to the glycerin. That will separate out free fatty acids
from the residual glycerin (which can be used to make biodiesel), and will also separate out
residual catalyst (which can be used as a valuable fertilizer if it's KOH). The glycerin that
stays behind is very pure and has commercial applications. Of course, you will want to boil
off the residual methanol in the glycerin after the phase separation.

I’ve heard of residual glycerin being used as a weed-killer. I contacted an acquaintance who
works for the Arizona Department of Environmental Quality as a first responder to cleanups of
hazardous wastes and asked whether use as a weed killer would pose a violation to any state
rules. I noted that there is likely some soap and residual methanol in the glycerin.
My
acquaintance indicated that from a regulatory standpoint, rules are not likely being violated as
long as the glycerin isn't disposed of in such quantities so as to impact public washes or
waterways. He noted that glycerin itself is essentially sugar and not really doing much to kill
weeds. Instead, he believes that the glycerin is acting as a surfactant and is thus helping the soaps
and alcohols stick to the clays in the soil, and that's why it works as a weed killer. He believes it's
this surfactant action that makes the glycerin stick around for a while in much the same way that
Roundup does. He noted that if he received a complaint regarding someone using this to kill
weeds, there's not likely much he could do as long as the glycerin were being used within a
property owner's boundaries and in discrete quantities. Lastly, he said this is probably a better
alternative to what he commonly witnesses which is use of motor oil or chemical synthetics. On
that note, I guess this isn't such a bad application as longs as it is approached discretely. My only
concern would be public perception of the homebrew community; being discrete is the key.
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Arizona Biodiesel Board
Given ambiguities and misinformation regarding biodiesel use and production, a local non-profit
known as the Arizona Biodiesel Board (ABB) has been engaging legislators on how we might
clarify, simplify, and improve rules related to these issues. The ABB was started in 2005 in
Tucson, Arizona, and its mission has evolved since its original formation by its founders.
Currently, its mission is to educate Arizonan's, elected officials, and biodiesel consumers about
the environmental benefits, government incentives, and regulations pertinent to vegetable-oil
based fuels. Most recently, ABB has taken positions on state and local issues that directly relate
to the advancement of biodiesel in the State of Arizona, and thus can be considered advocates for
the cause. Here are the issues currently being promoted by the ABB for Arizona’s next fiscal
year agenda (2008/09):
1.

FACILITATE OR ELIMINATE REMITTANCE OF ROAD TAXES FOR
INDIVIDUALS RECYCLING WASTE VEGETABLE OILS FOR BIODIESEL
PRODUCTION

Ideally, a complete waiver of the road tax requirement for biodiesel rendered from waste
vegetable oil would help to provide some incentive for “homebrewers” to continue to produce
their own clean burning fuel. If a waiver cannot be realized, perhaps a tax break can be
considered for those taking the time and effort to recycle waste materials for the production of
clean-burning alternative fuels. At a minimum, existing laws need to be clarified, and a userfriendly means for paying these taxes should be developed. Illinois Senate Bill 267 may provide
a good starting point for Arizona legislation. Not only would this foster good will and fiscal
responsibility on behalf of Arizona’s citizens, it would help the state capture metrics regarding
these activities, and would also help characterize the potential for this technology to offset
greenhouse gas emissions statewide.
2.

BIOFUEL FEEDSTOCK RESEARCH AND DEVELOPMENT

State legislators should take action to create funding for research and data collection on different
biodiesel feedstocks, (including reactants & catalysts). Soy is the primary feedstock for biodiesel
in America, but nearly any oil-bearing seed can be used to make biodiesel. Investigation of low
water, arid land biodiesel feedstocks should be encouraged, as there are several crops that show
promise. From the jatropha plant to algae, biodiesel can be derived from a variety of sources and
development of multiple feedstocks will stimulate biodiesel infrastructure and use.
3.

INVESTMENT TAX INCENTIVE FOR FEEDSTOCK CULTIVATION ON
TRIBAL LANDS

Taxpayers making an investment in biodiesel and ethanol feedstock cultivation projects on tribal
lands in the State of Arizona are eligible for a tax credit based on the amount of investment
made. A 35% tax credit, or $700,000, whichever is lower, will be available to the investor the
first year the investment is made and the percentages and amounts will decrease each following
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year for a total of five years. Investments made to feedstock cultivation projects on tribal lands
will greatly improve use of tribal lands, create jobs and economic development, and provide
locally grown crops for biodiesel and ethanol production.
4.

B5 MANDATE FOR DIESEL FUEL SOLD IN ARIZONA

Mandate that all diesel fuel sold in the State of Arizona contain a five percent (5%) blend of
biodiesel (B5). This would include diesel fuel sold to state, county, municipal, school district,
university/community college and all other government vehicles, fleets who operate in Arizona
and all public fueling stations. Biodiesel sold in Arizona must meet the American Society for
Testing and Materials (ASTM) specifications D6751.
5. ALTERNATE
RENEWALS

FUEL

INFO

CARD

FOR

VEHICLE

REGISTRATION

The Arizona Biodiesel Board (ABB) is recommending that the Department of Motor Vehicles
send a bilingual information card on cleaner-burning fuels with vehicle registration renewal
notices. The card could include a brief overview of clean and renewable fuel information much
like the bulleted list above. The card would also include a web site address for each kind of fuel
where people could find more information.
ABB is willing to design the information card and provide a press-ready copy to the Department
of Motor Vehicles for inclusion with registration renewal notices. ABB recommends
collaboration on the information presentation and verification with the Tucson Clean Cities
Coalition, which is funded by the US Department of Energy and run by the Pima Association of
Governments (PAG).
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6. TAX REDUCTION/CREDIT
INFRASTRUCTURE

FOR

NEW/EXISTING

BIODIESEL

FUEL

To provide Arizona distributors and point-of-payment public fuel retailers with a tax
reduction/credit for construction of new (or modification of existing) fuel infrastructures for
exclusive use with biodiesel fuel, and to provide tax reduction incentives to retailers for point-ofpayment retail distribution of biodiesel to the public.
As of December 20th, 2007, all of these issues have been shared with State Legislators for the
purpose of getting bills on the agenda for the 2008/09 legislative year. Given time constraints, I
had to resign from the board in October, 2007.
(Update March 29, 2013: In Arizona, recommendations of the ABB were never adopted by the
state legislature. Regardless, I included them here since they may be of use to other states or
communities seeking ideas as they relate to promoting biofuels. Please note that the Arizona
Biodiesel Board is no longer in existence.)
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Biodiesel Primer
I’ve prepared the following facts to help you decide if biodiesel is a viable alternative for your
needs. This information will also help you communicate the benefits and precautions of this
alternative fuel to the broader public.
Biodiesel Basics
Is biodiesel a proven technology?
In May, 2006, I contacted the National Biodiesel Board (NBB) for information regarding issues
or concerns raised by fleet managers using biodiesel produced from soybean-based biodiesel.
The NBB has employed a B20 Fleet Evaluation Team since 2003 and that its research indicated
that there are hundreds of fleets using B20 nationwide. This team is fielding almost no
complaints about its use in newer vehicles, but it has encountered some issues regarding the use
of higher blends (>20%) in older (pre-1994) vehicles. The NBB indicated that where mechanical
issues have arisen, they are almost always covered since they are linked primarily to the original
equipment rather than the fuel. The NBB offered to assist with the evaluation of any fleets being
considered for migration to B20 based on feedback received over the last three years. On a
follow-up phone call, I was referred to Steve Howell – Technical Director for the National
Biodiesel Board and lead for the B20 Fleet Evaluation Team. Mr. Howell can be reached at 816903-6272.
What vehicles are most suitable for use with biodiesel?
For starters, it makes much more sense to recycle an older used vehicle for using biodiesel rather
than pouring thousands of dollars into a new vehicle for using ethanol. This helps with the
environment in that (1) you are not creating demand for the resources and energy required to
build a new vehicle; (2) you can take advantage of the higher miles per gallon rendered by diesel
engines; (3) you avoid competing with a food-stock for your fuel consumption needs; and (4)
you can take advantage of the higher energy efficiency ratios in the production of biodiesel vs.
ethanol.
So, what vehicle should you purchase? I personally have had great results in using 100%
homebrew biodiesel (B100) in an older (diesel) Mercedes Benz – either a pre-1986 240D, 300D,
or 300DTurbo. The 240D is a slow, but the performance of the 300D is on par with most other
vehicles on the road. These cars are tanks made heavy German steel; safe for the family, and the
engines are bulletproof. I've been so satisfied with the performance of these old Benzes that I
purchased a second one for my spouse ($2800 for a 300D Turbo). If you consider buying one of
these, expect to pay between $2,000 and $5,000 – depending on condition and mileage. My
240D gets me about 25 mpg on biodiesel, and the 300D Turbo give me about 21 mpg. If
mileage is a consideration, I've heard great things about the old VW-Jetta diesels both with
respect to reliability and efficiency. I have no experience with these personally.
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For more information, I currently run an information coop known as the TucsonBBC
(http://tech.groups.yahoo.com/group/tucsonbbc/). On that site, we have a materials compatibility
database where members frequently post make and model of their vehicles, and what kind of
experiences they’ve had in the process. The latest postings as of December 20, 2007 are
presented in the following pages. As you’ll notice from the postings, the most common issue
relates to biodiesel attacking rubber components or seals in the engine or fuel pump. I discuss
this in more detail in the following section.
124H

(Update March 29, 2013: Although the tucsonbbc is still available on the web, it is no longer
being managed or updated regularly by me. Regardless, there may be information in the
archives available through the group that are of use to you.)
Note that many newer cars have abandoned rubber and now use materials such as viton for their
seals and fuel lines. As such, if you decide to purchase an older diesel vehicle that uses rubber,
consider swapping out those rubber components with viton- particularly in the areas that are
exposed to heat. On the older Benzes, this takes about 15 minutes and a screwdriver. In the next
section, I’ve included photos of the fuel lines I replaced on my 1982 240D as well as information
on replacing fuel filters.
On new vehicles, many of you may be concerned about voiding vehicle warranties as a result of
using biodiesel. I recommend not using a new vehicle under warranty with biodiesel for reason
discussed in the next section. On that note, an older (out of warranty) used diesel should do the
trick nicely in handling pure biodiesel. Please read the next section for further information on
this front.
For additional guidance, consider picking up a copy of Joshua Tickell's book: From the Fryer to
the Fuel Tank available on Amazon.com. Page 139 summarizes diesel vehicles and
compatibility with biodiesel. (As a sidenote, I do not agree with Joshua’s average ratings for
Mercedes).
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Name: Materials Compatibility
Table Description: Database for Members' Biodiesel Specific Maintenance
Make

Chevy

Model

Year Engine

Silverado
2003 6.6
2500HD

Repairs
Biodiesel
Because of Be more specific
Blend Most
Biodiesel about the repairs
Used
Use

Comments

Occasional
B99

Fine metal
particles in fuel.
5 in the last 8
Seems like after 5
months
filters it would be
cleared out.

seal on the lift pump
1 per year (regular
Fuel Lift
went, could be from Stock hoses are
schedule, not
pump
biodiesel, but don't fine
clogged)
know
Rubber diaphragm in
Fuel lifter
Replaced with
pump softened and
pump on
electric solenoid 6 times during 1.5
ruptured, causing
B100
engine
fuel pump in the years of fueling with
noticeable wet fuel
block
fuel line attached biodiesel
leakage on the
replaced
to the frame
engine block
Short pieces of the
Replaced
fuel line softened
Replaced with
short pieces
B100
from the biodiesel, Dayco Gen2 fuel
of fuel line
and were replaced injection fuel hose
rubber hose
with resistant hose
B99 to B20 Replaced Stock fuel lines
I will need to
1 per year (regular
depending fuel lines, began to weep replace the fuel schedule) - was
on weather fuel filter replace with ss tank with a poly contaminated with

Dodge

Ram
2500

Cummins
1995 6.9 L turbo B100
diesel

Ford

F250
Lariat

Navistar
1986 6.9L IDI
diesel

Ford

F250
Lariat

Navistar
1986 6.9L IDI
diesel

International Scout II

Nissan
1980 SD33T
(turbo)
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Number Times
Fuel Filters
Replaced

International S1754

Detroit
9.0L Fuel
1986
B100
Pincher IDI
diesel

International Scout II

Nissan
1980 SD33T
(turbo)

Mercedes

Mercedes

Mercedes

Teflon

Fuel lines
replaced

The rubber fuel lines
on the diesel fuel
return system
$11 of hose, and 2 1 time in 3 months
(excess fuel from
hours of labor
of biodiesel use
injectors) softened,
and were replaced

300D
Turbo

Homebrew Fuel lines
1982 5 cylinder Biodiesel
and fuel
(B100)
filters

300TD

3L 5cyl
1981
Turbo

240D

Volkswagen Jetta
New
Volkswagen
Beetle

B100

2.4 Liter 4 B100 1982
cylinder
homebrew

2001 Tdi

B100

2001 Tdi

B100
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None

Original rubber fuel
lines started to weep
after 2K miles using
biodiesel; fuel filters
swapped as part of
routine maintenance

type as original
was galvanized
and bio-diesel
eats this

slimy brown debris
(possible fungi or
dino-diesel crud)

seals,

No issues to date;
opacity emissions Once over last 5K
registered 0.1% miles
(standard is 30%)
Converted for
WVO, BIG fuel
filter

Replaced rubber fuel
lines with viton;
Fuel filters
replaced fuel filters No issues to date;
and fuel
prior to clogging as never stranded
lines
preventative
maintenance
None
Injector
Replace upper
pump seal gasket seal on

0

three times over last
10K miles preventative
maintenance
2 times in 2 years
0 times in 1 year
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Volkswagen Jetta

1989 1.6l N/A
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B99 and
SVO

injector pump due to
biodiesel leakage
Aftermarket Rubber
lines were replaced,
Replaced but the stock lines
Fuel Lines are still doing fine
1yr4mos worth of
bio-d use

1 per year (regular
schedule, not
clogged)
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What should I be aware of when using biodiesel?
Rubber Fuel Lines
In older (pre-90s) diesel vehicles, fuel lines were commonly made of rubber. Critics of biodiesel
have suggested that it will attack rubber fuel lines, and will clog fuel filters. I have experienced
both issues, but these were obstacles that were easily overcome with a screwdriver and some
patience.
With respect to the rubber fuel lines in my 1982 Mercedes 240D, I have noticed that those
located closest to the engine block, particularly the fuel return lines, did weep over time with
exposure to biodiesel and heat. I replaced these with viton fuel lines; a task which took about 15
minutes, and I haven’t had any issues since. Respective fuel lines replaced on the 240D are
indicated by the red text boxes and the arrows in the image below.

Note that there is also a fuel return plug next to the last cylinder that should also be replaced with
a viton substitute.
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After running my vehicle for about 10,000 miles on homebrew, I learned that there are also
rubber fuel conveyance and return lines at the base of my tank. I decided to replace these as
well, but upon doing so, noticed that these were in perfect shape. These lead me to believe that it
is the combination of biodiesel and heat that causes rubber to degrade. However, I recommend
you replace all your fuel lines to minimize associated risks. If your vehicle is newer, it is likely
to have viton hoses already, and this will not be an issue.
Location of rubber fuel lines associated with the gas tank on a 1982 Mercedes 240D under
starboard wheel well.

Note that some recommend also replacing the tank fuel filter since it can get
gummed up with petro-fuel deposits. I swapped mine out; the original
had no issues after running more than 10,000 miles on biodiesel
Location of rubber fuel lines associated with the gas tank on a 1982 Mercedes 240D under port
wheel well.
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Fuel Filter Maintenance
In older vehicles which have been running on petroleum based diesel, there are likely to be
petroleum deposits in your fuel tank as well as your fuel conveyance system. Biodiesel will act
as a solvent to loosen these deposits. These in turn will precipitate in your fuel filters. If these
deposits get thick enough, clogged filters may leave you stranded. As such, you will want to
maintain your fuel filters on a frequent basis, perhaps replacing them once for every two to three
tanks of fuel as you are breaking in your vehicle to biodiesel. You can decrease the frequency of
replacement as your vehicle is slowly broken in. In the interim, always carry a couple of extra
filters for replacement on the road in the even you are stranded resulting from a clogged fuel
filter.

This image shows the spill from a new filter vs. an older one
for my 240D as it was being broken into biodiesel.
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This image shows the condition of my primary fuel filter upon first
breaking in my vehicle to biodiesel. This vehicle had logged about
250,000 miles on petroleum diesel

Here are the filters required for my 1982 240D.
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The filter replacements cost about $12.00.

Cold Weather Performance
Biodiesel will gel at a higher temperature as compared to regular diesel. This can lead to poor
engine performance and may also leave you stranded on cold mornings. If this happens, let your
vehicle sit in the sun and warm up. In southern Arizona, chances are good the gelling effect will
subside by mid-afternoon. In cooler temperatures and/or higher altitudes, consider blending your
biodiesel with dino-diesel. This will lower the gel-temperature of your biodiesel thus offsetting
cold weather performance issues.
Even when using B100 in the dead of winter, I’ve never encountered this problem in Tucson.
However, I garage my vehicle on cold nights. If you don’t have this luxury, consider blending
biodiesel with dino-diesel as an 80/20 blend, or B80. As you increase the percentage of
petroleum diesel, you can offset the higher gel-point of biodiesel to suit your regional climatic
needs.
Blending Biodiesel with
Ultra Low Sulfur Diesel (ULSD)
In January 2001, EPA finalized a rule requiring that sulfur levels in diesel fuel be reduced from
500 parts per million (ppm) to only 15 ppm by 2006. This new standard was phased in as of
July, 2006, and has become the official standard for diesel fuel in 2007. The downside of this
reduction is that the refining process used to reduce the sulfur content in biodiesel also reduces
fuel lubricity. Consequently, ULSD could contribute to increased engine wear. However,
biodiesel can be blended with ULSD fuel. In fact, you can increase the fuel lubricity of ULSD
fuel by 65% simply by adding 1% biodiesel (Pahl, 2005). Increasing the percentage of biodiesel
will increase lubricity and is likely to extend the life of your fuel pumps.
Vehicle Warranties
Most of the vehicle warranty statements associated with auto-manufactures suggest that
warranties will be voided only if the repair in questions is linked to the use of biodiesel fuel. In
my opinion, this gives the dealership a leveraging point to not honor a warranty even if the repair
in question is not related to use of biodiesel. As such, I would suggest approaching the use of
biodiesel in vehicles under warranty with caution; not because I think that biodiesel will have an
impact on the integrity of your vehicle, but simply because it would be a major hassle to prove
otherwise. For more information on warranties as well as OEM statements, the National
Biodiesel Board has prepared a nice summary at the following link:
http://www.biodiesel.org/docs/ffs-engine_manufacturers/oem-warranty-statement-and-use-ofbiodiesel-blends-over-5-(b5).pdf
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Again, I recommend using an older vehicle if you intend on running a blend greater than 20%
biodiesel (B20).
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Demonstrated Biodiesel Usage
Arizona Department of Transportation (ADOT)
On October 5th, 2006, I contacted Mr. Devin Darlek- Environmental Fuel System and Scale
Manager for the Arizona Department of Transportation (ADOT). Mr. Darlek handles fueling
infrastructure and port of entry scales for Arizona. I asked Mr. Darlek about the current
availability and use of biodiesel in state vehicle fleets, and any problems it may have caused.
ADOT has historically been a leader in the use of biodiesel. Six years ago, Joe O’Neill, (ADOT
Administrator) and John Nichols (Maintenance Operation Manager) decided to investigate the
potential for this renewable resource within state fleets as a means to give cleaner air back to the
community. The fuel was first introduced at the Phoenix Durango facility without notifying
shop managers. Thereafter, three months of repair-orders were reviewed for any impact that the
blend may be causing to the fuel pumps, filters, or engines. No impacts from the use of biodiesel
were identified from this anonymous introduction. Consequently, its introduction was expanded
to Flagstaff and Tucson. No issues have been encountered by ADOT fleets from its use over the
last six years.
According to Mr. Darlek, there are 57 ADOT yards. In November of 2006, three ADOT yards
were served biodiesel at a 20% blend (B20). Those three sites are: Tucson at Grant Road;
Flagstaff at Railhead; and Phoenix at Durango. Phoenix Fuel and Union Oil act as brokers for
biodiesel to ADOT as well as other suppliers throughout the country.
In order to serve B20, Mr. Darlek indicated that he pursued the installation of new fuel filters for
the pumps at servicing facilities. This was done 30-days after the introduction of biodiesel and
only as a preventative measure given the cleansing effects of biodiesel on petrodiesel fuelconveyance systems. No impacts to facility infrastructure have been realized in the last 6 years.
In Flagstaff, the use of biodiesel is halted between mid-October and February/March in order to
alleviate concerns about the cold-flow properties of this fuel and potential impacts it might have
an emergency vehicles (i.e. snow-plows). In Flagstaff, fleet managers are looking at the
potential for using B20 year round by implementing different strategies regarding the operation
of older vehicles (i.e. keeping fuel pumps running in cold weather; use heaters on fuel tanks and
pumps; employing anti-jelling additives). Eventually, these problems will dissipate as newer
equipment is purchased given that it will implement these technologies natively.
Mr. Darlek indicated that the use of B20 may be important in older diesel vehicles given the
onset of ultra-low sulfur diesel fuels (ULSD). There is concern that the removal of sulfur may
lower the lubricity of the fuel and thus have an impact on fuel pumps in older engines that were
not originally designed for ULSD. Adding biodiesel to ULSD fuel will increase lubricity
significantly and thus help offset this concern.
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In Mr. Darlek’s experience, exhaust from B20 is much easier to work around and thus could
have positive health benefits for workers that are continuously exposed to diesel fumes.
With respect to engine warranties, Mr. Darlek noted that manufacturers will not put anything in
writing regarding their willingness to honor repairs in vehicles that have been using biodiesel.
However, manufactures also do not disclaim the use of biodiesel given that they warranty the
engine, not the fuel. In addition, Mr. Darlek indicated that World Energy (a major biodiesel
producer) may cover damage to engines if biodiesel is linked to engine failure. Additional
information on engine warranties is available on the National Biodiesel Board’s website
(http://www.biodiesel.org). ADOT only uses only biodiesel fuel that is produced from virgin
oils rather than recycled waste vegetable oils and tallows. However, it should be noted that there
is nothing in the ASTM standard that prevents biodiesel from being produced from recycled oils.
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ADOT is currently reviewing its new bulk fuel purchase contract and would like to expand
the use of B20 to a total of 50 ADOT facilities. On February 28th, 2007, Mr. Darlek
indicated to me that within the next year, approximately 60% of ADOT fueling sites will
supply biodiesel. Assuming this proves to be a cost effective and environmental best
management practice for ADOT, additional sites will come on line as well. All of the sites
serve B20, and the percentage may be increased at a later date.
The Energy Policy Act of 1992 (EPAct) was passed by Congress to reduce US dependence on
imported petroleum. It requires certain fleets to acquire vehicles able to operate on
nonpetroleum fuels. In 1998 the EPAct was amended to allow fleets to meet a portion of their
annual alternative-fuel-vehicle (AFV) requirements through the purchase and use of biodiesel in
existing diesel vehicles. Respective energy credits required by EPAct are currently being
collected by ADOT through the use of biodiesel.
Rio Rico, Santa Cruz County
At this time, I’m supporting an Environmental Protection Agency (EPA) Border 2012 Project
which is seeking to recycle waste vegetable oil for the production of biodiesel. The project seeks
to realize economic incentives for the recycling with the goal of offsetting its impacts on
wastewater infrastructure in the Ambos Nogales border region. The “Ambos Nogales Biodiesel
Capacity Building Project” is projected to render 500 gallons of biodiesel on each side of the
border principally from the recycling of waste cooking oils generated by the maquiladora
industry in Nogales, Sonora. The rendered biodiesel will eventually be blended with petro-diesel
fuel for use in emergency response vehicles supporting the Rio Rico Fire District (Arizona), and
the Volunteer Firefighters of Nogales (Sonora).
City of Tucson, Pima County
In the October 10th, 2006 regular meeting of Mayor and Council, Deputy City Manager Mike
Letcher announced that the City Fleet Services Division has been conducting a Biodiesel (B20)
fuel pilot program at one of its fueling facilities on a select number diesel trucks since July 17,
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2006 with no reported vehicle performance or maintenance issues. The pilot program has been
deemed a success and the City intends to convert have the majority of its diesel vehicle fleet
operate on B20. Other fleets using similar B20 blends in the Tucson area include those from
Davis-Monthan Air Force Base, Raytheon, Tucson Electric Power and Sabino Canyon Tours.
Biodiesel Usage in Other States
On March 15, 2002, Minnesota mandated that all diesel fuel in the state contain 2% biodiesel
(B2). Given that Minnesota uses 831 million gallons of diesel fuel each year, this measure
resulted in a new market demand for over 16 million gallons of biodiesel per year. The law had
an initial target date of July 1, 2005, but would only go into effect once biodiesel production
capacity exceeded 8 million gallons per year (Pahl, 2005). Agriculture Commissioner Gene
Hugoson verified these production levels had been met in the August 29 (2005) edition of the
Minnesota State Register. The Commissioner indicated that the law would become effective on
September 29, 2005 following a month-long notification period.
On September 29, 2005, there was a news release by the National Biodiesel Board stating:
“Although the Minnesota requirement stands out as one of the first significant pieces of public
policy, several other states have also passed significant legislation to encourage biodiesel supply
and demand, including:
Arkansas: Passed a fund granting up to $.10/gallon for biodiesel producers.
Hawaii: Lowered state excise tax for biodiesel blends.
Illinois: Enacted a partial state sales tax exemption for biodiesel blends from B1-B10 and
a full exemption for B10-B100, through 2013.
Indiana: Provides an expansion of state tax credits for biodiesel producers, blenders, and
retailers.
Missouri: Qualified biodiesel producers are eligible for a monthly $.30/gallon grant for
the first 15 mm gallons produced annually, or $.10/gallon up to 15 mm gallons produced
beyond their initial 15 mm gallons.
Pennsylvania: Developed an Alternative Fuels Incentive Fund to provide grants to
schools, municipalities, political subdivisions, non-profits, LLCs and partnerships for
purposes including incremental purchase costs of B100 and B20, refueling infrastructure
and vehicle retrofitting. Also reimburses qualified renewable fuels producers up to
$.05/gallon.
Texas: Provides a production incentive grant of a net 16.8 cents per gallon for 18 million
gallons per plant per year. Also exempts biodiesel portion of biodiesel blends from state
excise tax.”
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In Missouri, Governor Blunt has advanced a proposal to set a biodiesel standard of 5 percent in
that state. On January 29th, 2008, Missouri’s Senate Agriculture Policy Committee passed the
bill which would require diesel fuel sold in Missouri to contain no less than 5% biodiesel fuel by
April 1st, 2010. Blunt called for the B-5 standard in his state of the state address earlier this
month, and the governor commended the committee for advancing the legislation.
Biodiesel vs. Ethanol
There is abundant confusion and misinformation regarding the net-energy efficiencies and CO2
emissions of biodiesel vs. ethanol. In order to address these questions, the following summarizes
their renewability and net-CO2 emissions based on figures published by the USDA.
Update: March 29, 2013 – Note that this section was last updated in 2006. Although the
information here will serve as a good starting point, please consider pursuing additional
research on your own to ensure you have the latest information.
Renewable energy considerations
One of the most confusing issues surrounding biofuels is characterizing the overall efficiencies
for their manufacture. Fuels which generate more energy than required for their production are
considered renewable, and their energy ratios (energy yield over energy for production) will be
greater than one. Fuels which require more energy to produce than they render are considered
non-renewable and their energy ratios will be less than one.
A 2002 United States Department of Agriculture (USDA), Economic Research Service Report
number 814 entitled Estimating the Net Energy Balance of Corn Ethanol: An Update concluded
that "Corn ethanol is energy efficient, as indicated by an energy ratio of 1.34; that is, for every
Btu dedicated to producing ethanol, there is a 34% energy gain." A similar study regarding
biodiesel was co-sponsored by the United States Department of Energy and the USDA. That
1998 report was entitled Life Cycle Inventory of Biodiesel and Petroleum Diesel for Use in an
Urban Bus. In this report, the “life cycle” begins with the extraction of all raw materials to make
soybean-based biodiesel, and end with the energy output from using the biodiesel in an urban
bus. The report concluded that “Biodiesel yields 3.2 units of fuel product energy for every unit
of fossil energy consumed in its life cycle.” This indicates an energy ratio of 3.20, or a 220%
energy gain in the production of B100. In contrast, the production of a 20% blend of biodiesel
(B20) yields 0.98 units (2% loss) of fuel product energy for every unit of fossil energy
consumed. Given the technologies referenced in the USDA reports, B20 is considered a
marginally non-renewable resource whereas ethanol is considered renewable.
If the 1998 and 2002 USDA energy assumptions are correct, ethanol is favorable to
soybean-based biodiesel at a 20% blend (B20). However, the economics quickly shift as the
percentage of blended biodiesel is increased. The USDA/DOE study indicates that the
benefit of using biodiesel is proportionate to the blend level of biodiesel. If a linear trend is
assumed between energy efficiency as a function of percentage biodiesel, a 30% blend of
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biodiesel (B30) would yield a 26% energy gain, and a 40% blend would yield a 54% energy
gain. The best case scenario is realized through the use of pure biodiesel (B100) which
yields a substantial 220% energy gain. This is a 186% improvement over USDA-estimates
of the ethanol energy ratio.
The USDA/DOE reports do not provide the final word on this topic; academics have published a
wide range of energy ratios for both ethanol and biodiesel. In July, 2005, David Pimentel,
professor of ecology and agriculture at Cornell, and Tad W. Patzek, professor of civil and
environmental engineering at Berkeley, conducted a study of the energy ratios of producing
ethanol from corn, switch grass and wood biomass as well as those for producing biodiesel from
soybean and sunflower plants. Their report is published in Natural Resources Research (Vol.
14:1, 65-76) and claims that corn, switch grass, and biomass require 29%, 45%, and 55% more
fossil energy relative to the ethanol produced. With respect to biodiesel, they suggest soybeans
and sunflower require 27% and 118% more fossil energy respectively relative to the fuel
produced. Having said this, it should be emphasized that this study has been challenged by other
academics mentioned below, and is referenced here only to ensure this summary is complete.
CO2 Emissions
In the January 27, 2006 edition of Science, Dan Kammen and Alex Farrell of the Energy and
Resources Group at UC Berkeley compared six papers on the topic energy efficiencies and net
greenhouse gas (GHG) emissions for ethanol. Their paper concluded that given the use of coal
and natural gas for the production of corn ethanol, greenhouse gas emissions are only offset by
about 15% through its subsequent use. The 2002 USDA report confirms the current GHGintensive nature of corn-ethanol production by stating: “Ethanol production uses abundant
domestic supplies of coal and natural gas to convert corn into a premium liquid fuel that can
displace petroleum imports.” This conclusion is important relative to ethanol’s role in promoting
energy independence, but offsets ethanol’s ability to reduce GHG emissions.
According to the 1998 USDA/DOE report on biodiesel, a pure biodiesel fuel reduces net CO2
emissions by 78.45% compared to petroleum diesel. In comparison, CO2 emissions only drop by
15.66% for a B20 blend. Both numbers reflect emissions generated by an urban diesel bus.
From this cursory review, it appears that the overall GHG-emission benefits of using
biodiesel at a 20% blend are about the same as using ethanol on a per-gallon basis.
However, increasing the percentage of a biodiesel blend will result in a significant
competitive advantage over ethanol. In addition, it is widely recognized that diesel engines
are much more efficient than gasoline or alcohol engines. Assuming all other factors are
equal, this represents greater miles-per-gallon (MPG) of travel in a diesel vehicle as
compared to one burning ethanol. Efficiencies realized through improved MPG will offset
This favors biodiesel relative to ethanol in meeting Governor’s
CO2 emissions.
Napolitano’s Climate Change Advisory Group policy objectives.
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Biodiesel Emissions
EPA studies conducted in 2000 suggest that biodiesel provides significant reductions in
particulate mater (-50%), carbon monoxide (-50%), and hydrocarbon (-65%) emissions relative
to petroleum-based diesel. At the same time, EPA has suggested that biodiesel may increase
nitrogen oxide (NOx) emissions by up to 10%. It is generally accepted that NOx and
hydrocarbons are the precursors to ozone and photochemical smog. Please note that biodiesel
does not contain nitrogen; increasing NOx in biodiesel emissions is the product of ambient air
nitrogen reacting in the high internal cylinder temperatures of diesel engines.
Conclusions regarding increased NOx formation from biodiesel are currently being debated. In a
2005 study, Dr. Robert McCormick of the US Department of Energy’s National Renewable
Energy Laboratory (NREL) demonstrated that NOx emissions are significantly lower for recycled
fryer-oil based (RFO) biodiesel relative to the more commonly available soybean-based
biodiesel. Specifically, a 100% biodiesel product rendered from RFO was shown to increase
NOx emissions by only 3%, whereas a 100% blend of biodiesel rendered from virgin soybean oil
increased NOx emissions by up to 15%. Dr. McCormick suggests that the difference in the
emission characteristics is due to the saturation levels of the oils or fats that are used to make
biodiesel. The more saturated feedstocks, such as recycled fryer oil and animal fat, have a higher
cetane level and thus better emission profiles (http://www.nrel.gov/docs/fy05osti/38296.pdf).
In 2006, Biodiesel Industries Inc. conducted a biodiesel feasibility study for the (California) Bay
Area Air Quality Management District (Contract No 2003-004). Objectives of the study
included developing a pilot biodiesel rendering facility that uses local feedstocks for the
production of this fuel (i.e. waste vegetable oil); distribution of the fuel to local fleets; and
emissions testing. Of particular interest, the study indicated that a 20% blend of biodiesel
rendered from waste vegetable oils actually decreased NOx emissions by up to 8.2% relative to
low sulfur diesel, and 0.3% relative to ultra-low sulfur diesel fuel.
A more recent NREL study by Dr. McCormick (2006) concludes that vehicles using B20
fuel—a blend of 20 percent biodiesel and 80 percent petroleum diesel—do not produce an
increase NOx emissions. According to Dr. McCormick:
"This is a major finding because the perceived small increase was leading some
state regulatory agencies to consider banning B20 biodiesel," said Robert
McCormick, NREL principal engineer for non-petroleum based fuels research. Our
study helps remove a significant barrier to the expansion of biodiesel markets."
Dr. McCormick discovered that the NOx impact of B20 varies with engine design, such that
some engines show a small increase while others show a small decrease. He noted that the EPA's
conclusions indicating an increase in NOx emissions was based on tests of only one engine model
associated with NOx increases. Dr, McCormick suggested that EPA incorrectly used respective
data to draw a general conclusion for on-highway engines that B20 causes a 2% increase in NOx.
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Biodiesel Chemistry
The following overview is principally sourced to Maria Mark Alovert’s Homebrew Manual,
consultations with homebrewers in the Tucson biodiesel community, input provided via the
http://biodiesel.infopop.cc/ information coop, and my own experiences. Please keep in mind that
this section has not been compiled or peer reviewed by a credentialed chemist, and does not
reference any published papers. For those of you with a broad background in biodiesel
chemistry wishing to expand your horizons, you are better served reviewing the archives of the
American Oil Chemist Society (http://www.aocs.org/archives/icb/) and the published literature.
For those of you wanting a simple understanding of the rendering process that goes beyond a
recipe for making biodiesel, the following pages should do the trick.
130H

13H

Base Transesterification
Base-transesterification involves using an alcohol (i.e. methanol, ethanol) and a catalyst (either
sodium hydroxide or potassium hydroxide) for the conversion of a triglyceride (i.e. waste
vegetable oil or animal fat) into an alcohol-ester (biodiesel). Glycerin is a byproduct of the
reaction. In addition, soap may be formed from the reaction between catalyst (sodium or
potassium hydroxide) and free fatty acids present or released in the waste vegetable oil.
Alcohol-esters are also known as “biodiesel”, and are named according to the alcohol used in the
reaction. For instance, if methanol is used for processing, the resulting ester is classified as a
methyl-ester; if ethanol is used for processing, the resulting ester is classified as an ethyl-ester.
A simple conceptual model of an ideal base-transesterification reaction follows:
ESTER
ESTER
ESTER

GLYCERIN

TRIGLYCERIDE

METHANOL

METHYLESTERS

GLYCERIN

BIODIESEL

BYPRODUCT

NaOH
ALCOHOL

CATALYST

In its simplest form, homebrewing requires that you first dissolve a predetermined amount of
catalyst in methanol to produce a solution known as methoxide. You then mix the catalystmethanol solution (methoxide) with your waste vegetable oil for the purpose of
transesterification, or conversion of the vegetable oil to biodiesel and glycerin.
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Left: Dark-colored glycerin byproduct drain from a biodiesel processor
Right: Light-colored biodiesel follows glycerin drainage from a biodiesel processor

Transesterification is not limited to vegetable oil; animal fats can also be converted to biodiesel.
Please note that the cold flow properties of fuel rendered from animal fat will be poorer than that
of fuel rendered from waste vegetable oil. As such, you probably want to avoid using oils that
are contaminated with significant quantities of animal fats. For demonstrations purposes only,
below are pictures of a simple experiment summarizing how biodiesel can be rendered from
bacon grease.

100 ml of animal fat collected from bacon
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The photo on the left shows warm bacon grease transferred to a flask; also note the ingredients
for preparation of a small quantity of sodium methoxide. The photo on the right shows the
addition of the methoxide (20 ml of methanol containing 0.60 gr of dissolved sodium hydroxide)
to the flask containing warm bacon grease.

After mixing manually for at least one minute,
the mixture is allowed to settle. Over time, the
solution will separate into a layer of unwashed
biodiesel (methyl esters) separated from a
darker phase made up of mostly glycerin.
Note that unwashed biodiesel in this
experiment may be contaminated with
unreacted triglycerides, residual methanol,
and soap. The darker glycerin phase will also
be contaminated with residual catalyst,
residual methanol, and free fatty acids. More
details regarding these contaminants are
presented in the following section..
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The Missing Details
The details of base transesterification described up to this point have been greatly simplified.
Realistically, the reactions associated with homebrewing are more complicated. Oil impurities,
processing time, and non-ideal reactant masses may also result in the formation of additional
byproducts. The following summarizes some of the considerations which may impact the
biodiesel rendering process.
Acid content of oils: Used and/or degraded oils will often contain high levels of free
fatty acids (FFA). If acidic oils are used for the production of biodiesel, FFAs in the oil
will consume catalyst and prompt the formation of soaps. If the base catalyst is
consumed in making soap, additional catalyst must be introduced to ensure it is available
for the transesterification of triglycerides to biodiesel. As such, the acidity of the oil used
as a feedstock will have a direct impact on the amount of catalyst needed, and will also
contribute to unwanted soap formation.
Water content of oils: While transesterification is taking place, the presence of any water
in the system causes a side reaction which begins with the hydrolysis of glycerides.
Specifically, water in the reaction "breaks" a fatty acid chain from the glyceride
molecule. As soon as the fatty acid chain breaks, it becomes a FFA. This raises the
acidity of the oil which in turn consumes catalyst and promotes the formation of soap. As
soap is formed, the water molecule is released back into the solution where it
immediately attacks another glyceride.
This side reaction continues to make soap until all the catalyst in the solution is
completely consumed. Fortunately, the hydrolysis reaction is relatively slow compared to
the transesterification reaction, so only a small percentage of catalyst is consumed.
However, if the catalyst is consumed to make soap, it is now no longer available for
transesterification. As such, the presence of water not only contributes to soap formation,
it may also result in unreacted or partially reacted oil. For these reasons, a home-brewer
should always use dry oil. Elimination of water in the oil is one of the few operations a
home-brewer can do that has such a large positive effect on his finished product.
Reactant masses: In order to ensure that the reaction moves forward to completion,
excess methanol is typically used for the reaction. After transesterification, some of that
excess methanol will partition to the biodiesel phase, but most will end up in the glycerin
byproduct. If insufficient quantities of methanol and/or sodium hydroxide are used, or if
sodium hydroxide is consumed through the creation of soaps, the base-transesterification
reaction may not go to completion. This will result in a smaller yields of biodiesel
coupled with the formation of mono and diglycerides, as well as unreacted triglycerides.
The presence of unreacted or partially-reacted triglycerides may be addressed through
reprocessing.
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Mixing: Note that even if you begin with dry oil, there will always be water in the
methanol-catalyst (methoxide) mixture since water is chemically formed when the
catalyst is dissolved in the methanol. Proper mixing of your waste vegetable oil with the
methoxide helps reactants overcome kinetic barriers for transesterification. Since the
transesterification reaction takes place at a faster rate than the hydrolysis of glycerides,
mixing helps promote the catalyst role for biodiesel production. Starting a reaction and
letting it run overnight, or starting a reaction, then stopping it, then restarting several hour
later are not good practices, and may result in a smaller yields of biodiesel coupled with
the formation of mono and diglycerides, unreacted triglycerides, and greater amounts of
soap.
If you are interested in a conceptual animation of transesterification, please see my online video
available at http://www.biod101.com/greenbeat/soybenz/ . The video is entitled “Biodiesel 101 –
Rendering Biodiesel from Waste Vegetable Oils and Animal Fats”. Once the video has fully loaded,
consider jumping ahead to the chapter on ”Transesterification” and then fast forwarding to minute
12:28. Make sure your volume is turned up.

Please note that much of the information associated with “the missing details” is paraphrased
from contributions to the http://biodiesel.infopop.cc/ blog.
134H
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Acid Esterification
Given the tendency for highly acidic oils to produce soaps, compromised oils may be difficult to
process using a single stage base-transesterification. Large quantities of soap byproduct require
multiple washings, and also requires disposal of the soapy washwater. This is time and resource
intensive.
Of greatest concern, soaps can lead to the emulsifications during washing. When emulsifications
do occur, they can be difficult to break, and require additional investment of time and materials.
As such, the removal of soaps requires the delicate introduction of water through misting. This
is also known as mist-washing.
Typical misting setup for washing biodiesel

Soapy wash water collected from mist-wash
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Acid esterification is employed on oils that are too acidic for simple base-transesterification
chemistry. Acid esterification should be employed on oils that have an acid number greater than
6 as determined by a base titration. Acid number is determined through a simple titration with a
0.1% solution of sodium or potassium hydroxide, the details of which are discussed in the
source-oil characterization phase of this document.
Acid esterification involves using an alcohol (i.e. methanol, ethanol) and an acid catalyst (i.e.
sulfuric acid) for the conversion of free fatty acids present in acidic oils into alcohol-esters. A
conceptual model of an ideal acid-transesterification reaction follows:

Once acid esterification has converted FFAs to alcohol-esters (biodiesel), the resulting solution
can undergo a base-transesterification. Base-transesterication will not affect the quality of any
biodiesel generated during acid-transesterification reaction. Thus, the products from an acid
esterification reaction may be directly incorporated as reactants in a base-transesterification
reaction.
The benefits of acid esterification are twofold. First, free-fatty acids are converted to biodiesel.
This causes overall biodiesel-yields to increase. Second, the conversion of free-fatty acids to
biodiesel helps minimize soap formation during the base-transesterification process. This
reduces the need for washing once the base-transesterification reaction is completed.
Realistically, the reaction is more complicated. Water may be formed as a byproduct of the acid
esterification, and needs to be separated before executing a base-transesterification on the
products of the reaction. In addition, not all free-fatty acids will be converted to biodiesel. As
such, producers must recalculate the acidity of the acid-transesterification products and adjust the
catalyst for base-base transesterification accordingly. Experienced small-scale biodiesel
producers may see acidity drop from 12% to 5% when pretreating acidic oils through acid
esterification.
If you are interested in a conceptual animation of acid esterification, please see my online video available
at http://www.biod101.com/greenbeat/soybenz/ . The video available on that site is entitled “Biodiesel
101 – Rendering Biodiesel from Waste Vegetable Oils and Animal Fats”. Once the video is fully loaded,
consider jumping ahead to the chapter on ”Two-Stage Processing” and then fast forwarding to minute
25:1. Make sure your volume is turned up.
137H
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Expected Yields
So, all this begs the question: “How much unwashed biodiesel and glycerin might I expect to
yield from oil collected from my local restaurant?” Before I attempt to answer that question, let
me clarify the following paragraphs in that when I say “glycerin”, I’m really talking about the
glycerin phase which will also contain residual catalyst and methanol as well as free fatty acids;
and when I say “biodiesel”, I’m really talking about unwashed biodiesel.
When employing base-transesterification of oils of an acceptable quality, I typically generate a
volume of “glycerin” which is slightly less than the volume of the methoxide added to my
processor. In other words, if I mix 35 gallons of waste vegetable with 7.7 gallons of methoxide
solution, I’ll generate about 7.0 gallons of glycerin and about 35.7 gallons of unwashed
biodiesel. To demonstrate this observation, I’ve included pictures of a sample collected from my
processor immediately after it has been mixed for three hours at a temperature of 125 degrees
Fahrenheit as well as after it has been allowed to settle overnight.

Photo of sample collected from processor immediately
after mixing.
The base-transesterification recipe used to generate this
sample was 35 gallons of WVO (having a titration: 3.0 ml
0.1% NaOH for acid neutralization), 1060 grams NaOH
and 7.7 gallons methanol. These constituents were mixed in
an appleseed processor for three hours at a temperature of
about 125 degrees Fahrenheit.
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Photos of sample after it has been allowed to settle overnight.
500 ml of the mixture separated out into about 100 ml of glycerin and 400 ml of unwashed
biodiesel. The percentage of glycerin in this sample (~100/500 or ~20%) is slightly less than the
volumetric percentage of methoxide added to my processor (7.7/35 or 22%). Based on this
sample, I expect to see about 7 gallons of glycerin collected from my processor.

Please note that my yields of unwashed biodiesel and glycerin will vary somewhat (+/- 1 gallon)
from batch to batch. Typically, I’ll generate about 7 gallons of glycerin for 35 gallons waste
vegetable oil which has been base-transesterified with 7.7 gallons of methoxide.
It has been noted on some reputable blogs that yields of biodiesel are dependent on the kind of
oil used for processing. I suspect that the quality of the oil you are using also has a significant
impact; specifically, acidic or overused oils tend to increase yields of the “glycerin” phase at the
expense of unwashed biodiesel. Also, note that final yield for finished (washed and dried)
biodiesel will decrease during the washing process since soaps suspended in the biodiesel phase
will result in biodiesel being lost with wash water. This will be discussed in more detail in the
Biodiesel Rendering chapter.
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Building an Appleseed Processor
The appleseed processor is essentially a converted electric water heater used for the purpose of
making biodiesel from waste vegetable oil. I first came across diagrams of an appleseed
Processor in Maria Mark Alovert’s Homebrew Manual (10th Edition, June, 2005). Note that to
the best of my knowledge, the appleseed processor and the methods associated with its use have
not been reviewed by a professional engineer. As such, there may be associated risks that are not
addressed in this document. Note that I am not an engineer; keep this in mind and again, please
read my disclaimer before referencing this document further.
The following is a summary of the steps and supplies used to build an appleseed processor at El
Instituto Tecnologico de Nogales (ITN) which is located in Sonora, Mexico. ITN is currently a
partner in an Environmental Protection Agency (EPA) Border 2012 Project known as “The
Ambos Nogales Biodiesel Capacity Building Project”. The goal of the project is to create
economic incentives for the recycling of waste vegetable oil and grease for the purpose of
keeping this material from being disposed of improperly. Other participants in the project
include the Unviersity of Arizona (Bureau of Applied Research and Anthropology); Rio Rico
Rentals; Rio Rico Fire District; the Volunteer Firefighters of Nogales, Sonora; and the Arizona
Department of Environmental Quality (Office of Border Environmental Protection). This is a
binational project supporting the communities of Nogales, Arizona and Nogales, Sonora,
Mexico.
With respect to the project, ITN is not funded to actually make biodiesel. Instead, it is tasked
with evaluating potential oil sources in Nogales, Sonora, and developing a laboratory where
samples rendered from other project stakeholders could be evaluated for quality prior to
submission for ASTM testing. However, through a generous donation provided by a non-profit
known as Friends of the Santa Cruz River, ITN was able to supplement their laboratory with an
appleseed processor and wash tank. This will ensure that students not only learn how to evaluate
the quality of biodiesel, but also make and document the process of rendering biodiesel from
waste vegetable oil. It’s hoped that the Spanish documentation generated by ITN will be shared
over the web so that other (Mexican) municipalities that are challenged by improper disposal of
waste vegetable oil can learn how to turn this problem into an opportunity for offsetting fuel
costs.
I took this opportunity to supplement the diagrams and processes documented in Maria Mark
Alovert’s manual. I made some slight modifications to Maria Mark’s suggested design for the
processor shown on page 92 of her manual as a result of having some extra plumbing supplies
and ball valves; please note that the processor shown here is not identical to the one presented by
her (10th Edition, June, 2005). As such, some of the components may be considered optional.
Reference to Ms. Alvovert’s design in no way implies endorsement of this manual by her.
Please consider this a supplement to her most excellent homebrew manual. License for
redistribution by Maria Mark Alovert available at:
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http://creativecommons.org/licenses/by-sa/2.0/ & http://creativecommons.org/licenses/by-sa/3.0/legalcode
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Diagrammed Processor
The following diagram was copied from page 92 of Maria Mark Alovert’s Homebrew Manual.

I believe that Girl Mark’s design has applications for methanol recovery from residual glycerin
that I am not familiar with at this time. A less expensive and much simpler design is
presented in the next section of this document. The simpler design worked quite well for me
over the course of two years, and is what I recommend for beginning hombrewers.
Regardless, I have included photos of a processor modeled after Girl Mark’s design in this
section for your reference.
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Here is a diagram of a whirlpool 50 ELECTRIC gallon water heater.
Gas water heaters are not adequate for brewing biodiesel given potential for EXPLOSION!
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Short circuiting the upper element of your water heater (Courtesy of biodiesel.infopop.cc)

Upper element wiring
As noted by Graydon Blair (Utah
Biodiesel Supply): “Notice that I've
removed the wires going to the top
element and by-passed the top element's
thermostat. Also notice that I DID NOT
by-pass the upper limit temperature
control switch, but went through it. This
is on purpose for safety.”

Lower element wiring
As noted by Graydon Blair (Utah
Biodiesel Supply): “If you look closely
you'll see that I've set the temp. gauge to
just a hair past the 125 deg F mark. This
is where I start them out. I've found
sometimes that "just a hair" is actually
right at the 130 Deg. F mark.”

Junction box wiring
As noted by Graydon Blair (Utah
Biodiesel Supply): “If you don't feel
comfortable wiring, find someone that
does. It's not worth shocking yourself
from not wiring these things right. I
assume no responsibility for your wiring
errors. These pictures are being posted
here for information purposes only.”
(That goes for me too!)
Photos and narrative all credited to Graydon Blair (Utah Biodiesel Supply):
140H
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Most anode nuts require a 1 1/16 inch socket (or 27 mm) to remove.
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The 1 inch Clearwater pumps you purchase
from Harbor Freight will require an
extension cord. This shows how the
extension cord should be wired. Note that
the ground screw (green wire) is under the
base of the black plastic enclosure; you will
need to remove that base in order to get
access to that screw in order to ground the
green wire from your extension cord.

Your pump comes with a small piece of
plastic that is used to clamp the extension
cord wires in place. Don’t forget to clamp
the extension cord in place before sealing
things up.

Finished wiring ready to be sealed with
plastic cover shown on the right of the
photo.
Once you’ve finished wiring everything up,
test the pump by plugging it into a ground
faulted interrupt socket. You only need to
test it for one second to know everything is
wired properly. If the GFI “pops”, you
know you have a problem with your wiring.
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The Harbor Freight 1 inch Clearwater pump is a reliable workhouse. If you are lucky, you can
purchase these for $22. Mine has processed over 1000 gallons of biodiesel with no issues!
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Diagrammed Washtank

Here is a model of a completed standpipe washtank. You can also use these to store your oil.
The standpipe helps separate wet oil from dry oil.

Diagram credited to: Maria Mark Alovert
14H
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Parts List
Book
ID
Group
19 Appleseed

Source
Naughtons

Description
3/4" X 2" nipple

20 Appleseed
21 Appleseed

Harbor Freight
Naughtons

3/4" ball valve
3/4" close nipple

22 Appleseed

Naughtons

3/4" 90 degree elbow

23 Appleseed

Naughtons

3/4" close nipple

24 Appleseed

Naughtons

3/4" four way cross

25 Appleseed

Naughtons

3/4" close nipple

26 Appleseed

Naughtons

3/4" four way cross

27 Appleseed

Naughtons

3/4" close nipple

28 Appleseed

Harbor Freight

3/4" ball valve

29 Appleseed

Naughtons

3/4" hose barb + clamp

30 Appleseed

Naughtons

3/4" close nipple

31 Appleseed

Naughtons

3/4" 45 degree elbow

32 Appleseed

Naughtons

3/4" X 2" nipple

33 Appleseed

Harbor Freight

3/4" ball valve

34 Appleseed

Naughtons

3/4" X 2" nipple

35 Appleseed

Naughtons

1" X 3/4" bushing

36 Appleseed

Naughtons

1" union

37 Appleseed

Naughtons

1" close nipple

38 Appleseed

Lowes

14 gauge electrical wire + plug

39 Appleseed
41 Appleseed

Harbor Freight
Naughtons

1" CLEAR WATER PUMP
1" X 3/4" bushing

42 Appleseed

Naughtons

3/4" close nipple

43 Appleseed

Naughtons

3/4" tee

44 Appleseed

Naughtons

3/4" X 2" nipple

45 Appleseed

Harbor Freight

3/4" ball valve

46 Appleseed

Naughtons

3/4" hose barb + clamp

47 Appleseed

US Plastics

3/4" Braided tubing 4 feet

48 Appleseed

Naughtons

3/4" hose barb + clamp

49 Appleseed

Naughtons

3/4" X 1/2" bushing
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starts at former drain hole of
water heater
main tank shutoff valve

Not included with Harbor
Freight pumps
Appleseed pump
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(thinner)
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ID
Group
50 Appleseed

Source
Naughtons

Description
1/2" close nipple

51 Appleseed

Naughtons

1/2" check valve

52 Appleseed

Naughtons

1/2" close nipple

53 Appleseed

Naughtons

1/2" street elbow

54 Appleseed

Harbor Freight

1/2" ball valve

55 Appleseed

Naughtons

1/2" - 3/8" barb + clamp

56 Appleseed
60 Appleseed

US Plastics
Naughtons

3/8" inner diameter vinyl hose 5 feet
3/4" X 1/2" bushing

61 Appleseed

Naughtons

1/2" street elbow

62 Appleseed

Naughtons

1/2" close nipple

63 Appleseed

Harbor Freight

1/2" ball valve

64 Appleseed

Naughtons

1/2" barb + clamp

65 Appleseed
66 Appleseed

US Plastics
Naughtons

1/2" inner diameter clear PVC hose 5 feet
1/2" barb + clamp

67 Appleseed

Naughtons

1/2" 90 degree elbow

68 Appleseed

Harbor Freight

1/2" ball valve

69 Appleseed

Naughtons

1/2" X 8" nipple

70 Appleseed

Naughtons

3/4" X 1/2" bushing

71 Appleseed

Naughtons

3/4" tee

72 Appleseed

Naughtons

3/4" X 6" nipple

73 Appleseed

Naughtons

3/4" X 2" nipple

74 Appleseed

Harbor Freight

3/4" ball valve

75 Appleseed

Naughtons

3/4" hose barb + clamp

77 Appleseed

Naughtons

3/4" X 6" nipple (or recycle used galvanized)

78 Appleseed

Naughtons

3/4" 45 degree elbow

79 Appleseed

Naughtons

3/4" X 3" nipple

80 Appleseed

Harbor Freight

3/4" ball valve

83 Appleseed

Naughtons

3/4" hose barb + clamp

85 Appleseed

Naughtons

3/4" X 2" nipple

86 Appleseed

Naughtons

3/4" 90 degree elbow

87 Appleseed

Naughtons

3/4" X 8" nipple

88 Appleseed

Harbor Freight

3/4" ball valve

89 Appleseed

Naughtons

3/4" X 6" nipple

90 Appleseed

Naughtons

3/4" 90 degree elbow

96 Wash Tank

Naughtons

2" X 3/4" bushing
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98 Wash Tank

Source
Naughtons

3/4" coupler

Description

99 Wash Tank

Naughtons

3/4" X 3" nipple

100 Wash Tank

Naughtons

3/4" X 4" nipple

101 Wash Tank

Naughtons

3/4" 90 degree elbow

102 Wash Tank

Naughtons

3/4" 90 degree elbow

103 Wash Tank

Naughtons

3/4" X 12" nipple

104 Wash Tank

Naughtons

3/4" X 12" nipple

105 Wash Tank

Harbor Freight

3/4" ball valve

106 Wash Tank

Harbor Freight

3/4" ball valve

107 Wash Tank

Naughtons

3/4" hose barb + clamp

108 Wash Tank

Naughtons

3/4" hose barb + clamp

120 Appleseed

Lowes

182 Appleseed

Naughtons

Whirlpool - 50 Gallon Electric Water Heater
or larger if available
3/4" 90 degree elbow

183 Appleseed

Naughtons

3/4" close nipple

184 Appleseed

Naughtons

1/2" X 4" nipple

185 Washtank

Naughtons

3/4" X 10" nipple

186 Appleseed

Naughtons

3/4" X 2" nipple

187 Appleseed

Harbor Freight

3/4" ball valve

188 Appleseed

Naughtons

3/4" hose barb + clamp

Biodiesel Basics and Homebrewing Guide, Version 1.15_print
This manual is available for free at:
http://www.biod101.com

Comment

100

Simplified Applessed Processor
This section summarizes the processor I’m currently using to render biodiesel. This design is
much simpler then the one presented in the prior section, but just as effective. The components
for this design were purchased as a kit from on online distributor known as Biodieselwarehouse a
few years ago. I do not have a parts list developed at this time; a review of the photos should
provide enough guidance for reconstructing without having to purchase a kit. However, if you
don’t have any local hardware or plumbing stores, purchasing a kit isn’t a bad idea.
142H
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Parts included with kit.
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Plumbing parts summarized in figure.
I purchase my black iron from Naughtons, and the ball valves from Harbor Freight. Others have
suggested Plumbing Fixture Direct (http://www.plumbingfittingsdirect.com/ ) is an excellent
source for valves and fittings – low prices and low shipping. ¾ in. valves are $4.19 for example.
143H
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Waste-Oil Funnel
Most appleseed processor kits will provide you with tubing for the inlet port on the processor
pump, but no guidance on how to deliver the oil into the processor. One option is to build a
second standpipe tank for waste oil storage, and then plumb the port attached to the standpipe to
the inlet port on your pump. This is the method I’m currently using since it ensures I will deliver
dry oil to my processor via the standpipe.
A second option is to build a simple funnel out of a bucket. Here, I’ve outlined my design for a
simple funnel which can be used with standard 5 gallons carboys used to collect your oil.

Above is a photo of the completed funnel. The funnel is just a modified five-gallon bucket
which has a bung at its base so that plumbing can be attached. The lid on the bucket is useful for
keeping dust and other contaminants from entering your funnel when not in use. This bucket
was originally used to store chlorine tablets for pool disinfection. Any bucket will do, but I
recommend one that is five-gallons or greater in capacity.
Once completed, the funnel is placed on a couple of bricks to provide room for the plumbing at
the base of the funnel. As an alternative, you can build a box/brace constructed from 2X4s. A
brace to house the funnel is helpful since it provides a surface on which to lean your 5 gallon
carboys while they are draining into the funnel.
The next photo shows the parts I purchased at my local ACE Hardware store for converting my
bucket into a funnel. The part description for the bung is a WATTS PL-1842 ¾” Poly
Body/Buna Washer Union. I also purchased an extra rubber washer to ensure a tight seal
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between the bung and the bucket, and some plumbing fixtures pieced together to create a seal
between my bucket and the inlet port on my pump. Lastly, I like to use paint strainer bags (for
paint sprayers) to filter for my oil. The bags fit perfectly in the opening of the bucket, and do a
good job of keeping breading out of my processor.

This next photo shows the installed bung at the base of my bucket. I used the box cutter to cut a
hole in the base of my bucket to accommodate the bung. The hole was cut to match the diameter
of the bung as closely as possible so as to avoid leaks. Note how the pieces that came with the
bung kit are ordered to ensure a tight seal. The threaded part of the bung starts on the inside of
the bucket and exits at the base and outside of the bucket. This approach will minimize pooling
oil inside the bucket.
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This next photo shows what the inside of my bucket looks like. The bung provides an exit for
the oil at the base of the bucket. For filtration, I hang the paint strainer inside the funnel

Below is a photo of the completed funnel turned upside-down. The bung at the base of the
bucket contains a female thread which can be used to attach additional plumbing fixtures.
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If you decide to use a funnel rather than a standpipe tank for delivery, let your collected oil sit in
the sun before pouring it into the funnel. If you are using five-gallon carboys, the wetter/heavier
oil will settle to the bottom of your carboys. As you are pouring the oil out of your carboys into
the funnel, you will notice a change in the color and transparency as you hit that wet oil layer.
At that point, stop pouring it into your funnel, and pour it into a separate carboy in the sun. Use
this carboy as your receptacle for the dregs from other carboys. Again, the sun will help you
segregate wet oil from dry, and you can repeat the process over and over again until what you
have left over is unusable. That oil can be placed in a milk jug and disposed of in the garbage.
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Suppliers for Rendering Equipment
Questions about where to buy supplies is by far the most common question I get from the
biodiesel community here in Tucson. Before reading this list, consider reviewing the section on
homebrewing biodiesel so that respective information will make sense to you.
The following online distributors which provide the equipment I use to evaluate and render
biodiesel- these are:
B100 Supply (http://www.b100supply.com/ ).
Enasco (https://www.enasco.com/).
Enasco is good if you know what you are doing and need to search/purchase a particular piece of
laboratory equipment. Some items are relatively cheaper on through Enasco given that it is a
general science-supply outlet. Having said that, I personally don't have a problem with paying a
small premium to support distributors who take the time to spread the word about biodiesel and
organize some nice kits (i.e. B100 Supply or Biodiesel Warehouse). I've ordered items from all
three and they've all provided me with excellent customer service.
Regarding titrations, I would recommend you purchase the box of disposable 1.5 ml pipettes
available through enasco. These beauties are great for getting an accurate 1 ml draw of biodiesel
with little mess or cleaning. The catalog number is: SB20320M Disposable Pipettes - 3 ml,
Length 140 mm, Draw 1.5 ml. One box of 500 is only $10.00 – I can guarantee you won't find
these cheaper anywhere else – some sites charge up to 12 cents apiece. As an alternative, you
might also consider baby-medicine syringes available at Walgreens for free- just ask the
pharmacist. Keep in mind that those are difficult to read if you have dark oil. The syringes are
also difficult to clean and are somewhat clumsy when you are trying to accurately dispense 1 ml
of oil.
Walgreens is my source for isopropyl alcohol. They sell a 91% solution. Yes- 100% would be
better, but is not available without going through a chemical wholesale company. I've tried the
100% alcohol available in Nogales, Sonora (under the label "La Victoria"). Be aware that this
stuff is acidic probably because its been on the shelf for a long time. The 91% stuff works fine.
Of course, you'll also need a burette or a pipette for your titrations. Consider going with a pipette
setup as an economical alternative to a buret. The following is available through Enasco:
SB37722M Fast Release Pipette Pump for Pipettes up to 10 ml
SB39135M Glass Pipette - 10.0 ml
This system is portable, accurate, very easy to use, and very economical. Of course, remember to
use the disposable pipettes for measuring 1 ml of WVO rather than the glass pipette. The glass
pipette is good for dispensing of alchohol or titrating your oil/alcohol solution with the 0.1%
NaOH solution.
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Rather than purchasing beakers for your titrations, just use baby- food jars. Conduct your
titrations over a white sheet of paper in order to help you recognize the color change.
B100Supply sells a nice selection of scales at a reasonable price – they were my supplier on this
front. You'll need scales to weigh out your NaOH for the 0.1% titration solution and also for the
sodium-methoxide.
For carboys, I've ordered the 5 Gallon Hedpaks from B100 supply. You can also get these from
USPlastics at (http://www.usplastic.com/).
14H

A hotplate is always good for testing WVO for water content. I was surprised to find out that
Target no longer sells these. However, Enasco sells one for $16.00 (SB26238M Toastmaster
Basic Burner).
Target does however sell candy thermometers which are excellent for testing the temperature of
oil as you heat it on your hotplate.
If you are interested in purchasing a kit to convert a water heater to an appleseed processor,
biodiesel warehouse (http://www.diyfuel.com/) sells one for $240.00. This is the kit I purchased
and it has served me well. It is one of the cheapest kits out there and on the positive side, it
comes with a nice manual. On the negative, rather than providing you with an analog in-line
thermometer, you get a cheap tape-on aquarium thermometer for your return line. As an
alternative, purchase the indoor/outdoor thermometer from Harbor Freight for $12.00. Use of
this thermometer is discussed in the section on homebrewing.
Kits are convenient if you don't have time to piece together your own. Otherwise, you can get all
the plumbing supplies you need at Naugthons (1140 W Prince Rd, Tucson, AZ 85705). For ballvalves and Clearwater pumps, you can't be the prices at Harbor Freight (5570 E 22nd St, Tucson,
AZ 85711).
I often receive queries about methanol and sodium hydroxide. If you are like me and don't like to
store methanol on site, you can purchase methanol by the gallon at Dons Hot Rod supply (2811
North Stone Avenue, Tucson, AZ) for about 4.50 / gallon as of the time of this printing. You can
get it cheaper if you purchase it in volume in 55 gallons drums. Frankly, I don’t recommend this
approach; the risk isn’t worth the few dollars you’ll save.
Sodium hydroxide is available in 50 lb bags from Hill Brothers Chemical Co (3602 E 34th St
Tucson, AZ 85713) at a cost of about $35.00. Remember – you need to keep this in a very dry
place- it will absorb atmospheric moisture in no time leaving you with a hard block of crud. I
keep mine in a sealable bucket originally used to store chlorine tablets. Make sure that you
purchase the NaOH beads rather than the flakes. The beads are much easier to dissolve than the
flakes. If you decide to use potassium hydroxide (KOH) as your catalyst, you shouldn’t have
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any issues for dissolution. More on the differences between these catalysts is discussed in the
section on homebrewing.
For smaller quantities of catalyst, Lowes sells Roebic Drain Cleaner which is 100% NaOH. It
currently sells for $7.66 for a two pound container.
These are very dangerous chemicals - make sure that you have and read the MSDS sheets for any
chemicals you buy, and that you take appropriate precautions when handling (i.e. gloves,
approved eye protection, no exposed skin, etc) and storing (i.e. appropriate labeling). MSDS
sheets are provided in the appendix of this document (available at http://www.biod101.com).
55-gallon drums are available from Sunwest Container here in Tucson. Sunwest Container is
located at 1070 E. Mill Street, Tucson, AZ 85719 (520-623-1516). More information is
available at (http://www.sunwestcontainer.com).
145H

Water heaters are available from Lowes and Home Depot. I purchased my 55 gallon whirlpool
water heater from Lowes.
I’ll continue to add to this list as time permits; look for updates in future versions of this
document.

Biodiesel Basics and Homebrewing Guide, Version 1.15_print
This manual is available for free at:
http://www.biod101.com

119

Biodiesel Rendering
So… you want to brew some biodiesel.
Before proceeding, allow me make a suggestion: find out if there is a local coop or group of
friends who are doing this and who might be able to provide you with the support you’ll need to
get you off the ground safely and responsibly. In the event you don’t have that kind of support,
I’ve detailed a cycle of my own homebrew operation for your review. The purpose of this
summary is to demonstrate what it takes from start to finish to produce a good batch of biodiesel
using Maria Mark Alovert’s “appleseed processor” design. Please consider this an introduction.
It is by no means is comprehensive of all the safety measures or considerations for making
quality biodiesel.
Collecting oil
1. First, you need to identify an oil source with reasonably good quality oil. Note that most
restaurants are already served by commercial grease collection outfits (i.e. Tucson
Tallow), so be prepared to do at least as good a job as the commercial entity that is
already serving the restaurant. Being a replacement to a commercial service provider will
assure you a constant source of grease, but it also comes with responsibility of
consistently meeting the needs of the restaurant. Those needs may include power
washing the area where oil is stored.
It’s more difficult to convince management to allow you to just occasionally collect from
their bins with no formal commitments, but it can be done. I’ve had pretty good luck
working with commercial chains as compared to mom-and-pop cafeterias towards this
end, and this approach is probably okay if you are just starting out. Don’t be shy about
this approach; the worst that can happen is that management will say “no”.
Given that I formally relied on an oil collection coop for oil, I’m relatively new to
working with restaurants. For the time being, I am authorized to collect oil from three
businesses with no strings attached. However, I’ll be the first to admit that this is not a
sustainable model. Pending purchase of appropriate equipment, and guidance from
others in the homebrew community, I hope to be a regular service provider to a single
restaurant in the near future. (Update: June 14, 2008: Note that you can obtain free
business cards from www.vistaprint.com . I just ordered 250 for free and am currently
engaging restaurants to set up formal relationships and provide them with my own bins
for collection).
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If you are just starting out, you might also consider purchasing oil directly from Tucson
Tallow. It is my understanding that the owner will make dewatered, filtered, low acidity
oil available to the homebrew community for $1.00 / gallon. This is a good way to cut
your teeth on homebrewing without getting into commitments with restaurants that you
may not honor at a later date. Whatever you decide, please don’t take oil without
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permission from management of restaurants; that is considered stealing and reflects
poorly on the biodiesel/SVO community at large.

Oil collection trailer for servicing
restaurants on a permanent basis. Picture
provided courtesy of Irv Jones and
downloaded from the TucsonBBC usergroup
(Tucson, Arizona).

My alternative: a simple hand pump broken
down and stored in a bucket for easy
transport; simple, but effective.

2. For the time being, I can get by with a $15 Harbor Freight hand-pump and eight five
gallon carboys. I use a seamless system consisting of flexible plastic tubing between my
pump and my carboys. I use hose-barbs to hook it all up. This gets the grease into my
carboys without spilling a drop. The system is very inexpensive and perfect for someone
who is just starting out. Note that there are easier and more efficient approaches (i.e.
trailers with 55 gallon drums; use of battery powered pumps, or providing restaurants
with carboys for oil collection). However, these are more expensive and can be
postponed until you are prepared to provide service on a regular basis to a restaurant.
3. When collecting oil, I never collect from a bin that is near empty, or from bottom of a bin
since this is where contaminants settle. Instead, I place the suction portion of my pump
just under the surface of the oil. I use a modified 2X4 length of pine and the hardware
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included with the hand pump to create an adjustable brace. This allows me to anchor my
pump and set the inlet depth as needed.

This is my setup for collecting oil from a local restaurant.
Note the cardboard box under the carboy to ensure I don’t
leave any spills behind. You can typically find cardboard
in dumpsters located near the grease bins.

Before collecting oil, work with restaurant
management to ensure homebrewers are reflected in
a positive light. If you just want to try your skills out
on a small batch, contact Balvino Hurtado at Tucson
Tallow; he can provide oil to you in small quantities.

This seamless system prevents spillage during
collection. Make sure to open the vents your
containers before filling with oil.
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Oil migrated to the back of my old Benz. I’ve
placed a garbage bag at the base of my trunk
to capture any oil drips. This demonstrates you
don’t need a truck to collect oil.
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Filtering and settling the oil
4. Once collected, I let the oil sit in the carboys for a day or two in the sun. This ensures
that any breading or water captured during the transfer to my carboys settles and can be
separated out for disposal.

This oil is settling in my yard well out of site
from my neighbors. Try to minimize the
visibility of you operation so as to avoid
neighbors filing complaints with the city or
county.

5. Next, I strain the oil from the carboys through a 200 micron mesh for storage in a 55gallon standpipe drum. I try to do this on a warm day since tallows in cold grease have a
tendency to clog the mesh. This requires intervention on my part via gentle scraping with
a spatula.
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Since this picture was taken, I’ve placed a
large piece of cheap plywood next to the house.
This keeps oil splatters from staining my
stucco.

This is what your 200 micron filter will look
like after filtering 5 gallons of heavily breaded
oil that hasn’t been allowed to settle and
separate. Also, try to filter oil on warm days;
the heat lowers the viscosity of the oil and
keeps tallow from clogging your mesh. This
makes filtering much easier.

6. While pouring oil onto the filter mesh, I may notice a color change near the end of the
pour. That darker oil is wet and contains most of the breading. At this point – I’ll
transfer the remnants (about half gallon) to a separate bucket. That bucket will receive
multiple pours from others carboys, and will also be allowed to sit in the sun. I’ll then
repeat the process of pouring and separating good oil from wet oil. Any unusable
leftovers are non-hazardous and may be disposed of safely in the garbage in a sealed
container.
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Place wet and/or heavily breaded oil in a
separate container; avoid introducing this
material into your standpipe barrel.
Note the plastic barrel lid on the ground. I use
this to capture drips from delivery tube of
storage tank. This is also a good workspace
for filling your carboys with oil while avoiding
oil stains on the ground.
The vinyl tubing you see was eventually
replaced with a PVC elbow.

7. Eventually, I’ll remove accumulated breading from my filter mesh. This breading may
also be disposed of the garbage in a sealed bag or bucket. (Milk jugs are also excellent
for cleanly disposing of unwanted materials).

This is a worst case scenario resulting from
filtering heavily breaded oil on a cold day.
You can avoid this situation by allowing your
oil to settle, and then pouring only the first 4.5
gallons out of a 5 gallon carboy.

8. I may let the oil in the standpipe tank settle for a few days, preferably in the sun. Again,
this allows any additional fine breading and/or wet oil not captured by my initial
separation to settle to the bottom of the barrel. Wet and/or breaded oil is drained through
the non-standpipe drain on your storage tank.
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Filtered and settled oil ready for
processing.
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Migrating the oil to the processor
9. Next, I open the standpipe drain in my barrel in order to collect oil for processing. Using
the standpipe ensures that the oil I’m about to put into my processor is free of any debris
and/or water that may have been introduced from my carboys and settled out in the
barrel. The standpipe doesn’t need to be any taller than 4 inches; since most of the
breading will be captured by the strainer.

This is waste vegetable oil on a cold day;
notice lack of transparency due to cold weather
clouding.

This is the same sample on a warm day in the
sun; notice how the heat helps clear up the oil.

10. I’ll fill a five-gallon carboy with filtered oil and migrate to my appleseed processor seven
times (35 gallons total). To do so, I’ll pour the filtered/dewater oil from my carboys into
a large funnel made out of a bucket and stand. The stand gives me something to rest the
carboys while draining, and the funnel provides me with a clean way of getting in the oil
into the processor.
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Above are photos of my bucket funnel in a stand, and a closeup showing how the bucket is attached to the
suction port on my processor. The pump in front of the bucket is part of my wash water disposal system.

This shows how my ball valves are set when
I’m delivering oil to the processor via my
funnel on the right.
As an alternative, I can attach the suction port
directly to my oil barrel.
Note: The line containing biodiesel (at the
base of the picture) is from my last batch. I
place ball valves at the end of my lines to help
keep things from getting too messy.
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Here, I’m pouring oil out of my 5 gallon
carboys into a funnel made from a five gallon
bucket. The funnel is attached to a suction
port on my processor pump. Note that there’s
a paint filter-netting purchased from a local
hardware store. This serves as a secondary
filter for oil prior to introduction into my
processor.

On cold days, the netting may clog with
animal fats (tallows) which solidify at higher
temperatures. Note that tallows will increase
the gel point of your fuel.

11. The funnel is attached to a suction port on my processor’s pump. Of course, I’ll have the
pump engaged in order to transfer the oil to my processor. Before engaging the pump, I
make sure the ball valve controlling the return flow from the bottom of the tank is closed.
I’ll make sure my glycerin/biodiesel delivery ball valve located above the pump is closed.
Even though there is a reverse-flow check valve on the methoxide delivery port, I also
make sure that port is closed.
(As an alternative, I can also hook up my standpipe oil tank directly to my appleseed, and
transfer oil until the level reaches a 35-gallon mark on my sight tube. This is much
cleaner and easier for delivery, but it is a bit harder to get exactly 35 gallons into my tank.
If the weight of the oil is too heavy to handle, use this alternative approach).
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Here’s my processor filled with 35 gallons of oil. Note
the hose clamp on the sight tube. This helps me
determine when I’ve delivered my desired volume in the
event I’m not introducing oil through the use of measured
carboys.

12. Once 35 gallons have been transferred, I close the valve from my funnel, and open the
return valve from the bottom of the processor. In a few seconds, I should be getting a
steady flow of oil circulating throughout the appleseed.

The sight tube will be solid with oil up to the return
assembly when the oil is mixing as it should. You’ll hear
the oil mixing if all is working properly.

13. Once the oil is well mixed, I’ll take a sample from the glycerin/biodiesel delivery port by
slowly opening the ball valve and collecting the oil in a jar. I only need a few milliliters
for an acid titration.

Biodiesel Basics and Homebrewing Guide, Version 1.15_print
This manual is available for free at:
http://www.biod101.com

131

I’ll let my oil mix through the processor for 10
minutes before collecting a sample. In only need
to open the ball valve above the pump slightly to
collect my oil.
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Evaluating the quality of the mixed oil
14. Conducting an acid titration on your oil each and every time I make biodiesel is
important for determining the amount of catalyst necessary for my methoxide recipe.
The titration helps me determine how much extra catalyst is needed to neutralize the free
fatty acids (FFA) that may be present in my oil. This is important since I don’t want to
short the mass of catalyst needed for transesterification- something that occurs through
the consumption of catalyst in FFA neutralization.
Being as accurate as possible is important to minimize the amount of washing required
later in the process. I want to make sure I add enough catalyst to ensure free fatty acid
neutralization and complete transesterification. If I don’t add enough catalyst, my
biodiesel will contain unreacted mono and diglycerides. If I add too much, the extra
catalyst will need to be washed out during the biodiesel washing phase.
For more details regarding the importance of this step and the overall chemistry involved
in
transesterification,
please
see
my
online
video
available
at
http://www.biod101.com/greenbeat/soybenz/ . The video available on that site is entitled
“Biodiesel 101 – Rendering Biodiesel from Waste Vegetable Oils and Animal Fats”.
Once the video has fully loaded, consider jumping ahead to the chapter
on”Transesterification”, and then fast forwarding to minute 12:28. Make sure your
volume is turned up.
147H
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This is a simple kit for determining the acidity of our waste vegetable oil. It contains baby
medicine syringes which you can get for free from your local pharmacy; isopropyl alcohol (purity
above 90% is best, but 70% will work if that’s all you can get); phenol red indicator; a 10 ml or
greater burette for titrating our waste vegetable oil with the catalyst solution; and a 0.10%
catalyst solution. For my catalyst solution, I add 1.0 gr of catalyst per liter (1000 ml) of distilled
water to get the desired concentration. This solution gets added to your burette as the titrant. In
this case, my catalyst is sodium hydroxide (NaOH).

15. For the titration, I take 10 ml of fresh isopropyl alcohol purchased from my local
drugstore, and add it to a baby food jar. I’ll then mix the alcohol with 1 ml of oil and a
drop or two of phenol red. I then swirl the solution to ensure that my oil dissolves in the
alcohol as thoroughly as possible. If there is acidity in the sample, the solution will turn
yellow.

The solution of waste vegetable oil, phenol red, and alcohol gets stirred
until it appears as a homogenous yellow mixture.

16. Next, I titrate the mixture with the 0.10 % catalyst solution until I see a color change
from yellow to red. The catalyst can either be sodium hydroxide, or potassium
hydroxide. By “titrate”, I mean adding my catalyst to the oil solution one drop at a time
from the burette. As I’m adding the catalyst, I swirl the solution gently ensuring that I
don’t spill or splatter the mix. While mixing, the color change should hold for at least 15
seconds (preferably 30 seconds) in order to be considered complete. The milliliters of
solution added to the oil for the color change equates to the acid number of the oil
sample.
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I slowly titrate the solution with the 0.1%
solution of catalyst delivered from the burette.
The solution is swirled during the titration.
Eventually, the color of the solution will change
from yellow to pink. The color change should
hold for 30 seconds while the solution is being
swirled.
When this happens, I’ll know all the FFAs in the
WVO have been neutralized with the titrant.

Initial reading on titrant: 4.3 ml

Final reading on titrant: 3 ml

The amount of titrant I added is calculated by subtracting the final reading
from what I started with. In this case, 4.3 ml – 3 ml = 1.3 ml
Biodiesel Basics and Homebrewing Guide, Version 1.15_print
This manual is available for free at:
http://www.biod101.com

135

(NOTE: You may use potassium-hydroxide or sodium-hydroxide for your catalyst.
Potassium hydroxide is much easier to dissolve in methanol. I personally use sodium
hydroxide because I can make hard soap from the residual glycerin, whereas potassium
hydroxide will produce soft soap. Whichever you decide to use, make sure you prepare
your 0.1% titration solution with the same catalyst you are going to add to your
methanol.)
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Determine the recipe for the methoxide
17. The amount of catalyst I added during the titration will be used to calculate how much
catalyst I must added to my methanol. I used to use a simple online recipe calculator
available to determine the total amount of catalyst required.

Update: March 29, 2013 – The biodieselcommunity.org recipe calculator is not longer available.
This one will work just as well: http://www.make-biodiesel.org/zcalc/index.php?id=8&catype=5
For good quality methanol, 20% should suffice. However, if methanol is potentially
contaminated with water, increase the percentage to at least 22%. If you are uncertain, just use
22%.
18. For a 35 gallon batch of oil, I’ll typically use 7 gallons of methanol split between two 5
gallon carboys (3.5 gallons per carboy). I’ll split the required amount of catalyst between
two containers so that it can be distributed equally between my two carboys for
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preparation of methoxide. This will require weighing the calculated amount of catalyst,
and splitting the mass between two containers. Of course, I’ll be wearing safety goggles,
a long sleeved shirt, and gloves to avoid skin and eye contact with the catalyst.
(If you read the MSDS for sodium hydroxide or potassium hydroxide (catalyst), you’ll
understand why you don’t want to get this material on your skin or your eyes. MSDS for
respective chemicals are in the appendix available at http://www.biod101.com .)

Here is my scale (accurate to 1.0 gram), two
transfer containers for my catalyst, and a
container of sodium hydroxide (NaOH).

If you purchase sodium hydroxide, you get the “beads”
rather than the “flakes”. Beads have a higher surface
area, are much easier to dissolve in methanol, and are
easier to transfer via a funnel.
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Use a glass rod or a wood pencil to help get any clumps
of sodium hydroxide through your funnel and into your
transfer container. Never use your bare hands.
According to Industrial Safety Supply ( now part of
Grainger: http://www.grainger.com ), Ansell “Touch-nTuff” nitrile gloves are chemically resistant to sodium
hydroxide, sulfuric acid, and methanol.
149Hn

If you purchase disposable nitrile gloves, remember to
use these once and throw them away since they will
degrade with exposure.
More information on gloves and chemical resistance is
presented n the appendix of this document (available at
http://www.biod101.com). For your own protection,
conduct your own research.

Here is one transfer container filled with 417 grams of
catalyst and ready to go. Note that prior to weighing, I
zeroed my scale to account for the weight of my funnel
and container.
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Warm the oil
19. My processor has a manual interrupter to complete the circuit that delivers 220V AC
power to a single 2000 watt heating element at its base. Of course, this is running
through a 25 amp circuit breaker, and all my wiring is of appropriate gauge and encased
in conduit. Once my oil is circulating smoothly through the processor, I’ll turn this
switch on so that the oil can begin heating.
(I could have also replaced my 220V 2000 watt element with 1500 watt element rated to
run on 110V circuit. This would allow me to plug in my processor to a grounded wall
outlet. Note that heating times for oil will take longer. Also, the appropriate gauge
extension cord must be purchased to power the element).

Switch for water heater.

Wiring for my water heater is encased in conduit.
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Box on switch open showing switch for water
heater in “on” position (circuit closed).

Switch for water heater off (switch removed and
circuit open).

20. I have a cheap Harbor Freight electronic indoor/outdoor thermometer with the window
sensor attached to my processor tank just above the bottom water heater element. I use
the “outdoor” setting on the thermometer to measure the temperature of the oil in my
processor. I’m aiming to get the temperature of my oil between 125 to 130 degrees
Fahrenheit. With my initial oil temperature at 65 degrees Fahrenheit, this takes
approximately 30 minutes.
(NOTE: Avoid adding methoxide to oil that is heated above 135 degrees Fahrenheit.
Although the boiling point for methanol is 148 degrees, you’ll want to take into
consideration the inaccuracy of your thermometer).
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Here is a cheap harbor freight indoor/outdoor
thermometer. The setting on the thermometer is
reading “outdoor”. Since the sensor is
attached to my water heater under the
insulation, the “outdoor” setting is really
measuring the “indoor/inside” temperature of
the oil in my processor.

Thermometer window sensor attached to water
heater.

I keep the thermometer under a funnel to protect
it from the sun when not in use.

Make the methoxide
For 35 gallons of vegetable oil, my recipe calls for 7 gallons of methanol split between
two 5 gallon carboys (3.5 gallons per carboy).
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When purchasing methanol by the gallon, I use
appropriate containers approved for transporting
fuel. I also make sure they are labeled with
respective contents. I always purchase my
methanol the day I am going to use it, and I avoid
storing methanol on site in any quantities.
I could save some money by purchasing methanol
in 55 gallon barrels, but the associated risks
associated with storage are not worth the cost
savings.

Here Is my carboy with a ball valve attached. The ball valve is
currently open. Note the 3.5 gallon mark on the carboy. This
helps me better determine the point at which to stop adding
methanol to my carboy from the red container. Use a fuel funnel
for respective transfers.

Here are my two carboys ready to receive
measured amounts of catalyst as determined
from my recipe.
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21. While the oil is warming, I’ll add my catalyst to the carboys containing the methanol. I
always wear safety goggles and gloves when mixing these chemicals, and I keep upwind
of my carboys when adding catalyst. I also keep running water nearby so that I can wash
any chemicals that my skin may come into contact with. Most important of all, I NEVER
look directly into the carboy opening while adding my sodium hydroxide since there’s
always a possibility that some methanol might splash out of the container and onto my
face.
(NOTE: If you read the MSDS for methanol as well as sodium or potassium methoxide,
you’ll understand why you don’t want to get these materials on your skin and especially
your eyes. MSDS for respective chemicals are in the Appendix available at
http://www.biod101.com.)

Here, I am pouring the catalyst from my
transfer container into my carboy. I’ll stand
upwind while pouring, and will be wearing a
long sleeve shirt, long pants, gloves, and
goggles in order to protect myself from any
splashes.

22. Once the catalyst is added to the carboys, I’ll seal the vent and the cap, and being mixing
the contents of the carboys by swirling for at least 30 seconds. Once mixed, I’ll set the
carboy down and gently open the breather valve on the carboy. The reaction of methanol
with the catalyst is exothermic, so you may feel the carboys get a little warm while
mixing. It also causes some out gassing, so relieving pressure via the breather valve on
the carboy is important.
I may have to mix the solution several times over the period of an hour to ensure that all
the catalyst is dissolved in the oil. If it’s not dissolved, I’ll be able to see solid catalyst at
the base of the carboy. I usually allow my catalyst to dissolve in the carboys while my
oil is warming up in the processor.
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Here, I’m mixing my catalyst and methanol.
My lids and/or ball valve are tightly fastened
and closed. I swirl the solution while
crouching in order to save the stress on my
back.
The reaction is slightly exothermic, so it will
release heat and will also cause the headspace
to come under pressure.

After mixing for about 30 seconds, I’ll set the
carboy down and open the vent. I’ll face the
vent away from me when opening so as to
avoid any contact with fluids under pressure.

23. Any unused materials are clearly labeled and stored outdoors in a sealed Rubbermaid
container. I make sure this container is inaccessible to children or animals.

I keep all my chemicals in this container and
under the shade of a tree. Containers with fuel
are properly vented to avoid buildup of
pressure and potential rupturing.
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Adding methoxide to the heated oil
24. Once the oil has reached the 125 – 130 degrees, I’ll cut power to the water heater element
by removing my switch. This is very important; never add methanol or methoxide to a
water heater that has a live element. You are risking a fire (or worse) if you do.

Temperature reads 129.6 F; I am now ready
to cut the power off to the water heater.

Switch for water heater off (switch
removed).

25. Next, I attach the carboy with the sodium methoxide to the delivery port on my
processor. Then, I’ll open the breather cap and the ball valve on the methoxide carboy,
and then slowly close the ball valve associated with the return flow of oil from the bottom
of the processor. This will generate a negative pressure that will start to suck the
methoxide out of the carboy. As soon as I see a color change in my sight-tube, I’ll stop
closing the ball valve at the base of the processor. The key here is to maximize the
mixing of the sodium methoxide with the heated waste vegetable oil. As such, you don’t
want the methoxide to be introduced too quickly into the mix. It should take at least 5
minutes for each carboy to empty.
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Note that there is a check valve associated
with that port to prevent circulating oil from
getting pumped into my carboy.

Here, the ball valve on the carboy and the ball valve
on the manifold are both open. No methoxide will
enter the system until I create a negative pressure by
slowly closing the ball valve at the base of my
processor.
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Here, the ball valve at the base of my processor has
been cut back. Note color change in my sight tube. Try
to maximize mixing by only cutting back slightly on the
ball valve at the base of the processor; the 3.5 gallons
of methoxide should take at least five minutes to drain
from the carboy.
The real mixing is taking place within the sight tube,
not within the processor. As such, maximize this
mixing as much as possible by introducing your
methoxide slowly.

Note the light color of the methoxide / vegetable oil
mixture.

26. When a methoxide carboy is near empty, I may have to tilt it to get the last bit of
methoxide out of the container. As an alternative, I sometimes place a rock or brick
under the carboy to help drain. I also make sure I return all the ball valves to their
original positions when replacing an empty carboy with a full one.
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Continue mixing the solution for 2 to 3 hours
27. Once all the methoxide has been added (7 gallons), I’ll return all the ball valves to their
original position so that my mixture is being circulated throughout the processor. In
order to assist the transesterification, two hours should suffice (some prefer three hours).
I have a timer on my pump that takes care of when to shut down the mixing.

Once all the methoxide has been introduced
into your processor, the color of the solution
will fall back to a caramel brown.

Here’s the processor hard at work – mixing
methoxide and vegetable oil for a minimum of
two hours.
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Let the solution sit in the processor for a minimum 8 hours
28. Once the pump has timed out, I’ll leave the mixture in my processor for at least 8 hours,
and no more than 24 hours. This is important; if you have used sodium hydroxide as
your catalyst, and you leave the solution in the processor for too long, the resulting
glycerin may get hard and clog up your system. If your system gets clogged, you might
consider reengaging the element to get things soft and moving again, but I prefer not to
do this given that there’s likely unreacted methanol in the water heater.

Immediately after turning off the pump, I’ll shut off the return flow ball valve at the base of the processor,
and then drain the fluid from my sight tube. This prevents biodiesel from degrading the braided tubing,
and thus minimizes the risk for a leak.

Drain the glycerin
29. After a minimum of eight hours, I’ll return to my processor with containers to capture the
glycerin byproduct from the reaction. These containers can be old milk jugs, orange juice
containers, or any other disposable container I may have sitting around the house. I’ve
found that the plastic orange juice bottles are the best as far as holding up to chemical
attack from residual methanol in the glycerin. Note that plastic milk jugs will leak and/or
rupture if not disposed of within a day or two.
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Here, I’ve opened the return valve at the base
of my processor as well as the ball valve above
my pump. Glycerin will begin to flow
immediately and will have the consistency of
thin maple syrup.

Here is another view of the glycerin.

30. For 35 gallons of oil that requires 1.5 ml of 0.10% sodium hydroxide titrant for a color
change, the transesterification of 35 gallons will generally yield about 6 gallons of
glycerin. When draining my sixth gallon, I may not immediately see a color change
between the glycerin and the biodiesel, but I will see a change in viscosity of flow
manifested from slow moving syrupy glycerin to fast moving biodiesel.
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For oil that is mildly acidic, I’ll typical generate 6
gallons of glycerin. Upon draining the sixth gallon, I
may see a change in viscosity before I see a change in
fluid color.

31. If the viscosity changes of the drainage drops, but the color of the solution is still
relatively dark, I probably have some glycerin not yet separated out of the biodiesel.
Rather than introduce this mixture into my washtank, I may collect it in a clear bottle and
give that mixture a little extra time to settle and separate into its biodiesel and glycerin
phases. I can then pour off the separated biodiesel into my washtank thus helping
maintain my yields.

To avoid losing biodiesel with my glycerin, I
may capture the low-viscosity dark- colored
biodiesel/glycerin mix, and allow it to further
separate out. Once it’s separated out, I can
pour off the biodiesel into my wash tank.
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When most of the glycerin from the processor is drained, color alone may not be enough to help
determine the breakpoint between glycerin and biodiesel. This is particularly true when using flatbottomed tanks such as water heaters or barrels for transesterificacion. As noted in these two pictures,
what may appear to be pure glycerin actually contains significant amounts of biodiesel when allowed to
settle and separate.

These 7 jars represent the last 7 liters of glycerin collected from one of my biodiesel batches. It’s
interesting to see how what originally appeared to be glycerin really has significant amounts of
biodiesel as evidenced through settling. Using cone-bottom tanks for transesterification helps
minimize this issue. Cone bottom tanks provide a smaller surface area to delineate between your
biodiesel and glycerin phase during draining.
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Use the “Simply Juice” orange juice bottles to drain your
last bit of glycerin. These bottles have a nice tapering at
the neck makes it simple to drain biodiesel of the top of a
glycerin layer.

Over time, suspended biodiesel will start
to separate.
Note the bottle on the right; it has a
different tapering at the neck which makes
it more difficult to drain any separated
biodiesel.

In about 30 minutes, you should see a
clear break between the biodiesel and the
glycerin phase.

.
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Note how the tapering captures the
glycerin and allows you to pour the last
bit of separated biodiesel out of the bottle.

Reuse the “Simply Juice” bottle for more
separations (or consider buying more juice
marketed in these kinds of bottles so that you
can do all your separations at once).
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Pump the biodiesel into your standpipe washtank
32. Next, I’ll connect the delivery port from the processor to my washtank and engage the
pump. This will move the biodiesel from the processor into the washtank. I’ll get about
33 gallons (+/- two or three gallons) of unwashed biodiesel from the reaction depending
on how acidic my oil was. That will fill the 55 gallon barrel up to about the second ring
on the barrel.

33. If you had a good reaction, you will have little residual methanol in your biodiesel. Most
of the residual methanol will partition to the glycerin. What little methanol may be found
in the biodiesel will either evaporate or readily be washed out with water.

Biodiesel pumped into my wash tank through
one of my ball valves. I usually get enough
biodiesel to just cover the second ring from the
bottom in my 55 gallon drum.
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Washing biodiesel – Step 1
34. For my first wash, I take a common garden hose and simply add water to the biodiesel in
my washtank. The water will circulate through the biodiesel and settle to the bottom of
the washtank. This will remove a majority of the soap and/or residual catalyst suspended
in my biodiesel.

This represents about 35 gallons of biodiesel in
a 55 gallon barrel

For the first wash, I just add water directly to
my biodiesel. The resulting mixing will wash
out much of the soap. This soap will be
entrained in the water phase which will settle
out at the base of my barrel.

Biodiesel after adding the water.
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35. I now have a layer of soapy water in bottom 1/3 of my barrel, and wet biodiesel in the
upper 2/3 top of my barrel. The biodiesel will take on a cloudy orange appearance given
that the soap in the biodiesel is keeping water suspended in the biodiesel. I always notice
a big difference between the wash water at the base of my barrel, and what some might
claim to be an emulsification at the top of my barrel. On that note, I can say I have never
witnessed a serious emulsification from adding water to my wash tank with a hose.
(Note: Some may approach this first wash with much caution; they’ll mist their biodiesel
with water rather than fill their wash tank with water in order to avoid an emulsification.
I used to do this, but found that it was not necessary when dealing with relatively good
quality oil (< 3% acidity). Whatever emulsification I may witness from my first wash
will be mild and easily “washed out” during subsequent bubble washes.)
36. After a minimum two hours, I’ll drain the wash water from my barrel. During this first
wash, the soap in the fuel will cause the water to adhere to the biodiesel, so it’s more
difficult to see a break between soapy water and wet biodiesel while draining the tank.
As such, I won’t rely solely on the appearance of the wash water to determine when to
shut off the drain. Instead, I’ll gauge how much needs to be drained by watching the
level of the mixture in my wash tank, and cutting off the drain as it approaches the second
ring on the barrel from the bottom. The second ring represents the proportion of
biodiesel originally delivered into my washtank from the processor (about 35 gallons).

Note white shade of wash in tubing from right
drain. Wash water shown is captured from a
previous washing as demonstrated by closed
ball valves.
The tubing on the left has biodiesel captured
while filling the barrel. There is a ball valve
that needs to be opened to release this
biodiesel.
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I use a pump to keep wash water moving since
slow moving soapy water will eventually clog
my hose. The green hose transfers soapy
water to a drain servicing my home.

This is the appearance of biodiesel after a first
wash with a hose. Don’t worry if your
biodiesel isn’t this dark.
If there’s lots of soap in your biodiesel,
chances are good your fuel will be a little
lighter in color due to water “sticking” to
biodiesel through the action of soap.
If you get an emulsification, give your biodiesel
a few days to separate from the water. I have
never encountered this problem using a hose
for the first wash.

I have a bypass valve which I use to
occasionally sample wash water for
appearance and pH. This is not necessary for
a typical operation.
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Jar on right represents wash water
collected immediately after adding water to
barrel with hose; there is minimal
emulsification that separates shortly.
Jar on left represents wash water after two
hours of settling and separating in the
drum. The pH of this water is about
10.350.

In order to test for the presence of an emulsification, I occasionally collect the last few ounces of
drained wash into a jar, and let it sit in the sun for a few days. Although the wash water may
appear to represent an emulsification, it rarely yields any significant amounts of biodiesel. The
pH of the first wash water is 10.350 for this batch of biodiesel.
Washing biodiesel – Step 2
37. For my next wash, I again take a common garden hose and simply add water to the
biodiesel in my washtank. The water will circulate through the biodiesel and settle to the
bottom of the washtank. As it circulates, it will help remove much of the remaining soap
and/or residual catalyst suspended in my biodiesel.
38. Next, I’ll bubblewash for two hours. I use a Whisper 400 Aquarium pump with a single
wood air-stone. For this round, I don’t need to bubblewash any longer than two hours
since the soap in my biodiesel will quickly saturate the wash water. After the bubble
wash is complete, I’ll let my solution rest for at least two hours. The pH of my wash
water at this point will be about 10.250. I’ll drain this wash water as was done
previously.
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Here are photos of the aquarium pump and wooden air stone used to bubble wash my
biodiesel. The air stone normally rests at the base of the barrel under the water layer, and is
weighted with washers and or nuts.

Bubblewash in action

Soap bubbles may precipitate during second
and third washes; scoop these out with a fish
net to facilitate washing. These will minimize
with subsequent washings.

Have a receptacle nearby to collect soap.
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Appearance of biodiesel with most of soap
removed after second washing.

Jar on left contains water from first wash.
Jar on right contains water from second
wash.
pH of second wash is 10.250

Washing biodiesel – Step 3
39. For my next wash, I again take a common garden hose and simply add water to the
biodiesel in my washtank. Again, the water will circulate through the biodiesel and settle
to the bottom of the washtank. As it circulates, it will again help remove much of the
remaining soap and/or residual catalyst suspended in my biodiesel.
40. Next, I’ll bubblewash for eight hours. I need to bubblewash a little longer this time to
ensure that I saturate my wash water with as much of the soap in my fuel as possible.
Once the bubblewash is complete, I’ll let the biodiesel sit for at least two hours. The pH
of my wash water at this point will be about 8.893. I’ll drain as I normally do, although
this time, I’ll see a much more distinct break between my soapy water and the washed
biodiesel.
Initial pH of wash water is 8.6
After 4 hours of bubbling – pH is 8.815
After 6 hours of bubbling – pH is 8.905
After 8 hours of bubbling – pH is 8.983
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Appearance of biodiesel after third wash

Jar on left contains water from second wash.
Jar on right contains water from third wash.
pH of third wash is 8.983
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Washing biodiesel – Step 4
41. Next, I’ll bubblewash for 12 hours. For biodiesel generated from oil with low acidity
(i.e. 1.5%), this will be my last wash. The pH of this wash will be slightly higher than tap
water (about 7.7) and will not be clear. This is expected since this final wash will have
addressed the remaining soap in the biodiesel. The pH of this wash water will be 8.484.
Initial pH of wash water is 8.219
After 10 hours of bubbling – pH is 8.408
After 12 hours of bubbling – pH is 8.484
After 16 hours of bubbling – pH is 8.466

Appearance of biodiesel after fourth
wash. It might be a little cloudy if
temperatures are cooler outside, and
there’s no sun. Cloudiness is due to water
being in suspension on a cool day.

Appearance of biodiesel after fourth
wash.
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Jar on left contains water from third wash.
Jar on right contains water from fourth
wash.
pH of fourth wash is 8.466

This is what your final bubblewashed biodiesel might look like outdoors on a warm day
sunny. On cooler days, your fuel may not be as transparent as what is shown here since
moisture is more likely to be held in the biodiesel phase. Note the misting head in the cover
of my barrel (picture on the right). I no longer use this method; bubble washing seems to be
adequate enough.

I use a clamp to hold the lid of my barrel open
while bubble washing. I’ve noticed this helps
clear up the biodiesel on warm sunny days
during washing.
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42. Some guides suggest that you continue washing until the pH of your wash water equals
that of tap water, and that the wash water itself be clear. Since I live in a desert, I avoid
doing this since 99% of the soap will have been removed by my third bubble wash. If I
take a sample of biodiesel from the top of my barrel and mix it with water, it will
normally break into a biodiesel/water phase within one minute, and the water phase will
be clear. The pH of the wash water in that test will also be much closer to the pH of tap
water. By not being married to the condition that my final wash water look like tap
water, I can save lots of water. The key is to test the quality of the biodiesel in a separate
masonry jar by mixing it with water.
Progression of wash water collections
during different periods of the washing
process for a different batch of biodiesel.
Notice how your wash water will get
progressively lighter.
Last jar is tap water.

Here, I’ve added one part of water to two parts
of biodiesel, and agitated strongly.
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This is the appearance of the fuel water
mixture after about 1 minute. The water phase
should be very close to that of tap water,
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Drain and dry the biodiesel
43. After letting the mixture sit for a minimum 24 hours in the sun, I’ll start draining water
out of the drain not attached to the standpipe. When I’ve dropped the level of the
biodiesel to the point where I think the standpipe will only be capturing biodiesel, I’ll
stop draining my water and will take a sample out of the standpipe drain. If that sample
is dry (i.e. not significantly cloudy with water), I can begin draining my 55 gallon barrel
directly into a separate holding vessel for drying, filtering, and/or fueling my vehicle.

I’m draining water in order to lower the level of my
biodiesel to the point where it will intersect the
standpipe level of my washtank. The water drain is
shown on the left; the biodiesel drain for the
standpipe is on the right. There is residual
biodiesel from a prior fill in the tubing on the left.

This photo has been taken on a warm sunny day
for a batch brewed during the summer. It’s easier
to see the standpipe through the biodiesel on
warm clear days when less moisture is suspended
in the biodiesel. If the biodiesel is cloudy, you may
have to guess and test as to the level of the
water/biodiesel interface as shown in the next two
pictures
Water has been drained to the point where the
biodiesel/water interface is now intersecting the
level of the standpipe in the washtank. Set the
level of the water so that it is slightly below the
standpipe so as to avoid introducing water with
your drained biodiesel.
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Here, I am draining biodiesel from the standpipe drain in my washtank into a receptacle. I do this to
visually confirm that my standpipe will drain biodiesel rather than a biodiesel / wash water mixture
into my storage receptacle. If my biodiesel is clear, the wash water level has been drained
sufficiently beneath the standpipe. If my biodiesel is cloudy, either there’s water at the level being
drained, or my biodiesel has not been given sufficient time to dry.

Here is my biodiesel storage receptacle
receiving biodiesel from my standpipe
washtank. This biodiesel was collected on a
cool cloudy day and is not as transparent due to
water being suspended.

Biodiesel has been drained. Notice how the
biodiesel/water interface is slightly below the
standpipe. This prevents soaps and/or water to
be mixed with my biodiesel during the draining
process.
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Last of wash water drained via non-standpipe
drain. As an alternative, you can recycle this water
by making it part of your first wash for your next
batch. Also, try not let any biodiesel go down the
drain; it can be recycled as part of your next wash.

44. One way to check for moisture in biodiesel is to insert a 1500 watt heating element into
the fuel and check for bubbles. If there is moisture in the fuel, that moisture will bubble
off the heating element and rise to the surface. If the fuel is crackling and there’s a
significant amount of bubbles, I’ll need to dry my fuel further.

Photos of my recirculation / dryer tank setup.
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Heating element in PVC tubing for moisture
testing. If kept outdoors, this should always be
cleaned off of dirt and dust with a fresh
disposable rag before inserting in your finished
biodiesel. Any remaining dust will be filtered
via your fuel filter.

Heating element inserted in biodiesel; note
bubbles. If my biodiesel is completely dry,
there will only be convection visible above the
element.

45. If my biodiesel is still wet, I can speed up the drying process by circulating the biodiesel.
The splashing of the biodiesel along the side of my barrel will help evaporate water.
Another alternative is to just let it sit and dry in the sun for a few more days. The water
will evaporate.
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If my biodiesel is still wet, I can speed up the
drying process by circulating the biodiesel
using an extra 1 inch Clearwater pump. The
splashing of the biodiesel along the side of my
barrel will help evaporate water. To speed
things up even further, I can use my heating
element to heat the biodiesel while it is
circulating. This requires caution since heating
the biodiesel with the element might impact the
quality of your fuel, and may also pose a fire
risk in the event you have a leak in your system.

When your biodiesel is dry, you can
expect it to be crystal clear and
transparent in the sun. On colder days, it
may not be as transparent.
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Filter the biodiesel
46. I filter my fuel through a standard Goldenrod fuel filter. These will filter down to 10
microns and will also help block any residual water.

This is a standard Goldenrod filter. This will
attach to 3/4” pipe. In my setup, the fuel is
pumped from my storage tank to a separate
holding tank in my garage. These goldenrod
filters will filter particles greater than 10
microns in diameter.

47. Finally, I’ll polish things off with a five micron whole-house water filter. These are
available at Home Depot or Lowes. Note that these do not hold up well to the sun; if you
do this kind of filtering, keep that part of your setup shaded or in the garage.

These are photos of fuel storage and delivery system in the garage. My biodiesel is pumped into this tank
via the vinyl tubing and elbow attached to the lid. The barrel lid used to be white, but biodiesel is slowly
dissolving the paint.
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Biodiesel waiting to be consumed; appears
dark since photo taken indoors.

This is a picture of a Whirlpool whole house water filter
attached to my storage tank. Buy the deluxe model if you
want the 5 micron filter.
If you go with this overall setup, make sure the ball valve
at the base of your storage barrel is closed to prevent
drainage through your delivery hose when not in use.
The ball valve before the filter is redundant if you have
one at the base of the barrel. I’m personally okay with
redundancy since it minimizes my chances of leaving
something open. (It’s no fun finding 30 gallons of
biodiesel spilled on your concrete garage floor, but it
does clean up those old oil drips beautifully.)

When you prepare your filter, make a brace out
of 3/4” PVC to help prevent the filter from
collapsing under pressure. The packaged
filters do not come with this PVC brace shown
here inserted into the interior of the filter.
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This is the filter to get if you want to filter down to
5 microns. I haven’t been able to find a standard
fuel filter that will filter down to that particle size.
I’ve filtered over 1200 gallons of biodiesel on just
one of these with no issues. They hold up great!
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Alternative filter
The following slides are of an inexpensive filtration system designed by Steve Fischer (Tucson
homebrewer) using common pluming supplies available at your local hardware store. Filter bags
can be purchased from McMaster-Carr. I haven’t put one of these together yet, but I’m including
slides of the filtration unit and parts I’ve purchased to duplicate the system. I hope to have more
details in a future revision.
This system filters biodiesel down to 5 and then 1 micron using the dual filter bags available at
http://www.mcmaster.com. The ring clamps help prevent the PVC filter from cracking under
pressure. (Note that PVC will degrade when it comes into contact with biodiesel). The filter
bags are seated inside the 4” PVC housing. The unit needs to be disassembled in order to replace
a filter bag. The whole system costs about $40, and can be rehabilitated at minimal cost.
Monitor this system when employed since the PVC filter housing will degrade over time and
eventually crack.
15H
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Fill your tank
48. … and here’s the best part: fill up your tank and drive off into the sunset knowing that
you’ve helped diminish our reliance on foreign oil, and are truly helping to offset your
yearly carbon footprint.

Here I am ready for a trip from Tucson,
Arizona to Los Angles, California (and back).
At the end of this trip, I’ll have fuel to spare
even after visiting major landmarks.

This puts a whole new spin on “fueling at the
pump.” 20 gallons of biodiesel costs me about
$23 to render.
At today’s diesel prices, fueling this vehicle
with my credit card would require me shell out
about $100. Much of this money would
probably finance regimes whose policies I
don’t particularly agree with. It’s a lot of
work, but it is well worth it!
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Glycerin disposal
49. Glycerin disposal is the biggest headache for me personally. I generate about 6 gallons of
glycerin for every 35 gallons of fuel I make. Typically, I take mine to Pima County
Household Hazardous Waste. However, since glycerin is not a hazardous substance, I
feel like this is a waste of taxpayer dollars since it costs the county $150 to dispose of
every 55 gallons of waste.
Another alternative is to firmly seal it up in plastic or orange juice or milk bottles, and
dispose of it in the garbage. DO NOT dump your glycerin in the desert; it stains the soil;
it makes an ugly mess; and the residual soap and methanol could result in poisoning
wildlife that may be attracted to the glycerin (sugar). Note that any methanol that gets
disposed of at the dump will readily evaporate.
The topic of glycerin disposal could fill a volume by itself. Here are some other ideas
that have been shared by Steve Fischer and other individuals in the Tucson biodiesel
community:
g. Use it as a substitute for diesel or motor oil as form-release on newly poured
foundations.
h. Mix it with water and use it as truck or car wash.
i.

If you used sodium hydroxide as your catalyst, boil the glycerin until its consistency
thickens considerably. Then, blend it with motor oil to create a bearing-grease. You
can also use it as the grease for the lip on commercial trucks-trailers (Use the grease
where the truck lip comes into contact with the trailer).

j.

Some folks will mix it with wood shavings to create combustible logs for heat.
Others use it straight in oil heaters. I don't recommend this given the potential
formation of acrolein fumes if not combusted at high enough temperatures.

k. Compost it. I don't recommend this option unless you first eliminate the alcohol and
catalyst, and then can somehow ensure an oxidizing environment for happy
microbes.
l.

Add sulfuric acid to the glycerin. That will separate out free fatty acids from the
residual glycerin (which can be used to make biodiesel), and will also separate out
residual catalyst (which can be used as a valuable fertilizer if it's KOH). The
glycerin that stays behind is very pure and has commercial applications. Off course,
you will want to boil off the residual methanol in the glycerin after the phase
separation.
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30 ml of sulfuric acid added to 600 ml of
glycerin byproduct. Note glycerin layer in the
middle sandwiched between free fatty acids on
the top, and residual catalyst on the bottom.
You may have to experiment with different
amounts of sulfuric acid depending on how
much catalyst was used to render your
biodiesel.

I’ve also heard of residual glycerin being used as a weed-killer. I contacted an acquaintance
who works for the Arizona Department of Environmental Quality as a first responder to
cleanups of hazardous wastes and asked whether use as a weed killer would pose a violation
to any state rules. I noted that there is likely some soap and residual methanol in the glycerin.
My acquaintance indicated that from a regulatory standpoint, rules are not likely being
violated as long as the glycerin isn't disposed of in such quantities so as to impact public
washes or waterways. He noted that glycerin itself is essentially sugar and not really doing
much to kill weeds. Instead, he believes that the glycerin is acting as a surfactant and is thus
helping the soaps and alcohols stick to the clays in the soil, and that's why it works as a weed
killer. He believes it's this surfactant action that makes the glycerin stick around for a while
in much the same way that Roundup does.
He noted that if he received a complaint regarding someone using this to kill weeds, there's
not likely much he could do as long as the glycerin were being used within a property
owner's boundaries and in discrete quantities. Lastly, he said this is probably a better
alternative to what he commonly witnesses which is use of motor oil or chemical synthetics.
On that note, I guess this isn't such a bad application as longs as it is approached discretely.
My only concern would be public perception of the homebrew community. Thus, being
discrete is the key.
Let me conclude this section by emphasizing that I am by no means an expert on biodiesel
rendering, washing, or waste disposal. There are numerous improvements that can be made to
the details presented here. For instance, using cone bottom tanks as alternatives to 55 gallon
barrels will facilitate capturing the separation of biodiesel from wash water during washes. You
can also use cone bottom tanks as transesterificacion vessels thus freeing up your water heater
for heating and mixing your next batch of oil. You might also consider different ways of
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filtering your oil that are cleaner and easier on your back (i.e. pressure oil through inline filters in
PVC pipe).
By no means should the details I’ve outlined here be considered the best or only way to go about
making biodiesel. All I can say is this method has worked for me, and it provides a very broad
overview of the steps and challenges you will face in producing quality biodiesel. I’m sure the
process can be improved upon.
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ASTM Standards for Pure Biodiesel
Okay; you’ve made some sparkling clear biodiesel, but you are unsure of the overall quality of
your fuel and are hesitant to use your vehicle as a testing ground. What next? The following
table summarizes the quantitative standards set for pure biodiesel by the American Society for
Testing and Materials (ASTM):
Specification for pure biodiesel (B100) - ASTM D6751-07a
http://www.biodiesel.org/docs/default-source/ffs-specs/b100-specification.pdf

These are very specific standards that require very specific (and expensive) tests. Given the high
costs in procuring the equipment called out by the ASTM methods associated with these
standards, one may consider falling back on inexpensive qualitative and quantitative tests for
evaluating samples. The following section summarizes these tests.
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Quality Tests You Can Do in Your Kitchen
The following simple tests will help you evaluate the quality of commercial or homebrew
biodiesel. Please make sure you read the section on biodiesel chemistry in order to under the
significance of these tests.
Free & Total Glycerin: Glycerin may be present in free form, and also bonded,
(monoglycerides, diglycerides, and triglycerides). Measurement of these is important to
determine how the conversion reaction proceeded. For producers, high glycerin content
indicates the transesterification reaction did not go to completion. For the producer, the catalyst
may be weak, impure, or compromised; or the wrong concentration of catalyst was employed for
the reaction. For consumers, high glycerin may separate out in storage, plugging pumps and
filters. It can also contribute to dirty injectors, thus causing poor combustion conditions. Free
glycerin must not exceed 0.020% total mass, and total glycerin must not exceed 0.240% mass for
ASTM D6751-07a.
Laboratory Test:
The following tests may be used to determine the presence / absence of bonded and/or
free glycerin in a sample of biodiesel. NOTE: These tests should be conducted only on
biodiesel that has been tested for water content and is considered dry.
-

3/27 test: Dissolve 3 ml water-free biodiesel in 27 ml pure methanol in a sealed vial,
and agitate thoroughly, and then allow the sample to settle for three hours.
Triglycerides, or oil, are not soluble in methanol, so if there are unconverted
triglycerides, these will separate out as an oil phase. If no triglycerides are detected,
then mono and diglycerides are probably low enough to meet ASTM specifications.

3 ml biodiesel
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Note unprocessed glycerin settling out at base of tube
-

Reprocess test: Take one liter of biodiesel and raise the temperature to 55 degrees
Celsius. Add 1 gram of sodium (or potassium) hydroxide to 75 ml of methanol and
agitate thoroughly until the catalyst is dissolved in the alcohol. Then, add this
mixture to the heated biodiesel and agitate for one minute. Allow the sample to settle
and cool for 24 hours. If there is unprocessed oil in the biodiesel, the reprocessing
should result in the formation of glycerin phase which will be visible at the base of
the reaction vessel.
o Observation 1: Note that the methanol will water down the glycerin phase,
and may make cause the appearance of glycerin volume to appear greater than
what was released through base-transesterification. If there is interest in
measuring the precise mass of the glycerin produced, consider separating out
the glycerin phase and heating to a temperature of 148 degrees Fahrenheit.
This will boil off the methanol and generate a more accurate mass of glycerin
for measurement.
o Observation 2: This test is more effective if conducted on a larger volume of
biodiesel. Consider multiplying the volume of reactants by 10 (i.e. 10 liters of
biodiesel, 750 ml of methanol, and 10 grams of sodium or potassium
hydroxide).
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Heating 500 ml of biodiesel

Immediate appearance

Biodiesel and methoxide mixed in masonry jar

Unreacted glycerin manifests after 24 hours

Cloud and Pour Point: Cloud point is defined as the temperature at which wax crystals begin to
form in the fuel. Pour point is the temperature at which the fuel ceases to flow. Biodiesel feed
stocks high in tallow may raise cloud/pour points. For consumers, high cloud and pour points
may result in clogged fuel lines and fuel filters when operating vehicles at low temperatures.
Additives may be added to the fuel and/or biodiesel may be blended with regular diesel to offset
high cloud/pour points. In warmer climates, this may not be an important consideration.
Regardless, ASTM D6751-07a requires that a cloud and pour point be associated with a given
sample, but does not specify a temperature for either parameter.
Laboratory Test:
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The following methods may be used to quantitatively identify cloud and pour point
temperatures for a sample of biodiesel. NOTE: These tests should be conducted only on
biodiesel that has been tested for water content and is considered dry. Wet biodiesel will
impact cloud and pour-point determinations.
-

Refrigerator test: Place a sample of biodiesel in a refrigerator equipped with a
thermometer, and monitor the appearance and temperature of the biodiesel as it chills.
Record the temperature at which the finished biodiesel begins to become hazy; this is
the cloud point temperature. Continue chilling the sample, and record the
temperature at which the sample begins to solidify. This is the pour point
temperature. Compare the cloud and pour point temperatures to the coolest average
temperatures recorded in Ambos Nogales. If necessary, make recommendations on
blending with diesel fuel.

-

Cold bath test: Follow the above procedure, but use a double pan arrangement (i.e.
baño maria) for the experiment. In this arrangement, two pots are formed to fit
together, with one sitting partway inside the other. A single lid fits both pots. The
lower pot is used to hold chilled water, which gently cools the contents of the upper
pot. This may be a preferable method since it allows a chemist to more precisely
monitor and control the temperature of the sample over time.

Total Acid Number: The level of free fatty acids (FFA) present in biodiesel, and the presence of
process acids and degradation byproducts contribute to the Total Acid Number. For producers,
high acid numbers may indicate sulfuric acid carryover from acid esterification, or insufficient
catalyst used during base transesterification. For consumers, high acid-number fuels can have a
strong solvency effect on rubber seals and hoses in the engine, thereby causing premature failure.
It may also leave deposits, which can clog the fuel filter or drop fuel pressure. A titration
method is used to indicate the relative acidity of biodiesel. ASTM D6751-07a requires that the
titration method outlined in ASTM D 664 consume no more than 0.5 mg KOH per gram of
sample for total acid neutralization.
Laboratory Test:
The following test may be used to quantitatively identify the total acid number for a
sample of biodiesel. NOTE: These tests should be conducted only on biodiesel that has
been tested for water content and is considered dry.
-

Acid Number : This method uses a 0.10% potassium hydroxide solution as a reagent,
phenol red (0.02% in water) as a colorimetric pH indicator, and acetone or isopropyl
alcohol as a solvent for biodiesel. This method will identify the percent acidity of a
sample of biodiesel, and can also be used to determine the acidity of waste vegetable
oil (i.e. by substituting vegetable oil for biodiesel in the following procedure):
o Prepare a 0.10% solution of potassium hydroxide
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o Add 5 drops of phenol-red indicator to 10 ml of acetone or isopropyl alcohol
o If the acetone or alcohol is red, neutralize any acids in the by titrating with the
potassium hydroxide solution. Titrate until the solution turns a pale yellow.
o Add 1 ml of biodiesel to the neutralized acetone/phenol red solution and mix
thoroughly until the solution is homogeneous (i.e. all the biodiesel is dissolved
in the solvent).
o Titrate the mixture with the 0.10% solution of potassium hydroxide until the
phenol red endpoint is achieved (i.e. solution turns red). The solution should
hold this color for at least 20 seconds while mixing.
o By pursuing a titration with potassium hydroxide, the phenol red indicator
determines when all the acids have been neutralized by the base, and is thus
used to determine the percent acidity of the sample. The number of milliliters
of the sodium hydroxide solution will translate directly to the acid number (or
percent acidity) of the biodiesel (i.e. 1.5 ml titrant added = 1.5% acidity, or
acid number = 1.5). The test fails if the acid number is greater than 0.5.
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This is an example of a typically titration-setup for acid number determination:

Phosphorus, Sodium, and Potassium: These may result from fuel contamination, residual
catalyst, and/or the presence of soap in the finished product. For consumers, phosphorus can
poison catalytic converters, rendering them ineffective. It can also create hard deposits on piston
crowns, valves and injectors, affecting the engine performance and reliability. Sodium and
potassium may form abrasive solids or metallic soaps which may cause abrasion and filter
plugging. Phosphorus content must not exceed 0.001% total mass, and sodium/potassium must
not exceed 5 ppm concentration for ASTM D6751-07a certification.
Laboratory Test:
The following methods may be employed for quantitative and qualitative detection of
soap and/or catalyst residual:
-

Wash test: Place 250 ml of finished biodiesel in a jar or flask, and add another 250 ml
of distilled water. Agitate the mixture for 30 seconds or until it forms an
emulsification. Then, allow the mixture to settle. If the biodiesel separates from the
water within 10 minutes, the biodiesel has been washed. Poor quality biodiesel or
biodiesel high in soap content will not separate at all.
If the fuel separates from the water phase, observe the layers that form. There should
be a layer of clear water on the bottom, and a layer of hazy biodiesel on the top.
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Observation 1: Creamy layer between water and biodiesel phase: If there is soap
and/or partially processed triglycerides in your finished biodiesel, you may see a
creamy layer between the water and fuel phase. This creamy phase may refuse to
separate after an hour, and may indicate that the transesterification process did not
proceed to completion. It may also be remnants of an emulsification that can be
isolated and allowed to separate over a longer period of time.
Observation 2: Water layer appears hazy: If there is unwashed soap in the
finished biodiesel, you may notice that the water phase itself is creamy or not
crystal clear. This would indicate that residual catalyst and/or soaps have not
been thoroughly washed out of the fuel. Always consider measuring the pH of
the wash water. If the pH is above that of the tap water used for washing,
consider additional washes of the fuel from which the sample originated.
This sample was collected after only one water wash. In this photograph, there is evidence of soap and
potential mono/diglycerides as evidenced by the middle creamy layer between the biodiesel and water
phase. In addition, the water layer at the base of the jar is not clear. The batch of biodiesel which
produced this sample requires more washing.
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This photograph shows an example of a wash test with clear wash water (third jar on
bottom from the left). Note the emulsification in the last jar on the right.

Here is another example of a wash test with clear wash water:

Titration for residual catalyst and soap summarized from Gerpen.
Titration for soap in biodiesel: The method outlined in this section is sourced to
“Building a Successful Biodiesel Business” by Jon Harlan Van Gerpen (2nd Edition). The
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method can be used to measure catalyst and biodiesel in glycerol, unwashed biodiesel,
and/or washed biodiesel.
Before I explain the titration, here is a list of the ingredients you will need:
- Distilled water
- 98% acetone solution (Add 2 ml of distilled water to 98 ml of pure acetone)
- 1% phenolphthalein (1% phenol red may be used as an alternative)
- 0.4% bromophenol blue
- 0.01 N hydrochloric acid
If you are trying to determine the soap and residual catalyst in glycerol, you will need 0.5
gram crude glycerol dissolved in 10 grams of distilled water. If you are trying to
determine the soap and residual catalyst in biodiesel, set aside 5 grams of unwashed
biodiesel, or 100 grams of washed biodiesel depending on which sample you are most
interested in.
If you are considering using phenol red vs phenolphthalein, note that the colorimetric
response to pH is slightly different and may not give you accurate results for the catalyst
titration to be explained shortly. Here is a table summarizing the pH response for
respective indicators:
Colorimetric Indicators used in Titrations
Indicators
Bromophenol blue
Phenol red
Phenolphthalien

Low pH
Yellow
Yellow
Colorless

High pH
Purple
Red
Fuchsia

Range
3.0 - 4.6
6.8 – 8.4
8.3 – 10.0

Finally, here are some molecular weights which will be used in our calculations:
For the catalyst titration
- Potassium hydroxide – 56.1 gr / mol
- Sodium hydroxide – 40.0 gr / mol
For the soap titration:
- Potassium oleate – 320.56 grams / mol
- Sodium oleate – 304.40 grams / mol
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Here is the method for determining the amount of free catalyst (steps 1 – 4) and
residualsoap (steps 5 – 7) in your sample. As per ASTM, step 8 explains how to
calculate the concentration of sodium or potassium in parts per million as it relates to the
amount of soap in your sample. Assuming you’ve washed your fuel, note that it is very
unlikely that you will see any residual catalyst in your biodiesel.
1. Mix your biodiesel sample or glycerol solution in 100 ml of you 98% acetone solution.
For instance, if you are interested in calculating the residual catalyst and soap in a sample
of washed biodiesel, add 5 grams of your biodiesel sample to 100 ml of your acetone and
mix. Record the number of grams of sample and set this equal to X in the equation to
follow.
2. Next, add a few drop of phenolphthalein to your solution and mix. If there is residual
catalyst in your solution, the phenolphthalein should tint the solution with a red color. If
there is no color change, assume your catalyst has been washed out and skip to step 5.
Given the high solubility of catalyst in water, it is very unlikely the indicator will turn red
if you have washed your biodiesel at least once.
(NOTE: Phenolphthalein is a colorimetric pH indicator that will turn from fuchsia to
colorless when the pH of a solution drops below 8.3. This characteristic will help us
measure how much acid is needed to neutralize the free catalyst in our sample. If you
don’t have phenolphthalein, I believe you can use phenol red instead. Phenol red turns
from red to colorless when the pH of a solution drops below 8.4. Because of the slight
difference in the colorimetric, phenol red is not as accurate as phenolphthalein, but it
should suffice.)
3. Titrate your solution by adding 0.01N HCL with a burette. When the solution turns from
red to clear (or yellow if using phenol red), you have titrated out all of the free catalyst.
Write down the number of milliliters needed to neutralize your catalyst and set this equal
to A in the equation to follow.
4. To determine the grams of catalyst in your sample, use the equation appropriate to the
catalyst used in your homebrewing:

If you used potassium hydroxide (KOH) as your catalyst for transesterification:
A ml 0.01N HCl 

1 liter 0.01 mole HCl 1 mol catalyst 56.1 gr KOH
1
gr catalyst





1000 ml
1 liter
1 mol HCl
1 mol KOH X gr sample gr sample

Or for the non-chemist, just use this formula:

A

ml 0.01N HCl   0.01  56.1 gr catalyst

X  1000
gr sample
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If you used sodium hydroxide (NaOH) as your catalyst for transesterification:
A ml 0.01N HCl 

1 liter 0.01 mole HCl 1 mol catalyst 40.0 gr NaOH
1
gr catalyst





1000 ml
1 liter
1 mol HCl
1 mol NaOH X gr sample gr sample

Or for the non-chemist, just use this formula:

 A  0.01  40.0  gr catalyst
X  1000

gr sample

Up to this point, the acidity of the HCl solution has neutralized all the hydroxides in the
catalyst. We are now ready to begin neutralizing the potassium or sodium oleates
(soaps).
5. Add a few drops of bromophenol blue and thoroughly mix into your sample. The
solution should turn blue or light purple.
(NOTE: Bromophenol blue is a colorimetric pH indicator that will turn from purple to
colorless when the pH of a solution drops below 4.6. This characteristic will help us
measure how much acid is needed to neutralize the soap in our sample.
6. Titrate your solution by adding 0.01N HCL with a burette. When the solution turns from
blue to clear (or yellow), you have titrated out all of the free soap. Write down the
number of milliliters needed to neutralize your soap and set this equal to B in the equation
to follow.
7. To determine the grams of soap in your sample, use the equation appropriate to the
catalyst used in your homebrewing:

If you used potassium hydroxide (KOH) as your catalyst for transesterification:
B ml 0.01N HCl 

1 liter 0.01 mole HCl 1 mol soap 320.56 gr K - oleate
1
gr K - oleate





1000 ml
1 liter
1 mol HCl
1 mol K - oleate
X gr sample
gr sample

Or for the non-chemist, just use this formula:
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If you used sodium hydroxide (NaOH) as your catalyst for transesterification:

B ml 0.01N HCl 

1 liter 0.01 mole HCl 1 mol soap 304.40 gr Na - oleate
1
gr Na - oleate





1000 ml
1 liter
1 mol HCl
1 mol Na - oleate
X gr sample
gr sample

Or for the non-chemist, just use this formula:

B   0.01  (304.40) 
X  1000

gr soap
gr sample

8. ASTM standards are in ppm for sodium or potassium, not concentration for soap. The
following formula backs out mass of sodium or potassium from the mass of K-oleate or
Na-oleate soap present in your sample.
Option 1: If you used KOH as your catalyst, use the conversion for K-oleate:

gr K - oleate 1 mol K - oleate
1 mol K
39.10 gr
gr K




gr sample 320.56 gr K - oleate 1 mol K - oleate 1 mol K
gr sample
gr K - oleate
gr K
 0.12197 
gr sample
gr sample
Multiply your results by a million to get potassium in parts per million.
Option 2: If you used NaOH as your catalyst, use the conversion for Na-oleate:
gr Na - oleate 1 mol Na - oleate
1 mol Na
22.99 gr
gr Na




gr sample 304.40 gr Na - oleate 1 mol Na - oleate 1 mol Na gr sample

gr Na - oleate
gr Na
 0.07553 
gr sample
gr sample

Multiply your result by a million to get sodium in parts per million.
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I have tried this method successfully with some minor modifications. For starters, I’ve found
that alcohol works just as well as acetone for getting biodiesel in solution. Also, it is not
necessary to use 100 ml of alcohol for crating the solution to be titrated; smaller volumes will
work effectively. Finally, given I used phenol red for indicating the presence of catalyst.
I did check my alcohol for acidity before pursuing the titrations as outlined in my notes. Since
the alcohol was fresh, there was no acidity in the source alcohol. If there had been acidity, it
would have been necessary to neutralize it in order to avoid biasing my results. To avoid any
biases in your results, just remember to use fresh alcohol to dissolve your biodiesel.
What follows is a transcription from my lab book. I will provide more details and photos in a
future release. For those of you who want to experiment with this method, I hope these notes
help.

Lab Notebook transcription:
This section presents data in support of the washing of my samples in support of the table that
follows.
April 25, 2009
36 gallons biodiesel heated to 135F.
Titrated out to 1.5 ml using fresh batch of NaOH titrant.
890 grams of NaOH.
7.9 gallons of methanol (approximate).
Mixed for two hours (ended at 11:00 pm).
April 26, 2009
8:30 AM - drained glycerin 9.5 hours after mixing ended (about 6 gallons).
7:30 PM Drained final 1/2 gallon of glycerin 20.5 hours after mixing ended (about 6.5 gallons
total).
Transferred to wash tank - had about 4 gallons of biodiesel form prior batch in tank; filled to
slightly above 2nd ring on barrel.
Collected remnant biodiesel sample from last drainage of processor.
(THIS IS THE UNWASHED BIODIESEL SAMPLE)
Added about 10 gallons of H2O to biodiesel gently.
Added final 5 gallons of H2O with some agitation.
April 28, 2009
9:00 PM - skimmed soap off of top of biodiesel.
Collected sample of biodiesel from top in 500 ml flask for titration.
(THIS IS THE FIRST WASHED BIODIESEL SAMPLE)
Flushed drain pipe and collected H2O sample at midpoint of drain.
Drained tank to emulsification layer.
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Refilled.
April 29, 2009
6:30 PM - skimmed soap off of top of biodiesel.
Collected sample of biodiesel from top in 500 ml flask for titration.
(THIS IS THE SECOND WASHED BIODIESEL SAMPLE)
Flushed drain pipe and collected H2O sample from beginning of drain.
Drained tank to emulsification layer.
Refilled.
Bubbled for two hours.
April 30, 2009
6:30 PM - skimmed soap off of top of biodiesel.
Collected sample of biodiesel from top in 500 ml flask for titration.
(THIS IS THE THIRD WASHED BIODIESEL SAMPLE)
Flushed drain pipe and collected H2O sample from beginning of drain.
Drained tank to emulsification layer.
Refilled.
Bubbled for eight hours.
May 1, 2009
4:30 PM - skimmed soap off of top of biodiesel.
Collected sample of biodiesel from top in 500 ml flask for titration.
(THIS IS THE FOURTH WASH SAMPLE)
Flushed drain pipe and collected H2O sample from midpoint of drain.
Drained tank to emulsification layer.
Refilled.
Bubbled for 12 hours and let sit.
(THIS IS THE FIFTH WASH SAMPLE)
May 2, 2009
Bubbled for 16 hours.
(THIS IS THE SIXTH WASH SAMPLE)

The next page summarizes the results of the titrations for residual catalyst and soap using the
method and formulas outlined here. I also included a column where I monitored the pH of wash
water.
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Titration results for determining residual catalyst and soap content of washed biodiesel samples
Sample

Biodiesel mass
(gr)

Alcohol
mass
(gr)

Catalyst
present?

Soap
present?

ml 0.01
HCl for
bromo
change

Duped
results
(<10%)

Grams of
soap per
grams of
biodiesel

Na
ppm

% change
compared
to ununwashed

pH wash
water

Comments
on pH

Not yet
washed.

Unwashed

5

20

no

yes

3.5

yes

0.0021 161

0%

NA

First
wash

10

30

no

yes

2.7

yes

0.0008

61%

7.616

62

pH dropped
too fast;
suspect
operator
error
pH dropped
way to fast;
suspect
operator
error

Second
wash

10

30

no

yes

2.3

yes

0.0007

53

67%

7.029

Third
wash

10

20

no

yes

1.1

yes

0.0003

25

84%

7.08

Fourth
wash

51

50

no

yes

1.8

yes

0.0001

8

87%

7.407

Reasonable

Fifth
wash

51

50

no

yes

1

yes

0.0001

5

97%

7.316

Reasonable

7.273

Sample may
have picked
up some
soap from
side of
washtank.

Sixth
wash
(final)

51

50

no

yes

1.3

no

0.0001

6

91%

For comparison:
Washed
biodiesel
from prior
run.

50

50
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yes

2

yes

0.0001 9

NA

Unknown

Result from
prior batch

Water & Sediment: Though water is always present in fuel, it is important to control its content.
In biodiesel processing, water is introduced during the washing phase. If gross moisture
contamination is present, the fuel will appear cloudy. For producers, excessive water may
indicate the drying process is not being performed correctly. In addition, improper storage may
result in water and sediment contamination. For consumers, this can cause poor ignition, filter
clogging, and fuel pump problems. ASTM D6751-07a indicates that water/sediment must be
less than 0.05% of the total volume of a sample.
Laboratory Test:
The following are presence/absence tests for water in biodiesel:
-

Visual Inspection: Wet biodiesel will appear hazy; dry biodiesel is crystal clear.

-

Hotplate Test: Heat a sample of biodiesel in an open pot over a hotplate. Use a
remote infrared thermometer, or a candy thermometer to monitor the temperature of
the heated biodiesel, and raise the temperature of the sample above the boiling point
of water (100 degrees Celsius). If water is present, it will cause the heated biodiesel
to bubble and fizz.

-

Heating element or resistor: Use a 110V / 1500 watt water-heater element wired
through a section of PVC for the purpose of testing large batches of biodiesel for
water content. Once placed in a batch or barrel of biodiesel, activate the heating
element. If the element generates bubbles and crackling, the biodiesel in question is
still wet. If heating element only generates convection, then the biodiesel may be
considered dry.
Left: Photo of heating element design; Right: Example of heating element use; note bubbles forming
off of heating element indicating the presence of water in biodiesel
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Centrifuge: If available, use centrifuges to test small samples of biodiesel for the
presence/absence of water and/or sediment. Measure water and sediment content if
possible.
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pHlip Test
This is a commercial test copyrighted by a company known as Cytoculture. According to its
website (http://www.cytoculture.com):
153H

“CytoCulture is an environmental biotechnology firm based in Point Richmond providing

bioremediation services and support. The company uses its own proprietary bioreactor
technology and laboratory selected strains of aerobic bacteria to biodegrade a wide range
of hydrocarbon contaminants in soil and groundwater. Teaming with affiliated
environmental engineering firms, both in the United States and internationally,
CytoCulture provides contract bioremediation services for a wide variety of clients and
situations”
The pHlip provides a simple, fast, and qualitative method for evaluating the quality of biodiesel.
In a nutshell, the test is very simple: you take a few milliliters of biodiesel, and add these to a
small vial containing an indicator solution. You then gently flip the vial ten times, and wait 10
minutes. The biodiesel will then separate from the red solution. There is a visual aspect to the
separation that can be linked to processing errors (i.e. undigested triglycerides; residual catalyst,
etc). A visual guide is provided with the vial to help you qualitatively evaluate your biodiesel
based on the presentation of the pHlip test.

Image credited to http://store.allthingsbiodiesel.com/
154H

For more information on the test itself, please visit:
http://www.news.com/8301-10784_3-9730818-7.html
15H

You can purchase the test from “The All things Biodiesel Store” at the following link:
http://store.allthingsbiodiesel.com/comersus/store/comersus_listItems.asp
157H

I do not know what the mystery red indicator solution is in the pHlip vials; it is understandable
that Cytoculture would wish to keep this confidential. At the same time, I have trouble accepting
202
Biodiesel Basics and Homebrewing Guide, Version 1.15_print
This manual is available for free at:
http://www.biod101.com

tests that require me to take results on faith based on a visual guide. I need to understand the
chemistry of what’s taking place, so I do not employ this test for evaluating the quality of my
own biodiesel. However, I have been given some pHlip tests by a friend to experiment with.
My experience indicates that you can achieve the same results claimed by the pHlip test simply
by using the shadetree tests outlined in this manual. In this section, I’ll contrast the pHlip test to
the shadetree methods already summarized, and will make an additional recommendation for test
related to oxidized (old) fuel.
a) Detection of catalyst contamination from poorly washed biodiesel
Residual catalyst and/or soap will cause a water wash to become cloudy. As such, you could just
as easily mix your biodiesel in a vial with water, and get very similar qualitative results to those
claimed by pHlip test.

This is what the pHlip test looks like when you
use a pHlip vial with water and biodiesel.
Here, I flipped the sample gently 10 times as
suggested by the pHllip literature.
My
biodiesel comes out relatively clear. If my
biodiesel had residual catalyst or soap, the
contaminants would have clouded the water
phase. Note that strong agitation will also
cause the biodiesel to become cloudy, so flip
the vial gently.

b) Detecting residual glycerin in biodiesel
Note that the vial in the “water flip test” photographed above helps magnify the nice mirror
reflection at water/biodiesel interface. If unreacted mono/diglycerides were present, they would
have partitioned to this interface over time and interfered with that mirror effect. As such, a
“water flip test” is just as effective in my opinion. Using a dark indicator rather than water (such
as water with food coloring, or phenol red) will help magnify the mirror effect by providing a
nice contrast in color at the interface.
c) Detecting aged and oxidized biodiesel vs. fresh biodiesel
Testing for old fuel can essentially be done by mixing the fuel with phenol red. If the fuel is old
(acidic/oxidized), it’s pH will be relatively lower than that of a fresh sample. Since phenol red is
a colorimetric pH indicator, it will lighten in color from deep red to dark orange. You can use
fresh unmixed phenol red as your color reference for any test you pursue on aged fuel.
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The top row shows 0.02% phenol red in an eye
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dropper on the left, and pHlip test solution
collected from five vials on the right.
The bottom-left jar shows what happens when
you combine three drops of phenol red with
tap water and nitric acid; the colorimetric pH
indicator known as phenol red turns yellow.
The bottom-right jar shows what happens
when you combine three drops of phenol red
with tap water and nitric acid; it turns yellow.
As such, pHlip test appears to contain a
colorimetric indicator for oxidized fuel.
Bottom line: I think you can reproduce the pHlip test using a small vial filled partially with
phenol red solution. Using phenol red rather than water gives you the added benefit of helping
distinguish aged (oxidized / acidic) fuel compared to fresh (basic or neutral) fuel. A 0.02%
solution of phenol red is essentially water, so you get the same benefits/results expected from
mixing your biodiesel with water.
I must emphasize that I have no way of knowing what Cytoculture is using in their vials, and do
not wish to infer that the mystery red solution in their test is simply phenol red. I’m simply
providing an opinion in that you can probably achieve very similar results using a phenol red
indicator in vial. Phenol red solution can be made for pennies on the dollar compared to what
you would pay for pHlip solution. Having said that, let me also note that my experiments
confirm that the pHlip test delivers on what it claims; it provides a qualitative test for biodiesel.
If you prefer to go that route, it is nicely packaged and ready to go, so it is perfectly reasonable
approach to take.
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Quality Tests for a Laboratory
Additional tests which may be conducted by a certified laboratory as part of the ASTM testing
are listed below:
Distillation: This test identifies, at reduced pressures, the range of boiling points for petroleum
products to be partially or completely vaporized up to a maximum liquid temperature of 400C.
For producers, high distillation values may indicate the conversion reaction has not gone to
completion, whereas low values indicate methanol carryover. For consumers, high distillation
values lead to poor starting, especially in cold weather; low values can lead to poor timing and
seal material failure. ASTM D6751-07a requires that the 90% of the product be recovered at
temperatures of 360 degrees or less under atmospheric pressure using ASTM Method D 1160.
Copper Strip Corrosion: The Copper Strip Corrosion Test assesses the relative degree of
corrosivity of petroleum products including diesel fuel. A polished copper strip is immersed in a
sample of fuel contained within a vessel at an elevated temperature. After the test period, the
strip is examined for evidence of corrosion and a classification number from 1-4 is assigned
based on a comparison with the ASTM Copper Strip Corrosion Standards. ASTM D6751-07a
requires a classification of no more than 3 using test method D130.
Cetane Test: Cetane is a common name for n-hexadecane, C 16 H 34. This is a large alkane
having good ignition quality and which is also used as a diesel fuel. The cetane number of a fuel
is a measure of the quality of a diesel fuel; it is defined as being the fraction of cetane in a blend
of cetane and a less reactive compound that would have the same ignition quality as the fuel in
question. The cetane number scale covers the range from zero (0) to 100 but typical testing is in
the range of 30 to 65 cetane number. ASTM D6751-07a requires a minimum cetane number of
46 using test method D613.
Carbon Residue: This test captures the amount of carbon residue generated after evaporation and
pyrolysis of petroleum materials under certain conditions and is intended to provide some
indication of the relative coke forming tendency of such materials. Ash-forming constituents
and/or non-volatile additives will add to the carbon residue value and be included as part of the
total carbon residue value reported. ASTM D6751-07a stipulates a maximum carbon residue of
0.050% mass using test method D4530-03.
Viscosity: This test measures the resistance of a fluid to flow. Fuels must have suitable flow
characteristics to insure that an adequate supply reaches injectors, at different operating
temperatures. For producers, high viscosity may indicate that transesterification reaction has not
proceeded to completion resulting in the presence of glycerin. For consumers, elevated glycerin
content raises the flash point. A high flash point can lead to poor ignition, resulting in
inconsistent firing, and variable engine performance. It can also indicate potential clogging of
fuel lines, filters and injector clogging in cold climates. High viscosity can cause fuel flow
problems, and lead to stalls and fuel pump failure. ASTM D6751-07a stipulates that biodiesel
must have a kinematic viscosity falling within a range of 1.9 – 6.0 mm2/sec at 40 degrees
Celsius.
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Flash Point: This test identifies the lowest temperature at which the vapor of a combustible liquid
can be made to ignite momentarily in air. The flash point of a fuel infers to the ignitability of the
fuel. For producers, a low flash point can indicate residual methanol remaining from the
conversion process not eliminated during the washing process. A high flash point can mean the
reaction has not proceeded to completion. For consumers, a low flashpoint in biodiesel can
result in premature ignition, causing irregular timing, excessive fuel blow by into the crankcase
oil, and excessive emissions. Conversely, a high flash point can lead to poor ignition, resulting
in inconsistent firing, and variable engine performance. It can also indicate potential clogging of
fuel lines, filters and injector clogging in cold climates. ASTM D6751-07a stipulates that
biodiesel must ignite at a minimum 93 degrees Celsius when employing ASTM D93 (closed cup)
method.
Sulfur: Sulfur in fuel leads to sulfur oxides being produced as exhaust gases, which can harm the
environment, and as acids in the engine crankcase, which will attack the lubricant. Given the
kinds of feedstocks used for making biodiesel in support of this project, sulfur will not be a
concern. Some sulfur is desirable in refined petroleum based diesel as it provides lubricity for the
fuel pump. Blending biodiesel with ultra low sulfur fuels helps restore lubricity lost with sulfur
removal.
Oxidation Stability: Like all natural oils and fats, biodiesel is relatively unstable when exposed
to air, heat and light. When stored in less than ideal conditions, it is slowly oxidized by
atmospheric oxygen. The byproducts produced from the oxidation of biodiesel may cause filter
plugging, injector fouling, and deposits in the engine combustion chamber. The European
standard (EN 14214) called out ASTM D6751-07a defines both the minimum requirements for
biodiesel to be used as a fuel and the methods to be used for quality assurance in Europe. Using
the test identified in EN 14214, the oxidation stability of biodiesel must withstand test duration
of at least three hours without damage in order to satisfy ASTM D6751-07a.
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Safety
A Preventable Accident
I will initiate this chapter with a story reported by the Arizona Republic in August, 2008:
Homemade Biodiesel Causes Explosion
Lily Leung - Aug. 25, 2008 10:19 AM
The Arizona Republic
Fumes from chemicals used to make biodiesel fuel reacted with cleaning
fluid, causing an explosion early Sunday morning at a Surprise home,
fire officials said.
The homeowner told investigators he was making the alternative fuel in
his garage as a way to save money, an up-and-coming trend that may lead
to future catastrophes if not done correctly, Assistant Fire Chief
Kevin Pool said Monday.
Firefighters responded to a garage fire about 6 a.m. in the 16000 block
of North 138th Drive.
Upon further investigation, fire crews discovered that spontaneous
combustion had resulted after heat was exchanged between a used rag and
a cleaning solvent inside a plastic bucket, Pool explained. That was
aggravated when vapors from a drum of ethanol met with the rag, causing
an explosion.
Pool said the loud noise awoke the homeowner, who went outside to find
out what was going on. Firefighters reported that the front garage door
was heavily damaged, but the fire had not spread to the rest of the
home.
As investigators dug deeper, they realized the chemicals had been used
to manufacture biodiesel.
Pool said he has heard of at least two other cases in the Valley in
which people made their own fuel at home, in light of the soaring gas
prices. He suspects more people will follow suit.
"With the price of fuel and all these devices being available, you
would see things of this nature," he said. "You could see the whole
system set up in his garage."
Pool said it's a "relatively simple" process that involves vegetable
oil, and people can easily get the equipment online.
However, he warned that fuel should only be made if it is managed well.
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For starters, the title associated with this article is incorrect. It wasn’t the biodiesel that caused
the explosion; it was the fire which started from an old rag. The fire appears to have ignited
vapors in an ethanol drum causing the explosion.
Ethanol is sometimes used as a surrogate for methanol in biodiesel production, but it is not
biodiesel. Biodiesel itself is classified as a III-B flammable liquid which means it’s about as
dangerous as vegetable oil (another III-B flammable liquid). As a class III-B flammable, it will
only explode under high temperature and pressure. As such, I disagree with the title which
implies that biodiesel caused the explosion. This could have just as easily happened if the
individual had been storing gasoline for his lawn mower or go-kart and did not dispose of his old
rags appropriately. Judging from the story, it sounds like the conditions were adequate for a fire
regardless of the associated homebrewing activities. Unfortunately, it is incidences like these
poorly reported by the media that paint the homebrew community in a negative light. For
context, simply review the public commentary associated with this story:
http://www.azcentral.com/news/articles/2008/08/25/20080825gl-nwvexplosion0825-ONL.html
158H

Preventable accidents and poorly reported events like these will only compound the challenge of
trying to pursue this activity responsibly. If regulation comes down to harshly on the activity, it
will surely be pushed underground where it is likely to become hidden and even more dangerous.
I don’t fault the individual; this occurred because of ignorance, not malice. Regardless, it
doesn’t dismiss homebrewers from being responsible and well educated on the precautions and
safety issues regarding this activity. For starters, do not rely solely on the poorly documented
information sent out with the cheap eBay kits or by distributors. There are many subtleties to
setting up your processor as well as making biodiesel that are not well documented in associated
manuals. Although I am no expert, I’ve attempted to summarize the most important safety
considerations documented throughout this manual once again here. Consider the following list
a good starting point and an alternative to learning things “the hard way”. By no means consider
this list complete:
Safety List
1. Get familiar with the Material Safety Data Sheets (MSDS) for all the chemicals and
solutions you are about to use. I have included MSDS and other fact sheets regarding the
chemicals involved in making biodiesel in the appendix (available at
http://www.biod101.com ).
159

2. Always wear safety goggles and gloves when handling catalyst, or when mixing your
catalyst and alcohol. Never rely on your reading glasses for eye protection; use goggles
that fully seal and protect your eyes from potential splashes.
3. Keep upwind of vented containers used to mix your catalyst with your alcohol, and do
not work in an area that has an open flame source such as a gas water heater.
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4. Note that there are gloves rated to withstand breakthrough of methanol and sodium
hydroxide; make sure the gloves you use will address your needs. Also, understand that
gloves will deteriorate with use and exposure over time. I’ve included some guidance on
glove selection in the appendix of this manual (available at http://www.biod101.com).
5. NEVER look directly into a container opening that you are using to mix chemicals.
Chemical reactions could potentially cause chemicals to splash and get onto your skin
and face. As noted in the MSDS sheets for methanol, this compound can blind you if it
gets in your eyes.
6. Never dump copious amounts of sodium (or potassium) hydroxide to your alcohol all at
once. Add the catalyst slowly, and consider mixing your solution intermittently during
the process. This will prevent the “volcano” effect which may occur as a result of the
heat released by the reaction of your catalyst with the methanol. If not controlled or if
added to methanol that is already warm, this heat of the reaction can cause the methanol
to boil over, or even catch fire. Obviously, this poses a personal protection risk to the
chemist mixing the ingredients, and also results in wasted materials. I strongly
recommend you have running water nearby in the event you get sodium or potassium
methoxide in your eyes or on your skin.
7. You are likely to use braided tubing in your processor as a sight tube. Keep an eye on
this tubing for bubbling. This will result when biodiesel gets between the layers of tubing
that are bound together by the braiding, and is a sure indication that you will soon have a
leak. If you see any bubbling, replace the tubing as soon as possible. If you need an
immediate supply, the tubing is available at Home Depot, Lowes, and/or Naughtons
plumbing. I’ve found that Lowes has the best price if or when I can’t buy it online from
US Plastics. Naughtons is the most expensive. To avoid bubbling, drain fluids from
sections of your processor while you are waiting for the transesterification to complete.
8. If possible, replace the braided tubing in your processor with black iron pipe. In fact, I’d
recommend replacing any component of your processing that comes into contact with
biodiesel with black iron since this will eliminate weak points in your system.
Depending on how you are set up, you can always measure the amount of vegetable oil
you are adding to your processor independently of a sight tube.
9. Avoid using PVC tubing with any part of your setup that comes into contact with
biodiesel or vegetable oil. In my experience, biodiesel will cause it to become brittle and
crack over time. Needless to say, this can lead to a big mess.
10. Make sure you have some kind of spill containment system for vegetable oil, glycerin, or
biodiesel. This can be as simple as building a soil berm around your processor, or as
sophisticated as purchasing a commercial spill containment system such as the ones
available through US Plastics.
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11. If you do have a spill, you’ll want to be prepared to recuperate the media as soon as
possible. A dust pan works well for shallow spills, and you’ll want some empty buckets
nearby ready for collection. If your finished biodiesel gets spilled on dry ground, you
should be able to collect, filter and use it with no issues. Always have a dustpan and
bucket/barrel nearby so that you can contain any spills as soon as they occur.
12. Keep biodiesel off any concrete footers or floors. I’ve noticed concrete will crumble
after repeated exposure to biodiesel. I’m assuming this applies to your home foundation
or garage floor as well.
13. Always have fire extinguishers nearby. If you have a fire, it will likely be either a Class
B or Class C fire. A Class B fire results from flammable or combustible liquids such as
gasoline, kerosene, grease and oil. Class C fires involve electrical equipment, such as
appliances, wiring, circuit breakers and outlets. Given the risk of electrical shock, never
use water to extinguish class C fires.
14. Fire extinguishers containing dry chemicals are rated to handle class BC fires. These are
typically filled with sodium bicarbonate or potassium bicarbonate. Note that the BC
variety of extinguisher leaves a mildly corrosive residue which must be cleaned
immediately to prevent any damage to materials.
15. If you are trying to avoid scrutiny from your neighbors, DO NOT move your operation
into a confined area shared by a gas furnace or water heater; methanol fumes associated
with your processing are very likely to find the flame source. If you don’t have a flame
source in your garage or shed and you decide you must pursue this indoors, make sure
you have adequate ventilation and positive pressure in your work area (i.e. open garage
door with a fan operating on high), and that combustible materials such as oily rags are
disposed of appropriately.
16. Make sure that the pump you use with your processor has a brass impellor. This will
minimize risks associated with sparking which can trigger combustion of alcohol.
17. Note that although Harbor Freight pumps contain brass impellors, these are NOT “UL”
rated for the purpose of making biodiesel. This means that they are not certified by
Underwriters Laboratory (UL) - an independent, not-for-profit product safety testing and
certification organization. Although I personally have had success using these pumps, I
do wish to make this distinction clear. Note that UL rated pumps for biodiesel production
will be significantly more expensive than what you may purchase from Harbor Freight.
18. Do not store copious amounts of methanol or ethanol in a residential space. If you must
store alcohol, store no more than 10 gallons at any given time in appropriate containers
rated for handling fuel.

Flamable Hazards
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Source: http://www.ehs.neu.edu/laboratory_safety/general_information/flammable_combustible/
160H

If you are asked by the fire department what flammable liquids you are using and how they are
classified, consider providing them with the following information:
Methanol – Class IB Flammable Liquid
Sodium Methylate – Class IB Flammable Liquid
Vegetable Oils – Class IIIB Combustible Liquid
Yellow Grease (Used Cooking Oils) – Class IIIB Combustible Liquid
Biodiesel – Class IIIB Combustible Liquid
Glycerin – Class IIIB Combustible Liquid
Sulfuric Acid – Class IIIB
With respect to solids, the following information was taken from MSDS sheets for NaOH and
KOH
NaOH: Substance is noncombustible; use agent most appropriate to extinguish
surrounding fire.
KOH: For small fires, use dry chemical, carbon dioxide, water spray or alcohol-resistant
foam.
http://avogadro.chem.iastate.edu/MSDS/NaOH.htm
http://avogadro.chem.iastate.edu/MSDS/KOH.htm
16H
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Hoembrewers mainly deal with Class I/III type B (flammable/combustible liquid) hazards.
Respective details for these types of flammable liquids are highlighted in the following sections.

Important Definitions
Flash Point : The minimum temperature at which a liquid gives off vapor in
sufficient concentration to form an ignitable mixture with air near the surface of the liquid
(under controlled test conditions).
Flammable Liquids: Defined as liquids having closed cup flash points below 100°F (37°C) and
vapor pressures not exceeding 40 psi (276 kPa) (2.76 bar) at 100°F (37°C). Flammable liquids
are referred to as Class 1 liquids.
Class IA liquids - flash points below 73°F (22.8°C) and boiling points below 100°F (37.8°C).
Class IB liquids - flash points below 73°F (22.8°C) and boiling points at or above 100°F (37.8°C).
Class IC liquids - flash points at or above 73°F (22.8°C) and below 100°F (37.8°C).

Combustible Liquids: Defined as liquids having closed cup flash points at or above 100°F
(37°C). Combustible liquids are referred to as Class II or Class III liquids.
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Class II liquids - flash points at or above 100°F (37.8°C) and below 140°F (60°C).
Class IIIA liquids - flash points at or above 140°F (60°C) and below 200°F (93.4°C). c.
Class IIIB liquids - flash points at or above 200°F (93.4°C).

Fire Extinguishers
Source: http://www.fire-extinguisher101.com/index.html
163H

Fire extinguishers are divided into four categories, based on different types of fires. Each fire
extinguisher also has a numerical rating that serves as a guide for the amount of fire the
extinguisher can handle. The higher the number, the more fire-fighting power.
Class A extinguishers are for ordinary combustible materials such as paper, wood, cardboard,
and most plastics. The numerical rating on these types of extinguishers indicates the amount of
water it holds and the amount of fire it can extinguish.
Class B fires involve flammable or combustible liquids such as gasoline, kerosene, grease and
oil. The numerical rating for class B extinguishers indicates the approximate number of square
feet of fire it can extinguish.
Class C fires involve electrical equipment, such as appliances, wiring, circuit breakers and
outlets. Never use water to extinguish class C fires - the risk of electrical shock is far too great!
Class C extinguishers do not have a numerical rating. The C classification means the
extinguishing agent is non-conductive.
Class D fire extinguishers are commonly found in a chemical laboratory. They are for fires that
involve combustible metals, such as magnesium, titanium, potassium and sodium. These types of
extinguishers also have no numerical rating, nor are they given a multi-purpose rating - they are
designed for class D fires only.
Water extinguishers or APW extinguishers (air-pressurized water) are suitable for class A fires
only. Try to avoid using a water extinguisher on grease fires, electrical fires or class D fires - the
flames will spread and make the fire bigger! (Personal note: I have discussed this with fire
fighters and they note that if all you have is water available, consider using it to extinguish the
fire. I’m informed that the way to do this is to migrate the fire towards an obstruction where it
can be cornered and doused. Having said so, I take no responsibility for any fire and/or method
you use to extinguish a fire you may encounter).
Dry chemical extinguishers come in a variety of types and are suitable for a combination of class
A, B and C fires. These are filled with foam or powder and pressurized with nitrogen. Dry
chemical extinguishers have an advantage over CO2 extinguishers since they leave a nonflammable substance on the extinguished material, reducing the likelihood of re-ignition.
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BC - This is the regular type of dry chemical extinguisher. It is filled with sodium
bicarbonate or potassium bicarbonate. The BC variety leaves a mildly corrosive residue
which must be cleaned immediately to prevent any damage to materials.
ABC - This is the multipurpose dry chemical extinguisher. The ABC type is filled with
monoammonium phosphate, a yellow powder that leaves a sticky residue that may be
damaging to electrical appliances such as a computer.
Carbon Dioxide (CO2) extinguishers are used for class B and C fires. CO2 extinguishers contain
carbon dioxide, a non-flammable gas, and are highly pressurized. CO2 extinguishers displace
oxygen feeding the fire. The pressure is so great that it is not uncommon for bits of dry ice to
shoot out the nozzle. They don't work very well on class A fires because they may not be able to
displace enough oxygen to put the fire out.
Using the fire extinguisher: Pull the Pin at the top of the extinguisher. The pin releases a locking
mechanism and will allow you to discharge the extinguisher. Aim at the base of the fire, not the
flames. This is important - in order to put out the fire, you must extinguish the fuel. Squeeze the lever
slowly. This will release the extinguishing agent in the extinguisher. If the handle is released, the
discharge will stop. Sweep from side to side. Using a sweeping motion, move the fire extinguisher
back and forth until the fire is completely out. Operate the extinguisher from a safe distance, several feet
away, and then move towards the fire once it starts to diminish. Be sure to read the instructions on your
fire extinguisher - different fire extinguishers recommend operating them from different distances.
Remember: Aim at the base of the fire, not at the flames!!!!

Considerations Regarding Methanol
Methanol is one of the most dangerous chemical we use in making biodiesel and extreme care
should be used in its handling and storage. Methanol drums should be grounded. There are
grounding cables with big heavy clips that would work well for this. Don't ground to plumbing
or conduit. The proper way to ground is to a copper stake driven into the ground next to the
drum. If draining or pumping into a metal container the drum should be bonded (electrically
connected) to the container.

Wesco Heavy-Duty Coiled
Ground Wire - $30.00
purchase at Northern Tool
http://www.northerntool.com/
165H
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Methanol should be stored away from everything in a cool shady place.
The drum should have a secondary containment or drip pan to catch spills. Spill containment can
be a large plastic bucket placed under the drum. There are "overpacks" available that perform the
task of spill containment. There any number of commercially available containments that will
catch a spill. More economical are plastic tubs or trays from the farm store used for watering
livestock. If the drum is on it's side, with a drain, then it will need a drip pan to catch any drips
out of the spigot.
Empty methanol drums are more likely to explode than full drums. That's because there is very
little thermal mass to absorb the heat. An empty drum when exposed to the intense heat of a fire
will quickly heat up to 386°F (the autoignition temperature for methanol). When it does the
methanol vapors inside the drum ignite and rip the drum apart at the seams. The lid is usually
launched high into the air and will cut through plywood roofs like they were butter. As such,
return them right away for your drum deposit. If you must store the drums for a short time,
remove the bungs, rinse them out with water, and store them upside down, without the bungs, so
it drains. The same can be done with five gallon carboys used to store smaller amounts of
methanol.
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MSDS Highligths regarding Methanol
At a minimum, consider familiarizing yourself with the following highlights from the Material
Safety Data Sheet (MSDS) for methanol.
EMERGENCY OVERVIEW : Appearance: clear, colorless. Flash Point: 11 deg C. Poison! Cannot be
made non-poisonous. Causes eye and skin irritation. May be absorbed through intact skin. This
substance has caused adverse reproductive and fetal effects in animals. Danger! Flammable liquid
and vapor. Harmful if inhaled. May be fatal or cause blindness if swallowed. May cause central
nervous system depression. May cause digestive tract irritation with nausea, vomiting, and diarrhea.
Causes respiratory tract irritation. May cause liver, kidney and heart damage. Target Organs:
Kidneys, heart, central nervous system, liver, eyes. Potential Health Effects Eye: Produces
irritation, characterized by a burning sensation, redness, tearing, inflammation, and possible corneal
injury. May cause painful sensitization to light. Skin: Causes moderate skin irritation. May be
absorbed through the skin in harmful amounts. Prolonged and/or repeated contact may cause
defatting of the skin and dermatitis. Ingestion: May be fatal or cause blindness if swallowed. May
cause gastrointestinal irritation with nausea, vomiting and diarrhea. May cause systemic toxicity with
acidosis. May cause central nervous system depression, characterized by excitement, followed by
headache, dizziness, drowsiness, and nausea. Advanced stages may cause collapse, unconsciousness,
coma and possible death due to respiratory failure. May cause cardiopulmonary system effects.
Inhalation: Harmful if inhaled. May cause adverse central nervous system effects including headache,
convulsions, and possible death. May cause visual impairment and possible permanent blindness.
Causes irritation of the mucous membrane. Chronic: Prolonged or repeated skin contact may cause
dermatitis. Chronic inhalation and ingestion may cause effects similar to those of acute inhalation and
ingestion. Chronic exposure may cause reproductive disorders and teratogenic effects. Laboratory
experiments have resulted in mutagenic effects. Prolonged exposure may cause liver, kidney, and
heart damage.
FIRST AID MEASURES : Eyes: Immediately flush eyes with plenty of water for at least 15 minutes,
occasionally lifting the upper and lower eyelids. Get medical aid immediately. Skin: Immediately flush
skin with plenty of soap and water for at least 15 minutes while removing contaminated clothing and
shoes. Get medical aid if irritation develops or persists. Wash clothing before reuse. Ingestion: If
victim is conscious and alert, give 2-4 cupfuls of milk or water. Never give anything by mouth to an
unconscious person. Get medical aid immediately. Induce vomiting by giving one teaspoon of Syrup of
Ipecac. Inhalation: Get medical aid immediately. Remove from exposure to fresh air immediately. If
breathing is difficult, give oxygen. Do NOT use mouth-to-mouth resuscitation. If breathing has ceased
apply artificial respiration using oxygen and a suitable mechanical device such as a bag and a mask.
Notes to Physician: Effects may be delayed. Ethanol may inhibit methanol metabolism.
Physical and Chemical Properties
Physical State: Liquid
Appearance: clear, colorless
Odor: alcohol-like - weak odor
pH: Not available.
Vapor Pressure: 128 mm Hg @ 20 deg C
Vapor Density: 1.11 (Air=1)
Evaporation Rate:5.2 (Ether=1)
Viscosity: 0.55 cP 20 deg C
Boiling Point: 64.7 deg C @ 760.00mm Hg
Freezing/Melting Point:-98 deg C
Autoignition Temperature: 464 deg C ( 867.20 deg F)
Flash Point: 11 deg C ( 51.80 deg F)
Decomposition Temperature:Not available.
NFPA Rating: (estimated) Health: 1; Flammability: 3; Reactivity: 0
Explosion Limits, Lower:6.0 vol %
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Upper: 36.00 vol %
Solubility: miscible
Specific Gravity/Density:.7910g/cm3
Molecular Formula:CH4O
Molecular Weight:32.04

Regarding the NFPA rating in the MSDS, The National Fire Protection Association (NFPA 704)
system uses a diamond-shaped diagram of symbols and numbers to indicate the degree of hazard
associated with a particular chemical or material. Zero (0) used to indicate no special hazards and
four (4) for severe or extreme hazard potential. Health hazard (blue sections), flammability
(red sections), reactivity (yellow sections), and other hazard information (white section).
Try filling the in the NFPA diamond below using the MSDS information for methanol:
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The Dangers of Oily Rags
The following is sourced to the Wyoming Department of Employment:
Oily rags left in a closed container can become a safety nightmare. Many people do not
believe it can happen. For no apparent reason, fire erupts, usually during off hours – as
the materials have had time to react. It is called spontaneous ignition, and preventing is
part of your job.
Spontaneous ignition occurs when a combustible object is heated to its ignition
temperature by a chemical reaction involving the oxygen in the air around us. This
“oxidation “ process creates heat that, if not dissipated, will bui8ld up until ignition
occurs. Generally, this can happen when the materials are left in piles and the heat being
generated in the pile cannot be released into the air.
A number of materials are moderately or highly subject to spontaneous heating and
subsequent ignition. Some of those you may find in your work area include oil based
paint in contact with rags, cotton, or other fibrous combustible material; rags that are
damp with any one of a number of different types of oils, including vegetable oils; oily
uniforms or work clothes, and paint scrapings, possible coming from a paint spray booth
cleaning project.
The possibility of spontaneous ignition is great if the surrounding air is also warm and
dry. The added heat, say from nearby machinery or a non-insulated steam line, can either
pre-heat the material, which in turn sets off the reaction, or can hasten ignition by adding
even more heat to the combustible.
It is simple to prevent spontaneous ignition, since oxygen is needed for it to occur.
Materials subject to spontaneous ignition should be stored in covered metal containers
such as a rag safety can or trashcan. Admittedly the container will contain oxygen at
first. However, the oxidation process will use up the reaction and the reaction will stopfire prevented.
Another strategy is to spread the combustible material out so the resulting heat can be
dissipated rather than allowed to build up-again, fire prevented.
Proper housekeeping is the key to preventing fires. Remove debris from the building or
vessel. Properly store combustibles in covered containers. Be sure the lids of containers
remain in place – they are there for a purpose. Fire not only damages property, it
threatens lives. Furthermore, a business destroyed by fire does not need employees. By
working to prevent fires, you also work to protect your job.
Source: Wyoming Department of Employment:
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On a personal note, I have personally witnessed a fire resulting from an old rag that caught fire.
The evidence is shown in the picture below:

The fire took place in the outdoors in a well ventilated area, and demonstrates that you can
NEVER be too conservative when it comes to proper disposal of oily rags. I hope sharing this
photo with the broader community drives the point home. Don’t let this happen to you – read the
MSDS for biodiesel included with this manual and note the comments associated with oily rags.
Of all the risks, I’ve found that this one to be the most serious for me personally.
Hazardous Material Classifications and Spills
In the event you have a spill of any materials related to your operation, it is important to review
the Material Safety Data Sheets (MSDS) provided with your chemicals so that you can protect
yourself during cleanup. I’ve provided some copies of MSDS in the appendix of this manual
(available at http://www.biod101.com).
Regarding the materials themselves, please review the hazardous classification summaries from
the MSDS. You’ll notice that spills are not reportable to hazardous waste for the chemicals
involved in biodiesel manufacture or for biodiesel itself unless you need help with cleanup. Get
these cleaned up as soon as possible.
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U.S. Department of Homeland Security
While doing research on safety, I received an email from a friend containing information
forwarded by the Department of Homeland Security regarding the "Hazards Involving Biodiesel
Production". The original DHS email references a bulletin published by the Michigan
Intelligence Operations Center (MIOC). That bulletin discusses the hazards involving biodiesel
production. The DHS email was prepared for emergency responders, and will be of general
interest to the homebrew community. Below is a copy of the DHS email; the highlighted section
is particularly encouraging considering the source.

Emergency Management and Response
Information Sharing and Analysis Center
(EMR-ISAC)
INFOGRAM 34-08

September 4, 2008

NOTE: This INFOGRAM will be distributed weekly to provide members of the Emergency Services Sector with information
concerning the protection of their critical infrastructures. For further information, contact the Emergency Management and
Response- Information Sharing and Analysis Center (EMR-ISAC) at (301) 447-1325 or by e-mail at emr-isac@dhs.gov.
168H

Hazards Involving Biodiesel Production
In a non-sensitive Situational Awareness Bulletin published last month, the Michigan Intelligence
Operations Center (MIOC) discussed the hazards involving biodiesel production. For the protection and
safety of all emergency responders nationwide, the Emergency Management and Response—Information
Sharing and Analysis Center (EMR-ISAC) has excerpted the following information from the MIOC bulletin.
The recent rise in petroleum prices caused an increased interest in alternative fuels. Biodiesel is used
increasingly as a diesel replacement because it can be manufactured from readily available ingredients
such as vegetable oil, animal fat, or recycled restaurant cooking oil. The production of biodiesel does not
require a great amount of space, and the process is not easily detectable outside of the process area.
There have been only a small number of casualties reported nationwide as a result of biodiesel
production. The overall process is legal and relatively safe when properly performed. The end product of
biodiesel has hazards similar to regular diesel with byproducts that can pose harm to humans and
animals if not correctly stored or disposed. If the processors are not careful, they can poison or burn
themselves, and modifications to pressure vessels by inexperienced people can result in possible
explosions. Historically, the most common threat to homemade biodiesel labs is the improper storage
and disposal of byproducts. Most home brewers tend to stockpile byproducts because they are uncertain
of appropriate disposal methods. These large stockpiles of byproduct can potentially lead to a significant
fire hazard. As risks exist, care should be taken by first responders when signs of a biodiesel facility are
noted. Though many operations can legally produce biodiesel, they may still cause harm to emergency
personnel. The MIOC bulletin offered the following considerations for first responders:


Chemicals involved in production are legal for residential storage, but only in limited quantities.



Methanol burns with an invisible flame.



Methanol vapor can be released causing poor air quality in a confined space.
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Most models of photoionization detectors will not detect methanol.



Methoxide is a highly caustic chemical that has been associated with nerve damage caused by
corrosive burns.



Chemicals involved in production are flammable and can pose a significant fire hazard. 
Overheated oils can add to a fire load.



Use of pressure tanks in production can result in explosions.
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Motivations for Homebrewing
Is it worth it?
As discussed in the first chapter, using local waste vegetable oil supplies to render biodiesel is
probably the best alternative for minimizing CO2 emissions associated with diesel fuel
production and transportation. However, my reasons go a little deeper. First, let me clarify that
if cost-savings were my sole motivation, I would have quit homebrewing as quickly as I started.
Homebrewing takes lots of time, patience, and a willingness to get greasy. Along those lines,
saving money shouldn’t be a primary motivator for success. Instead, consider homebrewing as a
great alternative for minimizing your carbon footprint, and diminishing your reliance on
imported oil. If this is important to you, than you probably have the right stuff to pull you
through to a sustainable homebrew operation. If it’s just about saving a few dollars, save
yourself the trouble or try plugging into a local coop where your efforts can be leveraged.
In the next few paragraphs, I go a little deeper into my motivations for homebrewing. If you are
not interested in the political aspects of homebrewing, please consider moving on to the next
section: Biodiesel Retailers and Researchers. However, for those of you with a desire to take
our reliance on foreign oil head-on and/or do something about greenhouse gas emissions, the
following perspectives may be of interest.
Conservatives
In a November 5th, 2006 story that appeared in the Washington Post, President Bush made it very
clear that a U.S. pullout from Iraq would encourage radicals in Iraq to use oil as a weapon. In
the story, he is quoted as saying:
"You can imagine a world in which these extremists and radicals got control of energy
resources, and then you can imagine them saying, 'We're going to pull a bunch of oil off
the market to run your price of oil up unless you do the following. And the following
would be along the lines of, well, 'Retreat and let us continue to expand our dark vision.' "
I think we all recognize that this is a valid concern. As I see it, President Bush’s statement
directly ties our present oil demand to our continued presence in Iraq. As such, I see oil demand
as being one of the primary reasons families are broken up and serving extended tours of duty in
the middle east.
It is interesting that during World War II, our nation’s citizens were much more engaged in that
war effort. The following summarizes the rationing that was taking place during that time
period:
Civilian consumption increased 22% during the war, though there were many shortages
in critical areas. Production stopped on many civilian items, such as automobiles, new
houses, and new appliances. Many commodities, such as meat, sugar, butter, coffee,
gasoline, tires, shoes and clothing were rationed. Local schools set up stations where
170H
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people could get their ration coupons (with teachers handling the paperwork.) Each
person (regardless of age) received the same food and clothing coupons.
With half of all canned goods going to the military or to allies, Americans turned to
Victory Gardens, planting 20 million of them to provide vegetables for their families.
Most automobile drivers received coupons for 3 gallons per week; those who could
document special needs received extra gasoline coupons. (There was plenty of gasoline;
the rationing was an efficient way to ration automobile tires, with rubber in very short
supply.)
Rationing was generally supported by the civilian population, although there was some
black market activity, that is, purchase of an item without the coupons. The government
prosecuted black marketeers. There was much "gray market" activity—that is family and
neighbors selling or trading ration coupons; that was technically illegal but rarely
prosecuted. The main result was a striking egalitarianism of consumption, especially
regarding food.
17H

Rationing was needed because of the needs of the men and women serving overseas. The
commodities were a very important key to the success of the U.S. war effort. Rationing
was also needed because of the limited shipping capabilities during the war. Many cargo
ships were converted from public use to military use to aid in the war effort.
(Source: http://en.wikipedia.org/wiki/United_States_home_front_during_World_War_II#Civilian_consumption_and_rationing)
172H

During that period, each of us as American’s had a stake in the war manifested through rationing.
During more recent wars, our focus has been on consumption as a means to stimulate the
economy.
In 2007, we suffered a 708 billion dollar trade deficit, much of it due to the fact that we import so
much oil for our vehicles. That deficit is financed by U.S. dollars held by foreign countries; 80%
of our trade deficit is financed by China and Japan.
With respect to oil imports, I’m frequently reminded that it’s the “environmentalists” that got us
into this mess since they’re responsible for blocking development of our own natural resources in
the Alaskan National Wildlife Refuge. As of this writing, our U.S. presidential candidates have
tapped into resentment over high gas prices and lack of energy independence. As such, drilling
off-shore and opening up ANWAR has become the latest solution to all our problems; let’s look
at this option a little more closely. According to the U.S. Energy Information Administration
(Department of Energy), the U.S. proven natural gas and oil reserves a little more than 2% of the
world’s reserves. At the same time, we consume 25% of the world’s output of oil. In light of
this, I don’t think exploiting our meager 2% will sustain us for very long.
As an alternative, why not take this challenge on as a personal issue. With respect to energy, the
alternatives are so simple: we could start with unplugging our appliances or turning up the
thermostat when we’re not home; minimizing our consumption of imported goods from a local
big-box store; replacing an incandescent light-bulb with a compact fluorescent; and setting the
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righteous example for our kids through recycling every stray can one comes across. Given the
challenges we face, I believe this is a real expression of patriotism above and beyond who one
votes for, which war one supports, or how many yellow ribbons or bumper stickers are displayed
on one’s vehicle. How fortunate that homebrewers can come home every night and spend time
with their families, even if their clothes are a little stained with grease; the moms and dads in
Iraq don’t have that luxury.
Liberals
I think it is reasonable to acknowledge liberals as the principal advocates for reducing
greenhouse gas emissions and conspicuous consumption. I am of the opinion that we on the left
should promote and demonstrate our role as leaders in action rather than waiting for others to
provide the example.
Faithful
I believe organized religion can make a difference on the environmental front. It has the
potential to be a huge asset for raising consciousness about many of the environmental concerns
touched upon in this manual.
I’m puzzled as to why more organized religion has not adopted the environmental issue with the
same amount of enthusiasm associated with those other issues. Unfortunately, widespread
confusion and misinformation about the environment makes focus on this issue difficult at best.
I suspect environmental issues have not been prioritized in the past since these are generally
perceived to impact polar bears rather than people. It is my understanding that unsustainable
consumption actually does impact people in very negative ways. How? Look no further than the
conclusions associated with the United Nations Intergovernmental Panel on Climate Change
(IPCC). The IPCC is composed of members of the World Meteorological Organization, and the
United Nations Environment Program. This entity studies all the peer-reviewed published
reports dealing the topic of climate change, and then issues quarterly assessments based on its
findings. Its conclusions are based on the consensus of 2500 scientists and government
organizations. This is the same organization that received the Nobel Peace Prize along with Al
Gore in 2007.
I am not a climate change scientist, nor do I have the time to read the hundreds of papers in
support of or denying the existence of climate change. However, anytime I see the phrase
“consensus of 2500 scientist and government representatives”, I pay close attention since that
kind of consensus carries much more weight than the opinion of a handful of scientists on the
other side of the issue, a talk-show pundit, or a few elected officials with oil constituencies.
Along those lines, allow me to share some information from their assessments. First, let’s go
over the link between fossil fuels and global warming:
IPCC WGI Fourth Assessment Report – February, 2007
Page 5:
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The understanding of anthropogenic warming and cooling influences on climate has
improved since the Third Assessment Report (TAR), leading to very high confidence
(90%) that the globally averaged net effect of human activities since 1750 has been one
of warming.
Eleven of the last twelve years (1995 -2006) rank among the 12 warmest years in the
instrumental record of global surface Temperature (since 1850). (Page 5)
Page 2:
Carbon dioxide is the most important anthropogenic greenhouse gas.
The global atmospheric concentration of carbon dioxide has increased from a preindustrial value of about 280 parts per million to 379 parts per million pm in 2005. The
atmospheric concentration of carbon dioxide in 2005 exceeds by far the natural range
over the last 650,000 years (180 to 300 ppm) as determined from ice cores.
The primary source of the increased atmospheric concentration of carbon dioxide since
the pre-industrial period results from fossil fuel use, with land use change providing
another significant but smaller contribution.
Why should this matter to people of faith or even be considered a moral issue? Here are some
alarming highlights of the fourth assessment report that place this issue squarely in the corner of
faith-based organizations:
IPCC WGI Fourth Assessment Report – April, 2007
Page 9:
Poor communities can be especially vulnerable [to climate change], in particular those
concentrated in high-risk areas. They tend to have more limited adaptive capacities, and
are more dependent on climate-sensitive resources such as local water and food supplies.
Pages 10-14:
Africa: New studies confirm that Africa is one of the most vulnerable continents to
climate variability and change because of multiple stresses and low adaptive capacity.
The area suitable for agriculture, the length of growing seasons and yield potential,
particularly along the margins of semi-arid and arid areas, are expected to decrease. This
would further adversely affect food security and exacerbate malnutrition in the continent.
In some countries, yields from rain-fed agriculture could be reduced by up to 50% by
2020.
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Asia: Endemic morbidity and mortality due to diarrhoeal disease primarily associated
with floods and droughts are expected to rise in East, South and Southeast Asia due to
projected changes in hydrological cycle associated with global warming. Increases in
coastal water temperature would exacerbate the abundance and/or toxicity of cholera in
South Asia.
Freshwater availability in Central, South, East and Southeast Asia particularly in large
river basins is projected to decrease due to climate change which, along with population
growth and increasing demand arising from higher standards of living, could adversely
affect more than a billion people by the 2050s.
Latin America: In drier areas, climate change is expected to lead to salinisation and
desertification of agricultural land. Productivity of some important crops are projected to
decrease and livestock productivity to decline, with adverse consequences for food
security. In temperate zones soybean yields are projected to increase. Changes in
precipitation patterns and the disappearance of glaciers are projected to significantly
affect water availability for human consumption, agriculture and energy generation.
North America: Warming in western mountains is projected to cause decreased
snowpack, more winter flooding, and reduced summer flows, exacerbating competition
for over-allocated water resources.
Cities that currently experience heat waves are expected to be further challenged by an
increased number, intensity and duration of heat waves during the course of the century,
with potential for adverse health impacts. The growing number of the elderly population
is most at risk.
This by no means is the complete list of the impacts on humans summarized in the quarterly
reports. When all these points are taken as a whole, they make the point that conspicuous
consumption of fossil fuels has moral and ethical consequences. As one who believes in the
Christian tenant of “doing unto others as you would do unto Jesus”, I believe the conclusions
outlined by the IPCC should be prioritized just as fervently as any of the other issues that
frequently divide us.
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Cartoon by Chris Madden.
Use permitted in a non-profit setting.

If you would like to review the full reports, consider visiting the “Summary for Policy Makers”
links available through this website:
http://www.ipcc.ch/ipccreports/assessments-reports.htm
173H

Having said all this, I understand that there will be many who place no currency in the United
Nations, the IPCC, or the majority opinion within the scientific community. Some will only
consider the word of God for guidance. What follows are selected quotes from Environmental
Justice in the Bible that may provide proper context
(source: http://conservation.catholic.org/Bible_1.htm):
174H

When you reap the harvest of your land, you shall not reap to the very edges of your field,
or gather the gleaning of your harvest. You shall not strip your vineyard bare, or gather
the fallen grapes of your vineyard; you shall leave them for the poor and the alien: I am
the Lord your God. (Leviticus 19:9)
Woe to you who join house to house, who connect field with field, till no room remains,
and you are left to dwell alone in the midst of the land! In my hearing the Lord of hosts
has sworn: Many houses shall be in ruins, large ones and fine, with no one to live in
them. Ten acres of vineyard shall yield but one liquid measure, and a homer of seed shall
yield but an ephah. Lambs shall graze there at pasture, and kids shall eat in the ruins of
the rich. (Isaiah 5:8-17)
The earth mourns and fades, the world languishes and fades; both heaven and earth
languish. The earth is polluted because of its inhabitants, who have transgressed laws,
violated statutes, broken the ancient covenant. (Isaiah 24:4-5)
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The designer and maker of the earth who established it, not creating it to a waste, but
designing it to be lived in. (Isaiah 45:18)
How desirable are all his works, and how sparkling they are to see! All these things live
and remain for ever; each creature is preserved to meet a particular need. (NRSV Sirach
42:23)
When you enter the land that I am giving you, let the land, too, keep a sabbath for the
Lord. For six years you may sow your field, and for six years prune your vineyard,
gathering in their produce. But during the seventh year the land shall have a complete
rest, a sabbath for the Lord. (Leviticus 25:2-4)
Land must not be sold in perpetuity, for the land belongs to me, and to me you are only
strangers and guests. (Leviticus 25:23)
The earth is the Lord's and all it holds, the world and those who live there. For God
founded it on the seas, established it over the rivers. (Psalm 24:1-2)
He turns rivers into a desert, springs of water into thirsty ground, a fruitful land into a
salty waste, because of the wickedness of its inhabitants. He turns a desert into pools of
water, a parched land into springs of water. And there he lets the hungry live, and they
establish a town to live in; they sow fields, and plant vineyards, and get a fruitful
yield....When they are diminished and brought low through oppression, trouble, and
sorrow, he pours contempt on princes and makes them wander in trackless wastes; but he
raises up the needy out of distress, and makes their families like flocks. The upright see it
and are glad.... (NRSV Psalm 107:33-42)
I think these verses make the point that environmental stewardship is an important issue for
people of faith. The verses printed here may help get the general point across regarding the need
to take on our dependency on fossil fuels simply on principal.
Nice try – but I’m not giving up my car!
Of course, I’ll be the first to admit that the best approach would be to recycle my vehicle for
scrap metal and move closer to town where I can commute to work on a bike. I personally have
not evolved to that level of consciousness so the least I can do something about the petroleum
that gets put into the tank. That’s where recycling vegetable oil for the production of fuel meets
my own personal needs. Perhaps this is not a reasonable alternative for you personally. Fair
enough – it takes a lot of work and commitment to go this route, and there are easier and much
safer alternatives. For those who don’t have the time or the ability to pursue this activity, please
consider the suggestions highlighted in the section “Homebrewing is not for me; what else can I
do?”
So… getting back to the original question: is homebrewing worth it? For those of us who must
drive, you bet it is – down to the very last drop.
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Biodiesel Retailers and Researchers
Fourth Dimension Fuels
This outfit is located in Oracle, and is owned and operated by Megan Hartman who also happens
to be the founder of the Biofuels Information Gatherings which have historically taken place in
Tucson. Thanks to Megan, I got into biodiesel, and have been hard at it ever since as evidenced
by this manual.
Fourth Dimension Fuels makes 100% biodiesel available to the communities of San Manuel,
Mammoth, and Oracle, and is also home to a natural foods cooperative. If you live in Tucson
and are looking for a nice weekend drive, consider visiting Megan and having a cup of coffer at
her comfortable digs. Chances are you will run into other like minded individuals sharing your
space. More information is available at http://www.fourthdimensionfuels.com .
175H

Update: March 29, 2013: Fourth Dimension Fuels is no longer is service.
Arizona Petroleum
As of this writing, there is only one commercial retailer for biodiesel in Tucson: Arizona
Petroleum (AP) which is located at Cherry and 22nd. Although I certainly appreciate this retailer
making biodiesel available to the public, their fuel source leaves much to be desired.
Specifically, AP management indicates that their fuel is railed in from Nevada. I suspect that the
oil stock for the biodiesel rendering plant in Nevada is probably from the Midwest.
In light of this, it doesn’t make sense to be transporting feedstock and fuel all over the country
given the impacts this has on CO2 emissions. In the context of minimizing CO2 emissions, using
local feedstock’s such as waste vegetable oil makes the case for homebrewing. Specifically:
The feedstock for homebrew biodiesel is not competing with food stocks. In other words,
a farmer doesn’t have to divert his agricultural output to satisfy my fuel demands. Thus,
homebrewing biodiesel is not contributing to global inflation as it relates to food prices.
This kind of inflation is particularly hard on third world countries which spend a greater
proportion of their limited incomes on food rather than fuel.
Energy inputs related to harvesting and refining of the feedstocks are already accounted
for. Thus, not are only are homebrewers recycling waste vegetable oil, they are also
recycling all the energy input required to generate the feedstock for my fuel.
Homebrew feedstock and fuel does not need to be imported from out of state. Thus,
carbon emissions are minimized with respect to transportation.
With these benefits in mind, I have approached Arizona Petroleum about their willingness to
provide biodiesel rendered from local waste materials rather than from crops grown in the
Midwest. I was informed that AP would only sell biodiesel rendered from virgin oil feedstocks
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regardless as to whether or not there were an alternative that achieved American Standards for
Testing Materials specifications (ASTM).
I understand the perception that biodiesel rendered from waste vegetable oil may perhaps be of
an inferior quality. However, if the fuel meets ASTM standard, that perception is unfounded. I
suspect that Arizona Petroleum understands this, but may be concerned about the public’s
perception as it relates to purchasing a fuel rendered from a waste material. Having said this, I
don’t want to suggest that Arizona Petroleum biodiesel is not a reasonable alternative to fossil
fuels. Actually, if you consider that the US imports two-thirds of its oil from overseas, and in
many cases from countries that don’t share our political and/or environmental values,
commercial biodiesel rendered from US crops is a good stepping-stone to get us on the path to
energy independence. For that, I’m grateful that it is available as an alternative to the public,
even if it isn’t the best alternative.
Arizona Biodiesel
This outfit is based out of Chandler, Arizona (http://www.azbiodiesel.com). This company is
rendering biodiesel from grease collected from restaurants in Chandler, and makes the rendered
biodiesel available per gallon or in bulk containers of 250 gallons. The number on the website to
call for availability is 480-344-1480. Arizona Biodiesel is the only commercial company I know
of in the Phoenix area that is rendering biodiesel from local materials, and making it directly
available to the public in Arizona. Hopefully, we’ll have something similar from Grecycle
serving the Tucson community where I live.
17H

Dynamite Coop
This is a small biodiesel rendering cooperative that is being operated out of Phoenix. I had the
opportunity to meet with one of the founders, Jay Nance, during a Desert Biofuels Initiative
conference in Phoenix, and was very impressed with the description of his operation.
Specifically, the cooperative has a vactor truck at its disposal which is used to collect waste
vegetable oil from local sources. The cooperative then renders biodiesel which is shared by its
members. I personally feel that this approach is probably the best alternative to residential
homebrewing since rendering takes place in a centralized location where risks and hazards can
be appropriately managed. In the past, this cooperative has also offered classes to its members.
I took the opportunity to ask Jay if he would be willing to set up a chapter here in Tucson. Jay
informs me that it has been a challenge maintaining his single chapter in Phoenix, but that he
would gladly share information on setting up an independent coop in Tucson. I will be watching
the sustainability of this cooperative slowly with the goal of setting up something similar.
Information and bylaws for the cooperative are available at: http://www.dynamite.coop/ .
178H

Amereco Biofuels
Information about Amereco is available at http://www.amereco.biz/ . According to the website:
179H
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Amereco BioFuels Corp. was founded in 2006 to pursue technologies that profitably
explore and commercialize the creation, processing and delivery of environmentallyfriendly, renewable biofuel products. As its first project, the Company has developed
innovative technology to produce biodiesel (“BDO”) efficiently from a variety of sources
(i.e., feedstocks) that can be replenished through recycling and farming.
We are a biodiesel processor who specializes in feedstocks that are non-edible. We
believe that we can process as wide a range of feedstocks as any of our competitors,
including waste vegetable oil products ranging from spent fryer oil to yellow grease to
brown grease.
Our plant in Arlington, Arizona, west of the Phoenix metropolitan area, has been
designed to minimize fugitive emissions and energy consumption. In addition, we recycle
water and convert most of the byproducts of the biodiesel process to useful products.
Mr. Sheaffer indicated he is distributing ASTM-certified biodiesel rendered from waste
vegetable oil collected in Arizona. Mr. Sheaffer indicated that he currently has enough feedstock
available to produce 300,000+ gallons of biodiesel upon order, and is primarily serving fuel
distributors. His fuel stocks will increase over time.
Regarding the geographical source of Americo feedstock, I called Mr. Scheaffer for clarification.
He indicated that on the local scale, he is relying on two grease collectors - one operating in
Maricopa County, and another focused exclusively in the Phoenix area. His conservative
estimate for fuelstock coming from local Arizona sources is 2/3 of the total oil he takes in. The
balance comes from southern Nevada and other states. Based on Bill's communication, I think
this is a positive development for the push to use local feedstocks for local fuel production.
The fact that Amereco is now online poses a unique opportunity for the biodiesel community in
Tucson. Next time you are fueling at Arizona Petroleum, consider dropping by the main office
and letting management know you'd prefer to see biodiesel rendered local recycled feedstocks. I
don't think it's necessary to endorse Amereco biodiesel specifically; let's give AP the opportunity
to do its own research. Perhaps there are other local suppliers (i.e. Arizona Biodiesel) that are
competitively priced with Amereco. Having said that, I don't think AP will consider these
alternatives unless they hear from their consumers (you!).
You might mention the added positive public relations that Arizona Petroleum might enjoy by
supporting local (Arizona) biodiesel businesses rather than those in Nevada or the Midwest. I
suspect that costs to AP will also be minimized as a result of not having to rail fuel stock in from
out of state.
Update: March 29, 2013: Website is down; not sure if this outfit is still around.

Eco-Sol
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This endeavor is headed up by Arizona Biodiesel Board member Tim Kerkman. Tim is taking a
cutting edge approach to feedstock production by developing alternatives corn or soybeans for a
biofuel production. Instead, it he focuses on feedstocks which have inherent competitive
characteristics while minimizing competition with other sectors of the economy (i.e. food,
water). Specifically, his company is interested in feedstocks that are regional appropriate; able to
grow on marginal lands; minimize water demand for growth and fuel production; and have
relatively high sugar/starch content. Agave is an example of a crop that would be appropriate for
the southwest: it has high sugar content; it grows on marginal land and thus does not need to
compete with food crops; and it requires practically no inputs. Corn competes very poorly with
agave in the southwest, but may be appropriate for the Midwest.
One of Tim’s focus feedstocks is cottonseed. This has been presented as one potential oil-seed
stock given its prevalence in the southwest. Needless to say, it is not an ideal crop to be
promoting in our region. In anticipation of future water-shortages, Eco-Sol has partnered with
the USDA to study a hybridized native cucurbit that has potential as both a high starch ethanol
feedstock from one part of the plant, and an oilseed for biodiesel feedstock use. Once developed,
plantings could be encouraged in areas such as southeast Arizona where many farms no longer
have enough water for traditional crops. In these areas, domesticated version of a plant native to
the area might do well. Research in this area needs to be encouraged and supported.
Desert Biofuels Initiative (DBI).
This is a project organized by Eric Jones and Brad Biddle and supported by members of the local
biofuels community. Eric is a sophisticated biodiesel homebrewer; Brad is a public policyfocused attorney. Both have a passion for sustainability and environmental issues. DBI believes
that locally-produced and locally-used biofuels can provide compelling environmental, social,
political and economic benefits. Desert Biofuels Initiative is a Phoenix, Arizona-based effort
aimed at removing any practical and legal/regulatory obstacles that stand in the way of the
development of a robust biofuels infrastructure in the Valley of the Sun. More information on
DBI is available at this URL:
180H
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http://desertbiofuels.blogspot.com/
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Give it up! Waste vegetable oil supplies are finite
I couldn’t begin to tell you how many times I’m reminded of the harsh realities of our insatiable
appetite for energy. I know: “There aren’t enough McDonald’s out there to meet our energy
demands.” “Biodiesel rendered from waste vegetable oil represents a drop in the bucket.” “If
homebrewing in Tucson were popular, there wouldn’t be enough oil to go around.”
Frankly, there’s nothing that would make me happier than to know that our community must deal
with waste vegetable oil shortages as long as it’s all being used to render fuel. What a wonderful
problem to have! The relative impact that this would generate on our petroleum-oil demand
would be positive no matter how small in the grand scheme of things.
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At the same time, I’ll admit that I am worried that organized biofuel producers within the
business community will eliminate the homebrewers from the stage of players. Let’s face it;
homebrewers are competing for a finite resource with next to no political clout. Furthermore,
they are operating under the radar of regulators who are not well versed in this activity.
Although they walk a thin line, there is something very positive about individuals who take fuel
production into their own hands rather than relying on corporations for their needs; what a shame
if this sprit were lost to organized interests.
The bottom line is that in a world of finite waste oil, the homebrew community will have to learn
to compete effectively if it wants to stay in this game. I suspect that this will mean securing oil
sources as soon as possible; developing personal relationships with the restaurant management;
and providing the best service above and beyond just collecting oil (i.e. having friends patronize
restaurants, and ensuring that management knows about it). That is a competitive edge that
cannot be provided by an impersonal business or corporation.
Homebrewing is not for me; what else can I do?
Okay – you’ve made near the end of this manual, and perhaps now you’ve decided that
homebrewing is more trouble than it’s worth. That’s okay; there’s plenty of low hanging fruit
out there to satisfy the same political goals. Here, you’ll find 10 suggestions for your
consideration, and the best part is that none of these require dumpster diving for grease:
# 10. Use the Used: Check out Craigslist or Freecycle in your area to see if there are any items
like beds, desks, or lamps that you can score for free, and consider using these sites to recycle
your own items when no longer needed. This can help us diminish our demand for resources and
the carbon emissions resulting from their production and transportation. Here are the sites:
http://tucson.craigslist.org/
http://www.freecycle.org/group/US/Arizona/Tucson
183H
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# 9. Paper or plastic? It doesn’t matter; both kinds of grocery bags produce a carbon footprint
when manufactured and transported to your local store or fast food outlet. Instead, consider
using a recyclable cloth bag for your shopping needs. Using these as an alternative can offset 60
lbs of CO2 emissions per year. If you aren’t interested in using a cloth bag, consider not using
bags at all for small purchases. After all, who needs a bag for that sub or burrito you’re about to
wolf down?
# 8. Buy Local: Does it really make sense to buy an orange in Arizona that was grown in
Australia? That’s what happens when we buy fruits and vegetables that are out of season. As an
alternative, consider shopping at local Farmer’s markets for your veggies needs, or even joining
a local food-coop. Doing so will improve your chances of buying locally, and will help offset
the carbon emission required to get out-of-season fruits and vegetables transported to Tucson.
Details on Tucson food-coops can be found at the following links:
http://www.foodconspiracy.org/
185H
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http://www.tucsoncsa.org/
http://www.localharvest.org/farmers-markets/M16379
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# 7. See the light: Halogen lamps are super cheap, put out tons of light, and fit in a corner with
ease. Unfortunately, some of them use hundreds of watts of electricity and generate lots of heat.
Stick with compact fluorescents lights (CFL). The newer ones put out great light, use just a
trickle of electricity, and last almost forever. This is one thing worth buying again every time you
move; by leaving them for your next tenant, you’ll be spreading the green love with every new
apartment. Replacing one 60 watt light bulb with one fluorescent can offset 106 pounds of CO2
emissions per year.
# 6. What’s an aluminum can worth? In terms of carbon offsets, it’s worth a lot! Recycling
one aluminum can per day will offset 177 pounds of CO2 per year. If your dorm doesn’t have a
recycling program, consider getting organized and demand that the university support this
service. If it does and it isn’t being taken advantage of, try to raise a little consciousness by
setting the example.
# 5. Unplug your appliances when not in use: Simply put, “Off” doesn’t mean “Off”
anymore. Instead, it means “Standby”, and that means your appliances and PCs act as electrical
vampires when you’re not around. A 2002 Cornell University Study estimates that we as a
nation are using the equivalent of seven electrical generating plants just to supply the amount of
electricity needed to support the standby power. As a result, vampire appliances significantly
contribute to the production of greenhouse gases. To combat these emissions, what could be
easier than hooking your dorm appliances to a power strip, and then turning the power strip off
when you head out the door?
# 4. Keep your tires inflated: If you drive, ask yourself when was the last time you checked
the air pressure in your tires. Under-inflated tires increase road friction and decrease mileage
significantly. Properly inflated tires can save 202 lbs of CO2 emissions per year.
# 3. Save 2 gallons of gasoline per week: By far, the most significant impact we can have in
offsetting carbon emissions is in reducing our driving. Each gallon of gasoline we consume will
reduce close to 20 pounds of CO2 emissions. If you can make a commitment to conserve two
gallons of gas a week, that would translate to a savings of over 1 TON (2000 lbs!) of CO2
emissions per year. At current gas prices, would save you about $25 a month. That saves a lot
of carbon and a lot of green. Saving two gallons of gasoline a week would send a strong
message to OPEC, but more importantly, it would go a long way to saving the world and future
oil resources for our kids.
# 2. Check the web for other ideas: Time magazine has published The Global Warming
Survival Guide on its website. It includes 51 things we can each do to save the environment, and
rates these in terms of difficulty and global impact. There are many other online resources, but
the one published by Time is certainly the easiest to navigate and review. For more information,
visit: http://www.time.com/time/specials/2007/environment/
18H
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#1. Don’t think of any changes you make in terms of what impact you might have as a
single individual; think of it in terms of how your actions might influence others around
you.
On the following page, I present a table which compares the impacts we can have on our carbon
footprint through adoption of simple energy-saving behaviors.
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The following table presents relative impacts we can have on are carbon footprint through the adoption of energy-saving activities:

Yearly Offsets
in CO2 (lbs)

Activity
Drive less1

2018

Hang clothes out to dry
Keep tire pressure up

2

1

Recycle aluminum cans2
Keep an extra light off

2

Replace 1 light with a CFL2
Use recyclable grocery bags
2

Diminish wattage of 1 bulb

2

Assumptions
Assumes 2 gallon savings per week.

539

Assumes 4 loads per week hanged to dry 9 months out of the year.

202

Assumes 4 PSI deficit.

177

1 can per day.

168

1 60 watt bulb eliminated, 5 hours per day.

128

Replace 60 watt bulb with fluorescent, 5 hours per day.

60

Assumes 500 plastic bags consumed per year.

57

Assumes 60 to 40 watt replacement, 5 hours per day.

1

CO2 offsets calculated from diminished combustion of gasoline.
CO2 offsets calculated from diminished burning of lignite-coal by a coal-fired electric powerplant.

2

Note that by saving two gallons of gasoline a week, we can diminish our carbon footprint by more than all the other suggested
activities combined!
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Homebrewing in Mexico
I’d like to take this opportunity to share some details regarding an exciting project taking place in
the community of Ambos (both) Nogales on the Arizona-Sonora border. I believe this story
deserves mention here since it demonstrates the potential for the homebrewing to make a real
difference on the environmental front. What follows is a draft report generated in 2008 for the
Good Neighbor Environmental Board (GNEB) regarding the EPA Border 2012 Ambos Nogales
Biodiesel Capacity Building Project. That specific EPA project has been recognized by the
GNEB for its innovative approach in addressing an environmental challenge. The GNEB
requested that a project summary be submitted for incorporation in the 12th Annual Report under
the topic “Sustainable and Alternative Energy”. Below, you will find the draft language
developed for the report to be released later this year (2008). When the final is available, I will
include a link to the report in a future revision of this manual.
For background, the GNEB is an independent federal advisory committee. Its mission is to
advise the President and Congress of the United States on good neighbor practices along the U.S.
border with Mexico. Its recommendations are focused on environmental infrastructure needs
within the U.S. states contiguous to Mexico. The U.S.-Mexico Environmental Program (Border
2012) is a collaboration between the United States and Mexico to improve the environment and
protect the health of the nearly 12 million people living along the border. The bi-national
program focuses on cleaning the air, providing safe drinking water, reducing the risk of exposure
to hazardous waste, and ensuring emergency preparedness along the U.S.-Mexico border.)
Draft Introduction for GNEB Section on Innovative Technologies:
According to the U.S. Energy Information Administration, world marketed energy consumption
is projected to increase by 50 percent from 2005 to 2030. Most of the energy that fuels the
current global economy comes from non-renewable fossil fuels such as coal, gas, and liquid
petroleum. Increased demand for these finite resources will put pressure on future generations to
meet their energy needs. In addition, extraction, processing, transportation and use of fossil fuels
contribute to the pollution of our land, water and air resources. Given these challenges, there is
growing interest in developing alternative, innovative and sustainable sources of energy that are
available locally and do not result in environmental pollution.
This section presents a case study of how the communities of Ambos (both) Nogales in Arizona
and Sonora are demonstrating the use of waste vegetable oil (WVO) as an innovative source of
energy. WVO has a high energy content derived from solar radiation and can easily be
converted into biodiesel- an EPA-approved alternative fuel. Biodiesel may be blended with
regular petroleum diesel for use in modern diesel engines with little or no engine retrofitting.
The blending of biodiesel with fossil diesel not only improves fuel lubricity, it also offsets
particulate matter and greenhouse gas emissions. Currently, improper handling and disposal of
WVO oil impacts wastewater infrastructure and contributes to sanitary sewer overflows. By
turning a waste into a fuel, this project has the potential to improve both air and water quality in
the Ambos Nogales region.
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U.S. Environmental Protection Agency Border 2012 Program
Ambos Nogales Biodiesel Capacity Building Project
Prepared by Hans Huth
Draft submitted August, 2008

Abstract
The municipality of Nogales, Sonora is served by a binational wastewater conveyance system. The
conveyance carries Sonoran wastewater to the Nogales International Wastewater Treatment Plant (NIWTP) in Rio
Rico, Arizona. Sampling within the Mexican city’s collection system has linked waste cooking oils (oil and grease)
to maintenance issues at the NIWTP. Oil and grease (O&G) also contributes to clogs in the sewers that result in
sanitary sewer overflows (SSO). At times, SSOs have discharged untreated wastewater into the Nogales Wash.
The Wash is a perennial surface water feature running through both countries accessible by the public. The Arizona
Department of Environmental Quality has identified several reaches within the wash as exceeding microbiological
standards for partial body contact. Past studies suggest that improper disposal of O&G by industrial and commercial
users of the wastewater collection system and the conveyance contribute to this binational problem. Proper resource
management of O&G will help diminish frequency of overflow events which contaminate the wash.
Ambos Nogales is plagued by poor air quality also. Both Nogales, Arizona and Nogales, Sonora regularly
exceed the national clean air standards of their respective countries. Particulate matter is the primary cause of the
exceedances; diesel vehicle emissions are a major source in region. Particulates have been identified as a key factor
in respiratory illness and an asthma trigger in both communities.
Through the EPA Border 2012 Program, binational stakeholders are developing the institutional
infrastructure for converting O&G into biodiesel. EPA recognizes biodiesel as an acceptable alternative fuel that
carries an ASTM standard, has lower emissions of particulate matter and hydrocarbons and may be blended with
petroleum-based diesel fuel for use in diesel engines. By creating economic incentives for the recycling of this
material, the EPA Border 2012 Ambos Nogales Biodiesel Capacity Building Program will offset impacts to
binational wastewater infrastructure, improve water quality in the Ambos Nogales watershed, and offset diesel
emissions in the Ambos Nogales airshed.
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Hydrology and Infrastructure
The U.S. and Mexican communities which comprise Ambos (both) Nogales are in the Upper Santa Cruz
River Watershed located 65 miles south of Tucson, Arizona. Within Nogales, Sonora, the 2000 census recorded a
population of 159,787 with an annual growth rate of 4.9 percent. In 2008, unofficial estimates suggest the
population is greater than 300,000. The rapid growth of industry and population in Mexico’s northern-border region
has increased pressure on Sonoran state and municipal governments to provide effective and efficient public services
particularly in the area of potable water and wastewater infrastructure.
Nogales Wash is the main drainage feature within the Ambos Nogales watershed. It begins in Sonora and
flows northward into Arizona with a perennial baseflow of 2-3 cubic feet per second (cfs). Much of this baseflow is
supplemented by potable- and wastewater-infrastructure leaks in Sonora.
The main wastewater sewer serving Ambos Nogales is known as the International Outfall Interceptor (IOI)
which is constructed through much of the region in the Nogales Wash streambed. On average, the IOI delivers 15
million gallons of wastewater per day to the NIWTP. At the plant, wastewater is treated and discharged into the
Santa Cruz River. The local water-bearing sediments of the Santa Cruz River downstream of the plant are a primary
source of agricultural and drinking water for Arizona border communities.
In Nogales, Sonora, unplanned development follows a natural drainage pattern of washes into the upper
watershed. During periods of heavy precipitation, sand and other obstructions are entrained in floodwaters and
deposited in these washes.

Given the proximity of sewers to washes, entrained soils may impact adjacent

wastewater infrastructure. Obstructions in sewers frequently create sanitary-sewer overflows (SSOs) throughout the
city exposing the public to raw sewage.
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Figure 1: Surface runoff along roads in Nogales, Sonora is frequently impacted by SSOs.
Since Nogales Wash is the lowest geographic drainage feature in the Ambos Nogales watershed, it collects
the SSO discharges. The Arizona Department of Environmental Quality (ADEQ) has documented many instances
of SSOs originating in Sonora that flow transboundary to impact Nogales Wash in Arizona. Currently, Nogales
Wash is listed by ADEQ as impaired by e.coli contamination.
In response to many transboundary infrastructure needs, Ambos Nogales is the recipient of Border
Environment Infrastructure Funding (BEIF) provided by the U.S. Environmental Protection Agency (EPA).
Funding assists with the rehabilitation and replacement of deteriorating infrastructure within U.S. and Mexico’s
border communities. In order to address failing infrastructure near the border, the BEIF has earmarked $25M to
assist with the rehabilitation of potable and wastewater infrastructure in Nogales, Sonora. The Mexican Federal
Department of Water Resources (CONAGUA) provides a matching grant to facilitate the work. Improvements in
Sonoran infrastructure contribute to the sustainability of the growing industrial sector along the border region. This
benefits U.S. companies operating in Mexico and Mexican citizens working within that sector.

The Nogales, Sonora Pretreatment Program
In order to receive BEIF monies, Nogales must implement a municipal wastewater pretreatment program.
This is a compliance-and-monitoring activity which provides oversight on industrial and commercial wastewater
discharges.

The goal of the program is to ensure that industrial wastewater discharges to sewers are of an
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appropriate quality such that they will not impact investments in infrastructure and wastewater treatment facilities
such as local sewers, the IOI, and the NIWTP. Monitoring of Sonoran wastewater has identified O&G as a primary
contaminant in the Sonoran sewer system that generates economic damages. O&G diminishes the capacity of the
overtaxed sewers to convey wastewater much in the same way that cholesterol can impact a human heart. SSOs
resulting from oil and grease clogs are tantamount to a heart attack for the sewer system. Similar to the obstructions
resulting from sediment, O&G has been linked to untreated sewage flows in Nogales Wash. Respective flows have
the potential to impact the quality of surface and groundwater resources in both Sonora and Arizona.
O&G carries limits under Mexico’s own Federal Wastewater Discharge Standards and is thus subject to
oversight and regulation under the Nogales, Sonora municipal pretreatment program. Sources of O&G in the
wastewater conveyance are linked to improper maintenance of grease traps and/or direct disposal into sewers by
commercial and industrial kitchens. Proper disposal of O&G will help protect binational investments in Sonoran
infrastructure while diminishing the frequency of SSOs contaminating the wash.

Creating Economic Incentives for Recycling Oil and Grease
In order to address the environmental challenges faced by Ambos Nogales, the EPA Border 2012 Program
is providing $90,000 to the Rio Rico Fire District in Arizona to develop binational capacity for the production and
use of biodiesel within Ambos Nogales. This project is designed to reclaim oil and grease, convert it into biodiesel,
and demonstrate the use of the fuel in public-sector safety vehicles. Biodiesel is an EPA-approved alternative fuel
which may be blended with petroleum-based diesels and used directly in diesel engines. Waste O&G is ideal for
biodiesel production given that O&G is a post-consumer use product and therefore requires minimal energy inputs
its processing as a feedstock. Unlike corn or soybean feedstocks, post-consumer O&G does not compete with arable
land for food production and thus does not contribute to food inflation. Furthermore, the O&G feedstock is
available locally within Ambos Nogales and thus requires next to no transportation costs.
The byproducts of biodiesel rendered from O&G are non-hazardous to the environment in that they are
primarily composed of soapy water and glycerin. The glycerin byproduct has intrinsic economic value; it can be
refined and marketed as a separate commodity. By creating a market for O&G, the improper disposal of oil and
grease into sewers and its associated problems can be mitigated. Biodiesel combustion releases less particulate
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matter, carbon monoxide, and hydrocarbons than regular diesel. As such, its local production and use can offset air
contamination.
To date, the project has established two facilities for small-scale biodiesel production in Ambos Nogales;
one is on each side of the border. Project partners have generated maps of local producers of waste vegetable oil
and grease and have compiled data about the quality and quantity of the waste O&G. Having completed the
planning stages and construction of the initial facilities, stakeholders are now in the process of stockpiling O&G
feedstock and refining the fuel production procedure. Eventually, the project will demonstrate successful use of
biodiesel in vehicles operated by the fire departments of Rio Rico, Arizona and Nogales, Sonora. The exploitation
of this waste O&G may ultimately result in a strategy for expanding production and use of biodiesel within broader
Ambos Nogales region.

Figure 2: Biodiesel-rendering Facility at Rio Rico Fire Department, Arizona
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Figure 3: Biodiesel rendered from waste oil and grease

“The fire service usage of diesel fuel could well be supplanted by a dependable source of biodiesel. If we
can demonstrate that this can be produced locally, using waste vegetable oil and grease that is currently a problem in
the local sewer system, our community wins on many fronts,” said Mike Foster, Fire Chief of the Rio Rico Fire
District. “The fact that diesel emissions would be reduced by the use of biodiesel in our trucks, ambulances and
buses is another great benefit” (2007 Border 2012 Regional Workgroup Newsletter).
This project is a binational, collaborative effort of public and private institutions in northern Sonora
(municipality of Nogales) and southern Arizona (Santa Cruz and Pima counties). Project partners include the Rio
Rico Fire District (RRFD), the Southeast Arizona Area Health Education Center (SEAHEC), Instituto Tecnológico
de Nogales (ITN), and the University of Arizona (UA), with support from the ADEQ, Public Safety Association of
Santa Cruz County (PSA-SCC), Pima County Associations of Government Clean Cities Coalition (PAG-CCC), la
Asociación de Profesionales en Seguridad y Ambiente (APSA), and Los Bomberos de Nogales (BN). In addition,
ADEQ has recruited private entities within the Tucson biodiesel community to provide expertise for capacity
building. In Mexico, the ADEQ Office of Border Environmental Protection has provided training to students at ITN
on waste vegetable oil characterization, biodiesel manufacturing, and finished fuel quality evaluation. An additional
$3,000 in laboratory equipment and supplies has been donated to the project by two Tucson companies- Turner
Laboratories and Alcoa Fastening Systems. Another $1,200 in materials was donated by the Friends of the Santa
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Cruz River – a local non-profit operating in Santa Cruz County, Arizona. “The Rio Rico Fire District is proud and
thrilled to be collaborating with so many partners who are working at making this project the success we are certain
it will be. I feel we are on the cusp of something very important to the Ambos Nogales region,” Chief Foster said.

Environmental Impact
On average, the Nogales, Sonora maquiladoras generate approximately 400 gallons of O&G per week.
This waste stream can generate about 1300 gallons of finished biodiesel a month for use in municipal diesel vehicles
and industrial diesel equipment. Assuming one gallon of petroleum diesel generates 22.26 lbs of CO2 emissions, a
biodiesel-rendering facility in Mexico could potentially offset 175 tons of CO2 emissions per year through the use of
biodiesel rendered from O&G feedstocks. The emissions savings potential does not reflect the positive impacts
which will be realized by protecting infrastructure and water quality resources from improper disposal. The project
may be sustained through the marketing and sale of products rendered from the residual glycerin generated by the
process such as bearing grease and glycerin soap.
As a capacity building project, a target to demonstrate achievement was made. The stakeholders are only
committed to generating 1000 gallons of biodiesel. Given the project’s initial success, ITN is scheduled to receive
an additional $50,000 from EPA to develop an industrial scale biodiesel rendering facility on its campus. The
additional EPA funding is to be released by the Border Environment Cooperation Commission (BECC) in late 2008
and ITN has donated a 1000 square foot area as in-kind support dedicated to this purpose. The successful
implementation of this project will provide a model for municipalities on both sides on how a waste and regulatory
problem can be turned into an economically viable industry with positive environmental benefits. The demonstrated
use of biodiesel rendered from a waste product can have national implications in offsetting greenhouse gas
emissions, improving air quality, contributing to energy independence, and protecting investments in wastewater
infrastructure.
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Figure 4: Maquiladora donations of used oil and grease in
five-gallon carboys for biodiesel production.

Figure 5: ITN tests in soap-making using residual glycerin
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