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Biomass Resources

Organic materials of recent biological origin



Biobased Products

Fuels

Chemicals

Plastics

Power



Motivations for Returning 
to a Bioeconomy

Environmental quality
Local and regional (air quality,
solid waste disposal)
Global climate change

National security
Reduced reliance on foreign fuel 
sources

Rural development
Rural economies are not thriving
in many parts of the world



CO2 emissions harm 
Environmental Quality



Biofuels have the potential 
to reduce CO2 emissions

Source:  Energy Information Administration



USA has significant capacity 
to produce biomass

Total potential in 
USA >1 billion 

tons 
representing 

~1/5 of total US 
energy demand

or

1/3 of US 
transportation 

fuel needs
Source:  DoE Billion Ton Study, 2006



Kansas is a Leader in  
Biomass Production

1st in wheat production
1st in sorghum production
2nd in beef production
4th in overall biomass production 

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


Biomass conversion can lead to 
rural development opportunities

An average 100 million gallon per year ethanol 
biorefinergy will 

generate $406 million in gross output, 
support 1,600 jobs, and 
increase household income by $50+ million.



Ethanol  and Biodiesel 
Production Facilities

Ethanol

Biodiesel

Source:  Renewable Fuel Association 4.3.07

Kansas is 6th in Ethanol production & 
has many plants under construction

Kansas currently has NO biodiesel 
production





Conversion

Fuel Storage & 
Distribution

Fuel Utilization

Fuels and Chemicals 
derived from biomass 
have the potential to:

•Enhance 
environmental 

quality
•Enhance US 

National Security
•Provide Rural 

Development 
Opportunities

http://images.google.com/imgres?imgurl=http://www.europoint-terminals.nl/images/products3.jpg&imgrefurl=http://www.europoint-terminals.nl/products.php&h=366&w=320&sz=99&hl=en&start=1&tbnid=uS5dQvnVSVtX4M:&tbnh=122&tbnw=107&prev=/images%3Fq%3Dgasoline%2Bstorage%26gbv%3D2%26ndsp%3D20%26svnum%3D10%26hl%3Den%26sa%3DN


The primary

The limiting factor, for Kansas and the world, 
is likely to be….. 

WATER



Water Concerns
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**

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*

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?





Ethanol Tax 
Credit:  

$0.51/gallon



50 mile radius 
for feed supply 
recommended 

maximum

No mention of water……



Typical Ethanol Production Process

Main Products 
produced in roughly 

equivalent mass



Why are ethanol and 
water special?







250 Water 250 Water 500 Water

250 Ethanol 250 Ethanol 500 Ethanol

250 Ethanol 250 water ~470 Mix

http://www.geometricrate.com/bigfiles/wateradd.jpg
http://www.geometricrate.com/bigfiles/methsadd.jpg
http://www.geometricrate.com/bigfiles/bothadd.jpg
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What is ideal? 

Vapor

Liquid

• Heat to desired T
• Sample Vapor and Liquid
• Enhanced composition of a 

more volatile component in the 
vapor phase provides a 
separation between the two 
compounds

IDEAL:  One component is more volatile than the 
other over the entire concentration range.
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http://images.google.com/imgres?imgurl=http://previews2.nvtech.com/100/tf05048/NVTech_envi0134.jpg&imgrefurl=http://dir.coolclips.com/Sports/Recreational/Hiking_and_Camping/Campfire/&h=100&w=89&sz=7&hl=en&start=2&um=1&tbnid=3tKtR-ChwotSvM:&tbnh=82&tbnw=73&prev=/images%3Fq%3DFIRE%2BCLIP%2BART%26svnum%3D10%26um%3D1%26hl%3Den


What’s non-ideal? 

Vapor

Liquid

• Heat to desired T
• Sample Vapor and Liquid
• Enhanced composition of a 

more volatile component in the 
vapor phase provides a 
separation between the two 
compounds

NON-IDEAL:  At some composition(s) there is no 
difference in the vapor and liquid content. 

http://images.google.com/imgres?imgurl=http://previews2.nvtech.com/100/tf05048/NVTech_envi0134.jpg&imgrefurl=http://dir.coolclips.com/Sports/Recreational/Hiking_and_Camping/Campfire/&h=100&w=89&sz=7&hl=en&start=2&um=1&tbnid=3tKtR-ChwotSvM:&tbnh=82&tbnw=73&prev=/images%3Fq%3DFIRE%2BCLIP%2BART%26svnum%3D10%26um%3D1%26hl%3Den


Why does it matter?

Separation (via distillation) is only possible if 
there’s a difference in the vapor and liquid 
composition
As the compositions become closer, more 
and more energy will be required.
When the compositions become identical, 
distillation won’t work any longer….. This is 
called an azeotrope.



Energy Usage in Conventional 
Ethanol Plants

Current, State of the 
Art, plants use 
~35,000 BTU / gallon 
of ethanol produced – 
essentially all of it 
provided by natural 
gas (CH4 , methane)

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



Energy Usage in Conventional 
Ethanol Plants

Current, State of the 
Art, plants use 
~35,000 BTU / gallon 
of ethanol produced – 
essentially all of it 
provided by natural 
gas (CH4 , methane)

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

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



IOWA

KANSAS



Corn
(16wt% H2 O)

Thermal energy
industry average 34,800 BTU per

gallon of ethanol produced,
from process steam

Ethanol (trace water)

Byproducts (moist)

CO2 gas
(humid, 

from fermentation)

Water
(vapor)

Cooling water
liquid, 10ºC

see calculation:
4 gallons per gallon
of ethanol produced system boundary

for energy balance

Ambient 20ºC

process water

Process steam
(via combustion of natural gas,

coal, biomass, etc.)

What’s happening to the water?



How to help improve 
sustainability of this system

Reduce fuel utilization
Which will reduce water utilization
By….

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

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



Biomass
Production

Biomass 
Design

Biomass 
Conversion

Fuel & Product Storage, 
Distribution 
& Utilization

Socioeconomic 
Issues

Biofuels as  
Sustainable 
Energy Carriers

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



Thank You

Questions?
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Granite Falls Energy – Granite Falls, 
MN Size 40 MGY
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Design-Build Contractor 

http://www.fageninc.com/images2/gallery/granite_falls.jpg
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