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Preface

This report provides a status of the markets and technology development involved in growing a
domestic bioenergy economy as it existed at the end of 2013. It compiles and integrates
information to provide a snapshot of the current state and historical trends influencing the
development of bioenergy markets. This information is intended for policy-makers as well as
technology developers and investors tracking bioenergy developments. It also highlights some of
the key energy and regulatory drivers of bioenergy markets. This report is supported by the U.S.
Department of Energy’s (DOE’s) Bioenergy Technologies Office (BETO), and, in accordance
with its mission, pays special attention to the progress and development of advanced liquid
transportation fuels from cellulosic and algal biomass.

The bioenergy economy engages multiple industrial sectors across the biomass to bioenergy
supply chain—from agricultural- and forestry-based industries that produce source biomass
materials to manufacturers and distributors of biomass-based fuels, products, and power, to the
ultimate end-user markets. The breadth of this report reflects the range of these interdependent
industry sectors.

After opening with a discussion of the overall size and composition of the bioenergy market, this
report features two major areas—one detailing biomass feedstocks supply and a second on the
two major bioenergy markets: biofuels and biopower. The biomass feedstocks section brings
together information about the current supply of a diverse set of feedstocks and discusses
historical and current volumes for the major categories of biomass.

The biofuels section is broken out by fuel type with emphasis on ethanol, biodiesel, and
hydrocarbon fuels (gasoline, diesel, and jet fuel). Ethanol includes conventional starch ethanol,
as well as cellulosic ethanol. This report covers the development of the conventional ethanol
industry as a backdrop for emerging cellulosic ethanol production, and discusses challenges with
absorbing new production into the market. Hydrocarbon fuels include the fledgling renewable
hydrocarbon biofuels market. The fuels section includes the status of advanced biofuels
technology development and production of cellulosic ethanol and renewable hydrocarbon
biofuels. Finally, the report offers an overview of the biopower market.

In total, the information contained in this report is intended to communicate a broad-based,
cross-supply-chain understanding of the U.S. bioenergy market. As the inaugural report of
nascent industries, there are known gaps. Future reports will focus on filling those gaps and
expanding into related topics such as environmental impacts, production of bioproducts and
biochemicals, and the effect of international markets. On behalf of the DOE and BETO, I hope
that you explore and find value in this report.

Sincerely,

Jonathan L. Male

Director, Bioenergy Technologies Office

Office of Energy Efficiency and Renewable Energy
U.S. Department of Energy
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Executive Summary

At the end of 2013, the U.S. bioenergy market (shown in Figure ES-1) was dominated by
conventional starch ethanol production, which accounts for three-quarters of the total bioenergy
production. Biodiesel and biopower make up nearly all the remaining production while
renewable hydrocarbons contribute a relatively small amount. Various biomass feedstock
resources are available in the United States that can be processed into electricity, heat, fuels,
chemicals, and other bioproducts. This bioenergy market report focuses primarily on
documenting the biofuels market in the United States as it existed at the end of 2013, with plans
to expand the scope of this market report in future years.

Hydrocarbons:
/0.06 TBtu

Biopower:
207 TBtu
Conventional
Ethanol:
1,126 TBtu

Biodiesel:
173 TBtu

Figure ES-1. 2013 U.S. bioenergy production (1,506 TBtu total)

Sources: Conventional Ethanol, Biodiesel, and Biopower Production: U.S. Energy Information Agency (EIA)
Annual Energy Review, Tables 10.2¢, 10.3, 10.4, http://www.eia.gov/totalenergy/data/annual/index.cfm;
Hydrocarbons: EPA-RFS2 2013. Note: This figure only includes the energy content of the product fuels and power,
and not the associated co-products.

Biofuels make up the largest portion (approximately 86%) of the current bioenergy market.
Figure ES-2 shows the development of the biofuels industry from 2004 to 2013. Production of all
biofuels, especially ethanol, grew significantly during this time period after the enactment of the
Renewable Fuel Standard (RFS) in 2005 as part of the Energy Policy Act of 2005 and later
increased further under the Energy Independence and Security Act of 2007, which was enacted
into law two years later. Crude oil prices during this time period also factored into the growth of
biofuels production.
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2012: cellulosic ethanol: 20,069 gallons, renewable hydrocarbons: 1,024 gallons; 2013: cellulosic ethanol: 0 gallons,
renewable hydrocarbons: 514,627 gallons.

Figure ES-2. U.S. renewable fuels production

Sources: Ethanol and Biodiesel Production: EIA Annual Energy Review, Tables 10.3, 10.4,
http://www.eia.gov/totalenergy/data/annual/index.cfim; Cellulosic Ethanol and Renewable Hydrocarbons: EPA-
RFS2 2013.

Ethanol serves as a substitute for gasoline and as an octane enhancer. At the end of 2013, nearly
all commercial ethanol biofuel production is from conventional corn starch-based feedstock. The
cost of conventional ethanol is driven by the price of corn, production costs, and the sale of co-
products such as distillers grains and influenced by gasoline prices. At current levels of use, the
nation is essentially at a blend wall—where the entire market for E10 (a blend of 10 volume
percent ethanol into a gallon of gasoline) is met with conventional ethanol. While there are more
than 17 million flexible fuel vehicles on the road today that can use higher ethanol blends up to
E8S5, a majority of those vehicles are refueling with E10 gasoline. Demand for ethanol could
increase due to a 2011 U.S. Environmental Protection Agency approval of an increase to E15
blend for vehicles newer than 2001; however, retailers have been slow to adopt the newer blend
due to liability and misfueling concerns.

While conventional ethanol is commercially successful using starch-based feedstock, the largest
research and development push in the biofuels arena is for advanced biofuels made from
cellulosic biomass and algae. To accommodate increased production from cellulosic ethanol
biorefineries, the domestic ethanol market would need to grow or exports would need to increase
because the RFS requirement for advanced cellulosic biofuels alone may not be enough to
encourage investors given current market conditions such as reduced driving and more fuel
efficient vehicles. During 2013, there was no commercial-scale production of cellulosic ethanol
that resulted in the assignment of a renewable identification number.

Biodiesel production has generally increased during the past 10 years primarily driven by two
policies—the RFS and biodiesel production tax credit. 2013 was the first year that biodiesel
production and consumption exceeded the RFS requirement for biomass-based diesel due to
favorable market conditions and a production tax credit. Because multiple feedstocks can be used
for biodiesel production, the price of biodiesel is less dependent upon a single feedstock in
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contrast to the primarily corn-based conventional ethanol industry. This also allows biodiesel
biorefineries to be built across a larger geographic area than conventional ethanol plants.

Renewable hydrocarbon biofuels—often referred to as “drop-in fuels”—are current-
infrastructure compatible fuels produced from biomass sources through a variety of biological,
chemical, and thermal processes. At the end of 2013, there was only one commercial facility (the
KiOR facility in Columbus, Mississippi) producing renewable hydrocarbon biofuels. Another
facility (the Dynamic Fuels, LLC facility in Geismar, Louisiana) was fully constructed, but was
idle during 2013 due to market conditions. Despite mixed commercial success during 2013 for
renewable hydrocarbon biofuels, development continues for biofuel products that can directly
replace petroleum-based liquid transportation fuels.

In 2013, biopower accounted for 11% of all renewable energy produced in the United States and
about 1.5% of total electricity generation. While the number of installed biopower facilities has
increased from 485 in 2003 to 673 in 2012, combined electricity generation from these facilities
has remained almost flat during that period.
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1 Biomass to Bioenergy Overview

Organic material that can be converted into bioenergy is known as biomass. Bioenergy—fuels
and electricity derived from biomass sources—is an evolving market that can create secure and
sustainable alternatives to fossil fuel sources. The following types of bioenergy were selected for
inclusion in this inaugural bioenergy market report due to their market relevance at the end of
2013:

e Conventional ethanol—ethanol produced from starch in feedstocks (typically corn)

e C(Cellulosic ethanol—ethanol produced from cellulosic biomass, such as agricultural
residues and woody resources

¢ Biobutanol—an alcohol that can be used as a fuel or fuel additive currently produced
from starch sources

e Biodiesel—an alternative to diesel that is typically produced from lipids

e Renewable hydrocarbon biofuels—diesel, jet fuel, and gasoline replacements, produced
from various sources such as cellulosic or algal biomass, that can be transported and used
within the current liquid fuels infrastructure

e Biopower—generation of electricity from biomass sources

e Bioproducts and co-products—tfor this report, considered as co-products that are
produced in conjunction with biofuels that enable bioenergy production. Future reports
will include expanded coverage of the bioproducts category.

Production, distribution, and use of bioenergy involve activities across a broad supply chain.
This includes the production of the raw biomass in field or forest, harvest, collection, storage,
and transportation of these materials, and preprocessing the raw biomass materials—sizing,
drying, or other mechanical, thermal, or chemical treatment— to produce a feedstock that can be
fed into biorefinery conversion processes or into biopower generating facilities. It also includes
distribution of the resulting biofuels, bioproducts, or biopower to end-use markets and the ability
of those end-use markets to use those products.

The primary market driver for advanced biofuels production and consumption is the Renewable
Fuel Standard (RFS). The RFS is a federal program that requires transportation fuel sold in the
United States to contain a minimum volume of renewable fuels. The RFS contains requirements
for qualification of biomass under RFS program regulations. Thus, the total domestic biomass
resource is not available for production of qualified biofuels under the RFS program. Even if a
feedstock qualifies under the biomass provisions of the RFS program, there may not be a fuel
conversion pathway under the RFS program to allow for qualification with the life-cycle
greenhouse gas (GHG) requirements. From a regulatory perspective, these requirements must
also be met to produce an RFS-qualified biofuel. While the bioenergy market is global and well
established in other parts of the world, only the U.S. market was investigated and documented
for this 2013 market report.

In 2013, U.S. bioenergy production surpassed 1,500 trillion Btu from ethanol, biodiesel,

renewable hydrocarbons, and biopower (EIA 2014a; EPA-RFS2 2013). A comparison of the
contributions of biofuels and biopower to bioenergy production in 2013 is shown in Figure 1.

1
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Conventional starch ethanol production accounts for nearly three-fourths of total bioenergy
production. At current levels of ethanol use, the United States is essentially at a blend wall—
where the entire market for E10 (a blend of 10 volume percent ethanol and 90 volume percent
gasoline) is met with conventional ethanol. Scenarios exist for moving beyond this blend wall;
however, current market forces, regulatory application, and policy limit the rate at which ethanol
can be blended with gasoline. This in turn limits demand for ethanol at a level that can be met
with existing, conventional ethanol production volumes.

Hydrocarbons:
/0.06 TBtu

Biopower:
207 TBtu
Conventional
Ethanol:
1,126 TBtu

Biodiesel:
173 TBtu

Figure 1. 2013 U.S. bioenergy production (1,506 TBtu total)

Sources: Conventional Ethanol, Biodiesel, and Biopower Production: U.S. Energy Information Agency (EIA)
Annual Energy Review, Tables 10.2¢, 10.3, 10.4, http://www.eia.gov/totalenergy/data/annual/index.cfm;
Hydrocarbons: EPA-RFS2 2013. Note: This figure only includes the energy content of the product fuels and power,
and not the associated co-products.

2 Feedstock

2.1 Feedstock Overview

In the United States various biomass resources are available that can be converted into
electricity, heat, fuels, chemicals, and other products. These resources include:

e Starch crops such as corn and barley

e Cellulosic material such as forest biomass, wood waste (e.g., municipal solid waste
[MSW] wood), and crop residues

e Lipids such as vegetable oils and animal fats
e Algae, a large group of plant-like photosynthetic organisms

e Biomethane, which is upgraded biogas from wastewater, landfills, animal manure, and
other organic wastes.

Table 1 represents a 2012 snapshot of total available and currently-used biomass resources in the
United States, compiled from the best available data (in some cases, datasets from previous years
were used if it was the most complete or current dataset available.) Forward-looking and
projected biomass availability data is available in the U.S. Billion-Ton Update (USDOE 2011).

2
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For reference, Appendix A provides a comparison of some of the feedstock data presented in the
U.S. Billion-Ton Update with data presented in this market report.

Detailed information regarding specific feedstocks used in the production of biofuels and
biopower is presented later in this report. This report captures most MSW components in other
feedstock categories, with the exception of paper and cardboard, which will be addressed in
future market reports. Additionally, future market reports will attempt to incorporate known
missing information (such as amounts of agricultural crop residues used in bioenergy
applications) and increase the rigor of data quality as updated and improved datasets become
available. Subsequent reports may also include feedstock market prices, which were out of scope
for this report, but could provide more complete resource information in the future.

As illustrated in Table 1, cellulosic biomass is the most abundant bioenergy resource, estimated
at about 400 million bone dry ton (BDT) annually, more than 50% of which is woody material.
As such, cellulosic biomass represents a significant opportunity for producing bioenergy if
market conditions are favorable, and the resource can be coupled with an appropriate conversion
technology.

Table 1. U.S. Annual Biomass Resources (2012)

Current Use (million tons)

Feedstock -
Bioenergy | Food | AnimalFeed | Other |

Starch-based 302! 1307 67 1217 547
Lipid-based 182 48 ne i 2t
Total cellulosic biomass (BDT)
Agricultural crop residues 1503 - n/a - -
Forest resources ZEGE 73° n/a n/a 50w
Other herbaceous 155 - n/a n/a 95
Biomethane 98 - n/a n/a -

Other uses include export, chemicals, fiber products, recovery through composting, etc.

n/a = not applicable.

"-" = information not available, to be provided in future versions of this market report.

In few cases, datasets from previous years were used if it was the most complete or current dataset available.

! Total corn grain production in 2012/13. It does not include carry-over and import, which provide additional supply.
Data source: USDA-ERS 2014a.

2 Includes total production of select vegetable oils (soybean oil, canola oil, sunflowerseed oil, cottonseed oil, and
corn oil), animal fats, and greases in 2012. It does not include carry-over and import, which provide additional
supply. Data sources: USDA-ERS 2014b and Swisher 2014.

3 Includes harvesting and processing agricultural crop residues produced in 2012. Harvesting residues account for
35% of total agricultural crop residues. Data sources: harvesting crop residues—USDA 2014 and Milbrandt 2005;
and processing crop residues—Eaton 2014.

4 Forest resources include 65% of logging residues (2012), 50% of other removals (2012), total primary mill
residues (2012), urban wood waste (2012), secondary mill residues (2012), 20% of pulpwood (2012), black liquor
(2010), standing dead timber (assuming harvest over a 30-year period), and 50% of thinnings from pinyon-juniper
woodland (assuming harvest over a 30-year period). Data sources: USDA-FS 2014a; NREL 2014a; Skog et al. 2013;
USDOE 2011; Prestemon et al. 2013; and USDA-FS 2014b.

3

This report is available at no cost from the National Renewable Energy Laboratory (NREL) at www.nrel.gov/publications.



Biomass is a renewable and, generally speaking, widely available and accessible resource,
amenable to conversion to bioenergy. However, biomass varies substantially in its composition,
energy content, and physical characteristics, which presents many technical challenges in the
conversion processes and can have a large impact on conversion costs. For example, corn stover,
the most abundant agricultural crop residue available in the U.S. market, can range from 10%
moisture content to more than 45% moisture content depending on harvest year, weather during
harvest, and harvest and collection techniques (Kenney et al. 2013). For certain bioenergy
production processes, higher moisture biomass may require drying, resulting in higher bioenergy
production costs. In addition, corn stover has variable ash and carbohydrate content due to soil,
climate, and growing conditions.

Competing uses, the cost of collection and transportation, and ecological factors such as soil
erosion, limit the amount of cellulosic biomass that is available for energy production.
Agricultural crop residues are mostly underutilized, although a small portion of this resource is
used for power generation and other applications. About 52% of the forest resources identified in
this study are being used for power generation, heating, fiber products, in the manufacture of
pellets, for export, and in other applications (Table 1). About 58% of yard trimmings, nationally,
are composted (EPA 2014). If priced competitively with other end-use markets, some of these
resources could be used for the production of bioenergy.

In addition to competing uses, the cost of collection and transportation also limits the amount of
biomass that is available for energy production. Abundance of a certain resource does not
necessarily mean that it can be cost-effectively collected and used for bioenergy. For example,
pinyon-juniper woodland thinnings in western states are physically available but may be very
expensive to remove given their low density per acre. Similarly, the beetle-killed timber in the
West is a large resource, but some stands are inaccessible because they are too remote or on
terrain that is too costly to access and harvest.

5 Other herbaceous biomass includes yard trimmings collected in 2012, of which 58% were composted. Data source:
EPA 2014.

¢ Includes biomethane potential from animal manure, landfills, wastewater, and other organic wastes (e.g., food
waste). Data source: NREL 2013.

7 Bioenergy use of corn includes ethanol production (2012/13). Food use includes the production of cereals. Animal
feed includes corn grain (not dry distillers grain) used as feed and residual corn (e.g., grain in transit). Other uses
include corn used for the production of high-fructose corn syrup, glucose and dextrose, starch, alcohol for
beverages/manufacturing, and export. All data is for crop year 2012/13. Data source: USDA-ERS 2014a.

8 Bioenergy use of lipid-based feedstock includes biodiesel production (2012). Food use includes the production of
baking or frying fats, margarine, cooking oil, etc., in 2010. Data on lipids used for animal feed is from 2010. Other
uses of lipid feedstock include export (2012) and inedible products (e.g., fatty acids, lubricants, paint, and soap) in
2010. The data on consumption of lipids for food, feed, and inedible products from 2010 is applicable to 2012
because these industries have shown similar level of lipids use over the years. Data sources: EIA 2014b; US Census
Bureau 2014; USDA-ERS 2014b; and Swisher 2014.

% Forest resources currently used for bioenergy include primary mill residues (26 million dry tons, 2012), black
liquor (45 million dry tons, 2010), and MSW wood (1.9 million dry tons, 2012). Data sources: USDA-FS 2014c;
USDOE 2011; and EPA 2014.

19 Other uses of forest resources include wood chips/particle export (2.5 million dry tons), primary mill residues
used for fiber and other products (33 million dry tons), and pulpwood (15 million dry tons). Data sources: FAO
2014; USDA-FS 2014c; and Skog et al. 2013.
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There are also ecological reasons for limited biomass availability. For some resources, such as
crop and logging residues, a certain portion of the material needs to remain on the field to
maintain soil quality and other ecological functions. In the case of beetle-killed timber that has
been standing for some time, harvesting may be prohibited in certain areas because it could
damage growth of new trees (Hein 2010).

2.2 Starch-Based Feedstock

Starch crops used in bioenergy production (starch ethanol) include primarily corn as well as
small volumes of other crops such as grain sorghum, barley, and wheat.

The United States is the world’s largest corn producer. Corn is grown in most states but
production is primarily concentrated in lowa, Minnesota, Nebraska, North Dakota, and Illinois
(USDA 2014). Corn is the primary U.S. feed grain, accounting for more than 90% of total feed
grain production and use (USDA-ERS 2014a). Corn is also processed into a wide range of food
and industrial products. In crop year 2012/13'!, corn used for ethanol accounted for about 43%
of total production (Figure 2).
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Figure 2. U.S. corn production and use for fuel ethanol
Source: USDA-ERS 2014a.

The United States is a major player in the world corn trade market, with approximately 20% of
the corn crop exported to other countries (USDA-ERS 2014a). In the past, U.S. corn accounted
for about 50%—75% of world corn exports, but over the last few years the United States has lost
its corn-export dominance. Several years of historically high prices encouraged production
expansion in other countries, particularly Brazil and Ukraine (USDA-ERS 2014c). Severe and
extensive drought in the United States during 2012 resulted in low supply and high prices, which
prompted traditional U.S. corn importers to look elsewhere. Resistance by some importing
countries to genetically modified corn and dried distillers grains (DDG) is an emerging issue.

' September—August.
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The drought in 2012 also led to an unprecedentedly high level of corn imports, which historically
had been very small.

2.3 Lipid-Based Feedstock

Lipid-based feedstock includes vegetable oils, animal fats, and greases. For bioenergys, it is
primarily used to produce biodiesel but is also used to produce hydrocarbon fuels, namely
renewable diesel and jet fuel. The total U.S. production of vegetable oils, animal fats, and
greases used in biofuels production is estimated at about 18 million tons in 2012 and this has
been the annual production rate over the past several years (USDA-ERS 2014b; Swisher 2014;
Milbrandt et al. 2013).

Vegetable oils used in biofuels production (mainly biodiesel) include oils from soybean, corn,
canola, sunflowerseed, cottonseed, and camelina. Soybean oil production, the largest contributor,
has been relatively consistent over the past 10 years, about 9—10 million tons annually (USDA-
ERS 2014b). The United States is the world’s largest producer of soybeans and the second
largest producer of soybean oil, after China (USDA-FAS 2014). Given that soybean is used
primarily in crop rotation with corn, its production regions follow those of corn (primarily the
Midwest) and soybean crushing facilities are typically located near production areas. Biodiesel
production used about 27% of the soybean oil produced in 2013 (EIA 2014b; USDA-ERS
2014b).

Corn oil production was about 1.3 million tons in 2012 (USDA-ERS 2014b). Its use for biofuel
production has increased between 2011 and 2013. Historically, corn oil has not been a viable
biofuel feedstock due to its relatively high cost and high value as edible oil. However, in the last
few years, many ethanol plants (in response to difficult market conditions) have been adding
technology to remove corn oil from distillers grains and solubles, thus generating an additional
income stream that improves their profit margins (AgMRC 2013). This technology produces
lower quality corn oil that typically is not suitable for the food industry and it is largely used as a
biodiesel feedstock or as an energy source in livestock and poultry diets.

Canola oil production was about 595,000 tons in 2012 (USDA-ERS 2014b). It was the second
largest biofuel resource during 2011 and 2012, but it fell to lower levels in 2013 (EIA 2014b).
The reduction was due to an increased use for canola oil as a partial replacement for soybean oil
in the food industry and due to the increasing use and availability of less expensive feedstock for
biofuel such as animal fats, waste greases (e.g., yellow greases), and low-quality corn oil.

Small amounts of sunflowerseed and cottonseed oils also are used as feedstock and camelina, a
member of the mustard family, has been explored as an alternative biofuel feedstock.

Animal fats are another lipid-based biofuel feedstock category. This category includes tallow
(beef fat), white grease (derived from pork tissue), poultry fat, and other animal fats. Animal fats
production has been relatively consistent during the past several years. Inedible tallow is the
largest resource within this category with more than 1.6 million tons produced in 2012, followed
by edible tallow with about 895,000 tons, white choice grease with 585,000 tons, and poultry fat
with about 523,000 tons (Swisher 2014).
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The use of yellow grease (derived from used cooking oil) and other recycled feeds for biofuels
production has been on the rise during the last few years due to low cost and wide availability of
the resource. Yellow grease production has been relatively consistent during the past several
years with about 1 million tons produced annually (Swisher 2014). Brown grease (waste grease
recovered from traps installed in drains at restaurants, food processing plants, and wastewater
treatment plants) is another lipid-based feedstock; but, its quantity is not systematically
estimated, and thus this resource potential is not well understood.

The United States is a major player in the global oils and fats market. The United States was the
leading exporter of soybeans until 2012—2013 when it lost its dominance to Brazil (USDA-FAS
2014). Other major exporters of soybeans are Argentina and Paraguay with China and the
European Union as major destinations. Soybean oil is exported primarily from Argentina,
followed by Brazil, the European Union, and the United States. Major destinations are India and
China. The U.S. export of inedible tallow has been declining in recent years due to increased
local use (Swisher 2014). Yellow grease export was on the rise during 2010 and 2011 but it has
been declining since then because of the increased domestic consumption for biofuels production
(Swisher 2014).

2.4 Cellulosic Feedstock

Cellulosic biomass resources can be generally classified into three categories: agricultural crop
residues, forest resources, and dedicated energy crops. These biomass resources are used to
generate electricity, power, and various biofuels such as cellulosic ethanol and renewable
hydrocarbon biofuels. Table 2 illustrates the cellulosic biomass resources in the United States. It
also shows the total biomass resource that was generated in 2012, not the biomass resource
available for conversion to bioenergy, and does include materials that are currently utilized
(namely primary mill residues and black liquor).
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Table 2. U.S. Annual Cellulosic Biomass Resources (2012)

Biomass Resource ‘ Annual Generation
(million BDT)

Total agricultural crop residues 150
Harvesting crop residues™ 138
Processing crop residues®™ 12

Total forest resources 235
Logging residues™ 32
Other removals™ n
Primary mill residues™ 60
Urban wood'™® 45
Secondary mill residues? 10
Standing dead timber™
Thinnings from pinyon-juniper woodland*
Conventionally sourced wood (pulpwood)?° 15
Black liquor? 45

Total other herbaceous 15
Yard trimmings 22 15

Total cellulosic biomass 400

12 Harvesting crop residues are estimated for corn, wheat, grain sorghum, rice, barley, oats, sugarcane, and cotton in
2012. The analysis accounts for 35% of the total harvesting crop residue; the remaining residue is left on the field to
maintain ecological and agricultural functions. Data sources: USDA 2014 and Milbrandt 2005.

13 Processing crop residues include rice hulls, cotton gin trash, sugarcane bagasse, soybean hulls, wheat dust and
chaff, and orchard and vineyard prunings. This estimate is based on crop production, crop-to-residue ratio, and the
export amount for 2013. Data source: Eaton 2014.

4 Logging residues account for 65% of total (2012). Other removals account for 50% of total (2012). The remaining
portion is left on the field to maintain ecological functions. Data source: USDA-FS 2014a.

15 Total primary mill residues (used and unused) generated in 2012. Most of the material is currently used for fuel,
fiber products, or in other applications, but it is included here as this table summarizes all biomass resource
generated annually. Data source: USDA-FS 2014a.

16 Urban wood waste includes the woody component of MSW, construction and demolition waste wood, and tree
trimmings from utilities or private tree companies generated in 2012. Data source: NREL 2014a.

17 Secondary mill residues include wood scraps and sawdust from woodworking shops—furniture factories, wood
container and pallet mills, and wholesale lumberyards generated in 2012. Data source: NREL 2014a.

18 Standing dead timber accounts for about 262 million dry tons available over many years. We assume that this
resource could be harvested over a 30-year period, which is about 8.7 million dry tons annually. Data source:
Prestemon et al. 2013.

1 Thinnings from pinyon-juniper woodland account for 50% of the total (about 448 million dry tons), which is
about 224 million dry tons available over many years. We assume that this resource could be harvested over a 30-
year period, which is about 7.5 million dry tons annually. Data source: USDA-FS 2014b.

20 Pulpwood accounts for 20% of roundwood harvesting for pulp and paper production. Data source: Skog et al.
2013.
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2.4.1 Agricultural Crop Residues

Agricultural crop residues are divided into two sub-categories: harvesting crop residues and
processing crop residues. Harvesting crop residues, also called field residues, are materials such
as leaves, stalks, straw, and stubble left on the field after crop harvesting. Processing crop
residues include materials left after the crop has been processed into a primary product. These
residues include husks and bagasse.

Harvesting crop residues are the most abundant fraction of agricultural crop residues. The
quantity of harvesting crop residues is estimated using crop production data from USDA’s 2012
Census, crop-to-residue ratio, accounting for moisture content, and taking into consideration the
amount of residue left on the field for soil protection, grazing, and other agricultural activities
(Milbrandt 2005). Estimated harvesting crop residues in 2012 were about 138 million dry tons,
which has been relatively consistent over the past years (Figure 3). This estimate assumes an
aggregate average removal of only 35% of the total residue that could be collected as biomass
while the remaining residue is left on the field to maintain ecological and agricultural functions
(Walsh et al. 2000). The estimate of harvesting crop residues includes corn, wheat, grain
sorghum, rice, barley, oats, sugarcane, and cotton. Harvesting crop residues are concentrated
primarily in the Midwest and along the Mississippi River (Figure 4). Note that the quantity of
crop residues that must remain on the field depends on many factors including the crop type, soil
type, erosion type (wind or water), climate conditions, and field management practices. In
reality, the retention rate is not a fixed percentage but a range. Thus, in a specific area the
amount of residues that could be collected as biomass could be more or less than the 35%
assumed here. This analysis uses a conservative value of 35% for illustrative purposes only, and
it is suggested that more detailed analyses be conducted in planning and siting efforts. Recent
research on the sustainable retention rate by academia and national laboratories could support
further, more in-depth analyses (Bonner et al. 2014a; Muth and Bryden 2013; Graham et al.
2007; Nelson et al. 2004; Nelson 2002).

21 Black liquor, or pulping liquor, is a by-product of the pulping processing technology used in the manufacture of
paper products. This resource is largely used by the pulp and paper mills to produce heat and power but it is
included here as this table summarizes all biomass resource generated annually. Data source: USDOE 2011.
22Yard trimmings (grass clippings, leaves, and tree/brush trimmings) collected in 2012. Data source: EPA 2014,
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Figure 3. U.S. harvesting residues from major crops

Other crops include grain sorghum, rice, barley, oats, sugarcane, and cotton. Source: USDA 2014.
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Figure 4. Harvesting residues from major crops by county in 2012

Processing crop residues were estimated at roughly 16 million dry tons in 2013 and include rice
hulls, cotton gin trash, sugarcane bagasse, soybean hulls, wheat dust and chaff, and orchard and
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vineyard prunings. This estimate was based on crop production, crop-to-residue ratio, and the
export amount for 2013 (Eaton 2014).

2.4.2 Forest Resources

Forest resources include logging residues and other removals, primary and secondary mill
residues, urban wood, standing dead timber, thinnings from pinyon-juniper woodlands,
conventionally sourced wood (pulpwood), and black liquor.

Logging residues are defined by the U.S. Department of Agriculture Forest Service (USDA-FS)
as the unused portions of trees cut or trees killed by logging that are left in the woods after
harvesting operations (USDA-FS 2014d). Other removals are defined as the unutilized wood
volume of trees cut or otherwise killed by silvicultural operations (e.g., pre-commercial
thinnings) or land clearings to non-forest uses (USDA-FS 2014d). While the volume of logging
residues has fluctuated over the inventory years, the volume of other removals has remained
fairly consistent (Figure 5). Estimated production of wood from logging residues and other
removals in 2012 was about 48 million dry tons and 21 million dry tons, respectively. It is
assumed that about 65% of logging residues and 50% of other removals are physically available.
The remaining portion is to be left on site to maintain ecological functions (Skog 2014; USDOE
2011). Thus, the amount of these resources is reduced to about 32 million dry tons for logging
residues and 11 million dry tons for other removals. Figure 6 illustrates the geographic
distribution of these resources with the Southeast, Northwest, Upper Midwest, and Northeast as
the main producing regions.

90 |
80 |
70

million dry tons

1997 2002 2007 2012

M Logging residue == Cumulative forest residues that could be collected as
Other removals biomass (65% logging residues and 50% other removals)

Figure 5. U.S. logging residues and other removals
Source: USDA-FS 2014a.
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Figure 6. Logging residues and other removals by county in 2012

Primary mill residues are wood materials generated at manufacturing plants (primarily wood-
using mills) when roundwood is processed into primary wood products (USDA-FS 2014d).
Generation of primary mill residues has declined in recent years due to the closing of sawmills
or improved technology for minimizing waste (Figure 7); the estimated amount in 2012 was
about 60 million dry tons. Most of the material is used for fuel, fiber products, or in other
applications. Some of the mill residue used for low-value uses, such as mulch, could be shifted to
bioenergy applications (Skog et al. 2013). Figure 8 illustrates the geographic distribution of
primary mill residues with the Southeast, Northwest, and Upper Midwest as the main producing
regions.
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Source: USDA-FS 2014a.
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Figure 8. Primary mill residues by county in 2012

Sources of urban wood waste include the woody component MSW, construction and demolition
waste wood, and tree trimmings from utilities or private tree companies. It is estimated that about
45 million dry tons of urban wood waste were generated in 2012, and were concentrated
prim