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NOTICE

This report was prepared by LECG, LLC and MARC-IV in the course of performing work
contracted for and sponsored by the New York State Energy Research and
Development Authority and the New York State Department of Agriculture and Markets
(hereafter the "Sponsors"). The opinions expressed in this report do not necessarily
reflect those of the Sponsors or the State of New York, and reference to any specific
product, service, process, or method does not constitute an implied or expressed
recommendation or endorsement of it. Further, the Sponsors and the State of New York
make no warranties or representations, expressed or implied, as to the fithess for
particular purpose or merchantability of any product, apparatus, or service, or the
usefulness, completeness, or accuracy of any processes, methods, or other information
contained, described, disclosed, or referred to in this report. The Sponsors, the State of
New York, and the contractor make no representation that the use of any product,
apparatus, process, method, or other information will not infringe privately owned rights
and will assume no liability for any loss, injury, or damage resulting from, or occurring in
connection with, the use of information contained, described, disclosed, or referred to in
this report.
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Preface

The New York State Energy Research and Development Authority (NYSERDA) is
pleased to publish “A Statewide Feasibility Study for a Potential New York State
Biodiesel Industry.” The report was prepared by LECG, LLC, with technical assistance
from MARC-IV, IBFG, and Advanced Fuel Solutions, and cofunding support from the
New York State Department of Agriculture and Markets. This report primarily considers
the cost implications associated with various statewide policy options, and is not
intended to recommend specific policies, address environmental impacts or provide site-
specific or detailed feedstock assessments. Available information regarding one
important feedstock, yellow grease, is quite sparse. We recognize that the federal
energy bill currently pending could have a significant impact on the conclusions of this
report, and that as of printing time, the likelihood of the bill’s passing is uncertain, as are
specific details regarding any potential national biodiesel incentives or programs that
may comprise final federal energy legislation. Nevertheless, it is our hope that the report
will be useful as New York discusses and develops its own biodiesel policy.
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EXECUTIVE SUMMARY

The market for diesel fuel in New York is substantial. Total distillate fuel use in New
York is estimated at 3.2 billion gallons in 2002 and is projected to increase at an annual
rate of about 1.2 percent over the next decade. A B2 mandate covering all end uses
would create a market of 64.1 million gallons that would increase to 73.7 million gallons
by 2012. A more limited mandate covering on-highway diesel uses beginning in 2007
and expanding to include residential, commercial, industrial, and utility uses in 2009
would create a market of 23.3 million gallons in 2007 increasing to 70.6 million gallons
by 2012.

+ New York can supply some but not all of the feedstock requirements for a
statewide biodiesel industry.

The maximum capacity of New York to produce biodiesel is currently estimated at
about 30 million gallons. This is projected to increase to 40 million gallons by 2012.
This assumes that all of the soybeans grown in New York are crushed using current
technology (mechanical extraction that yields 7.8 pounds of oil per bushel) and all of
the oil produced along with all of the yellow fat produced in the State is used to
produce biodiesel. Consequently, New York could theoretically meet all of the
demand for a B2 mandate covering on-highway transportation fuel by 2007 and
about half the demand created by a full B2 mandate by 2012.

+ New York agriculture would be a major beneficiary of a biodiesel industry.

Soybeans are the major oilseed currently produced in New York. While oilseed
crops have never been grown extensively in New York State, the area devoted to
soybeans has increased significantly over the past 20 years. Soybean acreage
increased to 40,000 acres in the 1990-1991 growing seasons, 100,000 acres in
1997-1998, and about 150,000 acres in 2001-2002. In 2003, New York growers
produced 5.3 million bushels of soybeans on about 144,000 acres.

Commercial farmers have successfully produced other oilseeds — notably winter
canola and sunflowers -- on limited acreage in New York in the 1980s and 1990s.
We believe that both of these oilseed crops could be successfully produced in New
York if there were lucrative markets. However, New York has limited capacity to
process these crops and they would divert acreage that otherwise would be planted
to soybeans.

LECG, LLC 1 May 5, 2004
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The major field crops produced in New York are hay, corn, winter wheat, and
soybeans. Taken together these crops were planted to nearly 2.9 million acres in
2003. Over the past 25 years the number of acres planted to these crops has
declined nearly 27 percent. Most of this land was lost to development, however
some acreage shifted to higher value crops such as fruit and vegetables, or was
taken out of production.

The demand for vegetable oil to produce biodiesel is significant enough to provide an
incentive for New York farmers to shift acreage from other crops to soybeans, and
bring idled land back into production. In the absence of a national energy program or
New York State biodiesel policy we expect that New York soybean acreage will
continue to expand reaching 188,000 acres by 2007 with additional land coming from
idled acreage and modest shifts from hay, corn, wheat, and vegetables.

The additional demand for soybean oil to supply a New York biodiesel industry under
a combined B2 mandate and supply incentive policy is expected to increase soybean
acreage by an additional 99,000 acres to a total of 287,000 acres by 2012.
Approximately 26,000 acres are expected to come from hay, 20,000 from corn,
10,000 from wheat, and the remaining 43,000 from idled land and other crops.
These acreage shifts can accommodate the production of an additional 11.2 million
bushels of soybeans between 2007 and 2012 without jeopardizing the amount of hay
or corn silage needed to supply New York’s declining dairy herds.

Although acreage shifts from hay and corn will lead to a decline in cash receipts of
$38.9 million for these crops between 2007 and 2012, additional soybean revenues
of $85.5 million will result in a net gain of $46.2 million for New York farmers over the
same period, or $6.6 million per year. Since the acreage shifts are relatively modest;
little or no additional equipment or services should be required; and since both
soybeans and alfalfa fit into existing crop rotations with corn, most of the increase in
cash receipts should fall to the farmer’s bottom line and increase net cash income.

A New York Biodiesel industry would require distributors to make investments
in infrastructure that would create economic benefits.

The key to implementation is using biodiesel blends in existing petroleum tanks and
infrastructure. This is accomplished by blending biodiesel as far upstream as
possible, i.e. petroleum terminals. Therefore, efficient implementation of a B2
incentive or policy would necessitate participation from terminal owners throughout
the State, not necessarily the fuel dealers. Each of the 85 active deep-water storage
terminals would need to determine which infrastructure upgrades their respective
terminal would require. These include, but are not limited to; splash blending, preset
rack blending, wild stream rack blending, and header supply wild stream blending.
The cost associated with this investment is estimated at approximately $64 million.

LECG, LLC 2 May 5, 2004
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R/
0.0

A New York B2 incentive or policy should be phased in over time and should
be linked to biodiesel capacity in New York.

A mandate that would require that diesel use for one or more end use segments
contain a certain percentage of biodiesel (e.g. two percent, or B2) should be phased
in to allow adequate time for the necessary capital investment for production and
infrastructure to be made and should be tied to New York biodiesel capacity. For
example, a mandate would not become effective until at least 10 MGY of biodiesel
capacity is in place. Consider that it takes about 18 months from decision to
production for a new biodiesel plant. This means that legislation passed in 2004 that
becomes effective in April 2005 would result in the first gallon of biodiesel delivered
in late 2006 or early 2007. Therefore, a reasonable B2 mandate for on-highway use
could take effect in 2007 and be expanded to residential home heating oil and other
uses in 2009.

A B2 policy or other policy incentive will attract investment, expand the State
economy, generate additional income for New Yorkers, and will create new
jobs. Each policy option has different revenue impacts for the State Treasury
and costs and benefits to consumers.

A mandate, supply incentive, and demand incentive each are expected to attract
direct investment to New York State. The investment will consist of capital
expenditures to increase soybean crush capacity and build new crush capacity, build
new biodiesel production capacity, and improve distribution infrastructure for each of
the terminals in the State. These capital expenditures, along with the annual
operating expenses associated with producing biodiesel, represent the purchase of
output from other industries. These dollars will be spent and re-spent throughout all
sectors of the New York economy thereby creating additional new demand and
output, creating new jobs in all sectors of the economy, and generating additional
income for New York households. The individual policy options are described below
and are summarized in Tables 1 and 2.

e Stand alone mandate (Policy Option 1)

A mandate that would require highway distillate to contain at least two percent
biodiesel by 2007 and all other end uses by 2009 would affect 1.2 billion gallons
of distillate use in 2007, increasing to 3.7 billion gallons by 2012. The mandate
would result in a market for biodiesel in New York of 23.3 million gallons in 2007,
increasing to 73.7 million gallons by 2012. The mandate should be linked to
production capacity. That is, the mandate would not take effect until at least 10
million gallons of biodiesel capacity was built in New York State.

A mandate is expected to stimulate investment in 30 million gallons of biodiesel
capacity that would come on line in 2007 and 2008 and would provide a market-
based incentive for New York farmers to increase acres planted and production
of soybeans. The biodiesel would be produced from a blend of feedstocks
comprising 70 percent yellow grease and 30 percent soybean oil. New York has
adequate supplies of both feedstocks to meet this level of demand. In addition, a
mandate would require fuel distributors to expand and improve terminal facilities
to store and handle biodiesel and biodiesel blends required to meet the level of
demand created by the mandate. The cost to expand and improve terminal
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facilities to accommodate a mandate is estimated at $64 million for New York’s
85 terminals.

A mandate would increase biodiesel demand but would have relatively little net
revenue impact for New York State. The primary cost would involve the
increased cost associated with using a B2 blend in State fleets. This is estimated
at $622,000 over the 2007-2012 period without the tax incentives provided in the
Energy Bill now in Congress. If the Energy Bill and associated tax provisions is
passed, the net cost of the mandate to the State Treasury would be less than
$25,000.

However, a mandate shifts the costs associated with using a more expensive fuel
blend from the State to individual businesses and consumers. Without an
Energy Bill, the total cost to businesses and consumers is estimated at $219.2
million between 2007 and 2012. The cost to highway users would amount to
$102.6 million; the cost to residential home heating oil consumers would amount
to $76.1 million. The cost to business and industry is estimated at $40.5 million
over this same period. If the Energy Bill passes into law, total costs would fall to
$5.1 million of which highway users would pay $3.2 million; residential
consumers would pay $1.3 million; and businesses would pay $656,000.

The reason for the large disparity in costs between the Energy Bill and no-Energy
Bill scenarios lies in the Federal excise tax incentives provided by the Energy Bill.
The Energy Bill provides an exemption from Federal Excise Taxes on diesel fuel
of $1.00 per gallon for biodiesel made from soybean oil and animal fats and
$0.50 per gallon for biodiesel made from yellow grease. This means that the
70/30 blend contemplated for New York would enjoy a $0.65 per gallon
exemption. This would be passed directly along to consumers.

A B2 mandate would result in new investment and spending on biodiesel
production and infrastructure investment. When the impacts of the capital and
annual operating expenditures are considered, a mandate that results in a 30
MGY biodiesel industry would add nearly $380 million (1996 dollars) to the New
York economy by 2012, generate an additional $177.5 million in real household
income by 2012, and create as many as 1,145 new jobs throughout the New
York economy. Failure to pass the Energy Bill would reduce the economic
impacts slightly.

Increased income and spending will generate additional tax revenue for the State
Treasury. The increased economic activity is expected to generate an additional
$19.1 million in State sales, personal income, and business income taxes by
2012. When the costs to the State are netted out against the additional
revenues, a mandate would provide a significant positive budgetary impact for
the State Treasury.

¢ Mandate combined with an incentive for infrastructure (Policy Option 2)

Another option involves providing an incentive for expanding and improving
terminal facilities to store and handle biodiesel and biodiesel blends combined
with the mandate option. This incentive would offset some of the infrastructure
costs that distributors would incur to meet mandated biodiesel demand. We
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expect that the cost to improve the existing 85 terminals in New York will be
about $64 million. To facilitate this transformation and ease the financial burden
on blenders and distributors, we considered an incentive of $0.25 per gallon for a
total cost of nearly $32 million to the State Treasury between 2007 and 2012.

Since this policy option has no additional impact on attracting biodiesel
production capacity and annual production, the economic costs and benefits are
essentially the same as for a stand-alone mandate. The exception to this is in
the cost to the State Treasury. The additional costs associated with providing the
infrastructure incentive are estimated at about $32 million. When the additional
revenue provided by the increased economic activity is considered, this policy
option will result in an estimated net loss of revenue to New York State of about
$10.0 million between 2007 and 2012.

¢ Mandate combined with a biodiesel supply incentive. (Policy Option 3)

An alternative policy option for consideration is combining a mandate for
biodiesel use with a supply incentive for the production of biodiesel. This
incentive would provide a grant of $0.10 per gallon of biodiesel produced in New
York State up to a maximum of 10 million gallons capped at five years.

Since this combination creates a base of demand and provides an incentive for
producers, it is expected to stimulate investment of 40 MGY of biodiesel capacity
and production in New York State. Reflecting the larger investment and annual
biodiesel production provided by this option, the combination of a mandate and
supply incentive produces the largest economic benefits to New York State.
Under a national energy policy, this policy option would add almost $410 million
(1996 dollars) to the New York economy by 2012; an additional $195.9 million
would be added to the income of New York households; and nearly 1,300 new
jobs would be created in all sectors of the New York economy. If the Energy Bill
is not passed we expect that the mandate and supply incentive will still attract
investment, but the total economic impact would be slightly smaller.

As is the case with a stand-alone mandate, this policy option shifts the costs
associated with using a more expensive fuel blend from the State to individual
businesses and consumers. Without an Energy Bill, the total cost to businesses
and consumers is estimated at $219.2 million between 2007 and 2012. The cost
to highway users would amount to $102.6 million, the cost to residential home
heating oil consumers would amount to $76.1 million. The cost to business and
industry is estimated at $40.5 million over this same period. If the Energy Bill
passes into law, total costs would fall to $5.1 million of which highway users
would pay $3.2 million; residential consumers would pay $1.3 million; and
businesses would pay $656,000.

The costs to the State Treasury of this option are larger than with a stand-alone
mandate and are estimated at $9 million. However, increased income and
spending will generate additional tax revenue for the State Treasury. The
increased economic activity is expected to generate an additional $24.3 million in
State sales, personal income, and business income taxes by 2012 if the Energy
Bill passes and $21.3 million in the absence of an energy policy. When the costs
to the State are netted out against the additional revenues, a mandate would
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provide a positive budgetary impact for the State Treasury of $12.3 million under
no national energy policy and $15.3 million if the Energy Bill were passed.

e Stand alone supply incentive (Policy option 4)

An alternative policy option for consideration is a supply incentive that provides a
grant of $0.10 per gallon of biodiesel produced in New York State up to a
maximum of 10 million gallons capped at five years. In the absence of a national
energy policy, this type of incentive alone is not likely to attract a significant
amount of investment in biodiesel production in New York State. The reason for
this is that while the incentive reduces capital costs it will have no material impact
on demand. Consequently, investors face the risk of creating supply for which no
demand exists.

Even with an Energy Bill, investors are likely to wait to see how major soybean
producing states respond in increasing capacity and how New York is supplied
with biodiesel fuel. As a result, we expect this policy option to attract a minimal
10 million gallons of biodiesel capacity between 2007 and 2009 at a cost to the
State of $4.5 million.

A small capital level of investment and annual production will provide limited
benefits to the New York economy. This option would increase the New York
economy by only $75 million (1996 dollars) by 2012; add $35 million to
household income; and create only 200 new jobs. Despite the relatively small
costs to the State Treasury, the limited economic activity generated by this option
falls short of covering the costs so that a small net loss of about $240,000 is
generated.

As is the case with a mandate, this policy option shifts the costs associated with
using a more expensive fuel blend from the State to individual highway users of
biodiesel. Without a National Energy Bill, the total cost to the transportation
sector is estimated at about $33 million between 2007 and 2012. If the Energy
Bill were passed with tax incentives for biodiesel, the cost to the transportation
sector would fall to less than $1 million between 2007 and 2012.

¢ Combined supply and demand incentive (Policy option 5)

The final option investigated involved combining a demand incentive to the
supply incentive described above. This incentive would take the form of a one-
half of one cent exemption from New York State excise taxes on distillate fuel for
each one percent of biodiesel used. This amounts to a one cent per gallon
exemption for a B2 blend. Since this equates to $0.50 per gallon for B100, this
option turns out to be expensive, amounting to a cost to the State Treasury of
$77.3 million between 2007 and 2012 ($86.0 million when the supply incentive is
added).

Since this combination stimulates demand, the option is expected to attract 30
MGY of biodiesel production capacity and add between $272 and $274 million to
the New York State economy by 2012, increase household income by $132
million, and create about 950 new jobs.
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However, the additional revenue generated by this increased economic activity is
estimated at only $16.4 million, resulting in a deficit to the Treasury of between
$69.3 and $69.6 million between 2007 and 2012.

Since this policy option provides a demand incentive in the form of a reduction in
the New York State excise tax on diesel fuel, the total costs to highway users,
residential consumers, and businesses is considerably smaller than a mandate
option, ranging from $105 million with no Energy Bill to $1.5 million if an Energy

Bill passes.

Table 1

Economic Costs and Benefits of Alternative New York State
Biodiesel Policy Options: No National Energy Bill
(Cumulative 2007-2012)

OPTION 1 OPTION 2 OPTION 3 OPTION 4 OPTION 5
Stand Alone
B2 Mandate Combined Supply Combined
B2 Mandate Plus B2 Mandate Incentive Supply &
Highway fuel
2007 Infrastructure Plus $0.10/gal $0.10/gal Demand
Supply up to 10
Other Use 2009 Incentive Incentive MGY Incentive
Capacity created 30 MGY 30 MGY 40 MGY 10 MGY 30 MGY
Macroeconomic Impacts
Gross Output (Mil 96$) $766.186 $766.186 $879.543 $137.459 $605.868
GSP (Mil 96%) $377.989 $377.989 $405.990 $59.021 $272.172
Household Income (Mil
969%) $176.594 $176.594 $193.992 $35.269 $131.181
Max new jobs 1,135 1,135 1,274 200 941
NY Treasury Impact:
Direct Cost (Mil §) $0.622 $31.872 $9.019 $4.500 $85.571
Revenue (Mil $) $19.053 $20.975 $21.269 $4.261 $16.258
NY State Sales Tax $9.863 $11.764 $11.388 $2.531 $9.515
NY Personal Income
Tax $7.399 $7.548 $8.030 $1.514 $5.620
NY Corporate Tax $1.791 $1.663 $1.850 $0.216 $1.124
Net Treasury Impact (Mil $) $18.431 ($10.897) $12.250 ($0.239) ($69.313)
Other Costs:
Highway users ($102.639) ($102.639) ($102.639) ($33.370) ($96.521)
Residential consumers ($76.118) ($76.118) ($76.118) NA NA
Business & Industry ($40.484) ($40.484) ($40.484) NA ($8.931)
Total Other Costs ($219.241) ($219.241) ($219.241) ($33.370) ($105.451)

Note: Each Policy Option includes infrastructure investment of $64 million.

LECG, LLC

May 5, 2004




Feasibility of a New York Biodiesel Industry

Table 2

Economic Costs and Benefits of Alternative New York State

Biodiesel Policy Options: National Energy Bill

(Cumulative 2007-2012)

OPTION 1 OPTION 2 OPTION 3 OPTION 4 OPTION 5
Stand Alone
Stand Alone B2 Mandate Combined Supply Combined
B2 Mandate Plus B2 Mandate Incentive Supply &
Highway fuel
2007 Infrastructure Plus $0.10/gal $0.10/gal Demand
Supply up to 10
Other Use 2009 Incentive Incentive MGY Incentive
Capacity created 30 MGY 30 MGY 40 MGY 10 MGY 30 MGY
Macroeconomic Impacts
Gross Output (Mil 96%) $770.998 $770.998 $889.924 $160.889 $610.680
GSP (Mil 96%) $379.497 $379.497 $409.426 $74.051 $273.680
Household Income (Mil
96%) $177.460 $177.460 $195.896 $35.269 $132.047
Max new jobs 1,145 1,145 1,292 200 950
NY Treasury Impact:
Direct Cost (Mil $) $0.019 $31.269 $9.019 $4.500 $85.970
Revenue (Mil $) $21.470 $21.470 $24.320 $4.261 $16.382
NY State Sales Tax $12.084 $12.084 $14.021 $2.531 $9.590
NY Personal Income
Tax $7.585 $7.585 $8.419 $1.514 $5.657
NY Corporate Tax $1.801 $1.801 $1.880 $0.216 $1.136
Net Treasury Impact (Mil $) $21.451 ($9.799) $15.301 ($0.239) ($69.588)
Other Costs:
Highway users ($3.171) ($3.171) ($3.171) ($0.870) ($1.379)
Residential consumers ($1.256) ($1.256) ($1.256) NA NA
Business & Industry ($0.656) ($0.656) ($0.656) NA ($0.073)
Total Other Costs ($5.084) ($5.084) ($5.084) ($0.870) ($1.451)
Note: Each Policy Option includes infrastructure investment of $64 million.
LECG, LLC 8 May 5, 2004
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INTRODUCTION

The purpose of this report is to present the findings of a comprehensive analysis of the
economic feasibility of creating a biodiesel industry in New York State. An integral part
of the study is a review of possible policy options and an assessment of their costs and
benefits to New York State and New York consumers.

The market for diesel fuel in New York is substantial. Total distillate fuel use in New
York is estimated at 3.2 billion gallons in 2002 and is projected to increase at an annual
rate of about 1.2 percent over the next decade. A B2 mandate covering all end uses
would create a market of 64.1 million gallons that would increase to 73.7 million gallons
by 2012. A more limited mandate covering on-highway diesel uses beginning in 2007
and expanding to include residential, commercial, industrial, and utility uses in 2009
would create a market of 23.3 million gallons in 2007 increasing to 70.6 million gallons
by 2012.

The maximum capacity of New York to produce biodiesel is currently estimated at about
30 million gallons. This is projected to increase to 40 million gallons by 2012. This
assumes that all of the soybeans grown in New York are crushed using current
technology (mechanical extraction that yields 7.8 pounds of oil per bushel) and all of the
oil produced along with all of the yellow fat produced in the state is used to produce
biodiesel. Consequently, New York could theoretically meet all of the demand for a B2
mandate covering on-highway transportation fuel by 2007 and about half the demand
created by a full B2 mandate by 2012.

This report addresses the major issues and tasks outlined in the NYSERDA Statement
of Work (SOW) for this project. The section numbers correspond to the Tasks outlined
in the SOW.
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TASK 2: CURRENT AND FORECAST SUPPLY AND DEMAND OVERVIEW
Subtask 2.1: Distillate Fuel Demand — Current and Forecast Growth

Total U.S. demand for diesel fuel was approximately 58 billion gallons in 2002.
According to the U.S. Energy Information Administration, diesel demand is expected to
increase by 2.4 percent annually over the next decade, with on-highway demand
accounting for over half of the nation’s diesel consumption. As illustrated in Table 2.1,
diesel demand within the on-highway end-use sector will increase at 3.4 percent
annually and is expected to account for over sixty-three percent of nationwide distillate
fuel consumption by 2015.

Table 2.1
United States Distillate Fuel Demand by End Use Segment (Million Gallons)

2002 2005 2010 2015 CAGR*
Residential 6,492.54| 7,014.93] 6,791.04] 6,492.54] 0.0%
On-Highway 33,370.84| 37,436.64| 45,140.38| 51,508.51] 3.4%
Freight Trucks 30,078.13| 33,323.34| 39,469.52| 44,456.23| 3.1%
Intercity Bus 280.46 285.32 299.11 305.56] 0.7%
Transit Bus 725.69 738.27 773.94 790.64) 0.7%
Light-Duty Vehicle 1,437.97| 2,226.40, 3,692.79] 5,031.52] 10.1%
School Bus 848.60 863.31 905.03 924.55| 0.7%
Commercial 3,358.21| 10,895.52] 3,582.09] 3,656.72] 0.7%
Industrial 8,059.70] 8,283.58] 9,029.85 9,626.87] 1.4%
Freight Rail 3,674.00] 3,745.23] 4,030.54| 4,207.96] 1.0%
Intercity Rail 125.96 132.75 146.10 159.79] 1.8%
Commuter Rail 199.70 210.47 231.63 253.34| 1.8%
Utilities 447.76 597.01 820.90 820.90 4.8%
Domestic Shipping 1,818.71] 1,872.35| 2,019.28] 2,143.12] 1.3%
International Shipping 372.84 387.78 390.62 393.56] 0.4%
Military 826.01 885.99 895.13 938.24| 1.0%
Total Diesel 58,746.27| 71,462.25| 73,077.56| 80,201.53| 2.4%

* Compound annual growth rate
Source: Energy Information Administration. Annual Energy Outlook 2003 with Projections to 2025.
Report # DOE/EIA-0383(2003). January 9, 2003

The market for diesel fuel in New York is substantial. Total distillate fuel use in New
York is estimated at 3.2 billion gallons in 2002 and is projected to increase at an annual
rate of about 1.2 percent over the next decade. As shown in Table 2.2, residential
demand for home heating is the largest end-use segment of distillate demand. On-
highway transportation and commercial use are the next largest end uses. Together,
these three categories account for more than 95 percent of diesel use in New York.
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Table 2.2

New York Distillate Fuel Demand by End Use Segment (Million Gallons)

2002 2005 2010 2015 CAGR
Residential 1,413.1 1,519.3 1,449.7 1,354.5 -0.3%
On-Highway 963.4 1,082.1 1,308.9 1,497.4 3.5%
Freight Trucks 667.2 739.1 875.5 986.1 3.1%
Inter-City Busses 85.9 87.3 91.6 93.5 0.7%
Transit Busses 74.7 76.0 79.7 81.4 0.7%
Light Duty Trucks 78.3 121.2 201.0 273.8 10.1%
School Busses 57.4 58.4 61.2 62.5 0.7%
Commercial 661.7 671.7 671.7 656.8 -0.1%
Industrial 41.0 40.3 43.7 45.7 0.8%
Farm 38.0 421 49.9 56.2 3.1%
Off-highway 37.8 41.9 49.6 55.9 3.1%
Rail 249 254 27.3 28.5 1.0%
Utilities 7.8 6.7 10.0 11.1 2.8%
Vessel Bunkering 14.6 15.1 16.1 16.9 1.1%
Military 1.9 2.1 2.1 2.2 1.0%
Other 0.1 0.1 0.1 0.1 3.1%
Total Diesel 3,204.4 3,446.7 3,629.2 3,7254 1.2%

The composition of distillate demand in New York is projected to change considerably

over the next decade as growth in light and heavy trucks accelerates.
highway use of diesel fuel will eclipse residential demand.

By 2015 on-

Most other end-use

segments are projected to grow at a two percent annual rate between 2002 and 2015.
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Subtask 2.2: Feedstock Supply Analysis

The most important input in the biodiesel production is the fat or oil used as a feedstock.
The focus of this section is to identify and quantify current and potential biodiesel
feedstocks as well as to summarize factors that may impact their use for biodiesel fuel.
The New York region, defined here as New York, New Jersey and Pennsylvania,
produces or generates feedstocks that can be used to produce biodiesel: yellow grease,
animal fat and soybean oil. Fats and oils imported from Canada or other foreign sources
were not factored into this analysis for three reasons.

e Biodiesel made from these products does not qualify for payment under the
Commodity Credit Corporation’s (CCC) Bioenergy Program. This program
received funding in the Farm Bill through FY 2006. It is not yet determined
whether this program will be extended or not. If so, it is unlikely that imported
fats and oils would qualify.

e One of the benefits of biodiesel is the contribution it makes to reduce this
country’s dependence upon foreign oil. Using imported animal fats and
vegetable oils may help diversify our sources of energy but it does not help
reduce our dependence upon foreign countries for our energy needs.

e The amount of animal fats and vegetable oils imported into New York ports of
entry that is suitable for use in the production of biodiesel is relatively small.
Imports of all animal fats and vegetable oils through ports of entry in New York
and Vermont average 6.1 million pounds annually in 2000-2002. Only a fraction
of this would potentially be used for biodiesel production.

Subtask 2.2.1: Supply of Oilseed Crops and potential for conversion of other
crops to oilseeds

Soybeans are the predominant oilseed produced in New York State and the Northeast
region of the United States. Small quantities of other oilseeds, notably sunflower and
canola, also are grown. As shown in Figure 2.1 and Table 2.3, between 2000 and 2002
New York farmers harvested an average of nearly 4.6 million bushels of soybeans
annually on 142,400 acres. According to the National Agricultural Statistics Service,
New York farmers expect to harvest nearly 5.3 million bushels of soybeans in 2003. Ten
New York counties concentrated in the northwest part of the State account for more than
85 percent of total New York soybean production.

A biodiesel industry in New York would also provide a ready market for soybeans grown
in nearby states. Over this same period, Pennsylvania farmers produced an average of
13.2 million bushels of soybeans while New Jersey harvested an additional 3.1 million
bushels. In 2003, Pennsylvania soybean farmers will harvest 14.6 million bushels while
New Jersey will produce 2.9 million bushels. Consequently, a New York biodiesel
industry could call on an annual regional soybean production of about 22.8 million
bushels in 2003, or the equivalent of 246 million pounds of soybean oil.
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Table 2.3
New York Soybean Acreage and Production by County, 2000-2002

Harvested Area (Acres)

Production (bu)

2000 2001 2002 | Average 2000 2001 2002 Average
Cayuga 20,500 | 21,500 | 22,400 | 21,467 711,400 814,400 655,900 727,233
Seneca 24,000 | 22,600 | 18,700 | 21,767 707,800 773,400 537,000 672,733
Orleans 12,300 18,300 | 18,100 16,233 421,000 510,900 627,600 519,833
\Wayne 13,700 15,900 | 14,100 | 14,567 505,800 566,700 484,500 519,000
Ontario 11,100 16,000 | 10,600 12,567 332,000 494,800 321,700 382,833
Livingston 9,700 10,600 5,800 8,700 289,900 330,100 179,000 266,333
Monroe 6,300 9,100 6,500 7,300 220,200 300,700 213,600 244,833
Onondaga 6,900 7,600 7,200 7,233 164,600 278,300 224,900 222,600
Niagara 4,100 9,800 8,700 7,533 148,600 220,800 283,200 217,533
Genesee 3,300 4,400 4,100 3,933 103,300 126,200 117,500 115,667
Oswego 2,000 2,300 1,900 2,067 80,400 86,400 63,200 76,667
Oneida 1,900 1,600 1,900 1,800 74,000 76,800 76,900 75,900
Columbia 1,700 2,000 1,700 1,800 46,600 81,000 62,200 63,267
Tompkins 2,100 1,600 2,000 1,900 62,100 49,800 64,700 58,867
Clinton 1,500 1,500 1,400 1,467 60,700 69,000 45,200 58,300
Erie 1,900 2,100 2,000 2,000 58,700 50,100 65,500 58,100
Madison 2,000 1,200 1,800 1,667 75,700 34,800 52,100 54,200
Yates 1,700 2,500 1,700 1,967 56,900 60,200 43,100 53,400
Jefferson 1,800 1,900 1,500 1,733 55,000 57,100 40,000 50,700
Montgomery 700 1,400 1,500 1,200 22,600 49,600 66,100 46,100
Cattaraugus - 800 700 500 - 26,300 34,000 20,100
\Wyoming 700 400 400 500 24,500 12,300 12,700 16,500
Chautauqua - 500 500 333 - 21,000 18,000 13,000
Franklin 1,300 900 900 1,033 20,600 7,600 6,500 11,567
Herkimer - 300 300 200 - 8,800 13,200 7,333
\Washington - 400 300 233 - 15,300 - 5,100
Cortland - - 500 167 - - 15,200 5,067
Saratoga - 300 - 100 - 13,000 - 4,333
St. Lawrence - 400 - 133 - 11,000 - 3,667
Dutchess - - 300 100 - - 9,300 3,100
Schuyler - 300 - 100 - 9,300 - 3,100
Chemung - - 300 100 - - 8,600 2,867

Total 131,200 | 158,200 | 137,800 | 142,400 | 4,242,400 | 5,155,700 | 4,341,400 | 4,579,833

Source: USDA National Agricultural Statistics Service.
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Figure 2.1
Soybean Production in New York and Surrounding States
(Average 2000-2002)
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A limiting factor for a potential biodiesel industry in New York is soybean-processing
capacity. Reflecting the relatively small quantity of soybeans grown, few soybean
processors operate in New York. We have identified three major processors in New
York that crush soybeans to produce soybean meal (used for animal feed) and soybean
oil. Their locations are also shown on Figure 2.1

Sheppard Grain Company operates a soybean crushing and soybean oil
expelling plant in Phelps, Ontario County with capacity to process 7,300 bushels
per day. They are currently processing half that amount. According to Steve
Sheppard, the market for meal rather than the market for soybean oil currently
drives their production level.

Homer Oil Company operates a soybean crushing plant in Homer, Cortland
County. They have the capacity to crush about 6,000 bushels of soybeans per
day but currently are processing 3,500 bushels. According to Tom Kohne, the
soybean meal market also drives Homer Oil’s operations.

Ag Pro, Ltd. processes 1,850 bushels of soybeans per day in Morristown, St.
Lawrence County and has the capacity to process 5,500 bushels per day.
According to Ag Pro, crush is limited by the current high price of soybeans and
low milk prices, which have led to decreased demand for high-quality feed.
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Each of the three New York soybean crushing operations utilizes mechanical extraction
rather than solvent extraction to produce soybean oil. This method is less efficient and
yields a lower quantity of soybean oil (7.8 pounds per bushel compared to 10.5 to 11.0
pounds from the solvent extraction process used in larger plants).

All three operations are currently operating at about one-half capacity due to weak
market conditions for soybean meal. At maximum capacity, these operations could
process approximately 17,270 bushels of soybeans per day yielding approximately
135,000 pounds of soybean oil. On an annual basis this amounts to about 45 million
pounds of soybean oil or 5.9 million gallons of biodiesel.

Other crop acreage suitable for soybean production

The most widely planted field or forage crop in New York State is hay followed by corn.
Over the past several years, New York farmers planted an average of 1.7 million acres
to hay, 1.03 million acres to corn, 127,000 acres to winter wheat, 85,000 acres to oats,
and 13,000 acres to barley. According to the Census of Agriculture an estimated
244,400 acres of New York cropland is idle and an additional 85,000 acres are enrolled
in the Conservation Reserve or Wetlands Reserve Program.

Soybeans are grown on the same area as corn and winter wheat and play a major role
as a rotational crop to restore and enhance nitrogen in soils. New York already is a corn
deficient state; that is, less corn is produced than is required to feed the livestock, dairy
herds and poultry flocks in the state. An increase in soybean prices resulting from new
demand for soybean oil to make biodiesel is likely to pull some land from both corn and
winter wheat in New York as well as provide an incentive for farmers to bring idled land
back into production. Although hay is an important crop for New York’s large dairy
industry, declining dairy cow numbers reduce the annual requirement for this forage and
are expected to free up acreage that could be planted to soybeans. Figure 2.2 displays
the acreages of soybeans, corn, and wheat by county in New York.
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Figure 2.2

Soybean, Corn, and Wheat Acres in New York and Surrounding States

(Average 2000-2003)
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Other oilseed crops suitable for production in New York State that are not currently
planted are winter canola and sunflowers. Winter canola, or winter rapeseed, is suitable
to growing conditions in central and western New York State, and could produce yields
as high as 3,500 Ibs/acre." Winter canola would most likely compete with acreage
currently planted to winter wheat, soybeans, dry beans and vegetables. Based on
strong demand, between 100,000 and 200,000 acres could be converted to winter
canola, yielding 150,000 to 300,000 tons of canola annually. However, high levels of
winter canola production would result in reduced soybean production as soybean
acreage shifted to winter canola production.

Sunflowers are another oilseed crop suitable to New York State growing conditions. In
Cornell Research trials conducted in the late 1970s, New York State yields averaged as
high as 3,000 Ibs/acre.? However, like winter canola, sunflowers would compete directly
with soybean acreage as well as acreage in dry beans. Strong demand could result in
potential sunflower acreage of 100,000 to 200,000 acres, yielding 100,000 to 250,000
tons annually, but would result in reduced soybean acreage and production.

erght and Ellis, Cornell Research Trials, 1990.
Knapp Cornell Research Trials, 1979.
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As with soybeans, a limiting factor for canola or sunflower is processing capacity. If
these crops were to be grown, new crushing capacity would have to be built and markets
for the meal would need to be developed. Further, the economics of crush demand for
these alternate crops would have to be borne primarily from the oil component since the
demand base for the meal from these crops is small.

Subtask: 2.2.2: Supply of Animal Fats and Waste Greases
Animal Fats

These sources of biodiesel feedstocks are derived from the rendering process using
animal tissues as the raw material. The raw material is ancillary to the slaughter and
processing of food producing animals for edible meat. The amount of animal fats
produced correlates to the species of animal slaughtered or processed and the degree
of further processing that is associated with the marketing and distribution of the meat.
The major supplies of animal fats and greases in this region are cattle (tallow), poultry
(poultry fat) and hogs (choice white grease).

The annual slaughter of food animals establishes the production of fats and greases. In
a given geography such as New York State, the production will be correlated to the
slaughter and processing of animal tissues in the region. According to information by
the U.S. Department of Agriculture in December of 2001, there were 1,615 federally
inspected meat and poultry establishments in New York, New Jersey and Pennsylvania.
These facilities may slaughter, process or bone the meat. Of these facilities, 25 process
their own edible and inedible fats while the other facilities send their fats to rendering
companies.

Livestock slaughter numbers for all species are significantly higher in Pennsylvania than
in either New York or New Jersey. As a result, Pennsylvania slaughter and processing
facilities generate the most animal fats of the three states analyzed, supplying up to 89
percent of the total animal fat in the region. Animal fat supplies are based upon inedible
yields at slaughter and the amount of fat comprising the inedible portion of the animal.
The average slaughter weights of animals in each state during 2000-2002 were
multiplied by the inedible yield and percentage of fat comprising the inedible yield to
provide animal fat per head by species. This figure was then multiplied by the average
annual slaughter during the same time period.
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Table 2.4
Estimated Quantities of Animal Fats Produced in New York, New Jersey and
Pennsylvania®

Species New York New Jersey Pennsylvania Total
Pounds
Cattle 6,051,172 2,988,978 126,516,044 135,556,194
Hog 657,797 871,926 51,401,295 52,931,018
Sheep 260,856 982,433 577,464 1,820,753
Poultry 7,142,468 4,998,698 15,611,785 27,752,951
Turkey N.A. N.A 4,447,759 4,447,759
Total 14,112,293 9,842,035 198,554,347 222,508,675

If all of the animal fat generated in New York, New Jersey and Pennsylvania were
processed into biodiesel it would produce approximately 30 million gallons of biodiesel.
However, only 1.9 million of those gallons would be produced by feedstocks originating
in New York. Therefore, any considerable reliance upon animal fats as a biodiesel
feedstock would require animal fats produced in other states, particularly Pennsylvania.

The following table contains a list of meatpacking and processing locations in New York
and Pennsylvania with animal fat rendering capabilities.

Table 2.5
Animal Fat Rendering Locations

Company Name Location

Red Meat/Poultry Processing

Alle Processing Corp Maspeth NY 11378
B. Rosen & Sons Bronx NY 10474
Bilinski Sausage Mfg., Co. Cohoes NY 12047
Boars Head Provision Co Brooklyn NY 11201
David Mosner Bronx NY 10451
David Mosner Nanuet NY 10954
DeAn's Pork Products Brooklyn NY 11201
Fairbanks Reconstruction Corp Ashville NY 14710
Hofmann Sausage Syracuse NY 13202
Int'l Glatt Kosher Meat Proc Brooklyn NY 11220
Kane-Miller Corp Tarryton NY 10591
Kansas Packing Co Kenilworth NY 11024
Kerr's Custom Butchering South Dayton NY 14138
London Meat Corporation New York NY 10014
National Foods Bronx NY 10451
Newburg Packing Corp Newburgh NY 12550
PACE Management Painted Post NY 14870

® Data for this table has been compiled from U.S. Department of Agriculture Livestock and Poultry Slaughter
Reports as well as Goldstrand, R. E. 1992. An Overview of Inedible Meat, Poultry and Fishery By-Products.
In: Inedible Meat By-Products (A.M. Peirson and T.M. Dutson,) Editor Elsevier, N.Y. and from a survey of
representative renderers.
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Company Name Location

Red Meat/Poultry Processing

Plymouth Beef Company New York NY 10001
Rudolph Frey Inc. Buffalo NY 14201
Russner Foods Buffalo NY 14201
Schaller and Weber Inc. Long Island City = NY 11101
St. James Alpert Brands Farmington NY 14425
Alfery's Sausage Co Mt Pleasant PA 15666
Andrews Dried Beef Co Nazareth PA 18064
Conagra Grocery Products Co Milton PA 17847
Dietz & Watson Inc Philadelphia PA 19135
Emerick's Meat & Pkg Co Inc Hyndman PA 15545
Great Valley Meat Co Berwyn PA 19312
Green Valley Packing Co Inc Claysville PA 15323
H J Heinz LP Pittsburgh PA 15212
Hatfield Quality Meats Inc. Hatfield PA 19440
J L Miller Sons Meats Inc York PA 17103
John F Martin & Sons Inc Stevens PA 17578
John F Martin & Sons Inc Stevens PA 17578
Juniata Packing Co Inc/CCK Inc Tyrone PA 16686
Kessler's Inc Lemoyne PA 17043
Kunzler and Co Lancaster PA 17601
Moyer Packing Company Souderton PA 18964
North Side Foods Corp Arnold PA 15068
Passanante Bros Inc Bristol PA 19007
Peters Bros Meat Market Inc Lenhartsvile PA 19534
Pilgrim's Pride Corporation Franconia PA 18924
Standard Beef Inc. Dunmore PA 18512
Stoltzfus Meats Intercourse PA 17534
Taylor Packing Co Inc Wyalusing PA 18853
Wedco Inc Pittsburgh PA 15222
Youndt Bros Denver PA 17517
814 Americas Inc Elizabeth NJ 07202
Beef International Inc Pennsauken NJ 08109
Bringhurst Bros Inc Berlin NJ 08009
Buona Vita Bridgeton NJ 08302
Burger Maker Carlstadt NJ 07072
Cameco, Inc. \erona NJ 07044
Case Pork Roll Co Trenton NJ 08608
Davidson Meat Prod New Bedford NJ 07719
Kohler Delicatessen Mtg. Newark NJ 07102
Topps Meat Co Inc Elizabeth NJ 07207
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Company Name Location

Red Meat/Poultry Processing

Renderers

B.A. Tofte Co. Center Moriches NY 11934
Baker Commodities Rochester NY 14603
By-Products Group, Inc Wyalusing PA 18853
Moyer Packing Company Souderton PA 18964
Valley Proteins East Earl PA 17519
Valley Proteins Pittsburgh PA 15122
American By-Products Morristown NJ 07960
Darling International Newark NJ 07102
Harry Berkowitz Industries, Inc. Newark NJ 07102
J&R Rendering West New York  NJ 07093
M&E Soap Co. Inc. Morris Plains NJ 07950
Wagman Company Leonia NJ 07605

Waste Greases: Yellow and Brown*

Yellow grease: Yellow grease is manufactured from spent cooking oil. Spent cooking
oil can be vegetable oil or animal fat that was heated and used for cooking. Renderers
“‘manufacture” yellow grease from spent cooking oil by filtering out the solids and heating
the spent cooking oil to drive out moisture until the oil meets industry specifications for
yellow grease.’

Yellow grease is best defined as a fat product that does not meet the definitions for
animal fat, vegetable fat or oil, hydrolyzed fat or fat ester. There are no published
statistics on the production and consumption of yellow grease. Nor has the volume of
used cooking oils and restaurant greases generated by the foodservice industry been
well documented either. A very influential factor in establishing accurate volumes is the
actual yield from the material obtained from the food service site. The raw material is
diluted with water and contains solid material such as French fry and breading particles.
These fractions must be removed by processing. The most commonly experienced yield
is 65 percent, though this is highly variable and considered to be proprietary by most
renderers. Another factor in accurately determining yellow grease supply is identifying
non-renderer grease collectors of which resale or disposal is often not recorded.
Pilfering of grease containers is also a problem in certain locations, especially when
market prices for yellow grease are up.

* The information for this section was collected through a thorough research of available market and
technical literature on yellow and brown grease supply and use. Personal conversations were held with
Ralph Groschen of the Minnesota Department of Agriculture regarding his work and conclusions, and with
the New York City Department of Environmental Protection. The NYC DEP has regulations requiring
grease-generating establishments to install and operated grease interceptors. Compliance is difficult to
monitor and reliable estimates of the amount of grease collected versus the amount disposed are difficult to
obtain. We did, however, obtain quantitative data for waste grease collected at the 14 NYC wastewater
treatment plants in 2003, which provided an estimate of how much waste grease was going into the sewers
on a per capita basis. Dr. Gary Pearl, President of the Fats and Proteins Research Foundation, provided
the analysis of the quality issues regarding yellow and brown grease as well as other technical information.

5 Groschen, Ralph, Minnesota Department of Agriculture, "Overview of: The Feasibility of Biodiesel from
Waste/Recycled Greases and Animal Fats," October 2002, p. 2.
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The supply and availability of waste grease is more difficult to quantify than for vegetable
oils. Most yellow grease is produced by restaurant and food operations as they recycle
cooking oils. Consequently, yellow grease output is directly tied to the number and type
of restaurants in a locale (consider that the typical McDonald’s changes their cooking
oils about once every two weeks), and output is generally expressed in terms of pounds
per capita. As shown in Table 2.6, per capita and per restaurant estimates of yellow
grease production vary widely ranging from a low of 5.78 pounds per person to a high of
11.3 pounds per person.® The mid-point of this range suggests that New York State
produces somewhere in the area of 180 million pounds of yellow grease annually. If all
of this were directed to biodiesel production, this would provide for 24 million gallons of
biodiesel production.

It is estimated that a very high percentage (estimated at more than 90 percent) of used
cooking/restaurant grease is capable of being collected from restaurant and food
operations. This number would not, however, include fats and greases generated in
households but only from commercial and institutional food service establishments. The
percentage of available yellow grease collected from restaurants today is almost
certainly lower than 90 percent.

® In 2003, the Census Bureau started separating out estimates of production and consumption of yellow
grease in their M311K Current Industrial Reports, “Fats and Oils: Production, Consumption and Stocks,”
available at http://www.census.gov/cir/www/311/m311Kk.html
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Table 2.6
Estimates of Yellow Grease Production, New York State

Estimated NY State Estimated NY State

Pounds/ 2002 Yellow Grease
Source Person Population Production
(Millions) (Million pounds)
Applewhite (1993)1 5.78 19.2 110.7
Render Magazine (April 2002)2 11.32 19.2 216.9
USDA Avg yellow grease production (‘I995-2000)3 9.40 19.2 180.1
\Wiltsee (1998) 8.74 19.2 167.4
\Wiltsee (1998) - weighted average 8.87 19.2 169.9
Estimated Estimated
Pounds/ NY State 2002 NY State Yellow
Source Restaurant # of Restaurants® Grease Production
(million pounds)
\Wiltsee (1998) 6,256 29,202 182.7
\Wiltsee (1998) - weighted average 6,268 29,202 183.0
# of restaurants per 1,000 people4 0.66

Notes:
1) Groschen (2002) derived this estimate by dividing Hunter and Applewhites' estimate of 1.5 billion pounds of yellow grease
production in the U.S. in 1993 by the estimated U.S. population in 1993 (260 million).

2) Groschen (2002) reports that this estimate is based on U.S. Census Bureau's estimate of U.S. production of 3.17 billion
pounds of "grease" in 2001, divided by the 2000 U.S. Census population of 280 million. Groschen points out that it is
unclear how much yellow grease is included in the total amount of "grease." Thus, this estimate may overestimate yellow
grease production.

3) Groschen (2002) derived this estimate by dividing the USDA estimates of average yellow grease production between
1995-2000 of 2.633 billion pounds by the 2000 U.S. Census population of 280 million.

4) Total number of full-service restaurants and limited-service eating places (including limited-service restaurants, cafeterias,
and snack and nonalcoholic beverage bars). Wiltsee reports that there is not much variability in the number of restaurants
per 1,000. Estimates ranged between 1 and 2 for all 30 cities he studied. Thus, 0.66 for NY state may seem low, but the
use of state figures, rather than a specific metropolitan statistical area may explain this. New York: 2001, County Business
Patterns, April 2003.
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A list of companies in the Region that process yellow grease as well as other rendered
products is presented in Table 2.7.

Table 2.7
Yellow Grease Rendering Locations

Rendering Companies Location

Darling International, INC Newark NJ
Harry Berkowitz Industries, INC Newark NJ
American By-Products Morristown NJ
J&R Rendering West New York  NJ
M&E Soap Co., Inc. Morris Plains NJ
Wagman Company Leonia NJ
Baker Commodities, INC Rochester NY
BA Tofte Co., Inc. Center Moriches NY
By-Products Group, INC Wyalusing PA
Moyer Packing Company Souderton PA
Valley Proteins, INC East Earl PA
Valley Proteins, INC Pittsburgh PA

Brown, or Trap, grease: Brown grease is collected from grease traps installed in
commercial, industrial or municipal sewage facilities to separate grease and oil from
wastewater.” Regulations in some states are moving toward requiring disposal of trap
grease by rendering companies rather than wastewater treatment plants.® The water
content in trap grease is high, resulting in low yield per pound collected®

A major determinant in the usability of waste greases is their free fatty acid content
(FFA). This is “the amount of fatty acids (in weight percent) in an oil that is not
connected to triglyceride molecules.”’® Oils that are heated during food processing and
preparation have relatively high FFA contents, since heating can cause fatty acids to
disconnect from triglyceride molecules." Summer temperatures can also increase the
FFA content of oils. C.T. Donovan Associates reported that the FFA content of rendered
products processed from restaurant grease or spent cooking oil is between 10 and 20
percent, as compared with anecdotal evidence that suggests the FFA content of tallow
processed from animal or slaughter oils and grease is three percent or less.'* High FFA
content may increase production costs for biodiesel."

According to Wiltsee, annual production of brown grease averages an estimated 13.37
pounds per person. However, this type of grease typically is considered very low quality
because it contains a significant amount of water and other materials. When this is

7 Groschen, p. 2.

8 Wiltsee, G., Appel Consultants, Inc. "Urban Waste Grease Resource Assessment." Report for National
Renewable Energy Laboratory (NREL), NREL/SR-570-26141, November 1998, p. 5.

o Groschen, p. 2.

' C.T. Donovan Associates, Inc. “The Availability of No- to Low-Cost Feedstocks for Biodiesel and Ethanol
in Philadelphia,” Report submitted to Northeast Regional Biomass Program, July 1998, p. 2-6.

" Ibid. p. 2-7.

"2 Ibid. p. 2-12.

3 Ibid. p. 2-12.
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accounted for, the usable grease content can be as low as five to 10 percent.* In other
words, the supply of brown grease in New York suitable for processing into biodiesel
ranges from 13 to 25.7 million pounds annually. Currently, all work on converting brown
grease to biodiesel is experimental.

The relationship between fat quality and biodiesel yield

Even though soybean oil is the most abundant feedstock available on a nation-wide
basis, inedible tallow and yellow grease represent a more plentiful biodiesel feedstock in
the New York state region. However as discussed above, the physical and fatty acid
properties of these oil supplies relative to virgin oils and their corresponding impacts on
the biodiesel production process and the biodiesel fuel may limit their uses in some
areas.

To assist in the definitions of specific animal fat and grease feedstock resources the
following specifications are provided for the basic categories of fat/grease used as
feeding fats. It must be sold on its specifications, just like any other grade of fat, which
include: the minimum percentage of total fatty acids, the maximum percentage of
unsaponifiable matter, the maximum percentage of insoluble impurities, the maximum
percentage of free fatty acids and the amount of moisture. Most importantly, it must
meet the Food and Drug Administration (FDA) established criteria for pesticides or other
toxic chemicals. Definitions of some of the quality characteristics of fats and oils are
included below.

o Titer, is the solidification point of the fat in degrees Centigrade, and is a rough
measure of the saturation level of the fat. The higher the titer the more saturated
the fat.

o FFA is the amount of free fatty acids contained in the product. Fats and oils are
compounds containing three fatty acids each chemically connected to an oxygen
on a glycerine molecule. Consequently, compounds with this structure are called
triglycerides. Free fatty acids are those structures that are no longer connected
to the glycerine. They are a degradation product and a measure of the quality of
the fat. A high quality fat has a low FFA level.

o MIU (moisture, insolubles, and unsaponifiables) is a measure of the remaining
compounds in the fat that are not fatty acids or triglycerides. It is also a measure
of quality, as is the color. The lower the MIU level the higher the quality of the
fat.

¢ lodine value is a measure of the hardness or softness of fat and is defined as the
grams of iodine absorbed by 100 grams of fat. Unsaturated fats have a higher
iodine value than saturated fats. Consequently, the higher the iodine value the
softer the fat.

e AOM Stability is a measure of the peroxide value after 20 hours of bubbling air
through the sample. This test is intended to determine the ability of the fat to
resist oxidative rancidity in storage.

14 Wiltsee, p. 6.
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Table 2.8
Common Values for Soybean Oil and Yellow Grease
Crude Choice White

Measurement Soybean Oil  Yellow Grease Tallow Grease
Titer 20 -22 36 —42 40.5 36

Free Fatty Acids 0.25-0.50 5-15 6 4

MIU 1.0-1.8 2-4 2 2
lodine Value 120 — 140 58 -79 48-58 58-68
AOM stability, hrs 40— 45 20 20 20

The quality of yellow grease is different than soybean oil, as evidenced in the table
above by the high level of free fatty acids and MIU and the low AOM stability. Soybean
oil also has a higher degree of unsaturation compared to yellow grease. This explains
the difference in iodine value (a measure of the amount of unsaturation) and the
resulting titer (solidification point of the oil). A higher degree of unsaturation (double or
triple bonds) gives a higher iodine value and a lower titer. The differences in quality
characteristics between the fats and oils could produce some slight differences in the
finished product of biodiesel. Saturated fats tend to produce biodiesel with cold flow
properties that are slightly higher than unsaturated fats. Meanwhile, some tests have
shown animal fats and vegetable oils to produce biodiesel with a slightly better
emissions profile.

End-Use

The previous sections outlined the potential supply of animal fats and vegetable oils
produced in the tri-state region. These fats and oils currently are utilized in the
production of both edible and inedible products. Overall, edible uses consume most of
the fats and oils produced. Of the edible uses, 92 percent of the fats and oils are used in
baking and frying and salad and cooking oil applications. On the inedible side, 80
percent of the fats and oils are used in the production of feed products and fatty acids
that are used in the oleochemical market. In 2002, 74 percent of the inedible tallow and
grease in the U.S. was used in animal feed.”® The remainder was used in fatty acids,
lubricants, soap, and other inedible products.®

Developing a biodiesel industry in New York State could create a shift in the current
distribution paths for fats and oils away from some of the lower value uses of these
products, such as feed, to biodiesel production.

®u.s. Department of Commerce, Economics and Statistics Administration, U.S. Census Bureau, Fats and
%ils: Production, Consumption, and Stocks: 2002, Table 3b.
Ibid.
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Table 2.9 summarizes the current availability of feedstocks in New York that could be
used to produce biodiesel.

Table 2.9
New York Biodiesel Feedstock Availability Summary
Potential Potential Biodiesel

Feedstock Supply Produced

Mil Pounds Mil Gallons
Soybean Oil (max capacity) 48.3 6.5
Yellow Grease 180.5 24 1
Animal Fats 14.1 2.0
Total 242.9 32.6

Feedstock Prices

The market prices of various fats and oils are highly correlated. The price of soybean oil
reflects the supply of soybeans and the demand for crushing which depends on the
demand for soybean oil for food and industrial uses and the demand for soybean meal.
As shown in Figure 2.3 the price of crude soybean oil at Decatur averaged 21.84 cents
per pound over the past 25 years. Most recently, soybean oil prices fell to a post-WWII
record season low of 14.15 cents per pound in 2000 reflecting record production.
Subsequent lower soybean crops have drawn down stocks and pushed prices back up.
The current USDA projection for soybean prices for the 2003 crop year is 28 to 30 cents
per pound.” The soybean oil and yellow grease prices used to estimate the agricultural
and economic impacts in Sections 3.4 and 4.3 are 10-year averages of forecasts
prepared by LECG using an annual model of the U.S. agricultural sector. This forecast
was updated in December 2003 based on agricultural and policy conditions in effect at
that time.

" USDA. World Agriculture Supply and Demand Estimates. WASDE-407. February 10, 2004.
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Figure 2.3
U.S. Soybean Crush and Decatur Crude Soybean Oil Prices

1,800
1,600 -
1,400 -
1,200 -
1,000 15w m RV SEIEAH-E AU AT
800 {t-H-H-H-HATX A EHET - BERA 1
600 A 1t-H-H-H-H A AR EHEEE R
400 AIB-HHUFR-B A0 RO B0
200 FIBHHHUERR AT RGO

O T T T T T T T T T T T T T T T T T T T T T T O

Mil Bu
Cents/lb

O b ok B DD D P DD
B B D P PP S
R R S SR SR SR SR SR IR SN

NZ
q’ Q

v

@ Soybean Crush == Decatur Soybean Oil

The prices of other fats closely track soybean oil prices. Groschen reports that yellow
grease prices vary from eight cents to 15 cents per pound.”® C.T. Donovan Associates
found in 1998 that prices paid for rendered oils and greases in the Philadelphia area
ranges from 13 cents to 22 cent per pound, averaging about 17 cents per pound.19 The
authors also stated that several renderers who were surveyed believed biodiesel
producers would have to pay a premium to divert waste oils and greases from renderers
and current end use markets.”

Figure 2.4 compares monthly average cash market prices for selected fats and oils that
can be used to make biodiesel. Since January 2001, Midwest soybean oil prices
averaged 18.20 cents per pound. Over this same period the price of yellow grease at
New York was about half that of soybean oil, averaging 9.82 cents per pound; brown
grease at Chicago averaged 5.55 cents per pound, and Delmarva poultry fat averaged
10.81 cents per pound. Importantly, the price pattern of each waste grease and fat
tracked soybean oil, although the increases have not been as large.

18 Groschen, p. 9.

' The authors noted that one reason prices did not appear to decrease as the FFA content increased may
be that the largest market for rendered oils and greases in Philadelphia area are animal feed markets on the
Delmarva Peninsula and specifications for animal feed allow the use of rendered oils and greases that have
a relatively high FFA content. C.T. Donovan Associates, p. 2-12.

2 C.T. Donovan Associates, p. 2-13.
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Figure 2.4
Cash Market Prices of Various Fats and Oils
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Subtask 2.3: Co-Product Demand/Disposal Analysis

Glycerin

“Glycerin is a byproduct of producing soaps, fatty acids, and fatty esters from the
triglycerides in vegetable oils and animal fats. Primary sources of glycerin include
tallow, palm kernel oil, and coconut oil. Dow Chemical is presently the only U.S.
manufacturer producing synthetic glycerin from petrochemicals.”®' Synthetic glycerin is
obtained from petrochemical building blocks via several processing steps.??

“Although the terms glycerin, glycerine, and glycerol often are used interchangeably,
subtle differences in their definitions do exist. Glycerin is the commonly used
commercial name in the United States for products whose principal component is
glycerol. Glycerine refers to purified commercial products containing 95 percent or more
glycerol. Glycerol is the chemical compound 1,2,3-propanetriol.”?®

Most of the glycerin marketed today meets the requirements of the United States
Pharmacopeia (“USP”) and the Food Chemicals Codex (“FCC”). However, technical
grades that are not USP or FCC certified (“technical grades”) are also available.
According to the Soap and Detergent Association there is currently a collaborative
international program to harmonize the glycerin monographs in the USP and the
European Pharmacopeia, which may later be expanded to include other nations.?*
Glycerin USP is regulated by the FDA, which requires all domestic owners or operators
of establishments that manufacture or process glycerin USP to register and list with the

2 USDAJ/ERS. Industrial Uses Of Agricultural Materials, August 28, 1996.
2 “Why Glycerin USP?” The Soap and Detergent Association, 2000. Available at
http://www.sdahq.org/oleo/USPGlycerin.pdf
2431 USDA/ERS. Industrial Uses Of Agricultural Materials, August 28, 1996.
Ibid.
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FDA. Manufacturers are defined as the original producer, as well as re-packagers
and/or distributors. Glycerin FCC and USP are also subject to Good Manufacturing
Practices prescribed by the FDA, while technical grade glycerin is not regulated.
Substitute raw materials for glycerin include sorbitol and propylene glycol.

According to the most recently available Economic Census for New York State, the total
value of shipments of soap and other detergents (including glycerin) in NY was $187.3
million, roughly one percent of total U.S. shipments of soap and other detergents.?® The
total number of establishments engaged in manufacturing soaps and other detergents in
New York State in 1997 was 36, (six of which had 20 or more employees). More recent
data from the 2001 County Business Patterns report for New York indicates that there
were 29 establishments in this industry, seven of which had 20 or more employees,
however this report does not provide the value of shipments.?

However, total shipments of glycerin in the U.S. totaled $265.9 million, accounting for
less than two percent of the total value of product shipments of soap and other
detergents.?” Given glycerin’s small share of total soap and other detergent shipments,
statistics such as the number of establishments operating in this industry group in NY
may not be very informative about the number of glycerin producers in New York State.

Glycerin Supply

As a general rule, production of approximately 10 pounds of oleochemical product yields
about one pound of glycerin material.?® Approximately 0.7 pounds of crude glycerin are
produced for every gallon of biodiesel. Refining reduced the glycerine yield by half again.

The USDA estimates that U.S. glycerin production capacity totaled 522.5 million pounds
per year in 1995, 25 percent (or 130.6 million pounds) of which is synthetic glycerin.? A
private research firm, The Innovation Group, estimated production of 557 million pounds
refined glycerin in December 2001.%°

USDA reported that eight natural glycerin producers had 15 production plants in
operation in the U.S. in 1996 and that Dow had one synthetic glycerin plant in the U.S.*'

According to The Innovation Group (“TIG”), domestic capacity for refined glycerin was
557 million pounds as of December 2001. Estimates of the distribution of production
capacity by major producer are provided in Table 2.10 below. As Table 2.10 illustrates,

Bys. Department of Commerce, Economics and Statistics Administration, U.S. Census Bureau, “Soap and
Other Detergent Manufacturing, 1997 Economic Census, Manufacturing Industry Series,” Issued November
1999, available at http://www.census.gov/prod/ec97/97m3256a.pdf. Data represent the total value of
shipments in the NAICS 325611, “Soap and Other Detergent Manufacturing.” which is comprised of
“establishments primarily engaged in manufacturing and packaging soaps and other detergents, such as
laundry detergents, dishwashing detergent; toothpaste gels, and tooth powders; and natural glycerin.”

% y.s. Department of Commerce, Economics and Statistics Administration, U.S. Census Bureau, “New
York: 2001, County Business Patterns,” April 2003.

7 Ibid.

%8 “Producers won't be paying more to keep foods moist,” Purchasing Magazine, June 7, 2001. Available at
http://www.manufacturing.net/pur/index.asp?layout=article&articleid=CA84442

2 USDA/ERS. Industrial Uses Of Agricultural Materials, August 28, 1996.

% The Innovation Group, Chemical Profile - Glycerin. Revised 12/3/01. Available at http://www.the(]
innovation-group.com/ChemProfiles/Glycerin.htm. The Innovation Group (“TIG”) is a consulting company
serving the manufacturing industry. TIG’s chemical profiles are reportedly published in the Chemical Market
Reporter, a publication of the Schnell Publishing Company, a member of the Reed Elsevier group.

31 USDA/ERS. Industrial Uses Of Agricultural Materials, August 28, 1996.
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the majority of glycerin production takes place in the Midwest, with no major producers
located in New York State.

Table 2.10
Leading Glycerin Producers in the U.S. by Capacity, 2001
(Million pounds per year)

PRODUCER CAPACITY
Cognis, Cincinnati, Ohio 65
Colgate-Palmolive, Jeffersonville, Ind. 20
Crompton, Mapleton, III. 20
Crompton, Memphis, Tenn. 30
Dial, Montgomery, lIl. 30
Dow, Freeport, Tex. 140
Lever Brothers, Hammond, Ind. (part of Unilever) 25
Lonza, Painesville, Ohio 20
Marietta American, Olive Branch, Miss. 2
Procter & Gamble, Ivorydale, Ohio 150
Starchem, Fostoria, Tex. 20
Unigema, Chicago, lll. (part of ICI) 35
Total 557

Source: The Innovation Group, Chemical Profile - Glycerin. Available at http://www.the-innovation(]
group.com/ChemProfiles/Glycerin.htm

e Dow Chemical and Procter & Gamble are the two largest U.S. producers. Dow
Chemical is the only producer of synthetic glycerin. Others obtain glycerin as a
byproduct in soap and oleochemicals production using natural fats and oils as raw
materials.

e Crompton upgrades crude glycerin to refined glycerin at its plant in lllinois (acquired
through the merger of Crompton & Knowles and Witco, eventually named Crompton
Corp. in 2000).

o Colgate refines glycerin at Jeffersonville using purchased crude.

TIG reported that the following projects, which would have expanded domestic
capacity, have been put on hold:

e Plans by Archer Daniels Midland Company to build a 50-million-pound-per-yer
glycerin plant at Cedar Rapids, lowa was put on hold in 1999;* and a plan by High
Plains Corp., an ethanol from corn producer, to install a 10-million-pound-per-year
glycerin recovery unit at its ethanol plant in Colwich, Kansas was put on hold in
2001.

e In October 2001, Proctor and Gamble Chemicals announced its plans for an
additional 30,000 metric tons of glycerin capacity to be realized through a new

%2 The Innovation Group, Chemical Profile - Glycerin. Revised 12/3/01. Available at http://www.thel
innovation-group.com/ChemProfiles/Glycerin.htm
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grassroots refinery.** Sites in North America, Europe, and Malaysia were reportedly
under consideration.

e Crompton Corp. was reportedly looking to divest its refined products operations.*

While no reasons were cited for the cancellation plans, it is reasonable to assume that
these producers were responding to a slowing U.S. economy as well as concerns over
the potential impact of increased glycerin supply on prices and profitability from a
emerging national biodiesel industry.

Historically, the U.S. and Western Europe have accounted for the majority of glycerin
production worldwide.*® Over the last 15 years, Southeast Asia has become a major
supplier. Within Southeast Asia, Malaysia, Indonesia and the Philippines are major
exporters. The U.S. currently produces about 15 percent of the world’s glycerin,
approximately on par with Malaysia and Germany. By comparison, the U.S. and Europe
each account for about one-third of worldwide glycerin consumption. Asia-Pacific
countries account for another 16 percent, while Japan accounts for 9 percent of total
global glycerin consumption. Several glycerin producers in Europe are members of the
European Oleochemicals and Allied Products Group (“APAG”).*® A list of major global
glycerin producers is also provided in the table of contents of a report by Global Industry
Analysts.*

Glycerin Demand

Total demand for glycerin in the U.S. is estimated at 453 million pounds in 2002. TIG
estimates represent average annual growth of 1.9 percent between 1996 and 2000. A
Chemical Economics Handbook (“CEH”) Report estimated that U.S. consumption grew
at an average annual rate of 2.4 percent between 1998 and 2001, with strong gains in
demand for personal care products offsetting declines in demand for polyether polyols
and alkyd resins.®®

Several different estimates of U.S. glycerin consumption were available for 2000 through
2002. The estimates differ somewhat, both in levels and in direction of growth. For
example, Oleoline.com estimates that U.S. demand declined from 537.3 million pounds
in 2000 to 490.5 million pounds in 2002. Conversely, Global Industry Analysts estimate
that U.S. demand increased from 467.6 in 2000 to 490.1 million pounds in 2002
(Interestingly, both sources provide the same estimate of demand for 2002).

While projections of glycerin demand for the next five years also vary, the general
consensus is that U.S. demand for glycerin is expected to grow between 2 and 3 percent
per year through 2006. This projection is in line with historical growth in glycerin

3 “Proctor and Gamble Chemicals Expands Glycerin Refining Capacity to Meet Increasing Market Needs,”
October 1, 2001. Available at http://www.pgchemicals.com. Note, TIG appears to have mistakenly reported
this increase as an additional 50,000 metric tons expansion.

* The Innovation Group, Chemical Profile - Glycerin. Revised 12/3/01. Available at http://www.the[
innovation-group.com/ChemProfiles/Glycerin.htm

% Chemical Economics Handbook Report, Abstract, February 2003.

% For a list of APAG members see Tab [7]. APAG Website. Available at http://www.apag.org/

% Global Industry Analysts, Glycerin, July 2002.

http://www.the-infoshop.com/study/go9769 _glycerin.toc.html

38 Chemical Economics Handbook Report, Abstract, February 2003.
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demand. Over the last 100 years, demand for glycerin grew at an annual average rate
of 2.75 percent in the U.S., and at 2.70 percent worldwide.®

Glycerin End Use Segments

Food and beverage, personal care, and oral care products account for 60 percent or
more of total glycerin usage in the U.S. TIG estimates that these three segments
represent 64 percent of total usage in 2001, while Global Industry Analysts (“GIA”)
estimates usage by these product groups at 60 percent of total usage in 2000.*

Table 2.11
U.S. Glycerin Market: Percentage Share Breakdown by End Use Segment
Year
End Use Projected | Estimated | Estimated | Estimated
2006 2001° 2000’ 1995°
Food (and beverage) 19% 24% 18% 17%
Personal care (incl. skin, hair, 19%
and soap products)
41% 23% 42%
Oral care (incl. toothpaste and 17% 24%
mouthwash)
Pharmaceuticals 7%
Tobacco 13% 11% 13% 14%
Polyether polyols 11% 8% 11% 10%
Alkyd resins 6% 3% 6% 6%
Cellophane and explosives n.r. n.r. n.r. 2%
Miscellaneous 10% 7% 10% 8%

n.r. = not reported.

Sources:

1. Global Industry Analysts, Inc. (“GIA”) Glycerin - Regional Markets, Rpt. #5506655, May 1, 2002, p. 12.

The Innovation Group, Chemical Profile - Glycerin. Revised 12/3/01. Available at http://www.the-innovation(]
group.com/ChemProfiles/Glycerin.htm

Forecasts of growth in domestic demand by end use sector were available from two
sources: TIG*' and Global Industry Analysts, Inc. (“‘GIA”).*? GIA estimates compound
annual growth in domestic use of glycerin of 3.1 percent from 2000 through 2006. The
highest rates of growth are expected in food and beverage (four percent per year) and
polyether polyols (3.4 percent per year). Use by pharmaceuticals and personal care
products are expected to grow at 2.9 percent per year. Tobacco and alkyd resins are
expected to grow at 2.7 and 2.6 percent per year, respectively.

% Oleoline.com, Ltd. Glycerin Market Report, September 2003, Issue No. 2, p. 9.

“° The Innovation Group, Chemical Profile - Glycerin. Revised 12/3/01. Available at http://www.thel]
innovation-group.com/ChemProfiles/Glycerin.htm

*1 OpCit.

“2 Global Industry Analysts, Inc. (“GIA”) Glycerin - Regional Markets, Rpt. #5506655, May 1, 2002, p. 12.
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TIG estimates that the personal care sector is growing 3.5 percent per year, driven, in
part, by increasing demand for skin creams from the aging baby boomer segment of the
population.** Growth in the oral care sector is estimated at 1.5 percent annually.

Glycerin Imports and Exports

Glycerin imports into the U.S. have increased over the last five years and now account
for over 40 percent of total U.S. consumption in 2002.* The U.S. imports the majority of
its glycerin from Malaysia. U.S. exports are primarily to Canada.

Glycerin Prices

Glycerin prices vary widely depending on supply and demand conditions. According to
TIG annual average kosher grade refined glycerine prices have declined steadily from
$1.08 per pound in 1996 to $0.80 per pound in 2000. A comparison of monthly spot
prices of Kosher refined glycerin in the U.S. and the EU is shown in Figure 2.5.

Figure 2.5
U.S. and European Spot Glycerin Prices
(Kosher Grade 99.7%, delivered customer in bulk)
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High prices in 1996 were reportedly due to a worldwide shortage of glycerin, estimated
at roughly 100 million pounds.*® Strong economic conditions in the U.S. in 1999 and
2000 reportedly spurred growth in glycerin consumption between 1998 and 2000.*¢
Supplies were reportedly tight in 2000, but recessionary economic conditions in 2001and
increased supply from biodiesel-related generation in Europe*’ led to a softening in the
market, with prices reportedly falling to 25-year lows by the beginning of 2002.“® CEH

* The Innovation Group, Chemical Profile - Glycerin. Revised 12/3/01. Available at http://www.thel]
innovation-group.com/ChemProfiles/Glycerin.htm

a4 Oleoline.com, Ltd. Glycerin Market Report, September 2003, Issue No. 62, p. 9.

*> USDA/ERS. Industrial Uses of Agricultural Materials, August 28, 1996.

“6 Chemical Economics Handbook Report, Abstract, February 2003.

*" The Innovation Group, Chemical Profile - Glycerin. Revised 12/3/01. Available at http://www.thell
innovation-group.com/ChemProfiles/Glycerin.htm

48 Chemical Economics Handbook Report, Abstract, February 2003.
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reported that the market was stabilizing in 2002, as supplies decreased due to low
biodiesel capacity utilization (reportedly at only 30-40 percent of nameplate capacity).*?

Prices picked up slightly entering 2003, but have recently started to decline again.
Oleoline.com Ltd. reports that between May and September 2003, the price of kosher
quality refined glycerin declined in the U.S. 20 percent, from 69 cents/Ib to 55 cents/Ib.>
The decline was more dramatic in Europe, where the high price of mineral oil is
increasing the profitability of biodiesel. Oleoline.com Ltd. estimates that kosher quality
refined glycerin in Europe fell 45 percent over the same period (from EUR 1200 pmt to
EUR 650 pmt). The situation in Europe is expected to put downward pressure on prices
in the U.S. Biodiesel production will certainly determine the future market for glycerin.
Recent discussions with European refined glycerin producers further emphasize the
potential impact of biodiesel on the crude glycerin supply situation. At present there is
an ample supply of “conventional” crude glycerin materials and as the biodiesel industry
continues to develop in Europe, the negative affect on pricing may well continue.
Obviously, refined glycerin producers have several alternatives to consider including
expanded applications for glycerin, substitution markets, i.e. displacing other materials
such as sorbitol, and use of the glycerin as an intermediate for the production of other
chemicals.

It is important to note that the conventional glycerin markets are well established and the
supply of crude materials have, until recently, involved the so-called “fat splitter” and
“salt-lye” crudes. Fat splitter (or “splitter”) crude is derived from the processing of
vegetable oils (or animal fats) to produce fatty acids and other oleochemicals, such as
fatty alcohols. This industry is well established and fundamental to the production of
numerous consumed products, such as cosmetics and the like.

In the production of soaps from animal fats or vegetables oils, there is also a by-product
glycerol material produced. This co-product, referred to as “salt-lye crude” contains a
higher level of impurities (and inorganic salts) than the crude produced in the fat-splitting
process. Thus its inherent value in the marketplace is less.

Biodiesel crude, as indicated, results from the conversion of the triglycerides contained
in vegetable oils or animal fats, to a methyl ester (biodiesel). The glycerin produced in
the biodiesel process will typically contain a higher level of impurities than that produced
in the soap making process. Thus, from an overall standpoint, the crude glycerin from
biodiesel processing is the least desirable of the “conventional” crude materials. For this
reason, disposition of the crude produced in the biodiesel process must be a major
consideration in the overall project evaluation.

A New York 32.6 MGY biodiesel industry would produces 22 million pounds of crude
glycerin or about 11 million pounds of refined glycerin annually. This would increase
total U.S. glycerin supply by less than four percent and should have a negligible impact
on glycerin prices. It is unclear whether this increased supply would be sufficient to
attract a major glycerin user to build a new production facility in New York. Passage
and enactment of a national Energy Bill is expected to increase biodiesel production
significantly. Consequently, aggregate U.S. glycerin supply also will increase resulting in

4® Chemical Economics Handbook Report, Abstract, February 2003.
%0 Oleoline.com, Ltd. Glycerin Market Report, September 2003, Issue No.62, p. 5.
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a decline in prices. It is unclear how large the glycerin price response to increased
supply may be.

Soybean Meal

Soybean meal is a co-product of soybean processing. Every bushel of soybeans
crushed typically produces 23.5 pounds of soybean meal. Soybean meal is the solid
matter that remains after the oil is extracted from the soybean. Soybean meal is a
concentrated source of protein and energy and is lower in crude fiber than most other
oilseed meals. The higher protein, energy and lower fiber content of soybean meal
makes it ideal for high-energy rations such as broiler, turkey, and pig starter feeds.
Soybean meal typically has a 48 — 50 percent protein level and is rich in amino acids.

Approximately 85 percent of soybean meal is fed to non-ruminants such as swine and
poultry. The available amino acid levels in soybean meal complements those of corn
and other coarse grains in meeting the nutrient requirements of poultry and swine.”'
Soybean meal is the standard to which all other protein sources are compared.

Soybean meal also is an important component of dairy and fed cattle rations. Soybean
meal is highly palatable and digestible for dairy animals, and it assists the dairyman in
obtaining the highest milk yield possible from his herd. Soybean protein products also
may be used in dairy calf milk replacers with acceptable results.

Large quantities of soybean meal are used in the formulation of pet foods. Simple corn
and soybean meal diets formulated for dogs perform equally to the complex diets using
high levels of animal protein. In recent years, there has been a rapid expansion of
soybean meal use in aquaculture. Soy protein has one of the best amino acid profiles of
all of the oilseed proteins in meeting the essential amino acid requirement of fish.

The dairy industry is vitally important to New York agriculture. New York has the
nation’s third largest dairy herd (678,000 head) and produced 12.2 billion pounds of milk
in 2002. Dairy products accounted for half of total New York farm cash receipts in 2002.

New York also is a grain and protein deficient state. That is, New York farmers use more
corn and soybean meal than is produced in the state. Currently, the three soybean
processors in New York have the capacity of producing 73,000 tons of soybean meal
annually but produce only half that amount. A biodiesel industry that would create the
demand for oil to be processed into biodiesel would raise the price of soybean oil by an
estimated 7.3 percent and will provide a market incentive for these processors to
produce at capacity and is expected to attract investment in another crush facility
resulting in additional local soybean meal supply. The amount of soybean meal that
would be produced as a result of a biodiesel industry is small relative to the total U.S.
supply and is unlikely to have a noticeable impact on market prices. However, increased
local supply will benefit New York dairymen and other livestock and poultry producers by
reducing transportation costs and lowering the basis for soybean meal.

®1 Keith Smith and Associates. “Advances in Feeding Soybean Meal”. http://www.soymeal.org/ksmith.html
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TASK 3: PRODUCTION ANALYSIS — BIODIESEL AND BYPRODUCTS
Subtask 3.1: New York State Production Options

The Biodiesel Plant Development Handbook© (The Handbook) published by the
Independent Biodiesel Feasibility Group (IBFG) is an excellent resource to help
determine the factors to be considered before investing in the biodiesel business and
installing a production plant. While The Handbook was written with the individual in
mind, it provides a useful starting place to make recommendations on the most
appropriate plant size and biodiesel technology for New York.

According to The Handbook, the items to be considered first when selecting a
technology and building a plant are:

e Demand for Biodiesel
e Feedstock Availability
e Existing Production Capacity/Competition

The analysis performed for this section of the report assumes that sufficient demand for
biodiesel already exists. The analysis focuses on which technologies would serve New
York the best, given likely feedstock sources and feedstock quality available in New York
from either indigenous feedstock production or through imports from other states.

We have evaluated a number of biodiesel production technologies that are commercially
offered and have been demonstrated in the marketplace via the installation of at least
one commercial facility. The project team has an excellent and confidential relationship
with most of the technology companies, and is able to utilize this knowledge to provide
an independent assessment of these technologies based upon the factors most
important to the company installing or evaluating the technology. There are a variety of
factors that must be taken into account when evaluating a technology. These factors
can vary substantially between the technologies and even more substantially between
the companies offering the technologies. This is especially true when considering the
capability to handle feedstocks of varying quality. A brief summary of these factors is
found below.

Factors In Technology Selection:

Production Capacity — what sizes are offered?

e Capacity Expansion — is the technology easily expanded if volumes go up?

o Feedstock Flexibility (percent FFA) — Can the technology handle various FFA
levels?

e Co-product Streams — Quantity and quality of glycerin and other process streams

e Equipment and Operating Complexity — How complex is the plant and its
controls?
Waste Streams — What is the quantity and quality of waste streams.

o Process Safety Design — What is the safety record for plants using this
technology?

o Services Offered — Can you buy a turnkey plant, or just the engineering design?

e Previous Experience — How many plants are in operation or coming on line
soon?
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o Performance Warranty — Does the company offer performance warranties?
o After Sale Support — Does the company offer technical support and for how long?
e Project Delivery Time — How long will it take once the contract is signed?

To complete the evaluation, the project team contacted the leading technology
companies and requested information on their technology for the following scenarios:

Soybean oil 0.5%FFA 0.2% MIU Titer average of 22 °C
Yellow grease 10.0 % FFA 3.0 % MIU Titer average of 38 °C
Animal fat 3.0% FFA 1.5% MIU Titer average of 45 °C

These scenarios are based on the average quality of feedstocks available in New York.
Due to the competitive nature of the business, many of the technology companies were
reluctant to provide detailed information that could be included in this report. We were,
however, able to obtain information with which to provide the recommendation and
analysis provided below. The review is not intended to provide confidential information
or go into extreme detail relative to the individual processes. Some of the technology
companies were also much more willing to provide information in a timely manner.

This section recommends technology options that appear to be the best at meeting the
biodiesel needs of New York State. The evaluation is based largely upon confidential
information provided by the technology companies and our evaluation of this information
as it relates to the factors important for New York.

It cannot be overemphasized that any one of these factors may lead an individual
company or investor to select other technologies than those recommended by this
report. That is why it is critical for each company to conduct a thorough investigation of
the top several technologies in order to make a determination of the most appropriate
technology for them.

General Biodiesel Technology Overview:

In order to provide a basis for the individual process technologies review, a general
overview of the “generic” biodiesel production technique is appropriate. The discussion
below overviews the basic approach to biodiesel production from refined vegetable oils,
e.g. soybean oil, and identifies the basic stages involved in the manufacture of this
product.

There are three basic avenues of commercial significance to the production of biodiesel
(mono-alkyl esters) from naturally occurring vegetable oils and fats (also known as
triglycerides (TG)).*> Mono-alkyl esters are also made for purposes other than biodiesel
such as intermediates for industrial chemicals, consumer products and the like. Thus,
there is a significant amount of know-how relative to these materials. Much of the
current biodiesel technology is based on the “simplification” of the conventional ester
production techniques so as to allow for the manufacture of a more "commodity-like”
material. The primary approaches to the manufacture of these materials include:

e Reaction of the TG with an alcohol, using a base catalyst

%2 For the remainder of this section we will use the term TG as a generic term to represent any naturally
occurring vegetable oil or animal fat.
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¢ Reaction of the TG with an alcohol, using a strong acid catalyst
o Conversion of the TG to its fatty acids, and a subsequent reaction of the fatty
acids with an alcohol using a strong acid catalyst

Almost all of the mono-alkyl esters of commercial significance (especially biodiesel) are
produced using the base catalyzed reaction of the TG with methanol. Use of acid
catalysis is typically limited to the conversion of the fatty acid fraction in high free fatty
acid (FFA) feeds, or to treat intermediate high fatty acid/ester streams that can form in
the acidification of the crude glycerin bottoms produced as a co-product of the
transesterification reaction. Further discussion relative to the esterification concept will
be presented later.

For soybean oil feedstocks, or other virgin seed oils or animal fats low in FFA, the most
cost effective avenue is the base catalyzed reaction of the TG for the following reasons:

e |tis alow temperature (150° F or less), low pressure chemical process
e |t yields high conversion (98 percent) with minimal side reactions
¢ No exotic materials of construction are needed

The chemical reaction is illustrated below. Stoichiometrically, 100 pounds of TG are
reacted with 10 pounds of alcohol in the presence of a base catalyst to produce 10
pounds of glycerin and 100 pounds of mono-alkyl esters or biodiesel. In practice, an
excess of alcohol is used in the reaction to assist in quick and complete conversion of
the TG to the esters, and the excess alcohol is later recovered for reuse. All reactants
must be essentially free from water. The catalyst is usually sodium methoxide, sodium
hydroxide, or potassium hydroxide that has already been mixed with the alcohol.
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Figure 3.1
lllustration of the Transesterification Chemical Reaction
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Triglyceride Configuration
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o
I
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Glycerine Biodiesel Methyl Esters

While the ASTM specification for biodiesel permits the use of a variety of alcohols for the
production of biodiesel, methanol is currently the main alcohol used commercially for the
production of biodiesel. There have been discussions regarding the use of ethanol, but
to date the use of this alcohol for biodiesel is insignificant. Major reasons why methanol
is the current alcohol of choice include:
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e Methanol is less expensive than ethanol
Ethanol is a larger molecule than methanol and it is incrementally more difficult to
get the reaction to go to completion, requiring longer reaction times or higher
temperatures

¢ It is more difficult to recycle the excess ethanol due to its azeotrope with water at
the 95 percent concentration

