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What is Biodiesel

Biodiesel is a domestically
produced, renewable fuel that can ¥ -
be manufactured from vegetable (
olls, animal fats, or recycled
restaurant greases.

Biodiesel is safe, biodegradable,
and reduces serious air pollutants
such as particulates, carbon
monoxide, hydrocarbons, and air
toxins.

Straight, or blended with petroleum
diesel, biodiesel can be used in
unmodified diesel engines.




What I1s Biodiesel

Biodiesel (Methyl Esters) is all natural, renewable, and dissolves
In water faster than sugar.

It is 11% oxygen by weight and contains no sulfur.

It takes the black smoke from the back of a vehicle and makes
the exhaust smell faintly of Popcorn!

Biodiesel lowers toxic emissions and Particulate Matter

B20 has roughly 1.8% lower BTU content and offers similar range
and power.

dB_iodi?sel IS safe to store, and has a higher flash point than petro
iese

Biodiesel has greater Cetane (50-56) and Lubricity than diesel
fuel

In fact, 1% biodiesel increases lubricity by up to 30%

Biodiesel is generally delivered blended with diesel fuel at an
80%(diesel) 20% (biodiesel) blend.




History

In 1898, when Rudolph Diesel first demonstrated his
compression ignition engine at the World's Exhibition in
Paris, he used peanut oil - the original biodiesel. Diesel
believed biomass fuel to be viable alternative to the
resource consuming steam engine. Vegetable oils were
used in diesel engines until the 1920's when an alteration
was made to the engine, enabling it to use a residue of
petroleum - what is now known as diesel #2.

Transesterification of vegetable oils has been in use
since the mid-1800's. More than likely, it was originally
used to distill out the glycerin used for making soap. The
"by-products” of this process are methyl and ethyl esters.
Biodiesel is composed of these esters.

Although the diesel engine gained worldwide
acceptance, biodiesel did not. With superior price,
availability, and government subsidies, petroleum diesel
quickly became the fuel of choice for the diesel engine.




Chemically, biodiesel molecules are mono-alkyl este
produced usually from triglyceride esters

Vegetable QOil Biodiesel

L Fatty Acid
B Alcohol
1 Glycerin
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How do you make It?

CHis & Fots
k-

Methanol feedslock) Catalyst

\Virgin vegetable oil or waste oil is filtered and

then heated to remove water. Prefeatnent
. . . . IMI

*Top portion of oil is decanted into processor

«Catalyst (Ilye) and Methanol are added

Transesteicafion

The mixture is stirred and then allowed to

settle
Fuiificalion

*Biodiesel is drawn off of the top and glycerin is
removed from the bottom

The Methanol is reclaimed

Miathy! Glycerin
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Economics

The stocks of fossil fuels are inherently finite, by 2059 all viable
oil stocks will be gone (Harper, 2000)

Potential biodiesel feedstocks produced in the United States
Include soybeans, canola, peanut, corn, and cottonseed and
animal fats such as tallow, yellow grease, and lard.

The two major oil crops, soybeans and corn, are grown mostly in
the north-central region of the Nation. Texas, California, and
Mississippi are the largest cottonseed producers.

The biggest peanut States are Georgia, Texas, and Alabama,
while most sunflower seeds are grown in the Dakotas.

Tallow and lard are products of slaughter facilities, which are
concentrated in the midsection of the United States.

Yellow grease, primarily recycled cooking grease, can be
found nationwide.







Economics - Global Players

Brazil — Desire to be net exporter of
petroleum

India — Desire to be self dependent

If the feedstock for most biodiesel is derived from eatable
ollseed crops, what is the impact on global markets?
Which markets? Energy, raw materials, food?

Are these stable markets? (Brazil ethanol of the 80’s)

What is the best use for the current US corn surplus?
Biofuels? Food? Domestic or Global markets?




Environmental Impact

Climate change, smog, air pollution,
habitat destruction for extraction,

Air pollution diesel - 2% emit 40% of
emissions

Oll spills and habitat destruction

Is petroleum best utilized by burning it?
Are biofuels?

Is there an optimal technology for
transportation? Electric? Hydrogen?




BIODIESEL: ENVIRONMENT and EMISSIONS

Emissions(compared with diesel)
Carbon Monoxide

Hydrocarbons

Particulates

Nitrus Oxides

Air Toxics

Cancer Risk

Mutagenicity

m Only fuel to pass EPA Clean Air Act

Biodiesel contains no sulfur




Carbon Cycle and Greenhouse
Gases
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Based on this analysis, we could reasonably conclude that total toxics
are reduced when biodiesel is added to conventional diesel fuel.




Political Issues
National Policies

In 1993 the EPA mandated that the
sulfur content of on-highway diesel fuel
be lowered from 5000 ppm to 500 ppm.

Recent EPA regulations will further lower
sulfur content to 15 ppm.

Minnesota Mandate - State-wide
mandate requires 2% biodiesel in all
diesel fuel sold for IC engines (except
locomotives, mining and a few other
exceptions). Effective Oct 29, 2005

What happened?




U.S. Biodiesel Development: New Markets Economic Research Service/lUSDA

The development of diesel fuels made from fats and oils derived from crop and animal products could create new
markets for U.S. farmers and help reduce harmful emissions from diesel engines, but high production costs
and competing uses for feed stocks will likely prevent mass adoption of such biodiesel fuels.

The annual U.S. supply of fats and oils averages about 3.7 billion gallons. If used for biodiesel feedstock, this
would amount to about 13 percent of the 28 billion gallons of diesel fuel used in the United States each year.
In 1998, the U.S. biodiesel industry had an annual capacity of about 60 million gallons. Biodiesel and biodiesel
blends could mitigate some of the environmental effects of diesel fuel use. Biodiesel producers have to
compete with other buyers of fats and oils in agricultural commodity markets. Oil crops and animal fats are
produced mainly for domestic livestock feed (meal from oilseed crops and grain from corn), food products,
Industrial purposes, and for export.

Prices of vegetable oils and animal fats are greater than the market price of diesel fuel. Soybean oil commands
$1.50 per gallon more than No. 2 diesel; lard, tallow, and yellow grease cost less than vegetable oils, but they
are still priced above diesel fuel. The total cost of converting soybean oil to biodiesel would be about $2.52
per gallon. A less expensive feedstock such as yellow grease would cost about $1.39 per gallon of biodiesel,
still about 82 cents higher than the wholesale price of petroleum diesel.

Potential biodiesel feed stocks produced in the United States include soybeans, canola, peanut, corn, and
cottonseed and animal fats such as tallow, yellow grease, and lard. The two major oil crops, soybeans and
corn, are grown mostly in the north-central region of the Nation. Texas, California, and Mississippi are the
largest cottonseed producers. The biggest peanut States are Georgia, Texas, and Alabama, while most
sunflower seeds are grown in the Dakotas. Tallow and lard are products of slaughter facilities, which are
]goncgntrated ir(lj the midsection of the United States. Yellow grease, primarily recycled cooking grease, can be
ound nationwide.




U.S. Biodiesel Development: New Markets Economic Research Service/lUSDA

Higher priced niche markets could develop for biodiesel and biodiesel blends as a result of the Clean Air Act
Amendments of 1990 and the energy-security provisions of the Energy Policy Act of 1992. Some consumers
might voluntarily pay premium prices for biodiesel.s demonstrated environmental benefits.improved
biodegradability, reduced carbon monoxide and sulfur oxide emissions, reduced odor, reduced particulate
emissions, less soot, and safer handling than petroleum diesel.

Biodiesel.s performance versus petroleum (No. 2) diesel as a fuel in diesel engines varies with the feedstocks
used: . Biodiesel (especially those made from highly saturated feedstocks) may cause cold-weather engine
problems; . Biodiesels. engine ignition delay is generally shorter than No. 2 diesel; . Biodiesels often emit
higher levels of nitrous oxide, a regulated emission; . Biodiesels are flammable at higher temperatures than
No. 2 diesel; . Fuel oxidation, which happens more quickly with biodiesels, decreases storage life; and
Biodiesel offers improved engine lubrication to reduce engine wear.

Genetic modification of the fatty acid composition of oilseeds has become standard research, especially as
intended for edible products. Biotechnology can also modi so?/bean and other vegetable oll Plants to
become better feedstocks for biodiesel. Plant breeding and molecular genetics may alter the fatty acid
composition of methyl esters to reduce some of the problems associated with biodiesel.

Genetic engineering of feedstocks may improve biodiesel.s fuel properties to a level equal to or even surpassing
petroleum diesel fuels. For example, soybean germplasm with gene combinations can enable a higher degree
of saturation to improve oxidative stability, ignition quality, and NOx emissions. In addition, manipulating other
genes can improve the cold-flow properties of biodiesel. Biodiesel producers are concentrating their marketing
efforts on blends, such as a 20-percent biodiesel with petroleum, because they are much cheaper than pure
biodiesel and can still significantly reduce some air emissions relative to petroleum diesel. In the past few
years, biodiesel and biodiesel blends have been sold mainly for demonstration and testing purposes. A
substantial market has not yet emerged. Research activities need to be directed toward cost reduction, quality
control, and decreased biodiesel NOx emissions. And the effect on the agricultural sector from increasing the
demand for agricultural oils as fuel feedstocks should be fully investigated. For example, how much biodiesel
would have to be produced to significantly increase soybean prices, raise farm income, and spur rural
economic growth?




Political Issues
Reqgional Policies

November 21, 2005

Pataki mandates biodiesel use for state buildings

By 2012, at least 5 percent of the fuel used to heat state buildings must be
biodiesel, Gov. George Pataki has decreed.

Pataki said he has issued an executive order that also directs state
agencies to maximize the use of vehicles that burn biofuels. The order
lays down a schedule of a minimum of 2 percent use of biofuels in the
state's motor fleet by 2007 rising to at least 10 percent in 2012.

Pataki said the development of home-grown biofuel products will help the
state lessen its dependence on foreign oil as well as being a boon to
farmers.

Incentives will be made available through the state Energy Research and
Development Authority to companies willing to create bio-refineries in the
state.

State Agriculture Commissioner Nathan Rudgers estimates that there
are as many as 2 million acres of "underutilized" farmland in the state
that could sustain the crops needed to sustain biofuel refineries.




Energy Consumption in Brazll




Brazilian Production vs
Consumption













Brazilian President Luiz Inacio Lula da Silva rolls out GM’s firsl
flex fuel car that runs on gasoline, alcohol and/or natural gas.




Brazil’s TVA Project?

"The 21st century must be Brazil's century," affirmed President
Luiz Inacio Lula da Silva, at the ceremony to install the new board
of directors of the Fiesp (Federation of Industries of the State of
Sé&o Paulo). The President defended the implantation of the
Biodiesel Program as an instrument to promote social inclusion.
"This program, to my mind, follows the same development model
as (the American) President Roosevelt's in the Tennessee Valley.
This program will be experimental and, uppermost, a matter of
priority for the parts of Brazil's regions that had no chances to
develop in these five centuries, above all the semi-arid Northeast
and the Jequitinhonha Valley.”

"We shall begin in this region with biodiesel from castor beans. In
another region, with biodiesel from dendé palms, and, who
knows, when we have the entire market consuming biodiesel, we
might include soybeans so that we can become the world's
biggest producer of biodiesel and can clean up the planet Earth,"
he affirmed




Diesel Fuel — Cold Weather Properties

At low temperatures, diesel fuel (especially #2) can gel or crystallize and
cause the engine to stop. A large amount of research has been done to
estimate the lowest temperature at which a given fuel can be used. At
least four different techniques are in common use:

Cloud Point — (ASTM D2500) is the temperature at which a cloud of wax
crystals first appears in a fuel sample that is cooled. B100 has a cloud point
of 32 deg. F (#2 diesel is 4 deg. F)

Pour Point — (ASTM D97) is the lowest temperature at which movement of
the fuel sample can be determined when the sample container is tilted B100
has a pour point of 25 deg. F (#2 diesel is -30 deg. F)

Low Temperature Flow Test (LTFT) - (ASTM D4539) is designed to
evaluate whether a fuel can be expected to pass through an engine fuel
filtration system (at 17 microns)

Cold Filter Plugging Point (CFPP) — (ASTM D 6371-99) is designed to
evaluate whether a fuel can be expected to pass through an engine fuel
filtdration )system (at 45 microns) B100 has a cold CFPP 22 deg. F (#2 diesel is
1 deg. F










McKinsey - Betting on Biofuels

Can biofuels deliver?

Cost and availability of feedstock
50 — 80% of cost

Government regulation

Subsidies, import tariffs, grants, tax credits
mandates

Conversion technologies
Reduce production costs




Modeling Supply and Demand

Assumptions

*NoO
deforestation

Cellulosic tech
and high-
density
ranching

*Food and feed
demands met
first




Biofuels: Promise or Perill

The bhiofuel solution threatens both the
environment and the world’s poor.

But, the evidence suggests that biofuels could
be one valuable source of renewable energy.

If biofuel policies were to protect environment,
farmers and workers — rosy

If big corporations and free market — warp into
social and environmental nightmare




How Biofuels Can Starve the Poor

The ethanol industry is artificially buoyed by government
subsidies, minimum production levels, and tax credits.

One root of the problem is that the biofuel industry has long been
dominated not by market forces but by politics and the interests of
a few large companies.

Millennium Development Goals — halve the proportion of the
world’s chronically underfed however biofuels are likely to
exacerbate world hunger.
Net Energy Return — “Green” benefits are modest

Biodiesel - 1.93 to 3.21

Ethanol -1.25t01.35

Petrol diesel - .83

Gasoline -.81




Did we discuss these questions?

How do biofuels economically compare to the fuel/oil we use currently?

If Global Warming is real and each one of us in some ways contributes to
the problem through our actions or inactions, in what ways are
you contributing to the problem?

How are you currently acting to reduce your carbon footprint?
What are the easiest changes to make?
What changes are more difficult?
Where does the energy you use each day come from?
Electricity, fuel, heat, hot water?
What choices do you have in choosing how this energy is generated?
Are there currently renewable options?
Are these economically feasible?
Are there major hurdles that need to be solved before we can integrate

more renewable energy into the current distribution systems? Wind,
solar, hydro, biomass?

How can an individual effect change?




s Biodiesel a Solution?

To what?







2009 Clean Diesel Choices

Honda Readies Accord 2.2L for US launch

The I-CTDi scores a 30 percent fuel
economy performance over the gasoline
version, with 39 city and 63 highway mpg.

Honda has vowed to include four-cylinder
diesel in its US lineup by 2009, followed by
a V-6 soon thereatfter.

The public interest in diesels only
continues to rise. According to a recent
study by financial services and investment
firm UBS, diesel vehicles will out strip
hybrid electric models - 1.5 million units to
1.2 million units in projected annual sales
by 2012.




VW Continues to offer Diesels

Volkswagen's new TDI diesel will arrive in North
American showrooms in the summer of 2008 — under
the hoods of the Jetta and Jetta SportWagen.

The four-cylinder is VW's cleanest diesel ever —
without sacrificing power or fuel economy. The 16-
valve 2.0-liter generates 140 horsepower and 235
pound-feet of torque.

Fuel economy is expected to come in at over 30 MPG
in the city and over 40 MPG on the highway.

The new Jetta and Jetta SportWagen diesels will go on
sale as 2009 models, approved for all 50 US states.

The yet-to-be-released Tiguan SUV will likely get the
diesel a year later.

VW will make much of the CO2 reduction qualities of its
diesel fleet, which they say emit 40 percent less carbon
than the gasoline equivalents.

Every model Volkswagen sold in the U.S. through
January 2008 will come with a one-year carbon offset
offer provided by VW through the Carbonfund.org
program.




The BMW Group has announced that it will
launch diesel-engine vehicles in the US in
2008.

In its announcement, BMW noted that offering
diesels in the US is a long-term oriented
sustainable commitment. The company says it
has developed an enhanced concept for
reducing NOx emissions to meet 50-state
requirements (EPA Tier 2 Bin 5).




Biodiesel Production Process







Modeled with different plant sizes and different feedstock, the table

below, for Waste Vegetable QOil, shows a profit range of 26% to 53%.

Plant Capacity Annual
Biodiesel ( 1,000 gals) 500 1,000 3,000 5,000 15,000
Glycerin (1,000 Ibs) 602 1,205 3,615 6,024 18,073

Capital Costs
Plant ($1,000) $ 950 $ 1,300 $ 3,400 $ 5000 $ 9,600
Cost/Gal Biodiesel $ 190 $ 1.30 $ 1.13 % 1.00 $ 0.64

Modeled with different plant sizes and different feedstock, the table below, for Waste
Vegetable Oil, shows a profit range of 26% to 53%.

Income ( Plant -1,000 gals) 500 1,000 3,000 5,000 15,000 Per Gal
Biodiesel 700 1,400 4,200 7,000 21,000 1.40
Glycerine 110 220 660 1,100 3,300 0.22

810 1,620 4,860 8,100 24,300 1.62

@ B B
@ B BH

Total Revenue
Feedstock
Waste Veg Oil
Yellow Grease
Virgin Oil
Labor
Variable Cost
Fixed Cost
Plant Depreciation (5 yr)
Total Cost

250
580
1,100
25

25

45
285
630

500
1,160
2,200

50
50
90

390

1,080

1,500
3,480
6,600
150
150
270
1,020
3,090

2,500 7,500 0.50
5,800 17,400 1.16
11,000 33,000 2.20
250 750 0.05
250 750 0.05
450 1,350 0.09
1,500 2,880
4,950 13,230 0.69

PP PP D DB
R A A ]

Profit/Loss
Waste Veg Oil
Yellow Grease
Virgin Oil

180
135
(385)

540 1,770 $ 3,150 11,070 $ 0.93
650 1,950 $ 3,250 9,750 $ 0.65
(770) $ (2,310) $ (3,850) (11,550) $ (0.77)

* BB LR R R *® BB

$
$
$
$
$
$
$
$
$
$
$
$
$
$

Profit Percent of Revenue 26% 39% 42% 45% 53%




Federal Biodiesel Tax Credit

Signed into law as part of the American JOBS Creation Act of 2004 (H.R. 4520) by President
Bush in October, 2004.

Effective January 1, 2005, the Act allows credits related to biodiesel fuel.
For agri-biodiesel, the credit or payment amount is $1.00 per gallon.
“Agri-biodiesel’-derived solely from virgin oils and animal fats

For biodiesel other than agri-biodiesel (second use), the credit or payment amount is $0.50
per gallon.

Under the Code’s coordination rules, a claim maybe taken only once with respect to any
particular gallon of alcohol or biodiesel.

The incentive is taken at the blender level, meaning petroleum distributors, and passed on to
the consumer.

The tax credits were originally authorized for two years (through the end of 2006); Energy Bill
extended credits through 2008




