
IPRO 349 Solid Fuel from Biomass 
for Cogeneration



Potential energy from stover 

is greater than natural gas, 

propane, and heating oil. [2]

The U.S. is moving towards 

sustainability.

Importance

Matlock, Mark, 2008 NWU Presentation

Biomass popular, 
but unexplored.

Increase in demand and a 

decline in production of 

natural gas. [1]

Places value on stover which 

was once considered waste.



What is CHP?

ombined

eat

ower

A system that makes use of 
the heat generated during 
the generation of power

Overall system is 75% efficient compared to 

a non-CHP system which is 49% efficient.



IPRO 349 History Summary

• Determined potential of using corn stover as a 
biomass fuel source in a CHP application

• Explored possible mechanism for stover processing 
and conversion

Spring 2008

Fall 2008
• Determined feasibility of a single farm CHP system

powered by stover

• Created detailed flow mechanism for stover 
processing and conversion



Statement of Problem
To determine the feasibility of using corn 
stover as a combined heat and power source 
for rural community colleges

Objectives
Survey the potential for CHP application 

Scale up from single to multiple farm system

Identify future stover CHP options

Investigate creation of an online database of 

our research



Team Organization



Research Methodology



Survey Data



• 30% of the schools contacted are a good 
candidate for CHP according to EPA 
guideline

• Only 20% of schools that replied are 
planning to develop power facilities within 
5 years

• Schools are generally concerned about 
reducing the current and future energy 
costs

Survey Analysis



Follow up from schools
School Name

Power Bought  

(kWh)

Electricity 

Usage (MW)

Heating demand 

(Therms)

On-campus 

residency

Size of student 

body

Campus Area 

(Acres)

SCHOOL 1 5,900,000 0.67 107,000 No 7400 310

SCHOOL 2 6,200,000 0.71 286,000 No 3370 170

SCHOOL 3 7,000,000 0.80 438,000 No 4940 120

SCHOOL 4 7,000,000 0.80 190,000 No 4760 160

SCHOOL 5 8,300,000 0.95 535,000 No 1600 50

SCHOOL 6 12,000,000 1.37 540,000 No 18000 390

SCHOOL 7 15,100,000 1.72 340,000 No 12400 430

STATISTICS OF RECORDED SCHOOL DATA

Average 8,786,000 1.00 341,500 7,500 232

Max 15,100,000 1.72 540,000 18,000 430

Min 5,900,000 0.67 107,000 1,600 50

Range 2,400,000 1.05 433,000 16,400 380
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Farmer survey

• 9 out of 13 who are willing to participate:

– All are willing to sell corn stover at a good price

– 5 are willing to harvest corn stover with provided 
equipment (part of profit)‏

– 1 have storage facility for corn stover (some 
stored outside)‏

– 7 are willing to transport the corn stover at a 
good price

Good price = $35 - $42



Geography



Overall Process Flow



2 Pass Harvest (Dry)

Combine 
Windrow

Raker
Windrow

• Easy

• Long dry
time

• Even    
coverage

• A third 
step

Harvest and Baling

Bales

Round Square

• Good water 
management

• Added 
labor

• Efficient 
transport 
and stacking

• Poor water 
management



Transportation

JCB tractor with trailer

0.5 MW
• 1,100 loads/yr
• 36,000 average 
miles traveled/yr
• 221,000 kWh/yr

2 MW
• 4,900 loads/yr
• 158,000 average 
miles traveled/yr
• 971,000 kWh/yr

Distance between farm and 
school:

Average = 16 miles
Shortest = 5 miles

http://www.jcb.com/ 



Pelletizing

http://www.cfuel.com

High Density

Longer Durability

Smaller in size

More drying time 
required



Grinders

Primary/Secondary

• Reduce bales to smaller 
chunks of stover
• Reduce stover down to 
pelletizing size

• Electricity Usage: 2 x 93 kW
• Cost: 2 x $58,200 http://www.cpmroskamp.com/

CPM 15 x 44 Hammermill



Pellet Mill

• Compress stover into 
denser pellets
• Often used in tandem 
with a conditioner and 
cooler

0.5 MW
• CPM 1116-4

• Electricity Usage: 37kW

• Cost: $112,000

2 MW
• CPM 7722-6

• Electricity Usage: 186kW

• Cost: $240,000

http://www.cpmroskamp.com/



Storage

0.5 MW - 42,000 ft2

2 MW - 167,000 ft2

• 5 ft diameter
• 5 ft length

• 5 on bottom row

Pyramid stacking

Round bales

Raw Storage Pellet Storage

• Volume capacity: 
1750m3

• Cost: 
$192,650 each

Harvestore Structure 
Silo Model 3189

0.5 MW - 5 Silos

2 MW - 22 Silos

http://www.busn.uco.eduhttp://www.freefoto.com/



Summary of Requirements

0.5 MW case study
• 12 farms/yr with 40% 

pick up of stover

• 10,400,000 lb stover/yr

• 4,800 tons pellets/yr

2 MW case study
• 51 farms/yr with 40% 

pick up of stover

• 45,600,000 lb stover/yr

• 21,100 tons pellets/yr



CHP Process Flow



Power Generation

http://www.timsan.com.tr

http://www.equipnet.com

• Pellets are burned to produce heat
• Heat converts water to steam

• Turbine allows steam to expand
• Expansion work produces power

TiMSAN biomass boiler

General Electric

0.5 MW

1180 lb pellets/hr

9.68 GJ/hr heat

2 MW

5195 lb pellets/hr

41.9 GJ/hr heat

0.5 MW

6,173 lb steam/hr

9680 MJ/hr heat

2 MW

26,675 lb steam/hr

41.9 GJ/hr heat



Heat Recovery

http://images.absoluteastronomy.com

http://cset.mnsu.edu

Baltimore Aircool Company

• Steam and cooling water flow 
countercurrent
• Cooling water absorbs heat from steam
• Steam condenses 

• Excess heat released to atmosphere
• Reservoir for cooling water

0.5 MW

182 m3 water/hr

Tout @ 52.4⁰C

2 MW

750 m3 water/hr

Tout @ 72.39⁰C

0.5 MW

2,000 ft2

2 MW

5,030 ft2



Gas Cycle

http://www.mam.gov.tr

http://www.cfaspower.com 

Pellets to syngas
CO2 + C         2CO – 172.6 kJ/mol 

C  + H2O         CO + H2 – 131.4 kJ/mol

CO2 + H2        CO + H20 + 41.2 kJ/mol

C + O2         CO2 + 406 kJ/mol

H2 + 0.5O2         H2O + 242 kJ/mol 

CO2 + 3C + H2         

4CO + H2O + 730.4 kJ/mol

• Less stover (26+%)

• Smaller plant size

• Combined cycle

• No technology for scale

• Complicated process

• Higher equipment cost



Total Cost

$2,421,586 $5,851,596

0.5 MW case study
$6,677

$28,359

$116,400

$80,000

$112,000

$11,900

$13,000

$963,250

$500,000

$250,000

$17,500

$340,000

2 MW case study
$6,677

$28,359

$116,400

$102,960

$240,000

$15,900

$13,000

$4,238,300

$500,000

$250,000

$17,500

$340,000

Windrower
Baler

Grinder
Dryer

Pellet Mill
Pellet Cooler

Screener
Silo

Steam Turbine
Condenser

Pump
Boiler



Transportation E Usage
Pelletizing Process E Usage
Conversion Process E Usage
Net Energy Output (Efficiency)‏

25%

33%

40%

2%

2,751,000

3,550,000

4,383,000

221,000

11%
39%

47%

3%

14,481,000

17,532,000

971,000

4,553,000

Energy Balance



Ethics

7 layers of ethics

EPA guidelines

Must not represent our team falsely

– Be smart

Special attention to environmental concerns

• Soil nutrient removal

• Ash and sulfur content produced from 

burning stover as biomass fuel

• Carbon emissions



Impact on Nutrient Removal
• With current harvesting technology, only 40% of stover can be 
collected from fields

• Major nutrients are contained in the ear of corn which is harvested
- Farmers will buy fertilizers to replace this anyway

• EPA requires that only 30% be left on the field for erosion prevention

Carbon Emission
• Our process is a net zero carbon cycle

- Corn pulls CO2 our of air while its growing

• Decomposing corn stover releases CO2 while laying on the field



Ash, Chlorine, and Sulfur

Biomass Ash content

Corn stover 5.01%

Soybean straw 3.65%

Wheat straw 7.82%

Switchgrass 5.51%

Blue stem grass 6.00%

* Both charts are based on dry matter basis

Feedstock Chlorine (ppm)‏

Corn stover 1,030

Soybean straw 1,430

Wheat straw 298

Switchgrass 1,950

Blue stem grass 2,010

Sulfur content from burning corn stover is very low: 0.04g/kg



Online database



Obstacles

Contacting schools and manufacturers
- Getting and maintaining contact for surveys 
and information

Making sense of data given & using it effectively
- Converting units
- Reasonable estimates
- Calculating proper input/output to find best 
equipment

Determining scale
- Varying facility size and student body populations



Recommendations

• Investigate specific case study of community college

• Look at CHP needs and surrounding area

• Cost effectiveness and payback analysis

• Investigate feasibility of modular systems

• Stirling Engine

• International Humanitarian Applications

• Energy effective farming, biodiversity

• Adapt processes to geographical limitations

• Develop user friendly equipment database



Conclusion

- CHP is feasible for the researched:
• heat requirement
• power requirement
• stover production and storage

- 75% of farmers would be willing to participate in a 
CHP project
- 100% of schools which responded would be good 
candidates for CHP*
- Current gas turbine options not fit for this scale

*according to EPA guidelines
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