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Biomass Resources

Organic materials of recent biological origin




Biobased Products




Motivations for Returning
to a Bloeconomy

e Environmental quality

e Local and regional (air quality,
solid waste disposal)

o Global climate change

e National security

e Reduced reliance on foreign fuel
sources

e Rural development

e Rural economies are not thriving
In many parts of the world




The global climate of the 21st century
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INTERGOVERNMENTAL PANEL ON CLIMATE CHANGE



U. S. Primary Energy Consumption Resulting Carbon Dioxide Emissions

By Fuel Type

By End-Use Sector

Biofuels have the potential
to reduce CO, emissions

Source: Energy Information Administration
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USA has significant capacity | se::
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to produce biomass :
1S Bommes oy BFIITO0C Total potential in
S. Biomass Potentia -
(milion tons) = Milling residues USA >1 billion
132 e tons
0 Urban wood residues :
%6 47| representing
0O Logging residues
W Forest thinning ~1/5 Of total Us
M | Crop residues energy demand
389 B Dedicated crops or
O Grains for biofuels 1/3 Of US
W Ag processing residues transportatlon
fuel needs

Source: DoE Billion Ton Study, 2006



Kansas Is a Leader In
Biomass Production

e 15tin wheat production
e 15tin sorghum production
e 2" in beef production



http://wheat.pw.usda.gov/wEST/nsf/nfmain.html

Biomass conversion can lead to
rural development opportunities

e An average 100 million gallon per year ethanol
biorefinergy will
e generate $406 million in gross output,
e support 1,600 jobs, and
e increase household income by $50+ million.



Ethanol and Biodiesel
Production Facilities

Kansas is 6" in Ethanol production &

has many plants under construction

Biodiesel

o Biorefineries in Production (115)

|!_| Biorefineries under Construction (79)

Ethanol

Source: Renewable Fuel Association 4.3.07



PROPOSED and EXISTING ETHANOL PLANTS in KANSAS
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Fuels and Chemicals
derived from biomass
have the potential to:

eEnhance
environmental
quality
eEnhance US
National Security

*Provide Rural
Development
Opportunities
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The limiting factor, for Kansas and the world,
IS likely to be.....
WATER



Water Concerns

e Current energy crops require significant water for growth.
corn is the most water-intensive of all the possible ethanol crops

1,700 — 2,500 gallons of water are needed to grow the corn to
produce every gallon of ethanol*

currently, sorghum requires about 40% less water than corn**
e Conversion of grains to ethanol requires more water.

Ethanol production requires 3-5 gallons of water per gallon of
ethanol.

Groundwater tables in some states, including Missouri, have been
drawn down to dangerously low levels near some ethanol plants*

e Fertilizer runoff may negatively impact ground water quality.

*David Pimentel, an ecology and agriculture professor at Cornell University
**Brent Bean, an agronomist with Texas A&M



Ethanol Production

Currently, corn is the DOMINANT feedstock.
Sorghum can be/is used as substitute.
Cellulose is the proposed future.

How does it work?




A Guide for Evaluating the
Requirements of Ethanol Plants

Developed by:

The Clean Fuels Development Coalition
and

The Nebraska Ethanol Board
In Cogperation with

The U.S. Department of Agriculture




Federal Incentive Programs

Yarous federal incentive programs have been desipned oo
meet the primary objectives noted abover to encourage
the production and unlizadon of ethanol and other bio-
fuels. Additional factors including the implementation
of a national Renewable Fuel Standard in 2006 serve as
an effective catalyst for increased biofuel production
and use. For the purposes of a project impact analysis,
only those incentives applicable to the proposed project
should be considered. Federal incentives that may be
applicable to an ethanol poject include the following:

Excise Tax Incentives

Since 1979, the federal povernment has provided vanous
levels of exemprion from federal motor fud excise raes
for qualified aloohal fuels (specifically thoss not derived
from petroleum, natural gas, coal. or pear). Most ethanol
sold in the United States incorporares the federal

excise tax incentive (VEETC) as apposad o another
mechanism designed o encourage ethanol use, the
income tax credit for alcohol fuels.

Income Tax Credit for Alcohol Fuels

Like the federal excise tax noted above, the federal
income tax credit for blanders of gasoline and ethanal
is currently in the law uneil 2010, The incentive is

presently fifty one cents per gallon.
can be camied forward, it is non-refi

incentives may be of limitad value ro new ethanol pi
However, various incentives have been crafted to
encourage development of production facilites. Dunng
the past fifteen vears a variery of incentives have been
available through federal povernment programs. Thess

incentive programs are summanzed below,

Income Tax Credit

The income tax credit discussed above has generally
been considerad as an incentive ro increase ethanol use,
This perception is based on the face that the applicaton
of this incentive is tied to the blending of all mmponents
of the finished fuel, i.e., ethanol and gasoline.
Although sddom applied as a preduction incentive,
this credit may be narrowly viewed as an incentive for
ethanol producrion.

Inceme Tax Credit for Small Ethancl Producers
Effective January 1, 1991, certain small fuel ethanol
producers are eligible to receive an income tax credit
of ten cents for each gallon of qualified {denarured)
ethanol fud produced. The provision limits the qualified
ethanol fuel production of any producer for any taxable
vear o no more than 15 million gallons per year
produced at a facilicy whose toral production capacity
does not excesd 60 million gallons per vear. The tax
credic is included in income and is therefore taxable, is
nonrefundable and nontransferable, but can be camried
forward into future taxable years.

Loans and Lean Guarantee Programs

Fifteen years ago Congress authorized a senes of pmograms
to encourage devdopment of alternarive enegy enterprises
in the LL5, Among the primary incentives available

Ethanol Tax

Credit:
$0.51/gallon



Any person contemplating an investment in an ethanol plant should evaluate a variety
of criteria to determine suitability of the investment under consideration. Agribusiness
lenders with Farm Credit Services of America offer the following tips for evaluating
investment in an ethanol plant:

m Equity-to-asset ratio of at least 40%. That means investors should own 40% of the total
value of the plant and inventory, with no more than 60% financed by loans.

Working capital focb zallon of

Adequate corn supply. |deally, a plant should use no more than 50% of the net exportable
bushels of corn in a 35- to 50-mile radius.

4z ' SEE—— e s aurnng rapid
expansion. Some plant builders /designers will train staff and manage start-ups.

m Have a risk management strategy. The goal is to lock in a margin by hedging inputs of corn

and natural gas used in distilling. Plants hedge or contract cutputs of ethanol and distillers’

grains when possible.

m Lse technology. With high natural gas prices, some new plants are locking to coal or
methane from manure. Capital cost for these energy sources can be higher.

m Have a competitive break-even cost. Energy inputs are pushing that up. Typical breakevens
currently run from $1.10 to $1.30 a gallon.

m Use marketers. Many plants sell ethanol through marketing companies.

lant capacity.

No mention of water......

50 mile radius

for feed supply
recommended
maximum
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Why are ethanol and
water special?




Ethanol - Water
Hydrogen Bonding

'Ju_}.J,‘r !
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At the instant ethanol and water
are mixed, the ethanol loats on top
of the warer,

Hydrogen
bronds
Hyd
berween hfné;jgm
ethanaol hetween
molecules. R i
1 molecules

Because the attractions between their
maolecules are similar, the molecules mix
l-IL'-L'J_:r', 3J|4.1-'|'|'|'|Jg cach substance to d:i:sp-:.'nﬂ:
into the other.

Hydrogen
bonds
berween
ethanol
and warer
maolecules



25_(__) Ethanol
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http://www.geometricrate.com/bigfiles/methsadd.jpg
http://www.geometricrate.com/bigfiles/bothadd.jpg
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« Enhanced composition of a fraction of ethanol in liquid
more volatile component in the
vapor phase provides a
separation between the two
compounds

NON-IDEAL: At some composition(s) thereis no
difference in the vapor and liquid content.
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Why does it matter?

e Separation (via distillation) is only possible if
there’s a difference Iin the vapor and liquid
composition

e As the compositions become closer, more
and more energy will be required.

e When the compositions become identical,
distillation won’t work any longer..... This Is
called an azeotrope.



Energy Usage in Conventional

Ethanol Plants

Grinding
2,2% | Prep./Liquefac.
/ 9.2%
Fermentation
DDGS-Drying 1,57
30.3% —

T Distillation
37.7%

Euapnratiﬂn/
16,5% [

: 5t
S-E'[]E .iu qaﬂi ion D‘?E‘?_]EE

Current, State of the
Art, plants use
~35,000 BTU / gallon
of ethanol produced —
essentially all of it
provided by natural
gas (CH,, methane)

Many older facilities
use more than 60,000
BTU/gallon



Energy Usage in Conventional
Ethanol Plants

Grinding
2,2% | Prep./Liquefac.
r_/ 9,2%
e it o Current, State of the

1.8% Art, plants use
~35,000 BTU / gallon
of ethanol produced —
essentially all of it
provided by natural
gas (CH,, methane)

d_.ﬁ.ﬂ-"'

DDGS-Drying

30,2% —~

Distillation
37.7%

Many older facilities
T use more than 60,000

Separation Storage BTU/gallon
2,1% 0,23

Evaporation
16,5%

Product Clean-up accounts for ~85% of Energy Demand



KANSAS




What’s happening to the water?

CO, gas Water
(humid, (vapor) Ambient 20°C

from fermentation)
A

Corn
(16wt% H,0)

5

v

Ethanol (trace water)

Cooling water

v

Byproducts (moist)

liquid, 10°C < ~ .
see calculation: 2N

4 gallons per gallon T L ‘ system boundary
of ethanol produced Thermal energy |

. | for energy balance
industry average 34,800 BTU per:

gallon of ethanol produced,
from process steam

Process steam

(via combustion of natural gas,
coal, biomass, etc.)



How to help improve
sustainability of this system

e Reduce fuel utilization
e \Which will reduce water utilization

e By....
Finding a use for distiller’'s WET grains
Improving the separation technology
Using more drought resistant feedstocks

e KSU’s Center for Sustainable Energy Is
Working on ALL of these approaches



Biofuels as
Sustainable
Energy Carriers

Biomass Biomass
Design Production

The role of water
IS analyzed in
each step of the
process.

uel & Product Storage
Distribution
& Utilizati

" Blomass
onversion

Socioeconomic
Issues



Thank You

Questions?
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Simplified Process Flow Sheet of the Lurgi Bioethanol Process
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