Policy Under Consideration

In 2002, Minnesota passed Statute 239.77, requiring that all diesel fuel sold in the state contain a minimum of 2% biodiesel.  The law applies to all biodiesel sold in Minnesota, except that used in certain mining equipment, rail transportation, and supplemental diesel generators for nuclear plants, thus affecting the two largest use categories for diesel in Minnesota:  highway transportation and electrical generation. This law came into effect in July of 2005.  

This paper/(section) examines the quantity of biodiesel required by this mandate, and future compliance until 2020.  It examines the feasibility of Minnesota producing biodiesel to supply those requirements.  It also examines the implications of increasing the minimum biodiesel content to 5% 10% and 20%.  This paper focuses on the economic and agricultural consequences of these proposals.

Background

Biodiesel potentially offers three appealing advantages over petroleum diesel.  First, biodiesel provides a substitute for fossil fuels, which decreasing energy dependence and reduces carbon dioxide emissions.  Second, it reduces toxic emissions from diesel engines.  And finally, it brings another sector into the state economy, enhancing economic development.

Biodiesel is a diesel substitute made from biologically derived oils.  Producers can make it from a wide variety of oils, including vegetable and animal fats, and waste grease.  Most Minnesota manufacturers produce biodiesel from soybean oil, a cheap and plentiful vegetable oil.  Biodiesel substitutes well for petroleum diesel, both in partial blends and even up to 100% pure biodiesel.  

In comparison to petroleum diesel, biodiesel provides several advantages.  Biodiesel has a high lubricity, improving engine efficiency even at low quantity blends.  Biodiesel contains very little sulfur, reliably meeting low sulfur diesel standards.  Since low sulfur diesel has low lubricity and sulfur in diesel results in undesirable pollutants while restricting the pollution control options available for diesel engines, these properties add significant potential value to even low quantity biodiesel blends.  Additionally, biodiesel produces significantly less harmful pollution that petroleum diesel.  Finally, biodiesel comes from local facilities, and feeds back into the local economy, unlike petroleum diesel.  

However, biodiesel faces several challenges in market competition with petroleum diesel.  Biodiesel contains slightly less energy per unit volume, approximately 10% less  than petroleum diesel.  Biodiesel gels at higher temperatures than petroleum diesel, potentially clogging engines in cold weather.  Biodiesel currently costs $$ more than petroleum diesel, though it is unclear how this will relate to future costs.  Feedstock availability also limits biodiesel production.  

Biodiesel blends result from a process spanning stages.  Biodiesel starts out from several potential sources including various oil crops and waste grease.  Farmers grow soybeans and oilseed crops.  Crushers extract the oil from the crops, producing soy meal and other products.  Alternatively, processors collect waste grease from restaurants and renderers, which they purify.  Biodiesel manufacturers purchase the oil and grease, combine them with an alcohol, typically methanol, and a catalyst, producing biodiesel and glycerin.  Manufacturers or distributors can purchase petroleum diesel and blend it with the biodiesel.  Distributors purchase biodiesel and biodiesel blends.  They then sell their products to retailers.  

Biodiesel forms a significant element of the Minnesota economy.  The National Biodiesel Board lists three biodiesel production facilities operating in Minnesota with a combined capacity of 63 million gallons.  Actual production may vary. Current production is 63 million gallons per year, primarily from soybean oil.  Several companies distribute biodiesel blends in Minnesota, mostly coops as well as a few petroleum distributors.    

Minnesota has experience with biodiesel.  Hennepin county has operated their snowplows on a 5% biodiesel blend for several years.  Brooklyn Park uses a 20% biodiesel blend in all their diesel engines year round.  Voyageurs National Park near International Falls Minnesota uses biodiesel blends to run their vehicles.  All of these have run smoothly, even in cold weather.  

But, at the start of the first winter under the new biodiesel mandate, problems with gelling appeared in the commercial shipping fleet.  The Department of Commerce suspended the mandate in December, pending further effort.  The culprit seems to have been excess glycerin in the biodiesel.  The Department of Commerce developed new quality control measures.  The biodiesel mandate was reinstated in February, but no further gelling problems were reported, despite colder temperatures.

Ethanol Comparison

To better understand biodiesel it is helpful to compare it ethanol, another biofuel in use in Minnesota.  It is helpful to understand the commonalities and differences of the two fuels.  Minnesota incentivizes both fuels, and they can compete for resources, so being aware of the differences and trade offs involved in the production of each helps in weighing these conflicts.

They share several traits.  Both are liquid energy sources manufactured from agricultural products.  They can both be made from multiple products, though each is usually made from one of the two crops that dominating the U.S. agricultural sector.  Both blend with petroleum products commonly used in the ground transportation market.  Additionally, Both produce less pollution than their petroleum counterparts.  Both biodegrade, presenting less danger of environmental toxicity from spills.  And finally, both come from processes that result in co-products of significant value.

But they are fundamentally two different chemicals, produced from two different processes.  They are made from different chemical inputs: ethanol comes from carbohydrates, while biodiesel comes from fats.  This also drives the crop selection for feedstock.  Corn produces large quantities of carbohydrates, making it suitable for ethanol production.  Soybeans produce larger quantities of oil, making them more suitable for biodiesel production.  The cost of the feedstock oil is the largest component of biodiesel costs, while for ethanol **********************

They also differ in their functional characteristics.  They blend with different fuels and operate in different engines:  ethanol blends with gasoline, and biodiesel will not work in gasoline engines.  Unlike existing diesel engines which operate well on biodiesel any level of blending, including pure biodiesel, ethanol requires special engine consideration for higher level blends, particularly pure ethanol.  

State Policies on Biodiesel

Only Minnesota currently mandates minimum biodiesel blends, however, several other states, including all of Minnesota's neighboring states, support biodiesel through various policies.  Additionally, Washington state recently passed legislation establishing a biodiesel minimum content starting in 2008 *cite*.  But states have employed many other support mechanisms and incentives for biodiesel.  

Several themes emerge from the variety of support policies.  While the following list does not exhaustively detail every biodiesel support, in every state, it does cover common support mechanisms in surrounding states.  Several states require agencies to give preference to biodiesel in their purchasing; some expand on this by establishing a price differential below which agencies must purchase the blended fuel.  Another set of states provides grants or low interest, subsidized, or forgivable loans for the construction or expansion of processing facilities.  Several states subsidize the purchase or production of biodiesel.  The federal government also subsidizes production.  The table below summarizes these supports, and a more complete listing can be found in Appendix XX.

Carbon Dioxide Reduction Potential

condense section, first two paragraphs.  Examine in relationship to policy

Ignoring practical supply limits, biodiesel has great potential for reducing carbon dioxide emissions.  Most of the carbon in biodiesel comes from plants which extract the carbon from atmospheric carbon dioxide as they grow.  This stands in contrast to petroleum diesel, which contains carbon that has not been present in the atmosphere for thousands of years.  Thus, biodiesel's tailpipe carbon dioxide emissions recycle through the atmosphere, avoiding the ongoing shifting of carbon from subterranean storage into the atmosphere.  

A full accounting of biodiesel production impacts entails examining other carbon dioxide emissions.  Farming the oil crops, crushing the output for oil, transforming the oil to biodiesel and transportation in all stages of this process require energy.  Ignoring supply constraints and costs, all of this could be obtained from renewable sources.  Potentially, biodiesel could eliminate the pumping of new carbon dioxide into the atmosphere ; but at present we use fossil fuels, particularly petroleum products, to produce it.  

The National Renewable Energy Laboratory conducted a life cycle accounting, comparing the environmental effects of biodiesel and petroleum diesel burned in a bus.  They assumed industry standard production practices for biodiesel, based in soy oil and fossil fuel methanol inputs.  The life cycle analysis showed that a gallon of biodiesel releases approximately 22% of the new carbon dioxide into the atmosphere that a gallon of petroleum diesel does.  The largest contributors to the new atmospheric carbon released in the life cycle split fairly evenly between methanol contained in the fuel, natural gas for steam and process heat and in the biodiesel conversion process, electricity for crushing soybeans, and petroleum product use in soybean agriculture. 

Biodiesel Capacity for Minnesota

The biodiesel production process combines two major inputs.  Vegetable oil is the larger component, about 87% of the material inputs by mass(?), while simple alcohols make up approximately 12% of the remaining inputs.  In typical production facilities, producers use soy oil for the vegetable oil as it is the cheapest suitable feedstock available in sufficient quantities to meet demand.  For the alcohol input, producers most commonly use methanol, derived from fossil fuels, because methanol costs less and reacts more efficiently than other alcohols. 

Minnesota currently operates three biodiesel production plants with a combined total of 63 million gallons annual production capacity.  7.3 pounds of soy oil go into the production of a gallon of biodiesel.  Assuming that these facilities run at full production potential, they would consume the oil from approximately 15% of Minnesota's average annual soybean crop from 1995-2005.  The National Biodiesel Board lists an additional, small scale (150,000 gallons, annual production capacity) project for Minnesota currently under construction, but no other plants are listed as under construction or in pre-construction.

Soybean oil is the cheapest edible oil available in large quantities because of its co-product, soybean meal.  Crushing soybeans produces soybean meal, a high quality livestock feed, heavily used in the United States, and soybean oil.  This process extracts about 18% of the weight of the soybean as oil and 79% as soybean meal ** (ref).  It is the valuable soy meal that drives the heavy production of soybeans, and makes soybean oil the cheapest, plentiful oil in domestic markets.  relevance

While several other crops produce somewhat greater quantities of oil per acre than soy, the common Minnesota oil crops that do produce more, produce at most 25% more.  Furthermore, they lack lack the valuable co-product that makes soybean such a desirable crop to produce.  Rapeseed, of which canola is an edible variety, sunflower seeds, and mustard seed all produce larger quantities of oil per acre.  Additionally, inedible strains of rapeseed and mustard have a natural pesticide effect, requiring less input to their own growth while protecting future crops grown in the same soil.  Furthermore, researchers are studying the potential for using the oil-crushing co-products from these plants as organic pesticides.  These crops could provide for an alternative source of oil.  Additionally, can grow some oilseeds in winter or spring production seasons.  But these practices have not yet taken hold, likely due to a lack of profitability.

In the short term, biodiesel production facilities limit Minnesota's potential supply of biodiesel.  But in the longer term, agricultural oil production limits Minnesota's production capacity.  Assuming that production practices remain the same, producing more than 150 million gallons of biodiesel will consume more than a third of Minnesota's current soybean oil production(?).  

Diesel and Biodiesel Consumption

Historically, diesel consumption in Minnesota has changed dramatically from year to year, but tended to increase.  Based on data from the Energy Information Association (EIA), over the past two decades, diesel demand grew at an average rate of 1.42% with growth rates ranging from 7.26% to drops of 7.86%.  For eight of those twenty years, there were declines in petroleum diesel consumption.  The standard deviation for the growth rate over that span was 4.02%.  This means that irregular changes in biodiesel consumption have a far more dramatic effect on a year to year basis than long term growth.  However, consumption is growing.  For modeling purposes, we assume that the current average growth rate will continue into the future with a high rate of consumption variability.  Thus, we predict a range of consumption based on steady growth of 1.42% across a range of plus or minus 5%. 

Under these assumptions, Minnesota's consumption of diesel will grow to somewhere between 1.22 billion gallons and 1.34 billion gallons in 2020, requiring somewhere between 24 million and 27 million gallons of biodiesel at the two percent mandate.  (examine for 5%, 10%) This falls within current production capabilities and leaves room for significant expansion of the mandate, since current facility capacity exceeds this predicted demand by a factor of more than 2.  However, complete replacement of diesel with biodiesel seems outside the reach of what is currently possible.

Difference in production capacity and mandated consumption...

Emissions

Biodiesel provides major advantages over the 

Economic Development

There are several arguments from an economic perspective for the production and consumption of biodiesel.  Biodiesel keeps money, jobs, and economic activity in the state.  Biodiesel increases the availability of diesel, and buffers against shocks in the petroleum diesel market.  Biodiesel also ameliorates Minnesota's persistent price disadvantages to diesel consumers and soybean producers.  

Economic Information

 i. expense of bio-oil production

 A. need for price support to maintain current viability

 ii. co-products

 A. from oil sources

· soy meal

· primarily animal feed

 B. from oil to biodiesel conversion

· glycerine

· small market – small value, probably flood, 

Environmental benefits 

 iii. Less toxic

 A. emissions

· PM

· largest category of benefits, major health consequences

· less relevant at 2% level, mor relevant as quantity increases

· CO

· HC

· Minor increase in NOx, but overall smog formation reduction

· Aldehyde?

· Quantify total differences

· price for supply curve?

· Most relevant in areas with high population density

 B. spillage

· biodegradable

· scope of problem

 C. CO2

Stakeholders

 iv. farmers

 A. increased market for products

 B. potential for new plant options

 v. truckers

 A. need to guarantee quality/reliability

 B. concerns about engine performance/compatibility

 vi. producers

 vii. distributors/retailers

 A. compatibility with infrastructure

· minor changes

 viii. air quality consumers

 A. small gains, increase with more biodiesel in blends

Administrative Issues

 ix. advantage of feedstock neutrality

 x. Production ramp up time & Quality Controls

 xi. Tax breaks v grants v mandates

 A. tax breaks 

· benefit companies with higher taxes

· larger more profitable entities over smaller scale

· detracts from revenue

 B. grants 

· useful for startup stages – startup capital

· expensive for government

 C. Mandates 

· guarantee market, 

· simpler administration

· market making decision of how – deciding winners and losers

Policy Options

 xii. seasonal variation in requirements

 A. response to gelling

 B. May also help with critical air quality periods

· worse air quality in summer

 xiii. higher blends in urban areas

 A. greater benefits from air quality

Future Ideas

 xiv. algal oil

 A. What it is

· high oil algaes

· Fed high levels of nutrients & CO2 

· produce large volumes of non-edible oil

· currently very expensive

· special organisms

· open pools

 B. Why it's so cool

· high volume production

· potential emissions cleaning for fossil fuel plants (MIT)

 xv. saprophytic oil (New NREL next-big-idea in biodiesel)

 A. what it is

· high oil content molds/fungus/etc

· Kept in tank

· Fed plant waste products

· produce large volumes of non-edible oil as cell mass

· special organisms

· comparable in many ways to cellulosic ethanol

· Why it's so cool

· natural evolution from earlier design and complications

· outsources the photosynthesis

· reduces land and exposure requirements dramatically

· allows diverse crops, opening up geographic market

· not suitable for emissions scrubbing.

