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Switchgrass

ÅLow-input, perennial 
crop

ÅMarginal soils

ÅEnergy Applications
ïHeat

ïPower

ïCHP/cogen

ïLiquid fuel 
conversion
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Densification

ÅWhy densify

ïEnergy density

ïMaterials 
handling

ÅHow

ïExtrusion

ÅOpen die

Åfriction
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Types of Densified Products

ÅPellets

ïMost energy 
intensive

ïResidential heat 
market

ÅBriquettes/Cubes

ïLarge-scale heat

ïPower generation

5

http://images.google.com/imgres?imgurl=http://biomassbest.com/gallery/main.php?g2_view=core.DownloadItem&g2_itemId=180&g2_serialNumber=2&imgrefurl=http://biomassbest.com/gallery/main.php?g2_itemId=160&usg=__gGlyhSyZ3mZIQEYGXBiT3A_AszQ=&h=150&w=150&sz=6&hl=en&start=2&um=1&tbnid=ggcEky5EuLIRYM:&tbnh=96&tbnw=96&prev=/images?q=biomass+cubes&hl=en&um=1
http://images.google.com/imgres?imgurl=http://www.wdpellet.com/images/small_pellet.jpg&imgrefurl=http://www.wdpellet.com/what_are_wood_pellets.php&usg=__gONf59QfzMOdGixt2WYbHV70z6o=&h=235&w=235&sz=96&hl=en&start=3&um=1&tbnid=dhoGCcxu2-lmlM:&tbnh=109&tbnw=109&prev=/images?q=fuel+pellets&ndsp=18&hl=en&sa=N&um=1
http://images.google.com/imgres?imgurl=http://imghost.indiamart.com/data/5/2/MY-638297/briquettes_250x250.jpg&imgrefurl=http://www.indiamart.com/company/638297/products.html&usg=__XPk1WSIuxa5SO6Wf6V0CzHmjvr8=&h=159&w=250&sz=7&hl=en&start=58&um=1&tbnid=MHhxAT9lCpF1jM:&tbnh=71&tbnw=111&prev=/images?q=biomass+briquettes&ndsp=18&hl=en&sa=N&start=54&um=1


6

Densification
Biomass 

Production

Power 
Generation

CHP

Thermal 
Energy

Establishment

Seed 
Production

Machinery

Fertilizer

Machinery

Fertilizer

Size 
Reduction

Drying

Extrusion

Fertilizer

Machinery

Seed 
Cleaning

Transportation

Land-use 
History Distribution

Distribution

Life-Cycle Boundary

N2O

N2O



Seed Production

ÅEstimate emissions
ïEstablishment

ïHarvest

ïSeed cleaning
ÅMotor rating

ÅThroughput 

ÅErnst Conservation 
Seeds
ïSwitchgrass seed 

producer
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Seed Production Emissions

ÅSeed 
cleaning/transport 
negligible

ÅN2O release 
dominant effect
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Establishment

ÅPrior land use tillage 
scenarios
ïRow crops
ÅNo-till

ÅOne broad-spectrum herbicide 
application

ïFallow/Pasture land
ÅConventional tillage

ÅCover crop required
ïSeed inputs = GHG emissions

ÅTwo burndowns
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Establishment Emissions

ÅSeed production 
N2O effect

ÅCT operations > 3X 
no-till

ÅMachinery mfg 
negligible
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Biomass Production

ÅSpring v. Fall

ïCrop Moisture

Å12% optimal 

Ådrying window > 
in spring

ïYield

ÅUp to 40% yield 
reduction in 
spring
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Production Emissions

ÅFertilizer largest 
source of operations 
emissions

ÅAgain, N2O by far 
largest source
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Densification Emissions

ÅTheoretical energy 
consumption

ïPower rating, throughput 
basis

ÅPellets > briquettes/cubes

ïMill energy

ïSize reduction

ÅSmaller grind
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Dryer Fuel Scenarios

ÅFall ς30% MC

ÅTarget MC = 
12%

ÅBiomass drying 
greatly reduces 
drying 
emissions 0
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System Summary

ÅSpring scenario 
performs best 
from GHG 
perspective

ÅBiomass fuel 
reduces 
emissions up to 
30%
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Energy Conversion

ÅThermal Energy

ïResidential

ÅPellets

ïCommercial/institutional

ÅBriquettes/cubes

ÅPower Generation/CHP

ïBriquettes/cubes
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Thermal Energy
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Power Generation
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Combined Heat and Power
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Key Results

ÅLand-use history, harvest season, and dryer 
fuel all impact emissions from the utilization 
of switchgrass for energy

ÅUtilizing biomass as a dryer fuel reduces 
drying emissions in densification

ÅDensified switchgrass has the potential to 
offset substantial amounts of GHG emissions 
in the thermal energy and power generation 
sectors
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Thank You

Questions?


