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A Picture ofBioenergyOpportunities for New Zealand

Leading tothe development of a New ZealanBioenergy Strategy

1. Executive Summary

A New Zealand Bioenergy Stratebgs been developelly the forest owner and bioenerggstors sceconomic
wealth can be obtained from bioenergy activities.

This paper provides extensive background information on biomass, bioenergy, and associated conversion
processes and products as the basis for this strategy.

The New Zealand Bioenergy $¢@y is designed to achieve:

G902y2YAO ANRBGGK YR SYLIX 28YSyid odaAtld 2y bSg %St
and processing woodtrops and converting organic byroducts to energy, leading to new

business opportunities which by 2040 supply mor&k ' y Hp: 2F GKS O2dzy i NBQa ¢
AyOft dzZRAY3 omx: 2F GKS O2dzy iNEQ& GNI YALRZ NI FdzSt a o

The Strategy facilitatesse of organic resources which would otherwise be wasted for energy production and
IFAYAY3 ANBFGSN It dzS T NiRenoub BréstryseSourcdrayisRiehing imtpytie 8zl A £ A
of energy crops for energy production. The Strategyliftirowth in bioenergy use by 2040 substantially above
its current 8.5% of consumer energy, with attendant economic, social and environnbemnizits. In

O2YLI NRA&A2Y || aodzaAySaa | & dzadzZ f£€ FLIINRFOK ¢g2dzZ R |
wBSEFtFyYyRQa G2016f SySNHeée ySSRasx AyOfdzZRAy3I @OSNE fAGQd
The growth is driven by the demand for heat from wood fuel and biogakdamand for transport fuels which

may be in the form of biogas, biodiesel or bioethanol. These are generally proven technologies available for
broader application however in energy terms the largest demand is for transport Argddysis indicates that

there will be only limited opportunity for use of bioenergy for production of electriaithe period to 2040.

o)
f

R

Over the next 30 years the world is expected to face substantial increases in oil and gas prices and a reduction in
availability of fossil fus. World demand for biofuels is expected to risee Bloenergy Strategy covers the
development of a nationally significant bioenergy business sector and also prepares New Zealand for the time
when transport fuels need to come from ndnydrocarbon soures. The strategy also builds on the need for land

and forest owners to improve their business resilience through diversification of products.

Thispaper andthe Srategy build on the findings of the Bioenergy OptioRject” undertaken by Scion in 2009.
Thisquantified the potential of biomass resources from the current forest harvest and other currently wasted
residuesand the very considerable potential of extensive forest and energp plantingto play a key role in

this transition to a low carbofuture andto meetingb S %St f I Y RQA& T The Oplidhs BofeStNH& vy
indicated that the technical potential for production of transport fuels from wood could be ar@0rD0% by

2040. The Strategy targets a more modest economic potential oft23%d on expected fossil fuel price

projections.

Nz Bioenergy Strategy, available from the Bioenéggppciation of New Zealandiww.bioenergy.org.nz
2 Bioenergy Options project (Scion, 2007, 2008, 2009a, 2009b, 2009c)
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Application of the strategy will deliver thenergy scenarithat biomass offersthrough astageddevelopment
providingsignificantbenefits for landowners, forestry businesses and farmiaraddition to tie national
benefits of reduced dependence on imported fuels and significant carbon emission reductions.

In the short term, growth in the use of bioenergwill be based orexisting resources, processes and markets and
the increasedutilisationof residues and wasts, progressively augmented liyel cropsto supply woodenergy

for which there are significant opportunitieandto producearange of bioenergypasedproducts including

biogas and bi@il. While products and processes aestablishedand fuel-cropping develop this early phase

the development of @omprehensive woodibre market iproposed, while research continues into the
development of liquiefuel manufacturing processecludingfor biodieseland bioethanal

Inthe Foundation Builing fhase(20102015)the technical and economic platform for the Development Phase
(20152020)will be confirmed and a range of decisi@r®und crops, processes and future fuel production
made: based on expanded and commercially focussed researchugltorbp growing, processing technologies,
and trial plantingsThis will require the establishment of applied technology transfer programmes and the
focusing of New Zealand research on being fast followers and adaptors of overseas research initiatives.

Biodiesel production technologiesppear tobe potentiallycommerciallyavailable in three to five yeaend
economic within a similar periogiven projected oil price risesHowever the scalef such plants requirevery

large volumes of biomasthisis obtainable in the medium ternonly from residuesexisting lowvalue export
logsand short rotation fuekrops Given decisions on volume planting of fuel crops and on biodiesel production
in the three to five year timescale volumeogluction of biodiesehs a dropin fuelis seen apossiblewithin a

seven to ten year timescale.

TheBioenergyOptionsProjectassesses the cost of ethanol production at $2.96/litre (petrol equivalent) or
9.23c/MJ, and the capital cost of production facilitiess200 millionfor a 90 million litre Biodiesel, on the basis
of a less detailed assessment, is costed in the Options report Zi/ftte (dieselequivalent) or 5.8¢c/MJ, with
the capital cost of production plamtround two thirds of an ethanol plant

Highlevel andysis indicates that given a current price of oil at US$80/barrel and a petrol price, ex all taxes and
margins, of currently around 75c/litre (MED, 2009 average price) bioethanol may become economic at an oil
price of US$315/barrel. For diesel however therent price is 79c/litre, ex taxes, which indicates that that
biodiesel may be economic at an oil price of US$190/barrel. Clearly, further work is required on the economics,
and the Options report suggests potential biofuel manufacturing price redustibaround 35%; requiring
respective oil prices of US$205 and US$125/barrel.

In thelongerterm the high growth bioenergypath suggested by the Strategy based orboth fuel crops andhe
planting oflarge areas oplantationforests and supporting theproduction in largescale plants oliquid fuels
which willdisplae hydrocarbonbasedfuels in theNew Zealandnarket A strategic decision toommit tothe
large-scale planting of forestry cropill be requiredby around 2015given their long growth cje, if these are
to supplement fuel crops in support of the high growth liquid biofuels programme envisail this timing
attention should now be focusing on the transition paths available to forest owners.

Additionallyexports, ofenergychip, pellés or potentially products produced by torrefaction, are expected to be
economically viable given a projected world shortage of wha to meet European and Asian demand for
greenenergy products to meet climate change objectives.

If the strategy? @igh-growth targetis not adopteccurrentincrementalbioenergygrowth will continue though

this will forgo potential e@nomicgains andalsosubstantial benefitsn areas such as reduced dependence on
imported fuelsimprovedsecurity of energy supply, ggghouse gas emission reductions and other
environmental benefits, regional employment growth and significant improvements in returns to landowners.

The bioenergygrowth option offers New Zealand &ery significant contributiorto meeting the majority ofits
energy supply needs frosustainable andenewable resources while providing other significant benefitsvill
however require very large investment in processing facilities and crops, and long investment hdtins.
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seen as thdasis for the dvelopment of a sustainable and diverse bioenergy industry of significant sathle
potential for the export of intellectual propertgind productsand processedeveloped

2. Introduction

ThedBioenergy Options for New Zealamatoject (the OptionsProject)3 was initiated to consideand quantify

the potentialof bioenergy(energy derived from organic mattet contributei 2 b S¢é %Sl f | yRQa Sy
Based orthe OptionsProject asimplified picture of the opportunities for bioenergy over the next thdecades

is drawnbelow, andfrom that, and extensive consultatigmhe New Zealand Bioenergy Stratelggs been

developed.

The Srategywas deeloped as a joint initiative of the Bioenergy Association of New Zealand (BANZ) and the
Forest Owners Associati (NZFOA)with the support of the MED, NZTE, MORSIRSand EECA.echnical
support was provided by Sciamd other BANZ memberghis report includes feedback from all respondents
received during the development of the Strated@ycluded to the degrepossible.

The Optiongxoject focussed on the utilization of forest residues and new forest plantings to prddofiesls
From that work it has been identified th#tere will be significant potential for biofuels frofuel cropsbut that
significant aditional research is required on wodd-biofuel conversion technologiemdtransition paths

During development of the strategy it has become obvious that Bioenergy is just onetafdgképroducts

which will build a biebasedfuture for New Zealand.he production of high value bichemicals and other bio
materials provides other avenudar extractingvaluefrom our naturalresourcesBioenergy is often a byproduct
of the primary high value product derived from the bioma&ssearch and developmentaii bio fields requires
on-going ceordination between the products. Future construction of féjineries will provide multiple output
streams of which bioenergy will be opéthe most important.

While there is alreadgomeR & D being carried out in mgfields high level ceordination at government level
and within industrywill help drive advancement and ensure that all parties have a shared focus.

3. Situation Analysis

3.1 New Zealand

bSs %SItlyRQa O2y ndoe7Sab78R)OMEiSINgRS Y v R

e Heat 190 PJ (33%)
o Electricity 141 PJ (24%)
e Allliquidfuels 245 PJ (42%)

Roadtransportfuelswere 212 PJiGcluding; 3.4illion litresof petrol, 2.9 billion litresof dieseland 1.4 billion
litres of jet fue).

Currently around 8.5% of consumerezgy is produced from bioenergy.

¢ KS OdNNByid 2FFAOAIT D2@SNYYSyd L&A GsugyesttiaysuppliSss %S |
will be plentiful until at least 2022. This is based on information provided to the Ministry of Economic
Devebpmentby major oil and gas field owneos sccalled P10 reserve§Vhen contingent reserves are added,
f20Ff 3F&a NBaSNWSa O2dAd# R SEGSYR 06S&82yR Hnond wS3Il NR
available gas reserves that will be requifesin greater use of domestic resources or imports.

S4. A28y SNHEE h LI A 2Scbn, 20872009) vbich indubecbryfiBugions from NZ Forest Owners Association, MAF, MED, BECA,
MORST. For detailseséhe original reports omww.bioenergy.org.npr www.scionresearch.com @vww.bkc.co.nz

4 \NZ Bioenergy Strate@available fronthe Bioenergy Association of New Zealamdw.bioenergy.org.nz

5 New Zealand Petroleum Reserves Review, Ministry of economic development, August 2010. Options paper released for siit discu
www.med.govt.nz/upload/70853/NZ Petroleum Reserves.pdf
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Table 1 shows #breakdown of theurrent potentially available quantities of biomass and wastes which could
be used to produce an addition4b.9 PJ (8.5%)f consumer energythis unused resource maainly from the
forest processing industrieslnder a business as usual scenario this could grow to 9.2% by 2030.

Table 1. Potential additional consumerenergy fromcurrently availablebut unusedbiomass

resources

2006 2030
Type / source PJ p.a. PJ p.a.
Forest Residues 14.6 34.4
Wood Process Residues 7.0 9.1
Municipal wood waste 3.5 2.2
Horticultural wood residues 0.3 0.3
Straw 7.3 7.3
Stover 3.0 3.0
Fruit and Vegetable Culls 1.2 1.2
Municipal Biosolids 0.6 0.7
Municipal st¢id waste , landfill gas 1.9 2.3
Farm Dairy 1.2 1.2
Farm Piggery 0.1 0.1
Farm Poultry 0.0 0.0
Dairy Industry 04 0.4
Meat Industry (effluent only) 0.5 0.5
Waste oil 0.2 0.2
Tallow 3.6 3.6
Total 45.9 66.5
Available Biomass as % of consumer energy 8.5 9.2
Available Biomass as % of primanergy 6.6 7.3

Source: Scion

Currentlyutilisedbioenergy is derivedlmost entirelyfrom procesgresidues(in large parsawdust, bark and
shavingsrom wood processing andlack liquor in the pulindustry)with few purpose grown energy crops.

Forestresiduesforest and wood processing residugsd straw are the largegpotential contributors. Biogas is
produced from municipal and foeprocessing organic wastén niche opportunities.

Bioenergy ipresenty primarily usedo produceheat with a minor amountsedfor electricity generation.

There is a fledgling liquid biofuels sector evolving based on feedstock from tallow, used cooking oil, whey and
purposegrown canolacrops

Implementation of the Srategy so that not 9.2% but 25% of energy is produced from bioeneitjyequire
significant new plantings and adoption of new growing and harvesting methaat$dition to use of the unused
resources identified in Table 1

3.2 International energy trends

Foreasts(refer Figurer) for international oil prices are for steep increases in prices in real terithsa mid

point in the range showing @ubling of the current cost by 2038Bpm the current 0 - 80/barrelto

$200/barrel. This ishased on rapidly ineasingglobaldemand and decreasing supply. Forecasts for other fuels
such as coal and gas are less aggressive but an expected cost ofardstmgnfrom climate change reduction
initiativeswill drive increases ithe priceof all fossil fuels This povides a key driver for the uptake of biomass
fuelsby improving theirelative price competitivenesg-uture gas supply angrices will be determined by the
size and location of any new gas discovenigdess LNG imports eventuate
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Internationally govemments are making large investmentsansuring that bioenergy opportunities will be

maximised in their countries. Substantial focus is on developing and proving new conversion technologies and to
ensuring that planting are carried out to ensure supplguifable feedstocks when requiredNumerous studies

have been carried out and many countries have already developed bioesteagggiesat government or

industry levels.

Someof the many examples of such support are:

U.S. Department of Energy award @fto $6.3 million towards fundamental research leading to the
improved use of plant feedstocks for biofuel production in July 2009.
UScommitment of $600 million for biofuel research between 2008 and 2015.
The USPresident has set up the Biofuels InteraggiVorking Group, which is headed by the chiefs of
the Environmental Protection Agency, the Department of Energy and the Department of Agrieuitlre
Bioenergy
The US EPA has proposed targets by 2022 of:

- 16 billion gallons of cellulosic biofuels;

- 15 bilion gallons annually of conventional biofuels;

- 4 billion gallons of advanced biofuels; and

- 1 billion gallons of biomadsased diesel.

In Australia, the State of Victoniaill prioritise research to explore thaotential use of wood for biofuel
production.
The Australian Centre for Renewable Energy (ACRE) is part of the Australian Government's $4.5 hillion
Clean Energy Initiative and draws together more than $560 million of renewable energy investment to
KSt L) O2YYSNDOAFEAAS NBySatlwé:S SySNEHE @ '/ w9 Qa LINZ
- $300 million Renewable Energy Demonstration Program
- $15 million Second Generation Biofuels Research and Development Program

- $150 million for new initiatives, including funding from the formerly proposed Clean
Energy Program.

The 2009 UK budgéicluded a GBP 10 million funding package for the commissioning of new
composting and anaerobic digestion facilities

In England the government currently provides support worth GBP 47 million just for the development of
energy crops, with grants covering%®f the establishment costs. It has also committed GBP 1.5 million
towards research on the feasibility of short rotation forestry and established a Biomass Sustainability
Working Group.

The European Union requires that the proportion of motor fuels maulefibiofuel should be increased

to 5.75 per cent by 2010 and 10 per cent by 2020.

The European Commission is developing its Strategic Energy TechnolSd$PItan) to address
bioenergy's technical and economic barriers to the further developmentaacdlerated commercial
deployment of bioenergy technologies for widespread sustainable exploitation of biomass resources.
The SEPIlan also aims to ensure at least 14% bioenergy in the EU energy mix by 2020, and at the same
time to guarantee greenhouse g&SHG) emission savings of 60% forfoEls and bidiquids under the
sustainability criteria of the new RES Directive

6 -
. European Commission SPlan
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4, Theopportunities

Figure 1showsthe baselinedbusiness as usuaConsumer Energeference &nario fran the Ministry of
Economic Deb £ 2 LJY (MFD)ERergy Outloo”R00910 publicatior. Thisscenarioshows projected energy
use and indicatethe significant opportuniy for substitution by bioenerggnd its derivativesf gas, coal and
transport fueluse Thisbioenergy could come frora wide range of biomass feedstocks including forest
residues, energy forestndcrops, municipal and food processing organic waste, and algapending on the
fuels made substitutionwill require acceptance of ethanol and biodiesel and changes to ledfeets and fuel
distribution.

Figurel: Consumer energypy source

Consumer Energy Baseline Scena
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| Electricity
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O O 0O 0O 0O 00000000000 000000000000 0000 0o o oo Source: MED "Energy
N N N AN AN AN AN NN NNNNNNNNNNNNNNNNNNNNNNNNNNN :

Outlook 2009"

Theconsumerenergy demandnterpretationin the Bioenergy Optionprojectshows thatthe production of
heat andtransport fuelsto substitute fossil fuelswill becomeprogressivelynore economic through the next
three decades This will be forheat during the early period, followed by transport fuels from around 2025

Large scale electricity production from biomass does not become economic withBOtkgsr period, though in
some casesidtributed generation based on locaih-site demand and biomass supply may be viable.

The MED has produced2hanging Gears Scendriior the Energy Outlook and this evaluates how New Zealand

could reduce its reliance omported oil.¢ KS { OSYy I NA2 ARSYGAFASa dGKIG a . @
YI1S&a dzLJ fyz2ad wpr 27T 0 KMuddafdag Biowdase & uskdNGr tvid phiBuctiSrnyos NH &
I ROFYyOSR 0A2FdsSt ae o

’ Ministry of Economic Development, Energy Outlook 2009/2f)//www.med.govt.nz/templates/MultipageDocumentTOC 41969.aspx
8 Energy Outlook Changing Gears Scerfatin//www.med.govt.nz/templates/MultipageDocumentTOC 41969.aspx
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4.1 Heat energy

Figure 2 shows a scemarfor nationalheatuseto 2040, The total heat useisbased on the energy forecasts in
the Energy Outlook 2008ith the mix of contributions based on dnterpretation by EasHarbour Energyof the
outcomes of theBioenergy Options projectThis show®iomassusepotentiallyincreasing from the current
8.5PJ to 3BJpa, with thebiomass fuels useldeingwood, fuel cropsor biogas. fie assumptions behind this are
outlined in Appendix 1.

The early stages of the strategy should focus on the immediatertypities to expand the existing use of wood

as a source of heat. This will be by identifying existing users of fossil fuels and adding biomass to their fuels.

Developing industries with heat needs should be shown the advantages of producing heat froas$idimis

will require that longd SN & dzZLJLJX A Sa OlFy o6S 3dz2r Ny) YyGSSR gAGK Yy
to be picked which will help build the existing base and acceptance of bioenergy as the viable route to be
followed.

Growth in the poduction of heat from biomass, beyond that shown in Figure 2, is constrained because of the
continued relatively low cost of fossil fuels for heatittie capital requirements associated with changes in fuel,
and the limitedindustrial demand for heat aignificant scalgthough some opportunities such as Fonterra
plants, Huntly Power station and cement factories efdsfprogressively increasing substitution, if il is
available and economidncreased future oidnd gagrices plus carbon chargesll makehydrocarbonfuels

more expensive, encouraging fuel substitution.

Figure 2 Heat use senario¢ future heat use by energysource

Heating Scenaric

250

200

Biogas

m Biomass fossil substitutior
150 H Biomass BAU

= Black liquor

PJ

100 m Geothermal

m Diesel
m QOil
50
mGas&LPC
m Coal
0 | Electricity

o [Te} o [Te) o o o

— — N N ™ [32] <

o o o o o o o

N N N N N N N

Year

SourceTotal heat use from MEBEnergy Outlook Reference Scenario
Mix based on amierpretation by East HarbolEnergy

Thescenariocshown in Figure & based on the MED Energy Outlook Reference Scenario. If gas supply from fields

of natural gas do not eventuate as in the MED scenario then the production of biogas from gasification of wood
could quickly develop shahat an estimated additional 100PJ of biogas could be made available for reticulation.

4.2  Transport energy

Figure 3 shows a scenario, prepared by East Harbour Energy, showing trdmsjpase to 2040. As for heat the
total fuel use is based on the engrfprecasts in the Energy Outlook 20R8ference Scenariavhile the bie
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energy components are based on Bast Harboumterpretation of theresults of theBioenergy Options project,
and the electric vehicle componefrom the Electricity Commission andevidian/Contact reports of 2009. The
assumptions are outlined in Appendix 1, including figatocelluloseso fuel is likely to be commercialised
overseas in 8 to 5-year time framgbiodiesel bioethanol seems likely to be on a longer timefraraajl able

to be progressively introduced in New Zealand starting-10 years, depending on economic driveasd the
availability ofadequatebiomass volumes; in the shetérm the biomass is likely to come from harvest and
procesgesidues, fuel crops andvusvalue export logdn the longer term the biomass could come from
production of biofuels from energy crops grown on marginal land.

Achievement of the targeted quantities of transport fiogt 2040will depend orthe success of the sector
development durig the Bioenergy Strategy Foundation Building Phase (2016) and R&D into the feedstocks
and conversion technologies in the Bioenergy Strategy Development PhaseZ2@0% The R&D will

specifically requireonstruction ofdemonstrationprojects. Fundng for demonstration plant and trial crops in

the Bioenergy Strateg®evelopment Phasg@015-2020)could be from a contestable loans fund or similar. Such
a fund could be a targeted fund and would signal to landowners and investors that there is s@#pubé#t viable
future for bioenergy.

The fund would be used to encourage and support research into the development of bioenergy opportunities in
New Zealand and for increased international exposure to the rapid advances in technology and identification of
the most suitable feedstocks to ensure that the country is well placed to adapt this knowledge for the
development of a world class bioenergy sector.

Figure 3 Scenario potential transport fuel supply by feedstock

Transport Fuel Scenarit
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250

200 m Electric vehicles

m Fossil
CNG, LPC

150 = Forest/crops
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W Residual biomass
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o n o n o [T9) o

— - N N [52) [0 <
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Year

SourceTotal heat use from MED optis study
Bioenergy contributions based on an interpretation by East Harbour Energy

The Bioenergy Options project showtheoretical potential for use of lignocelluloses for productioracdund
70-100% of transport fuels by 2040 whichsignificantly geater than the30%figure of 72PJ shown in Figure 3,
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but the target potential has been reduceid the Bioenergy Strategp account for economics, the international
fuel price data from Figuré, and a range of practical and geographical considerations.

5. Bioenergy @tions analysis

5.1 The potential resource

The Pathways Analysis, the second part of the Bioenergy Options project, ass@seatly availablewoody
residuesashavingthe potentialfor 46 PJ pa ofdditionalconsumer energfrom existing avdable resources
with this having the potentiato rise significantlyby 2030(refer Figure 4) In addition3.37 million has seen as
available fomplantingin purposegrown forests and fuel cropghichcouldpotentially produceup to 600 PJ pa of
primary energy though impacts on other landses would be significanHill country lands available at lower
costfor long rotation forestshile short rotation energyforestsor fuekcropsare likely to be grown on less
steepmarginal or currently pastordand.

Figure 4: Potential growth in liquid fuel supply from biomass, by source

From residuals to new forests, building biofuel supply
10,000
9,000 = New long rotation
8,000 .
' ff
8 7,000 afforestation
= 6,000 @ New Short
8 5,000 rotation forest
c
S 4,000 (| O Existing forest
= 3,000
2,000 )
1,000 @ Woody residuals
U B B o B s
2010 2020 2030 2040
Period

Source: Bioenergy Options for Newaléad ¢ Transition Analysis

Whethersuchland is used for energy foresamd fuelcrops or more traditional agricultural apgations will
depend ona range of factors including threlative financial returnsShort rotation forest@and fuetcropsoffer a
range of benefit§or land ownersincluding arlier and potentially highereturns thatare not availablefrom
long-rotation forests.

To put the size of the available bioenergy resources into perspective Eighmvs the scenario for possible
production of transport fuel from bioenergy resources da@t onthea A Y A AU NE 2F 902y 2YA O 5
summary of known gas field®ne can see that in energy terms the quantity of transport fuel that could be

produced from bioenergy is greater than many of the existing gas fields.
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5.2 Environmental benefits

The Options studiife cycle analysisf the use ofwvoody-biomass fedstocksfor energy productiorshows that
they generallygive an excellent returin the range4.5 (ethanol production}o 10.9(direct combustionpn the
basis of energy produced in relation to energy inpulis indicates that therare substantialgreenhouse gas
(GHG) reductiodrivers for woody-biomassuse as well agor the utilisation of municipal waste, industrial
effluent and agricultural wasteTheseincludecarbon sequestratioim the case of cropshe redudion of
methaneemissionsrom the kiodegradation ofvastemateriak, and reductions in otheemissiongrom fossil
fuel combustionsuch as sulphur Theuse of wastes also reducsslid waste volumewith major impacts on
waste disposhk

The production of 72PJ of biofuelthe BioenergytBategyg A t £ NBRdzOS bSs wSIflyRQa

by around 4.5 million tonnes, this being around 30% of transgerterated emissionsEnvironmental drivers
aimed at reducing disposal of residuals as waste eg farm effluent, will encourage theoo of biogas for
embedded usei.e. farm vehicles.

Environmental and other drivers are summarised in Appendix 2.

53 Other benefits

These includémprovedsecurity ofenergysupply,increased revenuefr landowners diversification of farming
outputsand revenue streamsitrate managementob creation, increasectksilience of rural communities with
new jobs and shorter harvesting rotations
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6. Realising the potential

The underlying growth dhe bioenergybusiness sectathrough the next three decadesill be driven by
economicsand by recognition of the range of other benefits availablees&will drivedemand for heafrom
forest and wood processinyops andesiduesandthe production of transport fualfrom lignocelluloses,
tallow, waste cookingil andcanola assisted by technological developmenBiogas from utilisation of organic
wastesis likely toalsohave a smalbut importantpart to play. Alternatively products maje exported.
Key driversn the growth of the sectoare:

e The plantng of extensive areas of energy forests and fuel crops

e The economic returns available from developing new processes and markets for bioenergy. (There is
significant work to be completed on the economics and some work in this area is presently being carried
out.)

e The need to improve the security of future energy supply and for New Zealand; to reduce national
dependence on imported fossil fuels; given forecasts of reducing global oil reserves and increasing prices

e The projected increases in world demand liwfuels and bioenergy

e International, and New Zealand, commitments to reduce greenhouse gas emissions.

e The Emissions Trading Scheme which will result in additional forest (and energy crop under this strategy)
plantings and biomass availability

e Wood processrs recognising the value of wood fibre residfi@ a wide range of usesther than
combustion or exportand receiving appropriate returns from these uses

e Wood processors selling high quality wood fibre for high value sisgls asvood pelletsor ethanol
production and purchasingn lower vailie wood fibre for combustion

e Increasel use of biomass for direct heat by non wood processors

e The need to develop better management strategies for municipal, industrial and agricultural waste
including reduced wasteoing to landfills

e Biogaggeneratedfrom municipal and food processing residues used for heat and as a vehicle fuel

e A transport biofuels wholesale and retail market created through establishment of produstioertise,
fuel standards, infrastructurendquality assurancechemes

e ¢CKS LROSYUGALIf (2 SyKIyOS bSg %SIFHflFIyRQa-0OtSlIy I yF
perception and other impacts on our reputation and industries including tourism.
¢ Industry developing a cohesive common message
¢ Industry crating a community of interest for lignocelluloses conversion to energy
To realise the potential from bioenerddew Zealand must be an eadgopterbased on existing feed stocks and
market opportunities regardless of whether through wood fuel, biogagransport biofuel to get the
opportunity todevelopmarkets andoest practices so that whethe moresubstantial market growth occurs

from purpose grown energy forests/cropge are ready to take full advantage of tlisonomic growth
opportunity.

The deelopment of this large business sector, requiring loeign business horizonsvill require support from
policies that:

o Offer consistency over long time periods

e Recognise the wideanging benefits available

e Encouragehe retention andexpansiorof asustanablewood processing sector

e Encourage or facilitate the planting of forests and fuel crgpgersinghe decline in this area
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e Recogriethe environmental benefits dbiofuels
e Recognise the future fuel price and supply threats to New Zealand

e Assist ibvercoming the uncertainty and risk imposed by the high levels of investment and long time
horizons associated with the sector.

7. Residues alone are not enough

As energy prices (especially for oil and gas) rise in the future, economically recoverable besitasdswill be
sufficient to meetonly a small amount of the projected demand for bioenergy products. Additional biomass,
which may in fact be cheaper, better quality, and grown within an economic transport distance of the processing
facilities, willbe required to be sourced from new purpegeown energycrops,forests, and algadrefer Figure

4)

Liquid biofuels(refer Table 3 and Figurg mhaystart to become economic from around 20g8iodieselland

could become a mainstream energy source in theadke of 2030. The Pathways analysis shows that the big
opportunity is from new energy crops/forests and theoretically some 3.2 million ha of forests/crops could be

LX F YyGSRTI LINRPGARAY3IA mnm: 2F bSé %S| f I ydibedofhil dolindgh R F dzS
grazing, of which 0.8 million ha is highly vulnerable to erosion. There is also up to 1.4 million ha of marginal or

low productivitypastoral land that may be available for short rotational fuel croferingincreased returns to

farmers butthisland must berelatively flat so mechanical harvesting can be used

7.1 Fuel crops

The production of bioenergy from forests or wood/grass {ftrepping is more efficient iterms ofland use than

the alternativeof growingseed or nut enggy crops as the entire biomass volume can be used, as opposed to

just a specific part of the plant. The Optigejectshows that land owners should see financial and other

benefits from using existing marginal or pastoral lands for the growing of enesgg such as Miscanthugich

offers potentially higher conversion rates than wocelipomass crops. Energy crops have the potential to give
landowners higher returns, revenue diversification and thus improved business outcomes and risk management.

Woodybiomass supports, now and potentially, a variety of conventional timber and emelated enduses
(refer Figureb) including:

e Solid fuel for heat or cogeneration of heat and electricity

e Liquid fuel production

e Feedstock for gas production, and

e Productionof bio-products eg lignin (potentially in conjunction with the production of liquid fuels)
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Figure6: The wood fibre market
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7.2  Competition for woodfibre

Thepotential production of bioenergy from wooélbre will be strongly influenced by the alternative uses that
producers can sell fibre for (refer Figueg and the value they receive from the uses in the mgriethat point
in time and as perceived for the futureThere are already significant supply coaisits in the fibre market in
different regions throughout NZ.

The woodfibre market is atinearly stage of evolution with only pockets of sales occurring to wood processors
(eg MDF), heat plant owners (e.g. Kinleith), firewood users, and wood pealdigers. Work by EECA and

others have shown that there are other potential weagel purchasers who are aently not proceeding with
wood-energy projects because they cannot obtain secure medium totemg contracts of known quality wood
fuel at speciked prices. The recognition of forest and wood processing residues as a valuable commaodity by a
range of potential users, and acceptance by producers of the need to enter into {@rgesupply agreements

are the first steps to increased tradmdusageand subsequently increased valfoe forest owners and wood
processors.This in turn will lead to increased extraction of forest residues and the planting of fuel crops and
new forests.

The establishment of forest residues as a major stepping stoneotetlyrin the bioenergy sector, encouraging
forest owners to collect and sell harvest residues rather than ignoring them as waste, is seen as a priority activity
for both the bioenergy and forestry sectors.

7.3 Beyond Residuals

While unutilised residues havsignificant initial potentiafuture growthof the bioenergy sectowill depend on
purpose grown forest andcrops andto a smakkr extentalgaefrom waste waterasfeedstockdor energy
production. Biogas production will in the short to medium teaepend on utilisation of municipal wasteghe
growth of fuelcrops is seen as very promising, but little research and development has been done in this area.
The key drivers fathe growth of thesecropswill be:
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o Developnentand commercialisatioof technologies for the conversion difjnocellulose to liquid
biofuels

e Recognitiorof the value thatenergy crop®ffer land owners

e Workingwith land/forest ownersto maximise the usef their landfor production ofwood energy
feedstocks and to improve retura

On a much smaller scale but important for supply diversity and niche environmental opportunities will be:
e Production of biogas from municipal organic waste, find food processing residues
e Production and processing of algae into liquid biofuelgarticular the improvement in conversion
efficiency and reduction in production costs
e Woody biomass gasification or conversion to-bib

8. Large scale bioenergy from forestry

The Bioenergy Optionzoject consideed the potential of the existing forest ed@to enable a transition from
residues to a largscale bioenergy supply from new forestgth the potential growth in fibre supply shown in
FHgure4.

Using some of the existing forest harvdastd(strial/chip logs) for energy mduction (displacing comatity
export) provides & option for astepping stone in supply to buitth the use of the limited supply of residues
before thehigh volumesupply from a large new forest estateks in However the use of thedegsfor energy
is not currentlyeconomially rational

bSg w%SIflyRQa fAljdAR FdzSt RS YThegsRdysoasid@ehaNaBeyhyi sugply I NB dzy
volume, cost, landise changsand associated environmental and magconomic impacts of four largecale
afforestation scenados, for liquid biofuels productionThetotal extractable biomass and l@s of petrol
equivalent for a number afrowth scenariosre summarised in Table Z'hisassumes sustained yield
harvesedon a 25year rotation but could apply for a number érest and fueicrop scenarios

Table 2:Summary of potential biomass and liquid fuel production by forest planted area
Scenario 1/ 0.8m h Scenario 2/ 1.8m hg Scenario 3/ 3.3m h{Scenario 4 / 4.9m h|

TEB LPe, TEB LPe, TEB LPe, TEB LPe,
p.a. nm p.a. p.a. n p.a. p.a. nt p.a. p.a. n p.a.
millions | millions | millions | millions | millions | millions | millions | millions
Total* NZ 22.59 |1964.2 73.55 | 7,039.1 | 126.63 (11,011.2 |168.67 [14,666.1

e LPe = litres of petrol equivalent
e TEB = total extractabledmass

The potential for growing new foresfandin less detaifuel cropg was assessed, including the potential impacts
on existing laneuse. In terms of regional potential Manawalanganui was seen as having the largest
potential followed by Canterbry, Hawkes Bay and Otago.

Potential tree species for bioenergy productigientified in the Options studgre Pinus Radiata, Eucalyptus
fastigata, Eucalypgnitens, Eucalyptus regnans, Eucalyptus saligna and Sequoia sempervirens. The hardwoods
(Eucalyptand to a lesser extent Acacias) with their higher wood density and reasonable graytffer

greater productivity than many softwood#iowever,despite its low wood densitthe high volume production

from Redwood places it in the 10 most productiveaps, along with radiata pine, the eucalypts and some
acacias. Energy crops such\iscanthushave higter yields but need landt (indicatively) a slope less than°20

for harvesting.

While some crops may be grown and harvested solelgergy usein other forests bwer value logsnay be
usedfor energy and S grade logs for sawn lumber.
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9. Fuel crops or forest crops

The Options study focuses primarily on forest crops and residues with much less consideration of fuel crops,
which have only recently been noiduced into New Zealand. NJ y3S 2F &K2NI NRUGIF GAz2Y
Miscanthus, Salix arf@halaris arundinaceean be consideredvith some trials completed or underway

Fuel cropdave the potential for increased yields, production potentially fromryZar 3 and then as an annual
cropand can grow on marginal land with few inputs and the product produced is homogeneous and may be
much drier. They do however require relatively flat land for access for harvesting machinery.

10. Biodiesel or bioethanol?

TheF20dza 2F {OA2yQa NBaASINOK FyR GKS hLIiA2ya aiddzRe K
bio-ethanolproduction process involved is complicated, expensive and yet to be proven at commercial scale.

The Options study, on the basis of consatde financial analysis, assesses the obsthanol production at

$2.96litre (petrol equivalentor 9.2¢/MJ, and the capital cost of praction facilities a.9c/MJ of capacity.

Biodiesel, on the basis of a less detailed assessment is costed in theeport at $1.88/litre getrol

equivalent) or 5.8¢/MJ, with the capital cost of production pladulitre of capacity. The technology for
biodiesel manufacture from biomass is also relatively well proven; involving gasification and then the Fischer
Tropsch process. And the conversion efficiency, biomass tpisuako higher.

Large-scale ethanoproductionwould require blending into petrol available at the pump, progressively

increasing the level of thblend. At higher blendshis creates a nundr of technicaknd commerciaissues but

is the practice increasingly in a number of other markets. Biodiesel is currently available in New Zealand and
fI NHS a0FtS LINRBRdAzOGAZ2Y 62dd R AYONBIF &S (KSueliMBeg R 27T
seem to be no significant issues in diesel up to 18Q¢this requires further work

The Options study assesses the cost of ethanol production at $2.96/litre (petrol equivalent) or 9.23c/MJ, and the
capital cost of production facilities at $2@dillion for a 90 million litrecapacity plant Biodiesel, on the basis of a

less detailed assessment, is cabta the Options report at $1.8@&re (diesel equivalent) or 5.8¢c/MJ, with the

capital cost of production plant around two thirds of an ethaplaint.

Highlevel analysis indicates that given a current price of oil at US$80/barrel and a petrol price, ex ahthxes
margins of currently around 75c/litre (MED, 2009 average price) bioethanol may become economic at an oil
price of US$315/barrelfFor diesel however the current price is 79c/litre, ex taxes, which indicates that that
biodiesel may be economic at an oil price of US$190/barrel. Clearly, further work is required on the economics,
and the Options report suggests potential biofuel maatéiring price reductions of around 35%; requirihg
achievedrespectie oil prices of US$205 and USS$isarrel.

(note: figures in the UK Bioenergy Strategy 2088erallysupport the costs for biodiesel productiamthe
Options report but also indicatehat the costs of bioethanol production may be lower than thésebiodiese).

11. Impacts of feedstock pricegsaxesand exchange rates

TheOptions studyplant sizingof 90 million litres of outpuper year requiring around 750,000 cubic metres of
logsannuallyfor ethanol production, a little less for biodiesel. The plant sizing was based on the availability of
biomass at a reasonable price and #tady indicateghat larger plant sizes aygive better economies of scale.

A plant of this sizevasestimaed to have a capitatostof around$200m in addition to the substantial

investment required in developing the forests and fuel crops and the infrastructure for harvest, storage and
transport.

Table 3, fromhe Options study assessmemnd preparecn adifferent basisshows the relationship between
exchange rate, tax regime and feedstock pri¢ée oil price is currently around US$80/barrel.
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Foreign exchangeates NZ$ to US$
Feedstock price | Tax appliedo bioethanol 0.55 0.65 0.75
$50 per nd GST US4d17barrel 138 159
$50 per nd Excise + GST 156 185 212
$85 per nd GST only 144 171 196
$85 per nd Excise + GST 185 216 249

Tablefrom the BioenergyOptions stidy summary
Note: Figuresre not reconciled to those in the text

bSé %SIflFyRQa t2y3 Nizy KAAG2NAOIE I @SNI IS &EOKI y3IS
current rate is oved.70. A lower exchange rate increases the cost of tlerived from imported oil.

A future oil price forecadtased on a study carried out by McCormick Rankin Cagreiown in Figuré.

Overlaid on this is an indication of costgpodducingfuel from animal residues feedstocks (noting the small

potential volumes) andthanoland diesefrom ligno-cellulose. tican be seen that it will take around 15 to 20
years for bi@thanolfrom wood to be competitivethough biodieseis likely tobe on a shorter timescale

Figure7: Oil price forecass
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Biofuel trends; EastHarbour Energy

There will not be a simple answer as to which is the most suitable biofuel for New Zealand as all will
contribute to the move away from fossil fuels. Even bioegerg its own will only be part of the future
where it will sit alongside other bimaterials and biechemicals produced from bicefineries to take
advantage of ouability to grow and process suitable crops and forests. We must not consider bioenergy
in isolation but must work closely with other interested parties to ensure that there will be no conflicts
over land or feedstock use and that collaboration leads to New Zealand maximising the opportunities
which our land availability and climate offer.
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12. Reseach and development

Internationally a range of biomags-energy conversion technologies are under development, offering

prospects of improved efficiencies, lower costs and improved environmental performance; the focus being
largely on the production of bioil, bioethanol and biodiesel. With many countries investing heavily in the
development of second generation bioenergy technologies, it is proposed that New Zealand position itself to be
a fasttaker and adaptor of these advances, with modificationsuiv Iscal conditions as required. This will

require a close working collaboration with international organisations with access to knowledge gained from this
research.

There are manyon bioenergygroups in New Zealand who are carrying out research on skeofibiomass
feedstocks to produce high value bitaterials. These may be for pharmaceutical use, components of bio
plastics or many other applications. This wehlouldnot be seen as a treat tihe Bioenergy tBategy but rather

as a potential bonus whegnergy and other production systems can be incorporated. The development-of bio
refineries with multiple outputs promises huge potential for the bioenergy industry. Work by all parties must be
co-ordinated and the government is probably best placed tovjide this overviewhowever BANZ will continue

to play a large part in future developments.

Immediate term research programmes need to focus on encouraging the transfer of applied technology while
longer term research needs to be on suitable energy crogslignocellulose to energy technologies.

While the strategy sees New Zealand as a taker and adaptor of overseas technology there is an immediate need
for funding to support research to identify the most suitable crapd plantingand harvesting regimesnd the
appropriate technologies.

12.1 Biomass resources
Thescenariosisedas part of theOptionsproject mainly considered the resources available for the forestry
industry. There are other existing and potential resources which can be used in tHelaeat of bioenergy
and these must also be part of this strategy.
bSé %SIilyRQa OdaNNBYydG FyR LRGISYdAlrt o0A2SySNHE NBaz2d
e Conventional forestry harvests, including residues (with currently high volumes exported unprocessed).
Predominantly PinuRadiata, but with a wide range of other species available
e Short rotation forestry crops including Salix and Eucalypts
e Agricultural cropsincludingedl S NAy 3 LI Fyia adzOK a /lFy2flI FyR
e Agricultural residues such as straw
¢ Municipal, agricultural and industrial wastes which may be burnt or digested to produce methane
e Algae (specially grown or as afpduct of waste treatment) as a basis for biodiesel production

Of all the resources woody biomass, including the biomass d@kfieen fuel crops, has by far the highest
potential for wealth creation however other resources will contribute to the overall growth of bioenergy.

12.2 Key technologies

The following technologies are considered options for future conversion of forastig@p biomass$o fuels, or
for export
e Bio-oil productionby a pyrolysisprocesswhich isin the development phase, though proprietary systems
are becomingavailable overseas and a pilot study is underway in New Zeal@hid produces from
woody-biomassa bio-oil that can be burned in very large diesel engines (ships) or potentially converted
to biodiesel or jet fuel. It can be operated at snsaléle, but may be scalable.
e Combustion of woodproductsto supplyindustry with process heat
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e Gasificatiorof wood has been used for many years and can be considered an established process at
smaller scale Extensive research is being devotedstaling this processs a basis for liquid fuel
production

e Plasma gasification of biomass and municipal wastes is angémg technologynd is likely to be a
technology used in future waste to energy plants. While often not considered as biomass, the use of
municipal waste combined wood fibre or energy crops will be used more as a source of heat and power
while reducing he use of landfills

e Ethanolproduction is a process under development, and subject to a research project by Scion. It is
seen as seval years from pilot productionThere is very large international research being carried out
to develop cost effective ewersion processes and this is an area where New Zealand can be a fast
follower and adaptor of these developments. We must identify suitable companiesrgadisations
and develop knowledge sharing agreements with them.

e Biodiesekan be produced by firstigasification and then using the well established Fischer Tropsch
process to convert the gas to biodiesel. A number of companies are developing this process and
conversion figures dd0-100 litres of biodiesel per green tonne of woodwaste have been gliote

e Export products:

o Pelletproduction New Zealand has a number of pellet plants but, unlike Australia, has yet to
develop export marketfor this high quality fuel

o0 Torrefaction is a therma@hemical treatment of biomass that results ip@duct with a
significantly higher calorific valuend greatly improved physical properties, particularly in
relation tosize reductiorfor transport and storageOne New Zealand business is understood to
be investigatingexports of product using this process.

o0 Liquid bofuels The establishment of large targets for the used on biofuels in transport will
provide an opportunity for NZ to export liquid biofuels within a few years.

13.  Industry parametersand economic impacts

¢KS hLIiAz2ya aitdRRe AyOf azR8RAS$E206ISYSRIVS G 8 @At D& KIS dkX
2LI0A2Yya¢ YR G0A2SYSNHE adzlllf e FTNRBY bSg %SFHflFyRQa ¥
work assessed the effects of the various-biwergy scenarios on the allocation ekpurces in the economy and

through these variables the effect on measures of economic welfare such as the standard of living of

households.

As biomass derived fuels have the potential to materially affect national outcomes and overall economic
performane, requiring specific Government/policy consideration, the impact of these prothasts been
identified as requiring further analysis.

To put the numbers and scale of the potential opportunity in perspective a verydighpicture, based on the
Optionsstudy numbers, is shown in Appendix

14.  Sustainability and Biosecurity

Sustainability is a critical issue for the bioenergy industry internationally and in New Zealand. Many
Governmentsaand market segments now consider that quantitative, robust and inddpatly verified(or
certified) sustainability credentials are vital in order for the bioenergy industry to expand globally.

This is already translating to government policies in some courardghere is a need for New Zealand to be

part of these develpments and to have input to thenwith the need for export to play a large partanr

bioenergy future it is important that the country will be able to prove the use of sustainable resources and that
our products are not a biosecurity treat to other coties. We must also be sure that any import or

development of new crops into New Zealand does not threaten our existindibaosity. Australia has already
commissioned research on the establishing of suitable standards and controls relating to the goaing
production of bioenergyand NewZealand should joins with Australia on this work.
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There is the need for policies to limit markaetcess and government support to only th@seps andiofuels

which meet specified sustainability criterith must alsde shown that there are controls so that large areas of

land presently used for the production of food are not converted to the growing of energy crops Policies will also
need to ensure that other existing or future industries and land use are not thnedtby support of bioenergy.

Within new Zealand EECA has established a voluntary sustainability reporting regime and BANZ is establishing an
Accreditation Scheme.

International research, particularly in Canada, has shown that the development of bioemeoggges in

conjunction with existing industries such as pulp and paper mills and sawmills is not a threat to these industries
but actually greatly enhances their profitabiléyd sustainabilitylt is likely that bioenergy will be the key to

many existig companies surviving in tough economic times. With the present treat to many sawmills, and even

pulp and paper plants in New Zealand it is important that all sectors of the wood fibre industry work together in

the development andctioningof this stratey to their common benefit. Bioenergy must not be seen as a treat

to establishedndustries or wood fibre use.

15. NZ Bioenergy Strategy

¢KAa o0l O13INRdzyR LI LISNJ aK2dzZ R 6S NBIFIR Ay O2yadzyOlGAzy
a framework foraction. The Strategy has been developed with support from government as there is recognition

that the development of a viable bioenergy industry is important for New Zealand in that it introduces

alternative uses for marginal land, reduces carbon emigsior Yy R f SdaSya (KS O2dzyieQa
fossil fuels, but most significantly can provide substantial economic growth.

15.1 Principles of the strategy
The following aresome of thekey points on whiclthe NZBioenergySrategy has beerbased

e Initial industry development based orxstingresiduesfeedstocks
e Retention/expansion of the wood processing sector as a source of quality wood fibre
e Developnent ofwood fibre and feedstock markets
e Recogniion of the value of bioenergin the achievenent ofclimate change targetsand as a basis for
effective climate change policies
e Government assistance ftiie establishment of biofuels marketthe expansion of biomass plantings
and for the development of processing facilities
e Developnent of NZ Biofuel brands
e Demand stimulation
e Fuel standards
e Public education on biofuels
e Recognition of other benefifsncluding
0 Waste reduction
o Environmental protectiorfareas such as air quality, nitrogexides..)
0 Security of energy supply
o0 Lowering the carbon footprint ofsports and tourism through the use of biofuels in
manufacture, shipping and transport
Enhancement and protection of Brand NZ
Maintenance of market access iaternationalmarkets
o Enhancingegional developmengmployment andesilience of communities

o O

Thestrategy pogres®sto 2 dzii f A y S  fulKpstensiabv@aili 2 NI &

e Assistance to land/forest owners to gain value from wood fliyéncreased demand
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e Incentives to encourage investdrsforest planting, crop growing and processing facilities

e Incentives toencourage commercial / industrial heat users to use wood chip as an energy source

e Provsion ofNZ biofuels marketing assistance

e Assistance for R&D for lignocellulose and algae to liquid biofuetess development

e Use of bort rotational crops (SR@ndthen long rotational crops (LRiD)the production oheat and
transport fueb

15.2 Strategy phasing
The vision will be achieved via a thrplase strategy:

The primary focus is on tHeoundation Building Phase (2010 to 20i6which preparation for growth il be

based on existing resources, processes and markets while consolidating expertise, creating a basis for broader
acceptance and utilisation of mature technology and products, and increasing understanding of the market
drivers for woodbased energy, wad fibre, and other products. Biogas from municipal wastes provides
opportunities for waste reduction.

Develop the wood fuel market providing quality feedstock with forward contracts to heat market and position
for later expansion as feedstock for prodactiof transport biofuels and biohemicals extraction in later
Phases. Commencement of wood pellet export market, including torrefied wood pellets.

In this phase the supplghain infrastructure will be developed and the technical and economic platform for
growth will be confirmed as well as decisions made around crops, processes and future fuel production: based
on expanded and commercially focussed research into fuel crop growing, processing technologies, and trial
plantings. Establishment of applied teaciogy transfer programmes based on being fast followers and adaptors
of overseas research.

Establishment of regulatory environment and experience of production within it. Development of suitable
standards and controls to ensure that new crops can be shovine sustainable and are not a threat to New
»S It | ydedarity. Sekuze Government and investor support.

The activities in the Foundation Building Phase are critical to success in subsequent phases.

TheDevelopment Phase (20162020)will see demastration plants for transport fuel production and plantings

of energy forests and fuel crops in selected regions. Heat use growth will continue to maximise available
opportunities. Growth in fuelwood demand, and the export of wood chip and pelletbuwildl on the

infrastructure of the wood processing sector and provide economies of scale for expansion of planting and
harvesting technology developments allowing economical harvesting of forest residues. This will see growth in
value to landowners withreergy crops a eproduct with other land uses. Development of a new market for low
grade (chip) logs will add value for existing forest owners, who have an increasing annual volume of potential cut
in the period 2020 to 2030 and some challenges in margdtiis material.

This phase sees the commencement of an investment programme estimated to be in excess of six billion dollars,
requiring a mix of lignocellulose to transport fuel initiatives.

In the Expansion Phase (202(2040and beyond)investment in bo-refineries for the production of transport
fuel and other associated bimaterials will be supported by expansion of fuel crops and energy forests on
marginal land and ogoing research and development.

Specific Action plans for implementation of theg#igy areunder development.
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Appendix 1: Transport fuel scenario assumptions

The transport fuel scenario shown in Figure 3 is based on the following assumptions.

Transport Fuel Scenaric

300

m Electric vehicles
m Fossil
CNG, LPC
m Forest/crops
H Residual biomass
m Algae
m Biogas
™ Tallow, waste cooking oi
m Canola

2010
2015
2020
2025
2030
2035
2040

Demand

Supply

Energy demand for transport is the Reference Scenario from MBB‘gyEOutlook 2009.

Is BAU in terms of broad trends in key economic drivers, policy settings, technology and fuel choices.
Uses central forecasts of population, GDP, NZ$ exchange rates and continuation of enacted government
policies such as the emissiading scheme.

Electric cars energy use based on estimates from Electricity Commission report and Meridian/Contact
report of October 2009. Approximately midway between the two reports.

Algae derived fuels will reach 1% of transport energy by204

Canola derived fuels will reach 7PJ around 2020 and remain at this level until 2040 (due to competition
from cheaper biofuels)

Residual biomass derived fuels will reach 22PJ around 2022 and remain at this level until 2040 (limited
resource)

Biogas fotransport use will reach 3.15PJ around 2035 and remain at this level until 2040 (this being
70% of total biogas produced.)

Energy forest and fuadrops derived fuel volumes are based on a modified version of a SCION (Peter
Hall) estimate.

The numbers in prspective

The examples below are intended to illustrate, based on a verylaigh interpretation of numbers taken from
the Options study, the scale and scope of a Wjghwth bio-energy strategy.
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Scion estimated in the Options study the costs for ethiand biodiesel production, and this included an
F3aSaayYSyid o6& LyFT2YSGNROa 2F (KS LRIESYGAILIt AYLI OGa
figure 2 is for lower volumes, reflecting a range of assumptions and the examples below am@ier adlume

still.

In order to quantify the economic and other parameters the following scenario is considered:

e Six larger facilities sized at 9PJ pa (260m litres pa) of production, rather than the 90m litres in the
Options report:

o Affording economiesai OF £t S | yR Sljdzr GAy3 (42 6KIG Aa aSsSsSy

o Production costings assumed to be at the lower end of the Options Study range

0 Located in areas identified in the Options report as having the potential to supply the required
biofuel: Manawatu (two plants), Gisborne, Wellington and Otago/Southland (two plants)

0 Producing in total around 1.6 billion litres of fuel (ethanol or diesel) per annum, this being
I NRPdzy R HE: 2F bSg »%SItlyRQa NBIdANBYSyYyda

For one 9PJ (260m litre) production fatfli
e Each plant will require indicatively:
0 2.7m tonnes pa of pinus radiata chip or 900,000 tonnes pa of Miscanthus (or a mix of these, and
potentially residues)
0 This equating to around 60,000 ha of miscanthus, or perhaps twice that of forest; equivalent to
between 2 and 4% of the land within a 100km radius of the facility depending on the crop mix
e Financial parameters:
o Capital
A Ethanol plant; around $1 billion including $600m for the processing plant (the balance
infrastructure and crop establishment costs)
A Biodiesek around $750m overall
0 Cost of production around $400m pa
e Carbon dioxide reduction around 550,000 tonnes pa, excluding sequestration effects
e Employment not known, but very substantial
e Timescale: the scale would require extensive planting dfdtaps with new forestry not available for
circa 25yeatrs.

For six plants

The establishment of six plants and associated infrastructure and cropping by 2035 would involve the
investment of around $5 to $6 billion depending on the fuel mix, ovey&®s, produce around 1.6 billion litres

2F TFdzS¢ LI 2NI HmE? 2F bSg %SItlyRQa LINRP2SOGSR f Aljdz
and require the use of around 600,000 hectares of land.
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Appendix 2:Heating scenario assumptions

The transport fuel scenario shown in Figure 2 is based on the following assumptions.

Heating Scenaric

250

200 Biogas

m Biomass fossil substitutior

150 H Biomass BAU

e = Black liquor
100 = Geothermal
m Diesel
m QOil
50 B Gas&LPC
= Coal
0 | Electricity
3 S S & 3 @ g
Q & 8 8 8 Q &
Year
Demand
e Energy demand for Residential, Commercial and Industrial Sectors is the Reference Scenario from MED's
Energy Outlook 2009.

e Is BAU in terms of broad trends in key ecamo drivers, policy settings, technology and fuel choices.
Uses central forecasts of population, GDP, NZ$ exchange rates and continuation of enacted government
policies such as the emission trading scheme.

e Heating demand for residential sector derivedrh HEEP, 10 year analysis for Household Energy End
use Project No. SR 155 (2006).

e Heating demand for commercial and industrial sector derived from EECA's online Energy End Use
database.

e Over time as fossil fuels will become more expensive thelidows fuel substitution by renewable fuels,
and reduced demand
e The percentage of electricity used for heating will be unchanged through to 2040 with heat pumps
offsetting substitution
e The percentage of coal used for heating will be reduced by 50% by 2040
e The percentage of natural gas and LPG used for heating will be reduced by 20% by 2040. (gas in some
cases will be substituted for coal, some gas replaced by electricity)
e The percentage of fuel oil used for heating will be reduced by 50% by 2040
e The percetage of diesel used for heating will be reduced by 50% by 2040
e The amount fuel energy substituted is replaced by renewable fuels in the following proportions:
o Electricity will take 10% of the fuel substituted offset by 10% reduction in eSieiency et}
0 Gas and LPG will take 10% of the coal, fuel oil and diesel substituted
0 Geothermal will take 15% of the fuel substituted (geographically constrained)
0 Biomass will take 65% of the coal, gas and diesel fuel substituted
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Appendix3: Demand side drivers angotential risks and barriers

Demand side

The demand for bioenergy fuels and products will be driven clearly by a range of economic and other factors.
These are summarised (primarily with respect to wobdymass) in the table below:

Demand driver

Commaent

PQa

Shortages and price rises; alternative fuels

World and New Zealand demand for
woodHibre (forest and crops) is expecte
to increase significantly. Opportunity
areas:

e NZ heat supply

Based on increasing demand
for green fuels as asult of
shortages of oil and gas and
moves to a lowcarbon world
economy

Opportunity is for
billions in
investment in
growing and
processing, and fo
the profitable

* Export production of high
 Biofuels volumes of
product
Pricing is expected to follow (generally)| With a carbon charge
oil prices bioenergy is expected to
become economic in time;
depending on the fuel
displaced
National benefits
Displacement of hydrocarbon fuels, coa Potential is to displace high | Requires a

and gas

percentages of coal currently
used in heat supphand a
significant percentage of
petrol and diesel use

significant carbon
cost, and high oil
prices, as forecast

Enhanced national security of energy
supply

Potentially replaces a
significant percentage of liquic
fuel imports with indigenous
production

Potentially a range
of benefits
associated with
lower risks

Economic growth, other national
economic benefits

Infometrics studies indicate
potential for macreeconomic
benefits depending on
hydrocarbonfuel and carbon
costs

Reduced greenhouse g&missions and
national commitments and costs
associated with carbon emissions

Primary areas:

e Displacement of fossil
fuels

e Carbon sequestration

Potential very
large national
benefits from the
avoidance of
associated
payments

Skills development for pressing
operations

Manufacture of pellets, but
particularly liquid biofuels will

require high level technical

Significant
enhancement of

bQ& AYRQ
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skills skills base

Reduced emissions of other products | Biofuels offer significant Potential $

such as sulphur, NOx reductions in a range of benefits from
emissions increased health

and wellbeing

Benefits to landowners

Increased revenues and improved The costings in the options | A land rental of

revenue resilience study are based on higher an¢ $280 per ha has
more consistent returns to been assumed in
landowners, compared with | the Options study
current land uses modelling

Shorter harvesting rotations and Fuelcrops offer annual crops | Higher investment

production leadtimes (from fuelcrops) | after (say) two or threg/ears | returns

Potential for cropping on marginal landg Offers economic returns from
poor land

Diversification of farming outputs and | Fuel and forest crops offer

revenue streams alternative income streams

Nitrate management, reduced erosion | Forests, and fuel crops,

and reduced ruroff from agricultural generally require low inputs

operations and reduce run off

Regional benefits

Regional and rural job creation Liquid biofuel production will
require considerable regional
employment

Stimulaton of rural infrastructure and

economic development, with increased

rural community resilience

Potential barriers and negative impacts
Potential impact Comment

increase as expected

Economic costs if hydrocarbon fuels costs do n

Potential risk iyen that the economic case
for bioenergy depends on predicted higher
prices for alternative fuels

Technology risks

Technologies are relatively unproven
(especially ethanol) with attendant risks

Impacts on current wood processors and
exporters

May redue supply of raw materials but dog
also provide potential alternative markets
for their wood fibre

Negative impacts on agricultural exports

Energy crops may use land presently
growing for export. However most land
used for energy crops or forests will be
marginal land which is presently
unproductive

24 August2010

29



Refer Options study for detailed analysis

Potential increased food prices

Would only happen if returns from energy
crops are higher than producing food.

Liquid biefuels will require changes to transport
fleets and fuel infrastructures

Production of biediesel will require less
infrastructure than production of bioethano

Potential impacts on biodiversity

It could also be argued that biodiversity
would increase

Huge investment requirements over long time
horizons

Outside normal commercial investment
parameters and risk profiles

This can only be managed with Governme
involvement
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