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Foreword

The Vision for Bioenergy and Biobased Products in the United
States was initially created in 2002 to establish far-reaching goals to
increase the role of biobased energy and products in our nation’s
economy. It represented the collective vision of the Biomass
Research and Development Technical Advisory Committee
established by the Biomass R&D Act of 2000. This document is an

update to that Vision.

The process of updating the Vision began with an appraisal of our
nation’s progress toward the original Vision goals as mandated by
Congress under the U.S. Energy Policy Act of 2005 (P.L. 109-58).

A one-day workshop was held in November 2005 where 20
individuals from industry, academia, and government provided their
expertise and insight toward updating the Vision (see Appendix A
for a list of participants). The workshop participants evaluated
progress toward the original goals, and what was needed to achieve
these goals. The Vision update was followed by an independent
peer review (see Appendix B for a list of participants) and final
approval by the Biomass R&D Technical Advisory Committee and
Interagency Biomass R&D Board. The long-term goals in the Vision
are intentionally aggressive and challenging because the Vision
defines what the nation can and should be doing to achieve a
biobased economy. In addition, the Committee recommends the
U.S. Departments of Agriculture and Energy conduct a longer-term
analysis to benchmark current markets for biomass and opportuni-

ties under various economic and policy scenarios.

For more information on the Biomass R&D Act of 2000 and the
Technical Advisory Committee, visit:

http://www.biomass.govtools.us


http://www.biomass.govtools.us

Executive Summary

Vision Statement -
By 2030, a well established, from the Persian Gulf region.2 Natural gas imports accounted for 20 percent of the total

economically viable, bioenergy

The United States is at a critical point in determining its energy future. One path will lead to continued
dependence on fossil fuels for energy needs, the other toward a more balanced and diverse energy
portfolio that includes domestic biomass resources. In 2004, fossil fuels supplied 86 percent of U.S.
energy needs, with the majority, 40 percent, coming from petroleum." In recent decades, U.S.
dependence on imported oil has reached untenable levels. In 2005, about 65 percent of
crude oil and petroleum products were supplied by imports, out of which 17 percent came

U.S. natural gas consumption in 2005.% A continued dependence on oil and gas will
increase our vulnerability to price fluctuations as well as increase our reliance on foreign

and biobased products industry nations to fuel our economy.

will continue new economic

A more robust portfolio of feedstocks for our nation’s energy supply must be found.

opportunities for the United Biomass resources are sustainable and offer an environmentally friendly feedstock which

States, protect and enhance our

can contribute significantly to creating this diverse portfolio. Biomass technologies can
help reduce global warming, a principal environmental impact of fossil fuel consumption.

environment, strengthen 1.S. Achieving this shift from fossil-fuel-based energy supply to bioenergy will infuse dollars

energy security, provide

back into the domestic economy creating new markets and jobs.

economic opportunity, and In order to realize this opportunity, the Biomass R&D Technical Advisory Committee

deliver improved products to

consumers.

Vision Goals

Units

Market share (%)

established the Vision for Bioenergy and Biobased Products in the United States.*

It established aggressive goals for biopower, biofuels and biobased products, defining
market share targets and consumption for 2010, 2020, and 2030. These targets were set
to benchmark the progress toward achieving the 2030 Vision of a “well established,
economically viable, bioenergy and biobased products industry.” A November 2005 assessment of
the current status on the nation’s progress toward these targets revealed that in some cases the
nation is not on track to meet them. This document updates the 2002 Vision. While recognizing the
current shortfalls, it does not change the original 2010 goals but does make minor changes to its
2020 and 2030 goals. Additionally, the document establishes 2015 goals to define interim milestones
that must be achieved to reach the aggressive targets set for 2020 and 2030. Updated Vision goals
are shown below.

Achieving the Vision will require a blend of research and demonstration, and policy measures, as well
as efforts to educate future scientists and engineers on biomass feedstocks and conversion technolo-
gies for the biobased
economy. A number of
common misconceptions
have hindered positive

0.7 1.2 4.0 6.0 10.0 20.0 public perception of
biomass. In order to
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realize the Vision, it is
important to educate the
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Introduction: Benefits
of Achieving the Vision

Biomass — Any plant or plant-derived
material, including animal manure and
waste materials, which can be
converted into fuels, products, or
power through various conversion
processes.

The United States has become increasingly dependent on imports to meet its growing petroleum
needs. In 2005, over 65 percent of U.S. crude oil and petroleum products were supplied by imports,
while natural gas imports accounted for 20 percent of U.S. total natural gas consumption.® In recent
years, the demand for petroleum and natural gas has been escalating globally as economies of
developing countries are growing rapidly, mounting pressure on world energy markets and prices.
Crude oil prices have risen sharply, while natural gas prices in all sectors have increased threefold
from 1985-2005, exacting high costs for consumers, industry, and nations as a whole.® Such volatility
in petroleum prices combined with the extensive U.S. reliance on fossil fuels is testing the limits of
our nation’s economic, environmental, and homeland security.

A more robust portfolio of domestically produced feedstocks for our nation’s energy and chemical
supply must be found. Biomass resources are sustainable and offer an environmentally friendly
feedstock which can contribute to diversifying our energy portfolio. Electricity, transportation fuels,
chemicals, and materials currently produced from petroleum and natural gas can instead be produced
from biomass resources. These resources include crops and trees; industrial, municipal and forestry
residue; and byproducts from production processes in the agricultural, forest products, and pulp and
paper industries. This prospect holds great promise for our economy and is critical for our strategic
security.

The Vision for Bioenergy and Biobased Products in the United States (Vision) established by the
Biomass Research and Development Technical Advisory Committee defines a set of achievable
quantitative goals to help the United States transition from a fossil-fuel-based economy to a biobased
economy. These goals will help achieve greater economic and resource sustainability, economic
security, and a healthier environment. Looking to the future, the Vision can be used by policy makers,
educators, government, and industry as a tool to guide the nation toward a viable biomass-based
gconomy.

Realizing the Vision goal of a viable bioenergy and biobased products industry will result in important
benefits in each of the areas discussed in the remainder of this section.

BALANCE OF TRADE

In 2005, the United States relied on imported oil to meet 65 percent of its demand for crude oil and
petroleum products, up significantly from previous decades.” In the U.S., crude oil imports increased
194 percent from an average of 3,426 thousand barrels per day in 1984 to 10,055 thousand barrels
per day in 2005.2 This trend will continue unless a concerted effort is made to increase energy
production from domestic resources and/or reduce energy consumption. The U.S. balance of trade
for petroleum was at a deficit of $231 billion in 2005 — representing 30 percent of the total U.S. trade
deficit.® Increasing demand combined with spikes in petroleum prices suggest that U.S. petroleum
imports will further exacerbate the U.S. trade deficit. More critical to the deficit is the price inelasticity
of oil. Even small changes in the price of oil have a large impact on the deficit. According to The
Economic Policy Institute, the dramatic increases in the cost of petroleum products and the volume
of imports were responsible for more than one-third of the increase in the trade deficit in 2004.™

If domestically produced biobased products and bioenergy can begin to replace a portion of
petroleum products, those dollars could remain in the U.S. and provide an opportunity to fuel
domestic economic growth.
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ECONOMIC GROWTH

Biomass resources are varied, ranging from agricultural crops and residues to forest resources and
energy crops. They are available in every region of the United States. Achieving the Vision will infuse
dollars back into the domestic economy by creating a market for business output, generating income,
and encouraging capital investment, which, in turn, will further increase the demand for business
output —the “multiplier effect.” In essence, for rural America, renewable energy means creating new
markets, industries, and jobs. The inherent wealth of biomass feedstock in rural land provides
opportunities for rural distributed energy systems, and localized biomass production and processing
facilities. The untapped potential of rural America can help provide a conduit for the renewbale energy
industry to grow.

In 2004, the ethanol industry alone supported creation of 147,000 jobs in all sectors of the economy,
boosted U.S. household income by $4.4 billion through increased economic activity and new jobs,
and added $1.3 billion in federal tax revenue and $1.2 billion in state and local tax revenues.

Such biomass-based industries will help provide new markets and product diversification to farmers,
ensuring economic vitality for years to come. Moreover, new value products from forest and
agriculture industry residuals will open new market opportunities for these industries, for example,
conversion of biomass — including forest residues, agricultural residues and spent pulping liquor
(black liquor) — into ethanol and syngas; and conversion of syngas, carbonaceous solids and oils
into fuels, power, chemicals (such as hydrogen, hydrogen carriers, and butanol) and other high-value
materials.



Exhibit 1: Carbon Cycle:
Benefits of Biomass

Source: Oak Ridge National Laboratory

Net Carbon Benefits — Since
bioenergy is made from crops and
trees that absorb carbon dioxide, the
cycle of their growth and oxidation is
carbon neutral and their substitution
with petroleum-based fuels and
feedstocks can help to reduce net
greenhouse gas emissions. By
increasing growth rates and efficient
production methods, we can
potentially reduce GO, concentrations
by increasing our use of bioenergy.
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ENVIRONMENTAL ISSUES

Biomass technologies can help to reduce global warming, the principal environmental impact of
petroleum consumption. Since biomass has relatively low net (fuel-cycle) carbon emissions,
substituting biofuels and biobased products with those derived from petroleum can result in
significantly lower greenhouse gas emissions (see Exhibit 1).

Biomass has the biggest potential near-term impact in the
transportation sector, which accounts for 65 percent of U.S.
oil consumption and is the predominant source of air
pollution.” The transportation sector produced 1,770
teragrams of CO, in 2003, accounting for 32 percent of the
total U.S. CO, emissions. The transportation sector also was
responsible for as much as 90 percent of carbon monoxide
(CO) in urban air — both gases contribute either directly
(CO,) orindirectly (CO) to global warming.™' Biomass
could also have an important impact on power generation
through co-firing, gasification, and pyrolysis technologies,
especially if biopower replaces electric generation that
would otherwise have been generated from coal. Electricity
generators rely on coal for over half of their total energy
requirements and accounted for 93 percent of all coal
consumed for energy in the United States in 2003."
Electricity generators consumed 35 percent of U.S. energy
from fossil fuels and emitted 41 percent of the CO, from
fossil fuel combustion in 2003.'

The Clean Air Act mandated that the Environmental

Protection Agency establish emission standards for NO_ and
other pollutants. Currently, CO, emissions are not regulated as a pollutant under the Clean Air Act. As
the contribution of CO, to global warming has become more widely accepted, however, some states
have independently adopted limits on vehicle tailpipe GO, emissions, and it is possible that other GO,
emission limits may be imposed in the future. Biopower and co-firing can help industry meet such
new requirements. Similar benefits could be achieved by biorefineries which produce a suite of fuels,
power, and biobased products. Reducing the amount of fossil fuels we use and replacing them with
cleaner-burning bhioenergy will also decrease air pollution and related public health costs. Sustainable
production of forest and agricultural feedstocks provides bioenergy as well as continual CO, uptake
by well-managed crops and forests.

There are other environmental benefits associated with biomass utilization. For example, we could
remove, and use for energy, excessive levels of biomass found on our forest lands. Active manage-
ment may reduce the risk of catastrophic wildfires, provide better wildlife habitat, allow forests to
become more resilient to insects, disease and drought, and enhance the rate of growth of trees.
Benefits to the environment may include enhanced air and water quality because excess forest and
woodland growth is used rather than burned in debris piles. Conservation activities can be completed
using fast-growing crops, wood plantations, and agro-forestry that provide clean water and soil
protection.
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ENERGY DIVERSITY AND SECURITY

The issue of energy security in the United States is largely an issue of oil and gas supply security. The
United States has only 4 percent of the world’s population but consumes about 25 percent of the

world’s produced oil.'” Vulnerability to even short-term disruptions in oil and gas supply was
illustrated during the Gulf Coast hurricanes of 2005. The nation is dependent on foreign sources of
oil, with 65 percent of its 2005 annual oil consumption coming from imports, including approximately
17 percent from the Persian Gulf region.' The price of crude oil has also increased from an annual

average of $36.98 per barrel in 2004 to $50.23 per barrel in 2005, and $59.30 per barrel in
2006 to date."

U.S. reliance on oil imports also results from indirect oil imports in the
form of manufactured goods. This includes the energy used to
produce the goods along with the petroleum-based materials
that comprise products such as plastics. Often countries that
manufacture these goods are themselves reliant on
imported oil, further exacerbating U.S. and global
energy security issues. Although the Energy
Information Administration (EIA) and the Interna-
tional Energy Agency (IEA) do not make estimates of
these indirect imports, analysts speculate it would
add at least 1.0 million barrels per day (MMBD) to the
current 10.1 MMBD of total U.S. oil imports.?

Although not matching the pace of petroleum,
imports of natural gas have also increased in recent
years and imports accounted for 20 percent of total
consumption in 2005.>" This has been led largely by a
near tripling in liquefied natural gas imports. There
has been a dramatic increase in construction of
liquefied natural gas (LNG) terminals. Currently, there
are five LNG terminals in the U.S. with a capacity of
about 5.2 Bcf/day.?2 Another 13 have been approved
by the Federal Energy Regulatory Commission (FERC)
and the U.S. Coast Guard which will bring the total to
22.1 Bef/day.®® An additional 25 LNG terminal sites in
the U.S. have been proposed to FERC and the Coast
Guard.*

It seems only prudent that the U.S. government and
industry begin to make significant investments to
diversify the country’s portfolio of energy resources.
The U.S. needs to build greater resiliency into its
energy sector to lessen the impact of natural
disasters, external attacks, industry downturns, or
other factors that may impact energy supply.
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Geographically dispersed biorefineries could provide an alternative and an additional flow of
domestically produced products that could partly reduce the economic insecurity stemming from
increased dependence on fossil fuels. Further, biofuels can be a component of the renewable
hydrogen energy future, and thus this effort supports both near- and long-term energy and environ-
mental security goals. Biomass feedstocks can replace fossil fuels to support the hydrogen economy,
limiting greenhouse gas emissions and detrimental reliance on foreign petroleum suppliers. Biomass
can also provide a feedstock for other advanced biobased fuels such as biobutanol.

SUSTAINABLE ENERGY SUPPLY

World oil demand continues to increase with the U.S. leading the way. Continued economic expansion
in populous countries such as China and India is further fueling this demand. In the coming decades,
world oil production is predicted to “peak” after which worldwide production of oil will begin to
decrease, raising the oil prices rapidly. Analyses published over the past three decades have varied
widely in their estimate of when world oil production will peak, ranging from as early as 1989 to
2050.% A recent EIA study estimates world oil production to peak in 2044.%

The basic counter argument to any prediction of early “peak oil” production is that new technologies
and increased investment can overcome any production barrier. The IEA estimated that the total
necessary investment cost for worldwide upstream operations and transport of oil by 2030 would
amount to $16 trillion — or roughly $568 billion a year, between 2003 and 2030.7 A study by the
Center for Strategic and International Studies suggests that this estimate may actually be too
conservative.

No matter what the exact date of the expected peak in oil production, looking at the increasing
reliance of the U.S. economy on fossil fuels and the uncertainty of the long-term future of fossil fuels,
the United States must begin to prepare for a transition to alternate energy now. To start with, the
United States must begin to make significant investments to diversify its portfolio of energy
resources. Geographically distributed biorefineries could produce a steady flow of bioenergy and
bioproducts into the U.S. economy, reducing some of our reliance on petroleum imports and
reducing economic insecurity from threats, both domestic and external. Regardless of when peak
production is reached, the cost of crude oil and natural gas will likely continue to increase at a more
rapid rate than biomass and agricultural commodities.
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Current Status of Bioenergy
and Biobased Products

Currently, biomass accounts for about 4 percent of the total U.S. energy consumption but has the
potential to contribute much more. Biomass resources are diverse and are found in every state in the
United States. Feedstocks from the agriculture and forestry industries such as corn stover or spent
pulping liquor can be converted into liquid fuels, power, chemicals and other higher-value materials.
According to a 2005 report by U.S. Department of Agriculture (USDA) and U.S. Department of Energy
(DOE), there are approximately 1.3 billion tons of biomass available in the United States for conver-
sion to fuels, power and products (Exhibit 2).28 Biomass is used to produce heat and power in
industry, to produce electric power for sale to the electrical grid, and to produce biobased fuels such

Exhibit 2: Summary of Potential Forest and Agriculture Resources
Logging &
other residue

Fuel treatments

Urban wood
residues

Wood processing
residues

Pulping liquor

Fuelwood

0 20 40 60 80
Million dry tons per year

Perennial crops

Crop residues

Process residues

Grain-to-ethanol

o

100 200 300 400 500

Million dry tons per year

Source: Biomass as a Feedstock for a Bioenergy and Bioproducts Industry: The Technical Feasibility of a
Billion-Ton Annual Supply. 2005. It should be noted that the forest feedstock analysis looks only at
residues and wastes and does not take other wood sources into account.

as ethanol and biodiesel. Biomass is
also used to produce a range of
chemical and material products that
are otherwise produced from
petroleum-based feedstocks.

Heat and power produced by biomass
was estimated at 2.1 quadrillion Btu
(quads) in 2004, and accounted for
about 3 percent of the market share
for power production. Consumption
of biofuels in the transportation sector
was approximately 2.1 billion
gasoline-equivalent gallons in 2004,
about 1.2 percent of the market share
for transportation fuels.?

In its original Vision, the Committee
set aggressive goals for biofuels,
biopower and biobased products for
2010, 2020, and 2030. In updating its
Vision, the Committee evaluated the
current status of biofuels, biopower,
and bioproducts in the United States
to track the progress toward achieving
the original goals stated in the Vision.
It found that the U.S. is on track to
meet the Committee’s original biofuels
goals for 2010, but is not on track to
meet its 2010 goals for biopower. It is
difficult to assess progress in
achieving its goals for biobased
products due to lack of data.
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Liquid fuels in transportation are
measured in gallons, with the most
common fuel being gasoline.

The energy content of each fuel type
is different. The Btu content for
gasoline (130,000 Btu/gallon) is
higher than the content for ethanol
(89,000 Btu/gallon) or biodiesel
(128,000 Btu/gallon). For comparison
purposes, the Vision uses gasoline-
equivalent gallons when discussing
transportation fuel consumption.

BIOFUELS

The current U.S. biofuels production capacity (existing and planned) is illustrated in Exhibit 3. As of
January 2006, there exists over 4,336 million gallons per year of ethanol production capacity with
over 1,743 million gallons per year in new planned capacity.® Current dedicated biodiesel and
oleochemical production capacity is estimated to be 395 million gallons per year with 714 million
gallons per year in planned capacity.®'

Overall demand for transportation fuels has increased 19 percent in the past 10 years with the vast
majority of this growth reliant on imported petroleum.® Increased use of domestically produced
biofuels in the transportation sector represents a near-term opportunity to help offset petroleum
demand and rising oil imports. Biofuels include ethanol blended with gasoline, such as E85, biodiesel,
or other advanced biofuels still under development.

As shown in Exhibit 4, there has been sizeable growth in consumption of virtually all biofuel catego-
ries, reaching a total consumption of 2.1 billion gasoline-equivalent gallons in 2004 —a 1.2 percent
capture of the total annual vehicle fuel consumption in the United States.® If the biofuel consumption
growth continues at this rate, the original Vision goal of 8.0 billion gasoline-equivalent gallons or 4
percent of market share by 2010 can be reasonably met. This will exceed the Renewable Fuels
Standard (RFS) established by the Energy Policy Act of 2005 (EPAct), which aims to double the
amount of ethanol and biodiesel in the U.S. fuel supply over the next seven years. The RFS requires
7.5 billion gallons of biofuels (5 billion gasoline-equivalent gallons) production by 2012.

Exhibit 3: Biofuels Production Capacity, January 2006

7000

6000

5000

4000

Million gallons

3000

2000

1000

Ethanol

B Planned Capacity

W Production Capacity

Biodiesel

Biofuel type

Sources: 2006 Annual Industry Outlook, Renewable Fuels Association; Fact Sheet: U.S. Biodiesel Production Capacity, May 2006, National Biodiesel Board.
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Exhibit 4: Estimated Consumption of Biofuels and Traditional Fuels in the United States

2001-2004 (Thousand Gasoline-Equivalent Gallons)

Avg. Annual %

L) Change 2000 04
E85 *12,084 14,623 17,783 20,092 22,405 14%
E10 1,085,800 1,143,300 1,413,600 1,792,900 2,052,000 14%
Biodiesel 6,816 7,076 16,917 26,758 36,599 31%
Total Biofuels 1,104,700 1,164,999 1,448,300 1,839,750 2,111,004 15%
Gasoline 125,720,000 127,768,000 131,299,000 132,961,000 136,374,000 2%
Diesel 36,990,370 37,085,270 38,305,630 39,930,170 40,740,760 2%
Total Fuel 163,032,677 165,201,601 | 169,983,219 | 173,303,895 | 177,561,958 2%
Consumption
Source: Alternative Fueled Vehicles. Renewable and Alternative Fuels. Energy Information Administration.*
*E85 in 2000 includes 13,000 gasoline-equivalent gallons of E95. 2001-2004 E95 is zero.
ETHANOL 85
Fuel ethanol (C,H,0H) ............... An anhydrous denatured aliphatic alcohol intended for gasoline blending.
Oxygenated gasoline.................. Finished motor gasoline, other than reformulated gasoline, having an oxygen content of 2.7 percent or
higher by weight.
E10....oes A fuel containing a mixture of 10% ethanol and 90% gasoline.
E85 ..o, A fuel containing a mixture of 85% ethanol and 15% gasoline.
E9S ... A fuel containing a mixture of 95% ethanol and 5% gasoline.
Biodiesel .........cccoeviiiiiiiininnns Produced through transesterification, a process in which organically derived oils are combined with

alcohol (ethanol or methanol) in the presence of a catalyst to form ethyl or methyl ester. Biodiesel can be
made from soybean or rapeseed oil, animal fats, waste vegetable oils, or microalgae oils.
Fischer-Tropsch (FT) Synthesis..... One route to produce green fuels is the combination of biomass gasification (BG) and Fischer-Tropsch
(FT) synthesis, wherein biomass is gasified and, after cleaning, the biosyngas is used for FT synthesis to
produce long-chain hydrocarbons that are converted into “green diesel” (e.g., biodiesel and ethanol).
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BIOPOWER

The United States is not on track to reach the 2010 Vision goal for biopower of 3.3
quads or 4 percent of market share. Biopower includes biomass resources used to
produce heat and power in the industrial sector for both onsite use and sale to the
grid. Biopower also includes biomass used for electric power production by the

one degree Fahrenheit and is equal to 252 utility sector. As shown in Exhibit 5, the use of biomass to produce biopower has
calories. For example: a gallon of gasoline been relatively unchanged since 2000, decreasing marginally from 2.23 quads in
contains 124,000 Btu; a kilowatt of electricity 2000 to 2.13 quads in 2004. The Committee recognizes that although combined heat
contains 3,412 Btu; and in 2004, U.S. energy and power is an important aspect of the “biorefinery concept” and is important to the
overall objectives of achieving the Vision, the value-added nature of biofuels,
biochemicals, and other bioproducts will have a more significant economic impact in

Quads — Energy is measured in British thermal
units or Btus. U.S. energy consumption’s order of
magnitude is in quads, short for one quadrillion
(10%) Btus. A Btu is the amount of heat required
to raise the temperature of one pound of water by

consumption was about 100 quads (including all
residential, commercial, transportation, industrial
and electric power sector energy consumption). displacing fossil energy sources.

Exhibit 5: Biomass Share of Electricity and Heat Demand in Utilities & Industry (Quadrillion Btu)

Biomass Biomass Total Energy Biomass Share
Consumption for  Consumption for Consumption of Electricity &
Heat & Power Electric Power (Industrial & Heat Demand in
(Industrial (Electric Utility Electric Utility Utilities &
Sector)? Sector)? Sectors)® Industry?
2000 1.78 0.45 2.23 72.93 3.06 %
2001 1.59 0.45 2.04 70.03 2.92 %
2002 1.56 0.51 2.08 70.86 2.94 %
2003 1.53 0.52 2.05 70.61 291 %
2004 1.62 0.50 213 71.93 2.96 %

Source: °Renewable Energy & Alternative Fuels. EIA.% ® Annual Energy Review. EIA.%

BIOPRODUCTS

As it has since the early 1900s, the United States continues as the world’s leader in chemicals
production. In 2005, the U.S. chemicals industry produced 23 percent of the world’s total chemicals
shipments.®” The chemicals industry is energy intensive, relying on oil and gas not only for process
energy but also using petroleum as feedstock for the manufacture of many of its products. In 2004,
the energy equivalent consumed by the U.S. chemicals industry for these purposes amounted to 6.4
quads or 6.4 percent of the total U.S. energy consumption.® Energy used for fuel, power, and
electricity accounted for 3 quads of this total, with the remaining 3.4 quads used for hydrocarbon
feedstocks.® These hydrocarbon feedstocks are sourced primarily (99 percent) from petroleum and
natural gas, with the remaining 1 percent from coal and biomass.*

The Biomass R&D Technical Advisory Committee defines targeted biobased products as any product
generated from biomass that would otherwise be produced using fossil fuel feedstocks.
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When the original Vision document was published in 2002, the production of biobased textile fibers,
polymers, adhesives, lubricants, soy-based inks, and other products was estimated at 12.8 billion
pounds per year or roughly 5 percent of the market share (see Exhibit 6). Based on the 2005 estimate
shown in Exhibit 6, biobased products now constitute about 17.6 billion pounds per year, or about 8
percent of the total target market share.*' However, note that these estimates use some references
that are not updated annually for tracking the volume of bioproducts. The production entry for
Cellulose Polymers has not changed from the 2002 baseline, not because the market has not grown,
but because more recent data reflecting the current state of its market is unavailable.

Due to lack of publicly available data on production of biobased products, it is uncertain how close
U.S. industry is to achieving the original Vision goal of capturing 12 percent market share of products
by 2010. In its updated Vision, the Committee has expanded the list of key biobased products which it
will include in its slate of biobased products. In addition to those products listed in Exhibit 6, new
biobased products which are projected to enter the market are: polylactic acid from lactic acid,
succinic acid, 1,3 propanediol (PDO), polyhydroxy-alkonoate (PHA), and 3 hydroxyropionic acid (3-
HP). These biobased products will be direct replacements for current petrochemicals such as
polyolefin thermoplastics (e.g., polyethylene and polypropylene). Although there are many unknowns
with respect to current bioproduct production capacity, the outlook is very promising for bioproducts.

As in the energy sector, diversifying the chemical industry’s feedstock base to include more biomass
can help to ensure greater security and reduce vulnerab