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Biomass, Wind & Sunlight as Energy Sources

Make Power, Heat & Fertilizer

No Transportation Costs

Farm-ready equipment

Diesel Fuel Costs increased 400% in 5 years.

Rural  Electricity Costs up 25% in 5 years.

Nitrogen Fertilizer up 400% in 4 years.

Fertilizer imports now at 75% of US needs!

The ProblemThe Problem:: AgriculturalAgricultural Dependence on Foreign EnergyDependence on Foreign Energy

The Solution: Make Fertilizer, Electricity, and Fuel at The FarmMake Fertilizer, Electricity, and Fuel at The Farm
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Income ShiftIncome Shift
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Power Plants Consuming >10% Energy from Biomass (using coal and biomass)

0

1

2

3

4

5

6

7

8

9
W

is
co

ns
in

N
or

th
 C

ar
ol

in
a

A
la

ba
m

a

G
eo

rg
ia

V
irg

in
ia

Fl
or

id
a

M
ic

hi
ga

n

S
ou

th
 C

ar
ol

in
a

Te
nn

es
se

e

Lo
ui

si
an

a

M
ai

ne

P
en

ns
yl

va
ni

a

A
riz

on
a

C
on

ne
ct

ic
ut

H
aw

ai
i

M
ar

yl
an

d

M
in

ne
so

ta

M
is

si
ss

ip
pi

O
hi

o

W
as

hi
ng

to
n

Ill
in

oi
s

State

Nu
m

be
r o

f P
la

nt
s



Energy Consumed from Biomass for Power Plants 
Consuming >5% from Biomass
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Packer Engineering Stalk StokerPacker Engineering Stalk Stoker



Biomass to SyngasBiomass to Syngas

Collect residue Collect residue afterafter
harvestharvest
•• No No ““Food versus FuelFood versus Fuel””

debatedebate

Uses existing farm toolsUses existing farm tools
Designed for farm useDesigned for farm use
Synthesis gas outSynthesis gas out

HOLDING
BIN

CONVEYOR

TRAILER
(filled by forage 

harvester or silage 
chopper)

REACTOR
CONTROLS 

REACTOR

ASH

HOPPER

SYNGAS
TANK



Syngas ReactorSyngas Reactor

Unique ApproachUnique Approach
RamRam--fed tube design is patent pendingfed tube design is patent pending
CostCost--effective even at farmeffective even at farm--scalescale

Challenging but FeasibleChallenging but Feasible
Sludge removalSludge removal
Gas compositionGas composition

Existing MarketExisting Market
Demand for Demand for gasifiersgasifiers



Syngas to ElectricitySyngas to Electricity

MicroturbinesMicroturbines burnburn syngas directlysyngas directly
No costly, messy gas scrubbers or sorbent beds No costly, messy gas scrubbers or sorbent beds 
requiredrequired
Low methane content requires modificationsLow methane content requires modifications

Turbine runs GeneratorTurbine runs Generator
Electric power outElectric power out

Hot exhaust, tooHot exhaust, too
•• Dry a grain siloDry a grain silo
•• Heat a hog barnHeat a hog barn
•• Hot water heaterHot water heater



““Net meteringNet metering”” to Utilitiesto Utilities

Small systems can Small systems can ““netnet--metermeter””
Must be smaller than 40 kWMust be smaller than 40 kW

•• Enough for 15 average householdsEnough for 15 average households

Obtain credit, Obtain credit, not cashnot cash, for power, for power
•• Expires each yearExpires each year

Meter cost can be significant!Meter cost can be significant!

Larger systems require safety circuitsLarger systems require safety circuits
Very costly, very lengthy work with power utilitiesVery costly, very lengthy work with power utilities



Compacting Corn StoverCompacting Corn Stover

Load vs Compaction at different moisture %
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Stover Capacitance vs. MoistureStover Capacitance vs. Moisture

Soggy stover dried in batches over Soggy stover dried in batches over 
many days for each curve many days for each curve 
Results scattered, nonResults scattered, non--linear across linear across 
moisture content moisture content –– useless!useless!

Hypothesis:Hypothesis:
•• ROT!ROT!

Start over.Start over.
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SelfSelf--gas Pyrolysis Apparatus gas Pyrolysis Apparatus 



Pyrolysis Gas CompositionPyrolysis Gas Composition

AirAir--tight chamber tight chamber 
evacuated with dry evacuated with dry 
biomass inside.biomass inside.
Heated to 1130Heated to 1130oo CC
•• 15 minute dwell15 minute dwell

Cooled gas collected Cooled gas collected 
into Tedlar baginto Tedlar bag
GC results:GC results:



Pyrolysis Ash Pyrolysis Ash 
CompositionComposition



Design HurdlesDesign Hurdles

Low Bulk Density of Corn StoverLow Bulk Density of Corn Stover
•• 5 5 lb/ft^3lb/ft^3 -------- 10 10 lb/ft^3lb/ft^3
•• Particle size Particle size -------- large & fibrouslarge & fibrous

Post harvesting Post harvesting processingprocessing
Large storage requirementsLarge storage requirements
High bridging potentialHigh bridging potential



Collecting BiomassCollecting Biomass

TraditionalTraditional
•• WindrowWindrow
•• BaleBale
•• Store, stack, or stayStore, stack, or stay

FutureFuture
•• Gather biomass from gleaner dischargeGather biomass from gleaner discharge

Material is relatively dryMaterial is relatively dry
Has little or no soil/sandHas little or no soil/sand
Collect at same rate (volume) as grainsCollect at same rate (volume) as grains
Leaves plenty of organic material for humusLeaves plenty of organic material for humus



BalingBaling
OldOld--fashioned 2fashioned 2-- and 3and 3--string bales   string bales   
(man(man--handleable) are phasing out.handleable) are phasing out.

Used mostly for horses nowadays.Used mostly for horses nowadays.

Round bales (5Round bales (5’’ or 6or 6’’ diameter)diameter)
•• Low bulk densityLow bulk density

Square bales (4Square bales (4’’x4x4’’x8x8’’))
•• Higher bulk densityHigher bulk density
•• About 800About 800--1000 lbs1000 lbs



Storing BiomassStoring Biomass
Sausages Sausages –– density too lowdensity too low
Silo Silo –– too expensive for biomasstoo expensive for biomass
55--sided shed sided shed –– good if availablegood if available
Wrapped bales Wrapped bales –– good choice!good choice!
Stacked & coveredStacked & covered
•• Retrieve asRetrieve as--neededneeded
•• Dry matter loss due to microbial actionDry matter loss due to microbial action



Transporting BiomassTransporting Biomass
Design focus is onDesign focus is on--farm operationsfarm operations
Grain farmers not set up to collect stoverGrain farmers not set up to collect stover
•• ““Custom farmersCustom farmers”” are one solutionare one solution
•• They bring equipment to you, process onThey bring equipment to you, process on--site.site.

Animal farmers will generally have all needed Animal farmers will generally have all needed 
equipment.equipment.
OnOn--farm operations avoids transport farm operations avoids transport 
requirements for largerequirements for large--scale lignocellulosic scale lignocellulosic 
biomass operations.biomass operations.
•• Low bulk densityLow bulk density
•• Susceptible to weatherSusceptible to weather
•• Fuel use harms overall system efficiencyFuel use harms overall system efficiency



SummarySummary

Novel gasification process promises Novel gasification process promises 
high efficiency for economical farmhigh efficiency for economical farm--
scale operation.scale operation.
Energy can be used immediately, or Energy can be used immediately, or 
converted to storable/tradeable converted to storable/tradeable 
nitrogen fertilizer.nitrogen fertilizer.
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