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Joseph William Gottstein Memorial Trust Fund

The Joseph William Gottstein Memorial Trust Fundsweatablished in 1971 as a
national educational Trust for the benefit of AaB#’s forest products industries. The
purpose of the fund i%o create opportunities for selected persons tquae
knowledge which will promote the interests of Aalsin industries which use forest
products for the production of sawn timber, plywoocamposite wood, pulp and

paper and similar derived products.”

Bill Gottstein was an outstanding forest produetsearch scientist working with the
Division of Forest Products of the Commonwealthe8tific Industrial Research
Organization (CSIRO) when tragically he was killed. 971 photographing a tree-
felling operation in New Guinea. He was held intsb@gh esteem by the industry that
he had assisted for many years that substantadial support to establish an
Educational Trust Fund to perpetuate his name wastly forthcoming.

The Trust's major forms of activity are:

1. Fellowships and Awards - each year applicatamesnvited from eligible
candidates to submit a study programme in an amesidered of benefit to the
Australian forestry and forest industries. Studyrsoundertaken by Fellows
have usually been to overseas countries but selvaval been within
Australia. Fellows are obliged to submit reportscompletion of their
programme. These are then distributed to industgpropriate. Skill
Advancement Awards recognise the potential of perseorking in the
industry to improve their work skills and so advariceir career prospects. It
takes the form of a monetary grant.

2. Seminars - the information gained by Fellowsfien best disseminated by
seminars as well as through the written reports.

3. Wood Science Courses - at approximately twolyeéatervals the Trust
organises a week-long intensive course in woochsei¢or executives and
consultants in the Australian forest industries.

Further information may be obtained by writing to:
The Secretary

J.W. Gottstein Memorial Trust Fund

Private Bag 10

Clayton South VIC 3169

Australia



Andrew Lang is inaugural chairman of SMARTimberso@erative, and is
responsible for their log sourcing and milling mgement. He was a 2003 Churchill
Fellow, was appointed to the Victorian Sustaindbtaber Industry Council, and is a
member of the Central Victorian Private Forestry@&epment Committee. He
believes farm forestry has enormous potential &mben sequestration, as a source of
biomass for energy, and as a sawlog source fdirtteer industry.



Energy wood from a final harvest of spruce in Derkma

“ Even if the future looks dark it doesn’t have t@we a given end.
Change is constant. We have been through an Ag&tagfam and an
Age of Oil. Now we have to do it smarter.

Since 1990 in Sweden we have managed to increaseweable energy
to almost 40%, reduce greenhouse gas emissions’byafd grow our
GDP by 44%. Bioenergy for us is no longer an ahative energy but a
major part of our energy supply system.

Ms Maud Olofsson
Minster for Enterprise and Energy, Deputy Prime Minister Sweden

(Opening address to World Bioenergy Conferencek@ding Sweden, 27.05.2008)



Executive Summary

The three countries visited — Denmark, Sweden amdrid — have all developed
bioenergy as their principal form of renewable gyefhe aggregate of their
populations is similar to that of Australia. Befdhe 1970s oil shocks their
dependence on fossil fuels for energy overall waginly comparable to ours.
Their development of bioenergy since then meansibaould draw on their
expertise to provide possible solutions for howhees might proceed to develop
bioenergy using the by-products of our agricultarad the forest industries.

This report is driven particularly by the needitavelop the harvest and processing of
first thinnings from integrated farm forestry, snhis most presently most small-
scale and dispersed part of the private forestrios@eeds to solve how to make the
first thinnings operation at least cost-neutratmcourage a many-fold expansion.
And the obvious market for the thinnings from andaéically expanded farm forestry
sector is to local and regional bioenergy plardanahese Nordic countries.

This study was driven by Australia’s scope to @eagreatly expanded farm forestry
estate of up to 10% coverage of the 50 million higssanore productive arable land.
So an estate of up to a million ha of dispersedimpulpose strip woodlots on farms
across Victoria, and 5 million ha across Australibis scale of planting over 30 years
would produce a sustainable flow of industrial vo&s of logs for milling, chip for
paper making, smaller diameter roundwood for caiesittn and veneer peeling, and
biomass for energy.

This scale of planting would mainly be across famits under 650mm rainfall. In
replacing a small amount of the original foresteow would significantly improve
habitat and other environmental benefits, imprarenfproductivity, add to rural
employment, and sequester significant amountsnebgpheric carbon, all with
minimal impact on catchment flows and landscapéhaéiss. And create very large
volumes of biomass. All at relatively small cosgm/ernment.

Biomass produced from thinnings and harvest wasta this scale of plantings
would provide significant amounts of baseload epefgr example, in Finland in
2004 about 20% of primary energy and 11% of thetetity supply in Finland were
produced from wood-based fuels alone. (TEKES TeldgyoProgram Report 2004).
This form of energy can be compatible with dispérsem forestry. In each of the
study countries most of the industrial roundwoad] bence the flow of forestry
residue and thinnings to bioenergy, comes from thixaive forest owned by
individuals and families and harvested in of onig hhectares that may be many
kilometres apart in any one area.

As with any new industry there are many issueshhae to be clarified or resolved
before investors see that there will be a good ohah adequate and sure returns. For
such an expansion of farm forestry these issudsdac-

Improving the logistics and economics of processirandling and
transporting large volumes of wood chip from mamgah sites. This includes
use of tractor-mounted or powered forestry equigmen



The way forest owners can achieve optimal retusnpfoduct and maintain
satisfactory control of the process. Just how gneam woody biomass can
fit into a state or national energy future.

The sort of government policies and support, taesfinancial incentives
that need to be in place to support and underpreldpment of such an
industry sector, with its need for long-term invesht confidence of at least
30 years.

| used Gottstein Fellowship funding, supplementgduinding contributed from five

other organisations, to spend six weeks in Denntanleden and Finland. There were

three topics of my Fellowship study —

1. to learn about the logistics and economics pderbuof harvesting first
thinnings (energy wood), processing into chip aadgporting to bioenergy
plants.

2. to learn about the development of the policieslaglation that underpins the
use of bioenergy, and how it is made cost-competiti

3. to find out detail on the lower capital cost ma@mnand equipment mounted on
or powered by farm tractors that could allow lowest first thinnings in
Australian farm forestry.

On this study trip my aim was to talk to peopledived in practical aspects of the

study topics — in government, R&D organisationgmwers. | interviewed most for

about two hours, though with some | spent up tayaid the field. My aim was to
have most of my base information supplied by pewie are either engaged in
applied research, or who are managing at the faved br are involved in industrial-
scale application of forestry and bioenergy beatfices. Accordingly this report is
based on about 360 double-sided A4 pages of naigsthese interviews. In addition
| collected about 20kg of literature and publicaigelevant to the study topics.

| was funded by the Rural Industries Research aak@pment Coorporation
(RIRDC) to go to the third World Bioenergy Confecerat Jonkdping, central
Sweden, in May 2008. This was attended by aboud pafticipants from about 58
countries and autonomous regions, Over three datgerided talks on my fields of
interest by international leaders in applied resedEvery day there were field trips
and opportunity to talk with manufacturers of a rdnge of machinery and
equipment. In addition | went on pre- and post-eogrice full-day trips to a series of
small and large bioenergy plants fuelled by a rasfggpes and forms of biofuels, or
which made pellets or biogas.

It is clear that there are two main ways to maragtte or national forestry industry.
One is based on the largely corporate or state-dwand controlled forestry we see in
Australia, Russia and Canada. The other is theopnedhntly individual and family-
owned forest where management responsibility iolyed that we see in most of
Europe and in Scandinavia. (Lang A. Churchill &&hip Report, 2003).

In Australia an expanded farm forestry sector canddelf-administered by grower
cooperatives in the same way as vast family foyestrctor in the Nordic countries.
Over the four countries the 825,000 forest holdiaugsowned by families and
individuals. These holdings average about 50 t#weaden, about 19 ha in Denmark
and about 31 ha in Finland (24 ha in southern RajlaHarvest, managed by the
grower or the grower associations, is from site$-@fha on average, and supplies
most of the industrial round wood and much of tlemdy biomass used for energy.
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Glossary
Baseload —production of energy at a constant predictable wutpaffected by
external factors. For example the Averdgre-2 pheatr Copenhagen has the rated
baseload electricity output of 485 MW, equivalenf#2 2MW wind turbines at full
output. But even in the windiest parts of Denmankdaturbines produce rated power
only 40-50% of the time, and in summer for weeleyttnay produce no electricity.
Biofuels— In the Nordic countries ‘biofuel’ and ‘biomassedrequently used
interchangeably. However in this report ‘biofuedfers to liquid or gas fuels
produced from biomass by any one of a number afgs®es.
Biomass— organic material available as a feedstock fodpction of energy. It may
be putresible ‘wet’ organic matter or ligno-cellsilo ‘dry’ material. In Sweden and
Denmark it also includes municipal solid waste.
Black liquor — the lignin-rich by-product of the chemical pres®f converting wood
to paper pulp. It has a fuel value about half tfatood. When it is burnt process
chemicals are recovered for re-use. It is class#drwbiomass’.
Bolsters the vertical members on a forwarder that confiresload
Carbon-neutral — use of biomass as fuel is regarded as a carboinah process, as
the CQ liberated came from previously living matter asaeincorporated rapidly
into new living matter.
Co-firing — use of more than one fuel within the same fugnac
Co-generation— production of more than one form of energy— lgueeat and
electricity
District heat — an outward and return paired system of buriedlated pipes that
distributes thermal energy around a community andtustrial area, where the heat
is drawn off through heat exchangers and the volahweater remains constant.
Energy wood- the term now used in the Nordic countries fertthinnings and
harvest waste destined to be chipped for fuel.
Family forestry — The term given to the forests owned by famiied individuals, to
distinguish these from forests owned by state,@hununicipality, corporations etc.
Feedstock— a general term used here for biomass in sorge stiethe supply chain
before it becomes fuel
Forest chip— a distinction made in the Nordic countriesistas for woody biomass
that distinguishes between chipped stem wood franest operations, and bundled
tops, woody biomass from manufacturing, etc.
Forest management association&MAs)— a term used in Finland for the local fares
owner groups. Used here also for comparable groupgnmark and Sweden
Forwarder — the specialist machines that carry out logshargest waste from
within the forest operations site to the landinthatedge
Fuelwood - solid wood such as firewood billets used forking and househeating
(or saunas).
Harwarder — a forwarder equipped with a harvesting headhhatests and forwards
out in the one pass through a forest thinning site.
Heating entrepreneurs— Contractors who have an agreement to supplydmssrto a
heating plant.
Landing — the working area within or more usually on tdge= of a forestry
operations site, and usually serviced by an alltheraroad.
Municipal solid waste (MSW) (also called Solid Recovered Fuel SRF) - municipal
waste after all recyclables and toxic materialsehagen removed, leaving a
flammable mass usually under 50% MC. Similar touRefDerived Fuel (RDF).
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Nominal boiler output — the rated energy output of a boiler operatinigsalesigned
optimal capacity or efficiency, usually expressedreegawatts (MW).

Primary energy - The gross energy use or production in a coumtinggion,
including electricity, heat and transport energy.

Private forest — the term used in Nordic countries to mean ‘owimggrivate
individuals or families’.

Regional forest owner associatior term used in Denmark for organisations
generally comparable to Forest Management Assoom{iFMAS)

Short rotation coppice— perennial woody crops that regrow from the lediey
cutting, allowing a series of harvests from the plaamting operation

Stump lifters — a levering attachment fitted to a tracked ext@yased for prising
softwood stumps from the ground so they can be exed to chip

Woody biomass— Biomass from trees, bushes and shrubs. It iesl@iorest wood,
wood processing industry residues (including bliapkor), fibre board residues,
particle board residues, and used wood (urban ezedwvood).

11



Energy: definitions, explanations, units and convesions

For people new to the subject of energy from wadbidynass the units used and the
conversions between them can be initially quitefesing. However these units are
frequently quoted in the Nordic forestry/bioenesggtor and are used in all papers
and research reports on this general topic. Tonstaled the potential and scale of
energy from woody biomass and the relationship betwthermal energy (heat) and
electricity the reader must acquire familiarity lwihe terminology and with
conversions between units. Hence this separatesdot energy units, their
conversions, and other bioenergy terminology.

To avoid confusion between these units that wgltarly recur in this report it needs
to be understood that any energy units used wiialig relate to one of these different
situations or contexts. The context for the usdgeumnit may be important.

1. the energy value of a unit volume of the fuel so a loose cubic metre (m3
loose) of forest chips will be paid for accordingts energy value expressed
as megawatt hours (MWh) or as gigajoules (GJ).aHoR loose of 40%
moisture content (MC) spruce this will be 0.7-0.8W. This means a
bioenergy plant is only paying for the realisabtergy in the forest chip.

2. the aggregate or total energy of a type of fueFor instance the total energy
produced from straw in Denmark in a certain yedrlva expressed in
terawatt hours (TWh). The energy value of biogaslpced in Sweden from
sewage plants, or energy value of biogas upgrasteask as vehicle fuel, will
similarly be in the units of terawatt hours. Immeocases where the aggregate
is expressed in joules the total figure will begpetiles (PJ. 1 TWH = 3.6 PJ).

3. the output of a bioenergy plant This is usually first given as an energy
capacity figure, being the rated boiler output ilMMWhere it is a combined
heat and power (CHP) plant the electricity produtivill be given as the
rated or measured turbine output in electricitjd¥-e, and the heat supplied
into the district heating system will be either eegsed as as megajoules per
second (MJ/s. where | MJ/s = | MW), or as megawaitthermal energy
(MW-th). These values are usually the output wiengiant is operating at
its designed optimal efficiency, such as at peakatel in wintertime.

Annual peak load times for CHP plants are abouD@@urs/year in Finland,
and peak load times for district heating plantsuald®00 hrs. (TEKES 2004).
Other figures will occasionally be used for CHPnéa including steam
pressure and temperature, steam flow per unitad,tand efficiency of
conversion of feed fuel compared to energy outptit@ boiler.

12



Bioenergy plant efficiency.Energy plants divide into three main types -
District heating (DH) plantgproducing only heat. 85-88% of energy
contained in the fuel is converted to energy. Theapts are usually
less than 10MW.
Condensing power plantkesigned for production of electricity only.
Up to 40-45% of energy is recovered as electriaity the rest of the
energy lost in cooling water and flue gases (tldsets are too
inefficient for using biofuels, and are not dis@$ere)
Combined heat and power (CHP) plafisco-generation plants).
These plants have an efficiency of 85-90%, with8P@6 produced as
electricity and 55-70% as heat. These plants canb®scaled down
so that heat output is only 5-10MW or less. (TEKE®4)

Prefixes for energyunits Energy in Swedef007)
Kilo 103, Mega 16, Giga 16, Tera 18% Peta 1&
So a megawatt (MW) is 1,000,000 watts, and a gigej¢GJ) is 1,000,000,000 joules.

Conversions

1 megawatt-hour (MWh) = 3.6 gigajoules (GJ). 1 gigke = 0.28 MWh.
1 megawatt (MW) = 1 megajoule per second (MJ/antlaéenergy

A megawatt output = 24x365 MWh = 8800 MWh/yr

A terawatt-hour (TWH) = 3.6 petajoules (PJ), aritla= 0.28 TWh

Units of wood chip biomass — cubic content/weight:
For Norway Spruce with a specific gravity of 400k& solid wood, and at 40% MC
- A solid m3 weighs about 400kg and produces ab@uir of loose chip.
A m3 of loose chip weighs 140kg and contains aldag® m3 of solid content
A tonne of woodchip fills approx. 4.0 m3
A tonne of chipped spruce contains approx. 1.4 fredld wood

$ " +/' 0!
'0!
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Units of calorific value (using the same 40% MC chipped Norway Spruce)
A loose cubic metre of chip contains approx. 2.6060.72 MWh energy
Fuel consumption (for boiler efficiency of 80-90%)about 1.48 loose
m3/MWh of this chip. Biomass fuel supply chai2§07)
A m3 of solid wood yields about 7.3 GJ
A tonne of woodchip yields about 10.4 GJ
MSW vyields about 2.6 MWh/tonne (figdrem Llungby Energi)
A tonne of sawdust pellets or briquettes (10%meldg 4.50-5.00 MWh
One litre of fuel oil = 36 MJ = 10kW
Calorific value of 1000 | of fuel oil = approx. 18mvoodchips
1000 litres fuel oil = 36 GJ
Calorific value of 1000 Nm3 of natural gas = 15m@oachips
1000 Nm3 natural gas = 11 MWh = 39.7 GJ
Energy of 1 Nm3 of natural gas and 1.1 litres ob8tane petrol are
approximately equal.
1 tonne fuel oil = 42.7 GJ.
| tonne crude oil equivalent (toe) = 11.63 MWh =888 GJ
A million tonnes crude oil equivalent (mtoe) = 4883petajoules (PJ)
A terawatt hour (TWh) = 3.6 PJ
(1 Nm3 natural gas is a cubic metre of gas at st@ahi@mperature and pressure)
(figures and conversions frowiood for energy productiodenmark 2002 and
Energy in Swede007)

Australian fuels - energy information

| tonne NSW black coal =23 GJ
1 tonne Victorian brown coal = 10 GJ
1 tonne green wood =10 GJ
1 tonne oven dry wood =20GJ
1 tonne Carbon =3.67tCO2

(figures fromGreenhouse solution Diesendorf 2007)

General rules of thumb for energy

- A DH plant requires approximately 10,000 tonned@¥ MC chip per MW
capacity (More efficient CHP plants with dry fuatluding pellets can use
down to about 1500 tonnes/MW).

- For a DH plant, cost of installing the distributinatwork is about half the
overall capital cost.

- A MW of electricity will supply 500-750 Australiaglectricity-dependent
homes for a year.

- An average Australian family uses about 13,000 KWbf energy (a Danish
household uses about 7000 KWh/yr). In winter upath of power
consumption in an electricity-dependent house @uded for space and
water heating.

- Australian industry and households consume up 100GBMW of
electricity/yr (with over 70,000 MW of thermal eggrannually being also
generated, but not used).

(figures from media sources, and pers comm.)
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Recent history of bioenergy in Denmark, Sweden anélinland

The conversion to use of renewables and partigubadlenergy in these countries
studied has been driven by three main factore-need for national energy security,
climate change policies, and generation of rurghlegment. It has been
accompanied by work on improving energy efficiermy,public transport
infrastructure and in stimulus of biofuel use. Unpillening the process have been
strategies that have taxed fossil fuels (see fofigwable), taxed C@equivalent
emissions, put a value on ‘green’ electricity progll, and have stimulated significant
expenditure on R&D. Laws have been passed thag@blbuseholds, businesses and
municipalities to maximise recycling and that battipg flammable municipal waste
or putrescible municipal waste into landfill.

Commercial energy taxes and prices in Sweden 197045: re/KWh

1970 1980 1990 2000 2006
Heavy Fuel oil
Price 1.5 12.3 21.7 26.4 39.9
Tax/% 0.3/16.4 1.3/9.4 11/33.6 18.2/40.9| 33.7/45.8
total 1.8 13.5 32.7 44.6 73.7
Premium petrol
price 3.7 17 25.6 39.4 49.6
Tax/% 6.8/65.1 16.7/49.5| 37/59.1| 51.2/56.5| 55.3/52.7
total 10.5 33.7 62.8 90.6 104.9
Diesel fuel
Price 2.6 13.7 29.1 38.6 52.2
tax/% 4.1/61.2 1.3/8.5 11/27.4 29.5/43.3| 36.1/40.9
total 6.8 15 40.1 68.1 88.3
Coal 1983
Price 5.3 4.7 4.7 7.3
Tax/% 0.2/2.9 5.3/53| 18.3/79/66.3/83.2
Total 5.5 10 23 43.7
Forest fuels 1993
price 11.9 11.2 21.35
Tax/% 0/0 0/0 0/0
total 11.9 11.2 21.35

(Energy in SwedeR007)

In practice the outcomes have been that existiegggrplants have been converted
from coal or oil first to natural gas and then &fbelled by biomass. New energy
plants using natural gas and biomass have been luith of what had been
municipal or industrial residues that had a sigaifit cost of disposal have now
become fuels with a value that at least offsets tlendling costs.
In Sweden the choice of fuels for district heatiragn 1970-2006 shows this —
Oil - 14.3 TWh up to a peak of 30.9 in 1980, a st till 1987, and to 3.2 TWh,
Coal - 0.4 up to a peak of 12.9 in 1886, steeptifall990, and down to 3.2 TWh.
Biofuels (including waste and peat) - from 0.3 T¥tbadily up to 36.2 TWh. Over
the period the DH energy total has climbed fron6IAVh to 55.4 TWh.

(Energy in SwedeR007)
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At the local and farm level handling of forest teg#s and thinnings has now changed
dramatically since the 1970s. The first thinningttpreviously had been delayed for
many years until average stem volumes were ab&ut®is now able to be done cost
neutral at stem volumes down to an average of 0.2813, due to the demand and
hence price for forest chip. This obviously resitt better yields and growth rates.
The first thinning at 25-40 years may yield up @3/ha. The price being paid/m3
solid for energy must be competitive with the pricepulp wood, as both markets are
competing actively for the same product. Usually ¢éhergy plant will be closer so

the lower cost of transport to this will be alwaypart of the calculation.

Even so the rising demand for biomass due to thiggab pressures of climate change
and from consequent national targets for greenhgaseeductions has made the
industry realise that while there are great voluofasnused resource, there are also
real technical issues and costs in accessingdbatirce. Sweden for instance is
estimated to use residues from final harvest op 8% of sites in 2006, up from

half that in 2003. However this volume currentlyrigeaccessed is more than equalled
by the volume of wood — about 5 million tonnes of chatter (DM) - that is, in stands
of dense young forest that is presently uneconéondto a first thinning using
conventional forestry harvesters and forwarderswiich would benefit from a first
thinning.

At present it is simple economics that are involyest cubic metre of chip loaded at
the landing energy wood from a stand harvested fonlfirst thinnings costs about
50% more than the residues from a final harvestefOssue of volume of biomass
available per hectare in the stand, distance frarkats and soft ground all play a
significant role. 56% of the 4.13 million ha (or.4% of Sweden’s forest area) of
these unthinned sites are in the northern halfrsgd®n and about 27% are on soft
ground that should only be harvested in wintere parameters of a stand requiring a
first thinning are that the trees are below 15matatl the site will yield over 30 tonne
DM/ha. Unutilised biomass resources in Swedish young diemests2008)
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Biomass for energy in Denmark, Sweden and Finland

Bioenergy is now a significant source of energipanmark, Sweden and Finland
(also in many other countries not in this study)eie are some differences between
countries in the choice of raw feedstocks, largklg to the respective scale of their
forest industries. But basic similarities lie irettvay renewable energy sources, and
particularly for this study, bioenergy, have beestéred and encouraged by carbon
tax, incentives, and legislation since about 198 efficient use of biomass for fuel
has been made easier by the fact that in most contiesithere were already small
district heating (DH) plants or combined heat andi¢@r (CHP) plants, and so the
necessary infrastructure existed for distributibbiomass-generated heat energy to
households, businesses and institutions.

So in essence the use of woody biomass in thesgraesiis now increasingly
economic- due to taxes on alternatives, and incentivegdarse

efficient— due to the design of the plants and the usetbf fieat and electricity
environmentally sound with carbon-neutral by-products of the timbetustries and
agriculture steadily replacing fossil fuels (amdSweden, also nuclear power). The
introduction or expansion of district heating hasamt the steady replacement of large
numbers of fossil fuel-fired boilers with signifitbemissions. For instance in
Jonkdping, Sweden, a new plant replaced 19 snidired local boilers.

In Australia the energy contribution from woody tiass to the national electricity
total demand is under 0.5%, and is mostly as sceyae waste (bagasse). The
contribution here of woody biomass to total enargg is up to 5%, mostly as
firewood for domestic heatingBipenergy: a future for the Australian forest inthys
2001)

By comparison, in Denmark the contribution fromrbass to energy (including
thermal energy) is about 6%, and this is mainlyfrgtraw and woody biomass. In
Sweden it is closer to 20% (and climbing towardrgét for 2020 of 40%) and far
exceeds any other form of renewable energy. IreRohbverall it is about 24% and in
central Finland is closer to 50%.

It must be kept in mind that the national energyumrement for these three countries
splits roughly to 50% as heat, 25% as electriaily 25% as transport fuels. Finland is
remarkable in that almost 20% of the nation’s eieity is presently generated from
woody biomass and timber industry by-product in Githts of up to 500MW
(electric and thermal combined output). (pers comm. Kent Nystrom, Svebio

In these three countries the district heat is gedrmainly by bioenergy and waste-
to-energy plants. These may be small DH plantd/BV5or less, or may be produced
by CHP plants with boiler ratings of many hundretimmegawatts, as in the following
examples. These industrial-scale energy plantéefiély biomass show that in
Australia, as carbon pricing and the energy andalagost of implementing carbon
capture and storage impact on energy costs, Uite éeasible that such bioenergy
plants could play an increasingly significant rdleslled by what are now the largely
discarded waste products and residues of the digriewand forestry industries.

Bioenergy in Denmark

In Denmark the extensive conversion of fossil fild power plants to use biomass
or waste for energy is almost complete. There ishmmore use of straw as fuel there
than in Sweden or Finland (though Finland does sigleificant volumes of a native
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phalaris species for biofuel). About 25% of avdiastraw (about 18 petajoules in
2005) in Denmark is being used either as wholebhigs in a ‘cigar feed’ process, or
with straw shredded and then fed to boiler viarawauger, or with the straw
pelleted for transport and handling, and then paediéefore firing. Bioenergy for
electricity and hea007)

This latter is the process for the refitted Amageket plant on the harbourside in
central Copenhagen. In 2003 Unit 2 of the threé eoal-fired plant dating from the
early 1970s was converted to be fired by stranepellvith the output reduced to
about 70% of the coal-fired output and using ald@@,000 tonnes of straw pellets a
year, equal to about 2100 hours at full load.

In 2005 Unit 1 began a refit to allow firing by ansbined fuel system of one or more
of coal, wood pellets or straw pellets. Unit 1’ssigoiler will be able to be fired
100% with coal or wood or with 90% straw. It is fpair the Copenhagen Plan setting
up an adequate heat supply for the city for the B8xyears. It will receive a new
turbine, new flue gas treatment system and a nagk sThe plan also involves a 4 km
long tunnel to take steam to the inner city heagnd. The renovated Unit 1 will
produce 80 MW electricity and 250MJ/s of heatinge Three power plants in total
will supply 13% of the island of Zealand’s powensamption, equal to the winter
heating requirement for 115,000 hous&soénergy for electricity and he2007)

What has driven this move to using biomass (andey#sr energy is clear
government policy and legislation, reinforced byt bsually developed ahead of,
European Union (EU) policy. The process is drivgrsbbsidies for plant conversion
or construction, increased carbon pricing, andsienrof the taxes on fossil fuels
toward lifting the payment for biomass to a supgoprice in Danish Kroner (DKK)
per gigjoule of energy content

Of the current use of biomass in Denmark aboutet8jpule is from wood, of which
about 14 petajoule is as imported pellets. Ovefale energy from wood, 40% is
from fuelwood, 30% from pellets and the remaindewaod chips and wood waste.
Fuel wood is almost entirely used in home firespsland wood waste fire larger
boilers in power plants and district heating plaatsl pellets are used in both areas.
There are 490,000 ha of forest in Denmark with nmaxstd removed ending up as
energy wood, either directly or as by-product freemvmills and processing plants.
Danish production of wood chips has quadrupled betwl992 and 2007, and the
available resource is used almost in full. The s that will double Denmark’s
forest area over the next 100 years will see theusutnof available energy wood
continuing to rise.

In Denmark the price of wood pellets has been nmchke volatile than prices of
wood chip and straw. These until 2007/08 were cgidble for many years at about
35 kroner/gigajoule for chips and about 30 krornigdule for baled straw.
(Bioenergy for electricity and he2007) However as they are more readily
transportable, pellets from the Baltic countries] anore recently also from North
America, have been imported by plant operatordef3edre able to be ground and
blown into a boiler in the same way as coal, makirsgmpler for conversion of coal
fired plants or co-firing. Straw is also increadinigeing pelleted for this reason,
though in many smaller DH and CHP plants the feegkiwhole square bales.
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Example 1 - Averdgre Multi-fuel power plant, Denmak.

The 570MW Averdgre-2 planivhich began operating in 2002, is designed to be
fueled by either straw, wood pellets or natural §8ken first planned it was assumed
that natural gas would supply 85% of the fuel nebdta leap in gas price meant that
in early 2001 biofuels were decided upon as thenrfusl source.

Denmark had legislated to cease the use of caakgsrimary fuel for energy and
Averdgre-2 was designed to replace three coal ptadts and thereby reduce net
emissions of CO2 by 10%, nitrous oxide by 20% arighair dioxide by 30%. It uses
a unique combination of gas turbines, fossil fu@ldy and biomass boiler. In co-
generation mode the new plant is a world leadeefiiciency, in converting up to
95% of the fuel into useable energy.

Electricity output from the plant is about 485 M#hd supplies about 20% of the
demand for eastern Denmark, or enough electrioityabout 800,000 households. It
generates 570MW thermal energy supply for theididteating needs for about
180,000 homes in Greater Copenhagen. This engmgginly from about 150,000
tonnes of straw and 300,000 tonnes of wood pedietsially.

The straw boiler is equipped with a vibrating grnatach is divided into three air
zones for each of the four feed lines. The capadistraw storage is nearly 3000 big
bales, and up to 12 trucks an hour can be unloddexistraw is fed though straw
shredders. The shredded straw is then feed intbdiher via screw stokers

The plant combines steam from both biomass andl fas$ boilers. The ultra
supercritical steam turbine operates at temperatuabout 580C and 300 bar
pressure, and at the times was the most advaneah stirbine anywhere in the
world. The efficiency of the biomass plant is 4&%@ of the fossil fuel steam cycle is
48.2%. Boiler feedwater is partly heated by theaew flue gas from the gas turbines
and is fed into the boilers at 310C. Bidenergy for electricity and he2007,
and information from plant operators - Dong Energy)

Note: It is this recovery and use of heat energy (paldrly through district heating)
at every part of the cycle that help make the Scavthn and Finnish CHP plants so
efficient. Another source of efficiency is the it@laly short transmission distances
possible when the countryside has CHP and DH plards near almost every urban
centre.

Example 2 - Herning CHP plant, Jutland, Denmark

Herningverkart was built in 1984 as a coal andiogld CHP plant, supplying the city
of Herning (pop about 50,000, and district popolatibout 150,000) in northern
Jutland with heat, and the national grid with eieiy. In 2000 the plant was
converted to natural gas, and in 2002 it was cdaddo be co-fired with natural gas
and woodchip. This required the bottom part oftibier to be refitted with a 90m2
vibrating grate, and facilities for handling andrsige of chip to be installed. The
decision to replace coal with natural gas and theodchip was largely due to the
tightening environmental requirements for powentgaAt Herning the availability
of woodchip was determined to be adequate, anddbieomics were judged to be
workable, compared to the costs of installing aupgsurisation plant and when the
financial incentives for producing ‘green’ energgne included.

Now with its use of 250,000 tonnes of woodchip aryiee Herning plant is the

largest consumer of woodchip as sole-fuel in thentry. Fired output is 288MW
(combined energy). Steam temperature is 525C aagnspressure 115 bar and
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volume of 118kg/second. An electricity efficienafy30% means production of
89MW:-e. District heating output is 174 MJ/sec.

The undercover chip storage is about 13,000m3 ¢lwokime) and is equivalent to
about 75 hours of full load operation. The plarg hbkso instilled a full log chipper
and has outside storage. It is supplied by selengér contractors and a number of
smaller ones. Each has a supply contract runningdime years in advance, with
price negotiated annually. Biogenergy for electricity and hea2007)

$ ool

Example 3. Remote-monitored bioenergy CHP plants, @aland, Denmark Two
of the straw-fired CHP plants in south-east Dennasekamong a number of smaller
bioenergy plants that have been designed for @@ toours of unmanned operation,
with remote monitoring from another plant at Kynédgket over a hundred kilometers
to the north. One is the Maribo-Sakskgbing planthenisland of Lolland, which
provides 90% of the district heating needs of tveris of Maribo and Sakskgbing.
Fired output is 37MW, with an electrical efficienafy29%, electrical output of 10.6
MW and district heating output of 22.5MJ/s. Thiamgluses 45,000 tonne of straw per
year.
A little to the north, near Vordingborg on the dwern tip of Zealand, the straw- and
woodchip-fired Masnedo plant is monitored from siaene control room at the
Kyndbyvérket plant near Frederikssund, and is alde to run up to 24 hours
unmanned (during the day this plant has 9 staffjs CHP plant has a nominal boiler
output of 36.4 MW and produces 9MW of electricidy &n efficiency of 25%) as well
as district heating for Vordingborg. It consumes0@0 tonnes of straw a year and 5-
10,000 tonnes of woodchips.
Straw is now bought and sold by a process of pubhders in order that the pricing
is transparent. The pricing of biomass has to atlesvprocess to be relatively
profitable for all parties, within this new commialgost-fossil-carbon scenario.
Bioenergy for electricity and hea2007)

By another measure, in Sweden for a number of weaosichip price was about 110-
120 Swedish Kroner (SEK) per MWh of fuel value (néha tonne of air-dry chip will
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produce well over a MWh of energy), but the pries khis year gone to about 160
SEK/MWh, and could hit 190 SEK/MWh in 2009. At thlay 2008 prices it was
approximately as good a net return to a farmeoutlsern Sweden to use some parts
of the farm to grow short rotation coppice willoar supply of chip for the local CHP
plant, as to grow grain under the now ‘freed-up’ &licultural policy and at
prevailing grain prices. (pers. comm. Dr Stig lsars)

Denmark, Sweden and Finland — similarities and diérences

In Sweden and Finland the overall situation is kinto Denmark, with most district
heating provided by plants in and near urban cenireree main differences exist.
One is that Denmark and Sweden use municipal s@&te (MSW) as a fuel on a
large scale — Sweden even charging to take it fdamwvay and Holland - while
Finland still puts much of its MSW in landfill. Tleecond is that Finland is advanced
in using chipped softwood stumps for fuel whilé&Sweden and Denmark this is still
not a commercially accepted practice. (pers comradssh Agricultural University
staff, Umea)

The third is that while Denmark’s government offity abhors the use of nuclear
energy both Finland and Sweden use it to proddasga part of their electricity
supply. They do differ in that Sweden has had erezidum that voted to shut down
the remaining ageing nuclear plants as alternamergy becomes available. Sweden
sees expansion of use of bioenergy, including stgeneration biofuels from ligno-
cellulosic material and biogas from organic matesaa the main pathway toward this
goal. Finland by comparison is the only EU memimemtry that has built new
nuclear capacity in the recent years.

However Finland is also the EU member country lizat the highest proportion of
electricity generated from biomass and forestrygidy by-product. Finland makes
up to 20% of its electricity in large biomass (unting black liquor-fuelled) CHP
plants, far more than either Sweden or Denmarke Wtrld's largest CHP plant fired
with biomass is at Pietarsaari on Finland’s wesistoAs with many other large
bioenergy plants in this part of the world it igtpaf a large pulp and paper plant — in
this case UPM Kymmene.

While the timber processing industry in Sweden Bimteind is a major user of
electricity and heat energy it also generates nafiethat it consumes from its own
waste product. The Kraft process pulp plants palerty are usually often net
exporters of energy. Thus, while the statisticaastiaat by-product of the timber
industry is the source of this high fraction ofiaaal energy in both countries, in
reality a significant percentage of it is not wobiicfueling municipal CHP plants but
black liquor — the lignin-rich by-product of theashical pulping process - being used
in the pulp making factories’ own CHP plants.

Peat, while not classed as biomass by the EUnséiKes up a significant fraction of
the fuel supply in both Sweden and Finland, ang #re strongly pushing for it to be
included as a slow-renewal biofuel, with its carlegnle of perhaps 100 years. The
Finns and Swedes both have massive resourcestoffpeand has as much energy
in its slowly renewing peat bogs as Norway hag¢drNiorth Sea oil and gas reserves),
and in briquette form it is a significantly den$eel than the softwood woodchips
CHP plants otherwise have to use to qualify foegrenergy certificatesL¢cal fuels
VAPO 2007)
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Development of harvesting and handling woody biomasfor fuel

In the three study countries the supply of forestsidue biomass for energy
production collectively is around 10 million m3 bland each country aims is to
significantly increase this over the coming decad®006 Finland used about 3
million m3-solid (6.1 TWh) and has a target of Slimn m3 solid by 2010 and 7.5
million m3 by 2015. In 2006 Denmark consumed altbdtmillion m3, and Sweden
5-6 million m3 of forest chip (pers. comm. akdmara support®etty and Karha). In
addition more than this amount in the form of bdlef firewood (fuelwood) is
consumed domestically, with Finland alone estingatise of 6 million m3 solid in
2007. From root to soo2007)

It takes the combination of many factors to develonergy sector based on vast
volumes of woodchip - a relatively low density ftleat requires high cost specialist
machinery to be able to be produced and transpodsideffectively. The furnaces for
this high moisture content fuel are of differensid@ to those fuelled by powered coal
or gas or oil. The development of the bioenergymsdtas required the support of the
other parts of the industry, of manufacturers anehergy producers. It has also
required tax and subsidy support to make thisrumie competitive. This has
required appropriate legislation to be passed weguments based on clear long term
policies. In practice these have been directedibyrenmental and employment
concerns and a desire for improving national ensegyrity.

Development of forest chip supply and use - Finland

The production of forest chips began in Finlanthie 1950s on a small scale, using
small trees from first thinnings. These were dekhland topped to produce the high
quality chip that the early furnace feed systengsiired. Silvicultural management
needs and creation of rural employment were tha mhavers for this development.
However increasing labour costs made the expamdiohip supply uneconomic until
the stimulus to improving national resource seguwame with the first oil shocks in
1973. The machinery by this time was becoming neffieient, and expansion of
supply was more readily achieved.

% 1 4 4
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From the early 1980s government policy and incestin each country (see later
chapters for detail) began to drive conversionestimg plants toward using forest
chip for fuel. This process of developing bettez@alist machinery was led by
Finland, which had the forest resource and hadtiner@omestic source of energy,
apart from its development of nuclear power. In&id supply peaked around 0.7
million m3 solid around 1981.However in the ear®80s the price of oil collapsed
and the development of chipping systems agairesta®nly after 1995 did they
begin to rise in Finland to the previous heightsistime the drivers were improved
silviculture and the issue of rural employment &tree of economic recession,
overlaid with the climate change issues being drivepart by Finland’s membership
of the EU.

Since 2000 in Finland the increase in consumptfdorest chips has been about
320,000 m3 solid /annum, probably the highest iroge. This has been made
possible by the combination of the structure ofititeistry, and the high priorities
given to renewable energy by government, includigintroduction of a carbon-
based fuel tax and through investment in R&D. Has given confidence and
funding support to investment and development agtby Finland’s energetic and
innovative engineering and machinery companiesil&irmactivity has taken place in
Sweden and Denmark at about the same time or Iglightlier.

Most of the manufacturers of forest harvesting pratessing machinery and the
leading makers of the Fluid Bed Combustion (FBGh&aes used in larger bioenergy
CHP plants are based in Finland. FBC technologyallthe combustion of non-
homogenous biofuels with uneven patrticle size agd moisture content (45-55%
MC). It provides the ability to burn low grade faelnd on-line fuel switching, and
reduces output of harmful emissions including migroxides and sulphur dioxide.

By 1998 in Finland the consumption of forest chigsviback up to 500,000 m3 solid.

R&D processes for development of Bioenergy

At this point Finland’s National Technology AgenyeKES) Wood Energy
Program began, with involvement of 27 researchrosgéions and 53 enterprises.
The following five years saw an unprecedented gnawthe use of forest energy. By
2002 in Finland forest chips were being used by@#6éhts larger than 0.4 MW.
Growth has been fastest in the area of co-generati©HP plants producing both
heat and power. At this time most forest chips voamraing from the cheaper source
of forest residue, and whole tree chipping of etlrignings had stagnated. However
from 2003, with the introduction of feller-bunchezads and harwarders (harvesters
that also forward), production of whole tree chips lifted. The use of stump and
root wood to provide energy is also increasing.KEE Developing technolog®004)

The logistics of the harvest, forwarding, chippargl transport of first thinnings has
been closely studied by researchers in all threattes. Much effort and
development has gone into reducing costs of chgoa first thinnings relative to
forest chip made from residue. At the scale oféhmmuntries’ forest chip sectors,
development of logistics has focussed on improWegoperational availability of the
machinery involved.
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‘The majority of procurement cost of forest chipgaused by terrain and transport.
Therefore the core of forest chip logistics is amtrol of transportation. Converting
the biomass into transportable form is also anrgsdeart of the logistics system, as
chips have to be loaded direct from the chipper inick or container. The link
between the chipper and the transport is the Aeshtiieel of the traditional
technology’.
For a number of reasons the large scale produofiforest chips is a demanding task
from the viewpoint of logistics
Biomass has to be collected from a large numbémider sites.
Small size of sales. The yield per site is low.sTimeans frequent moving of
machines from site to site, guiding of contractoraew sites, and
underutilisation of truck capacity.
Scattered location of work sites. Varying distantzethe bioenergy plants
continuously changes the productivity ratios betwie subsequent
operations in the system.
Variation of biomass properties. The raw mategatomposed of small trees,
forest residues, roots and stumps. Each biomassesmay require use of
specific machines and each source produces aahtféype of fuel. The
variation of chip properties must be levelled.
Change in quality. Comminuted wood fuels determrapidly during storage.
The form and duration of storage have to be dedigmensure the quality of
chips.
Small inventory. Due to the risk of quality lossiffer storage of forest chips
tend to be small. For the peak season in winteth@se countries) biomass is
stored at the road side or at terminals in an umsimted state.
Blending of fuels. The supply of forest chips i&lsen sufficient to meet the
fuel needs of a large plant. Therefore forest chngsco-fired with bark or
sawdust (or coal, natural gas).
(Developing technology for the large scale produtf forest chipsThe Wood
Energy Technology Programme 1999-2003, 2004 TEKES).

13 # 5
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The Finnish project found that economies of scateléd to improve when there was
integration of chip production with other foresagtivity. Moving the chipping to the
plant site was found to help smooth out procurerflaotuations. Over shorter
distances (under10km) loose residue is transptotbtbenergy plants in 150m3 truck
and trailer combinations. However normally fordsips are produced at the landing.
There they are blown direct into 100 -130 m3 trtrelder combinations, a process
that can take 1.5 hours. These truck-trailer coatimns can only be used at landings
large enough to allow turning. This close linkadéraock and chipping makes the
linkage ‘hot’ and vulnerable to delays and breakdolvcan involve waiting,
stoppages and operational inefficiency. It camiggoved in a number of ways.
Either the truck and chipper are an integrated amat this is used when cartage
distances are short. Or the chipper blows dirdotdontainers, which can be waiting
full when the transport truck arrives, thus redgdiruck waiting time.

‘Small Heat’ Entrepreneurs

In addition to the larger forest chip producers2@®2 there were 172 small heat
enetrepreneurs operating in Finland. This numbershrace expanded to be over 400
in 2008. These are either single farmers, coop@str syndicates, or limited
liability companies that are responsible for fugbgly and heating of rural buildings
like schools, and they are paid for the heat preduather than the fuel volume. The
average size of boilers in 2002 was 0.48 MW, aeddkal capacity was 83MW. The
annual consumption of fuel was 80,000m3 solid &eddrnover was 5 million euros.
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By 2006 total capacity of plants supplied by enteeeurs was over 170 MW. Of the
heating plants managed by heating entrepreneursm8®district heating plants and
the balance were single building or single insttuiplants. The average size was 0.5
MW. About 157 heating plants were managed by caipes of forest owners or
limited companies Single enetrepreneurs or grofipsiepreneurs were responsible
for managing another 178 plants. In 2006 heatirigepreneurs overall used about
580,000 m3 (solid) of forest chip, which was 7.68total volume used for heat and
electricity production in 2006. Municipalities dtee single most important customer
for heating entrepreneurs, though the number ebpFicustomers is growing.
Historically the heat energy business often stantigal the customer making the
reduces the likelihood of losses. With new heagilagts, investment in plant was by
the entrepreneurs in 50% of cases. (He&ting entrepreneur activity in 2006

In Australia the market for chip for energy istatvery beginnings and while we can
obviously benefit from the new generations of cenygpand lower cost equipment,
including lightweight harvesting heads, the voluragship available will be more
suited to the heating entrepreneur model, and gungpsingle building or institutional
plants of up to IMW. In the ‘heating entreprenauddel, the volumes of supply are
small enough that some of the more problematiessi logistics are reduced and
undercover storage may be economic.

#l >
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Short rotation coppice (SRC) for biomass production

In addition to the biomass sourced from forestry ere forest industries significant
volumes of biomass in these countries come froange of other sources. Biomass
from annual crops is quite important in Denmark sehsraw is used, and in Finland
volumes of the native perennial Phalaris arundiaacer reed canary grass, are baled
to be used as biofuel. Increasingly biomass is lag¢sog produced from short rotation
coppice (SRC). This can be from selected forméetiasket willow (Salix) and also
from selected species of the Poplar family. Otleps grown for production of
biomass include Miscanthus. Other significant sesiaf biomass for energy
production are the waste products from food prangsand agricultural residues.
These include sugar beet residue, olive pits ahdested olive cake, and rapeseed
cake.

In southern Europe, at equivalent latitudes tolsemnt Australia, various perennial
species suited to longer day length, higher tempera and lower rainfall are being
trialed. These include cultivars of Salix. WhileAastralia there is little likelihood of
salix being a mjor SRC species, it may be suitezbtoe sites with available high
fertility waste water, including leachate from Idilid

Some aspects of the economics, management andstiagvef SRC willow may be
relevant to other species more likely to be usedustralia including ti-tree and blue
mallee.

Background to development of short rotation coppiceavillow.

There are about 300 species of willow in EuropeRunssia, and some have a
growing pattern suitable for growing for productioinarge volumes of biomass per
hectare from a short rotation coppice managemestésy Work began in Sweden on
hybridising and selecting suitable strains in tBéds and 1980s. By 2006 there were
over 15,000 ha of SRC willow under cultivation iw&len (mostly planted since the
early 1990s) and about 500 ha is being added geeny Every year in Sweden about
2500 ha is harvested with the chipped biomass gimgpabout 25 DH and CHP
plants in central and southern Sweden. Ongoingidhigiorg work is being carried on
by Lantmannen Energi, a commercial business sbyumantmannen, the Swedish
farmer’s cooperative.
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Much of the area planted is in central Sweden eraffproximate latitude of
Stockholm, but more recently subsidiary businebse® been set up in the UK,
Germany and Poland to manage production and sapjplipmass to the energy
industry in those countries. For example a newrieogy plant near Lockerbie in
Scotland intends drawing some of its biomass fr&04ha of SRC willow. In the
2008/09 year Sweden Lantmannen Energi will contadeliver to the 25-30 energy
CHP and DH plants a total of about 200 GWh of séltipp harvested from about 3000
ha.

Salix chip is relatively low density with 1.43 m2ighing 0.46 tonne green and 0.23
tonne dry (so a m3 of loose chip weighs about @h6ée). Chip is delivered to the
mill either directly from winter harvest or fromat term storage. Chip is normally
supplied at about 50% MC. Seven contractors with learvesting machine each,
leased from Lantmannen, do the harvesting and gupplthe availability of woody
biomass for energy plants has tightened up mamtglaave worked out how to
combine salix chip with other feedstock materia .Ehkoping power plant in central
Sweden now uses 10-15% of locally grown salix, afieér plants are using up to
30% when they cannot get alternative supply.

In Poland coal-fired plants supply about 92% ofdAdls electricity, and some are
beginning to co-fire chipped salix with black ctareduce emissions to conform
with EU emissions targets. Poland has a targeb® Bnewable energy by 2020.
Their regulations require initially in 2008 sourgiany biomass used for energy 5%
from agriculture and 95% from forestry. This ratapidly reverses with succeeding
years so that by 2014 biomass for co-firing musted 00% from agriculture. For
boilers fueled only by biomass 60% must be souhaed agriculture by 2014. This
all translates into a strong demand for hybridawllplantings.
(pers. comm. Dr Stig Larssen)

Technical details

A SRC willow planting has a lifespan of at leasty2&rs. It is normally

topped in the first year to stimulate coppice sh@otd then is harvested every

three to five years, to yield about 25 oven dryneha.

Salix can be used as a biofilter. It is usuallygnamn wetter sites and can be

grown in wastewater from sewage treatment or ikdga from landfill. Some

heavy metals are taken up by the plant. It cangg®autrients from sludge

from town sewage treatment plants, and ash frortirfgeplants.

Soil pH should be 5.5 to 7.5. Salix grows wellight to heavy clays, organic

soils or in sandy soils where there is easy adoesster. Weed control at

establishment is essential. Pest control is alsicalr Yield of about 8-10

bone dry tonne/hal/yr of chip can be expected oml goell managed sites in

Sweden. Regular fertilising is necessary to mamtagh yield.

The energy ratio is high for SRC willow comparedtber agricultural crop

biomass, with less than 5% of energy harvestedgbreiquired for harvest and

processing.

The density of willow is less than most other hawdds. It is used to co-fire

with coal, or for biomass-fueled DH or CHP plants

Management

Planting is done in spring and early summer with 1-yearvaltbw rods pushed
vertically into the prepared soil. A tractor-drapianting machine is used that
cuts and inserts lengths of willow into 2 or 3rpaif rows at each pass. The 1.8-
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2.4m long willow rods are prepared the previoustariand stored in boxes at -4C
until just before planting. Planting is in twin rew5cm apart, and with 150cm to
the next rows either side. The plants are spacataitt 59-65cm. This layout
allows for the mechanical harvester and for theowahg tractor and bin.

The cuttings are about 18cm and are pressed iatavéli-worked ground so only
about 1-2cm protrudes. Planting density is aboi@d@ha.

Fertilising in Sweden is commonly done with sewage treatmadgs just before
planting, the year after, and the year after ebaryest. The sludge is analysed
and any shortfall in nutrient supply is made upsbgne other means.

Harvest is done when the diameter at the shoot’s baseedgd® cm, or when the
overall yield is about 25 oven-dry tonnes per HRCSvillow is harvested in

winter after leaf fall. The fallen leaf is an impamt source of nitrogen for the next
coppice cycle. Shoots can reach a height of 748em@nd are harvested and
chipped in the one machine. Until recently Claagidaforage harvester with a
beefed-up cutting front have been mainly used. @weryears a number of other
machines have been trialed and the machine cuyreeithg adopted is a Krone
forage harvester with a German-developed harve#timd.

1/
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Scale of biomass supply for energy production

To have a major flow of chip to energy plants reggsisome favourable factors.
There must be the contractors with the suitableninacy, able to make an
adequate margin for felling, chipping and transpgrthip.

The wood resource must be already growing theeslaguate volume and
price, either from thinnings or as harvest waste.

The growers must be prepared and able to manadertsts to produce a
supply of energy wood to contractors.

The policy and legislation must be in such a fond Eending to such an
investment time scale that investment is attractexiconstruction of
bioenergy plants and away from supply of fossil Beurced energy.

In Finland, Sweden and Denmark all these factovs exist. It has not happened
overnight but as a result of planning directed byagnment policies for at least 30-40
years. There have generally been policies andl#&igis that have encouraged
establishment or conversion of energy plants usiafyels. The development and
growth of forestry management associations (FMAs) lbeen supported in each of
the countries to provide skilled oversight, and agement for absentee landowners.
The returns for chipped thinnings and harvest wiaagebeen made more reliable and
competitive by clear policies encouraging the cosiom for CHP and DH plants

from fossil fuels to biofuels. These policies mayvé either subsidised chipping, or
subsidised energy supply from bioenergy plantspore usually both. Usually the
finance for paying the subsidies has come from moaised from taxing fossil fuels.

The three study countries have clear policiesHerfuture of their forests and have
set ambitious targets (see chapter on policiedeapslation). A significant element in
each country’s policy is that thinnings, harvesidaes and timber industry residues
and by-product be used as a source of-@€utral energy.

Denmark aims to increase its forest area from 12 to 0086 dver the coming 100
years. While much of this is as environmental migpdcies plantings (not unlike our
landcare approach) principally to maintain quabitygroundwater supplies it will still
be harvested in a sustainable way for sawlog artygrwood.

Swedenhas a target that it will cease importing fosséls by 2020, and provide all
energy (including vehicle fuels) from renewableowgses, backed up by peat and
nuclear energy. The aim is to increase the shageost energy produced from
biomass and timber industry by-products to abo@b 4§ that time, including the
supply of liquid and gas transport fuels. Swedewl$ein production of biogas from
organic waste, and in the development of shortimaoppice systems for biomass
production.

Finland has firm targets for increased production of bevgg principally from
woody biomass. It is estimated that Finland witjue an additional 7500 MW of
new electricity capacity by 2020. 1600MW will bepplied by a new nuclear reactor
commencing in 2009. The balance will mainly conefrCHP plants co-fired with
wood chip and peat. The added capacity of theseg\aill be requiring annual
supply each of up to 2 million tonnes per yeariofuels. The wood component of
this will be sourced from more intensive thinningmagement of forest, and the
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increased volumes of harvest residues from theehaotation forestry that this more
timely thinning stimulates. Developing technology . TEKES)

Logistics of chip supply to a CHP plant in Denmark One supplier to the Herning
CHP plant mentioned in a previous chapter is tiierf@@émber regional forest owners
association based 100km away at Veile. This codperaupplies about 25,000 m3
annually to the Herning plant. Delivery price iggogated for the season starting on
July ' based on a group of 10 factors, only one of wisdhflation. One key factor

is international oil price. For the coming year #ssociation has gained a 15%
increase on the previous price of 91 Danish krgeem3-loose delivered. The
association has to pay all costs of chipping aadsport, usually pay a royalty, and
still make a margin. They are paid by the gigajquMhere 1IMWh = 3.6GJ) of energy
content, and each truck load is weighed and a oreistheck made. Up to 6 samples
are taken per delivered load of about 130m3. Thas®les are oven-dried to give the
energy value of the chip, which is the basis fompant.

The wood from denser hardwoods works out at abedt1P5 DKK/m3 -loose, but
almost all the chip delivered is from softwood thimgs and harvest waste. Generally
the timber to go into chip is felled in winter greg and left to dry over summer.
The delivered cost of the chip to the associatier 007/08 was about 82Dk/m3-
loose, compared with the payment of 91Dk/m3-lod$e cost of fuel, and hence the
chipping and transport cost, has to be very cdyefudiged in order to make the
necessary margin.

13 # 7 * - 3BB9

Usually the timber is chipped by contractors witlarger capacity self-propelled or
truck-mounted chipper. It is then carted by a mefokwarder bin to truck containers

31



by the roadside and collected for transport twa ttne. About 80% of the contract
volume is processed on site in the forest, and#t@nce is stacked on an all-weather
access site to be drawn on in case of prolongedpadls. Often thinnings are stacked
on site under a waterproof cover that has venlist tout moisture and heat. After
needle fall (containing about 80% of nutrient rem@wn harvest) the stack is chipped
and carted. (pers.com Kurt Boldrup).

5 travels to

Another supplier to the Herning plant is HedeDandare large private company

that has many subsidiary businesses including foreanagement, heavy forest
machinery contracting, and management of municrpak and gardens. Chip for the
Herning contract comes from all these sectionsiwigconomic transport range of the
plant. Separate agreements are made with forestrsyumunicipalities and
landowners, always with the tight margins in viédedeDanemark has to balance its
contract obligation with the Herning CHP with tlaet that chip-for-papermaking
delivered in Sweden may net more than chip-for-gneelivered to nearby Herning.
(pers com. Hedding Bilberg)

Logistics of chip supply in Sweden

In Sweden the production of woodchip for fuel begarearly as the 1970s,
particularly in the regions where there were feteralate uses for energy wood and
there was a need for employment options. The valtie®odchip as fuel were
identified and further developed though the 1980® further development of the
industry was reinforced by the introduction of abwan tax in 1991. (pers com. Kent
Nysrom)

Now the supply of chip to town or municipal plarggenerally coming from from
some of the many private businesses that operea#iyfamr from one of the six

regional forest owner associations. The largestobnieese is Sédra Skog and is
based in southern Sweden.

Sodra Energi is the trading company for handlih¢hea biofuels generated within

the Sddra organisation — a grower-owned and cdatrgiroup which operates in
southern Sweden and has a membership of about@&8Mbers. The energy section
of Stdra in the last few trading years has turnest an annual volume of about 3.2
million m3-loose of biofuels, with an energy valofeabout 2.5 TWh.

With its 18 employees Sodra Energi had a turnofrabout 367 million Swedish
Kroner in 2007. This material includes chipped $bresidue, bark, sawdust, peat and
sawdust pellets. It means that even the waste dq@enations in members’ forests has
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a market value. Sales are mainly to customers ied8w, with the largest customers
sited between Ystad on the south coast and Statkl83 of these larger customers
are CHP plants up to the scale of Herning, supglianger cities. 20 are larger pellet
plants whose product go to industrial users andegticisupply needs.

(pers.com &dPiersson, Sodra. Published Sddra information)

Mellanskog with 26,000 members and another of the larger Sshefdirest
management associations, is based in Uppsala,caedscmuch of central Sweden
from Stockholm north. The history of forest ownesaciations in Mellanskog’s
region date back to 1930 in the east and 1907eimria-west. In addition to the 5
million m3 of roundwood product it handles everyayé deals in biomass from
thinnings and harvest waste. From these soursepjfilies woody biomass to 7 CHP
plants producing over 500GWh and consuming over&in3, 15 CHP or DH
plants consuming over 50,000m3 and producing froGx300GWh, and 38 DH
plants consuming 10,000 m3 and producing 20-100@¥Y\émergy.

(pers com Stafan Persson, Mellanskog)

In Sweden the processing and handling of thinnargkharvest waste is generally
similar to that in Denmark. Road transport distgnees kept to below 80km, chipping
is by large plant and payment is by the energyevalithe chip. Bundling of green
harvest waste has been replaced by use of comgdatinarders supplying in-field
chippers. Harvest waste and heads are left toatrgtfleast a summer to allow needle
drop and improve energy value of the chip.

Logistics of chip supply in Finland.A Metsateho study estimated that in 2007 in
Finland there were about 1000 machine and trucis employed across the country
in the production of forest chips for energy plaaitsd 770 of these were working for
the major forest chip suppliers. Finland has aesurconsumption of about 3.4
million m3 (solid volume) of woodchip. This is asited to be about 10% of the
potential energy wood available. To harvest andlleathis volume requires 100
energy wood harvesters and harwarders, 100 studtars)i300 forwarders, 75 mobile
chippers, 100 chip trucks and 50 energy wood trucks

The Finnish target for woodchip by 2010 is 5 raitlim3 (solid volume), and for
2015 is for 7.5 million m3. To allow this increaseproduction volume the truck and
machine numbers will have to reach an estimate@® 1n@is by 2015. This would
consist of energy wood 300 harvesters and harws&rléo forwarders, 175 stump
lifters, 220 mobile chippers, and 120 energy waadkKs.
The major barrier to increasing the use of foréstiass is its poor energy
competitiveness, even when compared with peatFiimes see development of more
innovative methods of forest fuel production asasal for offsetting this.

(Machinery for forest chip productia2007)

33



Early thinning systems: mechanical options and economics

In Sweden and Finland particularly the developnodémhore cost-effective systems
of early thinning are being given extremely higlopty. At present there is a clear
lag in both countries between the theoretical vasmof first thinnings that should be
flowing from forestry and the actual volumes. Ir080n Finland this amounted to
180,000 ha receiving first thinning as against @80,ha due for first thinning.
(Developing technology TEKES). In Sweden it ismstied that up to 5 million m3 of
thinnings could be being harvested annually if nemst effective processes can be
developed. Since these countries are relying aeasing volumes of woody biomass
to substitute for fossil fuels this significant sthall is of great concern.

In Finland an additional reason to make improvemmanthinnings efficiency is to to
replace present imports of up to 20 million m3 ailyuwof Russian roundwood by
means of improved forestry growth rates and pradiingt
Since Finland is the country that despite its sipafiulation dominates the European
development of forestry machinery, the activityreheewards closer study. It warrants
a close look also because it is the country thatth@ most highly developed use of
energy wood for production of heat and electricity.

Finland, as with Sweden, sees woody biomass amndalrerenewable source for both
energy and second generation biofuels. In Finlandhstance much of the expanded
requirement of energy wood from the present 2.5oniim3 to 7.5 million solid m3
(and 15 TWh of energy annually) by 2015 is projéd¢tecome from a more cost-
effective, timely and comprehensive program ofyetirinning. However for
contractors to date early thinning has been th& lg@fitable part of the entire
forestry cycle. This is due not only to the smgghs diameter, but also to the high
density of stands (up to 10,000sph), the mixedispestands, and the amount of
undergrowth that often may impede the work.

The work in Finland to this end revolves aroundftiiwing aspects —
1. the development of automated machinery, with eitfaevester or forwarder
being operated remotely
2. better training of machinery operators to resultigher production
3. use of lower capital-cost machinery for small stiemeter thinning
4. development of more efficient systems to removeg@odess first thinnings

So treating these main areas of development snstiine order —

1. Development of automated or remotely controlledhachinery is applicable to
the forest systems in these countries but is napgticable for our situation in the
dispersed small woodlots of farm forestry. The pment cost is still very high, the
level of training required is extremely high, ahé Australian farm sawlog woodlots
sites would appear more likely to reward other apphes.

2. Improved training of machinery operatorshas been shown to have a significant
impact on the production and economics at any gaeamnd it is likely that here also
more skilled operators would be measurably moreymxtive. A paper presented at
the World Bioenergy Conference 2008 by Kalle Kash#etsateho examined the
topic of improving cost effectiveness of harvestiingt thinnings and concluded that
the best immediate area to concentrate effort aghoparator training.

(Approaches to increase cost efficienc008)
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However, their sites are mixed species, with randpating, and with a greater
variance in diameter, and more end products frarhtrvest material than we
normally would have here (though we could move wWay with farm forestry). We
are dealing in monocultures, and there are prgseatmore than three possible
products for first thinnings — poles, chip and fuslod.

3. Use of lower capital-cost machineryApplied research in Finland has shown that
the lower capital cost and hence operating coshinacy that may also be less
specialist in nature, such as agricultural/forestagtors, can be as productive in
harvesting small diameter stems as the much mattyspecialised harvesters.

This aspect for cost reduction would appear tdieentore relevant for farm forestry
in Australia. Thinnings here do not have the madgions that exist in Sweden and
Finland. We do not have the aggregate volumegjehegand from bioenergy plants or
pulp plants, the transport possibilities or thegptial to spread costs of harvesting
first thinnings against other more profitable opierss in adjacent sites. But we do
have the tractors.

4. Development of more efficient harvest, bunchingnd transfer systems.
This includes the introduction of special energyddorwarders with hydraulic
bolsters that compress the load, thus allowing nwiee carried and thus approaching
the load capacity of the forwarders, and hencetdomomics of handling this low
density material. Work on this has been done bgrs¢wcompanies including John
Deere (Timberjack) and Ponsse in Finland. The teahResearch Centre of Finland
(VTT) has developed a prototype compacting forwatidat can add up to 50% more
load when carrying whole stem first thinnings.
Other research includes the trialing of differeattgrns of working though a forest
area. This is not so relevant in Australia wheeettkes are grown in straight lines
with even row and plantings spacing.
Applied research includes the trialing of machintgt combines the functions of
harvester and forwarder (the Harwarder), of a mrecthiat bundles aggregated whole
small stem diameter trees for later pickup (Juhélaat al, Metla, published in Silva
Fennica), and the trialing of different systemslpping and transport of chipped
thinnings. Manufacturers Brucks and Silvaro, ad a&lJohn Deere and Valmet, have
all worked on this aspect, though with machinesqatiat the top of the range.
Approaches to increase cost efficienc008)
Costs
It is instructive to look at the cost ranges inr@taavia for the various stages of
dealing with first thinnings. The Work Efficiencgdtitute (TTS), Metla and
Meséateho in Finland have all done work on thidyage the Swedish Agricultural
University (SLU), The Swedish Forestry ResearchaDigation (Skogforsk) and
several of the large forest owner associationsnadgn (Sédraskog and Mellanskog).
Generally the cost of fuel, machinery and laboeramost identical in the two
countries, as is the value of the product.
An early study by Finland’s Work Efficiency Instieu(TTS) on four harvesters of
different sizes and capital costs performing etngning found that they produced
6.9-7.8m3 solid/hour, and the differences in thedpctivity between machines was
significantly less than the difference between afmes. The differences in
productivity between various operators in the samehine were as much as 35-40%.
The smallest of these machines was a Valtra 12&#or tractor with a small
harvesting head on a rear-mounted crane, andrpestavas a Timberjack 770. At
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stem volumes of 0.05-0.1m3, cutting costs for thalker machines were up to 40%

less/m3 solid in these early thinnings. The pofrilear crossover of cost per solid

m3, and divergence in productivity rates, happeateabout stem volumes of 0.5m3.
Pfoductivity and logging trace of thinning harvaste2000)

A more recent Metsateho paper gives an averagetowdustrial harvesting of first
thinnings in Finland in 2005 as almost 16 eurosswmigl. This is with the use of
medium-weight rubber-tyred articulated specialatvesters.Approaches to increase
cost-efficiency of wood harvesting in Early thingnKérha et al. 2008)

SodraSkog, as a commercial grower owned and céedraksociation in southern
Sweden, has a good handle on average costs oirtginB6dra will normally pay a
grower about 20SEK/m3 solid standing. This is trengr’'s net return. Sédra
assumes the contractor cost to thin will be ab0&EK/m3-solid, and cost to
transport chip at about 40-50 SEK/MWh (with 1 m8de of chip of 50% MC being
about 0.7MWHh). (pers com Sofia Persson, Sédra)

In Finland a government subsidy system (Kemerap@rages timely thinning of
young non-industrial small private stands wherettivenings are to be used for
energy production. The site has to have a managgrtaan(usually as part of a larger
family forest holding), the dbh of trees removedstrawverage less than 10cm, and the
stand area must be over 1ha. In 2008 Petty anddkara Metsateho study estimated
the returns for energy wood harvesting with andhaut the Kemera supports. Their
base figures for the production chain were —

Stumpage 4€ Im3s

Cutting costs 4.8€/m3s (0.05m3s) 5.2€ /m3s (0.08m3s)
Forwarding costs 250m 6€ /m3s 5.6€ /m3s
Chipping costs 7.5€ /m3s

Transport costs 4€/m3s (20km) 7.7€/m3s (120km)
Overheads 2.5€/m3s

Whole chain production  28.8/m3s€ 33€/m3s

Average price delivered at the energy plant gatédi@st chips from all sources was
28.8 €/m3s (14.4 €/ MWh), or less than the normiainings whole chain production
cost of 35-43 €/m3s (17.5-21.5 €/MWh).

With the addition of the Kemera support the retdanschip are bolstered to just a
little more than the whole chain production costsaning it should be possible to
have a net return to the grower of between 5-1B€/fKemera supports. 2008)
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Equipping farm tractors for harvesting, handling and processing
first thinnings

In Australia we have the situation for farm forgdtrat there are many areas that have
no good access to timber harvesting equipmentir first or even second
thinnings. This is a disincentive for the expanssdplanting of farm sawlog
woodlots. In the Nordic countries there are palalie this situation with early
thinning currently being not done due to the hightof harvesting and extracting
small diamter stems. Governments particularly ofdfid and Sweden are investing
in research in how to increase the proportion cégothat receives a timely first
thinning. One solution that is being explored is tise of multi-purpose farm tractors
equipped with add-on forestry equipment. TheseeStiy tractors’ have been shown
to be able to be more than competitive with stashd@arestry machines in these small
diameter thinnings. They can really come into tlo@n in the situation in the Nordic
countries where there are significant distancewéden sites, where there are not
many sites in total, or where the removal voluntesgaiite low. The situation in
Australia is similar to these criteria — small disged forestry sites, with small
diameter thinnings that need to be removed at akbegen cost even though total
harvest volumes may be low at only 30-50 m3/ha.eQhe sites are thinned we have
the problem of how to process this material in st-@ffective way to turn it into a
useful commodity. In the case of Finland or Swetthesis primarily into forest chip
for bioenergy. Here it may be initially into firewd to sell into the urban demand.
This section of the report deals with the systentsequipment that are available
there that may suit our needs, or that could beteg.

Equipment used in Nordic countries for family foregry and local contracting -
Forestry tractors.

Forestry tractors are specially equipped to be &bleork on rougher trackless terrain
often littered with harvest waste, rocks and stur@dgen they will be working in the
snow, in low light or the dark. Equipment includeslerbody shielding, extra
hydraulic pump, reinforced forestry tyres, chared)s with full impact protection
bars, full-perimeter working lights and extra segitoof upper windows. A forestry
crane is usually mounted on the tractor, centjay behind the rear window. With
their reach of over 5.5 m and equipped with a geapplight felling head they are
more than capable of felling and loading first thilgs or handling storm-thrown
trees.

The largest manufacturer of forestry tractors i#tfdaValtra is working with Kesla,
one of the largest Finnish makers of forwardeltdraj chippers, truck cranes and
other equipment, to produce more well matched #indent tractor-trailer outfits.
The range of forestry equipped Valtra tractorsasf the shorter wheelbase 4-
cylinder models of 60-88 kW, to their longer 6-ogler tractors of 80-120kW. These
forestry tractors all have a rotating seat witmeraontrols built-in to the armrests.
This allows the operator to switch quickly fronrartsport mode facing forward to
the loading or working position facing backward.

These tractor and forwarder trailer combinatiorns ltave a similar production rate
with small diameter (under 15cm dbh) trees asranthg harvester or harwarder, but
are far less costly and more versatile. Suchdracdh Finland in 2006 cost from
28,000 € for a 1996 95HP 6400 in good conditiorg teew 125 HP 6850 costing
about 73,000 € (in either case the cost of extragural tyres and rims to allow it to
be more versatile adds 4-5,000 €).
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The utilisation of farm tractors in energy wood\vesting in young stands has
increased steadily in Finland. Energy wood harmgstan be a profitable business for
farmers with other seasonal use for their tra@nod for contractors operating year-
round in energy wood harvesting. The forestry trectan be particularly effective in
the harvesting part of the process. In forwardwigfy their highway speed of 30-
40km/hr, they can in some situations have an adganbver a conventional
forwarder with its travel speed of 5-8km/linergy wood from early thinning2007)

Forwarder trailers. This, plus a chainsaw and a tractor, makes upadke

equipment of the serious Nordic family forestere3é trailers are made by over a
dozen manufacturers in Sweden and Finland andfaeamge in specifications from
two pairs of bolsters and a 6 tonne capacity, ¢olth tonne capacity heavyweight
with four driven wheels and four pairs of bolstévkakers include Nokka, Junkari,
Farmi and Kesla in Finland and FTG Mohedra in Swedéey can all be fitted with

a pivoting crane with a reach from 5-8.5m, and glap Prices range from 6,000 € for
a smaller capacity model with no crane, up throlg/®00 € for a larger model with
no crane and with four driven wheels and heavipachy.

1 4 > B C

Cranes (loaders).Many forwarder-trailer makers make their own csaaerd other
accessories. The Finnish trailer company Nokkarfstance makes a large range of
cranes and also produces grapples and clamshkdiaipebuckets. Other crane
makers such as Cranab may be specialists. Whikesrare normally fitted to
forwarder trailers, they may also be fitted to ksidarger chippers, or can be fitted
direct onto the tractor on a reinforced frame mmgjtor on the front or rear three
point linkage. Cranes come in a wide range ohigtcapacity and reach. Controls are
either direct hydraulic or electric over hydraulormally cranes for forestry work
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are fitted with a rotating grapple, but if oil slpps adequate they can also be
equipped with a small harvesting head.

Cost of cranes is approximately 7,000 — 15,000 ®are, depending on capacity and
reach. For instance the 2008 yard price for aifimmade Kesla 203 T crane,
rotator, grapple, stabiliser legs and bank of @inalves is about 11,500 € in the
factory yard. This crane has a reach of 6.7m doddrating at 4 metres extension of
700kg. This crane is normally fitted to a Keslat@iler (factory yard price of from
6,000 € for base model), or 9HD forwarder-tailen{@&d yard price from about
13,000 € - with base specs of hydraulically asdistewheel drive and 2-wheel
brakes).

Essentially the same crane could be fitted to eitie tractor, a forwarder-trailer or to
a chipper. All it requires is the proper base platel enough volume and pressure of
hydraulic fluid. For the Kesla 203T crane this swarking pressure of 175 bar and
30-50 I/min. (2008 Kesla factory price advice and brochures)

1> ;
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Harvesting heads There are many makers of small to medium hanvgsir
aggregating heads in Sweden and Finland. Manyesktlise either a hydraulic
shearing blade or fixed pair of cutting blades tratadequate for small diameter
softwoods. Fewer are fitting with the sawchainiogtbar necessary for denser
hardwoods.

Weights of heads range from about 125kg for a deapjih a built-in chainsaw blade
costing up to $10,000 landed here, up to about $Bkessentially a scaled-down
single grip harvester head. These may cost from0®D&o $100,000 landed here. In
between is an array of heads that can be carriedttactor mounted crane, that can
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fell and either aggregate or process and cut tgtlefirst thinnings stems. Several of
these makes are already available in Australia,ainmbuld be imported.

A major consideration in choosing among headsasamount of oil flow and
pressure they will need to work effectively. Thepagl of the heads, such as those
made by Pentin Parja or Nisula of Finland, thataiseearing cutter to sever a trunk
is that they may only need about 70l/minute of datdid hydraulic flow. This may be
available in larger modern farm tractors. On theeohand the processing heads with
hydraulically driven chainsaw bars such as thosdentyy Keto usually need over 100
I/min or more of dedicated flow. To obtain thisvlanay require an extra oil pump on
the other hand driven off the PTO plus a separatartk. Some trailer forwarders
have this option. Density of the wood and diametehe truck are important factors
in choosing types of cutting systems.

Stroke delimbers One option that could be applicable to some tingoewers is the
stroke delimber head, such as are made by Tapghbwo. This performs the function
of the processing head in removing light brancmeslaark, but requires far less oil
flow. They are also cheaper for the same trunk dtamcapacity. While they are
slower this is less of an issue if the trees ageladiameter, such as second thinnings
softwoods.

Chippers and shredders Chippers have a large range of cost and capaigin

there are dozens of makers and most make at leashbdels. At one end are the
hand-fed PTO disc-chippers which take stems upp@nin and could be used for
turning thinnings into chip for farm household cffiigd heating systems. These may
cost from A$6000 - 8000.

In the middle range are disc chippers that carrémeecand grapple-fed, may have a
longer feed table with auto-feed, can take stenZ56fmnm and produce from 10-
12m3/hour of chip. At the top end for tractor-dnvenits are those producing up to
50m3/hour of chip. These may have a crane fittetherframe, may be 3PL or trailed
and cost around $75,000 and up, and require 13B6g2@0drive. Most of these will
also come as a self-powered wheeled version.

Often in these study countries when a tractor 18gsing a larger chipper it may also
be equipped with a wheeled or front linkage tippang The tractor will then have a
chipper at one end and a bin at the other, makifag less easy to manoeuvre.
Lindana (TP) in Denmark make a version of theigést pro-powered chipper to fit
directly onto Fendt 9000 series tractors to reduaall length significantly.

In any decision on chippers there are likely tavoe deciding factors. First is the cost
of the labour needed to feed the machine weighathsigmachine cost and the value
of the chip produced per unit of time. The otheéhgs size and uniformity of chip.
Disc chippers will produce chip from most matedfbetter size and uniformity than
drum chippers. This may be critical in deciding tharket that the chip can be sold
into. For smaller auto-feeding furnaces smalleremegular chip is required. Larger
DH or CHP plants can use a coarser less uniform chi

Shreddersproduce a far coarser product than chippers, @yopécable for
composting or mulching. They use a hammer mill@ple and require more power
to process a given volume. Their advantage is viherfeed material is dirty or has
other contamination. In this case they save sicgmiily on sharpening an replacement
of blades.
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Tub grinders and crushersare comparable to shredders in being able tovddal
feed that may be contaminated with dirt and stbnehave higher capacity. Some
CHP plants will use these to convert stumps inttable fuel.

Firewood processorsIn the study countries some of the first thinsiage converted
to firewood, for which there is a ready sale. Trwd usually used for firewood is
from the hardwood species. These are quite lowityeng the standards of most
Australian hardwoods and might compare with youlugdpum or poplar. There are a
number of firewood processor manufacturers in eacimtry. Some of these
machines are already imported, but generally at®@hadequate capacity to be a
commercial proposition for a grower network wantioglevelop a firewood business
in Victoria, unless the species was of low denaitgl other positive factors were in
place — such as an existing demand for baggeddwmdwf this species.

Avalilability of equipment for Australian farm fores try . A limited range of forestry
equipment suitable for some farm tractors is alydsging imported. It is likely that
over the next few years this will greatly expantteAdy examples of Farmi
forwarder trailers and chippers, Lindana, Patudntkari chippers, Keto, Rotne and
Narva heads, and Rotne thinning harvesters havelreeght in by Australian
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importers. Individuals have imported other produrttsm manufacturers Mohedra
and Kesla among others.

Equipping a farm tractor to allow it to harvestntke or process first thinnings is only
sensible if it allows this work to be done sigraiitly more cheaply than the
contractors’ charge, and in safety and comforaftull working day. Assuming the
contract cost using a forestry harvester and fattesis at least $30/m3 to harvest
first thinnings and forward out of the woodlot teetlanding, this means that investing
in equipment to equip a farm tractor needs to owpron this significantly.

Nordic experience indicates that to work most éfidy in the woodlot the felling
needs to be done so groups of trees are aggragdtedches of three or more in an
easy-to-collect layout, for instance in one row alutour. The cheapest mechanised
way this can be done is by a simple harvesting loeaal forestry crane, possibly
mounted on the front or rear 3-point linkage, barennormally mounted at the rear
on the reinforced tractor frame. The frame reinfoggsystem for forestry crane
mounting is common in Finland, and several comarice example JAKE, make
fittings to suit a wide range of tractors.

A crane with reach to 6.5m allows 4 rows in coniardlly-spaced farm forestry to

be processed in one pass, with the harvestedlie®eg placed beside each other — as
efficiency of collection improves when grapples pieking up full loads. The
harvested trees can then be left till leaf fall &vsb of about half the moisture content
before being gathered by a forwarder trailer dramya tractor with a rear 3pl
mounted crane and grapple. For far less outlay #haurchase of a specialist forestry
machine a suitable farm tractor could be givenraatde forestry capability, with a
potential operating cost of under $100/hour inahgdiriver and fuel. In Finland the
operating cost was assessed for a forestry traetmesting energy wood in randomly
spaced mixed species trees and operating at ovat 600 hours a year. The
operating cost of about 40 €/hour included fuelintesmance, drivers wages,
depreciation and all other fixed and variable €ogEnergy wood from early.2007)

It needs to be said that not all farm tractors bdlsuitable for use in such forestry
work. Ideally the base machine will be heavy enctagbe stable when equipped with
a crane, but not too wide. It requires adequatéanl and preferably should have a
second oil pump and tank dedicated to the hangestiane and head. It should be
able to have the crane mounted in front of theeadriVhis will be either at the front of
the tractor, or better still, where the driver catate the seat and controls, at the back.
Clearly a contractor could afford to spend moreéball this up when the amount of
work and improvements in productivity justified it.

Costs of felling have been extensively studied ogeent years in Finland. The
manual felling system for small trees (energy waafd).13-0.18 m3 (or a diameter of
up to 15cm) using a chainsaw on an extension fiahoess felling and aggregating
into bunches of 3.6-5.1 m3 per effective work hdise of a tractor with a light
forestry crane and a feller buncher head can begaoed against this base figure.
Size of the removed trees has a high impact onyatodity and costs of mechanised
felling. With a machine cost of 50 €/hour and aerage tree size of 0.17 m3 the cost
of felling is 20€/m3 solid. If the average sizéj40 the cost goes up to 30€/m3, and
if the average size is is 0.5m3 the cost falls-i®8/m3 solid. The important factor
with mechanised felling is that larger piles carabeumulated on the site thus
reducing the costs of forwarding out. Biomass fuel supply chai§07)
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Legislation and policies driving bioenergy developmnt.

Each of the three countries visited has evolvetbatsoon where bioenergy makes up
a significant and growing fraction of renewable rglyewhich makes up a growing
fraction of national primary energy needs. Eachreashed this situation along
sllghtly different pathways, but the common feasusee
Historically a well developed forestry industry aimdber manufacturing
sector.
A stable recent political structure which engagetbng-term planning.
Strong private ownership of the forest resourcd,awell developed system
of forest management associations (FMAS) or theiinalent.
A government preference for FMAs to oversee fomeshagement, harvest
and marketing, and to supply training and services.
An awareness that reliance on imported fossil figet®t in national interests,
and a population that is educated about and supeat change.
A system that strongly favours investment in soeglality and is
accustomed to high taxation rates.
A historical very heavy local use of wood for fuahd development since
World War Two of district heating systems for tovargl cities.
Coherent national policies with long time linespiemented by legislation,
with short term impacts softened by assistancesabdidy to local
government, householders and affected businesmdusiry.

Denmark’s Energy policy development

In Denmark conversion of district heating plantsise of waste and biomass began in
1976 with the introduction of the first energy pl&anish Energy Policy 1976

Before the energy crisis of 1973 90% of Danish gmeonsumption was covered by
imported oil. Today Denmark is self-sufficient ineggy, in large part due to its share
of North Sea oil and gas. In 2005 natural gas etitna equalled 393 Petajoules of
energy, oil contributed 796 PJ and renewable enswgyces contributed 126 PJ.
Actual Danish energy consumption was 830 PJ, da¢hn@wables by then were

about 15%. 40% of this, or 50 PJ, is produced fbommass.

While the first energy plan was focussed on segofisupply, environmental
considerations became more important over the aeoddes, and in the last few years
climate commitments have had the highest prioHiywever the issue of security of
supply has remained of crucial importance in tlaping. In 1979 the Danish
Government commenced a swing toward more use ofalgjas and the first
Department of Energy was set upHnergy Plan 1981 with a focus still on limiting
imports of fossil fuels, a higher priority was give socio-economic and
environmental considerations. The first subsidyesads for utilisation of straw and
wood chips were implemented. Taxes levied on fdgsls made biomass competitive
for fuel for district heating and electricity geagon. Also the domestic consumption
of firewood increased.

By 1985 the Danes were aware that emissions ohpmeese gases were likely to
become the overriding problem for the energy settot986 parliament voted for an
expansion of electricity capacity by 1000MW, todreduced by some large new
plants and a larger number of smaller plants fw&d wood chip, straw, waste,
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natural gas and biogas. Some of these were tochéGiHP plants of a capacity of 80-
100 MW. The 1990Brundtland Report ledEnergy 2000 — an Action Plan for
Sustainable DevelopmentThis included that energy should be reduced by, 158
consumption of oil and coal should be reduced bga45% respectively, with
natural gas and renewables taking over.

To drive the change in use of fuels by DH and Ch#gs Danish parliament in 1990
passed théleat Supply Act, which gave the Energy Minister powers to regulate
choice of fuel. As a result of this a large numbieoil and natural gas fired DH plants
have been converted to natural gas fired CHP plafasy smaller DH plants outside
main urban areas have been converted to using bsfuals.

The fourth of Denmark’s six energy plans vi&asergi 21, introduced in 1996. It
contained the long term objective that CO2 emisbyp2030 must be 50% below the
emissions of 1998. This was to be reached by ersagyngs, more efficient use of
energy resources, and 35% of gross energy by 2086 from renewables. Coal was
to be phased out and consumption of oil and gae teffectively unchanged. In 2001
with a change of government to a Liberal-Conseveatoalition, energy policy was
radically changed, with choice of fuels able todeeided by the market. This was
repeated in the Energy 25 strategy introduced 0520

However a new strategy in 200X Visionary Danish Energy Policy, went back to
close to the Energi 21 approach. It added the iitedouble the investments in
Danish energy research to one billion Danish krengear (A$220 million), attain
energy savings of 1.25% annually, and have thesp@m sector using 10% biofuels
by 2020. This plan has the targets of reducinglféssl consumption by 15% by
2025, and for Denmark’s total energy consumptiontadave increased since the
mid 1970’s, in spite of continuing economic growtlhis last has been the case to
date, with the energy consumption flat between 18802005 despite about an 80%
increase in GNP over that time (much of this presignfrom sale of excess fossil
fuel).

In 1993, as a result of the Energi 2000 plan, Daperliament entered an agreement
on the increased use of biomass in the energy wuppk part of this specified that
the central power plants were to use 1.4 milliam&s of biomass a year, including a
million tonnes of straw. This target for straw Wik reached when a new plant opens
that will be using 170,000 tonnes a year. In tlesent free market for sale of
electricity the power companies are compensatethéoadditional costs of firing
with straw, as they cannot pass on the extra emgtdose market share.
At present energy companies can use biomass fustay under their CO2-e
emissions quota. Emissions are now increasingbgesive with penalty for
discharging over quota raised in 2008 from 40 epaygonne to 100 euros per tonne.
Between 2005 and 2007 the Danish government sabta @f 33.5 million tonnes
annually, a 15% reduction on the previous emissievel. From 2008 to 2012 the
number of quotas will be reduced by 25%, thus dguhe cost of emissions higher
and making it more attractive to invest in energyiigsgs and renewable energy.
(Bioenergy for electricity and he2007)

Sweden’s forestry and energy policy development

Of Sweden’s total land are of 44 million ha aboBtnzillion ha is forest, most of
which is managed for production. The history okkirmanagement and ownership in
Sweden is similar to the other neighbouring Notiantries, with great exploitation
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from the introduction of steam driven sawmills lre t1850s and of tar production

both before and after that date. The expansigoptilation into the forest of the

north of the country was stimulated by establishinbgrthe Crown of forest

commons betweeh861and1918 These were private forest areas owned in common

by landowners and managed jointly, in additionh@irtareas of individually-owned

forest. Over the years the management of forestramms became more independent

of government control and this was clarified by Boegest Commons Law (1952)
Forest commons in boreal Swed06)

The majority of Sweden'’s forest is owned by fansilegg individuals. Nearly half of
these owners are members of one of the six magstf@wner associations. These
associations now produce about 30% of industriahdwood, nearly 20% of sawmill
capacity and over 40% of pulp production. The fdraraof associations was
stimulated by the increasing acquisition of privimesst land by industry in the 1930s
and the need for individual owners to group togetbencrease their bargaining
power with the industrial forest processors, ancetain more control over forest
management.
Present management of forestry in Sweden is glbgedeSwedish Forestry Act
The current act is based on the initial Act thaswassed in 1903. In 1949 a revised
act tightened laws and extended it to include twgas aspects of forestry and also the
sustainability of production. After the oil priceacks of the 1970s it was clear that
Sweden with 75% of its overall energy needs corfrioigp imported fossil fuels was
in a very vulnerable position. Prices for oil hadreased approximately tenfold from
100 Swedish Kroner/m3 to about 1000 SEK/m3. Govemtmrealised it needed to
develop a more stable supply of energy. Alreadyethad been some work done on
woodchip as an energy source. The thinking wasithé&mass supply industries
were encouraged it would develop industry in thalrareas and keep money in the
regional economies. All the added values had beemtified by the early 1980s.
(pers. comm. Kent Nystrom)

TheOil Replacement Committeethat was appointed recommended use of taxes and
subsidies to cause a market change away from foetd and a development of
alternative technologies and energy sources. &sultra significant and increasing
amount of biofuels is used in district heating pdaftnvestment grants since before
1991 stimulated the building of these plants talpoe a more clean and efficient
provision of energy for heating. Further investmgnaints in 2003 for conversion of
plants to use biofuels has resulted in an incréase 6 Terrawatt hours of biofuels to
a present 17 TWh.

In 1991 a CO2 tax was introduced, with industrgirbey most of the brunt of the
increase in costs. After 2 years the tax was halvedduce movement of industry out
of the country. Since then it has been further cedun line with other EU countries.

In 1993 theSwedish Forestry Actincluded further revisions that made
environmental goals equal to the production goatslmought more pressure to bear
to ensure renovation of over-harvested forest. Slwedish Forest Agency
Skogsvardstyrellsen, is responsible for oversesirsgainable forest practices all
through Sweden and for implementing the broad grous of the Act. The Act is
quite specific about the general goals for foreshagement, but leaves much of the
detail to Skogsstyrellsen officers to develop fordl circumstances. All forestry
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felling plans come through the Skogsstyrellserceffito be vetted, and inspection is
made of harvest sites to ensure compliance wittAthe

Political measures over this time resulted in abliog of the use of bioenergy over
the 1990s. In 2003 Sweden introdu€&een Energy Certificates These were
developed to stimulate production of electricityrfr biomass, small hydro schemes,
wind and photovoltaic cells. The market for thetifieates is created by end users
having to purchase a quota proportional to theissions. In 2003 7.4% of their
emissions had to be covered by green certificéte2004 - 8%, 2005 -10%, 2007 -
15%, 2010 -18%. The Green Certificates are actintg 2016. then guarantees apply
til 2030. The penalty businesses or energy supmtypanies must pay for not having
the right amount is 150% of the going quota prine2005 arEmission Trading
Systemwas introduced. (pers. comm. Kent Nystrom, Svebio)

As well as policy that targets business and enprggluction Sweden has introduced
a number of measures to reduce energy use in the.ntheEnergy Efficiency
Program is directed at improving insulation and raisingi&ciousness of transport
use. Both public awareness programmes and enesfy lcave affected domestic
heating. Over the ten years from 1997 wood petlasamption has tripled from
500,000 tonnel/year to 1,650,000 tonne in 2008 QO@Dtonnes of this is imported).
This splits roughly 30% to each of domestic, ingitiins and small energy plants. In
urban areas where district heating is newly avhel#iie cost of connecting a
household to this is now more than competitive \aiternatives, including reverse
cycle airconditioning or heat pumps. (pers.corident Nystrom, Svebio)
Sweden’dNational Energy Agencydoes an annual detailed national energy audit
that is published on their website. Presently reatdevenergy supplies about 40% of
Swedens primary energy. Of this 27% is from biogpé€mcluding municipal solid
waste), 1.7% is from wind and 0.1% is from solagrgy. The balance is
hydroelectricity. (pers. comm. Kent Nystrém, Svebio

Sweden’s experience over the last thirty yearsinméng when it was one of the few
countries to apply a carbon tax, has shown thataied greenhouse gas emissions
does not necessarily make GDP growth stall. Inifa@weden GDP growth is more
positively correlated with bioenergy developmehtom 1990 to 2007 bioenergy
development increased by 70%, GDP by 40% and GHiGs&mns decreased by 9%.
One of the reasons for these figures is that theareh and development by industry
has been increasingly exported. Now the exporeéwable energies technology is
the eighth largest and the fastest growing expantios. (pers.comm. Kent Nystrom,
Svebio)

Increasingly, Swedish municipalities are produdimggas from organic waste and
upgrading it to the standard of vehicle fuel ofisglit into the European natural gas
reticulation system. Increasingly, people are bgyiehicles that run on either 85%
ethanol, biomethane or biodiesel. Many city busesuding most of Stockholm’s
buses, are already fuelled by either raw ethanpt@pane-boosted biomethane.
Sweden has a target of ceasing imports of fosslsfby 2020. By this time they also
aim to have renewable energy contribution to prngarergy increased from the
present 40% to 49%. The electricity produced frone$t waste and wood processing
by-product is already nearly 25 TWh. (pers.commantNystrom, Svebio)
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At the local level Swedish municipalities, town anliages have moved to producing
significant bioenergy locally. A leading exampWixjo Kommune, was by 2007
producing over 95% of district heat and 35-40%letticity requirements using
biomass. The fuel for the 104 MW Sandvik 2 plamhpaises chipped logging
residues plus sawdust, bark and milled peat.

With all the heating for the Kommune now produce@me place this means that the
thousands of boilers and chimneys have been replacene modern efficient plant
with excellent flue gas purification where up ta®% of ash is caught. Any
remaining ash is scrubbed from the flue gas betgees through the condenser.
Most of the ash after treatment is returned tdohests as fertiliser. This reduction in
particulate emissions and noxious gases was a megeon driving the municipal
investment in the Sandvik plant. The Sandvik 2dygiroduces about 47MW-e and
about 90MW-th. Vaxjo Kommune has about 348km ofraisheating pipelines
progressively installed since the Kommune movedatovdistrict heating in 1970.
One outcome of the way the Kommune has moved tdascuse of fossil fuels is that
it now can claim to have the lowest greenhouseegassions per head in the EU at
about 3.5 tonne. The Sandvik plar2007)

Sodra Skog, Sweden’s largest forest owner assowgjatiith 35,000 members owning
2.3 million ha of forest, is a major user and sigrpf energy. The association is a
good example of how Swedish policies and legistatiave driven the efficient use of
forestry waste and processing waste for energyrggop. Sodra generates all the
energy for its sawmills and pulp and paper plardsifbiomass, and as well is a net
supplier of about 300GWh of green electricity —@giofor 40,000 households.
(pers.com Sofia.Persson. Svebio publicata®B?

Roundwood from windthrown trees and dangerous esaithin a Jonkoping city
park, sold to Sodra Skog as energy wood and destmleecome heat and electricity.
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Findings and recommendations

It is evident in the three countries in this sttldgt they are steadily increasing use of
biomass for energy and that improving the flow iminbass from early thinnings is
seen as critical in expanding supply.

Forestry tractors are playing a role in early timign particularly with small

contractors (including small heat entrepreneurs),farest owners.

The logistics of aggregating large volumes of footsp from dispersed sites are
being perfected.

The underpinning strategies to drive developmeiiaénergy and reduce reliance on
fossil fuels are critical to the economics of theole process.

For the Australian situation it shows that —

1. industrial volumes of roundwood, and large volume®f energy wood can
be sourced from dispersed small woodlotdVoodlot thinnings and final
harvest can yield a full mix of pulpwood, ply loggwlogs, energy wood and
fuel wood. Products separated at harvest can lregafgd into commercial
volumes at the local level for local processin@worsale. Early thinnings can
be done cost effectively by local contractors ifoagoing market exists

2. woody biomass and timber processing by-product caprovide a
substantial part of national primary energy needs provided the cost of
carbon is above $25/tonne, and necessary markedlsigre in place
including for efficient thermal energy utilisation.

3. the intensive management of dispersed small forelsits need not be at the
expense of environmental valugsncluding water quality, biodiversity,
recreation and habitat retention.

4. family forest owners effectively and willingly manae their forest
holdings to a high standard through the generations, agid dlvnership to
them usually represents more than simple finanveikle.

5. aggregated product from dispersed small-scale fanyilforests can be the
basis for development and expansion of a broad raegof other
industries, and can replace imports, expand exports, incresgdoyment
and produce carbon-neutral energy.

6. To establish family forestryon a viable scalat the local, regional and
national level there needs to be support by appéedarch, responsive
training and advisory services, profitable marketsall products, and
available cost-effective systems for harvest aadgport.

7. there must be clear market certainty in the industy directions, driven by
clear long-term policies and underpinned by legisl#on, for the necessary
scale of continuing long-term industry investmentake place, including into
the establishment and managing of long-rotation@gwantations.

8. effective, frequent and regular consultationby government bodies and
departments with the forest-owner representativems, particularly about
research priorities and policy directions, is vital development of a viable
and expanding family forestry sector.

9. investment into forest technology, forest industryproducts and forest
cluster productscan be both profitable for the industry and prodsyui@-off
exports of product, expertise and equipment.
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And finally, because the reality is that the susagfsthe Nordic family forestry sector
relies on the full involvement of the forest growéinemselves in every aspect -

10.it is more effective if government does not contrabr provide all services
of extension, training, inspection and marketing They can be successfully
relinquished to grower-controlled management assiocis, with the role of
government being confined to setting guidelines puodtiding necessary
funding and support, including to stimulate theslpsofitable forest
management operations that are still critical terail profitability.

The significance to Australia of the Nordic modelsof family forestry and of
biomass to energy

If landowners gain enough confidence to inveshiagrated multi-purpose plantings,
or make significant land available for joint vergsy the economic benefits of a
greatly expanded farm forestry sector across Alistnauld be significant, in the
order of many billions of dollars annually. As etNordic countries studied, the
benefits range from increased rural employmengxdra farm enterprise and
retention of habitat on farms to an active reseastttor, and export of products and
expertise. Development of carbon-neutral energyfaelsd from forestry industry by-
product provides a significant additional benefit.

The expenditure by government to support and stiteihe Australian farm forestry
sector is minor relative to the potential valueha longer-term outcomes. In the
Nordic countries the landowners provide most ofitivested funds, business invests
in its own research and production facilities, #melincome tax paid by the people
employed in the industry more than offsets expeneiby government on industry
support programs. In practice most of their fundmrgdevelopment of the energy or
other industry support is coming from taxes onifdagls, and so is being paid by
their industries and the whole population.

While it is beyond the strict range of this stuthere clearly must be a review of
many of the often-conflicting and short-sightedigiek relating to the forestry
industry. It is time that new Australian governmpaticies are developed to produce
the desirable situation where multi-purpose farnestry in Australia grows steadily
to become — as in the Nordic countries — a sigafigproducer of sawlog, biomass for
renewable energy including biofuels, broad envirental benefits and significant
carbon sequestration. The whole sector with itatguarealised potential must be
subjected to a new appraisal. The example of mamegeand outputs of family
forestry in the Nordic countries should be looketbathe necessary fresh insights.

In essence this report is advocating a changeliareuFor much of the time since
settlement farmers have focussed on cutting aradiolgforest. Vast areas are now
clear farmland. It is time to replant a fractiontlos, and the present landowners can
be the ones to make most of the investment andngast of the benefits. The process
of replanting has already started. It needs consdmng-term government support.
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Denmark

Dong Energy

Vattenfall
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Ministry of Science, Technology and Innovationwww.vtu.dk
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www.sl.life.ku.dk
www.skovdyrkerne.dk
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www.agroenergi.se
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WWW.SVO.Se
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Sodra Skog (southern forest-owners associationyww.sodra.com

Mellanskog (central association)
Norraskogséagarna (northern assoc)
Swedish Agricultural Unversity (SLU)
Swedish Biogas Association
Energy Agency - SE Sweden
Ethanol bus consortium

Finland
Finnish Forest Industries Federation
Technical research centre of Finland (VTT)

Employment and economic development centres

Department of Agriculture and Forestry
Agriculture and Forestry information centre
Forest Research Institute (Metla)
National Forest Programme
Forest Research Centre Tapio
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National Technology Agency (TEKES)
Finnish Forest Association
Forest Management Associations
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Finnish Work Efficiency Institute
Wood Energy Net
Wartsila (manufacturer of bioenergy plants)
The Bioenergy Association of Finland

EU and International
International Bioenergy Association
European Biomass Association
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Upper Austria Energy agency

www.mellanskog.se
www.norra.se
www.srh.slu.se
www.sbgf.info
www.energikontor-sa.co
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www.foresitstries. fi
www. Vtt.fi
wwieeskus. fi
www.mmm.fi
www.miike. fi
www.metla.fi
www.mmm.fi/lkmo/
www.tapio.net
www.metsakeskus.fi
www.metsateho.fi
www.tekes.fi

www.smy.fi

www.mhy.fi
www.mtk_fi

WwWw.tts.fi

www.wenet.fi

www.wartsila.com
www.finbioege fi

www.bioenergyinternational.com

www.aebiom.org
www.oec.at
WWw.esv.or.at




Appendices

The following three sections in the appendixiactuded to add some detail for
those interested. The summary of the developmehioehergy in Finland effectively
brings the three study topics (and many otheredl&apics) together. The reader can
attempt to relate them to our Australian content] kearn of the scale of potential
economic benefits to the individual forest growensg to the wider economy.

1. National energy data, and relative production obioenergy.

Finland (5.3 million pop)

In 2006 Finland was generating about 21% of itspriy energy from biomass from
forestry and the forest industries sector. 7% wasdgenerated from forest chip.
This totalled alone totalled 3.4 million m3 solid2¥ petajoules (6.7 TWh). This is
less than 10% of the estimated potential amount.

The target for 2010 is 33 PJ and for 2015 — 45,4Rd 2020 it is 50.8 PJ (14 TWh).
By this time the target for overall energy fromriass including peat, agricultural
biomass and black liquor will be 204.1 PJ (56.6 TWilne aim is to hold total energy
consumption to near the 2006 level of about 11306rRB314 TWh.

This 2006 figure breaks down approximately as 508tistry, 16% Transport, 20%
space heating, 13% other uses. Sweden has a ¢taeducing 49% of its total
energy needs from renewables by 2025. l(ocal Fuels.. 2007).

Denmark (5.3 million pop)
Renewable energy in Denmark in 2006 produced ab@éft of primary energy or
approximately 128 PJ (35.5 TWh). Of this total ab#@fs is from biomass, 30%
from MSW and 20% from wind. Of district heatingabenergy of 129 PJ, 8 PJ was
from straw, 12 PJ (3.3 TWh) from woody biomass, a@drom MSW.
Denmark’s gross energy consumption per person @80 to 2006 has been steady
at 159 GJ (less than a third that of USA at 509 GJ)

Energy in Denmark006)
Sweden(9.1 million pop)
By 2006 renewables supplied about 28.8% of 624 Tot4l energy. Bioenergy
supplied about 27%, or about 116 TWh (418 PJ). fipise is up from a base of
about 40 TWh in 1970 when bioenergy was mainlyafddack liquor in the paper
industry and small-scale domestic heating. Eletgrgenerated from biomass fuels
by 2007 was about 25 TWh. Between 1970 and 200fe whergy use in transport
has almost doubled from 56-101 TWh, the use instrgthas stayed about level at
about 157 TWh , and use by residential and serViasdallen from 165 to 145.

(Energy in Swedep007)
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2. Finland - private forestry ownership and intensve management

For countries in northern Europe and the Nordiontaes the history of policies and
legislation concerning sustainable managementrettoy go back further in time
than this report has space or scope to coverelsetBtudy countries the most relevant
developments and legislation have been in thell@tyears for privately-owned
forest. Several other things need to be kept irdmin

1. Almost all forest is as managed mixed native foséshds. After harvest there
is rapid regeneration both from natural seedfalhwifill planting of
improved provenances of one or both of the twogadous conifer species.

2. Almost all forest holdings are mapped and covereddiailed forest
management plants (for Finland’s family forestsalplans cover about 10
million ha). Growth rates are regularly assesseandgement plans run for
ten years. Detailed harvest and thinning plannimg five years ahead.

3. While the average family’s holding may be arounchd@or southern Finland
this will consist of up to 40 mapped smaller lotslibferent age, species mix,
growth rate, geology or position on the landformeés in the area of springs,
watercourses and other significant habitat willalexempt from harvesting.

4. About half the forest owners in Sweden are membkecemmercially-active
cooperatives which act for grower-members, comfzebrly and process their
forest product and timber of other producers, atkgally are efficient and
highly profitable entities.

5. All the forest owners in Finland and most in Denknaill be members of a
local FMA. The FMAs have many roles including tiamgy supervision of
harvesting and replanting standards, managemertification and
marketing. Many of these are roles that in Australie done, usually less
well, by government.

6. Forestry is intensively managed but on a sustagmbasis. In these countries
these two things are not mutually exclusive. ‘Sustile’ means that the
growth increment is greater than the harvest reintivat the species mix is
retained, that habitat and water quality are ptetkdn addition through the
‘Everyman’s Right’, access to forest for recreatson collection of fungi and
berries is open to all.

Each country in this study has distinctive diffezes in development of family
forestry. This chapter focuses on Finland partlit &as a similar population and land
area to Victoria, but has such great differencatsiforest industry development.

It should be kept in mind when reading the follayatcount of Finnish family
forestry that the country is one third within thectic Circle. The growing season
ranges from 150days in the south down to 110 geifse north. The population is
5.3 million and the area of land is about 30.9 raillha. Of this 10% is lakes and
about 6 million ha is arctic mires and peat landheTexcellent rail and road system
reduces impacts of climate and terrain, allowindustry and population to be highly
decentralised. Finland has the highest percentdderest cover in the EU (77% -
about 23 million ha) and also the highest amourfbodst area set aside in reserves
(over 7%).

This country has the highest education standarthéworld by most measures. It is a
world leader in exports of fine paper, in productiof forest industry and timber
processing machinery, and of electronic commurocstiequipment. Its three largest
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timber processing companies are among the wortijstivelve. It is a world-leader

in design and construction of multi-storey woodandings, including laminated
softwood load-bearing structures and stressed pbdimeams. It is a leader in

applied research and industrial design. It has acassful international airline, and a
significant ship building industry. Its 2007 GDP sva79 billion euros.

Finland’s economic and social success has as issshihe sustainable management of
the mixed species native forests, its high levelafership by families and

individuals, and the pivotal role in forest managghand marketing played by forest
management associations.

Finland was an autonomous Grand Duchy within theskRun Empire from 1809 until
1917, when it proclaimed independence. This regdultea brief but bloody civil war
which the right wing faction won. Civil war factes producing arms and other war
material around Jyvaskyla then began to producerpzgking machinery, and this
continues to the present.

The forest has always been Finland’s main natesdurce and source of export
income. Finland even under Swedish rule in the $H2@l had a significant timber
industry producing resins and sawn timber, withetathe main export. The industrial
exploitation of forest continued, as part of alstasd-burn agriculture, right up to the
early 1900s in the east of the country. By 1875 Had resulted in reduction of the
forest cover over the country from over 80% of ldred area down to almost 25%.
The rise of the milling industry dates back to #850s. In this period there was also
development of a boat building industry. The fpaper making plant was established
in 1880. By 1920 sawn lumber and pulp made up @0&6 of timber industry
exports, with lumber alone being 54%. By 1996 thesee together making up only
about 21% with sawn product fallen to only 14%, letpaper and paperboard and
other product had risen to 69%.

Private forest ownership was always part of lif€-inland. The records from the time
of earliest settlement over the 1300s and 1400 $hat permanent rights for forest
use were granted to private estates. This wastbotiise taxes and to increase
expansion of settlement under Swedish rule. By Té88lations stated that when a
tenant died his ‘taxable house’- the estate indgdorest - should not be subdivided
or left abandoned.

More widespread smallholder ownership of forestamegnder Swedish rule in 1775
when each farm was allocated its own forest argmme<f land reform. It increased
again following independence from Russia in 19hd, then again following the
resettlement of the inhabitants of the area of Kagtlia, which was ceded to Russia
after the Second World War. Private ownership hathbn become a key part of
Finnish forestry. By 1901 there were about 120 f@d8st owners, and the majority
owned over 100ha. By 2006 there were about 44458p8@rate forest holdings of over
2ha, with the majority owned jointly between 92@adamily members. So presently
about one in five Finns is a forest owner. Halfre#se holdings are under 20ha, one
third are of 20-50ha, and about a fifth are ovedreb0

(Decades of private forestry in Finla2®08)

Policy development and legislation.

The government of Finland was uneasy about unsziks forestry practices in the
early 1880s following obvious overexploitation afde areas after restrictions on the
sawmilling industry had been repealed in 1861. 8dwommittees were set up and
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the outcome of their recommendations was theFirgtish forestry law, enacted in
1886. The law forbade devastation felling by statimat ‘forest must not be laid to
waste’, and specified the leaving of seed treaedgtg on clear felled sites.

At the end of the 1890s a boom in timber productaed prompted more disquiet
and in 1900 #rivate Forestry Committeewas set up. Its brief was to investigate the
sustainability of the Finnish forestry practiceshatt time, including the ‘true extent
of ever-continuing complaints about limitless fedjs’, and to recommend necessary
changes. Its report described the state and uysevate forests in those days. It
found there was ‘undeniable proof of the dangefosss of forest resources’. The key
reasons were the earlier forms of forest use:uamibg, slash and burn, and the
industrial use of raw wood, including the sale@ftensive young immature forests
that that are part of the forest capital that stidnd saved for future production as a
condition of efficient forestry’.

The suggestions of the Private Forestry Commitegmb to be implemented in the
early 1900s and have become the central part déthelation and promotion of
private forestry. They included that wood productstould be secured by legislation,
and by providing support and advisory servicepforate forestry.

In 1907 the Finnish Forest Management Tapio wasbéshed and at about that time
the very first of what have become Forest Manageémssociations (FMAS) were
established as forest grower cooperatives. A degasdassued in 1917 to prevent
forest devastation, and to safeguard natural reggae of forests. Responsibility for
supervising this regulation was given to the distiorestry boards acting under the
State Forestry Board. However the legislation watsvery effective and forestry
advisory work was only just beginning.

To rectify the situation another adthhe Law Concerning Private Forestswas
passed in 1928. The principles of this remainedivthlough to the mid-1990s,
though it was revised in 1967. This Law definecefdrmanagement principles more
specifically than before, particularly regarding tlall regeneration of harvested
areas. It gave the state the ability to put aréasiEmanaged forest under its own
protection. The area under protection annuallh&é1960s was around 30,000ha but
by the later 1990s was in the order of tens ofdrest

The task of monitoring practices in contraventiéthe Law was given to 19 district
forestry boards, also established in 1928 and tipgrander the principle of self
regulation among forest owners. Also in 1928 th&t Forest Improvement Actwas
introduced. This defined the financial support &lde from the state towards long-
term silviculture and improvement activities inyaie forests. The works this
financial assistance applied to included drainaggtocking of unproductive forest,
seedling stand improvement, and, post 1948, carigiruof forest roads.

In the late 1990s Finnish forestry law was comyetevised and brought into line
with the forestry objectives agreed to at the Rimférence of 1992, and with the
general principles agreed to at the Helsinki cafee of the European forestry
ministers. The drivers for this were the strengthgmof international forest and
environment policies, and environmental politicd aonflicts in the country
involving forestry. Thus the Law Concerning Privitrests of 1928 was superseded
by The Forestry Act which became law in 1997.

This Act concerns forestry owned by all groups eodtains much of the directives
from the previous Act on regeneration of harves$beest, but is much broader. Its
purpose is to promote the socially, ecologicallg @anonomically sustainable use and
management of forests. The Forest act also safegbavdiversity. Forests must be

55



managed and used so that the biological divergisgwen specific habitats are
protected. In addition to springs, streams andeigithese habitats include small
forest ponds, nutrient rich hardwood swamps anthkeea islets in undrained bogs.
The forest owner has to advise of intention to &sin the region of any of these
habitats 14 days prior. Consequences of unlawfaetaipns can lead to criminal
prosecutions. In 2004 there were 110 Forestry iatations and one conviction.
Convictions carry penalties of steep fines or upwmo years prison.

In 1997 the Forest Improvement Act of 1928 wasaegdl by th&Sustainable

Forestry Funding Law. Funding can be made to an individual landownex jamint
venture formed by landowners. Funding is made aaegrto the provisions of the
Act and including for forest regeneration, contdlburning, energy wood harvesting
(first thinning), forest fertilising, drain maintance and construction of forest roads.
In 2004 about 65 million euros was allocated fast#himprovement works or about 5
euros per hectare.

Environmental grants (the METSO program) are alsolable under the Forestry Act
and are designed to cover the cost of managingtfeedues over and above what is
defined in the Act as being within the landowne€gsponsibility. This could include
projects to restore drained habitat, for mappingadfiable habitat, or to maintain and
manage valuable habitat. Over 1997-2004 9.5 mikioros have been allocated under
this funding.

By 1939 there were already 300 operational FMAsabmalit the same number of
forest advisors who gave professional help to tinest owners. Already by the end of
the 1930s over half the growing stock was in pevatests. Since then Finland’s
growing stock volume fell after the war till abdbe 1960s due to the loss of east
Karelia, onerous war reparations and to servicgptdst-war resettlements. From the
early 1970s growing stock volume has steadily iaseel. The volume growth in
private forests has been particularly strong ambis over 2/3" of all stock in

Finland. While in 1920 annual increment acrossithele forest was about 54 million
m3, it is now about 97 million m3 a year with 0\&€r million m3 being the increment
of forest in private hands. Detades of Private forestry in Finlan2008)

Forestry research and developmentThe establishment of the Forest Management
Tapio in 1907 was the beginning of what is now semsive array of interlinked
research and promotional organisations, partly gowent funded and partly funded
by industry levy or industry directly. The Finnirestry industry itself spent about
230 million euros (A$380 million) on research in02Q double the figure of about
five years before (about 90% of this is from théppand paper industry). The entire
forestry cluster’s investment in R&D by 2004 wa®at500 million euros (A$820
million) annually. The main organisations involvedorestry industry research are -
- Metla, the government funded Finnish Forest Researdclutes which alone
employs over 900 staff. Metla is an independenawigation which operates
under and is funded through the Dept of Agricultame Forestry. It is
Europe’s biggest forest research institute.
VTT, the Technical Research Centre of Finland, isthgest contract
research centre in Northern Europe. About 30%s0280million euro budget
is from the state. It is controlled by the MinistfyEmployment and the
economy. It has the breadth of research activithefCSIRO in its heyday. It
has specialist sections working on bioenergy, pedlehnology, forest
applications, raw materials handling and operatitgastics

56



Mesatehq the industry research body, which does reseanctofest
industry members, Metsahallitus (manager of thie $taests) and sector
associations. As well as industrial product anccess development, research
includes trials to improve energy wood harvesting handling systems.
KCL , Oy Keskuslaborotorio, is wholly owned by the pahxd paper
companies and produces technical and economicrobseata, and provides
laboratory and pilot production services. It wasrfded in 1916 and now
provides one of the most diverse ranges of resesiices in the world.
TTS, the Work Efficiency Institute, established in 2%nhd tests or compares
equipment including forestry tractors, bioenergydys, and processing
heads. It has a forestry section which is involwvedeveloping better
handling systems and more economic systems fostfgrenanagement.
Universities and PolytechnicsFive of Finland’s universities offer forests
products technology courses. Two offer forestryrses. 13 Polytechnics
offer courses for working in forestry, papermakargl the wood products
sectors. The courses at the seven universitiesdagyostgraduate research.
Industrial companies. Most companies in the forest industry sector cahd
their own R&D in-house. Collectively these will @imany hundreds of staff.
Decades of Private forestry in Finlar2®08)

Government funding and coordination of R&D. Funding for forestry research and
development may come from industry, or via one nfimber of structures operating
under various ministries, depending on whethes judged basic (theoretical)
research or of a more applied nature.
The Finnish government, in consultation with forgstdustry stakeholders
developed overarching research programs that miatimese organisations are
conducting research under. This includesNlaéonal Forest Program 2010 which
is under the control of and funded by the Natidredhnology Committee Agency —
TEKES. This is the coordinating body for the furglof industrial applied research
by the Finnish government. TEKES was founded ®31&8nd now dispenses about
465 million euros a year (A$760 million) to fundnaplete programs (packages of
finance and expert services) aimed at the mostitapbtargets of the future of
Finnish business and industry.
Programs are based on initiatives by TEKES custsraied strategic focus areas. In
practice the industry in Finland is small enought thdustry, research and
government are able to work very efficiently to i@vle good results. The programs
are planned in open seminars of stakeholders, actdfanded program has a steering
group of representatives from funding bodies aa#ledtolders. In 2008 TEKES is
involved with 26 new or ongoing programs. The rese@omponent and delivery of
forestry programs is outsourced by TEKES to orgaiuss like Metla, VTT, or
Metsateho.
The National Forest Program has many objectivesjadmng to improve efficiency of
forestry operations, and particularly the cost-@ffee harvesting and handling of
early thinnings. The original program running fra®99- 2010 was revised and
renewed in early 2008. Other projects of programmonents being funded through
TEKES include work on small wood-to-electricity destion plants, biofuel
production, and business opportunities (for Fin)dnain climate change.
(pers.comMakinen VTT)
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Forest Management AssociationsThe development of more organised marketing
and value adding of private forest product has lweeinuous since the initial forest
grower groups came into existence in 1907. Whiléhows of selling by private
owners were often criticised even up to the stBWW@/2, a number of crucial steps
were taken pre-war from which important institusand systems have evolved. In
1921 a Forest Centre was created for private fawsers. Over the 1920s it traded
and exported round wood and did some milling amqmbexof sawn wood. In the
1930s it became the forest sales department aZéiméral Union of Agricultural
Producers. In 1934 it became Metsalitto Groupddyl in 1947 this became a
cooperative owned by private forest owners. Theeoative with its 130,000
members is still the parent company of Metsalityovihich is now one of the world’s
largest timber processing and paper-making compatgeprofits still help underpin
the functions of the Union of farmers and foreshers (MTK), and the FMAs.
Metséliitto Oy has a turnover of about 8.4 millimmnually and employs about 30,000
people. It is active throughout Europe and it irkess its products worldwide. The
cooperative and a subsidiary handle wood procurefoethe Metsaliitto Oy mills.

The forest management associations provide prieagstry administration at the
local level on one hand, and act as a powerfulyapbup though the Union of
Farmers and Forest owners on the other. The FMAddmg been in existence as
representative and marketing organisations weretodvecome formally integrated
into the system. They were provided with a permaagstem of funding and made
responsible for many administrative and servicetions to forest owners though the
Act Concerning Forest Management Associationghich was first published in
1950 and passed into law soon after. The obligdtoest management fee included
in the Act drew active debate and strong criticiSime current Act of 1999 states that
the purpose of FMAs is to promote the profitabibfyforestry practiced by forest
owners, and the realisation of the other goalsttieyt have set. FMAs are
administered by a council elected for four yearpbstal vote. In turn a board is
elected that represents different part of the anehall forest owners. There were
about 130 FMAs in 2004 but the number is slowliriglas smaller associations
decide to merge so that services to growers campeved.

At present private forestry administration and potion are regulated by theaw on
the Forestry Development Centre and Forest Centresvhich became valid in
1996. The 13 Regional Forestry Centres are resiplenfsir monitoring the legality of
FMA association operations. Each FMA collects affem forest owners in its area.
The fee income must be used to promote forestrshdmmain this is through
provision of services such as forest planning atwica, harvesting and forest
management service, and timber sales service. la¢®rpllected for some additional
services such as acting for absentee landowners.

Decades of private forestry in Finlara08)

Family forest owners lobbying power The Central Union of Agricultural Producers
and Forest Owners (MTK), occupies a multi-storylding in central Helsinki. It is a
powerful lobby group both at national and EU leWithin Finland it strives to
communicate the positive aspects of forestry anshi@ any misinformation. It
maintains an office in Brussels, has close linkiiwhe Nordic Forest Owners
association, and with the EU family forest ownesaasation CEPF. At the
international level it is a member of IFFA, thedmiational Family Forestry Alliance.
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MTK is financed from a number of sources: rent frotiner office space in the central
Helsinki multi-storey building it owns, revenuesiin the newspaper it publishes three
times a week — the sixth largest in the countrhwaireadership of about 350,000,
dividends from the holdings it has in the pulp @ager conglomerate Metsalitto Oy,
and from its membership. MTK has two councils amd boards, one each for
farmers and forest owners. The forestry board nezsnére elected for three year
terms from representatives nominated by the 9 negjiflmrest grower unions. Boards
of these unions are from the regional membershtpefl35 FMAs located in all
parts of the country.

MTK has a staff of about 150, of which about 100kvon the newspaper. The other
40-50 are experts and specialists in the rangeeasamportant to the forestry
industry. MTK works to maintain good contact willetgovernment and with
research organisations. It provides input intogyoformation affecting farmers and
forest owners, and into research priorities. Itdagat on the Metla board and is
involved with the Economic Research Institutesloften a stakeholder in forest
industry research programs and when possible @ved in informal working groups
developing forestry project proposals. MTK playsraportant role in maintaining

the importance of forestry in Finland and the Ekl & ensuring its ongoing

viability.

One program that has been implemented by MTK isléwelopment of a business
model for farmer cooperatives to begin a businessamass supply or bioenergy
production. The national target for renewable ep@ng-inland is 38%, up from the
present 30%, and there is good scope for the fomsers who own the biomass to
benefit from filling some of the gap. MTK sells theven business franchise to
farmers and assists them with the set up processlly only 10 forest owners
though in some cases there are 20-50. They contracipply chip and may buy in
chip from other forest owners within a 30 km radafishe plant.

This scheme was started in about 1998. Most ohéwe start-ups are now of about 1-
5 MW capacity for towns and villages, though thdieaones were often of about
350kW or less and were for businesses, schoolslandlks homes. MTK provides
support for each cooperative for 5-10 years andsgsome income per MWh of
energy generated. (pers.com, L.Jyhla and llpo Mattlila, MTK)

Selling systemsAt present between 100,000 and 150,000 timbes saitecarried out
annually, with most of these being from the 440,86@lings of family-owned forest.
An average sale is of about 430m3 of round wooe. tokal volume of round wood
sales from private forests is over 45 million m8t(mcluding energy wood) and it
makes up about 86% of the supply of timber to itgu3 hese sales are either of
material at the roadside or as sales of standmigeti. Up to the 1980s about 50% of
harvesting was not fully mechanised, with chainsdrestors and even horses still in
use. Since the 1970s, with increasing developmiespecialist machinery and year-
round harvesting, selling timber standing has iasiggly become the norm. Roadside
sales by 2004 had fallen to about 20% or about Billibn m3. Decades of private
forestry in Finland2008)

In a standing sale the buyer fells and extractdrées as specified in the forest
harvesting agreement. The seller receives paynseatstumpage price, with the
agreement specifying unit prices, roundwood volutingher specification and quality
requirements, the harvesting period and the metfaydeeasurement and payment.
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The buyer for a second or third thinning or finahrest will often be one of the big
three Finnish companies: Stora Enso, UPM Kymmerndaisaliitto Group. In this
case all the timber extracted will go to the ranfprocessing plants these groups
own: pulp and paper making, ply production, andingl The energy wood fraction
from the stand will also be taken and used by th@amspld on. This may include
stumps. If the buyer is a more specialist orgameauch as a local sawmill who may
only be interested in larger diameter logs themnethgll be several buyers organised
for the other product extracted. (pers.com Pekka Hintikka 2006)

Mechanisation.By the end of the 1990s fully mechanised harvgsdimd extraction
made up 95% of all operations. By 2005 the Finkigtestry Yearbook states that
there were about 1400 harvesters and 1600 forwsadiéng commercial roundwood
removal, and about 1400 timber transport truck&ispithe product. Electronic aids
have played an increasing role, allowing commurocabetween buyers and the
harvester to change specifications of length aathdter in an instant, or to change
the destination of small diameter logs from plylr@lpulp mill or to bioenergy plant
depending on price. The transport trucks will usGystems to collect roadside logs
on instruction from the buyer. They use self-logdirucks which can also weight.
This system means the ability to work separatelynfthe harvest team, and also
through the dark winter months and nights.
Still by 2005 there were about 100,000 owners,naria four owners of forest, who
do their own felling and extraction. The ownersofaller forest lots (less than 5-10
ha) will not harvest each year and on average fongsers doing their own work
only spend two working days a year. It may be éogély clean-up work such as
clearing storm-blown trees. They will usually usehainsaw, a tractor and a trailer
equipped with a forestry crane and grapple. A felvuse a horse.

Decades of private forestry in Finlara)08)

Forestry Profitability . The overall profitability of the operation of pate forestry in
Finland has been continually tracked. Several sseed to be appreciated.

1. The forest holding is usually inherited and is katee main source of income,
but may be primarily a holiday haven for town dwedl Management may be
more of a stewardship approach for maintaininghibiding for future
generations. There may be tax considerations)iking for being
independent for fuel or building material.

2. There are considerable silvicultural and developngests in managing a
productive forest holding properly. Most forest @sregard their forest as a
‘growth asset’, with regular management being reledroy improved value.

3. The growth rates of Finnish forests are very lowAligtralian standards, at an
average of around 4m3/ha/year even with two orthinennings, resulting in
rotation lengths of 60-120 years. The three mamroercial species are
Norway pine, Sitka spruce and birch.

Over time the net returns from forestry operation@verage have varied between
about 40€/ha and about 100 €/ha (A$164/ha). Owepéhniod of 1975-2005 the
average return to capital from private forestrydnugs was about 3%. However the
economic value of family-owned forestry to the cioyras a whole has been
enormous, and is at the centre of Finland’s rentdekaconomic development since
WW?2. The real timber sales income of family foresners expressed in 2004 money
values was 1.6 billion euros/year over 1997-2004st\f this money stays in rural
areas, as two-thirds of forest owners still eifhar on their property or nearby.
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Decades of private forestry in Finlara08)

Tax. In Finland forestry taxation has been an importargst policy tool. From 1922
to 1992 taxation was based on a property tax approafiere the forest holding was
taxed on an estimate of yield and the tax was gardially. The specific tax
reductions allowed for specific forest improvementrk made the system effective at
encouraging investment in better management. Fi@®8 ihe taxation on forestry has
been on the difference between income and allonatpenses. This difference is
taxed at the capital gains tax rate of 29%. The t@vsystem is supposed to treat
family forestry more fairly than the previous projygax system.

Forestry and the national economy.The family forest sector is well supported by
government, well serviced by applied research,camlpetently overseen by grower-
governed FMAs, who also represent the interestseofjrowers via a highly
organised and influential lobbying process. Thig@eis central to Finland’s
prosperity. From 60% of the forest area it progidbout 86% of the roundwood
going to the forest industries, as well as an iasirgy volume of energy wood going
to dispersed energy plants. This economic cortiohican be easily seen in the
figures -
- About 10 million ha or over 70% of family-owned &st is mapped and
covered by detailed plans. Over 90% is certifiedarrthe Finnish certification
system, recognised by the PEFC international azatibn system.
Finnish forest industries directly employ nearly 4%ihe labour force, or
90,000 people, with 70,000 in the forest industrgt 20,000 in the forests.
In 2004 the forest sector produced over 7% of R GDP.
In 2007 about 20.7% of exports were from the fosestor, totalling about
10.85 billion euros (A$17.8 billion).
Forestry and the forest industries combined makie@pnost important
industrial sector in most of the country. In neallyprovinces of Finland the
forest sector is either the most important or sdgopst important sector.
During the period 1993-2004, carbon sequestratvenaged 6 million tonnes
per year.
The use of by-products of forestry and timber pssogg as fuel produce 23%
of Finland’s primary energy, 20% of Finland’s elegty and over 75% of
domestic and industrial thermal energy needs.

The forestry cluster. The forests and the forest industries are paatgreater sector
called the forestry cluster. This combines withfitrestry and forest products
processing industries a broader sector which sesy&upplies the forest industry and
further value-adds forest products. Included withie forest cluster are -
machinery and equipmentFinnish pulp and paper machinery has a thirth@f
global market. Industry procurement of machinesemapment is 90% domestic.
chemical industry- the industry is Finland’s second biggest usexheimicals. 10-
20% of the sector’s output is used by the industry

wood constructior- Finland leads in utilising wood in building, amdnew products
electronics and engineerirgl0% of output goes to the forest industry
automation and information technology,

research and educatierFinland leads in research, and trains 50% obja®is paper
engineers, and 16% of Europe’s wood products gtadua
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plus the areas of logistics, printing, servicesgdting).Other industries (such as the
textile industry) have significant sales to theekirindustries.

The Finnish share of industrial countries’ expait$orest cluster products is about
8%. Finland’s forest cluster’s share of GDP is aldd}%o, share of industrial output
about 30%, share of exports is nearly 40%, its Wor&e is about 200,000, and its
overall growth rate is 3-4% annually.

Key to the Finnish forest indust®dp06) Einnish forests in a nutshe?l008)

Websites in Finland Energy (district heatyww.energia.fi Energy policy
www.ktm.fi. Energy conservatiomww.motiva,fi. Legislationwww.finlex.fi.
Agriculture and forestry policwww.mmm.fi. Researchvww.tekes.fi
Environmental policyvww.ymparisto.fi Statisticsvww.stat.fi

3. Detail on Finland’s R&D process in bioenergy develoment

In Finland the National Technology Agency TEKESLBD9 fundedrhe Wood
Energy Technology Programmefor five years to develop more efficient technglog
for the large-scale production of wood chips. I92@ was extended to include a
sub-programme on small-scale production and useofl fuels. As of January 2004
the programme consisted of 44 research projectsdi&trial projects and 29
demonstration projects. 27 research organisatind$3 enterprises participated.
During the 5 year period of the programme the dderest chips quadrupled. Forest
chips had become a credible fuel even for large @ldRts. The total cost of the
programme was 42 million euros of which 13 milliwas provided though TEKES.
The Ministry of Trade and Energy provided investifending for the new
technology employed in the demonstration projess included the development of
the baling technology that makes it possible faxamminuted biomass to be
transported and stored cost effectively.

With the development of far greater use of foréghs the demand has risen ahead of
supply, and by 2003 the cost of chips was risirgpde the more efficient production
systems, with chips delivered at the plant avei@@®€/MWh. This is the cost/t of
supply including normal operating margins.

While many aspects of the programme were spedyidalaling with producing forest
chip from coniferous boreal forest, many aspecth®imachinery and logistics were
directly relevant to the Australian situation, unding to chipping thinnings from
small dispersed woodlots of monoculture eucalyfdus forestry.
- Moisture is the critical fuel quality, and shoule kept low to realise full
energy potential, at least below 40%. In storag@yvbid loss of drymatter and
OH issues with fungus, below 25%. The effect of shaee content is greater
than the effect of wood properties. Vaporisationstones 0.7 kWh/kg of
water. Reducing MC from 55% to 40% reduces théainimount of water by
half and the effective heating value rises 8%.
After moisture content, effective heating value (kMg of wood) depends on
the chemical content of the wood. Lignin has a érdteating value than
carbohydrates.
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Whole tree chipping is far more cost-effective tll@hmbing before chipping,
and 15-50% more chip is produced, productivity afest is 15-40% higher,
cost of procurement is reduced 20-40%. But chipityusuffers and
machinery must be more robust.

Chipping raises the bulk density of uncomminutegicees (here mainly pine
branches and branchlets) from 0.15-0.2 to 0.3646.0

Compared with other fuels the space volume of wadod is large and so it is
essentially a local fuel. For efficient transporeodistance it would need to
be pelleted or converted to pyrolysis oil.

The ash content of wood is low — less than 0.5%uie pine chip, but it is up
to 3-5% in conifer barks and 3-6% in needles. MNeedre a nuisance in the
combustion process as they contain alkali metaratés. Depending on
combustion conditions the alkali metal chlorides carrode the heat transfer
surfaces of the boiler.

Biomass should be kept as clean as possible at$tamand not dragged along
collecting soil or stones.

The production chain cost structure is highest witiall stem volume
thinnings, rising steeply once whole tree volumesggbelow about 0.15m3.
For smallest average stem volumes chainsaw felliexgmore cost effective,
though development of accumulating feller-bunchresads have changed the
economics significantly for these thinnings.

Producing conifer forest chips only uses about 3%h® energy produced
from combustion.

Bark has been now recognised as an important dracti forestry biomass. It
makes up about 12% of overall coniferous industaahdwood volume. Up
to 1.5% of wood is removed during softwood debagkand becomes part of
the bark volume.

Chipping at the landing is the principal point oheersion of the whole tree
to chip. Itis important to not have separate esagf the process too
dependent on each other. A particular problem ik whip transport. This can
be solved by chip going into large (60m3 in Finlanehch-on open-top
container bins.

A critical aspect is that the supply of chip has®eoeither constant or able to
be substituted for by some other equivalent fueFihland it is peat.
Maintaining large stockpiles of chip is rarely dofrestead it is normal to have
stocks of seasoning whole trees in all weathersacable to be chipped when
needed.

Meveloping technology for large scale productioriarést chips2004)
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