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Abstract

Section 948 othe Energy Policy Act of 200fequiresthe U.S. Secretaryf Agricultureto

submit to Congress an analysis of economicciautirs of the biobased econoriifais report

outlines the process takandthe results of an analysi$ indicatorsby the United States

Department of Agriculture in collaboration wiktbwa State UniversityThe data used in the
analysisarenot meant to represent the current state of the industry, but rather to show what types
of information give the best meassd theconditionof the biobased economvhis report

contains data gathered in 2008 and reflects the most current information available on biobased
economy indicators.

Public forums were helfbr input on potential idicators. After a thorough investigatidour

input indicatorsfour investment indicators, arelghtoutput indicators were selected forf in

depth analysis€ach of these indicators was studied to understand where data gathering methods
are inadequate, ¢irelevance of each indicator to the growth of the bioeconomy, andt oar

might be measured. Further analysis was conducted to explore how indieatioescombined

to assess growth, profitability, and uncertainty in the bioeconomy.

To gain a goodinderstanding of thetatusof the bioeconomy, it will be necessary to
consistently track a comprehensive set of bioeconomy indicatofsrtunately, many of the
indicators that surfaced as key measures of the bioeconomy are not currently known. The
following recommendations, if addressed, walgdport the development of a variety of
accurate indicators so bettaformed business and policy decisions can be made.

1 An advisory and policy planning conittee with membership from theederal
Governmentould be established to regularly communicate on the topic of bioeconomy
indicators.

1 Formalizing biobased industry measurement standards between government agencies and
the private sector should lead to more consistent estimates of data.

1 Development of a blmased industry and commodity usage survey could be undertaken to
expand the amount of information available on-fugl segment®f the industry

1 A revision of the North American Industry Classification System may be necessary to
more effectively gather bbased industry data.

1 Policy makers and plannesfiouldconcentrate on measuring a few key indicators that
give a sense of the scope and depth of biobased product usage and change.

1 Lastly, industry could lead the development of standardized and regulatrind
measures designed to provide planning and guidance information for the industry.

As new indicators become available, industry, investors, and policy makers will be able to make
more informed decisions and the sustainability of the industry canweapro

Keywords: biobased products, ethanol, biodiesel, fuels, chemicals, economic indicators.



Preface

The Energy Policy Act of 200&EPAct) (Public Law 10958) required th&J).S. Secretary of
Agricultureto issue reposton the economic potential in thénited States for theidespread
production and use of commercial biobased products through calendatog&aancbn the
analysis oeconomidndicators of the biobased econariiis report addresses the latter
requirement.

This study was prepared undee direction of the Office of Energy Policy and Neaes of the
Office of the Chief Economist).S. Department of Agriculturé cooperation with the Center
for IndustrialResearch and Service of lowa State Univer§itincipal authors are Marvin
Duncan of the Office of Energy Policy and New Usasl Ronald Cox, Liesl Eathington, Dave
Swenson, andohn Miranowski of lowa State University.

Themajority of the analyses this reportwasbased on data curreint2008.Though indicators
may have bangedsince the referenced material was originally publishetlong the
preparation of tis report, thee has been little change in tfedevance of the indatorsor in the
issues associated with measurement and data availability

Harry BaumesActing Director, Office of Energy Policy and New Uses

For updates on Biobased Products, please visit:
http://www.usda.gov/oce/reports/energy/index.htm

Disclaimer

Trade and company names are used in this publication solely to provide specific
information. Mention of a trade or company name does not constitute a warranty or an
endorsement by the U.S. Department of Agriculture to the exclusion of other products
or organizations not mentioned.
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1. Executive Summary

The Energy Policy Act of 200EEPAct) was signed into law on August 8, 2005e dlierarching
goal of EPAct isa ensurduturejobsthroughsecure, affordable, and reliable eneiggction

948 ofthe legislatiorrequiresthe U.S. Secretaryf Agricultureto submit to Congress an

analysis of economic indators of the biobased econoriifais report outlines the process taken
and the results of an analysikindicatorsby the United States Department of Agriculture

(USDA) in collaboration withiowa State UniversityThe data used in the analysis are not meant
to represent the current state of the industry, but rather to show what types of information give
the best measures of the condition of the biobased economy.

The mainreasons given in support of the development and growth of a biobased economy are
widely known: decrease U.S. dependency on foreign petroleum (and thus improve security),
decrease the trade deficit, help rural economic development, reduce carbon enassions
improve the environment.

The bioindustry must beompetitiveto grow. Investors, policy makers, and businesses all want
to understand the business viability of biobased product companies. Knowledgestafubaf
the bioeconomy will help with:

1 development of policies that aid growth and do not have unintended consequences;
1 determination of areas where government research funds should be inaedted,;
1 analysis of the industry so companies can effectively invest their own resources.

There are mankinds of data that could be gathered to help develop the knowledge to
accomplish these objectives. Unfortunatelgasuring the bioeconomy is not straightforward.
The biobaseg@roducts industrydespite its relatively young state, is multidimensional ré&lage
many different productectorsincluding fuels, endise consumer productsommodity
chemicals, antliopower Bioeconomy activities include employee training programs
government policymaking activities at the local, state, and federal leweldde array of
research and development activitiasd so on.

The problem is exacerbatéeg the lack of clear definitions of what the bioeconanmgtudes For
instance, it may not make sense to include all industrial biotechnology products in bioeconomy
analyses since not all biotech processes use agricultural feedstocks. Obviously, the geographic
extent of analyses affects the magnitude of results. As well, there is debate on whether mature
products should be included in the scope of analyses. Evemdfitheonsensus on what is
considered a part of the bioeconomy, a framework does not exist for classifying biobased
products in a way in which accuratatdcanbe collectedvithin existingFederalGovernment

data systems.

A number of definitions, howevecan be offered. In this report, a biobased economy is defined

as AU. S. activities related to the production
is further constrained to neuwse produc@ biobased products that have developed a market

presence since 1972. The industry can be segmented a variety of ways. This report describes it as
composed of four sectorguels, enduse products, chemicals, and power.



Biofuels are defined as any transportation fuel that is produced fromljalsed enewable
resources. The primary focus in this report is on ethanol and biodiesetiatacgrenore readily
availablefor thesethan for most other biobased products.

Endusebiobasedroducts are defined as items sold directly to-esel consumers (pi of
purchase) or busines$s-business sales. Busindgssbusiness sales might include transactions
where only minor modifications to the product are made (e.g., repackagiwgplesale
distribution of eneuse product€End-use biobased products inclualéproducts that are not
categorized as biofuels or biochemicals.

Thetermi b i o ¢ h & tgpically Uséd to define chemical products that are manufactured
using enzymes, microorganisms, or renewable resources. The focus of this report is on
commoditychemicals or intermediates that use a biomass feedstock as opposed to a
petrochemical feedstock.

Biopower includes both the generation of electricity and the production of heat in combined heat
and power plants. The fuel for biopower plants can come liogenic municipal solid waste,
landfill gas, wood, or agriculture feedstocks orfrgducts.

This work to develop relevant measures of the bioeconomy started with the development of an
extensive list of potential indicators. Two public forums were thedd to garner advickom
attendees. After further studi6 different indicators were selected fordepth analysis.

Four input indicators were investigated, includprges of energy inputs for biobased
production, amount of cropland in energgdicated crops, quantity of grain and oilseed inputs
used in biobased production, and the quantity of chemical and other inputs used in biobased
production.

Four investment indicators made the final li@tey were &ax and trade policies, government
spendingon bioeconomyesearch and developmeR&D), privatecapitalinvestment irplant
andequipment and ompanyfundedresearch andevelopment

There were eight output indicators analy&ezhrbon dfsets frombiobasedoroduction
industrialabsorption andfioconsumeracceptance abiobasedproducts production évels of
chemicatbasedproducts emissions fronbiobasedoroduction biofuelsprice levels directvalue
added frombiobasedproduction productionlevels ofbiofuels, and qiantity of

by-products fom biofuel production

Numerous indicators did not matteefinal list butcould be studied in separate effoithese
includeitems liketotal nonfarm payroll employment in bioeconomy activit@syate firm
formation,public attitudes toward and undensding of biobased prodwsstand lifecycle

analysis The latter is important becausete is widespread belief that biobased products are
friendlier to the environment than petrolednased products. Since many biobased products are
more costly than thalternative, dife-cycle analysityas become one tool to show that a more
expensive biobased product will cost less over the life of the product (either monetarily or by
some environmental measure).

Each indicator in the reduced list was studied in ndegeh to gain a better understanding of
where data gathering methods are adequate and where additional work is needddvahee



of each indicator to the growtl the bioeconomy iaddresseh this reporttogether with a
discussion of how the indator is currently or might be measurégh example of one or more
suggested measures is givédrdata were availablé'he limitations of the data and assumptions
made in any analyses are highlighted.

In general, the indicators validate a widespread belibere has been a recent rapid growth of
the biofuels industry. A variety of currently available indicators illustrate what is happening in
this sector. Examples includeggluction levels of biofuels and estimates of commodity
feedstock inputs. Aggregdag policy-related information is more difficult because of the plethora
of state andederalprograms. Unfortunately, there is significantly less information available on
the other sectors of the bioeconomy.

Further economic analysis was conductedkfdae how indicators might be combined to assess
various aspects of growth, profitability, and unagty in the bioeconomyor instance, a
composite diffusion index might serve as a mearmguge the neatermconditionof the

biobased producisdusty, providng a measure of how widespreatbusiness cycle movement
has become. It is relatively straightforward to begin the development of a bioeconomy diffusion
index. Companies could be recruited to parti@dasm each of the principakctors of the
bioeconomy fuels, chemicals, endse products, and power.

Composite indicatorsan also be generatedr&flect changes in the overall state of the
bioeconomyA composite indexssummarizing information contained amarray of individual
indicatorswould help the public, industry, media, and policy makers see an overall picture that is
not so obvious from the component indicators themselda&ts for a component biofuel index

may be straightforward to collediuta composite indicatanusttake into acount changes in all
bioeconomysectorgo gauge the overaltonditionof the biceconomy For this to occur,
additionaldata need to be gathered and reparneimore timelymannerfrom within the

chemicals, endise products, and powsectors of the indasy.

More complex indicators can also be constructed from baseline indicator data. Gross ofiargin
biofuel plants are highlighted in this report. These indicators display the considerable variability
that this sector has experienced over the past ferg.yEais sector has had periods of high
volatility, followed by generally robust margins, followed by a sharp erosion of margins.

To gain a good understanding of gtatusof the bioeconomy, it will be necessary to

consistently track a comprehensive agbioeconomy indicatordJnfortunately, nany of the
indicators that surfaced as key measures of the bioeconomy anamewitly known because data
are not collected, the data a@nfidential or are suppressed becahsy might disclose the

identity ofthe firm, or the indicators are not easigasurableA number of recommendations,

if addressed, wouldupport the development of a variety of accurate indicators that are released
in a more timely fashion so betieformed business and policy decisiaa be made.

1 First, an advisory and policy planning committeith membership fromfficials of the
USDA, theU.S. Department of Energy, tHg.S.Bureau of Economic Analysis, thesS.
Bureau of Labor Statisticthe National Institute of Standards and:hieology,and
possibly the National Science Foundatamuld be established to regularly communicate
on the topic of bioeconomy indicators. Individuals could come together on a regular
basis, legislatively mandated if necessary, to communicate planguor flata



gathering, establish protocols for sharing data, appat international dialog on the
measurement and analysis of the biobased products industry.

1 The next step would be formalize biobased industry measurement standaitse are
widely varying views of what is and is not part of the burgeoning bioeconomy. Clear and
consistent definitions must be developed between government agencies and the private
sector to allow consistent estimates of data. Some issues that need more work include
defining theportion of the biobased products supply chaibe included in economic
analysesdeciding the degree of inclusion of-pyoducts from conventional industrial
sources, landfill gas, and municipal solid waste; and deciding if indicators will @ f
oNn new uses.

1 The development of a biobased industry and commaifge survegould also be
undertakenAn assortment of information is available on the biofuels sector, but data on
other segments ahfe biobased products industry acarce. Addibnal data need to be
collected to create additional bioeconomy indicators and to improve awareness of the
entire industry. Information that might be appropriate to gather includes the contribution
of biobased products to gross domestic product, the dabesbased chemicals, the sales
of biobased intermediates and arge products, private capital investment in plants and
equipment, biofuel subsidies, apdrcentagef employees involved in biobased
production.

1 To more effectively gather biobased indystata, aevision of the North American
Industry Classification System (NAIC8&)ay be necessar@ince the NAICS system was
developed based on the idea that producing units should be grouped based on similarity
of production processes, and since thesich diversity among the variety of biobased
products, this could be problematic.

1 There are a wide variety of indicators that could be generated and tracked, but it is
recommended thabficy makers and planners concentrate on measuring a few key
indicabrs that give a sense of the scope and depth of biobased product usage and change
in recent years. It is recommended that reliable summary compilations be made of (1)
annual government support of biobased industrial activity by type of support and amount
and (2) biofuels and biobased chemical sa#esgovernment agencies develop better and
more reliable measurement and reporting protocols, additional items or subcategories can
be explored.

1 Lastly, industry must also play a role in helping gather reledatat if theconditionof
the broad bioeconomy is to be fully understood. Industry could lead the development of
standardized and regular industry measures designed to provide planning and guidance
information for the industry itself.

A variety of indicatos have been proposed to describe the current and expected future state of
the U.S. bioeconomy. Some indicator datareadily available, but primarily for the biofuels
sector. A number of steps will need to be taken to develop additional bioecononayargliés

new indicators become available, industry, investarg] policy makers will be able to make

more informed decisionand the sustainability of the industry can improveoBustindustry

can help improve national security and expand economelaj@went opportunities



2. Introduction

The Energy Policy Act of 200as signed into lawn August 8§ 2005 (Public Law 1088)[1].*

The overarching goal oEPActis to ensurduturejobsthroughsecure, affordable, and reliable
energy Section 948 ofhe legislatiorrequireshe U.S. Secretaryf Agricultureto submit to

Congress an analysis of economic gadors of the biobased econariiyis report outlines the
process taken and the results of an anabfsisdicatorsby USDA in collaboration witHowa

State UniversityThe data used in the analysis are not meant to represent the current state of the
industry, but rather to show what types of information give the best measures of the condition of
the biobased economy.

To accomplish thisask it is first necessary to determine the root intent of the legislation so that
appropriate indicators can be developed. The main reasonsigispport othe development

and growth of a biobased econgpare widely known:decreas&).S. dependency on foreign
petroleum(andthusimprove security, decrease the trade deficit, help rural economic
development, reduce carbon emissions, and improve the environment. These improvements to
the U.S. economy might occur from substitutions of petroteased products, fuelshemicals,

and power by biobased equivalents; by improvements over petrdias@d products; or by the
development of entirely new products or processes.

Investors, policy makers, and businesses all want to understand the business viability of biobased
product companies. Knowledge of tt@nditionof the bioeconomy will help with

1 development of policies that aid growth and do not have unintended consequences;
1 determination of areas where government research funds should be invested; and
1 analysis of tk industry so companies can effectively invest their own resources.

The industry is being examined more closely as of late because there have been recent
bankruptcies and consolidations, there are a number of systemic constraints that may slow the
growthof the ethanol industry (distribution costs, development of cellulmssed processes,
andnumber of flexfuel vehicles on the market), the profitability of the biodiesel industry has
suffered, and there are few indications that there has been anycsighificrease in the
procurement of biobased products by HeeleralGovernment. Additional technical and

economic research within some sectors of the industry must be completed to better understand
limitations togrowth Further analysis of the net enegpin of biofuels development, the net
carbon balance of ethanol production, and the-teng need for subsidies to maintain a viable
industry are just a few issues that need further study.

Regardless of the current state of thebbaed productsdusty, it is important to underahd the

change in the industgnd the economic impact of the industry on the U.S. economy. The
problem statement might succinctly be stated
petroleumbased economy to a biobasedenomy 2?06 | f this 1 s occurring
a larger fraction of the energy and products consumed in the United States being produced with
renewable biobased feedstocks. The total cost of the products for the consumers and society
(product priceindustry subsidies, disposal costs, etc.) might also decline. That is, not only is the
industry growing and becoming a viable substitute for petroleased products based on

! Alist of references is included in Chapter 9, beginmingage 127.



performance, but also that the cost to the consumer and society of biobakexspio
comparable to or better than petrolebased alternatives.

Measuring the bioeconomy is not straightforward. The biobased sector of the U.S. economy,
despite itgelatively young state, iswltidimensional. For example, there are many different
biobased product groups such as fuels, commodity chemicals, anderdnsumer products

(see Appendix AWithin each of these product groups there are wide varieties of distinct
product types and production locales, each of which employs a variety sfdelex] labor,
machinery, and technology. In addition to the production of biobased products, activities in the
biobased economy include a wide array of research and development activities; government
policy-making activities at the local, state, and fadi&vels; employee training programs; and

so on. In light of the very dynamic, diverse, and complex set of economic activities associated
with the biobased economy, it is natural and useful to consider the development of efficient
methods to quantitatiglsummarize these activities in ways that would be informative and
easily digestible with regard to the overall magnitudes of, and trends in, major components of the
bioeconomy.

Combining or aggregating information from distinct economic activities taiggsuccinct

summaries of these activities is standard practice in economics, particularly in macroeconomics.
For example, the economyds production of the
is summarized by the welkinown gross domestic pradt (GDP) measure. GDP summarizes the
economyé6és current production of goods and ser
output. The economy is producing so many dodleusrth of goods and services per year. While

the dollar value in and of itsek hot particularly informative, changes in (real) GDP from one

year to the next provide useful information on the rate at which economic production is

increasing (or decreasing).

One can imagine a bioproduct analog to GDP in which the market valugefitdoiobased

output could be constructed and used to measure changes over time in biobased output.
Similarly, measures of, for example, total labor employment in biobased activities, research and
development expenditure, capital investment, and patehcaigns could be constructed to
produce a manageable and digestible set of indicators of key components of the biobased
economy.

In addition to indicators that summarize various dimensions of biobased economic activities, it
would be helpful to have aare highly aggregated composite indicator to summarize the overall
state of the bioeconomy. Composite indicators, such as the composite leading economic
indicator, combine related but distinct indicators to provide barometers of the overall levels of
activity in the manufacturing sector of the economy or the economy itself.

There have been a number of efforts to develop indicators for sectors of the economy related to
the biobased products industry. The biotech industry is currently being analyzed bgthesy
such aghe Orgarsation for Economic Caperation and Development [3).

The Biomas$kesearch and DevelopméBnard was created to coordinate programs within the
FederalGovernment to promote the use of biobased fuels and products [4,1]JoTde bd 6 s
Interagency Working Group on Sustainable Development Indicgg@rsGroup)is looking at a
number of indicators related to sustainability PPloposed indicators fall into the general
categories of greenhouse gases, soil quality, water use aéityghiological diversity, land use
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change impacts, resource use, cost competitiveness of feedstock production, value of products
and employment, food/feed/fiber supply, public health and safety, legal compliance, imported oil
displacement, net energyldace, and biofuels access.

The SDI Groupis focusing on biofuels whereas tineportaddresses fuels, chemicals, and-end
use biobased products. Their work is specifically focused on sustainability, which is very
importantfor long-term industry growth This reportis directed more toward the shogtm
economicconditionof the industry. The bioeconomy industry could grow in the short term,
despite a decline in some sustainability indicators. Several of the indicators the Sustainability
Interagency Work @up proposes will be of interest to the biobased products industry to help
make business decisions but are not direct measuresadrt#ionof the industry or a measure
of how well biomass is replacing petroleum.

This reportincludesa few indicatos that are similar, including measures of greenhouse gases,
land productivity, resource use (fraction of total fuel use), value of products, food/feed/fiber
supply, and imported oil displacement. These few duplicate indices are basic metrics that help
addess the sustainability issue and are also important measuresobti@micconditionof the
biobased products industry.

It is hopedthe resultgrom this reporwill be used bythe Federazovernmentand state
governments to assist in the developmémadicies and legislation and by industry to assist in
formulating business strategies. To that end, it is crucial that the economic indicators of the
biobased economy be selected based on sound economic criteria, accurately reflect biobased
economic actiity, and be well understood by stakeholders.

Five tasks were completed as part of this effort:
1. Develop a list of economic indicators of the biobased economy.
2. Gather input from stakeholders to help prioritize the list.
3. Gather data on key economic inaliors.
4. Explore relationships between key indicators and determine if a composite biobased
products index can be derived.
5. Propose future data requirements based on limitations of existing data.

Background information regarding the industry and economdiicators is provided in Chapter

3. A summary of the process undertaken to develop a short list of indicators is discussed in
Chapter 4This is followed by an analgs of key indicators in Chapter 5. Chapter 6 highlights
some detailed analgs of a few imlicators. Finally, Chapter 7 includes several recommendations
to help improve the collection of accurate bioeconomy data.
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3. Background

Many different characterizations of a biobased economy are commonplace. Terms are defined
here so it is clear what &nd is not included. The basic state of the bioeconomy is then covered
to set the stage for later discussions. This is followed by an introduction to economic indicators
and a discussion of the complexities associated with developing indicators foctbiso$¢he
economy.

3.1. Definitions

The authors defined.S.bi obased economy as AU.S. activitie
dist i buti on of bA defmitdos ef diobasedpobducts wasovidedby Congress

in theFarm Security ath Ruial Investment Act of 200pB5]. Congresdater modified the

definition in the Food, Conservatioand Energy Act of 2008, statifiglhe t er m &ébi obase
product® means a product determined by the Se
(other thandod or feed) that & (A) composed, in whole or in significant part, of biological

products, including renewable domestic agricultural materials and forestry mater{@saar

intermediate ingredient or feedstogk. [ 7] .

For the purposes of this studlge definition of a biobased product is further constrained te new

use products. Mature market products (e.g., cotton shirts) are not included in the current analysis
since many do not consider these types of products as part of a new bioeconomykdtems li

cotton shirts were developed in the marketplace because of a basic consumer request for the
product instead of as a mechanism to decrease U.S. dependency on foreign oil, to help rural
economic development, or to improve the environment. In additioectiomic analysis of

these markets can be extremely complex becaus
economy over decades. For instance, there has been a widespread loss of jobs in textile

production and apparel manufacturing in the UnitedeStdue to a labaost driven shift to

Southeast Asia.

The biobased products industry can be segmented a variety of ways. This report describes it as
composed of four sectorduels, enduse products, chemicals, and powgiscussions here are
primariy focused on biofuels and newly developed-esd products that have developed a

market presence since 1972.

Biofuels are defined as any transportation fuel that is produced fromljalsed renewable
resources. Some classify the manufacture of ceftais as industrial biotechnology because
they involve the use of enzymes (ethanol), while other fuels may not fit this definition
(biodiesel). In this report, biofuels are defined as all transportfdimrsed fuels using renewable
feedstocks, whether oot they involve biotechnology as part of the industrial process. The
primary focus here is on ethanol and biodiesel sinese data ammore readily available than
are datdor most other biobased products.

Enduse biobased products are defined assteaid directly to endise consumers (point of
purchase) or busines$s-business sales. Busingssbusiness sales might include transactions
where only minor modifications to the product are made (e.g., repackagiwpplesale
distribution of enelise poducts.Enduse biobased products include all products that are not
categorized as biofuels or biochemicals.
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The chemical industry is an advanced industry that produces a wide range of products, including
fuels, commodity chemicals, fine chemicals, sgecighemicals, polymers, food ingredients,
flavors, fragrances, and pharmaceuticals.

The term biochemicals is typically used to define chemical products that are manufactured using
enzymes, microorganisms, or renewable resources. This processing &drefers white
biotechnology. This differs from red biotechnology, which refers tasigeof biotechnology in
healtltare, and green biotechnology for the agricultural s¢8tor

In this report, the definition of biochemicals is further restrictedt Riransportation fuels are
grouped separately, as discussed above. Second, since this work predominantly focuses on new
uses, products like highuctose corn syrup are not included in the definition.

Many industrial biotechnology products do not ugaaltural feedstocks, so the manufacture of
these products may have limited impact on the reduced consumption of petfdisisuch,

products like biobased pharmaceuticals and others that do not use agricultural feedstocks are not
included inthedefinition. Other processes, chemicals, etc. (e.g., enzymes), may be constraining
the growth of the industry and may warrant further study.

What remains within the definition of biochemicals used here are commodity chemicals or
intermediates that use a bioméssdstock as opposed to a petrochemical feedsBmrke of

these biochemicalsould also be classified as enge produd(e.g, biobased

1,3-propanedidl. The Food, Conservatigrand Energy Act of 2008pecificallyincludes

intermediate ingredientat he def inition of fibiobased produc
BioPreferred prograriv]. A brief description of the BioPreferred program is included in

Appendix A.

Biobased chemicals receive secondary focus in this report since many of the biokasiedlch
intermediates are produced by companies that also produce petlmdsedhchemicals, which
makes data gathering more difficult. A recently released report By.Sénternational Trade
Commission details some very recent firgs on the chemicahdustry [8. A discussion of
biobased chemicals is also included in a recent report to Congress [9].

Biopower generally includes both the generation of electricity and the production of heat in
combined heat and power plants. The fuel for biopower ptamsome fronbiogenic
municipal solid wastdandfill gas, wood, or agriculture feedstocks ofgrpducts.

Most electricity that is currently generated with biomagsaslucedhrough direct combustion
using conventional boilers. Cefited plants camse biomass to supplement the coal stream,
which is referred to as efiring. Methane generated from the decay of biomass in a landfill or
from an anaerobic digester can also be burned to produce steam and then electricity (see
[10,11]).

2 The development of enzymes for chemicals produced from nonagricultural feedstocks may have a secondary
positive effect on the development of enzymes and microorganisms for the production of other chemicals from
biobased feedstocks.
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The generation gbower through the use of wood and agricatiby-products is seen as one

way to assist with the growth of the bioeconomy. However, the growth dafubssctor has been

slow. There has been a general decline in the consumption of energy from woodeqvastth

two decades. Also, onlyweery small fraction of the total electricity produced in the United States

is from agricultual by-products. This is due in part to higher capital and operating costs

compared with conventional power plants; the costs agedowith harvesting, storing, and
transporting plant residue; and the additional costs associated with transmission lines to move the
energy from remote areas where the power is generated to population centers where there is the
greatest need for eledtity.

Since the industry is small asthce growth in thendustryhas been slow, the biopowsctor is
not analyzed in any detail thisreport Currently, theJ.S. Department of EnergfDOE)
releases data on wood and waste energy consunjp#pn

3.2. Current State
Biofuels

As of October 2008, BBI International reported there were 178 operational ethanol plants in the
United States, 31 under construction, and 8 idle (see Figure 1). Combined capacity in operation
and under construction was 13.8ibit gallons per yeaSeventy percent of this projected

capacity is in six statedowa, Nebraska, lllinois, Minnesota, Indiana, and South Dakota.

As of October 2008, BBI International reported there were 113 operational biodiesel plants in the
United States, 12 under construction, 31 idle, and 21 unconfirmed (see Figure 2). Combined
capacity in operation and under construction was 2.2 billion gallons per yeart énethird of

this projected capacity is in three statégxas, lowa, and Missouri.

14



‘[e1] (8002) swue|d joueyls Jo uonedoT T aInbi4

O P g 0N
e
S §
st ¢

:

il

quInQ) ysg

Figure 1. Location of ethanol plantg2008)[13].
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The biofuels industry has been widely studied. Thews®lbiobased products sector has
been studied to a much smaller extent, largely because of the diversified h#tere o

industry.

lowa State University has located ovel() companies that produce ende biobased
products in the United States as part of their support of the USDA Office of Energy Policy
and New Uses and their work on the BioPreferred program. Toeseanies produce or
distribute over 15,000 different producégpendix A contains a list of the products these
companies sell. Additional information can be found at www.biopreferred.gov.

The locations of the biobased product companies that are bgilggesl as part of the
BioPreferred program are displayed in Figure 3. lowa State University recently completed a
survey of these companies [14he locations of the 925 U.S. respondents to the survey are
displayed in Figure 4The region definitions ine figure are the same as the four census

regions used by thd.S.Bureau of Census.
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Figure 4. Location of U.S. biobased produstsurvey respondents [14].

Of the total number of companiessponding to the survey, 73 percent primarily considered
themselves a manufacturer, 25 percent were primarily a wholesaler or retailer, and 2 percent
classified themselves as something different. Of all respondents, 81 percent stated they
manufactured aibbased product. Fifty percent of the companies also manufactured or
distributed a nonbiobased product.

The respondent sd biobased product demler e cat e
use, intermediates, and fuels. The median size of the compaaiesated they produce

enduse products was 10 employees. The median size of the companies that produced
intermediates was 20 employees. The median size of the companies that produced fuels was

41.5 employees. In total, ottleird of the companies had &vemployees or less. Nearly

two-thirds had20 employees or less.

In the survey, the companies were asked what the primary product was that they sell.
Seventyone percent of the total companies were categorized as being in the chemical
industry(see Figue 5). The top seveNorth American Industry Classification System
(NAICS) categories of the respondents are displayed in the figure.
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