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Executive Summary

This report was motivatelly the increasing prevalence of weed resistao@@mmonly used
agricultural chemicals within Western Australian grain growing areageneral and the

Esperance Port Zone particular.

One means of reducing reliance on agricultural chemisatscapture weed seeds during the
harvesting process and either destroy tlasitney pass through the harvester or capture them
asthey leave the harvestén, either the chaff or the combined chaff and straw portions. This
not only reduces the number of weed seeds retutaithg soil thereby depleting the weed seed
bank but also has the potent@lunlock extra valuéo the farmer from exploitation of the chaff
and straw yields.

The denaturing of weed seeds using microwave erasthey pass through the headean
exciting and entirely plausible possibility being studgdDr. Graham Brodiat the Dookie
Campus of the Universitgpf Melbourne.lt is hoped that this technology will one day be

developedo the point thait could be incorporated into a harvester.

If harvest residuis to be removed from the field the question, then is whdb with it? The
most obvious and least capitally-intensive opi®napture chafin a chaff cart, collect these

chaff heapst a later stage and then pelletize thesanimal feed.

Another very exciting optiors for farmersto become bio-electrical producerg converting
their chaff or straw into power. Electrical energy can be produced from harvest residees eit

by anaerobic digestion or direct combustion for the production of steam.

Bio Charis anancient technology gaining increasing attentroa modern world. Bio Chas
the charcoaling of organic material via the process of pyrdiygioduce a solid fraction being

Bio Char, a liquid fraction being Bio Oil and a gaseous fraction being Bio Gas.



The use of harvest residuagnaterial manufactur® produce paper, cardboard, particle board
and high value glycols has a potentially huge global market. Material manufiadtoneever

the most technically challenging and capital intensive of all options considdrfes report.

The use of microwave energy for the denaturing of weed seeds during the harvesgsg proc
would provide the most elegant solution howeatgthis stagaet is still just a conceptt would

seem that of all options considered the production of pellets from chaff would be the most
economicdly viable and provide the best fit within a farming context. Producing electricity
from strawis a very exciting prospect however the economics areirstduestion. It des
however appear viable, and deserves further investigation.
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Foreword

| farm in the Beaumont area east of Esperance migtwife Angela and two children James
and Lucy.We form part of a family partnership along with Ted and Rachel Yoorygyife's
parents, and Michael and Jodi Young wife's brother and sistan-law. We own and leasan
overall arable areaf 13,000ha.

The farm has two primary enterprises, being cropping and livestock production. Cropping
accounts for 11,000ha annually and includes wheat, barley and eetbka primary crops
grown. Legumes only comprise a small area of the cropping program, arouta GID ha
annually, and typically consist of field pears most recently, vetch. The remaining 2,008ha
rotatedto a pasture on whicWe are running a self-replacing merino ewe flock of some 6,000

to 7,000 ewes mated annually. Angus cattle comprise a small component of the livestock

operation with between 1@6 150 cows mated annually.

The soil types on our farm are typical of the areacambe describedsduplex soils of sand
over alkaline domed clay; other soil types include deep sand, lateritic sandy gravel over clay
and alkalineclay loams. The soils are typically loww fertility and trace elements, especially

copper and zinc, and rangepH from 4.0to 8.0.

The farmis situated on the south-eastern cazfs¥Western Australia with the climate being
temperate Mediterranean with the majority of rainfall falling over the winter months. The
average annual rainfal between 410mrto 450mm. The growing months are autumn through

spring with winters beingnild with few frosts.

Farmingin my area has traditionally been mixed livestock and cropping howewuecent

times cropping has become the dominant enterprise.

The Esperance area was early adopterof "Minimum Tillage" practices. Min Till was
introducedn the 1980's anlly the end of the 1990's was practically univensdhe area. The



adoption of Min Till has improved the soils and the economics of cropgpiagchan extent
that croppings now the most profitable enterprise. With this success, the percentage of land

sownto crop rather than pasture increases every year.

However, with the many benefitd Min Till there mustbe some negatives and the major
negativeis the potential, and the reality, of weed resistanaghemicals. Within the cropping
rotation Min Till is completely reliant on chemical weed control and even with a pasture

rotation, weed seed set conti®ktill achieved with chemical, albeit from a different group.

In recent years, there has been recognition of this potential for chemical resiathatempts

are being mad addres# utilizing non-chemical weed control techniques. The most common
of these include the usd chaff carts (wagons), baling crop residue, windrow burning of crop
residue and most recently the pulverizing of weed sasti®ey exit the harvester using the
Harrington Seedestructor ™. All these methods are valid and effective however they all
suffer from the same limitation. They are largely capital or labor intensive and provide no

financial return, beyond the reductionweeds seeds, for the effort.

It is importantto clarify here, thaasanadvocate for Min Till practices, | believe that the single
best use for crop residisto return that residui® the field. The only cave&d returning residue

to the soil being thadolongasit does not adtb the weed burden and thereforthe pressure

on weed resistance. Therefor the two options availabke afther remove the weed seeds, e.g.
chaff carts, orto denature that seed, e.g. the Harrington Weed Destructor. The use of crop
residues for commercial purposesiot new and has been employeanany other parts of the
world for many years. Traditional uses include the babhgtraw for power generation,

bedding for animal housing, composting or pelletizing for fodder or power.

The purpose omy Nuffield Scholarship wawo travel the world, home and abro&d,search
out innovative uses for crop residuésthey areto be removed from the field, or innovative

meango denature that residukit is to remainin the field.
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Objectives

“If herbicides were the complete answer to weed control, we would have eradicated annual

ryegrass and wild radish from Australian cropping systems long ago. ”

(GRDC, 2013)

The prime objective of this study to assess new ways reduce reliance on chemical weed
control through the removal of viable weed seeds from the cropping system during the
harvesting process. This report considers two wayachieve this goal. Either denature the
weedat the time of harvesting and leave all crop residoesitu or remove either the chaff
component or the combined chaff and straw component from the field and valtethdt

component.
The areas that have been studisgart of this report are;

a) In-situ denaturing of weed seeds, including the potential for the use of
microwave energin weed eradication.
b) The removal of chaff and/or straw amslfurther uses, including;
e The production of fodder pellets from chaff,
e Bio energy productiom the Esperance Port Zone,
o Straw fired power plants and
o Anaerobic digesters,
e Biochar andts potential and

e Agricultural residues for material manufacture.

xiii



Introduction

This report relateso the agricultural situation experienced within tégperance Port Zone
(EPZ) located on the south-east coast of Western Australia (WA). The findings of this report
would however be relevatd most of the remainder of the Western Australian wheat belt or

any other agricultural region that relies predominately on Min Till cropping systemkttiéth

or no other diversification. The total arable area of the EPZ,300,000Ha (Western

Australian Department of Agriculture and Forestry, 2011) with the area being plactegs

in 2013 being 1,022,008a and the remaining 278,00fa being utilized for pasture and tree

plantations. Sheep and cattle production are the dominant enterprises on pasture. A summary

of EPZ arable land ussincludedin Table 1 below.

2013 2010 2005 2000
Wheat 446,000Ha 432,000Ha 266,000Ha |212,000Ha
Barley 250,000Ha 280,000Ha 172,000Ha |110,900Ha
Canola 281,000Ha 186,000Ha 89,000Ha 94,900Ha
Oats 4,000Ha 4,000Ha 7,000Ha 6,600Ha
Lupins 16,000Ha 19,000Ha 18,000Ha 23,500Ha
Field Peas 25,000Ha 50,000Ha 27,000Ha 5,200Ha
Tree Plantation 50,000Ha 50,000Ha
Pasture/Other 228,000Ha 246,000Ha 721,000Ha |846,900Ha
Total Crop 1,072,00Ha |1,054,000Ha 579,000Ha |453,100Ha
Total Area 1,300,000Ha | 1,300,000Ha 1,300,00CHa | 1,300,000Ha

Source: (Grain Industry Association of WA, 2000,2005,2010,2013)



As canbe seen from Table 1, the ERZ 2013is relying on only three crop species, wheat,
barley and canola, grown a tight rotation accounting for 78.6% of non-forested arable land.

A pasture rotation of 228,000Ha constitutes 14.2% of non-forested area. Crop legumes
constitute a minor 4.1% of the crop grown, excluding forestry, and 4.0% of the total rotation

including pasture.

Thisis in stark contradio the situationn the year 2000 when only 34.88bthe arable landh
the EPZ was plantetb crop with the remaining 65.2% being farmasd a pasture. The

proportion of legumes within the crop rotation remains sinail&3%.

This concentration of croppinig using a limited rotation of two cereals and one brassica and
therefore therés a heavy reliance on a limited number of agricultural chemical pesticides for
weed controin a Min Till system. This demonstrates the need for the introduction of non-
chemical weed control or alternative crops within the rotation, thagreitbe alternative

chemical or non-chemical weed control.

An example of non-chemical weed control woulddeither denature any weed seeds present
in the crop during the combining processacollect those weed seeds and remove them from

the fieldaseither chafor chaff and straw for usesanimal fodder or the production of energy.

An example ofan alternative cropo introduce into the rotation woulde one that could be
usedassilage or hay. Silage and hay provide good weed cdoyrolitting priorto weed seed
set and the collection of any such weatshe processln the absence of feed demand for
livestock, silage and hay méayg used for the production of energy.

WA farmers were early adapters of Min Till frats initial uptakein the early eightieto the

current situation where over 90% WA farmers practice Min Tillat present (Llewellyn,

2010). Min Till farming minimizes or eradicates the use of tillage for weed control gelyin
instead on agricultural weedicides. This increased reliance on chemical weed control and the
increased exposure of these weenlshose chemicals, du® the increased proportion of

cropping within a rotation, increases the probability of those weeds developing resistance.

2
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Fipure 2 - Chronological Increase in Resistant Weeds (lobally
Source: (Heap, 2013)

Within Australia weed Tesistance 15 developing o many chemneals, Groups A (ACCase
Inhibitors) and 13 (ALS Inhibitors) are considered at high risk of devcloping resistance. Group
M (Glycines/Glyphosate) is considered at moderate risk of developing resistance {Crop Life

Australia, 200137, Figure 2 shows the increase in rexistant weeds reported globally.

(Ot concern in Figure 2 is the cmergence of resistance to Glycines in the last decade. Glyphosate
iv a Glyeine and s the single most important agricultural chemical lor the comtral of weeds in

a Min Till system.

The removal of the maratoriom on growing GMO (Genetically Modilied Organisms) canola
1 Woestern Aunstralia in 2000 has =een the steady intreduction of these crops nto the farmng
svstem i WAL broadly and ihe EPZ specilically. G Canola hias been modihied w be resistani
to Glyphosate thereby providing a weed control option over weeds that have developed
resistance o ACCase Inhibitors and Triavines. Hence Glyphosate is going o be used move

broadly and will be relicd on move cxclusively (o weed control 1o the future.



The following table, Table 2, summarizes the number of varieties of resistanthyesamtry

and the number of glyphosate resistant wéedsder of magnitude.

Total Group G
United States 143 14
Australia 62 6
Canada 59 4
China 34 2
France 34 1
Spain 33 5
Brazil 31 5

Source: (Heap, 2013)

The United States of America (USA), Australia and Canada are developing significant
resistanceto herbicides and Glyphosate particular.In Chatham-Kent area of Southern
Ontario, Canada, the standard rotatiorthe areas GMO Corn followedby GMO Soy and

then a conventional winter wheat. GMO corn and soy have been genetically mtalified
resistanto glyphosatelt has been discoverddat the consequent extended use of glyphosate
over many years has resultedthe requirement for increased application rates of glyphosate
to maintain control over most weedsthe actual developmenf resistancen others. Local
farmer, Mr. Blake Vince, reported that common rates of glyphosate required for effectd/e wee
control arein the order of 5-6 l/ac (12-15 |/Ha) seasonally and weeds species that have
developed complete resistartogglyphosaten this region include Giant Rag Weed, Fleabane
and Palmer Amaranth. All this has occurired region that uses cultivatiasa primary means

of weed control (Vince, 2013).

Dr. Carol Mallory-Smith (Dr. Mallory-Smith, 2013) states that this level of resistance
Ontariois reflected throughout the grain growing areas of the USA and was the inevitable
consequence of farmers relying on a single chemical for weed cdtr@mith advises that

for the Western Australian experience where the u&M®'sis still in its infancy that farmers



should still use etfective pre-sowing/pre-cmergence chemicals oven when using glyphosate
resistant GMO's 1o reduce the probability of resistance developing o glyphosate. This is
especially pertinent given thal Australia is secomd omly 1o the TISA in the development of

resistanee o Group G harbicides.

Elfcvis o combat the emerzence of chemical resistance are boing undevlaken by many [armers
within the EPZ wtliang many dilferent wehnmgques. Wil specilic regard o captning weed
secds the single most popular technique is the use of chaff wapons to capture and dump the
chalT in diserete piles throughout o Geld These piles of chall are then burnt al 4 laler siage.
Figuie 3 shows e acceleraded reducton in Ryegrass plant populadion achicved by

erporating harvest weed seed contral.
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Fionre 3 - Reduction s Ryegrass Plant Numbers When Using Harvest Weed Cowntrof

Sotirce: {GRIDC, 2013)
There have been isolaled mcidences of residoe baling however this has not proved popular as
there s saimply no purpose of wse (or the baled vesidue and the volume ol material makes

dilficuli ter deal with oo Jarm. Hevein lays the dillwculty wathin the EPZ Tor the production of



crop residue, theris no local market for the product and Esperadateo isolatedo generally

make the transpodf crop residudo other areas economically viable.



2. In-situ denaturing of weed seeds

The concept of denaturing weed seadshey exit the combine perhaps the simplest and
most elegant form of weed contra$ the goalis accomplishedn a single pass and all the
organic matter from the crap returned directlyo the soil.If you discount any value for the

chaffor straw,it mayalsoturn outto be the most cost-effective.

At this point, the only commerciah-situ weed denaturing systemisthe Harrington Weed
Destructor (TM) which hadts commercial releasen 2012. The HWD consists cdn
independently powered hammer/cagdl towed behind a combine @i own trailer unit into
which chaffis fed, milled and then fed onto rear mounted spreaddrs spread back onto the

ground.

While the HWDis an entirely efficient and effective solutidts negatives are size, weight,
reliability and costlt is not the purposef this reporto critically analyze the HRD but rather
to acknowledge that is one solutiorio the problem of weed seed control and seacfufther

solutions.

2.1 Microwave treatment of chaff

Dr. lan Brodie has been studying the potential uses for commercial microwea\zaes
agricultural context from the Dookie Campafsthe University of MelbourneéDr. Brodie has
developed a prototype machine that consists of 4 commercial 2kW, 2.45GHz microwave
generators. The purpose of this machiéo treat living plants (weeds) with microwave
energy, thereby killing themsan alternativeto chemical spraying.

The microwave energyg directed from the microwave generator, which lies horizonsatlye
rear of the trailer, through the black horn antennae which directs the microwaves yerticall
downwards into the weed canopy. The microwave generators are water ahotdmproves
their efficiencyto 90% (microwave energy emitted/electrical energy consumed). This type of
industrial microwave generator also includes a facility for automatic arc detectioshdhid

7



prevent any arcing and thercfor any fiee risk it metallic matcrial concs within the treatment

sOme.

Microwaves are widely vsed in comununications and thercfor the microwave spectrum of
Mrequencies 15 a very busy specirum. There are lTour commercial frequencies available Tor
agriculiural wse including the 2.45 GHe [requency used 10 domestie appliances. At this stage,
ihere has been no rescarch into using microwaves w dircetly teeal chall exiling a combine,

however it 1s ar Least theoretically possible,

Figure 4@ Dy, Brodie and bis Microwave Machine

Dr. Brodic advises that a fequency of 922 MHz may be the best [tequency w use on sceds as
ihe longer the wavelengil the move penetration 1nlo the seed 15 achieved. The plivsical siee ol
g nlicrowave 1s inversely praportional to its emitted frequency, therefor the lower the frequency

the larger the size of the phyvical microwayve generalor.



B Measured Data - RyeGrass

80 Dose Response Curve - RyelGrass
®  Measured Data - Wheat

Dose Hesponse Curve - Wheat
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Figare 5: Probability of Seed Surviveal when Exposed (o Microwave
Fuergy Source: (Brodie, 2043)

Figure 5 shows the results Irom a study "Killing Weed Sceds in Hay™ (Brodie, 201033 which
asscsscs the probability of rycerass and wheat seed survival after exposure of a ko sample of
hay o dilTering levels of microwave energy. This study has the greatest relevance Lo denaluring

weed weeds i chalT.

As can be seen from Vigure 5, a dosc rate of 120 k) allows for 2 very low probability of survival,
Thix concept and the data described in Figure 5 were aken 1o the global CNH combine
manulacturing headguarters located in Zedelgem, Belgium, to discuss the Tuture possibility of
Iorporating a nnerowave denatwing module within a combine. A mecting was held with
Jaspor Clarrisse, [larvesting Marketing Dircctor and Bort Missotten, Manager of lnnovation.

where Lhe [ollowing caleulation was developed.



Figure 6: Calculation of microwave energy required to denature chaff
within a combine

The above calculation usas assumption of 10kg/sec chaff produced while harvesttray
rate of 50 t/hr, this number was usad a worst case scenario anticipate maximum
instantaneous product flows. Nicholas Besryl. (2012) conducted the studiRelating the
Power Requirement of the Harrington Seed Destructor to Chaff Throughput”, which suggests
a much lower throughput rate of chaff.

10
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Figure 7: Grain Throughmet 'v' Choff Output
Source: (Berry, Saunders, & Fielk, 2012)
Figure 7 summariacs the results whicl shiow thal, withon specific varieties of wheal, there s a
vory pood covrelaton between grain throughput and chall produced. The wheat varicly thai
produced the most chaff in relation to grain was Minnipa, which produced a chaff to prain ratio
ol 035321 (tfhr 2 B, T0 you apply this ratio o o harvesting rue of 30 Ghr we gel a chall rale
ol 1765 Vhir winch cquades o 4.9 kgfsee, hall that used Lo caleulate the microwave power
requircrent. Obviously as there are sizmficant vavatons i chall production between dilTerent
varictics of wheat there will also probably be larpe variations in chaff production between

dilferent crop species. e.g. barley and canola.

The above calculation was subimitted to Dr, Brodic. who agreed that the logic was correct and
that he is currently in the process of determining ways of reducing the power requirement. Dr.
Brodie agrees that increasing cxposurc time is one way ol reducing the power required.
Llowever, another mechanisnl is to compress the material being treated, which appears to
preatly increase the heating efficicncy. Dr. Brodic says that further trials need to be performed
tr comlirm these assumptioms and that he 15 quite hopelul of achieving good seed deactivation

with moderate power requircments of between 30 1o 50 kW,
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The use of microwave energjy denature weed seeds during the harvesting prixasgery
exciting concept, eleganh its simplicity, with verylittle mechanical work required and
hopefully a reasonable power requiremésta comparison Berrgt al suggest that the power
requirement of the HSIX linearly relatedo chaff throughput which can be estimated using

the equation:
P =5.75x + 35.9

where Hs powerin KW and "x"is chaff throughpuin t/hr. Hence the estimated power required
for the HSDto treat a chaff throughput of 10 kg/sec (36 tiBr242.9 kW. This themt least

sets the goal post for the development of the microwave concept.

The use of microwavds howeverin its infancy and eveit it is a viable concept will take a

longtimeto develop and brin@ to production.

12



3. The removal of chaff and straw

If the weed seeds cannot be denatumesitu, then the only other optida to collect them
eitherin the chaff alone, sudsis achieved with a chaff cart, to collect the complete harvest
residue and bale the chaff and straw. The issueishenatto do with it?

When removing bio mass from the field yae also moving nutrients. The quantity and value
of those nutrients must always be consideredifatitey are being removed then they should

be replaced.

Table 3 below sets out the potential nutrient losstdube removal of straw, this has been

combined with current nutrient prices obtained from CSBP, (2014) and suradizeiew.

Nutrient Nutrient Cost ($/kg) | Nutrient Loss (kg)/of straw | Nutrient Value ($)/t Straw
Phosphorous| 2.86 0.5 1.43

Potassium | 1.25 10 12.50

Sulfur 0.68 0.5 0.34

Nitrogen 1.36 5 6.80

Total 21.07

Source: (Western Australian Department of Agriculture, 2005), (CSBP, 2014)

As canbe seen the value of nutrients removed, $21.8#pt inconsequential. However, this
report presumes that the farnmealready collecting chafir straw. Given that industry practice
atthis stages to burn that material anyway, then those nutrients are already being lost or being

concentrateth discreet dump sites or windrows.

3.1 Anaerobic digesters

The process of Anaerobic Digestion (AD) can be broadly descaBemeating acow’s
stomachin a sealed tank. Nutrients are introduced into a sealed tank along with bacteria, the
bacteria consume the nutrients andliyg@roducts of the life cyclef these bacteria are a bio
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gas, primarily methane. The bio gagirawn off, cleaned, and then delivetech Combined
Heat and Power (CHP) plant. The CI8R converted diesel engine that drives a generator for
the production of electricity. Excess heat from the generating prectss backto the AD
plant to maintain optimum temperaturdsr the bacteria. Some typical biogas yields are

includedin Table 4 below.

The byproduct of bio-digestias called digestate whidls the material left over after all other
nutrients have been consumed. Disposal of the digastateimportant consideratioasit
contains nitrogen and other trace elements, depending on the feedstaagsaciu lmassome
valueasa fertiliser.In the UK if only agricultural wastes, manure and vegetable matisrial
usedasa feedstock then the digest&elassifiedasan agricultural product and can be spread
directly onto the field. If, however the feedstdskndustrial waste from food processing or
manufacture then the digestaeclassifiedasindustrial waste and cannot be spread directly
onto farming land without treatmerito enable such digestate be appliedo farming land,
the feedstock must be pasteurized pioantroduction into the bio digester and a strict regime

of testing followedto monitor forE.coli and Salmonella.

Feedstock Dry Matter % Biogas Yieldm3/t
Cattle Slurry 10 15-25

Grass Silage 28 160-200

Whole Wheat Crop 33 185

Maize Silage 33 200-220

Straw 242-324
Sorghum 295-372

Wheat Grain 384-426

Canola Meal 90 620

Source: (NNFCC; The Andersons Cenre; |EA)
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Figure 8 Wyke's Farms, AD plant under construction

Rodger Wyke ol Wyke Fanns. located 1 Somersel. England. 15 in the process ol construciing
a L.2ZMW bio-digester consisting of two dipester domes and onc digcstate dame. Mr. Wyke
runs four 400 cow dairy hords, onc pip vnit of 9,000 pigs and a checse manufacturing operation
producing 12,000 tomme of cheese per year. The challenge for Mr. Wvke is thal he is located
within a Nilrogen Sensitive Zone {NSZ) that puts signilicant resteictions on the disposal ol
slurry from his dairies and pig unit. or this reason, Mr, Wyke decided to invest in a bio-
discster which would wvse all the nitroscnous waste from his dairics. pipgery and checse
manulaciuring plant and produce up 1o 75% ol his power needs. The bio digesier is expecied
Lo cost AUSYTZM lora 1.2 MW/ he capacity plani and accovding to Me Wylie will have a hive-
vear payback period (Wykes, 2013). The UK povernnient provides incontives far bio cnergy
which include a subsidized fecd-in tariff schame, The delivery of clectricity into the arid s
paid via a tiered fan . which varies depending on the capacity of the plant. This is described
below 10 Table 5. There is also a Renewable Head [ncentive (RHIY which pays a producer fov

heat produced from rencwable sources and the taritfs for that scheme are described in Table 6.
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Plant Capacity (kW) Feed in Tariff (AU¢/kWhr)
<250 kW 24.26/kWhr
250 - 499 kW 22.43/kWhr
500 - 5,000 kwW 14.78/KWhr

Source:(MacKenze, 2013)

Plant Capacity (kW) R.H.I. (AU¢/kWhr)
<200 kW 11.36/kWhr

200 - 499 kW 9.44/kWhr

>500 kwW 3.52/kWhr

Source: (MacKenzie, 2013)

Will Fellows is the Plant Manager of theNW bio-digestenf Northwick Estate, located a

disused quarryn Gloucestershire, England. This plant does not use any product or residue

from the farm estate, rather using waste from food manufacturitig local area and either

getting the feedstock for free or charging a tippingtéetthe processor for disposimg their

waste product. Dry feedstocks include coffee grinds, manure and vegetable wastes. Liquid
feedstocks include milk, beer ullage, sauces, dips and dressings. Animal byproducts include

meat waste and other animal proteins. Typical gas production rates for various feeastocks

reportedoy Mr. Fellows are includeoh Table 7 below.



Feedstock Biogas Yield (m"3/t)
Grass Silage 180

Manure 80

Pastry 630

Pies/Sausage Rolls 615

Coffee Grounds 350

Source: (Fellows, 2013)

This highly varied diet of dissimilar feedstocks neddsbe carefully manageas the
indiscriminate introduction of high energy feedstock, saspasty and animal proteinsan
resultin a catastrophic and uncontrollable chain reaction within the bio digester, resulting

overflow or rupture.

Dennis Dick of Seacliff Energy, Leamington, Ontario, runs a similar bio digester using
industrial food wastasfeedstock for his 1.MW plant. The total plant cost was reported
average AU$9,180/kWhr. Seacliff Energy processes 80-100utiayocery andfoodstuff
wasteto produce 750 fthr of biogas, averaging 180°mgas/tonne of feedstock. The feiad

tariff receivedis AU$0.1436/kWhr whichs not enougtto return a profitn its own right. A
tip-off fee chargedo the suppliers of the feedstoiskrequiredto make the operation profitable

in its own right (Dick, 2013).

Harold and Christopher Perry, of Perry Farms, Coaldale, Alberta &ne planning stage of
developing a 600kW bio-digestelhe intentionis to feed the plant with cull potatoes from
their farming operation and use most of the power genearatbdir processing operation, with
excess power being sold back to the grid. Perry Farms expect théogtane a total capital

cost of AU$5.4 Million (Perry, 2013).

Ag Tech, a bio-digester supply company were approaaht#te Edinburgh Royal Highland
Showto supply a quote on supply and installation on a farm scale plant. The plant discussed
was a basic straw fed plant powering a 70 kW/hr generator. This plant wouldcanetal
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installed cost of AU$640,000 (AgTech, 2013). A summafrgapital costs for bio digest

plantsis includedin Table 8 below.

Name Capacity (kW) Capital Cost (AU9) Cost (AUS$) / kWhr
Ag Tech 70 640,000 9,142
Perry Farms 600 5,400,000 9,000
Wyke Farms 1,200 7,200,000 6,000
Seacliff Energy | 1,600 14,688,000 9,180

Before translating this technolodyg Esperance, the economics of the process iedxt
considered. A method for estimating the economics of a proposed anaerobic digester plant are
describedin "Economic Aspect®f Biogas Plants" (Ehrmann, 2007). The following table
provides a summary of a pessimistic, average and best case sceramiarfaerobic digester

in Esperance assuming cereal stamthe feedstock and a feéd tariff of AU$0.104/kWhr
(Horizon Power, 2012). This table estimates the income andafaatsanaerobic digester on

a per tonnef feedstock basis, the revenue available after this pays for the feedstock and allow

for profit.

Pessimistic | Expected | Best Case
Gas Yield m3/tonne 242 283 324
Electrical Yield kWhr/m*BG  |1.73 1.94 2.16
Electrical Yield KWhr 418 549 699
Process Losses 10% kWhr 41.8 54.9 69.9
Electricity for Sale kWhr 376 494 629
Feedin Tariff AUS/kWhr 0.104 0.104 0.104
Income AUS 39 51 65
Costs CHP Unit
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Capital Costs AUS/t 4.6 5.8 7.0

Maintenance AUS$/t 6.1 7.6 9.3

Costs Biogas Plant

Capital Costs AUS/t 14.3 17.9 21.8
Maintenance AUS$/t 2.5 3.1 3.9
Total Plant Costs AUS/t 275 344 42
Plant Revenue AU/t 11.50 16.60 23.00

Source: (Ehrmann, 2007)

As canbe seen from Table 9, the estimated revenue available from Anaerobic Digestion (AD)
in the Esperance region ranges from a pessimistic $1105hest-case scenand$23.00/t.
Thisis simply not high enougto justify the plant given nutrient losses are valae$i21.07/t

(Table 3) noto mention baling and transport costs.

When comparing the power produced from one tonne of straw, whienhasolute calorific
value of 14.4GJ (see Table 10 via AD even the best case suggests 629 kWhr wisich
equivalentto 2.26 GJ of energy. Thisis a gross electrical efficiencgf 15.7% whichis
significantly less than the 20-22%gross electrical efficiency that deeilekpected from a
steam turbine power plant (Pratt, 2013).

This should be expectesdthe process of producing electrical power from straw via anaerobic
digestionis effectively taking a product that already perfectly suited for combustion, putting

it throughan intermediary process and then combustind\ny intermediary process, being
the life cycleof the bacterian this case, must consume energy thereby reducing the aofount

energy available for the production of electsicit

Anaerobic digestion therefor would se&mbe best suitedo producing electrical energy from

organic material, of higher energy density, ikatot suitedo direct combustion.
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3.2 Straw fired power plants

Power generation from crop residigedig busineseé the EU and theUK and getting bigger.
The two primary forms of power generation include burrmhgrop residue for heat only or

for firing boilersto produce steam for electricity generation.

The two major electrical power producing plants using sinatve UK are the Drax plant and
the EPR Ely plant. The Drax plaista co-fired plant using coadsits primary fuel source and
cereal stravasa secondary fuel. Due the fact that this plaig a coal fired generator converted
to accept bio-fuel the cereal straw hase pelletizedso that the bio-fuetanbe introduced

into the boilers using existing material handling systems.

The Ely planis a dedicated straw fired power plant ofN8&/ capacity where square "Heston"
bales are fed directly into the boiler. Wheat stimthe preferred fuel. However, barley and oil
seed rape straws also accepted and blended with wheat strayroducean acceptable
feedstock. A moisture level of 14% desired however a moisture level of 1p25% is
accepted. The only criteria for acceptance, beyond moisture castgobd bale integrity.
Bale integrityis importantasthe ability of that baléo be handled and stackedparamount.
Thereforit is quite acceptable for the bakede stored, uncovered the fields throughout the
year. The Ely plant consumes 600t/dag20,000t/year anifl you accept Ely's quoted capacity
of 38 MW then they are producing 1.52 MWhr/t of straw. The price of straw for the 2013
season was AU$72baledat the farm gate which then equatesa fuel costto Ely of
AUC4.73/kWhr.

Studies conductelly Ely suggest that approximately 30% of the crop bionmssmoved
through the straw baling process and the nutrients removed and exgsytat of the straw
equatego AU$9.60t. Tim Pratt of Farm Energy Centre describes the burning of stsan

exciting prospect bdut is not withoutits issues whih canbe summarizedsfollows:

e Handling and storagef a bulky and low density product,

e Transport cost,

e Pre-chopping and teasing out pritrfeeding into the boiler,

e The low ash melting temperature of straw (<&D&sopposedo wood (1,100C) and
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e The corrosive naturef the clinker and ash due potassium, sodium and chloride.

Mr. Pratt also suggests thah industry accepted value for good gross boiler electrical

efficiency would be between 20% and 22%. Gross boiler electrical efficiency can be dkescribe

asfollows:
Gross Fuel Value = Inherent gross calorific value of fuel,
Net Fuel Value = Gross Fuel Value less Flu heat loss,
Electrical Value = Net Fuel Value x Boiler efficiency.

Hence gross boiler electrical efficiency is,
= Electrical Value / Gross Fuel Value %

The Irish Governments Agriculture and Food Development Authorities Teagasc publication

"Straw for Energy” 2010 gives the following energy values for various types of straw.

Calorific Value (MJ/kg) |Energy (kWhr/t) Ash Content(%)
Wheat Straw |14.4 4,032 5.7
Barley Straw |14.7 4,116 4.8
Rape Straw |14.3 4,004 6.2
Meadow Hay |14.3 4,004 7.1

Source: (Teagasc, Agriculture and Food Development Authority, 2010)

Andrew Baada operates a 52,808greenhouse near Huh Yorkshire which utilises a 2.5

MW straw fired boiletto provide heating for the greenhouse operation. The boiler generally
operates from January through May and will consume 2,500 t of straw during this period. The
straw fired boiler provides ump 80% of the greenhouses heating requirements with the

remaining demand being supplied from a natural gas fired boiler.

The straw fired boiler system highly automated and computer controlled where sisded
into the boiler oranasrequired demand basis. Odwy’s requirement of strawanbe loaded

onto the straw feed table which then feeds the straw into a shredder which teases the straw
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fram the bale and cuts it into a size suitable for tecding into the boller. On average the systan

burns ome 650kg "Hestom™ bale per hour.

Mr. Baada uses a Danstocker salid fuel boiler which is filed with pneumatic "shock blasters”
which keep the hoiler clean of clinker amnd which allows the successTul use of cereal siraw as a
fucl. On average 5-6% ash is produced Jvom the borler. This ash s collected and spread back

anto the farm therchy retaining nutrients removed from the field through straw callection.

M. Baada provided the following acwal cnergy values achweved through lns boder fov
muiscanthus and wheat with various moistore contents, Naote, net calorific value is the oross fuel

vialue less boiler Mu losses and Mr. Baada s producing heal energy and nol electrical energy.

Idoist { %) | Wheat Straw Nt OV (O W heft) BMiscanthus Net OV (MW he't)
¢ 4.6 3.0
3 4.3 4.7
10 4.1 4.4
15 3% 4.
20 % e 3.9
25 3.3 ih
3 3.0 33
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35 2.7 3.0

40 2.5 2.7
45 2.2 2.4
50 2.0 2.2

Source: (Baada, 2013)

3.3 Bio Char

Bio Charis potentiallyan exciting developmenh agriculture that was first developbg the
Amazonian Indians thousands of years ago. The Amazonian Indians dug large pits into which
they would place all types of organic material, when the pit was full they would theracmver

seal the i, preventing the ingress of oxygen, and then ighite create their Bio char. They
would then use this Bio ch&w ameliorate the highly acidic and very low fertility soils typical

of the Amazon Basin.

Bio Charis essentially the charcoaliraj organic material via a process called pyrolysis that
exposes the organic materia high heatin a low oxygen environment resulting the
production of syngas, bio oil and bio char components. The relative amoumscltof
component produced are determirigdthe heat applied during the pyrolysis process. The
higher the temperature the greater the proportions of bio gas and bio oil and the less solid bio
char and the reversetrue for the lower the temperature during pyrolysis. The interdsib

Charis threefold:

e Firstly, all three components of the pyrolysis process are combustible and therefor are
potentially bio fuels,

e Secondly, theres great interesin the Bio Char fractiomsa soil ameliorant and

¢ Finally, the Bio Char fractiors a highly stable form of carbon that may be well suited

to sequestratiom the soil.

One of the primary difficulties with using agricultural residass bio-fuel sourcés their
relatively low physical and energy densities. The pyrolysis process has the ptieddiess
this. In her Doctoral thesis, (Abdulla, 2010) shows that Oil Mallee aitluntreated energy
density of 10 GJ/tcanbe convertedo bio-char withan energy densitpf approximately 28
GJ/t. Collie coal has an energy density-26 GJ/t. Untreated bio char still has a relatively low

23



volumetric energy density 68 GJ/n? however after grinding this dehgicanbe increasetb
~19 GJ/m which compares very favorably with Collie coal which has volumetric energy
density of ~17 GJ/f

The use of lo charasa soil amelioranis presently the subject of much research globally but
thus far theres no definitive conclusiomasto its value. Many studies have shown significant
agronomic benefits however a smaller number of studies have shown no benefit or even
adverse effects (Krull, Sohi, Lopez-Capel, & Bol, 2009). The nutritive value of the bigschar
greatly relatedo the original feedstock however generatlganbe said that Bio Char has the

following properties when addéd the soil:

¢ Retaining nutrients and cation exchange capacity,

¢ Reducing soil acidity,

e Decreased uptake of soil toxins,

e Improved solil structure,

¢ Improved nutrient use efficiency,

¢ Improved water holding capacity and

e Decreased releasd# potent greenhouse gases including meth&é)(and nitrous
oxide (NO).

Care does nedd be taken when considering bio-claaa soil ameliorandissome studies have
shown a negative effect on yield whiers used. Pot trials conductég the UWA suggest that
biochar when addetb some soils may actualliye up nitrogen and also resuit reduced

microbial activity both of which resultad reduced yields (Lee, 2010).

(Finch, 2013) and (Cross, 2013) of the U.K. Bio char Research Centre (UKBRC) liocied
University of Edinburgh are studying the effects af bhar on soil and have developed a
toolkit to quantify the value of different bio chaas well as supplying researchers globally
with research gradedchar. Research gradelrharis bio char thats predictably consistent

in its chemical characteristiad manufacture such that results from different experiments
using this product cabe compared accurately. The toolkit develosgthe UKBRCis used

to rapidly assess the function of different bio chars using the following parameters:

e Labile carbon,
e Stable carbon,

e Priming potential,
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e Nutrient value and

e Solil structural benefits.

Bio char produced through pyrolyssan extremely stable form of carbon that can remain
inert for hundredd not thousands of yeas the material being useéd manufacture bio char
was originally organic and therefor part of the photosynthesis cycle any carbaldlcied

up asbio charis no longer availabléo enter the atmospheasa greenhouse gas (Krull, Sohi,
Lopez-Capel, & Bol, 2009). This form of sequestratisreasily auditableas the carbon
productioncanbe weighed and analysed. Carloobio chaiis also highly inert. This compares
favorably with soil sequestration of organic carbon wisdhfficult to measure and may easily

be oxidised especially with soil cultivation.

3.4 Pelletization for feed

Perhaps the easiest and most logical use for harvest residues wtaulddmeporatet into a

feed ration through a pelleting plaiftthe logistical issues of handling and transport cbeld
overcome, then both chaff and chaff and straw could form a valuable component of a livestock
feed ration. Dugo the difficult physical nature of chaff, but also of baled straw, the ctoser

the source of the harvest residue the potential plant was located the better, thereby asducing
muchaspossible the cost of transport.

Mr. Andrew Foster, Mill Manager, Primary Diets, Yorkshire, U.K. described the pelleting

processasfollows:

e Raw ingredients are gathered and pre-gratinglquired,

¢ Ingredients enter a mixéo be thoroughly mixed,

e Ingredients are ground again; even particle isizeitical for a good pellet,

e Ingredients enter a steam conditioner which raises the temperature and adds moisture,
e Ingredients enter the pellet press,

o Pellets are fed into a cool&rlower their temperatur® ambient levels and

o Pellets are then stored priordistribution.
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Mr, L'oster's plant manutactores 40,000 tonncs per annum of pellets for use as piglet starter
leed. Thix is achieved via two, 2.50hr pelleting lines, with direct manulaciuring cosits being
approximately AU$64A. The ingredients used are constantly assessed and varied o provide
ihe lowest cost [oedstock willout jeopardiang the linal pellet quality. A pagled starter ration is
different from a compound ration. The ration is based on a coreal being wheat, barley or maizce,
Provein s sourced Mrom either sov hean meal. Gsh meal or soy oil and milk products such as
whey powder and <kitm milk powder complete the mix. The use of milk producs is uselul as
ihey hiave a binding effect. However, lemperatuee has o be kept low o prevent burning ol ihe

milk proteins which causes an unpleasant raste.

Figure 10 Peflel press and pellets

Wheat ix a very good grain [or producing high gquality linishing pellets. however harley is more
problemalic as it docs not bind as well, making the Gmshed pellel move [vagale. Cd] 15 critical
for producing pellets. with 6-5% of oil by welalt being required to produce a high guality

Mnished product (Foster, 2013).

Mr. Andrew Sadler 1s the plant manager of ABN liced Mills, Northallerton, UK, Mr, Sadler's
plant produces compound pellets via two pelleting lines. one 17 Uhr line producing a ration lor
broiler cluckens and a sccond 15 Vhr e producing a ration Tor pigs. Doe w the Tngher
throughput of this plant direet manulacturing costs are approxinadely AUS6-2440. Duc w this
plant producing a compound pellet. whose npredients rypically comprise corcal chaff and
straw plus various grains, they are able to press al a higher temperature. Pellets wypically [all

Itom the press at 8 1°C which ellectively pasteurizcs the pellel making il sale from salmonella
Mr. Sadler desenibes the benelis of pelleting and comditioning as lollows:
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e Pelleting;
o Increases bulk density,
o Prevents de-mixing of ingredients,
o Increases feed intake.
e Steam Conditioning;
o Improves digestibility and
o Kills bacteria suclassalmonella (Sadler, 2013).

The question is¢an crop residues be uséd make a viable feed pellet? Table 11, below,

describes the nutrition value of many types of chaff and chaff and straw.
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Sample DM % | Prot % | Energy MJ/kg| Ca% | P % | Mg % | ADF* TDN**
% %

Wheat Chaff | 91.1 | 4.6 8.3 0.24 |0.08 |0.12 |515 43.6
Wheat Chaff | 86.1 | 4.0 7.4 0.25 | 0.12 [0.09 |51.3 39.7
and Straw

Barley Chaff | 88.8 6.5 9.2 0.52 |0.13 | 0.17 |42.8 53.0
Barley chaff | 88.5 5.0 8.3 0.45 | 0.11 |0.15 |49.6 45.6
and Straw

Oat Chaff 87.4 | 7.2 10.1 0.71 | 0.14 |0.23 |426 53.1
Oat Chaff 84.4 |51 8.3 0.39 | 0.1 0.15 |50.1 45.1
and Straw

Canola Chaff| 88.6 5.9 7.4 145 [ 0.12 | 0.33 |56 38.5
Pea Chaff 79.4 9.2 7.4 1.76 [0.13 | 0.35 |46.1 42.0
Pea Chaff 89.1 7.0 7.4 156 [0.11 |0.27 |54.8 40.1
and Straw

* ADF — Acid Detergent Fibre.

**TDN - Total Digestible Nutrients
Source: (Stauss, 2008)

If we use the example of wheat chaffa feed stock for the production of a pelletized ration,

we can see from Tablgl that the wheat chaff provides 4.6% protein and 8.3 MD/dgof

energylf the pellet being produced was intended for finishing sheep, then a likely requirement
for protein would be 15% and energy 12 MJ/kg DM. The wheat ch&ffo thirds of the way

there, with respedb energy, but only one third of the way there for prot&imould follow

that the wheat chaff would ne¢d be augmented with other, high protein, feed stdoks

produce a suitable ration. Table 12 below describes the nutritional value of various feed grains.
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Grain Dry Matter (%) Met Energy (MJ/kg) | Protein(%)
Wheat 91 12.9 11.5
Barley 91 11.9 11.0
Lupins 92 14.0 38.0
Peas 91 13.0 25.0
Vetch 91 12.8 29.0

Source: (Kroker & Watt, 2001)

Therefore, from Table 1®e cansee that a ration made up of 68% wheat chaff (4.6% protein,
8.3MJ/kg energy) combined with 32% lupins (38% protein, 14MJ/kg energy) would make a
feed pellet that has 15.2% protein and 10.1 MJ/kg energy. This simple mix meets the
requirements for protein but falls a little short on the energy front. Obviously, the design of a
complete feed ratiors more complex than the above simple example and would probably
utilize many other feed stoskincluding oil seed meals and perhaps molagsesmedy any
energy deficiency. Howeveit, does demonstrate that the manufacufréigh quality feed
pellets from harvest residugentirely feasible. The exciting part of the above exarnstieat

68% of a high-quality feed ration could potentially just be lying out tiretde paddock,
waiting to be picked up.

3.5 Material manufacture

An exciting potential use for cereal residigeasa fibre source for material manufacture from
paper and cardboatd chip boardor particle board. Styrofoam will soon be bannedhe
United States of America (Lewis, 2013) which will opmenormous market for disposable
food containers. Harvest residussibe processed through a pulping and refimmly) which
extracts the fibers for paper and cardbaesdell asrefining the liquor for the production of
highly valuable Glycols. Therie also growing concerim the UnitedStates of America about
the levels of Formaldehyda particle board (Knott, 2013)yhich has the potentidab open
another large market for alternative fibres.
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Mark Lewis, Directorof Paper Science Centre, Washington Universgystudying the
suitability and use of cereal straspotential feedstock for the production of disposable food
containers. Dr. William McKean, Professor Paper Science Centre, University of Washington,

is studying the production of Glycols from cereal straw.

Messrs. Lewis and McKean are developing a proposal for a commercial scale pulping and
refining plantto belocatedatthe wheat growing area of south eastern Washington Stass.

proposals summarized below (Lewis, 2013) (McKean, 2013).

Mr. Don Knott, Ontario Canadé a farmer and member of the Ontario Bio Mass Producers
Co-Op. Mr. Knott grows Switchgrass, a perennial bunch grass natiderth America, on
25% of his property for fite production. The Ontario Bio Mass Produc€sOpis a group
dedicatedo the growing and marketing of fibre crof@ofar they have developed a total of 23
actual and potential markets for fibre crops. Mr. Knott sells his SwitchigraBgston Bales”

to dairiesin the USA ando the mushroom industgssubstrate for compost.

Mr. Knottis alsoin a partnership thas developingan alternativeto traditional particle board
utilizing finely ground Switchgrass combined with a resin derived from corn, soy and recycled
plastic. Mr. Knott reports that formaldehyde, a primary constituent of traditional particle board,
will soon be banned Canada and the USA potentially providing a huge market for his

development.
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4, Chaff and straw handling systems

The greatest dilliculty when dealing with chall and or stravw 1= the low deonsity and low value
ol the product and the consequent expense velved with the logistics of handhng and
transporting of the product, T'wo popular systems for capturing harvest residue during the
harvesting process are the collection of the chall portiom only using o chall cartfwagon or the

complete caplure ol all the harvest vesidue. chall and straw. via bahing.

4.1 Baling

Baling ol harvest residue can be aclieved i two ways, lirstly the residue may be windrowed
on the ground behind the harvester and ibien baled in a secondary process at a laler tme, Ov
secondly the residue can be baled directly behind the harvester in a single pass operation. The
process o baling harvest residue directly behind the harvesier 1s known as “Combaling™ and
requires some modilications o both the harvester and the baler. The system developed n
Western Ausivalia and used widely o i Kennewicl arca ol south castern Washington
involves adding a conveyor system to the rear of the harvester to capture both the chaff and
siraew which is then transported 1o a conventional square hale or “Heston™ type baler. The haler

hias had the conventional pick up Ivond removed. which 15 normally used lor ibe picking up ol

windrows, and adapted (o allow the delivery of the chalT and straw via the conyveyor system.

._____':"!=, =
- :

Fioure 11: Combaling and stacking bales
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John McCaw,Waitsburgh, Washington, uses the combaling system in his12,000Ha per year
custom harvesting business. Mr. McCaw reports that the majority of the straw that he bales
soldto feedlotsasa ration ands valuedat approximately AU$62 in field. Straw yields vary

with the crop being harvested, a 6.7t/ha winter wheat caoyield anywhere between 5-10

t/ha of straw (McCaw, 2013)

Curtis Coombs and Jason Lynch, Walla Walla, Washington, operate their own farming
businessiswell ascontract harvesting including combaling. Mr. Coombs reports that farmers
are very keemo have their crops combaledthe straws cut very low and the baling process
removes all crop residues, which makes the following planting or ploughing process trouble
free,dueto the improved trash flow. Mr. Coombs charges only the cost of fuel and takes the
strawas payment for contract harvesting. Streswworth approximately AU$5& and soldo

either feedlots, mushroom farnis Canada or even exportéd China. Mr. Coombs uses
Massey Fergusson 2170 balers couptelis harvesters; the balers are hydraulically driven,
supplied from the harvester and requiring approximately 120 Hp. The balers cost AU$160,000
and the conversion costsAU$40,000 (Coombs, 2013) (Lynch, 2013).

After the bales of straw have been platethe fieldby the combaler they ne¢d be retrieved
and stackedn haystacks ready for transport. The process of bale collection and stacking
achieved very efficiently using a varietf “bale buggies”. The Ml-Stak bale buggys
indicative of the machine used artehcollect ten square balésn therun” usinganautomated
hydraulic grab system. The bale buggy then retiortise haystack, reverses tgthe haystack

and then the trailer tips up and all ten balesrapgacein a single operation.

The great advantages of the combaling syssehatit collects all residues from the harvesting
processn a single pass system and that the ressloellectedin a conventional bale whidk

ideally suitedo handling and transport using readily available machines and equipment.

The disadvantagesf the combaling system are that becats®es collect the entire harvest

residue thereés a large volume of low density material handle, there may not be a dga
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merket for baled straw, the power requirenicnts to ron the baler are rclatively high and the cost

ol equipment reguired lor the aperation is expensive.

4.2 Chaff carts

{Chatf carts are 4 concept originally developed in Saskatchewan. Canada. by the Redckop
manulacturing company and subseguently introdoced into Australia in the 1980s. ChalT caris
are a lairly simple concept whore the chall Irom a harvester s collected as il falls [rom the lop
sicve and is cither blown or transported via a convevar belt imto a larpe wapon trailed behingd
the harvester. The wagon is unloaded Imtermitently and the chaff previensly collected is
depomited in piles throughout the paddock. These piles are then bumi, lell Tor livesiock 1o grive

or picked up and transported Tov other purposces.

Figure 11: Chaff carts and compacting truek trailer

David Campbell. Scadden, Western Australia, harvests using chafl carts and either bums the
piles or collects them for his compost operation. Mr. Camphell tows a4 39m7 Riteway chafl cart
belind Ins harvester which utilizes the conveyor bell system o ransport the chall, and a portion
of straw, into the cart. To collect the chaff Mr. Campbell utilizes a 3%m” compacting truck
trailer, loaded with 4 ront-end lowder, which can compact up o four piles of chall,
approximately 160m-. and transport it ke his compasting operation. Mr. Camphel] reports thal
a chall cart cquivalent o s costs approxumately AUS HLKIO Tully insialled and ready w

operate {(Campbell. 20130,
The advantapes of chaft carts are their simplicity, lipht weight and their relatively low cost,

i3



The disadvantage of chaff caidghat they are collecting and depositing loose dhatiscreet
heaps all over the harvested paddock. Clsa#in extremely low density product whidh

logistically difficult and expensive re-handle,if thatis the objective, oit must be burnin-

situ which hasts own expense and inherent dangers.
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Conclusions

It is clear weed resistande many common and important farm herbicidesa real and
increasing problem within the Western Australian grain farming regionsgatticular, the
Esperance Port Zone. The development of weed resisgahagher exacerbated within the
Esperance Port Zor®y the increasing proportion of arable land being plataegtain crops,

atthe expense of pasture, the all but exclusive use of minimum tillage practices and the heavy

reliance on chemical weed control tietequired within that system.

To combat the emergence of weed resistance farmers are tiyiimgprporate non-chemical
weed control practices, commonly knoasintegrated Weed Management (IWNY mitigate

the developmertf weed resistance. The practice of collecting chaff or chaff and straw during
the harvesting processa common form of IWM with the harvest residue being collected

either windrows, chaff heaps or baled straw and then typically being burnt.

The purpose of this report waslook for new or innovative means of weed control during the
harvest period, either denaturing weed sesdsey pass through the harvester, or recovering

the chaff or chaff and straw and finding a commercial purposé for

Perhaps the most elegant and ultimately cost effective means of achieving weed control during
the harvesting process wouldtoedenature the weed seetithey pass through the harvester.

This would achieve the goal of weed contimla single pass with no further handling of
problematic materials and return all organic matiahe field thereby preserving significant
nutrients within the soil. Thene great potential for the use of microwave endmgchieve

this although the concein the embryonic stages of development. The great advantages of
this idea are that there would be minimal mechanical contact with the material being treated

and the great possibility thaitcould be incorporated within the harvester itself.

If there was no other option otcollect the harvest residue, then the option most likehe
economically viable would bi® collect and dump chaff from the harvester using a chaff cart
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and then collect those chaff dumpsa later stage for processing into pellets for animal
consumption. This option would be most likely prove the least capital intensive and
technically difficult and would fit most comfortably within the enterprises of Western

Australian farmers.

The production of electrical energy from harvest residsi@most exciting concept that
widely usedin the UK and Europelt would seem that the use of anaerobic digestion would
struggleto be economically viablas harvest residués more suitedo direct combustion.
Direct combustion of harvest residiegproduce streano drive a turbindo prodice electricity

would seem the most economic means of producing electricity. Although the economics of
bio-energy electrical generation within the Esperance Port Zidhes stage appears marginal

it does demand further investigation.

Bio charis anancient technology that has exciting modern day potential. Biosob@mmonly
produced for the char (carbon) portion, with the bio gas and bio oil fractions beithg use
primarily to fuel the process with no energy being exported. Tlgeséll much conjecture

about the value of bio- chasa soil ameliorant and therefdts value.

Finally, thereis much research being conducted into the use of harvest residules
production of paper, cardboard, particle boards and further refining into lealgigbols.
These are very high value industries however they also require the greatest amouralof capit

investment and technical expertise.
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Recommendations

To succeedn the battle against weed resistarioeagricultural chemicals the Australian
cropping industry needs to;

e Do something: the adagation of Integrated Weed Management techniques, regardless

of what they ares essential.

e Pursue seed denaturing. Integrating some means of seed denaturingit ather
mechanical or using microwaves, iritee harvesting process will provide a very high

level of weed control.

e Weed seed collection. Until seed denaturing becomes more viable then the best option

is to collect weed seeds during the harvesting process for further treatment or use.

e Expand crop rotations. The search for profitable new markets and cropfurther
expand the currently available rotation netedse continuous. This will allow farmers

to use a wider suite of chemicals and techniqoe®ntrol weeds.
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The objective of this research was to investigate the ways, meanscamingcs of
nonchemical weed control in broad scale farming to prevent therecme of
chemical herbicide resistance.

Modern Australian farming techniques rely heavily on the use ohiclat herbicides
for the control of weeds within the crop. The more a weed is expogbdt herbicide
the greater the probability that that weed will develop resistance thémeaical.
Additional non-chemical means of weed control need to be incatgd into the
farming system to delay or prevent the occurrence of weed resigsaoommon,
cheap and effective farm chemicals.

This research focused on the collection of weed seeds durihgrhesting process
and the subsequent removal or destruction of those seeds. Tloevekipg the weed
burden through non-chemical means. Research was conducted in Austealia
United Kingdom, Belgium, Canada and the United States.

Integrated weed management during the harvest process is still in ity inidma
Australia and globally although there are many exciting posg®iliEurther
development is required and is being pursued however until thearfanmed to
continue non chemical weed management to preserve for as loags#s@the
existing chemical herbicides.
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