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Sustainable feedstock logistics

ÅEnergy

ïSupply system must consume (much) less energy than biomass 

contains

ïIdeal: Supply system runs on renewables

ÅGreenhouse gas

ïProduction, conversion and use must contribute less GHG than 

comparable fossil fuels

ïAdvanced biofuel requirement: 50% less GHG

ÅOther environmental impacts

ïLand and environment must be maintained or improved

ÅEconomics

ïFinancially self-sustained



Feedstock yield impacts

Higher yield benefits

ÅLess land required

ÅReduced transport 

distance and cost

ÅEconomies of scale

Higher yield drawbacks

ÅHigh input use

ÅReduced soil fertility, 

organic matter

ÅErosion

ÅHigher yields are not necessarily more sustainable

ÅAssumptions of higher yields are not necessarily realized

ÅLife cycle impact depends on production, logistics, and 

conversion as unified whole, not separate elements
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Perennial grass crops



Total Energy Consumed in US Farms in 2002

Total = 1.7 Quadrillion BTUs 
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John Miranowski, Iowa State University



ñBecause of its reduced energy inputs, organic 

agriculture is the ideal production method for 

biofuels. 

[é] 

As the aim of biofuels is to reduce dependency on 

non-renewable energy sources and to mitigate 

environmental damage of fossil fuel emissions, 

organic production of biofuels furthers these goals 

in a way that conventional agriculture does not.ò 

Ziesemer 2007, UN-FAO



Small, organic, sustainable

ÅSmaller farms tend to use land more efficiently

ÅOrganic farms tend to use energy more 

efficiently 

ïSynthetic fertilizers and pesticides can account for 30-

50% of energy involved in grain production

ÅNeed alternative feedstock crops

ïCompatible with small farms, organic farms, southern 

farms

ïHigher ethanol yield than corn

ïCompatible with decentralized processing

ïLow input
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Goal: 775 million gallons of renewable 
transportation fuel by 2025

Governorôs plan: 2025

Å1 TWh of clean electricity

ï40% woody biomass, mostly 

co-firing with coal

Å775 million gallons of 

renewable transportation fuel

ïCorn starch for 1st generation 

ethanol

ïSwitchgrass and crop residues 

for 2nd generation ethanol

ïCanola for biodiesel

Wind, 293 Biogas, 
528

Solar, 
1154

Hydro, 
3087

Biomass, 
4182

GWh:

Million gallons:



Governorôs vision: Crop shift

ÅLess

ïHay

ïSoybean

ïWinter wheat

ÅMore

ïSwitchgrass

ïCorn

ïCanola
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Biomass taskforce goal, 2025

Electricity Liquid fuel Total

Biomass (million dry tons) 15 10 25

Type Woody Grasses/oilseeds

Area needed (million acres) >3 >1.5

Area needed (proportion) >22% of forest >16% of fields >17%

Conversion Co-firing Ethanol, biodiesel

Product 23 TWh 775 million gallons

Energy (quadrillion BTU) 0.25 (consumed),

0.08 (available)

0.06 0.31

Fossil fuel displaced 25% of coal 8% of petroleum

Proportion of current energy 12% 3% 15%

Fossil inputs ~20% 25-75%

Renewable contribution 10% 2% 12%



KY Energy Consumption, 1960-2025
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Land use efficiency
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Zhang et al. 2009. A review of life cycle assessment studies on renewable 

energy derived from forest resources. In Solomon and Luzadis, Renewable 

Energy from Forest Resources in the United States. Routledge.



Herbaceous biomass

ÅCorn stover, switchgrass

ÅBale system

ïPreferable for centralized processing

ïIn-field drying and storage; haul later

ÅForage system

ïCoupled harvest and hauling

ïExpensive drying, or use wet 

biomass

ïPractical for highly decentralized 

processing (sweet sorghum?)



Different harvest windows

ÅCanola

ïShort spring harvest 

window determined by 

seed moisture content

ïStores well

ÅSweet sorghum

ïAugust-October 

(frost sensitive)

ïDoes not store well

ÅCorn

ïAugust-November

ïIn-field drying saves 

energy; lose grain with 

excessive delay

ÅSwitchgrass, mixed 

prairie grasses

ïAugust-March

ÅWoody biomass

ïYear-round

ïDry or frozen soil best



Woody Biomass to Energy



Herbaceous Biomass to Energy



Business models

ÅDecentralized terminals

ïConcentrate biomass before hauling

ïStorage, blending, consolidation, chipping, pelletizing, 

other pre-processing

ïContract with energy plant

ÅHauling method

ïTrucking cost: 20-60¢ per dry ton mile

ïTrain is 90% less expensive than truck (>6¢)

ïBarge is 66% less expensive than train (>2¢)

ÅLoading and unloading costs independent of 

distance



Moving Woody Biomass vs. Coal

Woody biomass Coal

16.5 million BTU/ton 21 million BTU/ton

23 lbs/cubic foot (pulpwood) 50 lbs/cubic foot

14 lbs/cubic foot (chips)

6 lbs/cubic foot (logging 

residue) Replacing each 

truckload of coal 

will require five 

truckloads of 

woodchips

Replacing 25% 

of coal with 

biomass will 

double traffic to 

power plant

Jenkins & Sutherland. 2009. An integrated supply system for forest 

biomass. In Solomon and Luzadis, Renewable Energy from Forest 

Resources in the United States. Routledge.



http://kentuckyriverports.com/water_transport_benefits/

Barge Hopper car Semi

1,500 ton 100 ton 26 ton

52,500 bu 3,500 bu 910 bu

453,600 gal 30,240 gal 7,865 gal

1 barge = 15 jumbo hopper cars = 58 semi trailers



Ken Bates, KSU GIS lab
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