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Abstract

Forest biomass used ilménegy systems, is a proven, lagme, costffective and growing
renewable energy source in numerous countries. In Australia, the technical potential and
environmental benefits of forest biomass for energy purposes are evident to many social and
marlet actors, yet implementation is minimal. This work investigates a number of the
underlying factors for the low implementation of forest derived bioenergy.

This paper works from a point of departure that bioenergy from forests has potential for
economic,social and environmental merit, and that a major constraint is a lack of
understanding and acceptance among important stakeholders. The analysis focuses on the
views and attitudes towards utigsforest biomass for energy purposes in Austeafiang

to seek clarity into why forest biomass energy usilis®l in Australia; as it is internationally.

This research seeks insights into why it is constrained, and how it can develop the legitimacy it
needs i f It I's t o c on tegy nhixu it @nsidess arhanalysis af | i a 0 s
stakeholder salience and works within the institutional theory to explore the importance of
stakeholder legitimacy in forest biomass for energy.

Findings indicate thahplementing forest biomass for engngyosesn Australia has been
overshadowe by disputes regardidgu st r a | ifosest$- vimica has daemaged social
acceptancef forest biomass and discredited bioenergy in AusitaBathesis concludes
with tentative recommendations directed eateldping iggater understandingf forest
biomasghroughproduct differentiatiomf bioenergy formsand ntegrating region&brest
biomasdor energy applicatiorte enhancesocial acceptance and a commuiaéyncefor
forest biomasgsein Australia.

Keywords:Forest biomass, Wood wagsktarvest residue, LegitimagggciaAcceptance
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Executive Summary

The thirst of the human populatiofor energy is ever increasing. The continual trend of
extracting, processing and burning fossil fuetpiéoch the Igbes erergydemand has
resulted iranincrease in thgeneration of Greenhouse gasssion§GHG), which in turn
contributeto climate chang&enewable energy technologylees identified to beart of

the solutionfor lowering GHG emissions from the energstesn while still satisfying the
global demandsix renewable energy technologies have been identified by the ViRh(E a
energy services whiaclude windpower solarenergy geothermal, hydropower, marine
energyand bioenergy.

From an Australiaperspective, Austral@ntributes approximately 1.5 per cent of the global

GHG emissions and yetase of the highegter capita emittens the world Australia has an
abundance of coal and natural gas resources, with approximately threefquasterd i a 0 s
electricityproduced fromcoalfired thermal generation. In a bid to contridotex global

strategy in reducirgjmae change, Australia extendedatisonalrenewable energy target in

2009 which aims to achieve 20 pait cenewable energy byQ@@ndrransition away from

the currentrelianceon coal In accordance with the@, Australia currently implements six
renewable energgources; of whickolar PV and windre receivinghe greatest attention,

support and investmeiiioenergy in Austifa involves utilising woody wastes such as forest
residues, agricultural industry wastes such as bagasse, along with biogas production from
sewage and landfllh 2011 bioenergy contributed around one tenth of Australian renewable
electricity generatiomso wever contri buted three quarters
supply when takgninto account heand transport fuels.

This investigation focuses speclfiagbon one aspect of bioenerdgrest biomassForest
biomassnvolves utilisatiomf woody wastesalso known asesiduesfrom forest harvest
operationsandmill wastes from loggirand timbeiproceses a form of bioenergy which is
ingrained in numerousuropean UnionHU) countrieé renewable engy mix. Australia
contains 4per cento f the worl dds foreshspf whh®ehcoamw
landmassAustralia has a unique natural environment, with diverse nativeafudastgjue
biodiversity found nowhere else on the gléletraliancommerciaforestry dates back to
the 1 8 0 Godlay/ foest Harvest fdmber produd and woodchipakes place in both
plantations and selected areas of ¢ sustdinabty mana@edtive forest Forest biomass

is derived from Australian forestrigerationswhich encompass the eallion, transport and
processing of forest harvest residues and mill wastes such as saw dust anBakavings.
biomass is a form of bioenergy where the technical and market patengaWith the
environmental and social benefitas been documentdsy bioenergy proponents and
forestry assmations alikéw o o d y bpotentiahts mo¥ide a transition fuel which fits to
Aust r al i a0 sinfrasiuctsrawithrthg abditgice codiring is a key driving force.

However, forest biomass foremec ont ri buti ng to Australiads
to-date has received little support or attention from the federal governnikatClean
EnergyCounci |l s 6Cl ean Energy Australia 2011 ou

This is a story of two sides, two environmersiaéssat stake, and two valid perspectives. On

one side of the neheére are the Australian Greerstyy numeroudNon-Government
Organisations (NG§) andcampaigners forative forestd this stakeholder group perceives
Australian native forests to be #temed, or at risk, from the Australian forestry industry and

have fought for decades to increase the area of conservation reserves ahdrieshalt
operations in the countr i esOndhesutfage, ihappedrsor e st
that this group perceivehatt he | mport ance of p foredtséac t i n g
outweighs utilising forest biomass for energy as it has the potential to encouratgsand pr

the forestry operations mative Australian foresiBhese stakeholdersntre their focus on
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alternative renewable energy sources which can contribute to Australian renewable energy
mix, namely solar and wind technolodgis.the other side of the net is a group of
stakeholders that support the emergehéarest biomass fomergy- this group is a miaf
bioenergy proponents aAdstralia forestry industagtors Theysupportoptimisingresource
efficiencies from curreAwstralian forestry operations. The technical and market potential of
utilising the byroducts, or resiges, from Australian forestry operations for energy purposes
have been well docemted by bioenergy proponentso@dergy Australiand World
BioenergyAssociatiormembergs government departmentsuf& IndustriesResearch and
DevelopmenCorporatior), industry associationslé@n EnergfZounci) and forestry bodies
(AustralianForestProduct Associatiop indicating significant potential of forest biomass to
provide electricity, heat and transport fugleh potential of Australian forest biomass
energyalong with the examples of international implementation of forest biomass for energy
purposes, provides the point of departure for this research.

Aim & Research question:

The expressiot a s t t he f or e & befintempretdathgetting agiet apsinithe

fine detalil, anthiingto understand the bigger picturee objective of this investigation is to

seek claritfunderstand the biggeicture),into the views and attitudes towards forest

biomass for energy purposes in Australia, idegtifiye key stakeholders involved in both

driving, and constraining the renewable energy sbhecécus question proposed in this
papeHow scabn f orest biomass energy develop su
future rendeaenergy Ml an attempt to answer this question three tasks were designed to

assist in navigating the research and data collection.process

ResearClesig& Methodology

In regards to research des@mproblem statement, goal, focus questionsuatasks were
established early the research process to guide the data gathering proceditestédre
analysisvas a vital aspect of research in order to understasmoddebackgrouncbntextof

forest biomass, this involved pursuihg native forg conflicts, historical and current
forestry oprations in Australiagnewable energy policy in Austratidd commercial forest
biomass case®nce a foundation was establiskieeh a process of work based witthe
institutionaltheorywas carried ousuch work wasupported byldrich and Fiol (1994nd
examined the emergence of new industries prosidimepreticdkensto perceive aspects of
legitimacy, undstanding, acceptance anast which are themes that run throughout the
paper.Following actions involved identifying key stakeholders and performing interviews in
Melbourne, Australia which was key to building a transparent and accurate research paper.
Whilst triangulation was fundamental to the research methodology, gaining input from all
stakeholder angles was a challenge due to the sensitivity of thied@malytical framework
provides a platform to identify stakeholder salience within thdiAustnest biomass sector

and Australian forestry sectors which was basadlarMitchell, and Wood (1997

Findings &nalysis

As identified in thditerature analysis and findinge fundamental constraining factor of

forest biomass lies with the historical distrust which has arisen from the native forest conflicts
betweenforest conservationists (includitfie Australian Greens Paryd numerous
environmental NGQsandthe Australia forestry industry. The source of this distrust sprouts
fromthe Austr al i an hictaricakckedelliyy operatihns snt Ausirdliaative
forestsand the emergence of thative forestwoodchip export market the Australian

Greens and supporting environmental NGOs perceive forest biomass as a threat to Australian

\%
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native forests, and hence have taken a strong stance to opposgeathidasig operations
related to supporting native forestry.

The Australian Greeigartyand environmental NGOs have successfully captured the hearts
and support of urban Australia surroundingptio¢ection Austlai a ds n adtevew e f or
though many ative forests have hosted forestry for over a cemheyGreens have gained
increasing politicand sociakupport over the past decade which has provided increased
publicity, exposure and reputatiosuch support has resdlt@ enhanced powsr influence

their s awaneress tardr ilxderstanding regarding key policy objectives; such as
bringing a halt to native forestry in Australia. In a bid to disallow the Australian forestry
industry from utilising native forest resgjube Greens and NG@ampaignedtb discredit

any use forall forms of forest biomass. This campaigning was highly emotiwveasyet
effective in influencingocial understanding, awarenesdsra@putation of forest biomads
discreditindpioenergy, andll forms of forest biomassein the proces&Vhilst campaigning

by the Australian Greens was emotive, and in some cases appeared to lack a technical
argument against forest biomassrgythe element of soepwlitical legitimacy obtained by

the Greens through reputation andtifuom its supporters, contributed heavily to the social
awareness atatck ofacceptance of forest biomass for energy.

Despite the stance above, results indibatethe Greens antimerousNGOs do accept

forest biomass if it mourced fromusstainablynanaged plantation farm forestry residues,
howeveltthe ability to differentiate support for plantation residues and native forest residues is
Opol i toscsilbdlyed.mp TthattheeGreens and NGOs aep fheepaotestion of

native forestasmor e of a priority than assibswoifngortl
biomassilt is clear that the NGOs and Greens will not support any operations involved with
native forestry and will continue to discredit any future attempts to utVisaesatiued

therefore folan energy sector basedfamest biomass to emerge, native forestry must remain

out of the equation.

Bioenergy proponents and the Australian forestry industry that support the emergence of the
forest biomass for energy sectorehatruggled to gasttention, acceptanesmd support.
Findings and Analyssiggesthere are twokey reasons for why the potehtof forest

biomass has ndteen mobilized. The first reason is the Austrdbaestry sectors insistent
backing for utiliag native forest residues forest biomasslong with past disputes with the
AustraliarGreens and NGO8 this has resulted in teens antlGOs not suppoting any
operations which involved native forestry. The historical reputation of the fexdsiry s
which has been forged by the Australian Greens and environmentadliNB@s$he native
forestconflictshas mgrained a distrust addubtin operations the forestry sector is involved

in. The second reason involves the exposure, reputation anchdeneawar eness of
A u s t B agoverandent, industry anesearch informatioforum, which has the ability to

spread knowledge, understanding and awareness about the numerous forms of bioenergy
along with communicating and pushing the bioerggyda to key industry associations
such as the clean energy council. Whilst Bioenergy Australia provides strordgatethnica
market cases, the forum appear totteelpower to influendbe federafjovernmenagency

in supporing the bioenergy agendad als@ppears ttacklegitimate expase compared to

the Greens.

The AustraliarGreens hava hardline stance on native forest wittkey focuson native
forests protection forest biomasor energy is simplyot a prority. The forestry industry
wond admitto their pastaggressive native forestry operations atetelopmena full scale
woodchip market from native forest wasiad will not accept thaative forestesidues is
an ineligible renewable energy solifee hgrained distrust betere the two sides has led to

\Y
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neither siddudgingon policy overshadowing and slowing the case for forest bidonass
energy purposes in Australia.

Conclusions & Recommendations:

Thework in this thesis project ha®vided evidence thairést biomass fanergy purposes

in Australia has clear environmental and social benefits and can provide a meaningful
contribution to the Australian renewable energy mix alongside solar and wind. However, this
debate has been overshadowed by the disputegtibsig mative forest wast@ hisissue

appears to hawiscredited bioenergy and damaged social acceptargdofest biomass

for energy sector to emerge Australia the analysis indicates tHfatus mustshift
significantly away from native forest residies;it can begin to take some meaningful steps
forwards. A s hi ft i pablic perceptionankedsat® sceuo slowly build up the
necessary trust that Australia n st i | | protect the Australian
for energy purpose$his requires working with local and regional communities to build
gradual understanding, acceptance anatriasest biomass for energy.

Key recommendatiomse twofoldBioenergy proponents such as Bioenergy Australia and the
CEC need to work to dewgl cognitive legitimacy in terms iofproving environmental
literacy, knowledge anghderstandingf bioenergy. This can be achieva product
differentiation of bioenergy, enhancing knowledge of different bioenergy technologies and
making a clear divideom native forestry involvement. Secondly, integrating small and
medium scaleobust, regional forest biomass applicatibrese wood wasteedstocksire

readily available and economically vi&bleegional approach for forest biomaas be
supplememd byother forms of bioenergy, suchagscultural wastes amggadual integration

of farm forestry By utilising numerous international examples of regional forest biomass
integration,there is an opportunity tdevelopa community licence and segaditical
legitimacy through enhanced awareness, trust and rel@bdéythe sector establishes its
credentials and demonstrates its benefits, there may be avenues thexpavet the first

step is to introduce robust regional operations, show fooesass for energy is not
destructive, and prove its benefits.

0ltds not that you candduts eien tthkRendBis edcds dIronr
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1 Introduction

1.1 Background

Since the Industrial revolution the human population has had an ever increasing thirst for
energy. Rising population levels, the pursuit of enhanced living standards and expanding
industrial activity havduelled the demand for energy which has been provided
predominately by fossil fu€Bow & Downing, 2007Edenhofer etlg 2011 Flannery,

2007. The continual trend of extracting, processing and burning fossil fuels to provide
energy for growing economies, to produce food for the increasing population and the
manufaairing of new products from synthetic materials has led to a dramatic increase in the
generation of Greenhouse gases emigsiansnann, 2004 There is general consensus in

the climate science community that mankind has been contributing to accelerated global
war ming and this is indicated by trhostofl PCC f
the observed inénegkbally averaged temperatures siecemtunyids very likely due to the
observed increased i n a(lPCd 2OOH.01Q éhmibid togr eenh
transition towards a low emission futdtdenhofer et al. (20 tlaims that anewable

energy is one of numerous options for lowerings@&rhissions from the energy system

while still satisfying the global demand for energy seAgcesding toEdenhofer et al.

(201} and supported bEC (2011ain 2011 the IPCC stated that there are six key viable
renewable energy technologies which include biomass, solar, geothermal, rhgdreaulic

and wind energy and will be decisive in combating climate.change

The debate on reducing carbon emissions in Australia has been a nvafhinteiomestic

and internationgdolitical debate for the best part of a dedadlgralia has a heawfiance

on coaffired thermal generatiowhich dominates the current national energyamiix

contributes to Greenhouse Gas emissions (GN@)st r al i ads energy Sys:
its extremely large resources of coal of all quélitisseestimatedhat Australia obtains 10.3

per cent of the worl doscf btl me kwdBBEHd Z0&mIdi @i imic
According toBREE (2012 in 2009/10 75 percentAfust r al i ads el ectri c
using coalWhilstrenewable energy technologiage increased in significamc@ustralia

and abroadthe understanding and acceptaricdifferentalternative energy sources vary
amongst the Australian puldiepending on the complexity of the techno{G&C, 2008

Renewable energy targets inrBdeandmoregradually irAsia and Australihave been the

catalyst to increasing investment and integration of such renewable alternatives.

Bioenergys one of the six viable renewable technologies identified by the IPCC and CEC.
Bioenergysusedaa n umbr el l a term for numepraduce f e e d s
0 e n e r g ythatcoaginate feom rganic mate(@EC, 201p According tothe IPCC

bioenergy is currently the most prolificeseable energgourcen the world(Edenhofer et

al., 201t however bioenergy encompasses numerous &orash formwith differing
environmental, social and economic footp@dntnd their relative merias a legitimate

renewable energy source are perceived differently by different stakéBodtherlz,
Ramesteiner, Volg&, Luzadis, 20090neform of bioenergy is biomassurced from forest

wastes oresiduedr ef erred to throughoutSoldImbionsasspaper
sourced from forest harvest residmel forestry millwasteshas beerused as a fuébr

1 Appendix81 provides a further insight into the challenfjelincate change, the role of renewable energy in transitioning
to a low emission future and global climate change policy.



Kai Ulrik, IIIEE, Lund University

statonary electricity and heat purposes in numeausgries, particularlg the EU, for

decades. Heavily forestaolntries suchsaSweden and Finland rely on forest on forest
bioenergy for significant portions of their national energyAmstated by éPresident of

the World bioenergy association, in 26@@den produce2B per centf their enduse
energyfrom bioenergyKnox, 2009 - according tocSwedish Energy Agency figuties
contributionrose to apmximately 3@er centbioenergy in 201(6.E.A., 201)aFinland

and Sweden produce the higlpestcapitalectricity productiofrom biofuels and wasie

the world(S.E.A., 201)bWhilstFinland ad Sweden provide relevant kmaste examples in

forest biomass for energy, the scale and operation of forestry sectors in Australia and such
Scandinavi an countries di f f comrespondingforestf i cant |
resources provide substalquantities of lumber, of which harvest residues are available.

Forest biomass can be defined by primary and secondary sources. The extraot®ns of f
harvest residuagly on a robust, large scale forestry industryneludie primary sources
from forestt h i n posthgréestreetops and branches amegct quality forest timbers.
Secondary sourcesvolve wastes and residues freawmills such as saw dusrkand
shavinggJohansson & Salonen, 200®restiomasss a proven renewable energy sourc
in the EU, North America and gainingmomentumin both Japan and South Korea
(Junginger et al., 201According tonumepus sourceslohansson and Salonen (2008
Ximenes et al. (200 Zorest biomass recogniseds arenewable energy source and is
primarily employed to provide statioy electricity, thermal heat for industrial applications
and domestic heating. As a country with significant forest redouated in distinct,
relatively concentrated aremsalysts considiie utilisation of foresuéls a a valid strategy

for asisting Australieo shift towardsa wider, more diversenewablenergymix (CEC,
2011bLang, personal communications, 20th June R8a&R, Berndes, & Hector, 2p11

Forest biomass for energy has emerged as abén@nergy source that can readily be
derived from existing Australian forestry activities antilibed in numerous forms, such as
cofiring in existing thermal infrastructurevertheless tlommplication comes in the form

of whichforesttypesare tilised and what constitutesesidue Evidence is growinipat

the understanding and acceptance of forest biomass as a realistic future renewable energy
source in Australia is limitgdEC, 2011pWickham, personal communication, 7th August

20132. Indeed, thdack of legitimacy of such forest biomassites is already posingaas
significahconstaintto the industries advancemehdng with gcial and political discourse

in addressing the optidbang, personal communication, June 20th; Rir®ni, personal
communication, 25th July 212

A fundamental and underlying tdwage for the emergence of a forest bionsessor is held

to stem fromAu s t r a |l inadistsustdetovery thgropanents for th@rotedion and
conservatioro f Austral i ad ssomuane sidgand theaAustrelndogging r e s t
industryon the otherd referredto by Ajani (201la s A u sotative forest dorslis
(Whitehead, personal comnmation, 24th July 201dhe Australiathogging industry has

been accused of showing ¢cae s pect for Australiaodowrauni que
period of many decadegthlogging conflictimr eas such as Tasmani ads
gainirg both national anahternational attentioffrflanagan, 20 ™oreover, there is broad

scientific census boih geological and biodiversity cirdlest Australia is an incredibly

sensitive continerdusceptible toecosystem degradati¢hBS, 2010b Added to these

2 WasteForest Biomass for value adding as an energy carrier can be derived from numerous forest types that undergo
harvest operatisn(such as native forest, plantation, imported tifinsson & Salonen, 2008ative forest
residues are not eligible as renewable energy in Australia.
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concernsABARES (20)lindicates thadince European settlement the continent has lost a
substantial amount végetatiorto forestry and agriculturdBS (2010bglains that cleared

native foresincludes34 per cent of rainforesind31 per cent of Eucalyptus open forest
andwoodlandsAs such, there is a broad social position that Australia has had, and still has

an unsustaable forest industrfhe assertivestance taken by numerogisvironmental
NGOsand the Australian Greens Party, and th
antiHforestryposition in Australia arelated to such historical native forest disputes

Resowc economi st Judi th Ajani explains| that
differently by various stakeliolless envi r onment al i &selegene@ting r e s t
ecosystems. To the forestry inshsstiye fooeh native forests and plantations (agdgultural crops
(Ajani, 2011 p1)

Australia sources tismberand wood productsom numerous forest typeacludingnative
forests managed under r egul aeahdinglaneagon onal f
timber sectoalong with imported producss stated bipAFF (2012in 2010some 26 per

cent of harvested logsh Australia were sourced from native foresith plantations

providing 74 per cent of the 25.6 millionicubeters of harvested logdhe volume of logs
harvested frgamtations has increased by about 42 per cent in the past decade, while the volume
from native f or e $ABARES] 2041, p.di8MkeedAustrayian loggingp e r c
industry supplies numerous industries with timbkrdingconstruction, furniture, flooring,

pulp andpaper, wood chip export and wood product exZBARES, 2011 As aby-

product from these operatiomsimary and secondary foressidus havebeen recognised

as a potential biomass feedsttmk renewableesnergy generatioreligible for claiming

subsidies in the form oénewable energy certificaREC95. As stated byHoy (201) in

the past RECs could ssued forll forest logging operatiomscluding native forest timber

harvestas long a#g was a ly-product of a higher value u3ée keader of the Australian

Greens Brty Christine Mite stated this was a massive loophole, emtironmental
campaigners and the Australzreens Brty immediately actibg disallow the native forest
loggingndustry from gaining RECs subsiditsy, 2010

Campaigning and oy to protect native fortssparticularly so calledld growth forest 6

and forests fonigh ecologicasignificanceffom the domestic loggingdustry has resulted

in increased area of nature conservation reserves, decreased forestry activity in native forests
and increased aveness about detrimental effects that can be caused by forestry operations
in native forestd here isa clear trenfrom both state and federal governmentedticing

the availability of native fore$ts forestrywith the first significant fiscal imtiees for
plantation establishment beginning in the 198BARES, 2011Peck et al., 2011
According toDAFF (2012 there aremore than twomillion hectares of platton in
Australia, of which 50 per cent aative hardwoodpecies and 50 per cent are exotic
softwood speciedlost recently, an almost doubling of plantations sinoadi®90svas
stimulated bgo callednanaged investment scheftiest were introduced in the r1i€l90s

3Aforestis definedasanated o mi nat ed by tr ees havitiallg matusestand hejght axceeding? | e s
metres and with existing or potential crown cover of over storey strata equal to or-grbetetefirtioR0immudsent
Australiads diver (@RARBESa20i1wpe7 f orests and plantationsod

4 Australian native forest are classifiedfdogst types (majority Eucalypts) and structure (majority medium hieght
woodlands) 6 tenure categories of land/forest ownership exist in Australia which include nature conservation reserves
(15 per cent of native forest area) and multiple use forpstscét of all forest area and avaiable for timber harvest).
Private and leasehold forest make up 70 per cent of all native foreGABZREES, 2011

5 RECs: Australian Renewable Energy Certificatesubsidy available for all accepted renewable energy sources.
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and early 2000$heses c hemes had an expl i ci ttradedefiot t o r ed
which stands at almost $2bAxet annun{DAFF, 2012

Early in 2012, an hdepth debate took place surroundingplaied notice byrederal

Independent MIRob Oakeshott to disallow tRenewable Energy (Eleacty) Amendment

regulation @11 (No.5) (Oakeshott, 20)2 The propose@&mendments aed to exclude

biomass from native forests as an eligible renewable energy resource, meaoody that
residuesvould no longer includproducts, byroducts and wastessociated witthe

clearingor harvesting of native forest6he amendmeénwas raised by the federal
governments multi party climate change committee (MPCCC) and backed by liaa@ Austra

Greens Brty with support fromumerous NGOsthe action by Rob Oakeshott was seen by

the Austradn Greens to undermiredforts to switch Australia to clean renewable energy

such as sat, wind and geothern{iloy, 2019 Oakeshott claimetiatall forestesidues of

existing sustainable harvéstsnaryresiduesvhichare currentlieft on the foest floorand

burnf) along with secondary woody wastes cpiddide orsite electricity and heat for

industry Oakeshott failed in his bid to disallow the regulation and native forest residues are

no longer eligible for claiming REOsa k e s h o t tvi@dwwagpsapported bythe CEC

wh o c | rathembad a ldanket exclusion of biomass from native forests under the RET, excl
should only extend to native forest biomass that cannot be verified as sourced from sustainat
f or (Mash,2@).1

With increased forestry adantationsiandythe bngongpm Awu st
implementatiorof Regional forestry agreements (RFA) monitoring forestry operations in
native forestghe opportunity for using forestomasdor combustibleenewablenergy
generatiorwas well placed to continue growing. Howerer, promise ofjainingvalue

from forest biomassor energyhas beerovershadowed by theamp#&ning against the
Australiaioggingndustry which has damaged the social acceptance of utilising any form of
forestry for renewabénergy generatioWhilstLang (201)claims therbas beeestimates

that by 204(@lantation and native forestsuld provid20 perent of Austral i ads
electridty, currentpolitical andenvironmental issues associated with removal and utilisation

of native forest residuéms ruled out short term mobilisati@reaves & May, 2012
Nevertheless, opportunities to engage in alternative woody biomass resources, such as
plantations and farm forestry remd&mneaves and May (2Q01&timate that around 16

million cubic meters egraient Mse) in forest biomassxcluding native forestry oggons,

are currently available in Australidnich is expected to increase to 28amilke over the

next 1620 yearsSuch figures markedly exceed estimations perfoyrRetk et al. (2011

in 2009, calculatirepproximatgi12 million n3e in harvest residues from plantation alone,

which were alreagyojected as being of significant inteistilstthe currentshort term

outlook for Australia to use its foreghsteresources as a part of the renewaidegg

strategy cuently appearsleak technical meritalongwith policy uncertaity” and market

potential provide light for the emergence of a forest biomass for energy sector detached
from native forest involvement

6 A specific density of 500kg?#as beensed to convert Broundwood equivalent to metric tonr(@gck et al., 20111

7 Australia hung parliament since 26]blitical legitimacy of waste forest bissrfar energy key for mobilising market
potential. Federal election of 2013 may lead to a shift in future policy direction towardsdridesygzgifically forest
biomass for ener@yurther elaborated upon in Appendix 8.2
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1.2 Problem Statement

The focus of this paper centres the views and attitudes towards thiéisationof forest
derivedbiomassfor energypurposesAustraliahas aunique natural environmentjth

diverse native forests rangfrmgm Acacia, Callitris, Eucalyptus and Casuepea forest
andwoodlands, Makeshrub landstall Eucalyptus forests and rainfor@sSBARES, 2011

Australa has a varietyf bioregions with 16 natural world heritage listed sites including the
wet tropics of Queensland, the blue mountains of NSVBfithegranges of WA and the
Tasmanian wildernebsweverAustralia also boasts the éstglecline in biodiversity of any
continent over the past 200 ye@A8S, 2010bUNESCO, 201 Awareness of the
irreplaceability, ecologically sensitivity and ienpot e o f forests to Au:
biodiversity has grown over the past decades. Linked to such awareness are public
perceptions othe intrinsic value regarding native foreslisng with the fears that such a
resource are threatenABARES (201)lindicateustralian forests cover A& centof the
landmasgjature caservation reserves represenpdréeent of nativeorests, witto mu | t i p | e
usenat i ved c o voéforesragatibseddoe lumber banvemhd public access

Whilst Australia has substantial forest resources bot fiorii of plantations and native
forests,CEC (2011} Greaves and & (2012 Wickham (2012, 7th August, personal
communication explains thautilisingd mu | t i native forests Bomashas become
embroiledn social and political dehatelong lasting disputa/er native forest loggitgs

largely removed social acceptance of logging activitredtiple usenative forests and

related operationgencesignificantly slowing the advancement offdhest biomasdor

energy sectoWhilst thetechnicalpotentialfor forest biomass fomergy has been well
documentedby Greaves and May (2Ql2ang (2011 Peck et al. (20}, Tforest biomsas also
addsadditionabpportunities in adapting ¢émate change and redg the sverity of bush

fires. As stated bfPeck (2012, 18th July, personal communiggtiemsry harvest residues
collection can play a part in coningl natural firesb(ildup of forest fuel in subtory)
alliedwith adapting to climate changeofe extreme droughts, heghemperature and

periods ofvery high fire risk)Although the estimatedrest biomasgotential has been
brought to light by numerous stakeholders, mobilising this resource has been largely
overl ooked as a contributor t olLang,upersonah | i a0 s
communication, 20th June 20&2ckham, personal communication, 7th Augusj).2012

On an international scatbe utilisation oforestbiomassn the form of wood pellefer

large scale, commercial purpbsesbeen developed in numerous coumtngprovides an

avenue for technology transfer to countries like Augiaiger et al., 20L1n particular

this has beechamponed in the EUas an easy, thermodynamically efficient, and socio
economicallyseful pathway; which has strong mar&ential and can be a very good part

of the overall renewable energy {@eck, personabmmunications, 18th July 20¥2hilst

the successful international implementation of forest biomass for energy can be observed in
the EU, forest biomass for energy has also received criticism on the internatisnahstage

as when aituropearenvirormental NGO claimed | ar ge bi omass el ectri
causing serious dama g eEndso0201l,ipl)ddhanksen amdn d t h
Salonen (200&tates thain abid to increase bioenergy usageey challenge is haav

restrictboth the negative effects and seguiditical concernshat the increased demand for
bioenergy may creakgom an Australian perspective, forest biomass for energy emerged as

a renewable energy opteomd was identified as opportunitfor economic diversification

by the nativand plantation logging industrieswidverHoy (201)states that stakeholders

8 South eastern Australia i® @f themost file prone ecosystems in the wédllard, 2012a, p) 8
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sut as theAustraliaGreens Brty andenvironmental NGQssawforestbiomass foenergy

as a threat toative forestsalifeline to the native forest industnyd a diversion of RECs
from other renewablsourcessuch as wioh and solar. ThereforGOs and the Greens
campaigrek againsthe use ohative forest biomaésr energy purposésand were highly
successfulvhich in turn appears to haveintedthe overall social acceptance of forest
biomasdgor energyand to an exterthe reputation of Australidoenergyn general.

Whilst the main issues have been delineated, there is much more complexity within this
debateThe aim ofthis papeis to seekunderstanitig and clarit into &vhodis driving the

forest biomassectorforwardand wio are attempting tconstraint, diowdsuch actors are
pursuing their aims and most importadtydtheyaredoing so. The scope ofhis project

looks specifically at the forest biomass sector in Austsaiateintial to provide biomass

for energypurposesand its legitimacy as a futureereable energy source in Austréhés

is atale two separate environmental agendas; watt éamservationisasid the Australian

Greens Brtypassionate to protect Australian native fostisbioenergy proponessng

with the forestry industrgroviding positives aspects of forest biomass for enefde

current state of plapdicateghat the sociepolitical issuesnplicating native forestry with
biomass have led to apparentstalema® bet ween the Australian C
environmental NGOsepposing the logging industny one side, arflloenergy associations,

the logging indiiryon the otherThishas resulted i lack of acceptance, trust and support

and hence there has baetow progress imeeting thenarketpotentialof forest biomass in
AustraliaHowever, the question remaisghis a fixed statusr does itemaindynamic?

Whild the technicadnd market potential have been discusg&teaves and May (2012
Lang (201t Peck et al. (20}, Ximenes et al. (201 2helackof understanding argeneral
sociapolitical legitimaayf bioenergyn Australia, andgpecificallydrest biomass for energy
hasonly recently begun to gatlatentionfrom influentialgovernment departmerasd
industry groupgsuch as the RIRDC and CE@ the form of workshops and surveys to
engage stakeholde(slichols, 201R This paper identifies the drivers and barriers
contributing tothe lack of legitimacy and social acceptance of forest biseegy
examines the relative merits of stakeholder argumengsoaittesalternate options for
unlocking suckechnicapotential The key outcome centres intba ability of the sector to
emerge as a validnewale energy source in lightoofrrent social and politicdiallenges

1.3 Focus Question

The point of departure for this thesis project is that forest biomass for energy purposes has
been implemented effectivelynimmerous countrieapdhas potential to be integrated into

part of the Australian renewable energy Thizoverarching question thaas guidethis

work towards achieving the genarsl listed aboveés dHow can forest biomassenergy
developsufficient legitimacy to allowittocont ri but e t o Australiads
energy mix?In order to answer this question, thofeingthreetasks are identified:

Task 1. Why and how is Australian foresithiemtiagsnstrained by issues of social and political
acceptance?

Task 2Who are the key stakeholders involved in lietergiimvagyt and acceptimest
hiomasas a part of the renewable enmedyysinatia?

Task 3: How and where can proponents of Australian Forest biomass for exstedpfighitially work to
the social and political legitimacy required for the sector to emerge as a viable renewable energy <
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1.4 Method

From a personal viewpoint this application of biomass appeals to me as it embroils issues
involving the renewable energy shiftraatdral resource efficiency with conservation values

of Australiads natur al environment. Whil st
has beentilisal for decades in regions such as Scandiaadigs accepted as a legitimate
renewable enegrgource, it does notcadve the same acceptancaustraliaAs illustrated

in the diagram on the riglhe overallresearch npject was
broken down intahe followingactivitiesPreliminaryesearch
on the general topic of 8t biomass for energyrposes in
Australiainvolved consultation with [IIEE professorsand
identifyinga research gapthin the Australia biomass fieAd.
discus®n of topic focal poirgwith IIEE thesissupervisor| /¢ ¥
providedinitial direction toconduct aiterature analysi the | /
background and trends of Australian forestry, the state of\thé™
Australian forest biomass sector and international cases of"
forest biomass. Literature analysis focused on triangulation and
utilisel a range of sources involving journals, governmegnt an

industry reports, webpages and text books. Figurd-1 Research Design

The following phase involvedptc definition with key informants, such as Australian
bioenergy proponent Andrew Lang. fnacess involveidentifying thdundamentaksues
more accurately, gathering a suite of names, roles and actorejgwaps to the issue,
along withstakeholder and issue mapping for related iteeythemes to guide research
direction and primaryath cdectionwere then establishebhe project is based within
institutional theory that examines the emergence of new indastitasonal legitimacy is
a central themsupportedy Aldrich and Fiol (1994nd is an underlying theme thitomgg
the research. The analytitamework based astakeholder salience by Agfleal. (1997)
also identifies legitimacy, along with urgency and power as key stakieitoitbs: &urther
aspects of legitimacy fran institutional contextcludedDimaggio and Powell (19&Bat
look into political powerand institutional legitimgcgnd Oliver (199) that combines
resource dependency and institutional theorigsrading strategic behaviours that
organisatiosn can implement in response to pressures within thdiorsitenvironment

Emphasis then turned to primacy data colled@@paration for data collection included
interview and question structuitee development of initiadterviewapproachaccessing

st akehol der fasd appeating to ctakédersenta adlatilesand sensitive debate.
Empirical data collectionwas conductedria ®mistructured interviewsvith various
stakeholdergroupsand was requiredo form the basi of thestakeholder analysasd
findingsd it was fundamental to capturews from both the bioenergy proponents and
supporers of native forest conservatidntervievees wergorovided the option toonverse

via meetings, phone calls or endedigotal of 23 candidates contributed to the primary data
gathering procesBata llection constraints were anticipated at the outset of the project
and are detailed in section Edlowing interviewslocumerdtion of interview transcripts
were compiled and interviewees reviewed information to verify accLinacgnalysis
incorporded theframeworkbased on the stakeholder salience tlieonulated byAgle et

al. (199y Findingswere then appliethrough thetheoretical lenses institutional theory
proposedy Aldrich and Fiol (1994Dimaggio and Powell (1983liver (199])to identify

the legitimacy issues involved in the Australian forest biomass for energlyirsattor.
sculpting thediscussionnvolved utilisg key fdings to complete the stated research tasks,
answering the overlying focus question and providing recoatimendor the target
audience.
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1.5 Limitation & Scope

In regads to the research scope, findiags dependent arecentliterature based dahe

currert market and technigabtential of foresbiomass for energy Australia. scussions

around liquid biofuels sourced from woody biomass are discussed briefly but are deemed
outside scope. For the purpose of this paper niglear considered a renewalgnergy
alternative. From a geographical standpoint, references to Sweden, Finland and New Zealand
areutilisel, particularly in the context of the technical validity of forest biomassrfir ene
purposes Whilst the level of antipathy and distrust betveeo major stakeholdenoups

involved in native forest conflicts was well understood, the scale of protectionism of
information was unforeseen. This was most obvious when contacting envirdi@@stal

and Industrywhere each paityd suspicions oféeh r e s eirdentiorislae oné imstance,

the researchevasaccused ddb ei ng an i ndooked rfyorsuippoirderi mf o
which made it challenginp represent all stakeholder viewpowsgkham (2012, 7th

August, personal communicajierplains thabioenergy to envinmental NGOs (such as

TWS &WWF) B a no go zonép not want tknow about it if trédaingo native forests

1.6 Target Audience

This paper has several audienideis paper targets actors within ¢herent and potential
Australian woody biomadsr energyindustry, energy producers, regional bioenergy
associations amgvernment departmepoblicy makersThe paper is designed to provide an
insight into the opions of Australian stakeholders involved in the forest biomass sector,
highlightthe drivers and barriers to the current sectosaggestpossibleavenues forward

for meeting the potential ofcogniseé plantation and farm baskxuest biomass for energy

This is not a paper against Australian environmental NGOs Australian Greensufgy -

it attempts to highlighiGOs and Greenspinionstowards forest biomass for eneand
suggest avenues for the emergenagiableand acceptabferest biomasenerggector.

1.7 Disposition

Chapter twdoegins with a literature analysised ortherelevant renewable energy saurce

which areenvisagedo be part of a globalow emission futureAttentioncentresin on

bioenergy generatipspecifically foresbiomass for energy purposdhis section also
introduces the key themes of understanding, acceptance, trust and ldgatimadgrpin

the work Chapter thredeads into a profle oAu st r al i a @wergypokcp e wa bl e
speifically surroundingforestbiomassfor energy potentiaChapter foumprovides a case

study on Australian forestfpcusingon the emerging Australian forest biomass market,
divulging thehistorical rise of forest plantations in Austeaidthe conflicts of over native

forests Thissectionoutlines the indirial, political and econonsitatus of the sectand

identifying the key drivers and barriers for Australian forest bi@hapter fivéntroduces

the analytical frameworkilisal in the project an@nalyseshe different stae hol der 0 s
perspectives tawds utiliyg forest biomass fenergyd key themes throughout this section

involve identifying aspects of social acceptance, legitimacy and trust within the forest
biomass for energy sectohisl section alspresents themprical data collectedrom
numerousstakeholder intewviewsin the Australianbiomass to energy scefapter six

provides a discussisnrroundinghe empirical data findingsdasummarizethe keytasks

of interest in relation to the forest biom@ssenergy generation Australia. Chapter six
concludes by providing recommendations for gaining-psaitical legitimacy in the
emergingdrest biomass for energy sector and project reflections.
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2 Renewable Energy Solutions for a Global Low

Emission Future

The point of departure for this clmeatalyisigof literature intradadsgye of climate change and

internationadliciestackle human induced climat®ehangdble enéegyadives are then explored

with emphasibioenergydpecifically forest bionsiasdoary energy.

2.1 The Transition towards Renewable Energy Sources

In 2011the IPCCreleased h e

6speci al

report on

confirmed that consumption of fossil fuels aoob for a majority stke of global
anthropogenic GHG emissioasd that by 201G02 concentrations hadcreasd 39per
cent over preindustrial level§Edenhofer et al.,, 201L1As suggested byohansson and

Salonen (2008 t oday d s

ul ti
independent of fossil fuelsltimately alternative renewable energy sources are key to

mat e c h &letoromyg that iss

transitioning towards a low emission future

Eckstein (20)Jexplains thathe 2011ISRRES report was adopted by 194 governiuaahts
provides insighto severatenavable energy scenarigslenhofer et al. (20L&laim that
renewable enerdRE)is one of numerous options for lowering GHG emissions from the
energy system ¥ still satisfying the global demand for energy seBdesdhofer et al.
(201} continus thatrenewable energfy implemented properlgan provide widdyenefits

than options such as fossil fuel switching or Carbon capture and sto8gaddti®nal
benefitsof renewable energgclude contributingto social and econoendevelopment,
energy accesecure energy supply, and redlnegative impacts ohe environment and

health.

21%

4%

10%

.m

Global GHG Emissions by Sector

B Industry
B Transport Fuels

Agriculture

B Fossil Fuel Retrival processes

B Residential & Commerical
Land use and biomass burning

waste disposal & treatment

| Power stations |

Figur@-1 GlobaGHG emissions by sectod 2h@lights impact frossil fuel retrievgdasver
station operation for statinpasegy gener@hibitaker, 2097

As illustratedn Figure 2L abovethe annual greenhouse gas emissions by sdetbbys
power statioperationgor electricity productiorzlannery (20Q5tates thapower plants
that use coal to generatecticity are the mopbtentin terms of producing Greenhouse
gas impactAs stated bylannery (20QZhesepower plantsitiliseblack coabr dry brown

9 2010COz-e concentrationmeasured at over 390 ppm

t
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coal and can proces30 tors of coal per hourEraring Power statiotnsAu st ral i ads | a
electricity generating site with a capacity oM288®urning4.8 million tos of coal each
year(EraringEnergy, 2012 As illustrated irFigure 22 below, wilst fossil fuels are still

providing the majority dfotal primary energgupply alvancements ialternative energy
technologyand investment in low emissienergysubstitutesravesteadily beegrowng

(Dow & Downing, 2007

According toEckstein (20)1in 2011the IPCC stated that renewable energy sources
including biomass, solar, geothermal, hydraulic, marineirathdenergyare the key
technologieandwill be decisive in combating climate change. The most optimistic scenario
within the recen2011SRRENreportclaims renewable energy sources could provide up to
77 per cenbf global consumption by 2050, with rth&st pessimistic s@emo set at only 15

per cenbf 2050demandgEckstein, 20)1Althoughthe Kyoto protocol has sintapsé,
several states who had ratified the Kyoto prowudht aghe European Union (EU) and
Australia,have conthued their commitment to reach their assigyuad of renewable
energyby enforcing aomestic, binding renewable energy targetugh effectie policy
instrumats and renewable energy visitish the EU and Australidiave committed to
reducing their greenhouse gas emissapmsoaching this challenge both in the form of
improving efficiencies in current energyesystand also introducimgnewable energy
systemgEuropearCommision, 2012b

The EU has beemn avid supporter d¢farmonizingglobalclimate change action and has
been aleader in environmental policy implementatidre EU have actedn several
environmental aspeatdich is demonstrated by both European directives such as the 2009
renewable energy directfRED), along with being signatories in numerous multilateral
environmental agreements swuhthe Stockholm convention (dpersistentOrganic
Pollutants such as dias) (Europa, 20L,2EuropearCommision, 2012aThe European

RED statesa goal of 1@er centransport fuel sourced from renewable energy by 2020, and
20per cenof renewable energy by 2Q20ropearParliment, 2009Australia upgraded the
countrierenewable energy target (RET2009which aims for 2@er centof renewable
energy by 202Z0CCEE, 201D

The EU REDandRET in Austrdia provides member stat@gh the freedom to implement

renewable energy technologiégheir choice depending on their situatimong with

encouraging technology development, information transteetween statesand

harmonization othe geographical geon towards a common go@turopearParliment,

2009. As statedy Sjglie and Solberg (2011, p. Jo88op i on of t he Europeal
Renewable Energy Directive (RED), with a tgrgetceim0@verall gross energy consumption
renewable by 2020, is currently one of the 1

10 Eraiing power statiorSubcritical pulverised fuel fired posttion, thermal efficiency at 3& cent(Nunn, Cottrell,
Urfer, Wibberley, & Scaife, 2p02

10
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2.1.1 Which Renewable energy sources are in the mix?

Global Primary Energy Supply Global Renewable Energy
Contribution

W Coal
M Direct solar
N Gas
. | B Ocean Energy
o]i
Biomass
B Nuclear
o Wind
RE
M Hydropower

Figur@-2 Total primary energy supply at a gloBarsmakble energy conffifuerdrofer et al.,
2012

As stated b¥ckstein (20)1and highlighted above in Figi@g, in 2010 renewableergy
sources accounted for less tharpdi3centof global energy supply, with @& centfor
fossil fuels (coal, oihd gas) and the remaininge2 cennuclearOn a global scalé9 per
centof renewable energy is currently sourced from bioandsgsher 17per centfrom
hydropower and the remaininger cenfrom direct solar, wind and geotherrak key
environmentahdvantage ahcreasingenewable energgchnologiesompared tenergy
producedirom fossil fuels ithe reduction in GHG emissis, providing energy of similar
qualityin a far less polluting fashion

Whilst the environmental advantages of renewable endeagyyanlear, there are numerous
positive and negatieeonomic, social and political challenges which coincide withaa sh
renewable energy implementation. This discuatioe would require another thesis
investigation entirely, however financial viability for new technologies, current infrastructure
to support fossil fuels, government subsidies for foslddenagy, employment, social
willingness to accept change, short term political gain over long term ntdrestd and

striving for continuousconomic growthare just a few of thémiting factors for
uninterrupted renewable energy integration

Numerousenewable energy technologies have engadlywith a continual increase in
utilisation (Dow & Downing, 2007 Edenhofer et al2Q01) explains that the increased use

of renewable energy technologies are duaritmus reasons, suchgavernment policse

the declining cost of many renewabbdnologies, changes in the prices of fossil fuels and

an increase of energy demaiitie 2011SRRESeportby the IPCC recommend key
renewable technologies that can assist global governments in shifting towards a lower
emission future with less reliance on fossil fEdEnhofer et al., 201l Table 21 below

outlines the renewable energy souds#ified in the SRRES report and details global
capacity and implementation

11
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Renewable Description Global Capacity & Implementation 2010
Energy Source

Direct Solar Harness solar energy to produce electricity using: ¢ PV global capacity ¢ CSP global capacity
» photovoltaic(PV) 40GW 1095MW - global
¢ concentratingsolar power (CSP) ¢ PV 2010 addition leader: Spain 632MW
Production of thermal energy (heating or cooling via passive or 17GW ¢ Solar heating global
active means) * PV Global Leader: capacity 185GWth -
Germany global leader: China
Wind Utilise kinetic energy of moving air - Production of electricity from <+ Globalcapacity 198 GW
large wind turbines located: * 2010 addition 38GW
* Land (onshore) * GlobalLeader: China, USA, Germany
* Sea or freshwater (offshore).
Bioenergy Umbrella term for production from a variety of energy carriers Biomass combined heatand Liquid Biofuels:
such as: power (CHP) * provided2.7% of
« forest, agricultural and livestock residues ¢ Globalcapacity 62 GW global road
= energy crops for liquid fuels * Globalhot water/heating transport.
* the organic component of municipal solid waste for hiogas 270 GWth ¢ Globalleader: EU
Directly used to produce electricity or heat, or used to create ¢ GloballLeaders: USA, EU
gaseous, liquid, or solid fuels. (Germany, Sweden, UK),
Japan & China.
Geothermal Accessible utilisation of thermal energy from the Earth’sinterior.  Geothermal power:
Heat is * Globalcapacity 11 GW

extracted from geothermal reservoirs using wells or other means. + 2010 addition 240 MW
Global Leader: USA (3.1GW) & Iceland per capita (
26% of all electricity)

Marine Potential, kinetic, thermal and chemical energy of seawater which Tidal, wave, ocean:
can provide electricity, thermal energy, or potable water. Forms * Globalcapacity 520 MW
include: * 2010 addition 6 MW (2MW wave, 4MW tidal)
« barrages for tidal range Global Leader: Least mature technology with
* submarine turbines for tidal and ocean currents Australia, Canada, France, Ireland, Japan, South Korea,
* heat exchangers for ocean thermal energy conversion India, New Zealand, Portugal, Spain, and the United
* Harness energy of salinity gradients. States involved.
Hydropower Harness energy of water moving from higher to lower elevations, ¢ Globalcapacity 1010 GW
primarily to generate electricity which include: ¢ 2010 addition30 GW

* dam projects with reservoirs, run-of-river & in-stream projects * GloballLeader: China, Canada & Brazil

Table-1 Renewaldirergy technologies & globaR@apduity & Downing, 20@&Henhofer et
al., 201LJohansson & Salonen; RED&1, 2011Whitaker, 20D7

From a sustainability standpoerntyironmental, social and romic aspects diie life cycle

of arenewablenergy sourceeed to be considereduallyThe environmental advantages

of most renewable energgchnologiewver fossil fuels anelativelyclear and include
decreased GH@nissions fromenergy generatipfess environmental degraoiatfrom
sourcing fossil fuelnd pevention of further damage to eariiie support systems from
irreversible climate changowever,whilst REN21 (201)Lindicates that there is strong
global investment and growth in the renewable energy Betltmd (2013Jastates that
numerousalternative energy sources are at various stages along the development cycle and
are still more expensiva the narket (in the absence pénaltiedor externalitiesthan
energy sourced from fossil fudterefore government subsidies are key to introducing such
new technologie3able 2.2below outlineperceivedustainabilitissues relating to the six
identifiel renewable energy sources.

12
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Renewable Energy Sustainability concerns
Source

DirectSolar - Solarenergyisvariable and unpredictable.
- PVcellsremain expensive; recent trend of price decreasing
- Refinedsiliconin short supply
- Perceived life time of PV cells

Wind - Noise pollution
- Healthside effects
- Unsightly when on-land
- Windisvariable and unpredictable —electricity from wind output rarely exceeds 30% of capacity

Bioenergy - FoodVS. Fuel debatefor liquid fuel production
- Woody biomass fuelsconnectedto unsustainable forest clear-felling
- Combustiblerenewable fuel which generates GHG
- Bioenergy term unclear & misunderstood
- Logistics of bulky fuel is a cost barrier
- Usedependson regional fuelsupply & availability.

Geothermal - Geographical dependence on earths subsurface heat
- Transmission & distribution challenges

Marine - Challenges totechnology development due to issues such as corrosion, dragging of sea anchaors,
damage in storm weather.
- Leastmature renewable technology identified intable 2.2

Hydropower - Environmental impactsof establishment & degrading ecosystems
- Output subjectto degree of snowmelt orannual available rainfall

Tabl@-2 Sustainabilityofile of kegiewable gnevgroa€&HAF, 2009

As stated byREN21 (201 whilst totalinvestmentn renewable energy reached $211USD

billion in 2010 (up from $160USD billion in 200®ke remain social, political
environmental, techniahdeconomidssues whicktand as barriers to future depenent

and implementatioaf renewable energy technolaghst only are there soeswonomic

issues embroiled in renewable energy implementation, but also competition between
renewable energy sources to gain investomguital for further developmerand
implementation Although the renewable energy sector illustrates stgtmial growth

(identifiedin Table2.1), it isthe beliebf Johansson and Salonen (28 in the industrial

society that we live in today it is not possible to run solely on renewable enerate they st
that cutting demands on the earthoés resourc

2.1.2 Understanding, Acceptance, Trust and Legitimacy of renewable
energy sources

A fundamentalissue related toenewable technologgtegrationis the understanding
accepance trust and perceivedlegitimacyof renewable energy sowdsy connected
stakeholderd o investigate legitimacy issues in relation to renewable energy, and specifically
forest biomass for energy in Australia, this paper closely follows anhapptir@ed by

Aldrich and Fiol (1994Figure 2.delow highlights the key themes suggbgtattirich and

Fiol (1994 and focusesn legitimacy which encompasses understanding, acceptance and
trust. The case for sogoliticaldegitimac§of a renewable energy source can be the key to
unlockingts future potentiad 0 L o vepostiocatlegitimacy is still a critical barrier to many potential
busi ness (Aldritchi&violt 11934 sp. ftibtlteee gre perceivedighdvantages

negativity towards eaertain renewable energy souttten doubt, delay and a loss of
legitimacy wittkey stakeholders such dicy makers, energy consumersthadvider

public followsRenewable energy sources such as wind, solarolgirognd to a lesser

extent tidal and geothermal, arise from a single source and are thereforestedagively
forwardto explain and compreherkar example, a commercial wind turbine turns to create
electricity when wind blows ovettadesit isvisible, tangible and fathomablewever, in
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the instance of bioenergywmerous technologies and fegatks are incorporated under
this term, complating the ability tainderstand the topiés stated byAldrich and Fiol
(1994 when knowledge about an industry is complex, it makes fivrhatfters to identify
and relate to ifThis lack of understanding asdpportdoes not provide incentives for
investors andso increases the risk for investors to overcome.

Acceptance:

Relates to Socio-political
legitimacy when key
stakeholders, the general
public, or government officials
accept a venture as

Trust: appropriate and right.

Understanding:

Involve Aspects including

effective trust building, Relates to ‘cognitive
reliability enhancement and legitimacy” stating that
public acceptance, along with knowledge and understanding

maintaining a good industry is a prerequisite for
reputation in environmental acceptance.
and social spheres. Legitimacy:

“Legitimacy is conferred to by
stakeholders thatare in agreement
that the activity is desirable, proper
or appropriate”

L ) defines
legitimacy in two sense. How taken
for granted a new form is (cognitive
legitimacy) and the extent to which

a new form conforms to accepted
standards and rules (socio-political
legitimacy).

Figur@-3 Understanding, acceptance, trust building aAdtézgitinncttyand Fiol (1994

As stated byeck et al. (20Lthe progression of the bioenergy sector will require efforts to
enhance market understanding and acceptance, political understanding and acceptance
(evidence of tangible support and approval of the sector) and publioldekeh
understanding and acceptance (evidence of a
by stakeholders in the generRetketmu(BOlldsa ) . Bui
key pathway towards unlocking the potential of the bioenergy irskistigted byonker

et al. (201, p. 210 eeptance of bioenergy by consumers and pslisyimaierseagwable

energy soig@ekey element for futittsatioaf bioenergy potential worldwide. In many countries, large
partof the domestic potentialsiiigdnethich can be both an opportunity and threat for international
bi o ma s Silvdira (2005, p. Yiélieveshatincreasing awarenegdbiomass potentials

is of the upmost importance with emphasis on provalingessful experiences in both
industridized and developing countri&¥ithout understanding and acceptanoéocking

the potential of a new or unfamiliachnologybecomes very difficulbnce a concept is
understoodjt is one steploser to becomingccepted, and with acceptance comes real

opportunity.
2.2 International Bioenergy Implementation: Who, What & Where?

60Bi 0s0 i s t IdBioekrgeisdbtaineddmihls df organidoliginfirerégards to woody
biomass iderivedidonphotosynthesis; naturefficemsblagenerator.

14



Seeing the Forest for theAlistedian Forest Biomass for Energy

2.2.1 Bioenergy the Umbrella

Kaltschmitt and Thran (2008tate thatll bioenergyis obtained from biomadBiomass

includes all materials of organic origin, such as plants, animals and the resulting tesidues, by
products and waste produclhe majority of this biomass originates primarily from
agriculture and forestry, along with the various bigor@ssssing industsiedownstream
(Kaltschmitt & Thran, 2009Bioenergy issed asn umbrella term for numerous forms of
technology that has the abilityptmcess organic material and transform it int@reergy

c a r.r As statéd b EC (2008, p.)%the bioenergy industry is quite diffiereable eaergy
generation, such as solar or wind generation, as it often involves a combinaticreatecomplex pra
usable enérgy

Bioenergy is a predictabled constarénergy carriegndhas the ability toomplement the

zero emission renable technologies (such as wind and solar), displacing a significant
amount of the currerbaseloadfrom coalfired generator@CEC, 2008 In addition to
supplying a constant, gietablefuel sourcecombustion obiomassuelsalso produces

heat which agabe used for industrial or district heating applicgtiohansson & Salonen,

2008. Table 2.3elow outlines the most common bioensygyemst is worth noting that

a key distinon between the systems is thalfatate the fuel igilised. For example, biogas

and liquid biofuslsuch as bioethanol can be used as transport fuels, whereas solid biomass
is most commonlytilisal for combined heat and powW€HP)

Bioenergy label Utilization Raw material & technology

Biofuel: Bioethanol Liquid Transport Fuel - Sugar within Crop residue
& biodiesel - Short rotation ‘energy crops’
- Collection of animal fats/oils for biodiesel
Biogas Gaseous TransportFuel - Compost & sewage processed in anaerobicdigester to
CHP produce methane

- Landfill & sewage gas capture

Municipal Solid Solid CHP - Domestic and commercial waste stream incineration
Waste for energy & - E.g. Urban timber residues
urban biomass
Agricultural residues Solid CHP - Collection of crop residue and secondary milling processes
for energy (e.g. Bagasse) for incineration
Forest biomass for Solid CHP - Collection of forest harvest wastes & waste from forestry
energy Domestic manufacturing industry for processing into wood

heating chip/pellet/brick and incineration

Tabl€-3Maj or bi oener gy &fartha kst oteagikgdtechndogiesmaxplorednme n t
Table 2.@Peck et al., 20$KM, 20111

Numerous sidies have expressed the techpictantial of bioenergy to play a key role in
shifting towards a world less dependent on fossiérieely generatipaspeciallyn the
medium term as a transition fuhltschmitt and Thran (200@laim that bioenergy

p ot e mahge betweepe2@eand over 1p6rceatf pr esent | evel,s of pt
ELMIA (2013 concurs by statirithe potential for bioenergyilisationworldwide by 2050 is
estimated tbe 2030times higher thatte current usén a bid to embrace and unlock such
potential, he International Bergy Agenclsioenergyivision(IEA bioenergywas st up in
1978 wi t h achievera ssilistantial dioener@y contribution to future global energy
demands by acceléng the production and use of environmentally sound, socially accepted
and costompetitive bioenergyRecent anan-goinglEA tasks include task 32; biomass
combustion and efixing, task 38; GHG balances of biomass and bioenergy systems & task
43 bionass feedtocks for energy mark@tsA-Bioenergy, 2009
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Due to the fact thabioenergy is a limited energy resource, effigtdisationof the
renewable energy source is fundamémtabtimizing energy outpWwiVith the current
technology, bioenergields the higheS§tO2 benefit andvhilst it is possible to produce both
electricity, heat and transport fuels ihore efficient to generate heat and electricity than
automotive fuelgdm biomasgJohansson & Salonen, 2088masdor energy generation

can be broken down into modern and traditiomahd&iss applicationthee iscurrently a

wi de range of bioener gy t e cdgnfedntyfgdenbcfer and 06t
et al., 200)1Edenhofer et al. (20)Léxplains that in 200&newald energy accountéaf

12.9per cenof globalprimary energy supplyThe largest renewable energy contributor was
biomasgroviding79 per cenof allglobalrenewable pragttion with approximately géer

cent of this biomass in the form @t r a dh it d maseadid cooking and heating
applications in developing countriekwever, the developing world needs access to
functional modern energy carriers to replace traditional biomass systems to avoid negative
social and environmental aspects such ah,hmefficient function, gender equality and
Greenhouse gas isgieck, personal communications, 18th July.Z20tte haslsobeen

arapid increase in these ofénodern biomagsoth in regards to ¢hsolid biomass global

trade and also the availability of technologies for generating heat arfeidemhefer et al.

(201} provides ramples of availabheodern biomassgechnologiesuch asmalland large
scaleboilers domestic pelletbased heating systerasd avanced biomass integrated
gasification combinexrycle power plantés stated bysjglie and Solberg (2011, p. 1028
OAdoption of the European Unionds (EU) Renew
of overall gross energy consumption renewable by 2020, is currentlyfameofdh&iovenedyving
consumption worl dwi deo.

Biogas can be sourced from numerous technologies, suaem@bicligestion of organic

food wastes and animal wastes along with the capture of landfill and sewage emissions.
Biogas has been widely implemetitamighout the EU such as Swed@&kanea region in

the soutkvest of Sweden, has a goalarfverting the entirgty bus fleeto biogady 2015

(Wik, 211). The biogas can also be utilised for combined heat and powgrction

Sweden is also an excellent example of utilising commercial and municipal solid waste
(MSW) for incineration producing combined heat and power genshatiorcomplements

thelocal district heating network.

Whilst 97per cenof all biofuels are in the form of solid biomass, the past decade has seen a
rapid increase in demand {iaquid biofuels? (especially bioethanol) for transport use
(Johansson & Salonen, 2068wever, from aociepolitical standpoint the production of

liquid biofuels from energy crops has also been widely questioned, resulting in numerous
debates regar di ngearlioh delstahddarsd.use,fLand Usé chanhgebaadt e

112008Total global energypply 492 Exajoules (E3jlenhofer et al., 2011

12 whilst forest biomass for energy in Australia is well positioned to fit existing infrastructura, hassadkrge oil
dependancandthere is opportunity to embrace forest biomad#gfad fuel productionHowever, lie integration of
liquid fuels are outside the scope of this paper.

13 Food vs Fuel: the competition of agricultural land for food crop production or energy crop (primarily liquid biofuels)
production(Tilman et al., 2009

14 Carbon debt: Thanbalance between the €€ consumption profilef a particular country, group, persom the
efforts to offset these activiti@durning biomass releases GHG immeat el vy , whil st ©6&repaying th
decades to regrow new feed st¢tisan et al., 2009
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Forestrd (LULUCF)s (Johasson & Salonen, 2008unginger et al., 201The debate
surroundingenergycrops led to heavy criticism framternationaNGOs and havslowed
theexpansion of thiquid biofuel marketsomewhafTilman et al., 2009

Energy cropseferto short rotation crops producing orgahie e d s dordamning ssigar

(for example sugarcane, corn, wheat or sugarspeetfically for bemergy generation
whereas agricultural residues are thedalcs from agricultural acties such as cereal

straw anatanola stallCHAF, 2009 As explained byilman et al. (2009t is to the knefit

of farmers to leave substantial quantities of crop residues on the land as they provide several
advantages to the soil including nitrogen and phosphorus (which maintain soil fertility) and
assist in minimising erosion. However, even conservatoxareates of crop resid(re

more than 5@er centesidue collectigiran provide a sustainable biomass res&acie et

al. (2011 claim that agricultural residues, both primary strdamscéreal straw from
harvestingand secondary residué&sg(rice husks from milling) have abgll biomass
resource gtential of between 20 to 50 EJ year by 205@&did by-productscollectedrom
agribusiness activitiesve a realistic potential to produce significant power adonwiesst
alsoproviding environmental, social and econonmefls.

Whilst agricultural residue as a sourc®lad biomass to energy an attractive prospect,
Peck et al. (201%uggest thdbrest biomass has a far greater potential and hastbegun
gather momentum globalBohansson and Salonen (2@3®lain thatdrest biomastr
energy refers toresidualby-productsof forest wood production and processibgth
primary harvest residues (branches and foliage) and secondary n{slwasists& bark)

by 2050 forest biomass has a global biomass resource potential of betwish B0 per
year(Peck et al., 20L1As suggestieby CHAF (2009 different types of woody biossare
used for combustiomcludingwood pellets and woodchipsadd form of flammable
biomass is treated as a separatedépsinding on the amount of leaf, bark and moisture
content The form ofwoody biomass alsdetermines the ash contemhich varies
significantlyAs solidwoady biomasdor energy hasuch astrong technicgbotential for
further expansiorthe focus of this report is predominategntredupon exploring the
possibility of umcking the potential fdorestry biomader energy genationin Australia

2.3 Forest Biomass for Energy i A Global snapshot

2.3.1 Defining Forest Biomass for Energy:

As stated byohansson and Salonen (20@8idual productgenerated in the forestry sector

for energy purposesknown as forest biomagsclude primary sources from forest

t hi nni manes treetpps antd branches and reject quality forest timbers (also known
as slash, logging residue and harvest waste). Secondary sources involve residues from
sawmills such as saw dust, bark and shaVheypremise of forest biomass focuses on
optimisng efficienciedy utilising a wasteJpyoduct to provide an energgurce a parallel

can be drawn withiquefiedPetroleum Gas (LPG) which wasiallyidentified as a waste

stream from crude aikfiningand burnt in refinery flares, today LPG is a highly sort after,
legitimate fuel souresed for motor vehicle fuel, cooking and he&mgpndary residues in

the form of shavings and sawdust are already utilised by other industasdisievood

15 LULUCE: activities including deforestation, afforestadind reforestation. Australian LULUCF GHG emissions for
2011 were 24.2 Mt Ce2 consisting of net emissions of 45.9 Mt @dtbmdeforestatiomnd sequestration of 21.7
Mt CO2e fromafforestation and reforestati@CCEE, 2011a, p. 12
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prodwt sector, using he raw products for Odbhemetie and p:
emergence of theoody biomasmdustry has createompetition for a once free raw waste

material Forest bomasautilisationand technology implementatizaries greatlyrdm the

traditional forms in developing countries utilising woody biomass and harvest waste for
heating and cookingn a domestic scaléo the modern biomassystems which are

developing folarge scalenergy generatioend in some cases, fossil fuelaapnent
(Edenhoferetal.,,200d For est fuels, energy forest and
enegy, t he e nJolhansson &nalomen, 2008 p. t30 st s 6

In regards to traditional biomaSdyeira (20Q%explains thabiomasssuch asvood logs
woody harvest waste and animal waptaged an important part in civilisatiods
development procesacludingheearly stages of induatizaion. Throughout thgast two
centuries a pattern has emerged whereae industrialized a country bews, the more
dependent that country gieon fossiffuels, the Nordicountries appear to be exception

to this trendplacing a great deal of engband investment in the sector over a long period
of time Today, omerousieveloping countries stillly heavily on solid biomass for energy
Ethiopia and Tanzanderivemore than 90 per cent of theimergy from biomass; most of
this being harvest@&tformally and only a small part is commercidlsieeira, 2005

Modern solid biomass systems have been gradually gaining mowigntbenmajority of
developmenaind innovation taking placetiee EU and North Americ&ilveira (2005
indicateghat in the past decadine number of countries exploring biomass opportunities

for the deliveryof energy services has increased rapisilgxplained byohansson and

Salonen (20Q8orestry industries have assumed an increasingly important role, in the case

of Swedenone fifth of the total energy supmysourced from festry biofuel. Bwever
Silveira (2005, p)Suggesté i n many regions, the wuse of ©bio
being true both where traditional and moder |

Forest biomass relies otransparenteliable and consgest foresindustrywhich, through

harvest operations in native and plantation forests, provides the residue .f&olstbck
forestryactivities (particularlyin native foresjshave begun to receigezateattention and

criticism fromenvironmentaNGOs and thaviderpublicdue to the detrimental impact on
biodiversity and the intrinsic naluvalue ohativeforests As stated bthe WWF (201},
destruction of native forests takes place to meet the demand for timber and paper products,
along with cleang for plantation establishmedétextreme cases which &agained
international attentioran be illustratdaly theillegal logging in regions suclhasAmazon,

the Congo Basin anddonesialn order for forest biomass to be accepted and supported as

a legitimate renewable energy source, the form of bioenergy needs to prove it is not a catalyst
to additional logging of native forests and is not a ttordfatests of high ecological
significance.

In the Australian contexts @&xplained bgpokeswman or the Australian Greensai®y

Imogen Birleya major initial constraint of utilising folgisimass fronmarvest residues, and
claimingpotential subsids for such an actias, defining theéype of brest in questioand

how it is manage(Birley, personal communications, 3rd August).2012he case of

Australia, ABARES (2011 states that there amdght major native vegetation groups
(includingunique rainforest and tall eucalypts) along with additional plantation forests.

Whilst focuson plantation forest harvessidudor biomass is growirtue to the increased

pl antation harvest vol ume, n a tAustradiartimimer e st | o
production.Hence,sociepolitical barrierhave been forgedle tothe link between clear
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felling native forestsunsustainable forestry practices for forestry praahatise burning
of native forest foenergy generation

Forest Biomass for Energy i Production of Wood Pellets

Modernforest residue biomasgstemsypically develop rigid supply chaifor the flow of

solid biomassAs illustrated in Figured? thesesystems rely heavily on plantation forestry
andthe extendetbrest industry fobiomass fuel and encompass numerous phases along the
supply chain. Keyphases include thefficient collecton and transporof the harvest
residus, processg the byproducts into woodchip, further processing the woodchip to
wood pellet with a low moisture content and finalfgnsporting the biomass fuel
(domestically anternationally) to its final destinatfonheat antbr electricitygeneration
Edenhofer et al. (20Ldéonfirms that biomass to energy technologies haabilite to be
applied in both centralised settings (prinesngrgy generatiosuch as cfiring) and
decentralised settings (private industry thermal applications)

Pellet Production involving
Finallyfelled Forest Drying, grinding, pelletising and Transport forend use
cooling

Domestic:
- Co-fire

- Industrial
application
- Domestic
heat

- Animal
Bedding

International
- trade for
international
=tationary
energy
markets

Sorting of Harvest residuesfor Transport of Chip to pellet
branches &treetops processing fadility

Collection & transport to
roadside

Chip Production

Figure2-4 Supply Chain for pelletcpordérom primary harvest (elsidses, Jein, Hayes, &
Bateman, 20089hansson & Salonen) 2008

Wood pellets have emerged as a typical form of solid forest biomagsbeli®v moisture

conent (8 to10 per cent) and the higher energy density compared to most other processed
solid biomass form@unginger et al., 20). As stated byhang et al. (201 @elletized

biomass as a solid fuel source is more easily transported and handled, and has better
properties for electricigeneration than other forms of biom&sC (201palso onfirm

that pellets provide a transformation of a moist and low bulk density biomass fuel (wood
chip) to a more convenient, easier to handlgrpcessed fuel with a more attractive bulk

16 Australian native foreate classified by type and cttie. For the purpose of this paper native forests refers to areas of
O6mul tiple use forestd which are avail aobelceolfoari ctail mlye rmah a
where the effects OoABARESS2011,¢.il8 t ur bances are now negligibl
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density. A summary of the benefits for densifying bgsma pelleare listed in theable
2.4below.

Expansion of the economuc distances that the biomass can be transported for enerpy conversion
The pellets themselves havea high operational calorific value (the energy released as heat during combustion)
The pellets can be milled allowing dust firing in power plants

Co-firing using pellets can be at high biomass percentages. E.g a power station in Belgium has been converted from coal to be
exclusively fired on wood pellets.

Improves OH & 5 aspects compared to woodchips; decreases health risks (avoiding dampness which can create mold's and fungus) and
improved safety (large piles of woodchip can spontaneously combust.)

Table@-4 Benefits of densifying biomass to {@i6d, ilepPeck, personal communications, 18th
July 203 Penfold, personal communications, 9jh July 2012

In regards to pellet productidtiansen et al. (2008xplain thataw material used for pellet
production include secondary fuels such as sawdust produced -psodudbyfrom
sawmilling operations oretmanufacturing of wooden structures. As statdohansson

and Salonen (200&imary forest fuels can encompass harvest residues (branches, treetops,
damaged or diseased full trees), stumps, and small trees; wood from both deciduous and
coniferos trees can be used for the pellet manufacturing. Whilst Finland utilise all of the
aforementioned forest fuels, Sweden (and most other forest biomass producers) only utilise
harvest residuesi@a major scale. In Appendix,8i3e supply chain of the wopeéllet
manufacturing for biomass is demonstr@gdadsen et al., 2009

CEC (201pstates that wood pellet consumption is currently 12 million tonnes per year and

this figure is expected to climb to 30 mllennes by 2020. Pellets are used for domestic

district heating and industrial use, predominately in EU, North America and Japan is
increasing its application. OneAvedbreunbh e most
238 in Denmark, initially deged for coal and currently operatesio 70 per cent wood

pellets& other woody biomass energy carrfBengEnergy, 2002 Jonker et al. (2011

explains that whilst such supply chains and infrastructure are well developed in regions such

as North America, the EU and Japather jurisdictiongicluding Australia, Argentina and

South America are only just beginning to develop this sector.

2.3.2 Current Forest Biomass Technologies

As mentioned byCEC (201p there is a wide range of new and emerging biomass
technologies available for the stationary ensagiet, suctechnologies extend along the
supply chain animclude feedtocks, prgrocessing the biomass for transport and energy
conversion, development of thermal conversion technologies to improve efficiency,
technologies to allow high-tiong levés and multfuel operationdBelowin Table 2.5re
numerousexample of moden technologiefacilitatingelectricity or hegiroductionfrom

forest biomass.

17In comparingoulk densitiedood pellets equate to approximatelyt6500tm3 whereas casl800 to 850tm@vielin,
201)

18 Avedge unit 2: a 590MWe supercritical CHP facilihiedgre Denmarkwith electrical efficiency of 49 per ¢®ung-
Energy, 2032
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Torrefaction:

Centralized Co-
firing:

Centralized
Repowering:

Decentralized
Onsite thermal
industrial
application:

Gasification:

District Heating:

Domestic
heating:

Fast Pyrolysis:

An evolving biomass fuel pre-treatment process. Whilstit is considered an expensive
option, it reduces the moisture content of a pellet to 1 per cent, increasing its density and
enhancing its calorific value to 20MJ/kg (CEC, 2010).

Biomass co-firing has been utilized commercially both in Europe and the United States,
with trials taking place in Australia. As stated by Zhang et al. (2010) there are no major
technical obstacles to co-firing, although logistical and operational challenges may exist,
primarily due to the differences in coal and biomass properties. A Finnish cogeneration
plant installed in 2001 has a Circulating Fluidized Bed Combustion (CFBC) boiler with
capacity of 550 MWth and an electrical capacity of 240 MWe. The plant has the ability to
utilize a variety of fuels, from 100 per cent biomass to 100% coal (CEC, 2010).

Far less experience exists with 100% biomass-fired generation in prior coal Generation
Stations, although it has been successfully implemented in Belgium and in the United

States (Zhang et al., 2010). Large scale combustion boilers can utilize any of fixed bed,
fluidized bed and dust combustion applications (Murray, 2010).

Numerous industrial operations both globally and within Australian utilize forest residue
biomass to provide useful energy for private online use, most noticeably in the form of hot
fluids and steam. Such examples include steam in pulp and paper mills, thermal oil in
plywood factories, steam for processing food and kiln drying lumber at mill (CEC, 2010).

Converts solid biomass to combustible gas which can be used in spark ignition engines, for
dual fuelling diesel generator sets, or at a larger scalein gas turbines. BIGCC (biomass
integrated gasification combined cycle) is an extension of gasification technology and is an
advanced technology to be utilized on a larger scale for co-generation of stationary energy
(CEC, 2010).

An integrated aspect of an efficient heating system utilized heavily and championed in the
EU. Whilst heating requirements in Australia vary, South Eastern Australia (with domestic
heat demand during winter months) have no such heating systems. District heating is fired
by wood pellet (or MSW) applications to provide heating for local houses and businesses
(Peck, Personal communications, 18" July, 2012).

Small scale, domestic wood fired boilers for household used for water and space heating
(CEC, 2010). Such applications are widely used in the EU and have begun to appear in
South Eastern Australia, such as Pellet Fires Tasmania (Douglas, personal communication,

21stJuly 2012)

Produces a crude oil (bio-oil) which can be further processed into diesel, aviation fuel or
petrol. The technology focuses on upgrading the bio-oil for transportation applications,
however the use of bio-oil for power production has also been demonstrated. The
developing pyrolysis in Australia with Mallee for the combined production of ‘bio-char’ and
biogas has also been explored as second generation biofuels — biochar can provide
additional benefits such as soil enrichment (CEC, 2010; SM, 2011)

Table-5 Modern technologies fog ditésbiomass

2.3.3 The 3 Pillars - Sustainability Aspects of Forest Biomass for
Energy

From a sustainability standpoifttest biomasdike all energgarriers have numerous
positive and negative socalvironmentaindeconomic aspeatslated to its suppbhain

and energy generatigorocessesForest biomass for energy is based on the premise of
efficiently utilising dy-product or residue from existing forestry operatiomshout
inflicting long term damage on sensitive native forest. Aspects suchlogsnemp
supportingregionacommunity economies and trade are also involved in the debate. From a
European perspectiveipbnergy has provided apportunity to addresssues other than
energysuch as decreasing populations in rural areas, employpeephiral regions, and
restructuring of agricultural policies inclgshew uses for idle croplai@@sdveira, 2005
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Social Aspects

Numerous sociaspects relate forest biomass for energy. As state&ilweira (2005, p.

14), social understanding andlaaeness of the potentiallmbenergy optionsish as forest

biomass have the opportunity to foster regional develgghrengh the creation of jobs

along with the integration of forest biomas
economic and environmental benefitsritical mass ajood examples o€HP bioenergy

systems in various countries are fundamental to building such(Qippod, 2005

From an Australian perspectiC&C (2008 states thaboth during the construction phase

and on an ongoing basis forest biomass @®eichployment along the supply chain in rural
regionsDue to the distributed nature of biomass resources, bioenergy generators will tend to
be relatively small and located near the communities they serve further supporting local
decentralised, secure gyewith decreased transmission and distribution (G&§%€s2008

In areas of welmanaged plantations along withreased integration &drm forestry
activities,Peck et al. (20Lktatesthe development of nurses, new supply chains and
plantings can support regional communifissstated by°’EC (2011} in 20108000full

time equivalent jolexistedn the Australiamenewable energy sectiie bioenergy sector
provided 2400 jobs alo(@200 ongoing employment and 200 installatiooye than any

other renewablélowever, negative social aspects from forest biomass have also been raised,
Peck et al. (20L%uggests increagiplantation forests can have a detrimental effect upon
rural jobs and commercial services due to the shift away from traditional farming practices.

Economic Aspects

The Economis surrounding foredtiomass relate twth the domestigseand internationa

export marketsAs outlined in section 2.3.4, on an international scale numerous countries
have solidified a supply chain based on woody biomass sourced fromsiduessuch
countrieanclude Canada, USA, Finland, Sweden, Belgiummd;i@enmarland the UK.

These proactiveountries have developed a viable economic model around the trade of
forest biomaswith numerous European countries importing forest biomass for renewable
CHP productior{Jonker et al., 201Iunginger et al., 2QMurray, 2010

Froman Australiadomestic point of view, as explaiimed 2012 repofiy the RIRDC the

economics of forest harvest residues from Australian softwood plantation operations are not
commercially viable with the current end value of woody biptmasses et al., 2012

Due to the bulky nature of woody bioméss|ogistics in transporting forest biomass from

source to final use keyto determiningeconomic viabilityAs stated byhang et al. (2010,

p. 539 gpdletisatiogenerally results in a-dughdeedstock and requires energy inputs that may
negatively impact the net beomfitsefuse. As s Dauglas (201D, 21st July, personal
communicationgositioning theellet plantgloseto the source diorestresidue is key to

economic viability. Situating pellieings near applications that require low grade heat (such

as dktrict heating or industry)akso essential.

Domestic trialof utilising woody biomasse currently taking place Aystralian utility
companyDelta Electricitentring on théntegratingarm forestry to grow Mallee eucalypts
as a feedstock for stationary energfiriog. As stated bi¥cMullen (2012, 23rd July,
personal communicatignetegrating farm forestry provides awim situation for farmers

with environmental advantages such as salinity mitigation & shelt&dmitsmic
modellingp predictsthat 10per centMallee planting can provide the same income as grain

19Performed byFFI CRC)Future Farm Industries Cooperative Research Centre
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production; both in terms of carbon sequestration and $sdeedstock productiathang

et al. (200)0states that ebring can be commercially viable within the right subsidy regimes;
biomass cdiring (coal and biomassmultaneously) generally has higher fuel costs than
ocoal ydo generation, but is favourabl e as
existing facilities and can be applied to all types of utility coal boilers. In the Australian case,
where coals the predominately fuel source for stationary electricity andddeaig

provides a neat fit with existing infrastructure.

In regards to the economic aspects of internagapalttradeof Australigforest biomass,

global demand for large scadéiable sources of wood pellet is increaBlagtation Energy

(PEA) beganoperations in 200@ith the objectivao utilise Australian plantation harvest
residues to process wood pellets for the EU and Japanese markets. PEA is furthetr addresse
in sectior.2.4.

Environmental Aspects

Whilst Renewable energy technologies not reliant orfinite fossil fueldor energy
generatiomnd emitfar less GHG emissiortkan fossifuelledenergy generatiprenewable
energy sourcedo have an environmental impadong their life cycléds mentioned
previously, building understanding and acceptanmesif biomass fanergybegins with
honest and clemommunication and marketingtbé advantages, and weaknessethie
alternative energy sourcgorking tooptimize potential by gaining broad stakeholder
support

When ref er r i n gfrenewalilerepergy tacknelégelgrtarmd svind, marine,
hydropower and geothermal alleero emission soureesn comparison to foresiomass

whi ch i si kal & croenfbaivgd bdne proglutes GHF emsssicisentrigas,

2008 Massabié, 20p® B u r n i nndurnbcesmalsmpsadDebat since the fuel is from recently
living material and if the material is regrown to replace wb@t Bagatddueas being very
quickly reincorporated in the new plant material and so this biordass ity regdrde
neut r(@GHAF, 2009%¢d. 18

In regardso the@roductiophasetechnologies such as wind aothr require significant
fossil fuels in the productidgMassabié, 20P8 for this reasoiartmann (2004. 11) uses
the examies of solar and wind to statietakes oil to makeailaiechnolagi€lse production
phase of dams for hydropower alsosigrsficant impacts on local ecosystems where valleys
are floodednflicting permanent land use chafdde production phase of forest biomass
has lessexnvironmental impaeis forest biomassin beutilisal as a direct replacement for
previous fossil fuels such as coal and natural gas combinedycyesing existing
infrastructureZhang et al. (20)8tates thatepowering (10per centsolid biomass wood
pellets) and efiring biomass with coal are botichnically viable optiongurther
environmental impacté forest biomasalong the production phase invdlvefuel utiliseal
during residuextraction, transport and processing of the forest residues.

From an end of life perspectif@est biomass israspectable option within the renewable
energy mix.@ar panels currently have a life spa?00 yearand they are required for
disposal which is made difficult due to therdama substances contained within each panel
(Massabié, 20P8Nind turbines and mae technology have varying $ifmnsand require

20Zeroemission sourcdgown asew renewables and have nodastsMassabié, 20p8
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on-goingmaintenancdn the case of foresiomassombustiorto energy, ash is the major
by-product fromburning within the furnaces, wiiisfar less hazardous than the residues
produced from coal fired furna@hang et al.,, 2010rhe ash from woody biomasas
beenexperimented asfertiligr for plantatiorfiorestsoik, further diverting waste away from
landfill and contributingo the closure of nutrient cycles and rb@uction of industrial
fertiliser. Results from sucanapplication have been contentiaus are still being explored
(Peck, personal communications, 18th July.2012

Whilst forest biomass fanergy does produce GHG emissions during combustion for
energy and heat producti@gw and Downing (200&xplain thathe CO2 released from
bioenergy is equal to the amount iha¢moved frorthe atmosphere during the plant/trees
lifetime, so is therefore consideted a r b o randdieaawabi@ldot dnly does loenergy
operate in a closed carbon cyCGEC (2008 states that waste biomass resources emit
fugitive GHG emissionsuch as methanié left to decomposé& hismethanénas 21 times

the impact oCOz and f this waste fuel is used for stationary energy generation, it eliminates
or reduces these methane emissions and therefordepradditional GHG mitigation
(CEC, 2008

Forest biomassan either be pcessed into wood pelletsit can be usdd its primary state
as woodchipZhang et al. (201hvestigeed the GHG emissions slibstituting 10@er
centwood pelletandalsoco-firing wood pelletwith coalin two coal generating stations in
Ontario, Canad&esults indicatekDOper centwood pelletutilisation(wood pelletsvith 10
per cenmoister cotent (MC) provided the greatest GHG benefit on a kileivadir basis,
reducing overaltHG emissions by 9der centfrom brown coal(lignite)and 78per cent
from Natural gas combined cycle (NGCC) syst@msng et al. (2010ndicatesthat
compared tdignite using 10@er cenpellets reduced NGemissions by 447 per cenand
SOx emissions by 7&L per cent Pollard (2013aconcus by stating thatilters or
electrostatic precipitators remove particulate matterwawittly biomass producirgw
sulphuremissions wdn compared with other fueFurther comparis@of solid woody
biomas&nergy generati@ompared to coal are stabetbw:

1 Green woodyvaste from harvest residue (leaf, lzar#t, stemas green woodchip
hasa similar energy value as brown coal, roughly 2. 7MWh/GCHhi#d=, 2009
(These elements of forest biomaiesnat the key focus of residue collecti®ithey
provide the most nutrients return to the fosest

1 Bone dryWood pelletscondensed saw dust and dried harvest haast8 to 10 per
centMC and obtar an energy valug 4.55MWh/tonne (double the energy value of
brown coal) and a bulk density of 650 ton/(@B1AF, 2009Melin, 2011

1 Torrefied wood pellstarewood and agrultural materials with MC of 1 %gper
cent they obtaira calorift value of up to 2AHV and a bulk density of 768h/m3
(Melin, 2011

Whilst there are noticeable advantages frdisingtiwoody biomass for energy and heat
production in regards to emissions, there are also sawém@hmentatlownsides which
have arisen, the major weaknesses are stated below.

1 Transport and processing into wood peittetolve GHG emissions from nuroes
steps in the supply chain includmigkingand shipping transport emissions.
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1 Native forest clearing has been linked to biomass procagtative forest logging
companies have explored the opportunitytitse product forenergy generation
Detrimental aspects of native forest logging are extensive and include loss of
biodiversityaluesforestsinability to act as art@n sink and intangible values of
unique wildernes@ricing the priceleds

1 Negaive environmental impacts from plantatiagalshmentnclude fertiliser use,
erosion, water diversion, poisons applications, monocultures and soil degradations.

1 During the use phase, combustion of forest biomass produces GHG emissions and
particulates which are not produced when compared tcswlgad geothermal, tidal
and hydropower.

2.3.4 World Woody biomass trade and key Players in the global field

As mentioned previously, the EU has championed numerous environmental policy initiatives
(such as the 2009 renewable energy directive) that havednthtalizolid forest biomass

traded due to the greater bulk density wood pellets have been identified as the most
effective energy carrier for raw forest resi@ies. (201Pconfirms this by stating theain

market for wood pellets is in western and northern Europe, spurred on by EU GHG
reduction targets and selguent subsidies and penalieghermore, it is evident that the

EU is determined to continue develnomgerng an:
to exploit the full potential of biomass, the community and member statesnsiliddtfmomote greate
of existing timber r es dburopedarlianent 200%pk ¥l op ment

Jonker et al. (20)1dxplains that over the past decade the production, consumptiodend tra

of wood pellets have grown strongly. In 2009 more than 13 maifioof wood pellets

were produced with the majority sedrdrom the EU, USA and Canabidood pellet
consumption is the highest within the USA and EU; most noticeably Sweden, Denmark,
Holland, Belgium and Germadpnke et al. (20)1continues by explaining tt@at ndi r ect 6
biomass to energy trade is also substantial, forest products traded for other primary purposes
(such as roundwood for construction and woodchips for pulp and paper) can be used as
secondary woodydmass fuels. Whilst wood consumption is typically regional, around 130
million cubic meters of roundwood and woodchip were traded in 2006 providing substantial
indirect fuel. An overview of the countries involved in the global wood pelldt immarke
depicte below inTable 2.6

In discussions with board member of the world bioenergy association (WBA) Andrew Lang,
he state&urope has a current demand of roughly 30 million(k®f woody biomass

(25Mt of which is sourced from the EU), this figeipredited to increase to 60 to 80wt
2030(Lang, personal communications, June 20th.2@d®ever, he question remains, as

the trend towards utilising andfeong woody biomass continues to increaskere is this
feedstock going to come from? Simon Penfold, a plantation industry professional states the
Asian region including South Korea, Japan and Taiwan also appear to be eager to bridge the
biomass gap, looking source woody biomass from a reliable supplier. Canada already have
contracts with Japan and appears to be the first inline to begin large scale imports to South
Korea(Penfold, personal communications, 9th July).2012
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Importer of wood pellets. Co-firing in large scale coal power plants
Consumed ~1 million tonnes of wood pellet in 2009

Belgium

Canada

Denmark

Finland

Holland

Sweden

UK

USA

Austria
Australia
Argentina

China

Germany

Italy

lapan

South Africa

South Korea

Major Activity

Major Activity

Major Activity

Major Activity

Major Activity

Major Activity

Major Activity

Major Activity

Minor Activity
Minor Activity
Minor Activity

Minor Activity

Minor Activity

Minor Activity

Minor Activity

Minor Activity

Minor Activity

Exporter of wood pellets to EU - exports to Japan & exploring trade with South Korea

Produced 1.4 million tonnes in 2009.

8.3TWh electricity generated from solid biomass

Importer of wood pellets, wood chips and fire wood.
Industrial consumption for co-fired stationary energy
Consumed ~1 million tonnes of wood pellet in 2009

Exporter of wood pellets - majority intra-EU trade
10.5TWh electricity generated from solid biomass
Co-firing for Stationary energy and also Industrial application

Importer of wood pellets. Co-firingin large scale coal power plants
consumed ~1 million tonnes of wood pellet in 2009

Importer of wood pellets. Consumed 1.8 million tonnes of wood pellet in 2009, producing

7.5TWh electricity.

Biomass overall produce 32% of all energy in Sweden (target 39% by 2020)

Importer of wood pellets
Numerous power plants converted for co-firing wood pellet

Exporter; produced 1.8 million tonnes in 2009. Domestic consumption for heating houses
Highest consumer of electricity generated from solid biomass of all OECD nations (41.8TWh),
representing 10.5% of renewable energy supply

Intra-Eu export. Domestic consumption for heating houses.

Minor export activity to EU & pilot domestic implementation

Minor export activity to EU

Minimal export activity; Large reserves of readily available waste feedstock.
2020target of biomass to energy production

Imports Domestic consumption for heating houses
Consumed ~1 million tonnes of wood pellet in 2009
Exports wood pellets for industrial use (minimal large scale co-firing market)

Intra-Eu importer. Domestic consumption for heating houses
Consumed ~1 million tonnes of wood pellet in 2009

Increasing Imports of wood pellets from Canadian West coast
2" highest consumer of electricity generated from solid biomass of all OECD nations
(15.1TWh), representing 13.9% of renewable energy supply

Minor export activity to EU

Exploring option of importing wood pellets from Canada & Australia

Table2-6 Players in the globalpetbetdbiomass méléeker et al., 20dunginger et al., 2011
Lang, 203 Murray, 201®eck et al., 2011

As illustated inTable 2 above, the major players in woody biomass include the Nordic

region, North America, central EU, Asia and small inputs from ArgeotitraA8ica and

Australia. The following statement fr&&C (2010, p.)9s a clear indication of the

direction of international trade of solid biomas®& ECD countri es el ectric
biomass grew from 93.1 TWh to 115.9 TWh between 1990 and 2(f¥, gesidomhd.4

g r o.\As$ statied byunginger et al. (2Q1the first intercontinental trade took place in 1998

from Canda to Sweden; the Nordic countries have been utilising forest biomass for energy

for several years and have been a key to mobilizing global tradec@vwerdighas one of

the highest proportions of biomass contributing to thena&temergy mijxmporting and

exporting nearly 1 million tonspslletgper annum. A brief case study outlined in Appendix

8.4 illustrates the Swedish use of forest biomass to evrist Sweden is a leading

example of implementing forest biomass to enéaggmba (20)Xtates tht plantation

forestryutilisel for energy hasreceived i t i ci sm for destroying Swt
replacing them with monocultures; dead forests with short lifespans. Addressing such socio
political
From an Australian outlook, for Australian to develop and integrate forest biomass into its
renewable energy mix and consider entering the global wood pellet exporter market, similar

sociapolitical obstacles will needo® addressed
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3 Renewable Energy in Australia

Australia is a country rich in energy resources with a history reliant on fossieiggis for statior
generatidiiRecent policy towards addressing climate change and integrating iginsvaable energy te
gaining momentum in Austiadiaurpose of this chapter is to pramalgssnof literature
highlightidgu s t erergyi gen@ratadional policies in place to tackle clirmatthehaungent
emphasistmoenergyAustralia.

3.1 Au st r Bnlergyagénsration & Approach to Climate Change

As stated byBREE (2012) Australia is thevor | d 6 s ninth | argest
responsible for approximately 2.5 @it of worldenergy generatioAustralias fortunate

to have an abundance of high quality energy resources including coal, gas andhigranium

are utilised forboth domesticenergy generatiand exportsAs stated bBREE (2012p

energy exports accounted for 33 per cent of
in 2010, with coal Australiads | argest ener
natural gad_NG). As illustrated biEA (2013 in Fgure3.1lb el ow, Austr al i ads
energy supply was 18illion tons ofoil equivalencand is dominated Hyssil fuels.

Australia’s primary energy supply Australian Electricity Production

o Black Coal m &rown Coal B Gas W Hydropower B 'Wind m Other

2% 3%

® Kstursl G %

= Biofuek & Waste
i G ot herma S oies Wind ‘

Figure3-1 Left:Austra s Rrimary Ene&pypply in 200BA (201). RightAustr ali ads 2
2011 electricity production byBR&tEe2012b

In regards to Austiah electricity productiofon the right of jure 3.1)BREE (2012p

explains thahe majoritto f Austral i ads el e owhichiaccoubhtlpr i s pr «
approximately & per cent of total generation in ZZMO0. The remaininglectricity is

derived frongas (15 per cent) and renewanlergy sourcestp 8 per cent The DCCEE

(2011b states that in 2011 thiossil fuel to renewables rastwortered further, with 90.36

per centof annual electricity production sourced from fossil fuels anged.6éntfrom

renewables.

As stated by¥nergyMatters (2009 in 2006 the Australian coal industry received around
$1.7Aud billion in subsidy support whereas renewable energy received $326Aud million.
According toELMIA (2013 the worldwide subsidies to fossil fuel consumption in 2009
amounted to ~300 billion USD, while for the same time period the glppaltsfor
renewables was ~60 billion USDese figures indicdteat global government spending on
promoting fossil fuels &ill apriority; however it can also be seen as a promising sign for
thefuture of renewable technology investment

21Note 2ro domestic use ofanium fomucleaenergy production in Australia
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3.1.1 Australian Climate Change Stance

The dimate change debate in Australia has been at the forefront of politicalodebate f

best part of a decade, with the two major political parties heldmegiely different
viewpointson how to approach climate change polibis political rollercoaster towards
introducirg an effective strategy combating climate ange is demonstratedfigue 3.2

below key milestonesver the past five yeanslude ratifying Kyoto in 200&%panding the
renewable energy target (RET)20® and introducing a carbon tax in 20¥2hilst
Australia was a latecomer to the Kyoto Prhtacoational carbon tax of $2@Fper ton
wasintroduced in July 20121 evati ng Australiads gl obal re|
nation towards a low emissifuture.As stated by thBCCEE (2011fa carbon price is
projected to reduce electricity emissions 60 per cent below current levels by 2050. The
DCCEE (2011ypredicts that over this transition time the Australian electricity sector will
both move away from cefaled generation and shift towards renewables (with renewable
energylanned to increai®m 10 per cent td0 per cent of the generation mix by 2050).

Figur@2Australiads political mil estones in addr

Australia is a national of.22nillion people(0.3 per centof the global populatiorgnd

contributes a fraction (1p&r cent of the globaGHG emission$ placing Australians as

oneof the highest per capita emitters in the wailtE, 2010&20132. Whilst the renewable

energy target was established and extended jrm@@&@d@ocial, political, comnugal and

industrial criticism has beeinected towards the introductionao€arbon tax in 2013uch

criticism hasespeciallgtemmedrom the AustraliarLiberal Rrty and themining sector

which is responsible féeperceno f A u st r al inauinption(BREE, 2012 kASsgy c O
highlighted in red in Figure 3tRe leader of thiederal opposition party (Tony Abbditas

openly &ted tle Australian LiberabRywill abandon tl carbon tax elected in 2013. The

Australian Liberal Partyavecontributed to thehighly publicied negativity towards the

carbon taby placing emphasis @msuesuch asncreased electricity prices for households,

loss of domestic jobsarbon leakagend loss ofompetitio for the domestic mining sector.

As stated by federal c | i edbdumill hold &onygAdbottto ni st e
account for hi s rank and d@oreon 2012, Ip.)6f e ar C &
McCormick (2012, 24th July, personal communigagiquiains that the Australian political
climatesurrounding environmental polisydestructivebased ortwo major parties and

emphasis oshort term gainAustraliaandthe EU have diierentapproaches tenewable

energyand carbon pricing; Australias traditionally seessuesof climate change and

renewable energga burden, compulsory, and met hi ng wWhe@ds&wedent o d o ¢
for example, have &k these issues as an opportunity and made a real paradigm shift;

they are developing new industries, technologies and jobs to be competitive in. the future
similarbelief is mirroredby Harris (201 claimingitheenvironmental debate we (Australia) are
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having seems to be in a parallel universe to the rest of theemorldt he pl anet i s
or the economy is done for if we do. We have a tiefidepoldrized ven mor e pol a
(Harris 2012 p.1)

3.2 Au st r RHTiarad &esnewable Technology Implementation

According to theDCCEE (201) the AustralianGovernment extended the renewable
energydrget (RETscheme in 200®wh i ¢ he di ¢ od e<sil g nv ecomnitmenttton e G
ensure that 20 per cent of Austraéid ectri city supply wil!/l Co
(DCCEE, 2010, p.)1The RET expanded on the previous scheme, the Mandatory
Renewable Energy Target (MRET) which began in RCGCEE (2011)cstates thatiisce

the RET introduction, it haseen enhanced and separated into two; paetd RET &

SRE®. Combined, the LRET and SRES are predicted to ekesexhéwable energy target

of 45000 GWh in 202(DCCEE, 2011c As of 2011CEC (2012gclaims tha’ustrala

supplie9.6 per cent of its electricity generated from renewableesoliable.1 below

illustrates the2011 renewable electricity generatioAustralia;most noticeablyerived

from hydropower @7 per cenf wind (22 per cent and bioenergy(8.5 per cent It is

important to clarify that there isli#ferencebetween lectricity and energy generation from
renewable sourceskey aspect whichn bancorrectly interchanged

Australian Renewable | Electricity Generation | % Contribution
Energy Source in 2011 (GWh)

Hydro 19,685 67.2%
Wind 6,432 21.9%
Bioenergy 2,500 B.5%

Solar PV 680 23%

Solar Thermal 44 0.015%
Marine 0.75 0.003%
Geothermal 05 0.002%

Tabl&-1 2011 RnewaldiectricggnerationAustrali@ CCEE, 2011b

Whilstthe contribution ofAustralian renewablkenergyontinues to increaségetquestion

remains which alternative energy sources will contritout® u s t rfgturei renéwsable

energy mixkigure 3.3 below!| | ustrates Australiads | ong r a
a lower emission future. Whilst black and brown coal currently dominate the energy mix, by
2050 renewable energy supply is expected to increase to approximatetedtith

major contibutions from geothermal and wind, and further contributions from hydropower,

solar and biomas®CCEE, 2011p To allow these renewables to integrate into the
Australian energy mix, investrhinto new technologies is esseidtidlbn ve st ment i n
has eclipsed that of traditional energy over the last three years. Investors have started to see c
safe and |l ucr at i(DECERE 20dtlb,prlAg stated bgnergydMatters hei r ¢
(2009, whilst the 2009 fedal budget earmarked $4.5Aud billion towards cleegygover

halfis expected to go towards lemission coal technologies (e 3.

2The small scale renewabl e energy scheme (SRES) encompas
scal e technol ogy cr e gplicaters (efg.csolar panelbe lage scalegrenéwablectioeaggets t | ¢ a
(LRET) focusesn large scal@ojectye.gwind and bioeneryygnd will deliver the majority of the 2020 target

ZEnergy refers to the ©Ocapacity to do wor kdéreferatbwthe an prov
rate of using energy or &alroed fram bienasskodhiogad is burnt im & furmace aBi oe |l e
efficiencies of 33 per cent, bioenergy for heat used in industrial boilers have efficiencies of ~@eplker personal
communications, 18th July 2012

29



Kai Ulrik, IIIEE, Lund University

Australia's Projected 2050
Primary Energy Mix
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Figur&-3 AustraliaRRenewable energy mix prioj@&f{isCCEE, 2011d

3.21 Bi

oenergy:

Bioenergy contributes 8.5 per cénb

However, astated inthe Australan bioenergy roadmapblished by the CECjgare 3.4

Austr al ilectdcity generatiemig b | e
equating to less than one per cent of the national electricity ge(e@@&i, 2011p

Contr i b wWenewable EnergyMixst r al i a o

e

indicates that Australia has a goal of increasing bioenergy electricity generation to 3.7 per

cent by 202QCEC, 2008 As stated bZEC (2008 resourceso produce bioenergy are

abundantn Australiaand are currently either underutilised or a waste requiring disposal.
Whild the Australia electricity production from bioenergy may appear n@H@gR01PD
states that bioenergy contribut8gper centf allrenewable engy for heat, transport fuels,
andindugry cofiring and cogeneratiem significant figure which appears to be overlooked.

Bioenergy contribution to total elecrticity generationin
leading OECD countries

Finland Sweden  Austria

Germany Australia Australian
2020
target

Figur&-4 Australian bioenergy contribution the total electriiB(Qe2@dgtion

Peck (20D1suggests thathilstwasteby-productsare used efficiently for enemyposes
throughbagasséagricultural wéess)and black liquofpulp andpaper industjyin general
Australia does not efficiently utilise its waste for energy. Accor@Bg 2013 bagasse
refers to the combustion of sugar caseduenhich is plentiful in North Eastern Australia

and

represents 61

per

cent of Austr al

aods

pulp and paper industry and represents a further I&me Landfill gas and sewage gas

provide 21 per cent and 6 per cent respectively and wood wastes contribute a minor 1 per

cent. Numerous Australidioenergy applications such as bagasse lacidlitpuor are
accepted, trusted amdcognisedy the Austigan government aggitimate renewable
energyventures and receive REfos CHP applications whiclvoth power thep | ant 6 s

operations and feed electricity into the existingWhist bioenergy has strongrgeived
pot ent i aleanenelyeAudli2 repbdclairas bioenergy has grosiy marginally
in 2011, whiclmas bee the case for several yeansth nine small projects coming online
during the last two yeafSEC, 2011a Evidence in the form aksearchand industry
reports proves that theCEC and RIRC have been influential actars/olved in
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acknowledging andttempting to gain support foumerous bioenergy technologies in
Australia.However, bioenergy proponent Andrew Ldisggrees bglaimingAustralian

major renewablerganisation ( e. g . CEC) donot provide Dbi
presently given to wind and solar(Badhg, personal communications, 20th Jung.2012

In regards to solidvoodybiomass foenergy generatioagricultural waste in the form of

bagasse is the clearly outstanding resource providing almost two thirds obAustralia t i r e
bioenergy suppl{CEC, 2011a However, in the 2011 Clean Energy Australia report on
renewable energy, other forms of solid biomass to enargwys that from forestry activity,

does not so much as get a mention as a pofeturafuel sourcenterestingly, in the CEC

bioenergy roadmagp wood r el ated wastesd are expecte
bioenergy target for 2020EC, 2008 Whilst there is a clear focus on modertedt

renewable energy sources in Australia, solid biomass options such as forest biomass sourced
from primary and secondary sout@ggeard be ignored as a viable bioenergy apiibis

is summarised dyang (2011, p)b When heat and fuels produce
electricity produced, bioenergy is the largest source tpresentablé esddpapuzzlingly

al most totally ignored in policy and any me

3.2.2 Technical & Market Potential of Forest Biomass in Australia

The technicaland markepotential of forest biomass as an energy carrier in Australian has
beenwidely documentediccording toPenfold (2012, 9th July, personal communicpations
historically forest harvest regiduas mainly left in the forest and burnt on the forest floor to
avoid a buileup of fire fuelreduce pntation reestablishment costs and enhance moisture
retention- this was confirmed Byrushell (20120th July, personal communicaficteting

that VicForests burn 60 tonnes per hectare of native forest harvest residue annually.
Secondary mill wastes such as sawdust, fines and shavings also provide a firgiteazard on
and if not utilised requiresppsalThe followingcomments outline numerougwpoints
regarding th&uture potential oforest biomasis Australia:

1 The Australian Bioenergy Roadmap suggested bioenergy can provide 11,000 GWh by
2020 and 72,000 GWh by 2050. With Wetated wastesrqviding approximately
3000GWh by @0 (excluding native fores{¢lEC, 2008, pp. 2210).

1 The Rural industries research and development (RIRDC)yrecamtlissioned a report
claiming todayods availabl e Dbi opmacensof pr ovi
Audralian current electricity é@ang, personal commuaiion, June 20th 2012

T 0Australi a, by u-theshelgequiponent; euld by 2040dé@ praaluciagy2® pea
cent of current base load electricity and a significant fraction of heat and transport fuels. V
unutilised residned a w@and, 20816p).1

1 VAFI (2008, p. Bstatst h dhe usé of sustainably harvested forest biomass in residues to ge
energy permanently eliminates atmospheric emissions that would otherwise have resulted f
fossil fuels. This resource is curreniigaghded thés potential to expand bévraaps
generatiod his vievpointis centredbn theoptimisation ancefficient use oby-products
and waste, anddustrial symbiosis

24|Indudrial symbiosishe navigation of distributing waste output from one industrial process to be the input for another.
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1 Large areas of hardwood plantations have been established over the past two decades
Australia due to the Managed Investment Schemeefgl&ned in Appendix 8bhe
majority of planting took place on land previously used for livestock grazing, providing a
positive environmental impact immediately benefiting both local land usmated cl
along with proming a large sourcelmbmass feedsto€Reck et al., 2011

1 Australia has an opportunity to utilise examples from around the globe to integrate
bioenergy into the Australian renewable energiPecix.(201)Istates thailew Zealand
is an excellent examp&é mobilisig forest biomass and implementimgional
applicationsAustralian regional networks such as GH®&N and BREAZE are ideal
actors to facilitate such regional integré@GéiAF, 2009

1 Whilst potential for utilising native forest harvest waste has been caRedatéz)1)1
states that focus should centn plantations harvest waete integrated farm forestry,
not native foresteesiduesThis view was mirradeby Greaves and May (2012, p) 24
whom estim#e that around 16 million cubic meters equivalent (m3e) in forest biomass
(excluding native forestry operatjomse currently available, which is expected to
increase to 28 million m3e over the nex@QLPearsThis dateexceed®009projections
by Peck et al. (20L&alculating just sloy 12 million m3e

1 McCormick (2012, 24th July, personal communigastatsesthat there is also an
opportunityto shift focus oforestbiomasdor liquid fuel potentialinsteadaddressing
Australiads ener gy Beekc (012,t ¥8th UJwys perssnal f or
communicationsagees byclaiming thatsadvanced technologies for thermochemical
transformation of biomass enter the market, fdeesed fuel wilbe increasinglysed
for vehicle fuels and systetosnpatible with natural ga&sg. biesyngas).

1 Forest biomass provides a potential medium term solution as a transition fuel to assist
Australia downgrade its reliance on éeaslpeciallwhen wood pellets have the proven
ablity to be cefiredin existing coal fired power plg@EC, 2008 If biomass was to be
implenented in cdiring for stationary energyombined wth CC%;, then there would
be the opportunity for such a systenbéocome a negative emission power station
effective CCS system can redd@e emissions by 98er cent, d5 per cent biomass
content in the fuel stream would be sufficientto makgteketse m a O nCOMO r e mo Vv €
from the atmosphel®eck, personal communications, 18th July.2012

1 Delta electricity in NSV performing gilot project to integrate Mallee feedstock from
private farm foresgrto cofire with coal As stated by industry development officer at
DPI NSW Bernie McMullgnintegrating farm forestwith EndemidViallee speciesan
provide a biomass feedstock for energy purposes aloraglaiitbnal values including
dry land salinitymitigation and shelter beliserve Energyni Western Astraliaalso
trailed an integrated wood processing pilot plaiising Oil Mallee(VerveEnergy,
2012.

25 Interest in CC®as been expresk by bothsides of Australian governmehhe Global carbon capture and storage
institute was establishedhinstralia ire009and isperforming pilot prjects and researREE, 2012a
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4 Aust r abresssdlhe emergence of forest biomass

The point ofpddure for this chapteati®resbiomase energyearly héschnicahd market

potential to add t@\tistraliamenewable energy'ineise are numesristingustraliabioenergy

examples such as Hagjagsesed efficierdglyefgy generatidmternationakamples for s
ford@sresidudsrenergy generatietforest biomassotrecogrdsbynumerous stakeholders as a
realistieewable resource for thé thisichapter investigates why the potential of forest biomass is
embraced and concludes with tkeyldyhtarg and barriers to the sector.

4.1 Overview of Australian Forestry

Forest biomaselies on a robustvell regulatednd expanding domestic forestry industry.

In order to undestand the complexities of uliig forest biomass for energy, first an
under standing of Austral i adsstattdbbpARFt(20l12ndustr
Australia contains 4 per caftthe world s f whicleceversabaut 19 per cent of the
continentand spans149.4 million hectare89 per cen{147.4M hectaresf Australié

forests are native broadleamimated byarieties oéucalyp{78per centalong witracacia

(10 per cent andmelaleuc#4 per cent The remaining 1 per centAudstralian forests is

made up offorest plantationscontaining both introduced softwood conifers and native
hardwoods plantation forestry in Australia begun as early as the 1870s and there are
currently 2.02M hectares of plantation in Aus(aBARES, 2011 There are sitenure

categories of forest ownership in Australia which include nature conservation reserves (15
per cent of forest area), multiple pgblicnativeforess 6 per cent oforest area which is
permitted for timber harvest managed by st at) @and gnate e&r n me n t
leasehold foresbgether managint® per cent of all native forest terR(ABARES, 201)1

%  Genius/Species & Common name % Genius/Species & Common name
E. Globulus : 49%
Tasmania blue gum, southern blue P. Radiata:
21% gum Monterey pine
E. Gobulus and E. grandis: 5% P. Elliottii :
2% Flooded gum, rose gum, Blackbutt Slash pine
E. Nitens: 3% P. Penaster:
2% Shinning gum, Silver top, Maritime pine
E. Regnans: 4%
Mountain ash, Tasmanian oak, P. Caribaea:
1% stringy gum Caribbean pine
E. Dunnii 3% Araucaria:
1% Killarney Ash Bunya Pine (native to Australia)
7% Unidentified hardwood 2% Other softwood species

Hardwood used for pulpwood for paper Softwood used for timber in construction
proeducts both domestic and overseas, and pulp for paper products
Marginal sawn timber production

Supply predicted to increase dramatically Supply predicted to remain stable

Tablel-1 Common plantation species in fABARIES, 2007, p. 30

Hi storically, hueddem dohinatedby exptic softwoad tcanitens such as
pine, introduced pine plantations expanded rapidly in Australia and by 1960s there were
approximately 200,000 hectares of pine planfai®hRES, 2011 In recent times there

has been a massive influx in hardwood Eucalypt plantations; currently 51 per cent o
Australian plantation is softwood, 49 per cent native hatdéqaantation is defined as

%6The remaining tenure includes O6unr e@BARES20)It enure (1 per
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Ointensively managed stands of trees of eit
seedl i ABARES, 2003 p. galable 4.1 above outlines the major plantation trees
harvestedh Australia. According AFF (2012in 2010 Australia harvested approximately

26 million cubic metres of logs from forests valued at around $1.8Aud billion. Of the 2010
harvest, 74 per cent of the total volume harvested was from plantations and the remaining 26

per cent from native forests wiiare managed by individual state governrizEF,

20D2).

ABARES (20D)le x p| ai ns & to@ltwoodpwduttrtrade idedidit weki.9Aud

billion in 2010, with majoexports’ of wood productsancludingwoodchips, paper &
paperboard, sawn wood and pamelh the majority of these exports Asia bodrdal

imports of wood products to Australind010 equate to $4.2Aus billard are sourced

from neighbouringountriesuch as N& Zealand and increasinGlyina, including pap &

paperboard, paper products goashels. A key driving force for expanding the Australian

forestry industry has beerain bi d t o reduce Australiads ti mb
remains on where Australia should source its timber and wood products.

Australian timber supply can be sourced from three distinct avenues, thatiirstasest
timber,and whilsimanaged by state authorities the prottesatenghe unique Australian
biodiversityand has been decreasing in produat@ume Secondlyplantation forestry
whichhas been increasing in production but is limited in the variety of timberispacies
provide. The third option importedtimber;whichcan provide a replacement to hardwood
timbers previously provided by Australian ndtxest; howeverimported timberhas a
potential risk of involving illegal logging, with issues relating tatrémspeaency and
sustainability standameng the products supply chain

4.1.1 Historical Native Forest Clear-Felling & the Emergence of
Australian Plantation Forestry

As stated by ang (2012, June 20th, personal communitdtiongthe midstages of the
20thcenturyA u s t rstaté goweiag bodies responsible for both energy and forestry were
highly disjointed with minimal cohesion between boafdestsaliarenergy generah for

heat and transport included wood used in locomotivesadsatilisel for water heating
and cookirg along withinstitution andridustry boilersBiomassvas a mainstream energy
carrier upuntil the late 198 when larger machinery regpligreatequantites of fuel; and
becausehe state forestry managemstnticturewas never replaced by a national scheme
policy from the states did not keep up with technology advancehsgmntsater quantities

of woody biomass werequired, increased forestiyerationsin native forest ensued.
Meanwhile, during th#960s there was a push the state electricity servitesmove
towardscoal, gas and petanidaway from biomass to nhiéee growingelectricy demand.

As stated in Figure 4ahd explained byeck et al. (201 kince the 19@0s tralia kBas
been experiencingratonal annual sawiimber deficitFrom the domestic forestry point of
view,n a bi d t o r e dimbmerdefidityubetiveerthe pariods of 4%6Avta 1980
numerous state governments eistaddl pine plantaths on Crownpublig land to increase
plantations to 1.2M hectares by 2008lIst the scheme did increastvsood plantationit
involved numerous cases afearing public native forestdich in turn attracted the
attention of the public, numerous NG@sd environmentalist groupsing (2012, June

27 TotalAustralian timber product export: quating to $2.3Aud billion.
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20th, personal communicaddndicatesthat during the 1960s numerous emwmental
campaigns formed itis time periodrallyingagainst major industrial proposals which
threatened some of Austré@limostpristinenaturalenvironments, such as the Hydropower
schemes ahg the franklin river, mining iakaduand also clear felling of old growth
forests and iconic nativdorest landscaped.he AustralianGreens Party along with
numerousenvironmentaNGOs (e.g.ACF, TWS, WWF and Friends of the ganthve a
passionate argtrorg stance against native fomtsarfellingin Australia and for increased
protection of Austltai ads nati ve forests.

As highlighted irFigure 4.1below protest campaigns enacted by environm&l@&s
during the 1970s and 1980shalt the clear felling of native fordsts pine plantation
establishmenwvereeffectiveand theg o v e r nsofevootpiastationscheme was ceased
in the late 1980s. This historical protesting against the forestry industsamifelling
nativeforestsspreadsocialawareness of theegative impacts cleasfelling native forests
on biodiversity, water diversiand he destruction of the locahvironmentThrough large
scale protests and media coverage, sad@istandingicrease@ndthereforeacceptance
surrounding the detrimental impacts fofestry operations in native forestscame
established Socialillegtimacy towards unsustainabferestry activitiesand the timber
industryin Australiavas born.

qu? 009: Majority of MIS

— 2009 Federalgovernment's rowsing e producs of

imisation aimed to reduce
1870s Plantation* forestry begun:
clearing for crops and cattle Per ously had difficulty in attracting
investment in forestry dueto the slow - -
ROI {s Tr:f_allm localsawn
hardwoodtimber

In 1857 the MI5 **was introduced -
700,000 hectaresof mainly hardwood
plantations were established -
majority of plarting on land previously
usedfor livestock grazing. (MIS
collapsed in2009)

As of 1960 there were 200,000ha
(>80% introduced pine). Australian
Timber deficit Growing

creating waste for a'biofuel p~=|ln=t
export industry’

By ea rly 1980s Clear iPlIng of publlc

2009 First Australiancommercial
wood pellet biofuek industry started
up in Albarty, WA by Plantation Energy

with a capacity of 200-400ktpa.

1960s to 1980s ;tﬂtPg overn mn=ms
Pd

pl.:nt.:u ons by 1.2M hectares by ‘DDD
to reduce sawn-timber deficit: hn=1:t.=r.=r[pr ding 70% c 1fAustr.=I|.n
sawn timber today)

*Plantation: intensively managed stands of trees of either native or exotic species, created bythe regular placement of seeling's or seeds.
(ABARE handbook 2007)

**MIS: Managed Investment Scheme — Collapsed 2008,/2009when Actual financial returnswere 50%to 66% of what the prospectus
companies were projecting/advertising.

Figure4-1 The emergencdanfation forestryd forest biomaséustraligdDAFF, 20132,
(ABARES, 201)1& (Peck etal., 2011

Whilst the clearing of native forests for softwood plantatmrsuedup until the 1980s

andthe continued logging of native forestsvimodchip exportstilledwidespread social

criticism and resistance, the Australian government continued to search for a solution to
decrease the annual sawn timber deficit. Accordierkoet al. (201& new national goal

was instatedh the mid1990saiming to triple the Australiamea of commercial tree crops

by 2020confirmed byludithAj a n i as t he 0 (Shamnmon, a0fCAscstated2 0 2 0 v
by FWPRDC (2004he Australian governmeand industrgrganisation shared eommon

goal to incease plantations capacity to 3 milleetdres by 202providing the opportunity

to both reduce Australiads timber deficit
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and pulp and paper atpnvith bolsteringexports(DAFF, 2012 Governmentrecanisel
that achieving the plantation 2020 visiuld not e possible through farm forestry
plantingsdue to lack of uptakfom farmers; hence in 19¥7Ye gnanaged investment
schemé&(MIS) wa®stablished.

Previously, difficulty had been experiencattrixcting investment plantatiorforestry due

to the slow Return on investment; the MIS policy intervention was designed to stimulate
forestry inestment by providing tax miniatisn to attract new invest@Peck et al., 201L1

The MIS model was successful in attracting private investors bygro@itiper cent tax
deduction for expenditures and dividends incurred for plantation purchase and establishment
(Peck et al., 20L1According toPenfold (2012, 9tluly, personal communicatipns
Australian plantations pre 1990 were predominately softwood for construction and could not
attract investors due to the 30 year rotation. The MIS introduced hardwood plantation of
Eucalypt@obulugnost commonly SoutheBlue Gum) witrshort rotatios of 812 years.

This native hardwood is a poor sawn | og t

excell ent pulp wood as it I's white and doe

pr odu @eéenfold, pérsonal communications, 9th July).2B%Rort of hardwood chip

I

direct to the Japanese OwesnldoedtabliEhes stateavdyi t e p a

Peck et al. (20Lin the period between 1997 and 2008, the MIS played a role in planting
700,000 hectares of predominately Australian hardwood plantation. In 2009 the MIS scheme
collapsedas stated by Mark Poynter, spokesman for the instifotesdrs Australia (IFA)

0t he gr owt h irtnallycéased in theymeas3plardatioasaare Ina increasing although
the volume being harvested from them is increasing as thosel9iaddseunilemMiiEherites

are maturing detoming available foroh@uwogster, personal communications, 11th July
2013. A detailed explaining into why the MIS was successful, why it collapsédcand if

be resurrected is foumdAppendix 8.5

With anincreasing area and volume of plantation tjmestralishas begumo reduceits
reliance on Sawlog timber from native hardwood forest. However, state owned
government subsidiaries, such as VesEorand Forest Tasmaratined th responsibility

to manage state ownedtive forest for logging operatioAs explained bgirector of
corporate affairs at VicForests Nathan Trystied majority of Australian softwood
plantations provide sawn lag tonstruction framingvhereas the majority of hardwood
plantations areatilisel for woodchipfibre export. Only a small quantity of plantation
hardwood iautilised for high value sawn log. Therefore demand for hardwoodlesgw
timber, used for durableonstruction,furniture and flooring, can only be mdedm
sustainably managedtive forests in AustraliAs stated byfrushell (2012, 20th July,

personal communicatignsne third of timber harvestéddr om Vi ct ori ads nat.i

used in hardwood products such as high quality furniture, flooring and building materials,
with the remaining 2/3 of harvest utilised for pulp wood used for office Yaypemests

(2012 confirmsthatin a bid to move away from native forest harvestargsitioningo a
plantatioronly timber in Victoria has been suggested. However, currently there are not
enough plantations in Victoria to produce the volume required to meet demand for wood

and wood product® A p | -antytsimategydgmores the fact that different timbets have differ

properties and not all timber can be used for thé Gack®@RIEBERES 2, p FArthermore,

VAFI (2009 states that due to the variaiplewth habits of Australian eucalypts, even in the
most productive forest types at least half of the standing volume is generally unsuitable for
sawn timber production, in turn producing high vaduoh&arvest wasteEhis is supported

by Trushell (2012, 20th July, personal communidatiasingthere is no proven case

where a private commercial sawn log plantation, started up on agricultural land, is
economically feasible.
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Seeing the Forest for theAlistedian Forest Biomass for Energy

0St at es i estharvestinghoccarahave ynanageroent processes backed by legislation a
forest practice designed to mai nt@AFR envir
2012, p. 98 According toABARES (2011 since 1992 when the national forest policy
statement was published, state governments have detefopgibnal forest agreements
(RFA)which encompagsost of the native forest timber production aleested infour

Australian stateABARES (201)1confirm thatRFAs are twentyear strategies for the
sustainable mareagent of the native forest and achiecereditation of ecologically
sustainabl®rest management (ESFstera whichaim to:

1 Reserve at least 15 per cent of thd ps® distribution of each forest type

1 Reserve 60 per cent of the existing distribution of each forest type if vulnerable
1 Reserve 60 per cent of existing old growtistfore

1 Reserve at least 90 per cent of high quality wilderness forests

1 Reserve all remaining rare and endangered forest ecosystems.

According td_ang (2012, June 20th, persopanmunicatiojeach state has an egeeing

body (e.gVic Forests, Forestry Tagnid which manages and allocate areas to supply
industry with volumes tendered for. Whilavid Pollard of AFPA and Martin Moroni of
ForestryTasmania express theipgort for RFAs, the Greens and NGOs have been critical

of the agreements claiming that replamatge forests after clear felling is not natural.

Lang (2012, June 20tpersonal communicatiproncurs by stating there have been
accusations about some areas that they are being seeded tmmagmeouspecies mix,

as some species do not recover so well from clear Aglisigited bworoni (2012, 25th

July, personal communicationgany Green groups seemnot trust the RFAsthis is

explained byHosking (2012, 24th August, personal commumgaifothe Wimmera
agroforestry ne theimdustry {as\obsistentty tbreachead its ovin Code of Fore
Practice since instigated in the mid 198060
have had to be lockedpsatwdtive use due to over cutting by clear fell operations. The conse
movement cannot trust the native forest industry to stick to a sustainable pathway as the ed
pushed through greed for continued exploitation of thetdoraste bleyehs sud more state
subsidi eso

412 Austr al i abdicitiDilemba: Native Forests, Plantations
& Imported timber products

Whi |l st Aolargationshdve iacteased size and productionover the pastwo
decades 0 me et A u sandrwaod predicsdemandsliaree on native Australian
forest along with importing wood products is still considefadglerding taDAFF (2012,
in 200910 26 per cenbf the total volume harvested was from native fofesterding to
ABARES (20D1softwood plantations provide p&r centof the saw logs produced in
Australia, yet shglantations comprise 06f7per cenbf totalforest area. Log supply from
hardwood plantation is minimaldais expected to expand ovére next two decades.
Penfold (2012, 9th July, personal communichtiotisatesthat Australian states have
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