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World Population: 1950-2050
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US Energy Flow in Quads

Figure 61. Electricity generation by fuel,
2006 and 2030 (billion kilowatthours)
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Figure 76. World Energy-Related Carbon Dioxide
Emissions by Fuel Type, 1990-2030
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Sources: History: Energy Information Administration (EIA),
International Energy Annual 2005 (June-October 2007), web
site www.ela.doe.gov/iea. Projections: EIA, World Energy
Projections Plus (2008).

Figure 66. Nonhydroelectric renewable electricity
generation by energy source, 2006-2030
(billion kilowatthours)
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Generation by Fuel Type

eGRID2007 Year 2005
Generation (MWh)
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Source: eGRID2007 Version 1.0 Year 2005 data, www.epa.goiegrid (created September 2008). 226,000_199,000,000 _ 307,000,000
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Biomass Definition

Any renewable organic
matter such as
agricultural crops, crop-
waste residues, wood,
animal and municipal
wastes, aquatic plants

and fungal growth used
for the production of
energy.

Biomass Utilization

Biopower

Biofuels
Ethanol
Methanol
Biodiesel

Methane
Producer gas

Bioproducts — lubes, composites
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The Promise of Biomass

Renewable

Abundant

Carbon Neutral

Diffuse

Global

Helps Agriculture, Forest

Multiuse
Food
Shelter
Energy
Materials

The Problem with Biomass

Costly to gather

Low energy density
Low physical density
Moisture content
Costly to transport

Additional processing

Arable land competition
Water resources

Fuel vs. feed
Deforestation
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Biomass Resources Available in the United States

Thousand
Tonnes/Year

I Above 500

150- 250

= This study esbmates the technical biomass resources cumently available in the United States

[ 100- 150 by county. It includes the fallowing feedstock categanes:

— - Agricultural residues (crops and animal manure ),

[ s0-100 - Wood residues (forest, pamary mil, secondary mill, and urban wood), st L o=y

(] Less then 60 - Municipal discards from I fraatment) ‘,“' MNR=EL
- Dedicated energy crops (on Conservation Reserve Program and Abandoned Mine Lands)
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US Annual Biomass Potential

Estimated Total Biomass Available in the United States
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US Installed Biomass Generation

Type of Biomass Number of Capacity, MW

Tnstallations

Wood 259 5,332

Pulping Liquor 6 443

Bagasse and Other Agricultural Residue 39 669

Digester Gas 61 112
Landfill Gas 583

Tires 3 69

Total (Above + Other Sources) 678 10,006

Source: Adapted From Table 5-2 T.C. Schweizer, et al., EPRI Report No.
TR-111893 (1998).

Montana Biomass Resource

Total Energy Potential
from Biomass Residua

Total Potential
(mmbtu)

50-775,000
775,001-2,500,000
2,500,001-5,500,000
5,500,001-11,200,000

|:| No Data

Interstate

Dafa saurce: US Dapartment of
Agqicuiture. 1595, 2003, Enwron-
menta! Frotectian Agency 2001
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Criteria for Biomass Development

Residues/wastes utilized

Does not compete with food/feed

Energy crops on unused or marginal lands
Minimizes or eliminates resources

Irrigation, tilling, pesticides, herbicides
Regionally produced and consumed

Biorefinery “Platforms”

Hydrolysis Sugars and

Acids, enzymes & Biobased

Gasification ) chemicals

Syngas
High heat, low yng
oxygen
P .
Feedstock  Digestion ] Bloba'_.sed
collection, Biogas materials
Biomass Bacteria S
handling, J—
and Pyrolysis
. Biocrude el bi

preparation  Catalysis, heat, Liquid biofuels

pressure

Extraction Carbon Rich Electricity

Mechanical, Chains

chemical

Separation - Heat

Mechanical,

chemical
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Thermochemical Biorefinery e

e AIR
Feedstock Flexibili Feedstock i
i Preparation & Gasifier 2oL e
Organic Rich Material Feeding Module Enriched Air
(includin rlsiics and rubber) O, Separation
from Urban Residue Stream (option)

Industrial, Commercial
Operations
Agriculture/Food Processing

Black liquor

Forest Residues
Agricultural Residues
Energy Crops

Clean Sylihetic Gas

Single Pass Catalytic Reforming
Reactor & Shif
. CO.R ]
. Removal
s‘(’;;? & use, including co
Process Heat Process Electricity Sequestration
e.g. LimeKiln Steam &

& Heat
District (CHP)

Heating

Transportation
Fuels

mmonit
Courtesy of NREL. Fertilize

Bio-Ethanol Debate

“Ethanol fuel from corn faulted as
‘unsustainable subsidized food burning' in
analysis by Cornell scientist”

Cornell News Headline, 8/16/2001

Author: David Pimentel

Current studies estimate 25% to 35% more
energy derived than invested.
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Ethanol Energy Balance
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Ethanol Summary

Lorenz and Morris (1995) 30,589

FOR 295 Presentation Alternative Energy Technologies
November 25, 2008 The University of Montana
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Pimentel Critique

His corn yields date from pre-1992

His value for energy required to produce ethanol
and the ethanol yield date from pre-1980

His figures for energy to produce fertilizer are
1990 world-wide values, not recent U.S. values

He assumes all corn is irrigated (only 16% is)
— virtually no irrigated corn is converted to ethanol

He does not properly assign an energy credit for
the high protein DDGS co-product

FOR 295 Presentation Alternative Energy Technologies
November 25, 2008 The University of Montana

US Ethanol Capacity

US Bio Ethanol Producion

Million Gallons

2000 2001 2002 2003 2004 2005 2006 2007
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Starch from corn

$1.25
—_— /gal
EtOH
Liguification &

Milling  sgecharification  Fermentation Purification

$1.50
/gal
EtOH

Milling

Enzyme Production  Fermentation Purification

& Saccharification

Biodiesel Facts

Lower energy content than Diesel
Biodiesel: 118,296 BTUs per gallon
No. 2 Diesel: 129,500 BTUs per gallon

Source National Biodiesel Board

Energy Lifecycle

3.2 units of energy are produced for each
energy unit used
Source NREL
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The Chemistry
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US Bio Diesel Production
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Climate Choice
Advancing technologies that protect the climate
Technologies | About Climate Choice | How to Participate |
Program Benefits | Nominate a Technology | Home
Technologies
In March 2008, EPA announced its first three climate choice
technologies:

Micro-Combined Heat and Power (CHP) for residential homes. By
generating heat and electricity for the home, this technology
reduces greenhouse gas emissions and electricity demand. Learn
more about Micro CHP.

High-efficiency outdoor area lighting. Advances in outdoor area
lighting offer substantial energy savings and reduced maintenance.
Learn more about high-efficiency outdoor area lighting.
Advanced new home construction: a technology package to
minimize carbon emissions from newly constructed houses. Learn
more about advanced new home construction.

FOR 295 Presentation Alternative Energy Technologies 35
November 25, 2008 The University of Montana

Downdraft Gasification
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http://www.epa.gov/cppd/climatechoice/about.htm
http://www.epa.gov/cppd/climatechoice/participate.htm
http://www.epa.gov/cppd/climatechoice/benefits.htm
http://www.epa.gov/cppd/climatechoice/nominate.htm
http://www.epa.gov/cppd/climatechoice/index.htm
http://www.epa.gov/cppd/climatechoice/technology.htm
http://www.epa.gov/cppd/climatechoice/technology.htm
http://www.epa.gov/cppd/climatechoice/technology.htm
http://www.epa.gov/cppd/climatechoice/technology.htm
http://www.epa.gov/cppd/climatechoice/technology.htm
http://www.epa.gov/cppd/climatechoice/technology.htm
http://www.epa.gov/cppd/climatechoice/technology.htm

Gasifier Schematic

System
100 - 200 °C
Drying Zone

Air/Steam

Biomass Feed
(S¢) Rotary Feeder

Oxidation

Ash Removal_

Downdraft Gasifier

Pyrolysis
Zone

Product Gas

Char - Reduction

Zone
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1. The tiny generator that powers this w
the University of Florida out of a fire<xt
km per kg of wood (20 miles per |

Biomass & the Environment

. iy DFSS = Dedicated Feedstock
Nutrient Leaching Supply System
Wy S

Biodiversity
Production

Courtesy of U.S. DOE.
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Other Alternative Fuels

Natural gas
Propane, Ipg
Hybrid
Hydrogen

Electric
Compressed air

Hydrogen

Hydrogen safety
ICE vs Fuel Cell
Storage

Water is exhaust
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http://world.honda.com/news/2008/4081123FCX-Clarity/photo/pages/01.html
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Electric

Speed, range, charging
Batteries

Compressed Air
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Conventional Mass Transit

FOR 295 Presentation Alternative Energ
November 25, 2008 The University of Montana
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Summary

Biomass has vast potential and will play an
increasing role in the new energy paradigm

Focus should be on utilizing residues and
marginal lands

Bio ethanol has a positive energy balance

Biofuels improve environment, economy, and
national security

NESp Y
May you live in interesting times...

May you come to the attention of the
authorities

May you find what you are looking for
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