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Importance

Å The U.S. is moving  towards 
sustainability.

Å Biomass popular, but 
unexplored.

Å Increase in demand and a 
decline in production of natural 
gas. [1]

Å Potential energy from stover is 
greater than natural gas, 
propane, and heating oil.[2]

Å Places value on stover which 
was once considered waste. 

Matlock, Mark, 2008 NWU Presentation



Problem Statement 

There is a need for a practical method to 
efficiently convert corn stover to usable 
energy via cogeneration.



Objectives

ÅInvestigate pathways for small scale conversion of 
stover to usable energy

ÅResearch different tools, equipment, and 
processes to develop a cost, time, and energy 
efficient process 

ÅDetermine the cost  and energy efficiency of each 
step of the system

ÅDevelop a detailed system for a small scale CHP 
process
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Ethics

ÅSeven layers of Ethics

ÅLaw

ÅMust abide by all EPA regulations

ÅProfessional Code of Ethics

ÅMust not represent our team falsely. Rather, be 
smart when contacting companies.

ÅCommunity

ÅCorn for food ɀwaste for fuel



ÅMini debate on whether this project should focus 
on small or large scale
ÅHope that both small and large scale systems will 

eventually be implemented

ÅDivided into 2 groups and presented pros and cons 
of each option

ÅResults of mini debate:
ÅLarge scale left as recommendation for next IPRO

Å3ÍÁÌÌ ÓÃÁÌÅ ×ÁÓ ÃÈÏÓÅÎ ÆÏÒ ÆÏÌÌÏ×ÉÎÇ ÒÅÁÓÏÎÓȣ

Large Scale versus Small Scale



ÅSmall Scale Benefits

ÅConventional

ÅTransportation

ÅSimpler equipment

ÅSmaller investment

ÅProfitability

ÅDisadvantages

ÅNot as efficient

ÅGasification too 
complex and 
impractical

Results

ÅLarge Scale Benefits

ÅCreate jobs

ÅLarge localized facility

ÅGasification

ÅHigher energy yields[3]

ÅEasier to transport/store

ÅMore efficient operation

ÅDisadvantages

ÅComplicated logistics

ÅLarge investment

ÅMore complicated processes



Process Flow Chart
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CHP Process
BTU : 8.6E9
Energy: -2.2E9
Cost : $100k

Pelletizing
BTU: 1.1E10
Energy : -3.2E7BTU
Cost: $93.5K

Corn Stover field
BTU: 1.25E10
Energy :+1.25E10BTU
Cost: $0

Harvesting and Collection
BTU: 1.19E10
Energy : -6.3E8BTU
Cost: $19K

Baling and Transportation
BTU: 1.13E10
Energy : -6.1E8BTU
Cost: $18K

Storage Silo
BTU:1.08E10
Energy : -2.5E8
Cost: $15K / yr

Grinding
BTU: 1.11E10
Energy : -1.6E8BTU
Cost: $24K

Process & Energy Diagram



Energy



Excel Screenshot



Proposal of Best Combination

ÅLarge square bales

ÅShenk Rotogrinder for bale grinding

ÅLa Meccanica for pelletizing

ÅHarvestore silo for pellet storage

ÅStirling engine for CHP



Large Square Bales

ÅDimensions: 4ft x 4ft x 8ft[4]

Å1200 lbs

ÅVariable Loading Mechanisms

http://www.newhollandmediakit.com/images/newsreleases/H9880_ABW_1.jpg



Shenk Livestock - 760 Rotogrind

ÅPrice : ~ $19,800

ÅMinimum HP of Tractor : 65HP

ÅAverage HP : 80HP

ÅGrinder Weight : 3500lb

ÅCapacity : 5 -30 ton/hour

β capacity depends on the type and
condition of material, how finely it is 
being ground, and the size of the
tractor.

Åhttp://www.shenklivestock.com



La Meccanica -CLM 630N

ÅMain Motor Power : 160 ɀ200 kW

ÅCapacity : 12/18 (min/max, ton/hr)

http://www.lameccanica.it

http://www.pelletmills.com



ÅSteel Silo

ÅMaterial : glass-fused-to-steel     

sheets

ÅCapacity : 1000 tons ~ 43000 ft3

Harvestore Silo

http://www.harvestore.com 

http://www.harvestore.com 



Why use CHP?

ÅIncreased efficiency of 
energy conversion and use

ÅLower emissions to 
environment, in particular of 
CO2, the main greenhouse gas

ÅAn opportunity to move 
towards more decentralized 
forms of electricity generation 

ÅHigh efficiency by avoiding 
transmission losses and 
increasing flexibility in system 
use

Vartiainen, E et al, 2002; Gaia Group Oy, 2004; Obernberger, I., 2004



SD5-Stirling Engine from Stirling Denmark

Å80% energy efficient
Å10 kWe capacity
Å40 kWth capacity

Å$100,000 for plant 
construction
Åinput 24 to 32 pounds/hour[5]

Stirling Denmark -SD 5 Stirling Engine

Henrik Carlsen, Technical University of Denmark www.epa.gov


