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Goal Statement

The objective is to create tabulations and
graphics from existing biomass data
sources to produce a comprehensive
compilation of data and information
that supports anyone with an interest

or stake in the biomass industry.
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Project Overview

e Biomass area was growing quickly

e Need for data and information on the industry

e NoO centralized location for biomass data
e EERE had four other Data Books:

ENERGY

U.5. DEPARTMERNT

Posaer Sochnologees Energy Dats Sock
seanch:. TGN o~

Transportation

BUILDINGS ENERGY

DATA BOOK .+ home
Energy Data Book e Hydrogen Data Book
"
Stacy © Daein + Sexan W. Disgel + Rebert G Roundy » Hydrogen Glossary Table of Contants
» Guidelines and Data on Hydrogen
Assumptions. .
« Hydrogan Pri 5 - contains chemical charactaristics

> Calculator Tools

s=a

of hydrogen, such 85 density, fiammability range, boiling
> Analysis Tools point characteristics, heating values, and more, and
. Gonfact Us compares characteristics of hydrogen to other fuals.
EDITION
» [T TIsearch + Hydrogen Production - contains data on ydrogen

production trends, merchant and refinery hydrogen
production capacities, and hydrogen production energy
conversion efficiencies.
A » Hydrogen Fueling Stations - presents information an
hydrogen fusling stations
+ Hydrogen Pipslines - presents information on hydrogen
pipslines

* Fuel Cells - contains information on fuel cell types and
manufacturers, and a database of large (100 kv and
larger) stationary fual calls that are currently operating

s omamenror | Energy Efficiency &
ENERGY | rooais oty

OAK
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Project Overview - 2

e Researched, compiled, and posted the first
Biomass Energy Data Book website in 2006.

Biomass Energy Data Book

f‘:‘% WS, Department of Energy
\%y

Energy Efficloncy and Renewable Energy

e
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Buildings Energy Data Book
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P> Download and print the Biomass Energy Data Book in PDF
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Project Overview - 3

e Replaced the first edition content on the
website in 20009.

Biomass Energy Data Book i{zz} P

s

Search

List of Contents
Acronyms

Prefas * Feedback
Abstract
1. INTRODUCTION TO BIOMASS Other EERE Data Books:

2. BIOFUELS
3. BIOPOWER Buildings Energy Data Book

4. BIOREFINERIES
5. FEEDSTOCKS
Appendix A - Conversions

P> Download the Biomass Energy Data Book in PDF format

Hydrogen Data Book

Power Technologies Data Book

Appendix B - Biomass Transportation Energy Data Book
Characteristics

Appendix C - Sustainability
Glossary

Useful Web Sites

Center for Transportation Analysis

OAK RINGENATIONAL LASORATORY

EERE Home

OAK
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Project Overview - 4

e Replaced the second edition content on the
website in 2010.

* Links below offer tables in
spreadsheet format.

Acronyms

Preface

Abstract
_INTRODUCTION TO
BIOMASS
BIOFUELS
BIOPOWER
BIOREFINERIES
FEEDSTOCKS
Appendix A - Conversions

Appendix B - Biomass
Characteristics

Appendix C - Sustainability
Glossary

—

Ao N

Useful Web Sites
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Biomass Energy Data Book
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List of Contents B> Download the Biomass Energy Data Book: Edition 3 in PDF format

* Feedback

Other EERE Data Books:

# Buildings Energy Data Book
# Hydrogen Data Book

# Power Technologies Data Book
#® Transportation Energy Data Book
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Project Overview - 5

e For this Fiscal Year and beyond:

— Continue compiling and creating biomass energy data
tabulations and graphs

— Expand content as the biomass industry grows and
changes

— Update content several times a year

— Make the data available in the Knowledge Discovery
Framework (KDF)

4 BIOENERGY
KD ) ”/ KNOWLEDGE DISCOVERY FRAMEWORK
U.S. DEPARTMENT OF ENERGY
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https://bioenergykdf.net/

Approach

e Sections of the book include:

CONTENTS

B Introduction to Biomass
B Biofuels
Overview
Ethanol
Biodiesel
Bio-oil
Taxes and Incentives
Biopower
Biorefineries
Feedstocks
Primary Biomass Feedstocks
Secondary Biomass Feedstocks
Tertiary Biomass Feedstocks
l Conversions
l Feedstock Characteristics
l Sustainability
l Glossary
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6 tables; 4 figures; 2 text pages

1 table, 1 figure, 1 text page

13 tables, 6 figures, 1 text page

4 tables, 4 figures, 1 text page

4 tables, 1 figure, 1 text page

2 tables

18 tables, 6 figures, 2 text pages
6 tables, 1 figure, 1 text page

33 tables, 16 figures, 1 text page
3 tables, 3 figures, 1 text page

1 table, 1 figure, 1 text page

24 tables

1 table, 1 text page

1 text page

About 275 terms defined

Currently:

Tables 116
Figures 43

Text
pages

Glossary

275
terms
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Approach - 2

e Serve data in Excel and pdf formats

Biomass Energy Data Book

BIOREFINERIES

U.S. DEFARTMENT OF

ENERGY

Energy Efficiency &
Renewable Energy

Brief Overview Text html | pdf | 12/16/2010
Lignocellulosic Biorefineries by Scale and Stage of Development Table xls | pdf 12/16/2010
Lignocellulosic Biorefineries by State Table xls | pdf 12/16/2010
Major DOE Biofuels Project Locations Figure-Map xls | pdf 12/16/2010
Fuels, Technologies and Feedstocks in Planned Biorefineries as of 2008 Table xls | pdf 12/16/2010
Federal and State Investments in Lignocellulosic Biorefineries as of 2008 Table xls | pdf 12/16/2010
State and Private Investment in Biorefineries for Biofuels and Bioproducts Table xls | pdf 12/16/2010
Recently Completed U.S. Department of Energy Biorefinery Projects Table xls | pdf 12M16/2010
INTRODUCTION | BIOFUELS | BIOPOWER | BIOREFINERIES | FEEDSTOCKS
Acronyms | Glossary | Conversions | Characteristics | Sustainability

Contact us Webmaster U.S. Department of Energy

EERE Home

Disclaimer
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Approach - 3

e Data mined from available sources

Table 1.3 Primary Energy Consumption by Source
(Quadillion Btu)
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Eomass is the single largest source of renewable energy in the United §ales. Biomass, which includes biofuels,
waste and woody materials, surpassed hydroelectric power in 2005 and by 2009 accounted for half of alf
renewable energy consurmption. In 2009, biomass confrib uted about 4.1% of the total U.S. energy consumption
of about 95 quadritlion Biu. Wood, wood waste, and black liquor from pulp mills is the single largest source,
accounting for almost two-thirds of tofal biomass energy consurmption. Wasles (which include municipal solid
waste, landfill gas, siudge wasle, tires, agriculiural by-products, and other secondary and tertiary sources of
biomass) accounts for about 12% of tofal biorass consurmption. The rermaining share is aicohol fuel derived

|EJ"5‘EI2 from corn grain.

Section: INTRODUCTION
Summary of Biomass Energy Consum ption, 2009

94.72 Quadrillion Btu Total = 7.77 Quadrillion Btu

Total

/ Biofuels 20%
g
’,
Petroleum
ey Waste 6%
Wood 24%
Renewable Wind 9%
neray 8% Solar 1%
Hydro-electric 35%
Natural Gas N
25% N
\

Geothermal 5%

Source:

Eneray Information Administration, Monthly Energy Review , September 2010, Table 1.3 Primary
Energy Consumption by Source and Table 10.1 Renewable Energy Production and Consurmption
by Source
hitp:ffwww eia.doe .goviemeu/merfcontents html

Biomass Energy Data Book -- 2010 - htty

‘cta.ornl.gov/bedb
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Landfill Gas Power Plant Capacity by Year
(megawatt hours)
Approach - 4
1,000
e Data pulled from
large databases :
3 600
- =
g
=
Section: BIOPOWER > 400
Current Biomass Power Plants =
Boiler/Generator/
Plant Name Committed Unit State Name County 200
Pacific Lumber G California Humboldt
French Island B Wisconsin La Crosse
French Island B Wisconsin La Crosse
Berlin Goerham B New Hampshire Coos 0
Bay Front B Wisconsin Ashland 22 ¥ 9 392 258 285 ¥ 2 I8 QL R 28 5 N8R I8 Q
East Millinocket Mil B Maine Penobscot [T T O = - - = T - - T - - S =T = = A = R = = =
Bay Front B Wisconsin Ashland - T T T T v = © = = = © = - - ©- - = = - o & o & & o
Schiller B New Hampshire Rockingham
Medford Operation G Oregon Jackson Source:
Bryant Sugar House B Flonda Paim Beach (National Electric Energy System (NEEDS) Database for IPM 2006
gggm gﬂgg; :gﬂi g Eg:gg Egm SZ§$ htip://epa.gov/airmarkets/progsregs/epa-ipm/index.html
Bryant Sugar House B Florida Palm Beach
Stone Container Florence Mill B South Carolina Florence Notes:
Medford Operation G Qregon Jackson 1. Only years in which new plants were brought online are shown.
:E:g: EEEE§ ggz}g: g m::g:ﬁi :E:E: 2. Power plrant CapaCJty based on NEEDS 2006 Data. This was the latest data available at time of publishing this report.
Somerset Plant B Maine Somerset 3423 15,826 Yes 1976
Century Floering Co G Arkansas Izard 1.70 15,826 Yes 1980
Forster Strong Mill G Maine Franklin 0.35 15,826 Yes 1980
American Ref-Fuel of Niagara B MNew York Niagara 9.00 15,826 Yes 1980
Stone Container Hopewell Mill B Virginia Hopewell 20.35 15,826 Yes 1980
Diamond Walnut G California San Joaquin 4.20 15,826 Yes 1981
Plummer Forest Products G Idaho Benewah 877 15,000 Yes 1982
S D Warren Somerset B Maine Cumberland 26.88 15,826 Mo 1982
Tamarack Energy Partnership G Idaho Adams 5.80 9,650 Yes 1983
Snider Industries G Texas Harrison 5.00 15,826 Yes 1983
Kettle Falls Generating Station G Washington Stevens 50.00 11,860 No 1983
Agrilectric Power Partners Ltd B Louisiana Calcasieu 10.90 17,327 No 1984
J C McNeil B ‘Vermont Chittenden 52.00 21,020 No 1984
Wheelabrator Martell G California Amador 15.00 15,826 Yes 1985
Pacific Oroville Power B California Butte 825 20,081 No 1985
Pacific Oroville Power B California Butte 825 20,081 No 1985
Mt Lassen Power B California Lassen 10.50 19,607 No 1985
Sierra Pacific Susanville B California Lassen 12.60 15,826/ Yes 1985
Collins Pine Project B California Plumas 9.80 15,826 Yes 1985
Bumey Mountain Power B California Shasta 9.75 18,938 Mo 1985
Sierra Power G California Tulare 7.00 15,826 Yes 1985
Ultrapower Chinese Station B California Tuolumne 19.80 20,111 Mo 1985
Biomass One LP B QOregon Jackson 8.50 19,236 Yes 1985
Biomass One LP B QOregon Jackson 14.00 14,427 Yes 1985 >
Fairhaven Power B California Humboldt 17.30 21,020 No 1986 OAK
Siefra Pacific Quincy Facility B California Plumas 1450 16826 Yes 1986
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Approach -5

Data compiled
from a myriad of
sources

Have active links
to help user

Many footnotes
help further
understanding of
the data
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Section: BIOPOWER
Biomass Power Technology Fuel Specifications and Capacity Range

Biomass Conversion

Particle Size

Moisture Content
Requirements (wet

Average capacity range ! link to

Technology Commonly used fuel types® Requirements basis]" examples
Stove/Fumace Solid wood, pressed logs, wood Limited by stove size |10 — 30% 15kWito ?
chips and pellets and opening
File bumers Virtually any kind of wood Limited by grate size |= 65% 4 to 110 MWe
residues® or agricultural residues® |and feed opening
except wood flour
Pile bumer fed with Sawdust, non-sfringy bark, 0.25-2 in (6-38 mm) 10-30% 4 to 110 MWe
underfire stoker (bhiomass |shavings, chips, hog fuel
fed by auger below bed)
Stoker grate boilers Sawdust, non-stringy bark, 0.25-2in (6 -50 mm) |10-50% (keep 20 to 300 MWe many in 20 to 50

shavings, end cuts, chips, chip
rejects, hog fuel

within 10% of design
rate)

MWe range

Suspension boilers Sawdust. Non-stringy bark, 0.25in (6 mm) max = 15% many = 30 MWe
Cyclonic shavings, flour, sander dust
Suspension boilers, Air ‘Wood flour, sander dust, and 0.04in-006in(1-1.6 |=20% 1.5 MWe to 30 MWe
spreader-stoker processed sawdust, shavings mm)
Fluidized-bed combustor Low alkali content fuels, mostly < 2 in (=50 mm) < 60% Many at 20 to 25 MWe, up to 300
(FB- bubbling or CFB- wood residues or peat no flour or Example 1
circulating) stringy materials
Example 2

Co-firing: pulverized coal Sawdust, non-stringy bark, <025 in (=6 mm) = 25% Up to 1500 MWe® Example
boiler shavings, flour, sander dust
Co-firing: cyclones Sawdust, non-stringy bark, =0.5in (=12 mm) 10 - 50% 40to 1150 MWe® Example

shavings, flour, sander dust
Co-firing: stokers, fluidized |Sawdust, non-sfringy bark, < 3in (=72 mm) 10 — 50% Mwe® Example
bed shavings, flour, hog fuel
Counter current, fixed bed [Chipped wood or hog fuel, rice 0.25-4in (6 - 100 < 20% 5 to 90 MW, + up to 12 MWe
(updraft) aimospheric hulls, dried sewage sludge mm) Example
Downdraft, moving bed ‘Wood chips, pellets, wood scrapes, [< 2 in (<50 mm) =15% ~ 25-100 kWe Example
atmospheric gasifier nut shells
Circulating fluidized bed Most wood and chipped agricultural |0.25 - 2 in {6 -50 mm) [15-50% ~5 to 10 MWe Example
(CFB), dual vessel, gasifier |residues but no flour or stringy

materials
Fast pyrolysis Variety of wood and agricultural 0.04-025in (16 mm ) |=10% ~ 2.5 MWe Example 1

resources

Example 2

Anerobic digesters

Animal manures & bedding, food
processing residues, hrewery by-
products, other industry organic
residues

NA

65 to 99.9% liquid
depending on type,
e, 0.11to35%
solids

145 to 1700 x 10° KWhriyr
Example 1

Example 2

Source:

Compiled by Lynn Wright, Oak Ridge, TN.

# Primary source for fuel types is: Badger, Phillip C. 2002. Processing Cost Analysis for Biomass Feedstocks. ORNL/TM-2002/199. Available at
hitp://bioenergy.ornl.govimain.aspx (search by title or author)
® Most primary biomass, as harvested, has a moisture content (MC) of 50 to 60% (by wet weight) while secondary or tertiary sources of biomass
may be delivered at between 10 and 30%. A lower MC always improves efficiency and some technologies require low MC biomass to operate
properly while others can handle a range of MC.
° Wood residues may include forest logging residues and storm damaged trees (hog fuel), primary mill residues (e.g., chipped bark and chip
rejects), secondary mill residues (e.9., dry sawdust), urban wood residues such as construction and demolition debris, pallets and packaging
materials, tree trimmings, urban land clearing debris, and other wood residue components of municipal solid waste (as wood chips).

° Agricultural residues may include straws and dried grasses, nut hulls, orchard trimmings, fruit pits, etc. Slagging may be more of a problem in

some fypes of combustion units with high alkali straws and grasses, unless the boilers have heen specially designed fo handle these type fuels.
® The biomass component of a co-firing facility will usually be less than the equivalent of S0MWe.

National Laboratory




It is extremely important to realize that vegetable oils are mixtures of tryglycendes from vanous fafty acids.

The composition of vegetable oils varies with the plant source. The table below indicates the percentages o
each type of fatty acid that is in common vegetable oils or animal fats. The two numbers at the top of each

A p p ro a c h L 6 column represents the number of carbon atoms and double bonds (e.g. 16:0 refers to the 16 carbon atoms
and 0 double bonds found in the long chain of Palmitic acid). See text on Typical Proportions of Chemicals

Used to Make Biodiesel (Commercial Biodiesel Production Methods) for a description of several types of
fryglycerides that are found in vegetable oils.

. TeXt b O X eS O n Composition of Vaﬁzztiogi:lsa .I‘.u?ilc:iUFlilt_ss Used for Biodiesel
many pages add

(percentage of each type of fatty acid common to each type of feedstock)

Qil or fat 14:0 16:0 18:0 18:1 18:2 18:3 20.00 221
V al u e Soybean 6-10 2-5| 20-30| 50-60 5-11
Corn 1-2 8-12 2-5 19-49| 34-52 trace
Peanut 8-9 2-3| 50-80| 20-30
Olive 9-10 2-3| 73-84| 10-12 trace
Cottonseed 0-2 20-25 1-2| 23-35| 40-50 trace
® Tab I eS p U I I ed Hi Linoleic 59 1.5 8.8 83.8

Safflower

fro m I O n g Hi Oleic 4.8 1.4 74.1 19.7

Safflower

Hi Oleic 4.3 1.3 599 21.1 13.2

documents are
. Hi Erucic 3.0 0.8 13.1 14.1 9.7 7.4 50.7

R d

eaS I er to I O C at e Bﬂzzsree 7-10 24-26 10-13 28-31 1-2.5 2-5

Lard 1-2 28-30 12-18 40-50 7-13 0-1

. Tallow 3-8 24-32 20-25 37-43 2-3
Li d Qil 4-7 2-4 25-40 35-40 25-60
. US er C an J u m p tO Yg:f:; : 243 23.24 12.96 44 32 6.97 0.67

grease

source document | g
eaS I Iy Source:

J_¥an Gerpen, B. Shanks, and R. Pruszko, D. Clements, and G. Knothe, 2004, "Biodiesel Production
Technology,” National Renewable Energy Laboratory subcontractor report NREL/SR-510-36244,
chapter 1, page 1. Please see this document for a full discussion.

Available on-line at:
www nrel gov/docs/fy04osti/36244 pdf

- OAK
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Approach -

e Include

explanations

to iInform t

The production of ethanol or ethyl alcohol from starch or sugar-based feedslocKs is among man's earliest
ventures into vaiue-added processing. While the basic steps remain the same, the process has been
considerably refined in recent years, leading to a very efficient process. There are two production processes:. wel
miliing and dry milling. The main difference befween the two is in the initial ireatment of the grain.

7

Grinding
Screening

Section: BIOFUELS
The Ethanol Production Process - Wet Milling

Starch-Gluten

1
5

‘(n-’- Delvered 1o Part IC—n’.v

ne .

general

This process flow diagram shows the basic steps in production of ethanol from cellulosic biomass. While cellulosic
lethanol is not yet commercial in the U.S., it has been demonstrated by several groups, and commercial facilities are
being planned in North America. Note that there are a variety of options for pretreatment and other steps in the
process and that some specific technologies combine two or all three of the hydrolysis and fermentation steps
within the shaded box. Chart courtesy of the National Renewable Energy Laboratory.

Section: BIOFUELS
The Ethanol Production Process - Dry Milling

O3 Scrvbber Dissiicion Colmns
Molecuor Save

Cookers Formenter [Efanol Storoge

Eforcl Tramporied © Masker

Evoporaton Sysem
{

public

for the Department of Energy

Section: BIOFUELS
The Production of Ethanol from Cellulosic Biomass

Biomass h

Handling Ethanol

Biomass Cellulose Glucose Ethanol
Hydrolysis Fermentation Recovery

¥

Lignin
Utilization

Hydrolysis is the chemical reaction that converts the complex polysaccharides in the raw feedstock to simple
sugars. In the biomass-to-bioethanol process, acids and enzymes are used to catalyze this reaction.

Fermentation is a series of chemical reactions that convert sugars to ethanol. The fermentation reaction is caused
by yeast or bacteria, which feed on the sugars. Ethanol and carbon dioxide are produced as the sugar is consumed.
Process Description. The basic processes for converting sugar and starch crops are well-known and used
commercially today. While these types of plants generally have a greater value as food sources than as fuel
sources there are some exceptions to this. For example, Brazil uses its huge crops of sugar cane to produce fuel for
its transportation needs. The current U.S. fuel ethanol industry is based primarily on the starch in the kernels of feed
corn, America's largest agricultural crop.

1. Biomass Handling. Biomass goes through a size-reduction step to make it easier to handle and to make the
ethanol production process more efficient. For example, agricultural residues go through a grinding process and
wood goes through a chipping process to achieve a uniform particle size.

2. Biomass Pretreatment. In this step, the hemicellulose fraction of the biomass is broken down into simple
sugars. A chemical reaction called hydrolysis occurs when dilute sulfuric acid is mixed with the biomass feedstock.
In this hydrolysis reaction, the complex chains of sugars that make up the hemicellulose are broken, releasing
simple sugars. The complex hemicellulose sugars are converted to a mix of soluble five-carbon sugars, xylose and
arabinose, and soluble six-carbon sugars, mannose and galactose. A small portion of the cellulose is also
converted to glucose in this step.

3. Enzyme Production. The cellulase enzymes that are used to hydrolyze the cellulose fraction of the biomass are
grown in this step. Alternatively the enzymes might be purchased from commercial enzyme companies.

vp o Morke ICarribige
y grain is first ground into flour, which is referred to in the industry
e various component parts of the grain. The meal is slurried with
mash to convert the starch to dextrose, a simple sugar.

to the yeast.

ker to reduce bacteria levels ahead of fermentation. The mash is
is added and the conversion of sugar to ethanol and carbon

P to 50 hours. During this part of the process, the mash is agitated
Pfter fermentation, the resulting "beer” is transferred to distillation
emaining "stillage." The ethanol is concentrated to 190 proof

ed to approximately 200 proof in a molecular sieve system.

flenaturant (such as natural gasoline) to render it undrinkable and
ready for shipment to gasoline terminals or retailers.

lates the coarse grain from the solubles. The solubles are then
resulting in Condensed Distillers Solubles (CDS) or "syrup." The
oduce dried distillers grains with solubles (DDGS), a high quality,
fermentation is captured and sold for use in carbonating soft

i T

Syrup
Relining

mentation

thanal
emicals

Fructose
m Syrup
to 48 hours. This steeping

corn germ. The com oil
e remaining fiber, gluten
c separators.

steep water, is co-dried
Heavy steep water is also
Entally friendly alterative

-product. This product is

ee ways: fermented into
[Che fermentation process
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Approach - 8

e Very proud of our conversion tables
Biomass Energy Data Book ENERGY  rencucvlc tneroy

Appendix A - Conversions

‘
!

Lower and Higher Heating Values of Gas, Liquid and Solid Fuels Table xls | pdf 11/15/2010
Heat Content Ranges for Various Biomass Fuels Table xls | pdf 11/15/2010
Average Heat Content for Selected Waste Fuels Table xls | pdf 11/17/12010
The Effect of Fuel Moisture Content on Wood Heat Content Table xls | pdf 11/15/2010
Forestry Volume Unit to Biomass Weight Considerations Table xls | pdf 11/15/2010
Forestry Volume Unit to Biomass Weight Equations Table xls | pdf 11/15/2010
Forestry Volume Unit to Biomass Weight Examples Table xls | pdf 11/15/2010
Stand Level Biomass Estimation Table xls | pdf 11/15/2010
Number of Trees per Acre and Hectare by Tree Spacing Combination Table xls | pdf 11/15/2010
Wood and Log Volume to Volume Conversion Factors Table xls | pdf 11/15/2010
Estimating Tons of Wood Residues Per Thousand Board Feet of Lumber Produced by Sawmills Table xls | pdf 11/15/2010
Estimating Tons of Wood Residue Per Thousand Board Feet of Wood Used for Selected Products Table xls | pdf 11/15/2010
Area and Length Conversions Table xls | pdf 11/15/2010
Mass Units and Mass per Unit Area Conversions Table xls | pdf 11/15/2010
Distance and Velocity Conversions Table xls | pdf 11/15/2010
Capacity, Volume and Specific Volume Conversions Table xls | pdf 11/15/2010
Power Conversions Table xls | pdf 11/15/2010
Small Energy Unit and Energy Unit per Weight Conversions Table xls | pdf 11/15/2010
Large Energy Unit Conversions Table xls | pdf 11/15/2010
Alternative Measures of Greenhouse Gases Table xls | pdf 11/15/2010
Fuel Efficiency Conversions Table xls | pdf 11/15/2010
Sl Prefixes and Their Values Table xls | pdf 11/15/2010
Metric Units and Abbreviations Table xls | pdf 11/15/2010
Cost per Unit Conversions Table xls | pdf 11f15f20ﬂ
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Approach - 9 Example:

To use these conversion factors, first decide the mill type, which is based on equipment; then determine the average scaling
diameter of the logs. If the equipment indicates a mill type B and the average scaling diameter is 13 inches, then look in section B,
line 2. This line shows that for every thousand board feet of softwood lumber sawed, 0.42 tons of bark, 1.18 tons of chippable
material, and 0.92 tons of fines are produced, green weight. Equivalent hard hardwood and soft hardwood data are also given.
Converting factors for shavings are omitted as they are zero for sawmills.

Section: Appendix A
Estimating Tons of Wood Residue Per Thousand Board Feet of Lumber Produced by Sawmills, by Species and Type of

Residue
Softwood® Hard hardwood® Soft hardwood®
Bark Chippable Fine' Bark Chipable Fine Bark Chipable Fine
Small end T
. . il Type
Mill T)"Pea dlameterb Gd oD® G QoD G oD G QoD G oD G oD G oD G oD G oD A. Circular headsaw with or without trim saw
B. Circular headsaw with edger and trim saw.
C. Circular headsaw with vertical band resaw, edger, trim saw.
1 0.46 0.31 1.57 0.78 0.98 048| 0.84 059 1.84 1.04 1.26 0.71|0.58 0.41 1.27 0.72 0.86 0.49 D. Band headsaw with edger, trim sav. _
AB,CH 2 042 029 1.18 0.58 0.92 045 0.72 0.51 1.53 0.87 1.34 0.76{0.50 0.35 1.06 0.60 0.91 0.52 B oo vt oot e ey e i S
and | 3 0.41 0.28 1.07 0.53 1.00 0.49| 0.56 0.39 1.17 0.66 1.08 0.61|0.39 0.27 0.81 0.46 0.74 0.42 G. Chipping head rig. T
4 0.31 0.21 0.88 0.43 091 045| 049 0.35 1.03 0.58 1.05 0.60(0.34 0.24 0.72 0.41 0.72 0.41 7-§;:;gﬁg‘mi"-
1 0.29 0.20 1.57 0‘.78 090 0.45| 0.84 059 1.84 1.04 092 0.52/0.58 041 1.27 0.72 0.63 0.36 “Averagesm_a\\-endIog(scalmg)diameterclasses.
D and E 2 029 0.20 1.18 0.58 0.76 0.38| 0.72 0.51 1.53 0.87 0.84 0.48/0.50 0.35 1.06 0.60 0.58 0.33 1 B0 nehes
3 0.29 0.20 1.07 0.53 0.71 0.35| 0.56 0.39 1.17 0.66 0.84 0.48/0.39 0.27 0.81 0.46 0.58 0.33 3. 1416 inches.
4 0.29 0.20 0.88 0.43 0.64 0.32| 0.49 0.35 1.03 0.58 0.80 0.45/0.34 0.24 0.72 0.41 0.55 0.31 4. 17 inches and over
© See Appendix A for species classification, i.e., softwood, hard hardwood, and soft hardwood.
1 029 0.20 157 0.78 098 048] 0.84 059 184 1.04 1.26 0.71]0.58 0.41 1.27 0.72 0.86 048 dG=greehweight,f>rir1ilia|t:londilion,Withthemoisllurecontentofthewooda5pr0<:essed
2 029 0.20 1.18 0.58 0.92 0.45| 0.72 0.51 1.53 0.87 1.34 0.76(0.50 0.35 1.06 0.60 0.91 0.52 TFC?DfOVe"de{- “;T:Wf'gh“ﬁ‘?f°PT'C_eI"me'S‘“fe-
3 0.29 0.20 1.07 0.53 1.00 0.49| 0.56 0.39 1.17 0.66 1.08 0.61]0.39 0.27 0.81 046 0.74 0.42 1% [ sawaue and omer eimiar size matere -
F 4 0.29 0.20 0.88 0.43 091 045| 0.49 0.35 1.03 0.58 1.05 0.60(0.34 0.24 0.72 041 0.72 0.41
1 0.29 0.20 1.90 0.94 0.57 0.28| 0.84 0.59 2.23 1.28 0.53 0.28/0.58 0.41 1.54 0.88 0.36 0.20
G 2 0.29 0.20 1.34 0.66 060 0.30| 0.72 0.51 1.72 0.98 0.65 0.37|0.50 0.35 1.13 0.68 0.45 0.25
3 0.29 0.20 1.17 058 0.61 0.30| 0.56 0.39 1.29 0.73 0.72 0.41|0.39 0.27 0.8¢ 0.51 0.50 0.28
4 0.29 0.20 0.98 048 054 0.28| 0.49 0.35 1.15 0.65 0.68 0.38/0.34 0.24 0.80 0.46 0.47 0.26
Source:

Ellis, Bridgette K. and Janice A. Brown, Tennessee Valley Authority. "Production and Use of Industrial Wood and Bark Residues in
the Tennessee Valley Region,” August 1984.

- OAK
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Section: Appendix A
L Forestry Volume Unit to Biomass Weight Considerations

[Eomass i frequently estimated from forestry inventory merchantable volume data, particularly for purposes of
comparing regional and national estimates of aboveground biomass and carbon levels. Making such estimations
can be done several ways but always involves the use of either conversion factors or biomass expansion factors
(or both combined) as described by figure 1 below. Figure 2 clarifys the issue further by defining what is included

-
. I O m b I n e tW O in each catagory of volume or biomass units.
Volume/Merchantable )
sources on a \ e
E E Unfortunately definitions used in

{ - / figure 1 are not standardized

L]
/ Biomass/ { . y
a e t O I V e a Volume/Stem 7 /l Merchantable worldwide, but flg_ure_ 2 below )
— / demonstrates definitions used in

v the United States for forest

/ :C inventory data. The merchantable
I I I O re C O I I I et e /  Volume/Total E+C |/ volume provided by forest inventory
/ / Biomass/Stem /

/ reports commonly refers only to the
- ' underbark volume or biomass of
(o} [;;/ E the main stem above the stump up
p I C u re to a4 inch (10 cm) top.
Biomass/Total Merchantable stem volume can be
converted (symbolized by C in Fig.
1) to merchantable biomass. Both
. . . ) ) merchantable volume and biomass
Figure 1 Source: Somogyi Z. et al. Indirect methods of large-scale must be expanded (symbolized by E
. A d d I t I O n al t eXt biomass estimation. Eur J Forest Res (2006) DOI 10.1007/s10342-006- on the diagram) to include the bark
0125-7

for stem volume or biomass.

n Further expansion is needed to
obtain the total volume or biomass
eX p an a I O n a e r S which includes stem, bark, stump,
. branches and foliage, especially if
evergreen trees are being
re ad er to SvaueeL e eI
biomass available for bioenergy,
Top Hoight the foliage is not included and the
(4-Inch diameter)

- - —— e e onn stump may or may not be

I I I I O r t a n t O I n t S appropriate to include depending
on whether harvest occurs at

ground level or higher.

Merchantable Stem Aboveground Tree E F

and Bark Biomass Biomass (Includes Foliage) Both conversion and expansion

factors can be used together to

translate directly between

merchantable volumes per unit area

and total biomass per unit area (see

Stump Height —_— D table A5, Appendix A) .

{inches) Belowground:
Coarse Root Biomass

Figure 2 Source: Jenkins, JC, Chojnacky DC, Heath LS, Birdsey RA. Comprehensive Database of Diameter-
based Biomass Regressions for North American Tree Species. United States Department of Agriculture, Forest
Service General Technical Report NE-319, pp 1-45 (2004)

Biomass Energy Data Book -- 2010 -- http://cta.ornl.gov/bedb
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Approach - 11
e The Glossary is helpful

Biomass Energy Data Book ENERGY Foie s,

A|B|C|ID|E|F|G|H|I|J|KILIM|N|O|P|Q|R|S|T|U|VIW|X|Y]|Z

A

Agricultural Residue - Agricultural crop residues are the plant parts, primarily stalks and leaves, not removed from the fields with the
primary food or fiber product. Examples include corn stover (stalks, leaves, husks, and cobs); wheat straw; and rice straw. With
approximately 80 million acres of corn planted annually, corn stover is expected to become a major biomass resource for bioenergy
applications.

Air dry - The state of dryness at equilibrium with the water content in the surrounding atmosphere. The actual water content will depend
upon the relative humidity and temperature of the surrounding atmosphere.

Alcohol - The family name of a group of organic chemical compounds composed of carbon, hydrogen, and oxygen. The molecules in the
series vary in chain length and are composed of a hydrocarbon plus a hydroxyl group. Alcohol includes methanol and ethanol.

Alkaline metals - Potassium and sodium oxides (K,O + NaQ,) that are the main chemicals in biomass solid fuels that cause slagging
and fouling in combustion chambers and boilers.

Anaerobic digestion - Decomposition of biological wastes by micro-organisms, usually under wet conditions, in the absence of air
(oxygen), to produce a gas comprising mostly methane and carbon dioxide.

Annual removals - The net volume of growing stock trees removed from the inventory during a specified year by harvesting, cultural
operations such as timber stand improvement, or land clearing.

ASABE Standard X593 - The American Society of Agricultural and Biological Engineers (ASABE) in 2005 produced a new standard
(Standard X593) entitled “Terminology and Definitions for Biomass Production, Harvesting and Collection, Storage, Processing,
Conversion and Utilization.” The purpose of the standard is to provide uniform terminology and definitions in the general area of biomass
production and utilization. This standard includes many terminologies that are used in biomass feedstock production, harvesting,
collecting, handling, storage, pre-processing and conversion, bioenergy, hiopower and bioproducts. The terminologies were reviewed by
many experts from all of the different fields of biomass and bioenergy before being accepted as part of the standard. The full-text is
included on the online Technical Library of ASABE (http://asae.frymulti.com); members and institutions holding a site license can access
the online version. Print copies may be ordered for a fee by calling 269-429-0300, e-mailing martin@asabe.org, or by mail at: ASABE,
2950 Niles Rd., St. Joseph, MI 49085.

: OAK
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Approach - 12

e Users help us improve —
Improved in Edition 3

From Edition 1 thanks to a user’s comment

Figure 5.9 Section: FEEDSTOCKS
Total Construction and Demolition Debris Wood Residues

Total Construction and Demolition Residues

Dry Tons

1to234

Z3dto 403

A0Eto 511
B E11to 844
I E41to 10ES
10830 1,379
13730 1,778 Urban Wood Waste
177910 2,250 L8 (Dry tons per square kilometer)
R [ Jo-so [ 1s0-200
W 5345 b0 5,220 s0-100 [ 200 - 250
S B Wz
B 1113010 21,050 =
W 24,050t £00000 Sources:

oto 1 Map created by Bioenergy Resources and Engineering Systems Program, 2010, Oak Ridge National Laboratory.

L L | http://www.esd.oml.govieess/bioenergy/
Mies McKeever, D. 2004. “Inventories of Woody Residues and Solid Wood Waste in the United States, 2002." Ninth International
Conference, Inorganic-Bonded Composite Materials. Vancouver, British Columbia. October 10-13.

Source:
Bioenergy Resource and Engineering Systems Program, Oak Ridge National Laboratory.

Note: For information on estimation methods used, see: Appendix C - Estimation Methods for Urban

Wood Residues. .
OAK
neld
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Technical Accomplishments

Biomass Energy Data Book

\l'(l(l FI OAK
ENERGY | oy ticener ¢ "lumu

Website launch: Website update: Website update:
October 2006 December 2009 December 2010

OAK
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Technical Accomplishments - 2

Biomass Energy Data Book Website Statistics

(http:/icta.ornl.gov/bedb)
20,000
- \iSitor Sessions Total Visitor Sessions
18,000 . . Oct 2006 through Dec 2010 =
—Unique Visitors \'\ 502,797 Sessions
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Relevance

“To fully understand the biomass-to-bioenergy supply chain and its economic,
environmental, and other impacts requires complete and comparable data.”
— Biomass Multi-Year Program Plan, November 2010, p. 2-99.

e Supports stakeholder and policy analysis
e Informs the general public

e Provides accurate, consistent data and
Information

e Uses a wide variety of sources, including
data and analysis generated by the Biomass
Program
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Benefits & Expected Outcomes

e Valuable asset to feed data into the
Knowledge Discovery Framework (KDF)

e Includes detailed data for industry analysts,
out also includes more general information

e Creates historical time series not always
found in the original source

e | eads website users to important data
sources
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Summary

TEET -

e i

In the last year, the
Biomass Energy Data
Book has been used
by more than 5,000
people each month

Centel for
TI anspor tanon
Analysns

In the next year:

— the Biomass Energy Data Book will feed data and
Information into the KDF

— the data and information will be updated on a more
frequent basis

— the content will be expanded as data allow
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