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Gonfidential information in this report haseen redacted.

These redactions do not change the conclusions of this report

This report is submitted othe basis that it remains commerci@-confidence. Eco Waste Pty Ltd
accepts no liability of any kind for any unauthorised use of the contents of this report and Eco Waste
Pty Ltd reserves the right to seek compensation for any such unauthorised use.

Datapresented is based on best available information provided to Eco Waste Pty Ltd at the time of
the study, which has not been independently verified. As such, the data can only be considered as a
guide to meet the objectives of this pfeasibility study, ad should not be relied upon for any other
purpose.
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Executive Summary
Establishment of Biomass Processing Sector in Australia

Biomass is set to become an important raw material to provide the essential carbon based
molecules that our complex industrial@womy is dependent upon, in an age when the use of fossil
resources (gas, oil, coal) is discouraged or too expensive or they are exhausted.

The establishment of a competitive biomass processing sector in Australia has been slow. Major
barriers to establisiment include difficulties in identifying potential feedstock, as well as a lack of
infrastructure to facilitate and connect supply lines.

Tablel-1: A selection of issues and barriers to biomass achieving its full potential as an alternative
feedstock tofossil fuels

Issues Current Constraints
(All as discussed in detail within this report)
1. Geography/Logistics
Biomass is ubiquitous but disparate, and, as a Other than for certain food or fibre primary
supplementary or replacement raw material, is industries, the systems and infrastructure tc
usually needed at centralised locations, distant frc receive/harvest, aggregate and allocate
the biomass source. suitable biomass is completely absent.
2. Quality/Energy Density
Biomass, in all its forms, initiplbresents with low  Most suitable biomass requires pteeating
bulk/energy density and often with high moisture or value addindpeforetransporting and
content. aggregation, or at least as close to source ¢
practical.

3. Temporal/Inventory Management Issues

Suitable biomass often presents on a seasonal or Storage and inventory management systen
campaign basis (much like most agricultural and infrastructure are not currently availabl
products) whilst the end uses or markets need

supply all year round.

4. Highest Value allocation

There cannot be enough sustainably sourced A sophisticated market is needed that can
biomass to replace all the uses fossil resources al appreciate the inherent properties and
currently satisfying today, especially power values of any potential biomass source (as

generation. Investment in biomass processing SEA&(G& 6AGK F2aaAf
OF LI 0AfAGASE O2dAZ R 0SS dzaS¢ tft20FdAz2y 27
inappropriate biomass source. emerging sector.

5. Sustainability

Raw biomass resources provide a wide range of A universal standard for assessing and

ecosystem services, amenity and biodiversity certifying sustainability of biomass yield is
benefits as well as eventually providing a secure essential to support all subségS y i & O
industrial input. If the biomass source cannot or sustainability claims, or GHG mitigation

demonstrate sustainability of yield, all subsequent assessments.
potential advantages over a fossil resource

alternative are devalued and will undermine all
ddz0aSljdzSyid aOlI Nb2yé 2N
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This report explores th&easibility of a specifiproposal, he BioHuba local biomass processing
centre,as onecost effectivesolutionto address those barrisr The BioHub conceprovidesthe
essential enabling systems and infrastructtogromote the establishment of biomass processing
sector in Australia. The concept is similar to metal scrap yards/stematic metals recovergs

.A21 dzoa ¢2dz R | OGS A Gor hivadted natdrial, inlti’ sagelbiordass. BaBhO
BioHub would have all the essential process equipment to pretreat or process received materials
into products for local use, or sufficiently processed and value added to afford the transport within
the network to other specialist sites or Biorefineries or process plants

As a fully developed national network, the BioHubs are proposed to service metropolitan, regional
and rural communities by receiving locally generated biomass, and providing \cdabiyple

services, such as processing urban wastes. Some BioHubs might also manufacture specific products
to service a particular regional need or market. This possibility is explored in the case study for a
proposed BioHub to service the Dubbo region efittal Western NSW on an initial investment of
<$20Million. The proposed products would be biochar basedh-alhe fertilizers to specifically
AaSNIAOS GKS NBIA2yQa OSNBIf ONRLIMAY3I asSoilz2N®

However, once capital justified and established to service l@thhgeds, the resulting BioHub
network is then in a position to direct specific higher value biomass material to support highly
specialise®iorefineries providing the contractually assured supplies of biomass such facilities
require to justify the much igher levels of investment for the production of jet fuels or targeted
petrochemical industry inputs.

Sector Opportunities

Australia haghe right settings to becomaninternationally recognised, sustainakpeovider of
OA2YIl aa I vy Rordikkdbrepaéen@&npbdicis that could be manufactured from such
biomass due to:

U Available/suitable landAustralia could generate a wide range of collateral benefits by
(selectively) revegetating marginal or degraded land, and optimising the net auftmum
land currently dedicated to food and fibre production.

U Drought tolerant native species to address the fact thatevis the most constraining
factor.

U Sunshing; the primary energy source for biomass production is plentiful.
These factors can prowada platform for Australia to be able to provide sustainably yielded biomass,
and biomass derived products with certaintysafpplyto the emerging sectothat will need such
certainty to secure théongterm investment needed.
Further, once Australia beotes a reliable producer of quality biomass based products and services,
the existing fossil resource based valleinsthat already existanbe supplied with

supplementarnjreplacement biobased products.

Sector Challenges

In general it is not currently eb effective to use biomass as an industrial feedstegkept in limited
situations such as sugar, starahd some forestrypperations. Majobarriersare thatsuitable
d2dzNOSa 2F 0A2YIl aa | NBy axdénorfersteptio duppbrihe invesfnienti K S & dzL
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a2dzNOS 2F GRNRLI Ayé LINRRdAzOU
One Solution z The BioHub Concept

The concept outlined in this documenhed . A 2 | dzo €, is fefhd psopdsdds a crucial first

step to break this impassét utilises a strategy of first accessing the market with lower risk, lower
value,and lowermanufacturing cost products as a way of establishing supply lines to enable growth
into higher valugoroduct markets. The network wigkovide the essential, embedded systems and
infrastructure to receive, value add and/or distribute all forms of biomass, as and when they are
available and eventually codlenable the commercially viable production of nyather, higher
valuebiomass based commodities.

Physical and Practical Limits to the Production of Biomass

There are physical and practical limits to the production of biomass. These constraints demand that
available biomass be applied for its highestldest use, as a strategic supplement or replacement

for fossil reserves. The sustainable production and yields of biomass should be channelled to those
applications for which biomass is optimally suited, for which alternative energy sources cannot
presert as effective alternatives. For example, electric powered air travel presents as completely
impractical.

.ST2NB o06A2YlFIaa o6l &aSR YIFIGiSNARIFf& FyR LINRRdzOGa Ol y
products and materials, they must first be gathered angtta T 2 NY SR Ay (2 adzOK GRNERL

This essential harvesting, aggregating and conversion supply chain is effectively completely missing
today. The systems and infrastructure to receive biomass as and whenever it presents to supply
these new market oppdunities is non existent; and where the products are needed is invariably

very distant from where the biomass occurs; these low value raw materials cannot justify the
extensive transport without being value added close to the providing source.

BioHubs: Oreating a National Network

The BioHub national network is proposedsaost efctive solution to this problenthe essential
enabling systems and infrastructure response to unlock the full potential of sustainably generated
biomass in a carbon constrainede.

Just as metal scrap yards occur throughout the community to receive scrap metals as and when they
present for systematic resource recovery, so too BioHubs would be available to receive biomass, in
all its forms, as and when it was available.

Once reeived, the BioHub would have all the essential process equipment to pretreat or process
received materials into products for local use, or sufficiently processed and value added to afford the
transport within the network to other specialist sites or Bidnefies or process plants.

The most accessible markets for biomass based commodities are currently thadaid charcoals
for the metals manufacture and soil improvement/fertilizer sectors, as well as bioenugtralia is
a major global supplier afoking/metallugical coal, and the agriculturadrtilizers are both locally
manufacturedand imported.
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The metal market is accessible because biomass casdodlyprocessed ta coketoal alternative

that can beddropped ik (12 (0 KS &AnheRing procgsithautid8l&fSimilarly the fertilizer
market is accessible because biomass requires only basic processing to produce biochar which can
then be mixed with other ingredients to produce a comprehensive fertiinerreduce the demand

for fossilbasedalternatives

It isenvisionedthat the market pull from these sectors will establish the supply lines, from which the
higher value petrochemical platform chemicals seeod specialty liquid (jet) fuels markeill be

able to access smalleolmes of high quality material with sufficient assurance of supply to justify
their considerable investment in advanced b&inery facilities.

This concept of locally available, network connected systems and infrastructure is universal in the
agricultual sector. In the cropping sector, the railhead silos effectively connect the individual
growers to national and international value adding, processing, marketing and distribution networks.
This is at the core of the actual and strategic services and daiealthat the BioHubs aim to

provide, and which have been explored throughout this-Peasibility Study.

Proposed BioHubs Functions and Services

As with railhead silos for the cropping sector, or scrap yards for systematic metals recovery, BioHubs

willl O Fa  aFANRG LIRAYd 2F NBOSAGLIt¢ Ay LINIF OGAOl
terms. If the biomass generator has a more benefwmialost effectivause fortheir biomass, they

will be ableto use that option but if not, the BioHulmption will always be available to offer market

based receival conditions.

At the BioHub, the final product(s) quality assurance/control processes start with the materials being
thoroughly checked for quality, quantity, and the sustainability statuwefield of such materials
Received materials will then be graded and stockpiled with other materials of like quality in
readiness for prdreating/processing into either finished products for local use, or as interim but
stabilized products for transfeptspecialist sites within the network as required.

Three FormatsFeeder Standard, and Producer BioHubs
BioHubs are proposed to be established in three generic formats:

Type 1¢ FeedemBioHubsg could be mobile or temporary, employing skisbuntedequipmentto
address aeasonabr short term harvesting opportunity, and value adding the biomass for direct
GNF yaFSNI (2 NP R {ZdHMFDr iR dalueadding/processing

Type 2¢ Standard BioHubsg a core regional facility servicing@tween $-250k populatiorand/or a
100 km radius catchment area, providing all bésienass receival, sorting, pretreatmieand basic
product manufacturing capabilities

Type 3¢ Producer BioHubg would be similar to Type 2 facilities, but withuch enlaged product
manufacturing capability to servieelocalised market by being supplied with additional biomass
materials from other Type 1 or 2 facilities.

The proposed BioHub concept, delivered as a national network of collaborating facilities, is primaril
designed to:

- Receive biomass as and when it is available, close to source, to avoid excessive transport and
handling costs before the materials have been initially value added;
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- Initially assess, value add and pretreat received biomass as a precursor to:

i) Transport to a distant conversion, refining or specialist product manufacturing facility;
andor
i) Support local finished product manufacture.
Such a network of BioHubs would be capital justified by:
- The value of thggroducts manufactured for local use;

- Thevalue of the serviceandproducts generated by the network as a whole; and

- The value @ated by providing supply assurance to tighest order biobaseddrop iré
productssuch as jet fuel or essentipétrochemicalprecursors or finished products.

BioHubs: Opportunity for Collateral Services and Additional Economic Benefits

In addition to the physicalnd practicatapabilities, the proposed BioHubs, individually and as an
integrated network, will provide a wide range of collateral services and ecormmigfits, including:

U Sustainable yield assessment and certificatignhis service will underpin the full value
proposition for all and any resultant products;

U Biomass trading and brkering ¢ this activity will go to establishing fair market value for all
types of biomass in this emerging sector;

U Value adding to primary activitieg by creatingvalue for the wastes, residues and-by
products from the primary activities of the forestry, agricult@gwell asurban waste
streams thus improving viability

U Suyply assurance many complex, advanced biomass processing and refining facilities are
only possible or viable if secure and reliable supplies of tightly specified biomass is cost
effectively available the precise service the BioHubs aim to provide;

U0 Encarage new technology developmerngthe entire biomass harvesting, processing and
final product manufacture supply/value chain requires a wide range of new and improved
technology solutions. BioHubs will provide real time functional Best Available Technolog
(BAT) implementation opportunities for new technology developers and vendors, and also
provide opportunities for pilot or demonstration offerings to prove themselves in real life
but noncritical circumstances;

U Optimisation of agroforestry and sustainablland management practicesmany
revegetation or woody weed management programs are limited by the availabilitijndé
The provision of BioHubs offering fair market value for any surplus biomass arisings over
time will support much expanded activity ihis area; and

0 Transforminghow urban waste minimisation initiatives are achievegithe ability to
recover and reclaim the entire residual biomass fraction from urban waste streams (approx.

60%o0f the approx. 20 Mpaof residual urban washefor lessthyf G KS OdzZNNBy & & 0 NHz

RAALRAlIT agAff LINRPGARS | a3aFYS OKFy3aAy3Ae |
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Biomass Sources
There are five generic biomass sources identified in this study:

forestry and agriculturdarvestingresidues

forestry and agriculturg@rocessingesidues and byroducts;
urban wastearisings

land management programs; and

dedicated plantations (oilseed, algae etc).

arwNPE

In relation to Sources-4, the biomass is currentfyroduced asan undervaluedby-product or
semndary activity Thefifth source specialty plantationsdoes not exist in Australia yeh@a
commercial scale.

A=

Nationally, some4p n a G LI 2F adzadl Ayl o {-BNBRED RS RO MABIO2E RN
have been identified that could benefitfromKS G FANR G /NBAFXNOENI NB OSIA Dtk t N

characteristic of the proposed BioHub netwbrkhis quantity of biomass has been shown to be
available without a single specialist plantation, agricultoratpecial oil seedrop (e.g. sugar) or
spedalist oil seed plantation being initiated.

At such time as market demand for additional biomass is established, or for biomass sources of
particular characteristics, then specialist plantations or oil seed crops or algae manufacturing plants
will all berefit from access to a BioHub network to value add procegsrogiucts and sludges

Product Opportunities

The main product lines from the proposed national BioHub network processing just the currently
I @1 Af LONPSRda(b(ee oA 2Yl ada | NRAAYy3IEA O02dzZ R LINRRdzOSY

i) 8 Mtpa of quality assured feedstock for the emerging specialty liquid (jet) fuels sector;
i) 3 Mtpa of high density, low ash, metallurgical charcoals;
iii) 5 Mtpa ofhigher astbiocharproductsfor land applicatiorand carbon sequestration; and

iv) 2-2.5 GW of bioenerggproduced as a major bgyroduct of the production of ii) and iii)
above).

Suitable Technologies and Process Options

TheBioHubswill utilise commercially available technologies harvesting, transporting and

processing biomass. Foxample, thed N2 & I NEchmoNdizgréposed to separate the organics

from mixed municipakolidwaste (MSW (Fig. 52 ¢ p. 44) isone of the most tried and tested

techniques ever employed with some 500 facilities commissioned since 1958, and as entgdoyed
8SINIAY 2yS 2F GKS ¢2NI RQa fIhatEitetie torrefactiondhd® OS & &
LB NREE&aAa GSOKy2t23ASa INB y2¢ SadlofAakKSR | a
they can be delivered with confidence, as deked, andwill not present as an undue risk

L1f this quantity of biomass was grown as a standard blue gum plantation it would codemsarme Pead0ktation.
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Viability Assessments

A case study specifically exploring the viability for a potential BioHub to be established to serve the
Dubbo region in central western NSW concluded that on an initial investme®26i, which could
reasonably achieve an Internal Rate of ReflRR)pf approx. 20%:

1 Some $0M per annum of revenue would be created;

i Some 9 FTE jobs would be created;

1 Some 16 ktpa of high quality fertilizer would be created; and
1 Some 1.5 MW of bioenergyould be available,

all based on processing some-80 ktpa of locally sourced biomass.

Extrapolating this data to estimate the benefits of a national network:

Some 196 BioHub facilities were identified to address medium term opportunities;
Which would praess some 40 Mtpa;

1
1
1 For a capital investment of $3,283M;

1 Generating some 3,200 FTE jobs during construction and some 1,600 FTE jobs in steady state
operations.

The Role of this Study in establishing the Viability of the BioHub
Concept

The Commonwealth haangaged Eco Waste Pty Ltd to undertake a first order, ofdasbility

Study into a concept proposal that envisages the establishment of a network of biomass processing
centres, throughout South East Australia or even nationally. Such biomass procesgieg, or

BioHubs, have been proposed as an important systems and infrastructure response to unlocking the
full potential for biomass to play its optimised role in the alternative energy, fossil fuel replacement
and systematic response to the climate ojge agendas.

Pre- Feasibility Study Objectives
This study explores the viability of the specific BioHub proposal.

In the engineering and development sectdiss proces®f project viability assessmehts been
refined over time as an iterative processat seeks to match the level of development funding
expended to the level of project design and project detail in discrete stages.

This approach ensures that crucial issues are revealed and addressed before the considerable
expenditure required for any datled design and engineering is committed, and that the basic
project scope and boundary conditions have been confirmed before progressing to the ever more
expensive project detailing work is commissioned. This (high leveRdagbility Study is focuse¢al
assess the original BioHub project concept, as detailed in Sectiod)l (p.

BioHub Concept First OrdePre-FeasibilityStudy Pageviii
July2013



AA

In this crucial initial phase, a project concept is developed and refined until it reaches a stage where
stakeholders deem it appropriate to formally review the concept stractured manner. This is the

role of this first order, or Pr&easibility Study (PFS), commissioned at a time when the initial concept
is still crystallizing and community responses to the core project drarerseveloping.

After summarising the funcins and objectives of the BioHub concept being proposed (Section 1),
this PreFeasibility Studthen addresges

i) Generic biomass categories (Section 2);

ii) Actual sources of available/suitable biomass supplies and an estimate of the costs and likely
commercial terms for receiving the materials identified (Section 3);

iii) The full range of final and/or interim products that are proposed and a realistic pathway to
market for each and the expected revenues that are likely (Section 4);

iv) Conversion systems areichnologies to convert ii) into iii) and the practical implementation
issues, costs and options (Section 5);

v) First order commercial viability assessment (Sectipraid
vi) Summary and conclusions (Section 7)

This Preeasibility Study will follow the scops defined above and highlight issues and
shortcomings, which if subsequently addressed, would support the transition to the full feasibility
stage.

The Discussion Papers in Attachment A are provided to support and ittferphilosophicatontext
of this study.

Pre-Feasibility Conclusions

The data gained in this study indicates tBabHubs either as individual sites or operating
collectively can be inherently profitable.ist proposed thathe way forward is foat least one
BioHub project, but prefetaly three,isiteratively developed as a partnership between a group of
potential plant owner operators and Government in discrete stages, in a gates and milestones
format.

Project 1IcF 2 NJ SEI YLX S 5 dzo 6 2focased\i prathiziig\dEobased iderdzo
products tailor made for the local cropping sector.

Project2cF 2 NJ SEF YLX S | gbésédayGobanRSW (or Kughenaén, Qld) to support
the local catchment management, wood weed/INS management programs and simultaneously
provide high alue charcoals and reductants to the national and international metals smelting
sector.

Project3¢l YSGONRLRtAGIY olFlaSRX FAESR G4CSSRSNE . A2l dzo
dzNDB Iy 61 aidsS adGNBFYa F2NI LINBAONBFGYSYd yR (NI yatFs
support the end product manufacturing activity with volumes of interim proedssars, which also

provide essential trace elements for blending into finished products.
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These three projects could be initiated in parallel, and alternative sites could be identified if
necessary. (Projects at Western Sydney, Lithgow, Ballarat, Latiadlesy (Vic) and Hughenden (QId)
are just some that have been identified in the course of this study and that could be quickly
actioned).

The suggested staged or gates and milestones approach to progressing either one or all three
projects could be as falvs:

Stage 1¢ A prospective local investor group be established who are attracted by the concept
described herein and who would commit to the provision of equity up to 25% of the projected
capital cost of the respective projects to be matched with grantfng from an appropriate source.

Stage ; The accumulated budget then be drawn down against aggreed gates and milestones
schedule of worksAt this point a detailed Feasibility Study will be undertaken to establish the
factors, values, technologiesd product market certainties.

Such feasibility studies can be a considerable expense to the project developers (perhaps5$éme 3

of the capital cost of the project), and need to have been conducted to sufficient levels of certainty

to ensure that anyesultant capital funding will not be exposed to unnecessary risk. Spending on a

feasibility study will often be an order of magnitude more than the-Peasibility Study, and the

Feasibility Study will visit all the issues and topics addressed in tHeeBsibility Study, but in

O2YLX SGS YR OSNAFASR RSGIFIAT gAGK LINB@GA2dza a4l dac

Other detailedwork would include
i Confirm and describe all committed biomass supply arrangements;
0 Process design to progress from current condeptompleted F.E.E.D.;

i Complete biochar product development with UNSW and then made up trial batches for
broad acre trials;

U Secure off take agreements for finally confirmed biochar based fertilizer products; and
i Complete licencing and approvals process.

Sage 3¢ Achieve financial close and approable Clean Energy Finance Corporation (or other
financing entity¥or a debt and equity package for the final 50% of the project value.

ly GKS S@Syid GKFd (KS OdzZNNBy (it BINRPBRILIE 23Rt §Q ¢ R d4a (0 d
based precinct as an emerging industry for the future, this BioHub concept would present as an ideal
program for such a precinct to oversight and promote.
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Microbial degradation of biodegradable materials in the absence ¢
oxygen

The value created by just being there to enable transactions that
would otherwise not occur

Water treatment plant sludges

An industry separation standargbiomass (cardboard) from plastic
(HCF)

Capital expenditure

Cation exchange capacity
Carbon Farming Initiative

An industrial economy that is restorative andwhich biological
nutrients reenter the biosphere productively and technical nutrient
circulate at high quality without entering the biosphere

Construction and demolitiowaste streams

Commercial and industrialaste streams
CatchmentManagement Authority

Clean Technology Investment Program
Calorific value

Processing materials or wastes into products or uses that represe
reduced value or functionality than the original material could justi

Biomass based products that can supplement or directly replace
established fossil based products and services

Those natural systems that recycle nutrients, process wastes and
provide clean air and water; all products and outcomesvhitch life
on earth depends

EngineeringProcurementConstructiorand Management contractot
Energy from Waste
Front End Engineering Bign

I Y20AfS 2NJ aGSYLRNINEE . A2l dz
pretreat biomass available on only a seasonal, campaign or occas
basis

Front end loader

Full time equivalent
The charged levies upon biomass received at the BioHub

Gigajoule
Gigawatt

High calorific fractiom plasticsand synthetics
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Industrial Ecology
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IRR
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Long term
Medium term

Merchant plant

MSW
Mtpa
MW
NVA
Opex
PEF

Producer BioHub

RD&D

RDF

PVP

Short term
Standard BioHub
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Household hazardous wastes
Resistant to water absorption

The optimisation of material and energy flows throughout the
economy to optimise value and efficiency and minimise impact

Invasivenative species
Internal rate of return, a profitability metric

Kilotonnes per annum
>10 years
5-10 years

A process plant built to manufacture products or provide services
generally, without specific supplgr off take arrangements in place
as a condition of initial project finance

Municipal solid waste
Million Tons Per Annum
Megawatt

Native Vegetation Act
Operational expenditure
Process Engineered Fuel

A BioHulfocused to manufacture products in excess of the bioma:
availability from the local catchment

ResearchPDevelopment& Demonstration
Refuse Derived Fuel
PropertyVegetationPlan

<5 years

A BioHub servicingragion where local biomass arises in
approximate balance with local demand for biobased products

Stranded An investment that ceases to remain viable due to foreseeable an
unforeseeable changes in the initiating terms of trade
Syngas Gasmixture consisting primarily of hydrogen, carbon monoxide, an
very often some carbon dioxide.
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1. Summary of the BioHub Concept

1.1 Summary of Strategic and Economic Need

The basic logic of the BioHub proposal is thabiomass to supplementor replac fossil

resourcesby producingd RNE LJ A y ¢ (dirdctireplatiFnert)itlié Standards for managing
suchbiomass, and the systems and infrastructure to receive, aggregate and process such materials
need to be developed.

Ly NBa&LRy asS théiBoHubdokeptis/ptofoRed &snetwork ofbiomass processing
facilities to provide the necessary specialissgstems, technologies and infrastructure to facilitate
efficient biomass valuation and application

Australia has the settings to become a majpayerin the emerginglobalbiomass industries.
Australia has:
U A surfeit of sunshine;

U Vast areas of poterdily suitable landvith a considerable need/opportunity to selectively
revegetate areasf sensitive or degraded lands. This stands in stark contranb&i other
countrieswith which Australia might compethat would be obliged to sacrifice native foteor
scarce agricultural land to generate biomass for such industrial purposes

U Existingdrought tolerant speciesin many cases currently presenting as fast growing woody
weeds

U Existing export experience and key infrastructure to supplement/replaceyrfassil based
LINP RdzOG A S6AGK O0OA2YlF aa adt aSR GRNRLI Ayé € aGSNYIQ

U [20Ff AYRdAZAGNRASAE GKIG ySSR (2 F20dza 2y aaYl NLé
differentiate their respective offeringgdm the traditional products now producemore
efficiently overseas.

However, the establishmemf the sector in Australia has been slow. Major barriers to
establishment include difficulties in identifying potential feedstock, as well as a lack of infrastructure
to facilitate and connedbiomasssupply lines.

Table 11 summarises the key issues and barriers identified for sustaipattyred biomass to
achieve its full potential in a carbon constrained economy. BioHubs have been proposed as
independentlyiable facilities thaicould efficiently address dthisissuesand it is an outcome of
this study to identify theefficiencyand effectivenesavith which anetwork of such facilities could
deliver on this potential
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Tablel-1: A selection ofssuesand barriersto biomass achieving its full potential as an alternative
feedstock to fossil fuels

Issues Current Constraints

(All as discussed in detail within this report)

1. Geography/Logistics
Biomass is ubiquitous but disparate, and, as a Other than for certain food or fibre primary

supplementary or replacememaw material, is industries, the systems and infrastructure tc
usually needed at centralised locations, distant frc receive/harvest, aggregate and allocate
the biomass source. suitable biomass is completelpsent.

2. Quality/Energy Density

Biomass, in all its formgitially presents with low  Most suitable biomass requires ptesating

bulk/energy density and often with high moisture or value addindpeforetransporting and

content. aggregation, or at least as close to source ¢
practical.

3. Temporal/lnventory Management Issues

Suitable biomass often presents on a seasonal or Storage and inventory management systen
campaign basis (much like most agricultural and infrastructure are not currently availabl
products) whilst the end uses or markets need

supply all year round.

4. HighestValueallocation

Therecamot be enough sustainably sourced A sophisticated market is needed that can
biomass to replacall the uses fossil resources are appreciate the inherent properties and
currently satisfying tody, especiallpower values of ay potential biomass source (as
generation Investment in biomass processing exists with fossil resources) to inforthest
OF LI 0Af AGASadéDBasl dhard S use allocation of biomass within the
inappropriate biomassource emerging sector.

5. Sustainability
Raw biomass resources provide a wide range of A universal standard for assessing and

ecosytem services, amenity and biodiversity certifying sustainability of biomass yield is
benefits as welas eventually providingasecure SaaSy GA € (2 &dzlLi2 N
industrial input. If the biomass source cannot or sustainability claims, or GHG mitigation

demonstrate sustainability of yield, all subsequeni assessments.
potential advantages over a fossil resource

alternative are devalued and will undermine all

addzo aSljdzSy i & Ol iNywchishg. 2 N.

This project explores the feasibility of a specifwelopment proposakthe BioHub, as one solution
to address thee barriesif the biomass processing sector in Austridito be optimised The
O2yOSLIi A& aAYAfTIFNI G2 YSGlFt aONILI elFlmWRa | a
unwantedmaterial, in this case biomass. Each BioHub would have all the essential process
equipment to pretreat or process received materials into products for local use, or sufficiently
processed and value added to afford the transport within the network to osipecialist sites or
Biorefineries or process plants
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The basic rationale for the BioHub conceptproposeds based ora simple logic:

i) Inthe face of the related global agendas of:
- Climate change;
- Resource dept®on, and the need to establish
- Sustainable economic systems;

adefinitive conclusioris the need to limit the use of fossil fuel resouresesl soto reduce
Greenhouse Gas accumulation in the atmosphere.

i) Modern complex economies cannot operate without the carbon based molecules currently
supplied by fossil resources, for a wide range of uses including:

- The complete range of chemicals and products from the integrated petrochemical sector;

- Coke/coal/reductant materials that are essential for the metals manufacturing/smelting
sector;

- The agrcultural fertilizer/soil productivity sector; and
- Specialised and liquid transport fuels sectwith special focus oaviation fuels

iiiy Biomass was the original source that created the foesierveghat have been the basis of
industrialisation over thdast 200 yearsif the use of such reserves is to now be limited,
restricted or eliminated, the logical alternative source of the carbon we need to operate the
economy is back to biomass itself. Biomaspresentingésolar powered CQd K NS a G Ay 3¢ T
the atmosphereand presented in familiar lignocellulosic structures wherever photosynthesis
can prevail.

However, recently (<100 years) grown biomass presents at much lower bulk and energy densities
than traditional fossil reservegather than being geogphically concentrated into efficiently
extractable lodes, deposits or wells, biomass, whilst ubiquitous, is geographically disparate and
presenting as more of an agricultural rather than industrially convenient raw material.

Recent(<100 yrld) biomasscan only meet a fraction of the demanir carbon based products
and energy currently supplied by fossil resefv@is fully supports the originating premise for the
design and function of the proposed BioHub program:

i) For biomass to provide the GreenlsmiGas and/or sustainability benefits as an alternative
to fossil resourcest must come from sustainable sourcéshis is ultimately a land use issue
YR F2dzyRSR 2y (KS LINAYOALX § (oKimgroved@ S+ NI K Q:
never degradear destroyedwithout subsequent remediatiorsuch as mine site
rehabilitation to bring land back to full productiocapacity

i) Sustainably yielded biomass should be applied for its highest and best use or application;

2Baseload, embedded and peaking electrical power are often considered as another major potential applicat@ndsr biomass, howe

outlined in AttachmertBi omass ainét Biomass, there are mamigy ot her sui't
available and being improved and implemented (eg. wind, hydro, geothermal, wave, tidal etc.) but only biachzels can supply the
carbon based molecules to not only pr e sfomthetadospheeesnse nt i al fid

doing. In this context, bioenergy is invariably produepbdac tiybe optimised, but the starting position for this PFS is that
biomass usually presents as too valuable to be solely converted for power, even thougim palvbe cartsiolatiable as
biomass is adopted for its inherent high value initial applications.

SPear man, G. , fi L i-foels ansl bt eoq ut ehset rpaotEneogytPolie$b (263:8), 3BBEN00 |,
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iii) That not withstanding internationagdrotocols, government programs or agendas or even
specific regulations or legislation, the vital initiating decisions regarding biomass generation
and/or yield will be made by individual land owners/managers, in real time, in the pursuit of
self interest $ee 1.4.6 below). As such, dedicated systems and infrastructure need to be
readily accessible to assess, receive and value add whatever biomass materials are
presented, whenever they are available and to offer fair market value to the
generator/presenter 6such biomass.

1.2 Proposed Functional Capabilities of BioHubs

A BioHub is proposed as a facility available in each community, much as a metal scrap yard, or a
landscape supply centre, or a railhead silo receival facility, open to the entire comnaurdty,
accessible byrivate vehicle and/or trailer or commercial truck deliveries. Each site will have
receival load checkingand variougpretreatment capabilities as requireds well as
storage/stockpiling areas and onsite processing equipment to producerditiighed products for
local use or interim, stabilized products for transport to other more specialised product
manufacturing centres.

*TypicalBioHubplant concept

Receival and
Pretreatment . Product
Torrefaction Dispatch
l &Jor Pyrolysis P

Generation

* As described in detail in Section 5.

The following capabilities are proposedresspond directly to the practical considerations identified
in the summary of need.

1.2.1First Point of Receival/Receiver of Last Resort

First Point of Receival

The first point of receival functioaddresses the geographical issugiomass is a low butlensity
material, and in its original form is also a low value mateftatrefore it is crucial that thanitial

BioHub Concept First OrdePre-FeasibilityStudy Paged
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transport distancedrom the point of generation to the first point where the material will begin an
iterative value adding process is as ghas practical.

A100km maxnalradiushas been assumed as thatchmentarea for the sourcing of raw biomass
materials but a <50km radius is optimal where biomass arisings and population concentrations
permit.

Assummarisedt Y (0 KS NB LJ2 NdisFaliag a & 2 & ¢2%5 NH ¢ R A #andpigtNifodegt A G A S & ¢
or crop biomass is normally limited by volume more than by wéighhe interaction between truck

payload, truck volume, and thmoisture contentof the biomassffects the cosof energy delivered

by the biomass. Iffigure 11 this is shown for a 36 hiruck with a 26t payload that is weight limited

when carrying wet biomass but volume limited for drier loads (upper chart). More energy is carried

when the loads are drier. However the cost penrie carried increases for dry biomass loads (lower

chart) but the more important cost per GJ of energy delivered is optimum when the biomass is

around 3040% moisture content, wet basihus road transport over long distancedgll benefit

from drying, canpaction or comminution of the biomass to achieve the maximum payload

possible

30 250

GJ per load

200
GJ
150

Tonnes
20

Tonnes per load

100
10

50

0 0
70 60 50 40 30 20 10 0
Moisture content
25
2
20
$ per $ per
tonne GJ

15

J 1
10

70 60 50 40 30 20 10 0
Moisture content

Figurel-1: Example of the interaction between biomass moisture content and transport costs

Large quantities of biomasare already harvested in welllesigned systems For example, the
sugar cane industry has considerable experience of harvesting and handling up ba8¥ss per

4 Downloadable from www.bioenerghiausga
5Hall P, Gigler J K and Sims R E H. 2001. Delivery systems of forest arisings for energy production in Newd Zealand. Biomass an
Bioenergy 21 (6), 3®D
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yearly at any one plantWhere practically feasible, using existing, commercially available
equipment (perhaps after modifying it) is often the most viable optiorFor example oilseed rape
(canola)used for producing biodiesel is harvested using conventional cereal combine harvesters.
Vegetative grasses to be used for combustion feedstockeasut with conventional crop mowers

or windrowers, and then baled using conventional hay balers. The balers could then be used for
making silage bales in spring, hay bales in summer, straw bales in autumn, and energy crop bales in
winter. Thisvould give all year round work to the ownecontractor, and therefore spread the

fixed costs over a greater number of bales per year, thus minimising the costs peiiadee no
commercial equipment is availableor there is limited opportunity for reducing cesbf existing

systems via technical innovation, theed to develop specialist harvesting and handling equipment
can arise. Many prototype machines have been developed around the world but few have proved
successful enough to reach the commercial manufaay stage. There is often a perception of risk
associated with such development due to the unknown market for such machines. This, along with
the significant ugront costs of a thorougliRD&Ddevelopment program, can stifle attempts to

improve supply asts through innovative new equipment.

Harvesting operations, transport methods, and the distance to carry biomass feedstock to the
conversion plant, alsdé YLJ- OG 2y (i KS ofhe SwdIkbiordasslsysteny. OBaf is, any

fossil fuels utilisednithe biomass supply chain will detract from the greenhouse gas mitigation

benefits achieved by the production of renewable electricity or transport fuels when the biomass is
processed. The heat or power generating plant, or a sputiduct biorefinery,should be located

on a site where transport costs are minimised since the biomass usually has a low energy density
andhence is costly to transport. Where direct access to a specialise@tiery is impractical, the
BioHubs would act as the first poiot receival in an iterative value adding supply chain that could
SOSyldz- £ & adzlJLl2NI (GKS Gadzllix eé¢ ySSRa 27F &dzOK

The receiver of last resort characteristic

The receiver of last resort characteristiflects the fact thabf the five generic sources of
potentially available biomass (Section 2), four are-pyoducts or wastes, or generated as a result
of some other primary activity

In these circumstances, the generator will naturally look to put such materials to the wsist ¢
effective end use that they can achiewadter ensuring that their primary activity receives the most
immediate focus. In these situatiorthe surplus, waste or undervalued source$ biomass will
usually only be supplied to a regional BioHdien allother potential applications have been
exhausted

LGQa faz2 ¢ 2 Ndredughdrivassedresidées generated as & result of some other
primary activity, such biomass arisings can be problematic to contract as an assured supply into a
BioHub &cility, since this material will not be generated if the primargjéty is reduced or
terminated. If there is no crop, there will be no straw; if the wood chip export demand is reduced or
terminated, there will be no forest residues; and although urbaste streams tend to present as
predictable material flows based on historical trends, there is still no absolute mechanism to
contract the community to make waste to satisfy some secondary or resultant process.

Abenefit of establishing BioHub facilitigsat will be in a position to systematically value add by
products, residues and wastedligt they presensimultareouslyasa source of lower cost inputs
into the BioHub product manufacturing activity andealisation of improved revenue for the

primary activity. Howeverji KA & Aa Ay STFFSOG | & YiBaNdagonly e LI | y G €

commercially practical after the initial phase of network development
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There may be occasions where the easy access and transparently communicated BioHub dption wi
present as convenient and ready outléor the available biomassor fair value when compared
with other options that may require disproportionate effort to achieve little greater net benefit.

As receiver of last resort, BioHulwsuld always accepsurplus biomass materialsand this service

offering will be reflected in tle gate fees (ie the charges levied upon biomass received at the

BioHub) The feesvill alsoreflect LINB @ A f Ay 3 YI N] SG OANDdzyaafl yoSaz |
the local BioHh facilityto such biomass generators.

For each of the five generic sources of potential biomass (Section 2) the existence of a local BioHub
LINE GARSE& YIyYylI3aSYSyid 2LJiA2ya F2NJ 0KS o0A2Ylaa 3ASyS

The provision of th@hysical iffrastructure to provide local first point of receival convenience,
coupled with the receiver of last resort certainty anticipated to transform the potential biomass
sectorby providing a convenient and logical option for materials that mightotherwise be put to
a fully productive use.

1.2.2Quality Control and Creator of Critical Mass

Realising the highest end product valtiee biomass wiltequire a detailed assessment of the
qualities of biomass received (attached@iA 2 Yl aa& Ay QG . A2YlFaaovo

Inthis regard, the BioHubs function similarly to scrap metal yardsekist in all significant
population centresAt these facilitiescrap metals are receivexhdassessed for quality and
quantityg A G KAY 'y Saidl of NdemitRiasiihahlpsdied thednspedidh dre
stockpiledlike-with-like to optimise end market returns dhe materials andto avoid unnecessary
odowncycling (converting to lower quality productf)st to maintain volume or throughputhe
same applies tbiomass reeived atthe proposed BioHulacilities

1.2.3{ dzLILI2Z NXiAy 3 + a{ GNXSFYAy3Ik/ aOFIRAYy3IE {GNX 1S3

To realise the highest net resource va(ttNRVjrom all materials received or gathered into a

BioHub, doundation conceptisto generate maximum value and revenusy providing the ability

for materials presented to be streamed, likevith-like, towards the production of the most

valuable end markets that their respective gqualities, quantity and reliability of supply will support

However, given that most such markedre seasonal, cyclical, or occasional, BioHubs would be
ARSIfte LXIFOSR G2 2FFSNI aySEG 0S&0G¢ 2LII2NIdzyAdAa:¢
rather than be obliged to accepnty a binary option of disposal rejection or basic energy

recovery alone.

1.2.4Pretreating

Valuewill be createdfor the original biomass generator/supplier if materials can be assessed,
screened, stabilized (if reactivehen presented, size reduced, decontaminated or partially
processed to the level of at lelaan intermediate quality product.

This could be especialiglevant for the biomass sources listed below in the Tak?e 1

BioHub Concept First OrdePre-FeasibilityStudy Page7
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Tablel-2: Generic pretreatment options
Waste/Residue Generic Treatment

MSW sourced organic fraction Separation and sterilization

Surplus green/garden waste Screening and size reduction

Processing wastes and sludges Digestion and/or stabilization

Wood waste/forest residues Screening, streaming, size reduction, decontzation
Manures and agricultural residues Blending, stabilization, streaming

Pretreated materials an then beli NI y & LJ2 NIi SR | & tofothef Sit&sNikevedprodui 2 R dzO (i a
manufacture based on these materigls a specialty; or traded/brokered to specialist third parties.

1.2.5Product Manufacturing

The BioHub concept, when delivered asetwork of cooperating regional facilitieswill have the
ability to address the inevitable imbalancehere some regions caattract a surplus of biomass,
and some regions may be able to focus on supplying mavkigtdinished products thiafar exceed
the ability of the local regioto supply the volume or type of biomass required.

Hence he pretreatmentfunction at al fixed BioHub sites, and even the production of some basic
products, such as bioenergypuld occurin most locationsHowever certainlocationswill need to
focus on larger scale productamufacture, supplied not onlydm whatever biomass is available in
the region but alsofrom the importing of intermediatelyproces®d products fom other sites and
sourceswherethe resultanttransportand logistics can be cost effectively absorbed.

For example, in the Dublmase study for this report (attachedlp the apparent demand for tailor
made,biochar based, alh-one fertilizer products looks to grossly exceed the capacityaailp
sourced biomast sustain

At other sites, such a®6th EastNSW/North EastVictoria or the peneplain area of NSW, the
opportunity to specialise in the production of low ash, high density industrial redustam/or
coke/coal replacement products may be appropriate, and in so doing, supply a market that is
potentially far larger than any single site or regamuldsatisfyin isoldion.

{ dzOK &t NP R dzO $sbd beldware piripdsedaoifdinSpart of an integrated network over
time.

Within this proposed framework, the BioHub facilities may ak$&&blished with a common level

of basic technological capabilitie® receive, sd, screen, stockpile and pretreat materiaigsit final
product manufacturing capabilities may be selected to exactly suit the respective local conditions,
such as torrefaction, pyrolysis, energy production, fermentation, digestion, fertilizer blending and
pelletising etc.

BioHub Concept First OrdePre-FeasibilityStudy Page8
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Fixed regional BioHub facilities véilsobe ableto offer contracted extension servicer:

i Vegetationmanagemenservices;
i Seasonaharvestingservicesand

U Campaign based land management/clearingfserty Vegetation Managemen®an (PVP)
execution services etc.

Additionally,certaind C S S Ri@HNLEsiteqwith skid mounted and transportable plant and
equipment)might be established on an occasional/seasonal/campaign badisperated onlyjor
weeks or months each year any one p#icular location, the equipment being rotated to other
sites afterwards as required.

As a network, an important primary purpose is the ability to supply highly specialised product
manufacturing or bierefinery facilities with thesupply certaintyand spetfic biomass materials that
they need fromestablished infrastructureghat is capital justified, not only from meeting such a high
value demand (eg. Jet fuehut also flom the lesser value products manufactured for local
consumption in each region.

1.2.6Summary of Proposed BioHub Physical Capabalst

To meet the broader network needs, three types of Bioste proposed, of whichne type,the
FdzZA € aO0FtS dat NP RABDBMNEG SR 24 \z00 KOSBES &yo A& Ol asS add

Type 1¢ Feeder BioHubs

Certdhy 0A2YlF &da FNAAAYyITA 200dzNJ 2y + aSlazylrtz O YL
permanent BioHub facility, and so need to be serviced out of an established site that calls in mobile

and/or skid mounted equipment as requirethesefacilities would offer biomass receival

capabilities tailored to suit sporadic or light local demand due to low population, or seasonal

availability of certain agriculturally sourced biomass, or specific campaign based availability as with

forestry etc.

The basic site would be equipped with load checking (for type, quality and quantity) and storage
bunkers for like materials. Process technology might be mobile or skid mounted such that sorting,
shredding, screening could be performed by equipment taatservice multiple sites a day or two

at a time. Similarly, any material that required stabilization could be processed by a fixed or mobile
drying/torrefaction unit sgh that the processed materialould be dried, energy concentrated
(torrefied), stabilizedo eliminate odour or biological decompositiamd renderechydrophobic

(water resistant}o facilitate any subsequent storage.

The product of such facilities would peedominantly value added feedstocks for delivery to other
Gadl yRINREé BidMubdntheRdwn® Britdnversion into final products or even selling
to specialist third parties as required

Type 2¢ Standard BioHubs

These are thestandard or typical BioHub formaservicing 106200k population (metro) or 100 km

radius catchmen{rural), and dfering the full scope of biomass receival, sorting, pretreatment and

basic product manufacture. These more standard facilities would offer all the same services to the

f 20t O2VYYndadie. A Al dikK$S a@dzi 6 2 dzf yRis chpallllify@R S G KS FAE
AnaerobicDigestionor other as required from site to sitep as to be able to produce finished
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products and bioenergy from locally sourced materials and partially process materiald-geatar
BioHubs)StandardBioHubs will retaithe capability to partially process some materials and
F2NBIFNR (2 aLISOAFfA&Al AGLINPRAzOSNE . A21 dzoa AF NBIJo

Type 3¢ Producer BioHubs

These facilities will bsimilar to Type Zacilities, but with adedicated product manufacturing
capabilityadded on to service the locally identifietarkets be they fertilizer products, specialty
reductants, bioenergy or liquid fuel precursoffieywould services0-100k population

Toservice the agricultural sectd&r & LINR RdzOS NE . A Solthdizthély camhdcdss 6 S f 2 Ol
discrete regional marketsnaking customer specific, 4fi-one, biochar based fertilizer products

(e.g. the Dubbo casstudy attached B). To service the industrial sector, producer BioHubs would

be located adjacent to major customexdilities to fully optimise byproduct flows of

heat/syngas/bieoils etc.For example, producer BioHubs located adjacent to a steelworks or metal

smelting operation would be able to provide surplus heat or syngas as a valuable additional supply of
bioenerg. This would avoid thaeed to install power generation equipmetat utilize these valuable
by-products

Estimatesextrapolated from the Dubbo Case Stuuve identified that to fully service NS®¥gme

14 Type 1 facilities would be required, that woul@deinto some35 Type 2 facilities and some 5

Type 3 facilities for a gross capital cost of so@@Million Capexcapital expenditure)This
considerable investment is nevertheless justified by the very high quality products manufactured as
described irSection 4and modelledn detail inSection 6

Tablel-3: Concept model of BioHub network to service NSW

BioHub Type Approx. No./53|  Receival, Pyrolysis & | Final Product | Approx. Cape
kn? of suitable sorting, energy manufacturingl  $M each
land for NSW| screening, recovery | andwholesale
pretreatment §
torrefaction
AMobil ed H 14 \% $5
StandarBioHub 35 Y \Y, $19
Producer BioHub 5 \Y; \Y \Y $34
Totals 54 $905M
Facilities processingin. 70 ktpa (Capex $19M), max. 250 ktpa (Capex $34M)
Processing estimate 6,500 Kip4 facilities processing an average of 120 ktpa biomass each
Average Capex/BioHu#il6.75M

1.3 The Proposed Services to be provided from Proposed BioHub Facilit ies

In addition to their core business as above, BieHubswill be able to offer a range of collateral
services thawvill present as economic benefits andl be independently valuable or supportive of
achieving the greatest potential value from the actpedducts manufactured.
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1.3.1Sustainable Yield Assessment and Certification

The driverdor optimising biomass as a sustainable sourceasbon to replace or supplement fossi
resourcesstem fom the emergence of at least three generic global agendas:

i) Address climate change by avoiding the releasé@axfsit CQ;
i) Address atural resource depletion; and
iiiy Theobservancef sustainableecoromic practices.

The growthand productionof biomass is essential for thgovisionof much morethan just
sustainable carbon molecules to suppodmplex integrated industrial economies. Such higher
order benefits includeat least:

The provision of ecosystem services;

Theprovisionof sufficient food and fibred sustain the global population;
The provsionof amenity and recreational services; and
Theprovisionof biodiversityand habitat

[l i e i

In the face of a wide range of competing requirements and values, the provision of biomass to

provide carbon based molecules to supplemenpmvide(i K2 84S QRREBI 2 NE a Fdzy Ol A2y 3
currently provided by fossil resources is just @ption amongst the wide range of competing uses

As such, the sustainability of any such biomass yield needs to be assessed in relditen to

NEIljdzZA NSYSyd GKIFG (ek&ntabhédNdinipdded ia @ualifyBut navisr2ietfaded o

(unless a satisfactory post use rehabilitation plan is agreed at thetime)

A recent meeting (March 2018§ an IEA Bioenergy Workshop (attached &ttempted to address
the myriad parallel and competing initiatives to provide an objective basis for assessing, verifying
and/or certifying sustainabilitgf the feedstock biomass

The number of international attempts to define sustainability in thisteghdemonstrates the
importance placed on achieving a universal standard, however at the current time, even the ISO
TC248 project is incomplete and limited to indicator measurement only. For this biomass utilization
sector to reach its full potential, ceiderable national effort will be required to articulate this crucial
indicator of success and compliance.

6 Bioenerglya Sustainable and Reliable Energy BManeReport, IEA Bioenergy: EXXOQd80page 71. www.ieabioenergy.com.
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Figurel-2: Summary ofcurrent international sustainability standards and criteria programs
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Many parties and countries are currently grappling to establislfenergybiomass sustainable use
and yield standarddt is clear thathe final value of any products and services geneddtem a
BioHub will be greatly enhancedherethe sustainabilitystatusof all biomass presenting to a
BioHub can be verified, confirmed and/or certified.

BioHubsjn the essential role as point of first receival for all such biomass, will be ideally placed to
assess theourceand sustainabilityof the yield of almaterials presentedas the basis for all
subsequent downstrearsustainablycarbonassessmentsl heprovision of this expert serice will

be of tangible value to all parties in a resultant supply/wed chain

1.3.2Trading, Brokeringg EstablishingFair Vdue in the Biomass Market

As discussed.2 below(andattachedAi), biomass presents in a wide range of different forats
different times and for different reasonsvith eachform beingbest suited to the manufacture of
different materials, products agnergy in response to varying market demand.

The wide range of biomass discussed and categorised (Seetiand3) are currently wasted,
undervalued or simply lumped together into high level generic categar@sideredonly suitable
for leaving on theround in a passive attempt to return nutrients to the sfml, composting or for
energy production as a primary activity.

The active involvement of BioHubs, operated as desciiiteedin, either as individual sites servicing
a local region, or as an irgeated network supporting national markets, will not only raise
awareness of the different properties and values of the various biomass types presentingll but
also establish benchmark pricing for eaghe. They will alsbe able tobroker volumes of gch
materials between BioHub facilities and to third parties, such as specialist end users looking for
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assuredsupplies.Such a service could be crucial to the development of highest order end uses, such
as jet fuel.

Theestablishmentof fair value for the various biomass materials and tlestablishmentof a
reliable platform to trade and broker supplies of biomass materials is a significzoitateral
benefit of BioHubs, but one which cannot yet be valuedtims initial PFS.

1.4 Collateral Services and Benefits Provide d by the proposed BioHubs

Whilst it is the task of this PFS to assess and evaluate the viability of the notieffis of the
proposed BioHubs wide range of strategic, commerciahd social benefits willlso be provided s

a result. These benefitavecommercialand economic value bwtill not be estimated intis PFS
other thanto be noted for future referencand for assessment of net community benefits, hence a
possible future role for Government

1.4 1Adds Value to Amary Activities

By providing the cost effective and sustainable realisation of value from wastes, residues or surplus
biomass source@s listed2.1-2.4 below), the efficiency and sustainability of the respective primary
activities will be enhancednd their viability improved

Even biomass sourda Section2.5 (specialised plantings etfbelow will benefit from accessing
established systems, infrastructure, markets and trading values.

1.4.2Sustainable Yield Certification

One of the core drivers of theove to optimise the use of biomass as a raw material into a complex
modern industrial economy is the need to negate or minimise the impact of the unsustainable
release of fossil G@o the atmosphereln jurisdictions where a price has been attacheduols

carbon emissions, the switch to biomass resources will only qualify to offset or reduce such liabilities
if the source of the applied biomass can be certified as arising as a sustainable yield and application.

As the first points of receival for such aterials, BioHubs will provide tangible value to end users
(or carbon liable partiespy providing an assured basis for all subsequent sustainability and carbon
evaluations.

1.4.3Supply Assurance for Specialist End Users

Many of the potentialend use andmarkets forspecialisbiomass derived products (Section 4) are
currently unviableo industrybecause suitable supplies, Qualityand quantity, ae not available in
either absolute terms or for all practical purposdse to geography and/or thiadk of the logistics
systems.

BioHubs will create tangible value yeingable to provide contracted supply assurance to end
users or specialist processors.

1.4.4Platform for ContinuousTechnologyDevelopment
Theemergingsupply/value chains for thearious sarces of biomassrdm generation, harvestg,

processing athfinal productmanufactureto ultimate use and applicatiomre providing a rich
framework of need and opportunity for a wedange of technology develogeand vendors.
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The proposed BioHuboncept will provide at least two crucial benefits to such technology
developers and vendors:

i) Better scoping and definition ofhe actual functional specifications at each stage of the
value chainfor which new or improved technological solutions are reiged; and

ii) Offer actual sites where pilot or demonstration technologies can be applied to fast track
their logical development and commercialisation, without necessarily needing to secure
their own supply and off take arrangements during the nascent stagégheir
development.

1.4.5Encourage and Facilitate the Highest Net Resource Value (HNRV) Realisafion
all Biomass Materials under Management

Due to the disparate nature of existing biomass supplies there is a natural tendency for the emerging
biomassprocessing sector to overlook or oversimplify the wide differences in biomass types or the
wide range of end products needed and possible, and focus on simple pradwtias

bioelectricity.

This situation arises because biomass supplies are not redifi@yedtiated or reliably available, or
the potentialend markets are not yet commercially established.

The BioHubs are proposed tdressthis issue indetail and create tangible value in the process.

1.4.6Supports AgroforestryVegetation Management& Sustainable Land Use
Programs

Thebroad rang of land managemengctivities that involve invasive species management,
reforestation,andrevegetationof areas such agparianzones, shelter belts, ridge lines,
biodiversity/wildlife corridors etc., are aktivities that have a primary motive but whielsohave
the potential to yield sustainable supplieslbmasswhilst supporting integrated farm
management plans that could

i) Optimise sustainable biomass yields

i) Avoidmonocultures;

iii) Optimise product carbosequestration and
iv) Improve farm productivity.

Having a local BioHub as a receiver of last resort is proposed to open up options for land owners
and managers that can improve the viability of the primary activity by ensuring that §sgondary
benefits of producing surplus biomass can be delivered for fair value to a local BioHub.

This provision of service by the BioHubs has a parallel in the cropping sector, where the installed
capacity provided by the railhead silo infrastructurelegs®s the ready access to marketsd
distribution infrastructure for the grower, who is then able to concentrate on the core business of
growing the crop.

Ly GKS OFrasS 2F ag22Re& ¢SS Ruhich addindiffedntdoin@ 8l b | G A 3S
over the country management oreradicationprograms areoften limited by the budgets mailable

to address such issues. Howevevith a regional BioHub offering fair value for the resultant

biomass arisings and providing extension harvesting services, sugbial programs should be able

to be much more dynamic and effective.
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Australia currently produces some 3apd2 ¥ dzNbB Iy gl aidSe {2YS c¢ m»
material is separated from thedtance of the material (plastics, metals and inerts etog
considerable societal cost of disposal treatment would be greatly reduced @timinatedand
significant resource recycling wouddcur in suppdrof the sustainableirculareconomy.

1.4.7Direct Support for Urban Waste Minimisation Programs

The bomass fractions of urban waste streapgresentin certain generic categories:

Timber/wood waste;

Gardenfreenwaste;

Organic fractionn residual waste streams; and
Biosolidgwater treatment plant sludges)

[l e i e i

All of thesecan be acceptedreated and conveted into value added products at a BioHub as a
specialist service for respective local communities.

1.5 Summary of BioHub Services and Benefits

This PFS will not be abledostthe collateral benefits that are proposed to be provided as above.
The detailed business modelling will need to occuhatsubsequent full scale Feasibility Study
stage, especially where a relat€dont End Engineering Development (F.E)piocess has
established accurate Capex/Opex values as an outcomeethéled vendor enquiry process.
Neverthelessprimary viability can be estimated based on establishing a net value for available
biomass inputs, projected valaor products and services providedid the best estimate values for

providing and operating the essential equipment necessary to achieve the conversion processes.

However, to support any subsequent economi@kysisor cost/benefit assessmendyr in identifying
a supporting role for Govements,the various collateral benefits are listed in Table 1.1 for
reference.
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Tablel-4: Collateral services and benefits offered by BioHubs

No. Service or Benefit

AA

Potential Value

1 Assessment andertification of the sustainability status of the materials  To be assessec
presenting at the BioHub

2 Platform to trade or broker biomass resources, as presented or partially To be assesse
processed, to third parties (eg. local compost operations) or between ott
BioHub facilities in the emerging network

3 Value adding various primary activities (forestry, cropping, grazing, wast To be assesse
management or land management) by placing a market value on curren
products or residues

4 tNRGARAY3IA dadzZl) ¢ FaadzNI yOS (2 Tobe assesses
fuels, reductants, petrochemical precursor chemicals etc.) to enable thel
justify capital expenditureand specialist operations secure in the knowled
that the necessary andppropriate biomass feedstocks will be available

5 Support for specialist technology developers and vendors by: To be assessel
i) Providing functional specification information direct from the supply

chains to inform their respective focus and activitiasd
ii) Offering approved sites for pilot and demonstration activities, where
inputs and off takes are readily available.

6 Providing receiver of last resort facilities for biomass materials recoveret To be assesse

from urban waste streams
Economic value of these service $?

1.6 Key Messages from Section 1

A The crucial lack of standards, systems and infrastructure to identify, harvest, aggregate and
incrementally value add suitable biomass sources is identified and scoped to benchmark the
need o be addressed.

A The potential for Australia to confirm its sustainable competitive advantage as a reliable
supplier of quality, biobased products and services is outlined.

A The key issues and barriers to Australia realising this potential are identified.

A The functional description of the proposed BioHub network concept is presented as a
practical response to the needs and opportunities outlined.

A The collateral and economic benefits that would be achieved as a result of a fully

functioning BioHubnetwork being operational are described, but not yet valued.

BioHub Concept First OrdePre-FeasibilityStudy
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2. The Generic Biomass Categories

Generichiomass arisingsave been addressashder five headings. These headings differentiate the
physical and commeial characteristics of the biomasadfacilitate a subsequerdnalysiof the
cost and conditions of such materials if thegre to present at the gate of the propos@&ioHub.

2.1 Forestry and Agricultural Harvest Residues

These refer to th@rimary harvesting residues/here thetops, roots, straw or reject materiahre
left on the forest floor or in the paddock, because they have insufficient value to be worth
harvesting (separately from the primary material) and/or they can at least offeremt retention
and/or erosion mitigation benefits.

Various strategies are available to greatly improve the harvesting efficiency of these materials, but
nutrient retention, soil protection androsion control are important benefits and vital susttiility
outcomes to be observedf such secondary harvesting is to océumust be conductedigch that

the essentiatriterion of sustainable yield echievedand only genuinely surplus material

harvested for secondary uséattached Aiii).

These matesls can present a®latively homogeneous and therefore valuable suppliggo a
biomass basedoroduct manufacturing sector. Howevegych materials will usually present
occasionally, on a campaign basis, or seasonally, at harvest timtherafbre the post harvest, first
point of receival systems and infrastructure to optimally value td$ematerials must be
established with these inherent supply characteristics in mind.

TheAustralian Bioenergy Roadmajncludes eéResource Appraisabhich indicatessome 24 million
tonnes per year of grain crop stubble residues dmdillion tonnes per yeasf sugarcane trash and
tops. This report also indicates 2.2 million tonnes per yeaubfic andprivate native forestry
harvesting residues and 3.8 milliomiwes per yeaof public andorivate plantation
harvesting/thinning residues.

Recent estimates (2011) suggest that SE Austldize (the subject of this PR§nerates some 3.5
Mt/yr of forest residues and some 750 ktphagricultural residues. Theseafistics need to be
confirmed, and then discounted to reflect what could be economically collected and what should be
left at source for soil quality protection purposes.

2.2 Forestry and Agricultural Processing Residues and Wastes

These materials refer to all thgost harvest processing residues and-pyoducts includingbark,
offcuts, sawdust, shavings, husks, cotton trash, pulp and sludfes arise from the entire post
harvest to final product wholesale of the food, fibre, palpd paper, saw log and wood chip sectors.

These materials are addressed quite separately framvest residueabove because thegresent in
quite different forms and at various levels of homogeneity, assured quantity and
reliability/regularity of supply. In many instances on site energy production from such materials is
common (egHeat and power production frorhagasseproduction ofheat at saw mills and timber
processing for green woatrying, andheat and power production for internal use and even @xp

" Australian Bioenergy Roadmap, Clean Energy Council, 2008
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One recent estimate (Parratt) has formed the conclusion that some 70% of forest harvest residues

are left on the forest floor, and that some 43% of crop stubble is currently harvested and used.

However, these estimates are based on best availalitermation at the time and are not made to a

predictable methodology. Each prospective BioHub development would nesshfom all such

arisings witHocal operators. Some biomass supplies may be available on a fixed contractual

arrangement; others may reainé® LJLJ2 NJidzy A ai A O¢ | yR NBfeé& 2y (GKS aY¢
facility.

Alternatively such materialsnaypresent as low value bgroducts or wastes to be removed to

avoid constraining the primamctivity. However, in cases whesecondarywalue addéhg activities

can be established, basic heat and poweneration mayepresent asuboptimal end use for such
materials.This is becausgich materials can present as homogeneous and reliably supplied material
for subsequent value adding when combinedwsimilarmaterials from multiple sourcesligher

value product manufacturing may well be viable when compared with the current and traditional
practices. Establishing biomass value adding facilities adjacent to, or in collaboration with major
agriculturalor forest products manufacturing facilities, such as sugar mills (bagasse), feedlots,
piggeries, chicken sheds, saw mills, pulp and paper plants etc. may well provide an important critical
mass for such operatioris.

Some examples of biomass of this categare:

I The results o€yclone damagéo sugar cane and banana cropBor instance Cyclone Larry
destroyed 80 percent of Queehsy RQa o yI yI  ON& lalgehayhountsiofi c = NI & dz
biomass without any use

1 TheAustralian Bioenergy Roadmapdicates some 2.8 million tonnes per year of sawmill
and wood chip residues are produced. In the agricultural sector, this Roadmap indicates 5
million tonnes of bagasse@produced in the sugar processing industry

1 An almond industry briefing notediicates that this industry i a rapid growth phase, with
hull and shell residues set to increase from 99,333 tonnes in 2011 to over 201,000 tonnes in
2017. This production entredon the Riverina area of western Victoria. Tablg
illustrates thisgrowth trajectory.

8This logic assumes that the primary focus of the forestry or agricultural activity is the production ofdpoesenfibae, which

higher purpose and market value than simply providing biomass feedstocks for conversion into preplmdirastty industrial
services. However, there may be situations, for example, where a cereal crop has spoiled or been otherwisediedgraded so as to
unsuitable for its respective primary food or fibre application, or maybe it is a surfeitdimanketensd ppdieh more as an

occasional source into the prevailing biomass market. In these circumstances, the available material will present with simila

characteristics as the other materials in this category but would benefit from beiny abded¢oeaccese r of | ast resor
fair market price is available for the AfAspotcompleiito mass suppl
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Table2-1: Growth of Almond Hull and Shell Production

Harvest Kernel Production Hull & Shell Production

(tonnes) (tonnes)
2011 40,000 93,333
2012 67,495 157,488
2013 75,714 176,666
2014 81,329 189,768
2015 84,426 196,994
2016 85,823 200,254
2017 86,257 201,266

These potential feedstocks into themerging biomass value adding sector present as relatively
homogeneousreliably available in quantifiable volumes and often at a competitive price/gate fee,
since they are not core products for the generator. Incrementally improved end uses can present as
commercially attractive options where the basic core business isoitiesfof management time and
resourcesand where the value adding opportunity aridesm particular specialisation and

aggregation of multiple such sources.

2.3 Urban Waste Streams

These materials represent thpost consumer residuethat wereoriginally supplied by the
agricultural and forestry industriegfood, fibre, pulp and paper products, wood/timber materials
after various stages of conversion atmmplex transformation, even biosolids). The only new
material pesenting in these waste strearissdonestically/locally generated
green/garden/vegetative materidbr which council composting schemes often provide the most
cost effective post consumer solution

These materials are currently managed and handled as wastes, where the emphasis is on minimising
the costs and impacts of collection and disposal, with some limited attempts at composting certain
materials This ignainly because composting is a least cost processing option, rdtfebecause

the highest value products have been systtically idetified and the necessary production

processes adopted.

These materials currently present esstly waste disposal material flowsand as such, could

present with a positive gate fee for a properly established biomass value adding processing facility.
Thesematerials are also produced 365 days/yr ahdrefore could provide feedstock certainty for
emerging biomass converting facilities.

To optimise the utility and quality of these materials, #dsting waste management sectahould

be encouraged to adogt & G NB | YA y 3 IstyategieS. Indh@ wawasfeyénerators are
encouraged to source separate biomass material flows so that they can pregkribe least

amount of contamination fronother residual wastes as possible/practical, and simultangousl|
provideOl a O RAy3 2NJ aySE(G 0S4i¢ LINRPOS&aa 2LIiAzya
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Recent estimates (201EPHC Waste Policy), when extrapolated, indicate that thehIastarea
of Australia (SA, VIGISW ACTand SE QId) generates:

Organic fractions of MSW (putrescible) 3,700 kta (db)
Garden/green waste (domestic/parks and 900 ktpa(db)
gardens etc.)

Commercial and industriaC&J))/ Construction 1,350 kpa (db)

and demolition C&D biomass fraction (mostly
wood waste)

Approx. Total 6,000 kpa (db)

These materials are low/negatively valued and often putrescible, meaning that they need to be
processed close to source and daily, to avoid public health issues or odothistcharacteristic
alone means that localised receival and primary processiilities need to occur to directly
address the specific issues related to these potential feedstocks.

2.4 Land Management and Development Sources

These materials present in at ledastee main categories:
a) Development/infrastructure clearing/maintenance opeosis

This occasional, project specific source of biomass occurs where vegetation is cleared to allow new
(green field) development or infrastructure construction and/or the maintenance of such
infrastructure installations such as maintaining clearance upd&rerlines, or along transport

corridors etc.

These initial development sourcescur once onlybut often in substantial quantities arate often
relatively homogeneous and of high quality. The production of regular maintenance volumes of
biomass can oat to a regular schedule, but often in remote or inaccessible areas.

For these materials to beeliable feedstocksnto a biomass economiyhe first point of receival
facilities need to be readily accessible and conveniently locatadd able to realistair value for
the materials being presenteds and whenever they arise.

b)  Bushfireg fuel reduction arisings

Another collateral benefit of harvesting excess forestry or agricultural harvest residues is the
resultant reduction in potential fuel load in thlevent of bushfires e.g. current fuel load reduction
initiatives in the plantations surrounding ACT being developed as part of revised forestry
management plans to protect the plantations and adjacent communities.

Where bushfires have occurred, there ar¢enf stands of spoilt timber to be removed to facilitate
replanting.

These biomass arisings are opportunistic and unquantifighidat the respective management plans
would benefit greatly from being able to access a local BioHub.
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c) Woody weed/land managemesburces

Whether crownland, council land or private lanthe managemenbf invasive species, weeds or
unwanted regrowth etc. has theotential to generate significant volumes of sustainably yielded
biomass supplies, as a fyroduct of the primary activity This ofimisesthe utility, value and
productivity of the affectedands(see Cobar Case StugigttachedB 2.

Figure2-1: Examples of woody weed/INS infestation

INS Domindféd Environment

The most appropriate interfadeetween the emerging biomass based economy and thiesset
potentialy sustainably yielded sourcesuld appear to be the provision of dedicated
harvesting/vegetative management contracting services, operating out of or for local fixed
processing facilitig such as the national network of BioHub facilitidsch is the subject of this

study. This source of biomass is the subject of the detaBeHubcase stR @ ¢ 5QEEe @ 2zR & I £
seeattachmentB1.

This way the mobile collection/harvesting equipmenihagork to supply which ever fixed processing
plant is the most convenient for any one contract opportunity.

2.5 Special Purpose/Industrial Farming, Pla ntations, Agroforestry or Intensive
Algae Production etc.

These materials all have a common characteristtbam they have beemplanted/grown for the
primary or predominant objective of providing the emerging biomass economy with quality
feedstocks for a feeAs such, they may well present as the highest quality feedstocks available to
the emerging biomass pressing sector and be available as contractually assittedieverthis

high quality and assured supply will present at the highest price to the local prockssssence,
suppliers of such materials would do so as their primary activity, and so lo@n¢waie their

primary return on investmenfrom the sale of these materialshié contrasts with the commercial
circumstances pertaining to the provisiofhthe alternatve sources described abovei22.4) in that
available biomass from these sectors wiltsent as byproducts.

a) Agroforestry sources

An existing agricultural enterprise may be consideragegetation of portions of their
property for a wide range of collateral benefitsuch aseaplanting ridge lines, riparian zones
or as wind breaks etcotachieve erosion mitigation benefits, river bank stabilization, shelter,
biodiversity outcomes, or even native fauna migration corridors or a combinefiah
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benefits Bventual outcomds likely tobe surplus biomasshat needs to be considered the
overarching property management plant.

Such materials may well be produced on too sporadic a basis to justify dedicated downstream
processing facilities in their own right, bintaggregate, could present as a reliable baseline

of biomass supplynto facilities that were established and capital justified on other (as above)
available biomass sources in the first instance.

Land owners/managers may also choose to estabksticdted biomass plantings on the less
productive portions of such propertieghere the return from select biomass production can
demonstrate commercial benefits when compared with the primary activity (food, fibre) of
the specific property.

Such plantings may well be undertaken only where assured off take arrangements can be
contracted as a precondition of the planting in the first place.

b) Dedicated plantings and plantatisn

This source of biomass i€ammon option for the existing forestry sectomwhere the

volume, location, species and harvesting schedules are determined bgdb@ements of the
local pulp, papersaw mill or export opportunityin many cases this activity generates harvest
residues (2.1 above) and value chairpogducts (2.2 abovehoweverwith the emergence of

a fossil resource replacement biomass procegsiector, even the primary plantings could be
produced for profit fobiomasJNE OSa adaAy 3 FFOAfAGASad LYy GKSa&aSs
harvesting schedules and collateral benefits may inform what is actually grown, where and
how the plantings arenanaged, but the essential activity will be very similar to the plantation
activity we currently recognise. Such sources of dedicated production will be essential if the
emerging biomass processing sector is to heig full commercial potentiaNeverthekss,

whilst the prospective markets are being established and the conversion technologies are
becoming more cost effective, this potential biomassgpply source may well present

initially as too expensive, even though the quality and reliability could bieagpremium
standard.

This source of biomasgsight become progressively more attractive to land holders needing

to adjust to the regional and localised effects of climate changethese circumstances,
marginal food and fibre production land may turn datbe best applied for biomass

production where carefuland use changenanagement plans are developed to address the

full range of sustainable land use issues and the sustainable provision of ecosystem services,
whilst recognising the potential for simatieous, selected mixed species biomass production
as the basis for alternative local commerce.

A corollary of changing national land use could also include the development of previously
marginal lands (in the heavier rainfall northern zones) suchgshbkgcted development
clearing would also produce a significant supply of biomass (2. 4 (a) and (b) above).

c) Algae or other such highly industrialised methods of biomass production

Such biomass production technigues hotthsiderable promisdor large scalehighest
value/quality assured and industrial levels of reliable supply; they also demonstrate the
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highest levels of solar cearsion efficiency into biomass. However, stethnologies are
developing and emergingand should be considered as mediunidnger term prospects'.

Neverthelesstheir eventual commercialisation pathway will benefit from being able to access
convenient and existing markets and biomass conversion facilities, if not for their primary
products, then at least for secondary or-pyoduct outputs.

2.6 Generic Biomass Sources Summary

Table2-2 (below summarises the various types and sources of biomass that are, or could be,

F@F ATl ofS (2 &AdzLIIR2 NI ! dzaGNI € A Qa | LI NByid O02YLIS(
biomass based prodte and serviceddowever future viability for utilizing these materials will

revolve arouncefficient aggregation pathwaysAt least two options present.

The first can utilize thplatforms created by existing industriesuch as sugar and/or pulp and
paper, and the second requirescampletely new suite of systems and infrastructute provide the
logistics framework common to most agricultural systefer examplerail head silos as firgioint-
of-receival for cereal growers

Thisneed for a new suitefaaggregation systems and infrastructueisits the fact that biomass
presents with low energy and bulk densiand high moisture content when compared to the fossil
resource reserves

® Current Status and Potential for Algal Biofuel ProductionsdfgA 8sle3®Report -T29 Al Darzins, Philip Pienkos and Les

Edye, 6 August 2010. www.Task39.org.

10 Algae as a Feedstock for Bidgféelsassessment of the current status and potential for algal biofuel production, IEA Bioenergy Task
39 and IEA Advandéotor Fuels, July 20&dw.Task39.org
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Table2-2: Essential Biomass Supply Characteristics

! Sustainabilit| *$ Value/gate fees likely to b| * Reliability/predictability of supply | * Relative quality of materi
of biomass | realised at the gate of the initi availability
yield processing centre (or BioHul
Biomass Source In;t;ttrgzge!alz
Input materials ti disposal fee to 1 Sporadic,
need to be paid| facility operatq 365 Regular b{campaign bas
-$200 0 $2(J0+4days/yr | seasonall unreliable | Homogeneol Heterogeneo
2.1 Agricultural & forest residues 0----------- 150 X X
2.2 Downstream processing of agricultural & forest materials (30)------------ 100 X X X
2.3 Urban wastes Essential
a) MSW organics prerequisite fol (100)---------- 0 X X
b) Green/garden wastes all sources if th (50)----0 X X X
c) C&D/C&I wood wastes benefits over (60)----- 0 X X
2.4 Land management residues using fossil E
a) Development/infrastructure maintenance Op%%cmées are (20)------ 50 X X
b) Woody weed/land management sources be fully achiev, (20)------ 50 X X
2.5 Special purpose plantings and monetized
a) Agroforestry EO ------ 80 X X
b) Dedicated plantations 50------- 150 X X X
¢) Algae and similar E 50------- 150 X X X

NOTES:
Column 1A primary purpose of stimulating and then optimising biomass based activities to supplement or replacedadsshresndecespyrcethe economy, is to achieve saslaiiahllity.
Useful reference documents include:

General Ui Sustainability Guide for Bioenéxggoping stutyRIRDC hitp://www.ecowaste.com.au/content/RIRDC_GSIRO.pdf

U Sustainable Production of BioenBI®DC 09/16fttps://rirdc.infoservices.com.au/itek63/09

Urban Wastes U Sustainability Guide for EfW Projects and Pirdfyddalks, 2004
Column 2:n the early stages of the development of the emerging biomass processing sector, the markets are nascéstraedrlyestaghregogyercialisation, so that for-ofogidirstitial
processing facilities, commercial viability thkespamator receiving a gate or receival fee, even if in time, such facilities will be able to afford tarpéyr ghewegtisupplidity biomass available.
Column 3A fixed processing plant needs to operate as continuously as passibleltostage viability and this will require reliable and continuous supplies of suitable feedstocks. Materials that are
available all year, preferably under contract, are essential to establish an initial plant. However, whelitgisdst@abiésieddpatiame facility can proactively schedule receipt of materials (usually
agricultural residues) only available on a seasonal basis (croppagasgeestraw etc.) and also operate contract biomass harvesting operationslito @xpdortpigrebased sources such as
green field, development clearing activities, woody weed management or even power line and transport coftrédbs.maintenance con
Column 4:Homogeneous materials provide a higher quality process feedsieskarntedn® the production of the highest quality end products. Mixed or indeterminate or heterogeneous materials tend
be only suitable as generic carbon sources for blending or for lower value product manufacture.
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2.7 Key Messagefr om Section 2

A Five generic categories of biomass are discussed and the qualities and circumstances of their
respective availability identified.
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3. Potential Biomass Available

3.1 Introduction and Context

In Section 2 the five generic sources of biomass were identified and illustrated with some actual
examples. In this section the potential amounts of each of these categbaesiould be feasible to
process in BioHulare reviewed andjuantifiedto provide a first ordeestimateof the short to
medium termscalefor this emerging sector.

As discussed in Section 2, BioHubs are intended to provide a first pogusifal/receiver of last

resort serviceFormany potentialsourcesof biomassit is theavailability of a localBioHub that will

stimulate non critical sources of biomass to be presented atthe@aieK S a YSNOKI y i ¢ & SNI
characteristic feature inhererin the BioHub concept)Yo seek to contract defined quantities of

such non critical sources of biomass will require both generator and receiver to define terms and

outcomes whichmaybe bestagreal on a case by case basspecially in theearly stagesvhen the

opportunity has yetto be fully entrenched in the forward planning of both parties.

However, even the basic BioHub faciimot be capitajustified or established without having a
basic minimum commercial operation, that whilst recefvbianass for a fee and makirogsic
products to sell, can then provide tmaore discretionay services outlined in Section 1

Interms of thepotential sources of biomass arisingAwstralia some can only be digssed in broad
terms, as being potentiallgvalable, and thereforevorth consideration onlyn the contextof the
BioHub existing and being a real time consideration for the gener@irer biomass sources that
couldsupport the minimum business modghnd thereforesupport the establishment of a bic
operation andcapability are describedn Table 24, p.32.

The Australian Energy Resource Assessment répodvides a summary based on the CEC

Bioenergy Roadmap data bifomass resources antthe projections of electricity generation
possiblebasedon those projections for 2010, 2020 and 2050he resources covered are:

agricultural related wastes, energy crops, woody weeds, forest residues, pulp and paper mills wastes
and urban wastes.

Table3-1 provides an extracted summary of the presented data

1 The Australian Energy Resource Assessment report, Geoscience Australia and ABARE, 2010
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Table3-1: Biomass Resources and Implied Generation Potentials to 2050

Biomass Source Quantity 2010 2020 2050

(GWhpa) (GWhpa)

tpa (GWhpa)

Poultry¢ manures 94 million - 297 1055
Cattlec feedlots¢ manures 870 thousand - 112 442
Pigsg manures 1.8 million 1 22 205
Dairy cows; manures 1.4 million - 22 89
Abattoirs¢ wastes 1.3 million 337 1773
Stubbleg grain and cotton crops 24 million 47000
Bagasse 5 million 1200 3000 4600
Sugar cangrash, tops and leaves 4 million - 165 3200
Oil mallees - - 112 484
Camphor laurel 40thousand 83 20
Forest residues (native forests, ~ 9 million 79 2442 4554
plantations, processing residues)

Black liquor - 285 365 365
Other pulp and paper wastes - 74 141 141
Urban food Wastes 2.9 million 29 267 754
Garden organics 2.3 million 29 121 461
Urban paper and cardboard 2.3 million - 38 1749
Urban wood/timber wastes 1.6 million 45 295 1366
Landfill gas 772 1880 3420
Sewage gas 57 901 929

The CSIRBnergy Transformed Flagship conducted a sfifdy the Australian Energy Market

Operator (AEMO) to investigate tipetential for electricity generation in Australia from biomass in

2010, 2030 and 2050This study drew on previous CSIRO biomass resource assessment studies to
estimate electricity generation potential at these three dates. The study noted that new tree
plantings would grow the available forestry biomass from 68 million tonnes per aima@oi?2 to
approximately 96 million tonnes per annum in 2050. For the 42 AEMO regions (essentially in eastern
and south eastern Australia) the total biomass resource available for power generation was
estimated as 67 million tonnes in 201d&hd wasprojected to grow to 84 million tonnes in 2030 and

then to 96 million tonnes in 2050.

Table3-2 gives the various biomass sources identified in this study.

12 AEMO 100% Renewable Energy Study, CSIRO R&668%E Pebbie Crawford et al. tenSey 2012
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Table3-2: Biomass Resources from the AEMO study
BiomassSource Amount and Timefram |

Plantation biomass 8¢ 10 Mtpafrom 2010 to 2050
Native Forest biomass residues 7.3 Mtpa (constant over study period
Short Rotation Trees 10 Mtpa 2020 growing to 20 pain 2050
Sugar Cane Bagasse 5.5 Mtpa (substantially constant
Crop stubble 15-35 Mipa Average 18 ltpain AEMO region:
Grasses 1-95 Mtpa (average 20 kpa)

Waste 9.2 Mipa at present to 14.7 pain 2050

Somediscrepanciesre evident between the Clean Energy Council Roadmap figurah@maore
recent CSIRO AEMO figurdisis noted that the AEMO study figures only relate to the 42 AEMO
regions of east and soutbastern Australia The study methodologies were somewhat different, and
both would reed further investigation to refine theumbers. However, it is evident from both that
there is a very large potential quantity of various types of biomass across Australia.

3.2 Forestry and Agricultural Harvesting Residues
3.2.1Forestry
National estimate$rom the CEQRoadmap tablare:

- Plantaton hawesting and resultant residues 3.8 million tonnegper annum
- Native forestry harvesting and resultant residug?.2 million tonnes per annum

While the above figures are national estimates, large concentrations of forestry biomass are in the
forestSR I NBlFa 2F GKS WDNBSY ¢NAFYy3IfSQ aLl yyAy3d 5Sa
Gippsland, and the NSW and Queensland coastal strips.

3.2.2Agricultural
National estimate$rom the Roadmap are

- Crop residueg 24 million tonnes from grain ancbtton crops
- Animal husbandry
0 Feedlotsg beef feedlot population approximately 870,08@hnes
o Dairy cowsg; 1.4 milliontonnes
0 Poultryg approximately 94 milliotonnes
0 Pigsg 1.8 milliontonnes

3.3 Forestry and Agricultural Processing Residues
3.3.1Forestry

- Pulp/paper/saw log sectors residuesee Tabl8-2
- Engineered timber manufacturing residues
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A majorcompetitor for forestry residues is the fibre particle board industry.
3.3.2Agriculture

- Crop processing residueBagasse€ 5 million tonnegper annum
- Orchard residues (including wineries)
o0 Potential wine industry wastes include prunings and wine marc.
0 Abattoir wasteg; 1.285 million tonnes per annuproduced from approximately 150
abattoirs
- Cotton trashg included in 24 million tonneger annumfor agricultural related wastes

3.4 Urban Waste Streams
3.4.1MSW and C&l

The biomass fractioim residual MSW (EPHC report, 2010) is estimated at sokfigé (dry weight).

This figure is somewhat less than the Urban Biomass category from the BioenergyaRasliich

was reported as 9,080,000 tonnes peryear g KA OK Yl & 068 | RNE ¢SA3IKG @S
discrepancy.

BioHubs are ideally placed éxtract this material under contract to local councissich that the
putrescible load to landfill can be eliminated (saving considerable operating expenses and avoiding
carbon liabilities).

The same EPHC report estimates urban waste biomass arisings at some 237kg/capita/pa as a useful
guide to potential reginal arisings. This is net of operating recycling/composting systems, or some
5Mtpa.

Residual green/garden wastes are estimated to occur on a national average of 150kg/capita/pa or
35Mipa. ¢ KA & Aa Of2aS G2 G KkffovgardeRofdaitdQd FAIdzZNE 2F o &

Residual biomass arisings in C&l and C&D urban waste flows are reported in the same EPHC report at
4.5Mtpaand 3.5Mtpa respectively This potential relationship provides the basis for negotiating a

beneficial arrangement for both parties in that@wil could see a progressively declining rate of

I3FGS ¥SSa Ay NBIf GSNya 20SNI GAYSE Fa GKS aYSNDK
income for the plant?

These estimates are considered achievable ovEd years as the BioHub network is imentally
established.

Ban advantage for receiving and processing urban wastes in any location where a BioHub is established idetabthe service prov
local councils all year round can provide a level of assured and contracted activity and gdte fees forahe Bib i t y as a fic
platform from which the other fmerchantd services can be p
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Table3-3: EPHC estimates2010 Report

Biomass SourcHational Estimates Year 5 Year 10
MSW sourced biomass 1,00ktpa 2.5ktpa
Residual green/garden waste 500ktpa 1.5ktpa
Residual C&I/C&D biomass 2,00tpa 4,00ktpa

3.4.2Biosolids

Biosolids contain significant quantities of essential soil nutrients, trace elements and carbon, and are
generated at the water treatment facilities servicing any population centre.

In any appication, BioHubs are ideal foapbnverting biosolids into biochabased fertilizers, but the
availability of such materials can only be researched on a case by case basis.

3.5 Land Management/Development Biomass Arisings
3.5.1Greenfield Clearance Arisings

Ead time land is cleared for housing, roads, infrastructure or development of any kind, public or
private vegetation is likely to be removed.

These materials are currently being handled by the proponemtdperhaps windrowed and burnt,
or taken tolandfill.

If a BioHub is establisheit will provide aconvenient and cost effective first point of receivédr
these biomass sourcegsoweverpotential volumes cannot be defined for the purposes of this, PFS
other than as a deemed estimate.

3.5.2Vegetation Management Services

Biomass arisings from this activity include everything from parks and gardens maintenance, and
roadside clearing, to under power lines clearing etc. In some instances, such as power line clearing,
the biomass is left on sit&eing tw difficult to recover, especially without a strong market for the
material if extracted.

Again, these arising$o not currently present as an assured inpinto a proposed BioHub, but
some will if a BioHub is available.

3.5.3FireHazard Reduction Managesnt

A considerable amount of biomass is burned to create fire breaks and to reduce the fuel loading in
bushlands in periurban areas. It is likely that this source of biomididse investigated as a

feedstock instead of being burned unproductively intbé atmosphere This source of biomass has
been used in the USA to obviate acquiring air emission permit, using the biomass for energy. This
source of biomass is yet to be researched and quantified in Australia, but remains an unrealised

opportunity.
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3.6 Dedicated Biomass Generation

This source of biomass is characterised as being produced to provide oil seeds or lignocellulosic
feedstocks as the primary agity, not as a byproduct as 2-3.5 above.

As a primary activity, the product will tend to be of thiglest quality and value but require basic
return on investment from the primary activitfhe products are likely to be dedicated to a
particular and precontracted end use, such as liquid fuels or platform chemicals

Such sources include dedicated plaitas, algae, oil seed crops etc. Where such materials are
processed for their primary yield, biomass residues will arise, and these may well be best processed
at a local BioHub.

No estimations can be made at this stabat they should be specificallgsearched and identified
during the development of each respective BioHub facility.
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3.7 First Order Estimate of Biomass Feedstocks

Table3-4: First orderestimates of biomass arisings by type

AA

Biomass Source

Readily identified
nationalarisings

Potentially available t¢
BioHubs acting as

Comments

ktpa receivers of last resori
as a national network|
ktpa
3.2 Agricultural & forestry harvesting residues
3.2.1 Forestiyplantations 3,800 3,000 High recovery raigsumed due to more predictable management regimes in
plantations.

Forestry native 2,200 1,000 Recovery rate assessed based on more difficult terrain in native forests.

3.2.2 Agricultuiatrop residues 24,000 5,000 No till farming and higher stoiaw uses assumed to utilize most of the availal
material.

Agricultur@lanimal husbandry i i These wasteould require on site AD facilities if raw and wet, but may find
as composts and direct land applications.

Sugar cane trash 4,000 2,000 Assumes bagasse will be substantially diverted over time for specialist
fermentation/digestion applications and so trash may assumle arefigery
heat generation.

3.3 Agricultural & forestry processing residues
3.3.1Pulp/paper/saw legidues 9,000 6,000 Quality materials that might be better value added in aggregate via BioHul
individually for simple heat/drying on site.

Engineered timber residues Inc - | Included.

3.3.2 Bagasse 5,500 3,000 Likely to be appreciatedddrigher order applications as a homogeneous anc
quality feedstock.

Abattoirs i i Paunch wastes and sludges ideal for BioHub processing, but usually alrea
alternative uses.

3.4 Urban wastes

- MSW sourced biomass 3,700 (db) 2,000 (db) Wherever a BioHub is located, processing this material for highest value c
service to the local community.

- Green/garden wastes 900 (db) 400 (db) Only available where local composting operations cannot beneficithlilygoroc
maderials available

- Residual wood waste 1,350 (db) 1,000 (db) This is a problematic material for ambient tempertihged processirand
therefore idefalr BioHub processindnighesvalue recovery.

-  Biosolids 210 (db) 50 (db) Most communities have installed capabilities to beneficially process these

(based 085 gms/p/day 1,100 (wet) the BioHub network could offer significant advantages over time.
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Biomass Source Readily identified | Potentially available tc Comments
nationalarisings BioHubs acting as
ktpa receivers of last resori
as a national network|
ktpa
3.5 Land Management Arisings
- Green field clearing TBA Approx2,000 This is only a subjective assesanestu mi ng t he opti mi g
characteristic.
- Vegetation management servi TBA Approx1,000 This is only a subjective assessm
characteristic.
- Fire hazard reduction TBA Approx1,000 This is only a subjective assessm
characteristic.
- Woody weeds 100,000 Approx10000 The available woody weed/INS material from the NSW Peneplain areasis ¢

37 Mt. Assuming 100Mt as a national amount on a 10 year rotatitpessnae ]
sustainable resource if managgdamsmercial resource.

Order of magnitude estim&eb Tota Say40000 The order of magnitude estimate comvjibites CE estimate of 48 Mt.
Dedicated Biomass Generation
- Mallees TBA TBA Potential supply entirely dependent on individual decisions made in re
- Oil seed crops TBA TBA market conditions; such materials may usually be processed directly
- Algae TBA TBA facilities but mggnerate sustainable arisings of progesslbgts.
- Plantations TBA TBA
Order of magnitude estimate Sub T 50,000 Extrapolated estimate.

Total 90,000 Extrapolated estimate.

TBA = To be assessed

A BioHub network receiving asreediumterm objective somel0 Mtpa biomass as bgroducts of existing primary production (types 234) could produce
some:

- 8 Mtpa quality feedstock to the liquid (jet) fuels sector;
- 3 Mtpa of metallurgical charcoals forcal and export markets;
- 5 Mtpa of high ash biochar produdir agricultural applicatiomnd sequestration; and
- 2.5 GW bioenergy & major byproduct).
Specifically grown biomass (type 2.5) could at least double these projections.

BioHub Concept First OrdePre-FeasibilityStudy Page33
July2013



AA

3.8 Key Messagefrom Section 3

A National estimates for readily accessible biomass supplies are discussed and then
summarisedn Table 34.
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4. Products and Outcomes

4.1 Product Philosophy

As described in Section 1, the proposed BioHubs will initially perforndad® OSA GSNAR . 2 F | &
l'YR AY | OO2NRSIYOBY T QKA QIKBA VA4 LIKAf2a2LKe | R2LIS
able to stream their materials for highest and best use, only presenting materials to the BioHub if

they are unable to derive a higher value outcome by themselves.

Options available to generators are related to thiemass type Biomass may be left on thergund

at harvest time, or minimised during subsequent processing, or avoided from presenting in-post
consumer waste streamsandwhen generated by households, the quality, source separated
materials can be applied to sustain any local quality compost mautfiring operator The

proposed BioHubs are intended to even support these higher order outcomes with brokering
services for trading biomass for fair value to assist with feedstock security of supply issues where
practical However, after streaming materials for their highest use, the BioHubs provide the
cascading alternative to extract full value from all such residual materials to avoid the binary
outcome of waste and disposal as the alternative.

Materials presenting at BioHub will be managed ®&upport highest order product outcomes
starting with the assessmentf every load of material presentefor quality, origin(sustainable
yield assessmentjype, quantity and regularity of supply and directed for subsequent managée
or processingognisant othe prevailing demand for a fulhinge of carbon based producfost
assessment optionsvill include:

i) Trading/brokering taff-site composters/digesters if appropriate and cost effective;

i)  Aggregating materials likeith-like to generate critical magsth on site, andvithin a BioHub
network if appropriate. If materials present as biologically unstablg.fhanures, food
waste/sludges, MSW organics etc.) they will be at lpastreated and stabilized into
recognised intdm products immediately to eliminate potential odour/leachate issues;

i)  With accumulated quantities of stabilized biomass materials available, the full suite of
products will be manufactured to the exact specifications established and tailored to achieve
gereral market or specific customer requirements; and

iv)  Different biomass categories finally processed to products such as:

1 Low ash biomass channelled towards high value metallurgical grade charcoals and
reductants;

1 High/medium ash biomass channelled towasadgicultural biomass based products, as a
range of essential ingredients in specialty fertilizer products;

1 Torrefied solid fuel products available if demand exists;
1 Bioenergy as a kyroduct of all such product manufacturing activity; and

1 Preprocessed meerials for specialist thirgpartiessuch adfuels manufacturerseg. jet
fuel.
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Some background on the status of these potential markets follows
4.2 Metallurgical Charcoals and Reductants

Smelting metal oregiron, lead, zinc, copper, magnesiuaiuminium etc) is achieved using cokes,
coal and specialist carbon reductants to deoxygenate the basic ores.

This sector isne of the major emitters of Greenhouse Gasgsnerally, and COn particular, due
to the very nature and essential chemistry of the process.

For example, in théron andsteel making process in Australia which until 2@dnufactured some
8 Mt of steel/paandgeneratedapprox. 15.2 Mt of @,-e (CQ equivalent)lemissionsResearchvork
since 200Qattached Chas identified some eight separateipts in boththe integrated
(steelmakingand electricarc minimill (EAFprocesqusing scrap metalsyhere specific charcoal
products can be successfully applied as direct replacementhdarurent coke/coal products, Fig.
4-1. The comparison between fosaihdbiomass based emissions are presented in Figuzadd 4
3.

Figure4-1: Integrated fon & Seel making value chain
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Key:
‘ The points where biobased charcoal damapplied

Current estimates indicate thadtal CO2e emissions savings of some 6@¥& possible if all the
researched initiatives are fully implemented.
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Figure4-2: Integrated BF;, BOF Route

Proposed Biomass Applications: Integrated BF-BOF Route

Steelmaking recarburiser (0.25 kgft-crude steel) |
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Reference: J G Mathieson, The Potential for Utilisation of Biomass and Carbonaceous Wases & Sepisce Cos Coke a0 Cosi-Sased Charsin
Ironmaking and Steelmaking, BlueScope Steel Research repor SN U074 umresrr=s

Key:
Represents MifMaxrange of net emissions that coufsbtentially be saved @CQ per tonne of
crude steel produced) dependirmg the actual extent of biomass applications adopted

Figure4-3: EAF minmill
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