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Joseph William Gottstein Memorial Trust Fund

The Joseph William Gottstein Memorial Trust Fundsveatablished in 1971 as a national
educational Trust for the benefit of Australia'sefst products industries. The purpose of
the fund is'to create opportunities for selected persons tquaie knowledge which will
promote the interests of Australian industries Whise forest products for the
production of sawn timber, plywood, composite wgadp and paper and similar

derived products.”

Bill Gottstein was an outstanding forest produetsearch scientist working with the
Division of Forest Products of the Commonwealthe8tfic Industrial Research
Organization (CSIRO) when tragically he was killed. 971 photographing a tree-felling
operation in New Guinea. He was held in such hggeeam by the industry that he had
assisted for many years that substantial finarstipport to establish an Educational Trust
Fund to perpetuate his name was promptly forthcgmin

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 anesidered of benefit to the
Australian forestry and forest industries. Studyrsoundertaken by Fellows have
usually been to overseas countries but several Iese within Australia. Fellows
are obliged to submit reports on completion ofrtpeopgramme. These are then
distributed to industry if appropriate. Skill Adveement Awards recognise the
potential of persons working in the industry to none their work skills and so
advance their career prospects. It takes the édranamonetary grant.

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

3. Wood Science Courses - at approximately twolyeatervals the Trust organises
a week-long intensive course in wood science fecaiives and consultants in
the Australian forest industries.

4. Study Tours - industry group study tours araraged periodically and have been
well supported.

Further information may be obtained by writing to:
The Secretary

J.W. Gottstein Memorial Trust Fund

Private Bag 10

Clayton South VIC 3169

Australia



Brad Barr has worked in the forest industry sin@gating from the University of
Canterbury, New Zealand with a Bachelor of ForeStience (Hons.). His first
employment was with the N.Z Forest Research Instiin Rotorua. The focus of the
research was on wood quality and silviculturalriatéions. Brad has had a solid
grounding in forest inventory and value recoversegsment, and this led to an interest in
cut to length, in forest optimisation when he begaployment at Wespine Industries,
Western Australia.






Executive Summary

Finland has a land area of thirty million hectar€¥.this, twenty million hectares is forested -
sixty six percent of the land area. There areifi@Qstrial scale (>10,000 m3 annually) sawmills,
with a combined sawn output of 13.7 million cubietres. In addition, Finland produces around
11 million metric tonnes of wood pulp. The 10, hectares of productive forest is held by
350,000 separate owners, giving an average hosiliregof about around thirty hectares. The
result of the non-integrated forest ownership & th source, manage and administer the
resources needed to meet these massive indugnerdis requires simple-to-use but
comprehensive, planning, inventory, stock contral eeporting systems.

The objectives of the training and study tour werdetermine:

1. How the resource owners and their customers urad@tsheir own business and each
others, and they translate this understandinggraotical and accurate technical cutting
instructions and medium term harvest plans.

2. How Finland has developed the harvesting contrackferce who have the technology,
training, contractual scope and inclination to iempéent the above.

The first part of this report deals with the sys®nucture and function of the Finnish forest
industry that was observed during the training stady tour of the country as well as discussing
some of the lessons that can be drawn relate gieéBysettings” that Australia may consider
implementing to create the environment to get maxmbenefit from the in-forest optimisers.

This second part of the report describes the teahprocess of how the different types of
optimisation work, and some of their advantagesdisaldvantages. It will also explain in some
detail how one may go about laying the foundations solid APT (control or cutting
instruction) file that will serve well over a lopgriod of time, as well as relaying the tips and
tricks passed onto the John Deere training coutsadees by their system specialist.

Executive Summary Part 1. Finnish Forestry — Whati s the System
Structure and How does it Function?

The overall conceptual process of forest operatiplamning and implementation in Finland is no
different to that in Australia. The process inl&imd is made more effective by:

- A concerted effort from both processors and supptie understand each others needs.
This creates a position for informed discussionifeative process, where both parties
work towards a solution that best matches the ouste needs while concurrently
protecting the needs of the forest owner.

Sawmills are the most particular of the customdtk megards to log supply and expect a
delivery of logs by a specified mix of log lengtnsd diameters. The cutting order is
complex, and without a computer to assist, it wawdtibe possible to achieve.

Logs are delivered to mills in mixed lengths peck bay. Greater tolerance is made
towards marginally out of specification logs (didereand sweep), and ensuring the right
signals are sent to suppliers about quality antbpaance.

Collecting forest information — using the techngl@dforded by modern harvesting
systems.
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Process control

- Operations. Harvesting and haulage contractors agreed (measurable)
performance targets that are regularly audited.

- Communications infrastructure. Nearly all elemartslinked seamlessly
through digital communications. Cutting instruascand maps are beamed to
the forest, daily production is sent back to trdelspatch, the sawmill reports on
receivals volume and quality and payment is madetenically to contractors
and suppliers.

- Reporting. In general, there are formal reportirgchanisms back to
contractors and their principals each month. Inetlioh the reports are details
concerning: Percent rejects, attainment of thestadigtribution, and the length
distribution of logs around the target/contracgin

A well developed understanding of the system, agl levels of training in making
most efficient use of the variety of technology émgpd.

An important observation made during the visit taldnd is that compartments are
selected to go into the harvest plan for a pemoslich a manner that the needs of all of
their customers will be met at any point in timeheut unduly requiring individual
compartments inherent potential to be sub-optimiEgg@ecting contractors to sub-
optimise the forest to meet the market is viewed psor outcome and is avoided.
Training of harvesting operators is at a terti@yel, and gives a thorough grounding in
technical forestry (e.g. thinning objectivise) aslivas machinery operation and
maintenance.

Sophisticated IT solutions to manage and make redmecomplex set of tasks described
above.

It can be concluded that clearly that there isifgantly more to be gained from optimisation
than just mastering the production of control filleat meet orders, and coordinating and ensuring
contractors have the training and a capabilityrtplement them. It is the most important first
step towards a generally more efficient systemviarreasons:
Information to manage the system
enabling value recovery.

To ensure that this first step is made well, tleeea number of recommendations that can be
made to the Australian industry.

Contracts for harvesting and supply need cleariyndé expectations. Sawmills and their
suppliers also need to review their expectatiomsrgthat current sawmill expectations for
preferred long lengths could be retarding their imann sustainable resource supply capacity by
3-4%.

Mills should review their log assessment and acoeg@ systems, and understand what impacts
the way they handle out of specification logs hasnuthe work methodologies of log suppliers
and contractors.

The quality, standard, frequency and timelinessfofrmation flow back from mills to suppliers

to contractors needs to be improved in Australia.be effective in the forest as a value recovery
tool, the people making the cutting decisions mftirests need to have up-to-date information
about the decisions they are making and the effeets at the customer’s site.
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The systems that are used for payment are vitalpoirtant to making any system work in
Australia; they must encourage alignment of intsresich that all parties are working in the
short, medium and long term in such ways that angitne recovery of value from the forest.
The key is to take stock of the system and congidiee system of payment is self-supporting?

There is a general lack of understanding in thetralian forest industry about the concept of log
value recovery. It is important the forest openagicstaff and their managers develop an
understanding of log value recovery, and the imgsatsuch things as; changing diameters,
length mix, relative values, product prices, numifgoroducts and sweep specifications will have
upon recovered value per hectare.

It is highly recommended that harvester trainirgjitates in Australia should undertake to pass
onto trainees (particularly those entering theveofid industry) the key elements of value
recovery.

Although a large project to implement, a key faatoFinland’s efficient system is the
information technology infrastructure. Whilst tlsigstem was developed to cope with the record
keeping and bureaucratic intricacies of a massivest industry with non-integrated ownership,
there is no reason why Australia cannot adapt augstem to our own conditions. With a focus
on cut to length harvesting operations, it coulddsalily implemented.

Finland has a very strong focus on customer serVigey are included in the planning process
from the start, to ascertain their needs and dewvelplan to harvest the right mix of forest areas
to meet all customers’ needs.

At this stage, Australia has quite some way to gat simply, sawmills and processors have not
been engaged in the supply chain process. In cassis the processors are not currently
interested, or sometimes they are not invited tindoprocess. However, this engagement of
processors is vitally important to ensure thatriget drivers are fed into the implementation of
optimised in-forest log making in Australia. Itdgficult to emulate a customer focussed system
if the customer is not contributing.

Executive Summary Part 2: Technical Aspects of In-F  orest

Optimisation

This second part of the report describes the psooklow the different types of optimisation
work, and some of their advantages and disadvasitdgevill also explain in some detail how
one may go about laying the foundations for a s&lRd file that will serve well over a long
period of time. Itis beyond the scope of thisor¢po go into the technical intricacies of spexifi
software packages. However, links have been pth®®Gottstein Website to enable interested
readers to download the detailed information ordpeing APT files.

Exposure to the system in Finland revealed thabteeall environment that forest harvesting
operates in is of greater importance than the §peethnical ability to write an adequate control
file. This environment includes such importanteadp as; contractual requirements,
acceptance/rejection criteria, handling of rejegsl payment for services, value recovery
expectations and contractor-principal relatiorfghé systems are not in place to handle the
implementation of optimisation, then a well prepgb#dT file is meaningless.
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The basis of the optimisation used in modern haevess the “value matrix”. Each basic product
(e.g. sawlog, export, pulp) is ascribed a valuebj&:t to the physical constraints of the tree
(length, diameter) the optimiser will allocate thg products in such a way to generate the
highest value solution. One of the important thitegkeep in mind is that it is very uncommon to
use actual $ values. Product values are exprésseglative” terms. This relative value
expresses a preference for one product over another

Most commonly used is the distribution matrix, @nid works by specifying, usually within
diameter bands for a given product, the desiregtlemix in percentage terms. Over the course
of the operation, the sawlog out-turn from the $oreill very closely resemble the desired
distribution. Nearly all systems in Finland rurt‘irear optimal” mode and few optimisers are
running in purely “value mode”. The first step‘imear optimal” is that the control computer
predicts the stem profile and allocates log praglt@bbtain the maximum “value mode” solution
(irrespective of trying to meet distribution demandhis maximum value represents the upper
bound of what the control system believes can heeged from this stem (based on the values in
value matrix tables). The system then runs itenadifter iteration to see how close it can get to
the desired distribution for all log products, vaith the value trade-off exceeding preset limits.

There are numerous recommendations that can be tm#lgle Australian industry concerning the
technical aspects of putting together and managirapust APT file.

Despite processors having the key roles in puttiegdistribution together; the distribution is not
arrived without reference to the realities of theest. There is quite some degree of consultation
between mills and the procurement staff to make that the distribution is attainable given the
realities of the forest. 80-90 % attainment of cesdistribution is expected and achieved.

Stem quality codes that are inputted by the haevexierator are an important part of a
successful system and it is the means to tell pieniser control system about things that are
happening on the tree that the harvester's owrnosggannot tell it, like — branch size, pruned
log, sections of live or dead branches, sweepsoatring and forks. The latter elements are
handled by manually overriding the computers sohgito dock out poor sections of stem, or
reduce the suggested length of the log to meetstoderances.

These codes should be consistent across an emtingpese. This means that careful thought
needs to be given in the early stages of implemgrath optimising fleet of harvesters to set
down meaningful quality codes that relate to logcsjication quality limits. Codes should not
change regularly, as it means not only re-progrargrtiie control file (a relatively easy task) but
also reprogramming the harvester operator (notay &sk).

It is strongly advisable that a consistent setashimg criteria be adopted for all harvesters
working for a given company.

Testing APT files before their introduction to anrfield production harvester is an important part
of the process that could not be stressed enougfieltyitors at John Deere. Two items of
software are needed for the best testing of AREfilThe first is a SilviA Sim™which allows
scenario testing of alternative cutting plans (AB@ainst a user specified set of STM files. The
second piece of software is a T300 simulator, idahto that in the harvester.

1 SilviA™ is a registered trademark of CC Systenis Bweden
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The John Deere system specialist believed that usethods for calibrating harvesters by using
actual trees in the forest is a substandard methddhe preference at the John Deere factory is
to use a series of metal pipes of a known diameter.

The regular carrying out of control measuremengigmportant part of keeping a harvester
running smoothly. It is very important to draw tfistinction upfront between a control
measurement (checking regularly if things are waglas they should) and a calibration
measurement (correcting sensor interpretations wegnare wrong).
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Introduction

Navigating the path to successful implementatiathiategration of in-forest optimisation
technology into Australia is one of the most exgjtchallenges facing our industry. The largest
hurdle; that of recognising the potential of thehteology, has now been overcome.

However, now is the time for a reflective investiga of what measures need to be put into place
to enable the greatest gains from the technoldgpforest optimisation is a tool, and like any
tool, knowing it can do a good job is a long wayagvirom actually using it to do a good job.

It was postulated, based on preliminary investiyetiof the technology and its implementation
that the two most important elements to makingsystem work might be:

1. The resource owner and their customers understautioiir own business and each
others, and jointly translating this understandirtg practical and accurate weekly
cutting instructions and medium term harvest plans.

2. A harvesting contract workforce who have the tetbagy training, contractual scope
and inclination to implement the above.

A visit to Finland was made possible through thet&ein Trust Fellowship, to investigate the
validity of the above two elements, and use thdifigs to advance in the Australian forest
products industry’s understanding of how to achievirest optimisation.

This report is divided into two parts. The firglads with the system structure and function of the
Finnish forest industry. The lessons that canrbevd relate to “system settings” that Australia
may consider implementing to create the environrmeget maximum benefit from the in-forest
optimisers. The many and varied elements thabgaitds making up the system in Finland will
be bought together in a case study of two largestacompanies operating in Finland, Metséliitto
and Metsahallitus. The second part of the repagsgoto some of the more technical aspects of
the technology and training to make optimising wtrk the ground”.

Part One: Finnish Forestry — What is the System
Structure and How does it Function?

Background to Finland’s Forest Industry

Finland is a large country by European standarith,adand area of thirty million hectares. Of
this, some twenty million hectares is forestedmagsive sixty six percent of the land area.

The thirty million hectares of land area is peogdgch modest number of five million citizens,
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making it almost as sparsely populated as Austrdliss also a land of lakes, there being 288,000
lakes. For those accustomed to the Australian apisit is a dramatic contrast. Nearly as
numerous as the lakes are the number of ownemnlaig’s forests. In contrast to Australia,
some 75% of Finland's forests are owned by priviadevziduals and the average holding size is
less than thirty hectares.

The total round wood (log) consumption in Finlan®004 was 79,000,000 cubic metres. 45%
were softwood (pine and spruce) sawlogs, 54% welelpgs and remaining 1% was for fuel
wood (domestic and industriaf) The very large majority (82%) of timber salegavby the
means of standing sales, purchased by very latggrated processing companies. These
processing companies have forestry divisions wihaese role is the procurement of resource for
the production process.

Naturally, these massive demands for forest predaret met by a very large workforce. The
total forest products industry directly employs(¥) persons, or 1% of the total population of
5.2M persons. A testament to the continued imprarg of efficiency in the Finnish industry is
that in 1970 log consumption was 55M amd forest operations employees were 90,000 people
611 n? per employee. By 2004, 79M’mf log was produced by 22,000 employees — 3,590 m
per employee. This represents a 5.8 times inciegz®ductivity per employee.

Figure 1 - Global Forest Companies by Turnover 2005

2 METLA - Metsatilastollinen Vuosikirja- Finnish Statistical Yearbook of Forestry.
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Figure 2 - Finnish Wood Products Industry in Europe

The chart above shows the major forest productgpeaoms’ world wide. The bars indicated in
blue are Finnish companies. It can be seen tbat 8f the top 10 companies by turnover are
from Finland. These companies have operationsitfitout Europe and indeed the world. The
map in Figure 2 shows the diverse locations thatalge companies have operations.

With a very large processing industry, and thousardndividually small forest holdings owned
by a multitude of citizens and companys, securaspurce to keep the industry requires each
large processor to maintain a large and very agtigeurement arm to their business. The
procurement companies are viewed in Finland a%tinestry companies”. Itis these
procurement companies that coordinate and corractte forest owners and growers. They
also let contracts for harvesting, and work withitltustomers to build demand estimates to
enable harvest planning. There is also quitegeldegree of log sales across forest products
companies. For example, a company may have aamitr harvest 100ha of forest, from which
is expected a mix of sawlogs and pulp logs. Thepany holding the contract may only have a
pulp mill of their own within economic haulage diste of the forest, so they will sell the
sawlogs to a competitor at market rates.

There are 170 industrial scale (>10,000 m3 annusdiywmills in Finland, with a combined sawn
output of 13.7 million cubic metres. Approximat@§% of this production is exported. The
large proportion of the exported timber is kilnedtirough-sawn, with satellite planing mills in the
country of destination finishing and dressing tingber.
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Finland produces around 11 million metric tonnesobd pulp, most of which is consumed
domestically in the paper industries. These papRrstries produced in 2003 13 million tonnes
of newsprint, magazine paper and fine papers. #sia 95% of this is exported throughout the
world.

One may wonder what the net result of massive indneeds and non-integrated forest
ownership could be? One of the results is a sy#tatrrequires Metsdliitto, one of the largest
players in the forest industry, signing on avereigity individual contracts for wood supply
each day.

Consider the downstream administration requiremimnteandling these eighty contracts; each of
which may contain thinnings and clear fall compdagwith a contract typically affording a two
year opportunity to harvest. Needless to say,phendisciplines must be focussed. On any
given day across a large Finnish company, ninggstaperations are beginning, generating on
average twelve different product assortments fawougight different customers.

Importantly, these operations are not occurringatation. They have been initiated by harvest
coordinators to meet the specific and exactingydenld monthly demands of their customers.

Sawmills order not only by length, or by diamet®rt with very specific combinations of both,
with the goal of meeting their customers orders mimdmising waste. Within a given diameter
range, usually specified in 10mm increments, resoprocurers and their harvesting contractors
are expected to deliver precise proportions okdifit sawlog lengths. The benchmark in
Finland is for an 85% success rate, even at thesalégrees of resolution.

Without the assistance of relatively simple-to-baecomprehensive, integrated planning,
inventory, stock control and reporting systems, agamg this system would be impossible. An
IT infrastructure is critically important to thetee process.

Forest Description

Over the whole of Finland, around 75% of the lasxdwned by private individuals or companies.
In the south of the country, where the forest itiiiels are most concentrated, some 92% of the
forest land is in private ownership. This 10,000,Giectares is owned by 350,000 separate
owners, giving an average holding size about tiidgtares.

The dominant species in Finland is Scots PRiays sylvestris— 65% of the forest estate.
Spruce Picea abiesdominates 25% of the forest land area and thairedhar is a mix of Silver
birch Betula pendula Downy birch Betula pubescehsAspen Populus tremulpand Alder

(Alder spp.). Several hundred years of intensive forest mamagé have reduced the occurrence
of true mixed species stands, as often replanti@g @rea is solely to one species or another —
giving in many cases the visual effects of a pliaoma

Key Elements for Successful Integration of Cuteadth Optimisation into Australia -4 -



The standing volume in Finland defies comprehenslar2004 there was 2,049 million cubic
metres throughout their forests. The mean dianagtereast height (1.3m) is relatively small at
230mm, but this is an average across all age da€3@meters at clearfall (locally termed as
regeneration cutting) is closer to 350mm. As Bediich a cold country, the trees do not grow
very fast. Over the whole of the country, the maanual increment (MAI) is only 3.6
m/halyear, and within the relatively warmer souttiFsfland, growth is faster with an MAI of
5.2 m/halyeat.

Forest Silvicultural Management

Forests have been managed in Finland for many bdedf years. As a result, much of the
forest area outside of the national parks actupliye closely resembles what Australians would
think of as plantation forests. Often of uniforpesies composition, the managed forests are well
bisected by an excellent road network that simgdithe task of intensive silvicultural
management. Managed forests’ silvicultural prggioms naturally vary with site and selected
species, but there are some “typical” regimes.

Usually, a forest will be planted at 2000 stemshgmtare. Technically, the first thinning is non
commercial. The forest owner (not the forestry pames) will clean out forest before each
operation — manually falling very small or deackefeand removing where possible, hindrances to
efficient logging. If this does not occur, thegiér rates will be payable by the forest owner to
the contractor when the first commercial thinnirmgsl occur.

The second thinning is at age 20 -30, dependinth@site and species. The third thinning at age
40 years and clearfall is typically at age 80 -8@rg in the south of Finland. This may be often
at an older age in the more northern areas ofdbatoy.

In contrast to much of Australia, stem selectiothinning is actually the machine operators
responsibility. In general, a machine operatdfimand has more responsibility towards forest
management practice. Most existing operators aadly all new operators) are tertiary
educated and many also have a degree.

The residual stocking to be maintained by the dpera based on a table referring to ground
conditions and tree species. These tables aréspablby the Finnish Forest Research Institute.
The harvester operator will install temporary sambts during harvesting, using a basal area
factor method. The residual basal area is compagaihst the published charts to ensure that
correct practice is being followed. Some operatdlisalso use a pole of known length to check
pre and post operation stocking. Once an opeha®isome experience in assessing their own
work, they may use the boom of the harvester dasghmpling tool, and count the number of

¥ METLA - Metsatilastollinen Vuosikirja- Finnish Statistical Yearbook of Forestry.
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trees in a given arc.

A common concern about operator selection of iesw get around an operator taking the
wrong trees or too many trees. The Forest Ownss®@ation (if the owner is a member) will
check over the thinning looking for damage, unslgauality trees left, and the log mix
produced. The recourse is compensation if oveorcatrework if undercut. There are some quite
clear regulations relating to forest managemeritrthest be followed and quite stiff prescribed
penalties for breaches. There is also competitionpirivate resource, both by forest companies
and by the contractors (for the harvesting workit $®in their interest to do a good job.
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Forest Operational Planning

Overview

The overall process of forest operational plan@ind implementation in Finland is no different
to that in Australia. With reference to the diagriaelow; there is the task of collecting forest
information so that owners know what is in theiregt. From the other side of the equation there
is the requirement to understand the needs ofishai processors and customers, in terms of
volumes, and quality. The forestry company, usigforest information collected, then
determines the most suitable forest areas to rhesétneeds. There is then the task to schedule
the actual forest operations to harvest and delhetog products. Managing the overall process
requires a process control system. There are d@&uaf areas in the process where the Finnish
system differs from that of Australia. These ansdisbe covered in some detail in the
paragraphs below. The key areas where lessons bewdawn for the Australian forest industry
are:

Making a concerted effort to understand the custeifpFocessors) needs and

communicating with them.

Collecting forest information — using the techngl@dforded by modern harvesting

systems

Process control — sophisticated IT solutions toagarand make easier a complex set of

tasks, in the areas of:

Operations — harvesting and haulage contractotstethnology
Communications infrastructure.
Understanding of the system, and high levels afitng in making most efficient use of
the variety of technology.
Figure 3 - The Planning and Logistics Framework

Process Control

Collecting Collecting
Information, Information,
forest customer
Harvest Block Customers’
facilities

<
o

Contract and Harvest Management

* Flow diagram courtesy of Tuomo Vuorenpaé, Metdihs!
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Contract and Harvest Management
Figure 4 — Collecting Customer Information

Log Ordering Process — Customer Consultation, Contl (APT) File
Generation and Distribution

The level of customer consultation in Finland igeapparent and obvious. It could be supposed
that this is because so many of the companiesedtieally integrated; i.e. the forestry company
manages the forest procurement and harvesting laassie sawmill/pulpmill. This is correct in
many cases. One of the exceptions being Metstilsallivtho do not own any processing

facilities. Despite this, the focus of their faresanagement is on providing products required by
their customers, in such a way to maximise theurre and minimise forest wastage.

For all companies, forest wastage is a major cand&cause of the regular and comprehensive
audits and checks carried out by the Forest Owhsssciation, it is not possible for
unscrupulous procurement arms to get away witrsananinately sacrificing overall forest

returns by chasing particularly favoured lengthagsortments to the exclusion of volume
recovery. This means that control files in theveaters must be sensitive to forest recovery and
returns to growers, as well as having the goaro¥iding what processors need. With the
competition for resource, there is no long terrmdaibe had by processors encouraging the sub-
optimisation of forest returns for their own shienrtm benefit.

Sawmills are the most particular of the customatk vegards to log supply. Whilst pulp mills
have very exacting volume requirements, the custsmequirements for length and diameter
combinations are much less exacting. Sawmills veweare often chasing a multitude of

lengths, across a number of diameter classeshtewvacparticular sawn product cross sections.

For a large sawmilling company, orders come froauad the world. The sales coordinator will
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collate all these known and anticipated orderséawn timber. Staff will then use sawmill
simulation software to calculate what kind of legdth and diameter combinations are needed to
most efficiently meet (with the minimum wastage tieeds of the mill over the course of the
year to meet the anticipated orders.

This requires a very high level of understandingbehalf of the sawmill about their customers
and their needs. Further, this then needs toamslated into a predicted mix of log lengths and
diameters. For the system to function efficierglgwmills need to understand their own business
very well, not to mention having a well developgg@eciation of their own customers needs.

The key to the success of the system is the idetatween the sawmill log buyers and the
forest operations companies. As a body, foresteffnland have many years of forest
management and outstanding forest resource know/l@adumes/size classes/quality) and using
the IT infrastructure , have excellent tools toedetine if they can meet customers needs. By
knowing very well what their forest can producethare in a position to discuss with their
customers, on the basis of solid data, what theyocaannot achieve.

Because both parties understand each others bsiggaesmill — particular log product needs,
forest company — maximum utilisation of forest wok), and understand their own businesses
(sawmill — meeting customers sawn timber ordergsiocompany — volume by hectare by

quality type) — they are in the position for infachdiscussion on how they can cooperate to best
meet objectives.

A sawmill may put together internally a desired fgduct distribution that would optimally

meet their projected needs. This will then be gmésd to the resource procurement company as a
basis for discussion. The procurement company this desired distribution in two ways —

firstly by using their own harvesting simulatiorfteaare (using previously gathered tree profiles)
and secondly, by seeking the opinion of experierstafi who have knowledge of the upcoming
forest quality and previous harvesting results.

Hence through an iterative process, both partie® vowvards a solution that best matches the
sawmills needs while protecting the needs of thesfoowner. For example, on first presentation,
a desired distribution may be very heavily weightadards the longer lengths, with no
allowance for short logs. The forester will expl#d this customer the effect this will have on
total volume recovery and the impact upon retuorthé forest owner. The two parties will
usually then agree to add in what the Finns cakisiant lengths”. These are usually the shorter
log lengths to aid recovery in trees with sweeplmupt quality changes.

For about ten years now, the final compilation drstribution of control (APT) files has been the
responsibility of the forestry company or the pracuent arm of integrated firms. Previously
they were generated by contractors following ingtams from the forestry company. However,
with the changes in IT systems and increasing cexityl of systems, as well as with the
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realisation of the control files importance, theekiry companies have assumed the
responsibility.

Forestry companies will typically receive ordersnfrsawmills on a monthly basis. The overall
product distribution (length by diameter combinapmay be changed from time to time, but
usually it does not deviate very much from what setsat the start of the year. It may be that
product proportions or preferred lengths may chahgemajor revisions are not common. The
customer will typically order a certain volume (e46,000m) to be delivered on an agreed basis
(daily or weekly targets), conforming to the agreeatrix distribution.

The matrix below is an actual order from MetséllgtFinnforest Merikarvia sawmill —

consuming nearly 2,000,000’ per annum of log. Each column of the matrix repres the
diameter classes that the sawmill requires. Thes e the lengths required. Within each row
(diameter class) there is required a certain miewgths, expressed as a percentage. To
illustrate, in the 240-259mm small end class, thersill requires predominantly 4.28 and 4.88m
logs, with a smattering of 5.18, 5.48 and 4.58trcah be seen, indicated by the red colour, that
there are certain lengths within this diameterscthst are of no use to the sawmill — like 3.87 and
4.08. The blue shading represents lengths thalbeananually cut by the operator (the optimiser
will not cut them automatically) and used as recpvegs.

Diameter Class(mm)
150/ 160 180 200 210 240 260| 280| 300] 320

370 0 0 15 0 0 0 0 0 0 0

(w) ybua

Figure 5 - Distribution Matrix — Finnforest Merikar via Sawmill, Finland

The cutting matrix may look fairly complex, and out a computer to assist, it would not be
possible for a person operating a harvester tefgatnywhere close to this order. However, this
distribution is in fact classed as an “open” ordiethat there are broad options for lengths within
each diameter class. Some customers, particiarfler, more specialised mills may have a
distribution that is much harder to meet withouluvee recovery losses in the forest.

In general, the more options within each diamegsscthe harvesting fleet is given, the easier for
the distribution to be achieved without compronisine volume recovery in the forest. If mills
have such very particular and exacting requiremiimatissimulations by the forest company
would show to have a negative effect on revenuwen thrice for those logs can be renegotiated in
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such a way to arrive at a revenue neutral situdtiotheir production.

The control file is sent usually via wireless tr@nsn two parts or layers. The first part is the
production layer containing the control (APT) fdad the other is the GIS layer. The GIS layer
shows such things as block boundaries, water ceursevel directions, conservation areas and
the like. This is combined at the machine and elmm& specific APT file is generated. Data
transfer is handled by arrangement with telecompatiins companies. The set up is such that it
is not possible/allowed for work to begin until inéormation is received.

Customers Facilities - Customer Handling and Sortin g

Process Control

Collecting Collecting
Information, Information,

forest X customer
Customers

facilities e,

A
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i i
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i i
i ]
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Contract and Harvest Management
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The large majority of logs (80%) are delivered tuck. Sixteen percent are delivered by rail,
and the remaining four percent by water-borne trarts Observed turn-around times from
trucks entering mill gate to leaving mill gate \Mil@a Sawmill were around twenty five minutes.

All mills visited had weighbridge facilities, thobdghese are seldom used for payment (to be
discussed further below). Most sawmills will havég scanner, and likewise, these are usually
not the means of payment for the logs. The manmetfan of the scanners are to sort for diameter,
length and quality. They are also used to detezmeject proportions. Logs are delivered to
mills in mixed lengths per truck bay.

The sawmills that were visited had a very large benof sorting bins. One mill had fifty four
bins and the other a staggering eighty nine biriee reason for the large number of bins is that
the mills are sorting the logs into pre-determibatthed sawmill cutting patterns. The logs are
sorted by small end (top) diameter, and may beda@t finely as 4mm classes. Sawmills may
accept sawlogs down to 120mm under-bark.
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Customer Order Satisfaction

The meeting of customer orders can be exploredandimensions — gross volume, and
secondly, attainment of distribution (if that isshtogs have been ordered).

In terms of volumetric attainment of orders, miseive ordered volume over the course of a
month plus or minus one hundred cubic metres, wisieém insignificant variance given that
Vilpulla sawmill receives around 100,006 every month If customers for whatever reason do
not look like they will get the volume orderedisitthe responsibility of the local forest
department concerned to source wood from outsidleedf operational area, usually they may
cooperate with other regions or companies to getare wood This may actually involve
buying logs off of a competitor (e.g. Stora Ensgibg sawlogs off of Metsdliitto). The forest
company that could not source the full supply Iychéars the incremental cost of this extra
transport.

In Finland the processors are the dominant playes especially pulp mills. In some
circumstances where a miscalculation has been matle supply volumes and sources, the

forest procurement company may actually send santtoghe pulp mill so that the process is not
interrupted. This still works out cheaper thareffone revenue of sawlog, because the cost to the
integrated companies of having a pulpmill shutiéak of log resource is so very much higher
than the lost revenue from sawlog vs. pulp logipgdifferential. This occurrence is very rare,
occurring only in spring time and the end autummmwhnseasonable rains can limit forest
access. The forest owner is still paid the appleeaawlog royalty when this happens, but the log
is simply delivered to the pulpmill instead of evmill.

The second area of order fulfilment concerns trgreewith which the desired distribution was
met. The goal in Finland is to minimise the deviag between the ordered diameter by length
distribution and the actual diameter by lengthritistion.

® Juha Hirvasmaa — Production Planner, Finnforelgiia Sawmill
® Juha Hirvasmaa — Production Planner, Finnforelgila Sawmill.
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Figure 6 - Attainment of Distribution Matrix — Sawl og Operations, Metsallitto Group, Finland’

In every respect, the expectation in Finland i$ the distribution will be met with an 80% or
better accuracy. The graphic above shows an a@pait from Metsallitto for the period of
March 2006. Each chart shows the log length (astjibdution for a given diameter range (from
260 SED in the top left chart to 360 SED in thedmotright). The bars represent the actual
percentage cut by log length in the period. Tl lihe is the desired/ordered distribution.

This example was given to us to represent a vazgessful operation. It can be seen that the
deviations from the desired length proportionsvamy minor, ranging from 6.5% total deviation

to just 0.3% total deviation (bottom right hand)xe overall accuracy was 87.5%. The reject rate
for this period was a reasonably high 4.5%. Mdéshese rejects were for sweep.

There have been some successes with utilisingistibdtion matrix in Western Australia. A
contractor producing small diameter and short lethags for preservative treatment and sale as
fence posts has been using the distribution mafrbe results are presented graphically below.
Although the example is simple — concerning just tag lengths (1.8m and 2.4m) it does serve
to illustrate that a particular customer’s desueddribution can be met quite closely.

"Vesa Virkkunen — Metsallitto.

Key Elements for Successful Integration of Cuteadth Optimisation into Australia -13-



Achievement of Ordered Distribution ~ 90mm SED - RA75 Fence Achievement of Ordered Distribution ~ 100mm SED - RA75 Fence
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Figure 7 - Attainment of Distribution Matrix — Fence Post Operations, Western Australia

It is possible in some situations in Australia &wvé divergent expectations of the results of the
optimiser. What happens if the customers expectatior length mix do not mesh with the
reality of the forest? A customer may be expgcif% 6.0m logs, but harvesting simulations or
pre harvest inventory may show that the best ougécfamtotal sawlog value recovery would
achieve only 40% 6.0 by volume, with a number afsiatant” lengths needed to maximise
volume recovery of sawlog to minimum contract sfiegfion. There is no question that
optimisation of forest value is compromised if ghare insufficient lengths for the machine to
piece together a solution that gets as close asljp@so contract minimum. It is simply a
guestion of mathematics. If for instance you ha®m of sawlog quality stem, it is unavoidable
that 5m of usable stem will be sub-optimised in61@gs are the only option.

The solution in Finland is to reach a compromiseagient on a distribution that approximates
the mills needs without sacrificing unduly the retéor the forest company (and forest owner).
However, in the situation where it is imperativatth given distribution be met, there are options
that can be considered. Using simulation techrsgiiés possible to determine with a high
degree of accuracy, the extent that the best owdonthe forest company/owner is constrained
by conforming to a very tight expectation. Neguwbias can then be had to discuss some form of
payment or compensation to keep the outcome revesuteal for the forest owner. The sawmill
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obtains the length mix they desire, and the fovester is no worse off.

It is important to consider implementing some sbihcentive system that rewards suppliers for
attaining the desired distribution. This couldrbenetary, an increased order, or preferential
supply rights when markets are tight.

Rejects

In Australia, there are often quite abrupt penslteethe contractor and forestry company for
delivering reject logs to a customer. In most satieere is no payment to the contractor for the
reject volume, and the forestry company is requioeemove the logs from the customers
premises and dispose of them as they can. A pgaddiicconsequence is that contractors, and in
particular, their employees will go to great togéhrs to avoid the production of rejects.
Depending on ones viewpoint this may or may nat lgeod thing. From a sawmiller with a
narrow point of view, this ensures that all logs aithin specification. However, what it means
in practice is that rather than work hard towarciseving the preferred long log length (which
could possibly send the log just under-diamete)cintractor may cut a “safe” short log that is
well within the diameter and probably sweep speatfon. Bear in mind that a contractor, paid a
piece rate, per cubic metre, will not usually méwe harvesting head up the felled stem just to
check that the long length log the customer wouédgy is within spec. They are under time
pressure to move onto the next stem and keep tukigtion going.

The situation is Finland is quite contrasting. TEhatractor is paid in full, based on the volume
measured by the harvester for all volume recordedavlogs” (or any other grade/product) by
the control and measurement system. If the coayrstiem believed the log to be in specification
for length and diameter, and the operator asse¢bksexiveep and branch size to be acceptable,
then the log is paid for. The owner of the folgsihg harvested also gets paid in full for all
products as measured by the harvester.

In most cases, there will be a certain proportiblogs in this population that does not make the
grade. Inside Finland, the resource procurer gtoyecompany) assumes the risk with regard to
reject logs. As mentioned the land owner and theractor gets paid in full for reject logs
delivered to the mill. However, depending on theant of rejects delivered the resource
procurer may be paid a reduced amount (or notlorghe reject logs. However, contracts
typically have performance measures or key perfao@andicators that mandate that; should the
level of rejects in a given time period exceed greed amount, there may be contractual
repercussions, and the contractor could get a Aagknn the industry. This could of course
affect the outcome of future contract negotiations.

Reject reports are issued on a very regular bgdiseomills to their suppliers and the suppliers

contractors. In many cases, the report relatirydiven load may be sent back electronically to
the harvester operator within minutes of the logisitp assessed at the mill.
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The factors that may cause a log to be rejectetharsame as in Australia; sweep, mechanical
damage, oversize knots/branches, splits, underaed&rand rot. Reject reports collected from
sawmills during the tour of Finland would indicaitet 3% scanner rejects is typically accepted
before there are repercussions for the contraeiorating the logs. Effects upon the forestry
company delivering the logs depend on individuegements. Some mills will pay for all
rejects up until the 3% mark, and then stop payi@thers will pay to the supplier for all rejects
at the equivalent rate for pulp-logs. VAPO sawitidl input 550,000 f) accepts up to 5%
rejects at no penalty, further rejects triggerriosis meeting with suppliets Sweep is the most
common reason for out of specification sawlogshasis one of the hardest characteristics to
classify at modern harvest machine feed speeds.Firtmish classification of sweep uses a fixed
increment per metre of log length. For the FineédbMerikariva sawmill it is 1 centimetre per
metre of log length. This system has some advastager the percentage of SED system in
popular use in Australia:

the harvester operator does not need to do meaitallations about sweep based on the

top diameter of the log, (which they’'ve not yetrgee

For a 6m log, the sweep is always 6¢cm, for a 4@y 4.8cm.

The effective result, when converted to the Augtra® SED system, is that longer logs

have a more generous sweep allowance, encouramiggd length log recovery.

Increases in sawmill technology that can handlesgweith less effect on recovery may

make it more desirable to have a higher throughputaving longer logs (even if they

come with more sweep).

Reporting and Follow Up

Of some note is that many of the larger sawmillBimland will send information about the load
back after each load is scanned. Where possieleléttronic information will be transferred to
the logging truck delivering the load, and the miation will be delivered wirelessly to the
harvester when the truck is back in range. Thesfocompanies have key performance indicators
with their contractors. A contractor performingligets a good name and an expanded/extended
contract for doing well and the responsible fosegiervisor gets a bonus.

In general, there are formal reporting mechanisatk lbo contractors and their principals each
month. Included in the reports are details conogrni

Percentage rejects.

Attainment of the target distribution.

Length distribution of logs around the target/caatiength.

This formal reporting basis means that in futuret@ct negotiations it is easy to see what one
has done, and negotiate on a fair and informedbasi

8 Ari Ronkainen, Mill Manger, Vapo Sawmill, Hankasa) Finland.
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For most mills, the minimum expectation for attagmnof the distribution matrix is 80 percent.
Some mills are quite strict and will push very fiyrthe attainment of the distribution.

In terms of length distribution, the expectatiom$-inland are quite firm. If a log product (e.g.
6.0m) has a specified target length of 6.04, thencustomer expects that 90% of all logs
delivered will fall within the lengths of 6.01 tod®. This is universally achieved , and comments
from contractors indicate that they could do bettet they do not make this widely known, as
they receive no benefit for doing better than thetkact minimum.

There is also significant reporting against vakeorvery. Because the forest owners association
can levy quite heavy penalties for non-conformaaoel, publicise widely the transgressions of
forestry companies, close attention is paid to Bngwa good result for value recovery.
Operations in similar quality stands are reguladynpared to one another to benchmark different
operators ability to extract value from the forest.

Collecting Forest Information and Harvest Planning Systems Case
Study — Integrated Planning at Metsaliitto and Mets  &hallitus

Process Control

Collecting Collecting
Information, Information,

customer

Harvest Block Customers’
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Contract and Harvest Management

Figure 8 - Collecting Forest Information

The planning process utilised in Finland beginthatandscapdevel. Forestry companies are
dealing with native forests, with multiple goalsnmind (amenity, recreation, habitat and timber
production). Areas of 10,000 to 100,000 hectaregwed as a coherent entity. Areas to be
totally excluded from forestry operations or aredgre forestry operations are subject to
restriction are defined during planning.

The harvest planning systems used in Finland cantnend multi-layer GIS systems (ArcView

and Maplinfo). Most companies involved in resoyraecurement utilise nearly identical
planning and IT infrastructures. In fact most hbeen built by the same company — Tietoenator
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(http://www.tietoenator.com). This company hasdormed planning systems for Metsahallitus,
Metsadliitto, Stora Enso and UPM — the four largeshpanies in Finnish forestry.

During the visit to Finland, the planning systeneyevdescribed in some depth by Mr Vesa
Virkunen of Metséliitto and Mr Tuomo Vuorenpaa oéidahallitus.

Metsahallitus have over eight million
hectares in their GIS system, with 1.3
million forest sub-compartments, and 750
end users. As with Australian forestry GIS
implementations there are several key
“layers” including:

Aerial photos

Terrain

Roads

Land-use

Ecological area

Compartments

Treatment/operation maps.

The system is maintained as closely as
) ) ) Figure 9 - Example GIS
possible to real-time. GIS data is
collected from nearly all machines operating infthrest, and operational staff are tasked with
maintaining the accuracy of the information.

Where the integrated system begins to show itshwerbeyond the mapping and spatial statistics
stage. Behind the map interface is a massiversystgrowth models, logistics software, harvest
planning and compartment allocation models, repgriind communication services.

The scale of the task is quite staggering. Mets@lghave contracted or working for them:
150 harvester and forwarder units
110 log trucks
115 full time equivalent managerial personnel

They produce 4.7M cubic metres of log per annurd0p®00 m per direct employee.
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Just the Western division
of Metsdliitto has:

97 harvesters and

102 forwarders

106 log trucks

20 full time %

managerial

personnel
Production is 3.5M cubic
metres of log per annum,
or 175,000 mper direct
employee.

" %

The system implemented
at both organisations

handles: Figure 10 - Framework of Mobile Communications

#b %%

&
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Communication

Finland is well served with mobile phone coverages @fter all the home of Nokia). All
elements are linked seamlessly through GSM digaaimunications. Cutting instructions and
maps are beamed to harvesters and forwarders,maitlction is beamed back to truck
despatch, the sawmill reports on receivals voluntequality and payment is made electronically

to contractors.

Contract management

Details of all procurement and harvest contragtskapt in the database. Within Metsallitto’s
Western Division there are in excess of 15,000rastd signed each year. The contract numbers
generated upon signing a deal with a landownetrer@rimary means of tracking all future costs

and revenues associated with that particular cantra

Forest operation planning
All relevant site details are contained within Hpatial database including:
Physical location
Anticipated volumes
Growth model characteristics (growth rate, MAI,rdeter distribution)
Terrain class
Product assortments
Haul distances to customers (to assist marketimyaafucts).
Contract terms and forest owner
Payment schedules
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The pre-harvest inventory process at Metsdliitiatigely based on in-forest assessments of
stocking and average volume. This is combined thighharvest planners experience to select the
“right” combination of optimisation matrices to sy customers demands. If the sawmills needs
change, it is possible for the planner to re-siteuthe changes on historical stem information
from similar forest types. This will determinglife new products will fit with existing products
and if feasible volumes are present in the foteBtesently, Metsdliitto is collecting stem pradile
from all forests to build a “virtual” forest for el region and site type to aid further harvest
planning.

All of this information is collated over the entiestate to determine the best mix of stands needed
to most efficiently fulfil the known and anticipateustomer demands for the coming years.
Generated annually is a 1 year tactical plan, dsase 40 year strategic plan. The 40 year plan
takes into account predicted growth, using the ¢gmownodels that work in the systems

background when the planning horizon extends oweat.

The one year tactical plan described above is ¢éit@sbetween mills, procurement, contractors
and forest owners. Sawmills and pulp mills mee¢$bowners and tell what they need once a
year. Then they produce a tactical plan for eagfoBths period. The monthly plan must be very
accurate and then allocated to forest blocks.

An important consideration that was picked up ugonng the visit to Finland is that
compartments are selected to go into the harvastfpl a year in such a manner that the needs of
all of their customers will be met without undubusing individual compartment sub-
optimisation. Too often in Australia it seems tase that the best value out-turn from a forest is
often compromised to meet short term customer negaply because the mix of compartments
selected for harvest at a given point in time dbpmovide a match for the mix of products in
demand. If for instance€®grade log is in demand, and the only product alsglis ' grade log,
then f' grade log may be supplied &f grade prices to a grateful customer, at the expefthe
forests value.

This consideration cannot be understated if for@sigo be truly optimised. If
stands/compartments were to be allocated with@atrceto the total mix of products generated
across an entire enterprise, then one would rafiitiya supply situation out of balance as the
optimisers cut the highest value solutions. Theikdo balance the plan, such that each harvest
unit, optimising independently yields the overal) Imix required for the market. Expecting
contractors to sub-optimise the forest to meentheket is a poor outcome.

In some organisations contractors are very casedlibcated and their movements managed
closely. In others, contractors that have goocktracords are allocated a yearly program that
they may notify back to the forest company aboeatgtogression through the blocks that they

°Vesa Virkkunen — Metsaliitto
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plan to undertake. These “key contractors” moveamérm the backbone about which smaller
contractors are scheduled to fully complete theessary volume by product mix to meet
customer orders.

The average weekly productive capability of eaalvdst crew is known, for different operation
types and terrains, as is the expected voluméhéobkock. Creating a harvesting plan is as
simple as dragging and dropping the blocks ontordractor’s icon in the planning software.
The software automatically generates a Gantt ctantving each contractor’s anticipated
progression through each forest block. It is \valgom that the horizon of the tactical plan falls
below two weeks, and day to day movements to mestbmers’ orders are very uncommon.

The illustration below shows the harvest plannirggaie of Metsdhallitus’s system. Down the
left hand side of the interface are the blockshenitarvest plan. To the right are the contractors
who operate in the area, and the machinery typgehls own. It can be seen that MKY
Taurianinen Oy has five harvesters operating is tdgion, with two Timberjack and three

Ponsse harvesters. Red bars against the contiiadicaite an absence of work, green, a
commitment. Simply by dragging the blocks from ki hand side of the screen to the right, the
contractors works schedule can be filled in forrib&t three months (or more), and relevant maps
generated and issued electronically.
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Figure 11 - Harvest Schedule GANTT chart

Customer Demands
Upon consultation with forestry company staff, tustomers submit to Metséliitto/ Metsahallitus
(as the case may be) the required or agreed distnbfor the upcoming year. This then forms
the base matrix and is what is used to generateétteces for each machine.

Local Mapping
Forest and Compartment information is spatialliéith to the database. Users in the forest can
mark log dumps, turnarounds and sensitive areashl@ck boundaries are sent with the control
(APT) file.

Cutting File Distribution
Each machine brand, even though all conform té&thaForD data format, has subtly different
characteristics. With one or two machines in ojp@ndt is possible to manually make the
changes necessary to ensure compatibility. Howavéhne situation with 100 or more
harvesters, a more streamlined approach is neelielway this is achieved is that a generic
AP1 file containing assortments and OAI files shogvmap information are recombined in-situ
within each harvester to produce a hybrid machjpreeific APT file for immediate use.
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Transport to Roadside and Delivery to mill.
As a forwarder extracts the logs from a block,dperator estimates the volume shifted from the
forest to roadside. Software calculates, in alainmhanner to an accounting ledger, the total
volume cut to date by the harvester, the totalvested to have been moved to roadside, and the
total known to have been delivered to mill by trudkis then gives a real time measure of how
much volume is at each production point — foresdgdside, truck and mill. Once the last load has
been moved from forest to roadside, an automatienaliation is carried out with the harvested
volume and a final roadside volume calculated. &armes it may be several weeks between all
logs being moved to roadside and final transp®d.aid recognition of piles, the forwarder
operator often takes a digital photo of the stauk laeams that back to base also. Hence in many
cases the transport scheduler has a very good kdgelof product volumes waiting on roadside.

Production archiving and reporting.
Each machine reports daily, via the internet todiéiabase belonging to the forest company that
they are contracted to. Files detailing the vollopg@roducts by length and diameter mix (PRD)
are transmitted daily back to base. These are tosgetermine final roadside or block volumes as
well as to check progress against the current xirweeks targets (depending on planning
horizons)

The reports are also archived against the bloclkcantract number, for future validation of
growth and yield models.

Customer Payment and Feedback.
As detailed in the “Reporting” section above, Isathmaries from deliveries to mills are
available on-line to staff and contractors. In dlvent of exceptionally good or
uncharacteristically poor results, some reportgareerated automatically and sent direct to the
harvester and contractor. Usually this is for stighgs as gross under length logs that could
mean there is a mechanical problem with the hagvest

Presently about 1/3 of the mills serviced by Metdliths are integrated into the reporting and
information system. This allows them to actualy [for the logs on self generated invoices that
are simply cross checked by the supplier — thusdiaed the administrative overhead.

Contractor Payment
Likewise, the system automatically generates ir®for the harvesting contractor — based on
what the harvesting head has measured and thektsystem has recorded against assortments.
Customers generate and pay upon their own invoicesst company staff audit these invoices to
ensure fair dealing. Haulage contractors are pffidf the weigh scales at the customers
facilities. Payment data and actual funds arellystransmitted in electronic form. Over the
course of the year the difference between whahénmeesting machine has reported for volume
and what the customers scanners/weighbridges repmttis less that 0.05%. (5% maybe?)
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Process Control and Contract and Harvest Management

Process Control

Collecting

Collecting
Information, Information,
forest

customer
Harvest Block Customers’
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The process control element of the forestry systeRinland bridges the gap between the
potential asset — the forest, and the realised adsgs delivered to customers. The control
process is the assignment, monitoring and supervisi the harvesting contract workforce. It is
also the moderating of customers’ demands, respgridishort term exigencies and ensuring

that the information flows are routed to the rigk#tce to ensure that the correct or modified
decisions can be made.

If the mix of compartments selected to best memttistomers orders is not working out as the
inventory may have indicated, or customers needs kignificantly and suddenly changed, then

the solution for anything but emergencies is teceh new mix of forest compartments that will
yield the correct or new mix.

Contractor Size and Management

The configuration of the harvesting workforce hasrbsteady for a number of years — with
universal adoption of the cut-to-length methodiedrout by contractors. Most contracting
businesses are centred on what is known in Firdsredchain — 1 harvester and 1 forwarder. The

average harvest unit size is around 30-40,006ma harvester and forwarder “chain”. Two
thirds of contractors have just one logging truck.

Many years ago each operation was split, and aatepeontractor did each step of the process —
one business to harvest and prepare logs, thedéc@xtract logs to roadside and another to
load and deliver. These evolved into harvestes filtwarder plus (sometimes) log truck
combinations. Nowadays there are some larger acotis who may be allowed to select where
they work. This gives a higher level of respongipiio contractor, and they are able to select the
progression of blocks that they will harvest, tstifé around their own operational requirements.

In most cases, once a harvesting deal has beesddigitween a landowner and the forestry
procurement company, the forestry company has &yeaomplete the operation. This means
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that larger contractors may be able to determiai twn movements for up to two years ahead.

Contracts are awarded by process of tenderingirasaime circumstances this is a legal
requirement. The process is quite intensive, ealbefor the government contracts with
Metsahallitus, which require pre-screening of teade taxation status, pension plans and waste
disposal plans, not to mention their actual cagdoitarry out the work and the type of
equipment they will be running.

The assessment is based upon quality scoring ekamamge of equipment, training, reliability,
managements systems and suitability of equipmédrd.térms are typically 2-4 years with an
annual revision of prices. Fuel is a very largsmponent of the negotiation of price. The prices
are based off of a nation wide table of costs,tanderers’ bid a multiple of these prices (e.g. 1.2
times the standard). Contractors must also completonline learning module familiarising

them with the environmental and legal responsiedifor parties contracted to Metsahallitus.

Within Finnish forestry in general, contractorslfeleout the same way towards the industry they
work in as do Australian contractors. It is anugtly that they strongly enjoy working in, but
they feel that their contribution is not as higlaglued as it could be. Universally, they are small
family business owners, often multigenerationgkimure, and they find it difficult to interact

with the larger Corporates’ that hold their contsacThe harvesting contracting business owners
in Finland are known to be able to afford to leatbenfortable lifestyle, but nearly all businesses
still require the owner of the business to remativaly working within the company.

The relationship between contractor and principakidom strained, and in almost all cases,
amicable. The contractors are aware of the indastd its drawbacks, but have a willing
attitude. They are supported by a technology #tfteture that is there to make their jobs easier
and smoother. Contractors visited were very peibesl and took great pride in their work. Itis
guite common for them to only see a forest offieegry two to four months, so they must be self
reliant, and in return are treated with a great detaust by their principals.

A key element that keeps the system working smgastthat via a long historical process, a
streamlined set of key performance indicators Hmaen developed. All parties to the contracts
are well aware of what they need to do to satiséydontract.

A strong urban drift, and a negative viewpoint afriiing in the forest compared to working
indoors has (along with safety issues) led to thiearsal adoption of mechanised harvesting.
These same forces, unabated, are triggering lavg@stments in innovations such as remote
controlled harvesters, manoeuvred from the forwartdereduce the workforce requirements.
Obviously this is not so productive as having twanian controlled machines, but more
productive than having an empty harvester or fodear

A view expressed in Finland is that there are t@amyrcontracting businesses competing for the
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work, with not enough people actually working fbein to do the work. This is felt to be
keeping contract rates very low, as the heavy ahipitestment made by small business owners
drives them to tender for employment at low ratesrisure they get sufficient cash flow to keep
their businesses afloat.

The operational expectations for the contractofsmtand are well established. As far as
optimisation goes, there is no option. If one wisko tender for work, then the expectation is
that equipment will be fitted with the requiredhaoclogy, including GPS and computers in
forwarders and harvesters, and mobile and wirglessnunications devices. In Finland a
contractor just have to take or leave it as fap@snisation goes. Contractors are also aware of
why they work. In one contractor’s words, “If teewmill does poorly then the industry does
poorly. Everybody has to be happy, but money flas sawmill”.

Training, Workforce and Retention

There are around 13 dedicated Forestry Schoolmlarfel. The Kuru Institute that was visited

on the Gottstein study is the largest. Many o$éhschools are long standing, Kuru having
started in 1937. Kuru is fairly atypical in thawffers its courses in both Finnish and English.
Because of the maturing of the industry in Finlgstdble and not growing rapidly), many schools
are increasingly looking to the Baltic states aadtErn Europe for students.

Training is at a tertiary level, and mostly focuss® machinery operation. Most schools have
their own fleet of harvesting machines that workcontract to forestry companies. Some
schools are more heavily focussed on simulatanitrgiand may have multiple simulators, others
have significant larger fleets of real harvesters.

The term of training is four years. Operatorsndaoth forwarder and harvester operation, and
the goal over the course is to have them up teaast 150% of the speed of an experienced
operator. Quite a lot of time is spent on fieldaies and understanding the mechanics of the
equipment that they use.

Further to the machine skills, students are givdmeough grounding in technical forestry. They
learn about mensuration and the significance wicsilture and thinnings, as well as learning
about the whole forest and forest products indusiigo given is instruction of site types,
suitable silviculture and species differences. yTlearn about where the products they produce
will be used, and what characteristics define tlstrdesirable log products for each process.

Importantly, students also learn basic businedks skke book-keeping, finance, costing analysis
and business writing. This is an important rectignithat many will end up owning or running

their own contracting business.

However, the industry is finding it increasinglyrtido attract and retain skilled workers. Despite
nearly all operators under the age of 30 havirgytaty qualification in forestry related
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disciplines, the job is not highly regarded. Tloeifs are long, the conditions often testing,
especially in winter, and the workplaces remotéews canvassed while in Finland would
indicate that a factory floor worker with less tiaig and living within a city, in close proximity

to their workplace, earns significantly more thareaperienced harvester operator. Finland has,
and is still experiencing a strong urban drift,exsplly amongst young people, and the
technological progress within the forest industag lonly slowed down, but not reversed the
trend.

Contractor Payment

Contractors are paid by a table of forest volurfiégse prices are negotiated independently by
each different company, but are all based on & sshblished jointly in the past. The prices
vary depending on volume per hectare extracteditetype and operation (thinnings or

clearfall). There is an automatic index for fugbprmovements. Of some note is that contractors
are paid the same for all products. It is jusaa$/ n? of production. Contractor payment to
roadside is paid for by the information measurethenharvesting head and calculated by the
control system. The accuracy of this is requicebda within 4% of calibrated log scanners (over-
bark), but most contractors report accuracies 01 -2% over the course of a year.

Average harvesting costs (per cubic metre) acrbsperation and terrain types in 2004 were:
Harvesting - €5.26
Forwarding - €3.21

Simply converting from Euro to Australian dollarswygive an idea of comparable prices, but
another way to look at it that is more represematiay be to look at the cost component of
delivered price to the sawmill of the harvesting amtraction. In Finland, harvesting and
extraction represents about 14% of total delivesiaalog price. Swedish harvesting and
extraction makes up about 18% of the deliveredepand in Australia for sawlogs is in an
approximate range of 17-21%. It would seem thatreators in Finland are providing their
service at a relatively low cost compared to thaltdelivered cost of the raw product for
processing.

Harvester and Forwarder Technology

Most often harvesters and increasingly forwarderseetmaps and GPS. The main reason that
these systems developed is because there areoffeiteno discernible boundaries in Finland
between forest blocks, which could be owned byedéit people. Hence having mapping and
navigation technology on board helped avoid thé abbaving foresters delineate boundaries
manually with tape or spray paint.

John Deere Forestry has produced an off the shadf@m called TimberNavi that can be used in

harvesters and forwarders. However, on the whnidepgrogram is not used much in Finland as
most large forestry companies have already develtdpsr own systems in house. TimberNavi
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is more a solution for those that lack resourcaseed to build their own system but would like
the functionality immediately. All the softwareewwed appeared to function in the same manner
— with integrated GIS mapping, GPS navigation, pnity alerts, mapping of assortments and
volumes in a cut block etc.

Log Making Methodology and Length

In any forest and in poor quality forest especiatie operator is still responsible for the firag |
product. As is the experience in Australia, if pimm trees are encountered the operator must
take control and cut manually. The stem qualitfinal cutting (clearfall) in Finland is very good
in Spruce. However, the pine trees exhibit a gnguéttern similar t&inus pinastein Australia

— that of a very straight bole, but with largerrariaing and rapid stem tapering in the crown.
Further, a great deal of the reason for the vepdgyuality clearfall stems can be traced back to
the many thinnings carried out in the 120 yeartratawith high selection ratios enabling the
selection of the best stems. First thinnings wWexe viewed showed a very high proportion of
malformed and rough stems, with very high propogiof pulp log,, much the same as in
Australia.

Some time was spent riding in the cabs of contradtarvesters. They spent very little time (if
any) concerned with length or diameter issuesjmutheir trust in the computer systems.
However they were quite particular about selectivggcorrect quality attributes. The clearfall
contractor we viewed had three quality codes tkatdd to assess for:

1. A-no branches
2. B -—green branches
3. C—dry branches

These codes have a very high degree of influendeenallowable products that the optimiser
may select when working in different sections & sitem that may contain the features
represented by the buttons.

The methodology with regards to sweep was diffitmlissess. Because the specifications call
for a maximum of 1cm per metre of log length, thisrittle point in cutting a log shorter to
reduce the sweep as a proportion of SED (as wappén in Australia). Further, with the fairly
high allowable reject rate (4-5%) there is litason for the contractor to take up too much time
being particular with sweep. Unless they are ogtt product like fence posts, or docking out
large knot whorls, their obvious preference isé¢exthe harvesting head moving in a forward
direction at all times.

If a contractor is working in poor quality foresttiere is no apparent explicit tolerance for not

achieving the required level on the distributiontnixa However, when asked to justify poor
performance, contractors can make a strong casantoact principals about the quality of the
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forest. After all, if the forest is of poor qualitvith many docking cuts needing to made, then the
mill reports on length/diameter/sweep will backrthep.

The main lengths cut are 370, 400 430 and 670¢hagd are cut manually then the most
common lengths cut are 460 and 490 — for easetrdatdon and loading.

The average number of product assortments perespiscaround five. Typically there are two
species — pine and spruce in a harvest area, etthbout five assortments, with usually two
assortments for the hardwood species (birch). faikes a total of 10-12 separate assortments in
a typical job.

Harvest Block Size

Average cutting site is a
very small 300 rh
Metsaliitto report that
their average cutting size
is around 500 f This
may contain a mixture of
clearfell and thinning.

Therefore it is possible
that a machine may move
two times per day,
especially in thinnings.
However, a large number
of these moves are self-
propelled. Because nearly
all machines are rubber-
tyred, they can shift
themselves between operating compartments. Fgetanoves, there are specialised low loaders
(pictured) that lower the centre of gravity of thachines whilst transported and allow to fit

under quite low bridges that seem prevalent indfidl

Figure 12 - Custom Built Forest Machine Transporter

The cost of moving was conveyed to us at 1-2% tai tontractor cost. Although sometimes
daily moves can occur, the average is one movevpek.

Log Truck Management

GPS Systems began being fitted to log trucks 18sy&go. The present costs are about € 15,000
and contracts are now starting to be conditionahympossession of the necessary equipment.
This is a similar position to where in-forest opers were 10 years ago. It is now unthought-of
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to not have an optimiser and the perception indridlis that GPS will soon be in the same
basket.

Most forestry companies carry out their own truckedluling. They use what is known as “truck
route optimisation”. This involves using compupeograms that interact with the known
positions of log stockpiles, and customers neeslsiadl as in-forest production trends. The
module calculates the most efficient routes fromftirest to the mills and minimizes trucks
carrying empty loads, so that considerable coshgavare realized and transport operations
emissions are reduced. It even considers road tomsli since — especially in the winter or rainy
season — road quality influences route selectiahpresents major challenges to transport
control.

Conclusions Regarding System Structure and Function and
Recommendations for Australia

Enterprise Wide Logistics and Optimisation

As an outcome of the training and the study togicdbed in the above pages, it can be
concluded clearly that there is significantly mtwée gained from optimisation than just
mastering the production of APT files that meetessg and coordinating and ensuring contractors
have the training and a capability to implementrthel'he Finn’s quite clearly regard this as an
extremely important element, but they have movechast significantly into the areas of
enterprise logistics, scheduling, reporting antbfelup. The construction of meaningful APT

files and having a contract workforce equippedandie the challenges are second nature to their
forest managers.

Presently Australia is poised to implement on gdascale the forest manager — contractor
component of the system. However, having seeFith@&s system in action, it would be a
regrettable squandering of an opportunity to thetralian industry if the assumption was made
that this now constituted full extent of optimigeti It is simply the first step towards a more
efficient overall industry.

It is the most important first step for two reasons

1. Information — The information gathered by the hateein the process of producing the
log products is the key platform for the informatiexchanged throughout the entire
system — be it to forwarders, log trucks, despatardinators, foresters and mill
procurements officers.

2. Value Recovery — The biggest losses in forest vateamade not necessarily by cutting
the wrong mix of products from a stem, but by tbattactor not being allocated the right
mix of products from the stand.. Inappropriateedtion of compartments and products,
as well as the rigid implementation of quotas tbgband-aid over these allocation
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mistakes are the enemy of value recovery. Collgaind analysing the information from
the harvester will clearly show this practice toseeerely damaging to a forest
enterprises profitability.

It is the author’s view that any work carried ootnto implement the first stage of optimisation —
the “customer-forest manager — contractor cirdetjone so with a view to how decisions made
now could impact upon the ability to capture sorhthe future benefits of optimisation as the
industry adapts to the opportunities.

Whilst some of the systems that are used in Finlaag seem a long way off, it is important to
consider how quickly technology adoption can oanee momentum builds, and that it is
unwise as an industry to paint ourselves into aeowith long term arrangements that lack
flexibility to evolve.

In-Forest Optimisation

Notwithstanding the above view that a broader mfe@ptimisation across the industry offers
some major long term benefits, (and is still sonagssfrom being achieved), the original
postulations of this Gottstein study have beerdesdid in regards to the in-forest optimisation
component.

From the research carried out with the GottsteirsT direct experience at Wespine Industries
and correspondence with other people in the ingudtere are some key areas that need
addressing for the best implementation of in-fooggtmisation in Australia, and for laying the
groundwork for future evolution to an enterprisdlistry wide tool.

Contracts

Contracts for harvesting and supply need cleariyndé expectations. These should be
measurable, and should be measured and reported-egalarly to maintain a focus on their
attainment. Key performance indicators in the addearvesting contracts should specify:

acceptable limits of value recovery (as opposettome recovery)

product quality standards,

product delivery expectations,

safety and health indicators

upholding of environmental standards

Haulage contracts should cover much the same dreawjth a focus on efficient haulage that

has as its goal the servicing of customers woodsyaather than the servicing of the harvesting
contractors roadside stockpiles.
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Customers too should be accountable to uphold keippmance indicators. The obvious ones
would be unloading times and safety and health.

Some forest owners in Australia are implementirgpfe cards” whereby the relative importance
of each KPI criteria is weighted, and at regulaie® periods performance is evaluated.
However, it could be considered worthwhile for cantors to meet with and assess their forest
managers or processing customers against how théwedping the attainment of the contractors
KPI's. Often, decisions made by processors mag henntended flow on effects to the forest
owner and their contractors; this would be one ragidm to help identify issues and improve
systems as a whole.

Another important feature of the Finnish systerth& a number of forestry companies utilise
“frame” contracts, which are analogous to what Aalgin’s would term “evergreen” contracts.
Provided that a contractor is meeting the perfoceaargets in all areas of the business, then his
(typically 3 year) contract will be rolled over fanother year. This means then that a contractor
always has at least three years to run in theitraon This stimulates continual reinvestment in
equipment as and when needed, rather than likeigtralia where a contractor will hold onto
older equipment until a new contract period is @oméd (just in case the contract is not rolled
over). However, price negotiations are still aadrout on a regular basis and inability to agree on
price can still trigger the end of a contract.

Sawmills and their suppliers also need to reviesirtexpectations (contractual and otherwise)
when it comes to length mix. Some mills receivevaials of 90% of their intake as 6.0m logs.
Even the most cursory analysis of inventory (MAR\)STM data would show that this
practice is crippling in terms of overall volumetrecovery of sawlog per hectare. The question
needs to be asked is:
Are sawmillers’ willing to retard significant grotvipotential (in the face of declining
resource availability) for the sake of maximisitgg term gain of preferred length logs?
Are forest owners prepared to accept a 3-4% reoluati total volume of sawlog per hectare
to keep customers flush with preferred length logs?
These are difficult questions, but they should Xgared if people hope to grow the Australian
forest industry on a rational basis.

Log Assessment and Reject Log Systems

Most Australian sawmills have log delivery assessrsgstems that are not conducive to
optimisation. Logs are assessed on a “sudden’deadis. If a sawmill has a minimum diameter
tolerance of 200mm and a log is delivered withaarditer of 199mm, then it is rejected and no
payment is made. It is understandable that sasmééd to maintain control of the minimum
quality of their supply, but it is also understalgathat contractors will instruct their operattos
avoid doing work they are not paid for by settihgit minimum diameters to be quite some way
above the sawmill minimum. Further, with a sims#uation in sweep specifications, many
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operators will cut a “safe” short log rather than the risk of getting an out of specification long
log. This results in an unintended value and vealoss to the system.

One alternative method, and the one used in Finkataprescribe a tolerance on logs that are
out of specification. Depending on the mill aroalance is made for up around 3 to 5 percent of
logs to be out of specification before sanctiorsagplied. These could be non-payment for
further reject logs or a discount applied acrosergire period’'s supply.

Another alternative is to devolve some respongjbit individual harvester operators to keep
their machines well calibrated. This could be agbd by the sawmill removing under-diameter
as a reason for rejection provided that the suppda demonstrate that their contractors
machines are regularly calibrated and their cosfiitds specify a minimum diameter equal to
that of the sawmill.

In summary, log buyers need to understand whatdtrtpa way they handle out of specification
logs has upon the thought process of their loglgngpand contractors.

Monitoring and Reporting

The quality, standard, frequency and timelinessfofrmation flow back from mills to suppliers
to contractors needs to be improved in Australibis does not necessarily mean having
integrated IT systems like in Finland. More wilitould be made of existing systems. Many
sawmills have log scanners that record all soriafofmation, including length, diameter, sweep,
volume etc. The information from these systems nmeer currently leave the mill. However
the data represents a huge resource for repordicig o suppliers about their quality and
performance against expectations.

Processors’ in Finland are regularly reporting bactheir suppliers about length mix, diameter
mix and reject proportions. Further, the inforrmaatprovided is timely — in other words delivered
in such a timeframe that something can be donetabiouthe forest to prevent the situation
deteriorating further. The information reportednps also meaningful because in Finland it is
related back to contractual performance indicators.

In the absence of scanners, the laying out angsisgeof sample loads by forest officers or
logyard staff, along with tally sheets that haveopy forwarded to the responsible
supplier/contractor are just as useful.

To be effective in the forest as a value recoveoy, the people making the cutting decisions in
the forests need to have up-to-date informatiorueithe decisions they are making and the effect
it has at the mill. For instance, it is not enotglell a harvester operator that two months ago
they were cutting too many swept logs — in thagetiimey will have cut many thousands more
logs. Further, they probably cannot recall whatutiht processes and decisions they were
making such a long time ago, so will not be in aiffan to modify that behaviour.
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Payment

The systems that are used for payment are vitalpoirtant to making any system work in
Australia. Payment systems must encourage alighofénterests, such that all parties are
working in the short, medium and long term in su@lys that augment the recovery of value
from the forest system.

This should at the first instance flow from the s@lihwho needs to set an example. If there are
marketing or productivity benefits to be had bygassing long (> 4.8m) logs, then it is essential
that there be some payment consideration reflettiisg Processors should bear in mind that
when setting up the value optimising tables inéster, the forest owner will be ascribing

higher relative values to those logs that earn mewenue for the forestry company. If the
processor wishes to maximise the production ofgerefl length classes, then price signals should
be broadcast. A diligent processor should howkgep themselves abreast of the value setting
process to ensure that any premium they may pogimg reflected in the harvester setup.

Many sawmills in Australia currently have log prioerements based on diameter — larger logs
attract a higher landed cost. This may have sahdity in terms of volumetric recovery, but it
is a consideration that is in many cases beingsati by access to resource. Within economic
forestry time horizons the attainment of large ddéanlogs is biologically incompatible with
attaining maximum volume per hectare.

Increasingly it will be the attainment of maximumlwme throughput for a sawmill that will
determine its’ competitiveness on the internationatket, not the average diameter of its
feedstock. Engineering solutions are availablewiticcontinue to be developed to increase the
recovery from smaller diameter feedstock. A soluis harder to find for a static or shrinking
resource base.

Sawmillers should consider if the means by whiagytpay for their logs is encouraging
silvicultural practices by their suppliers that Méad to maximising volume per hectare. Moving
towards a flat rate per cubic metre of in-specifaasawlog, irrespective of diameter may be one
means to encourage forest growers to focus orothkvolume per hectare rather than individual
tree size.

From the point of view of the forest owner/managds, clear that there are some products that
produce a higher average margin of return thanrsth€he value matrix of an optimiser should
be constructed to reflect this. Of course, withibietcorrect allocation of forest blocks, an
unconstrained optimiser cutting to value can (aftehowill) generate an imbalance of certain
products over or under demand. This is where #ite filom the harvesters and inventory systems
inform decisions about harvest block allocation addeduling. The implicit difficulties of
scheduling harvest against a backdrop of envirotaheonstraints and market changes will
always necessitate a certain level of individuatlidock sub-optimisation. They key is to

manage the system such that the absolute empbasiscutting each block to value — not cutting
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each block to demand. The correct mix of blocKétake care of meeting demand.

It is understood that depending on the harvestomgract, a minority of contractors are paid
according to the difficulty or time expenditurearitting a certain unit size of product. For
example 1 m3 of 0.05m3/piece chip log will take entme to cut, load and deliver than the
equivalent volume of 0.3m3/piece sawlog. Henceesoamtracts specify a higher rate for the
products that are more time consuming to produce.

This may have some validity, but it does not prarthe alignment of forest
owners/managers/processors and contractors irgergstact it creates a divergence and a direct
conflict of the contractors and forest owners ies¢s. In the unlikely event that a contractor was
to deliberately downgrade sawlog to chip log, timeit revenue would actually be improved. This
creates a situation where costly and resented @arf@nt becomes the norm.

A better system would be a where the contractors waid a flat, or even higher price for
producing the products that yield the forest owabetter return. Supervision or monitoring of
contractors would be reduced as now it is in battiys’ best interests to maximise the volume of
higher margin products.

Of further importance is passing onto the contrastone component of any premiums paid to
the forest owner/manager by their customers. letieea premium for long length logs, then a
consideration should be paid to the contractoraidgalignment of interests is paramount.

The key is to take stock of the system and congidiee system of payment is self-supporting?
Do contractors need constant monitoring to enswg ¢ut certain products, or do they chase
them off their own initiative? Do sawmills paysnch a way to encourage the log supply they
want, or do they pay for one attribute but reatjue another?

Training and Professionalism

There is a general lack of understanding in thetralian forest industry about the concept of log
value recovery. Most people understand well hdnefior volume recovery works. Perhaps this
is a consequence of a great deal of public sect@mhiement in the forest industry, where land
managers must consider the views of a general@uilo are unaware that sometimes
recovering the highest level of value from theestatorest may not equal full utilisation —
resulting in some apparent “waste”.

For quite some time, as long as customer orders b&ing met, then things were considered to
be going well. However, with some privatisatiofisaest resource and most state agencies
being tasked with being commercially focussed nbed has arisen for forest managers to be

aware of how to extract maximum value from thenefa.

It is important the forest operational staff aneittmanagers develop an understanding of log
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value recovery. There are some excellent resoanaable in the literature, and some service
providers specialise in value recovery implemeatatind auditsvfww.interpine.co.ng An
outstanding means by which to become acquaintddwaitie recovery is to become familiar and
work with a modern forest inventory program, sustAELAS or MARVL. These systems
essentially work in the same way as an optimisenydster, except rather than working off of a
real stem they work on a “virtual” stem describgddiameter and height measurements taken in
the forest. Familiarity with scenario or “what #halysis is the fastest way to gaining an
appreciation of what value recovery means, and whadct such things as; changing diameters,
length mix, relative values, product prices, numifgoroducts and sweep specifications will have
upon recovered value per hectare.

It is just as critical that contractors’ staff ampkrators understand what value recovery is and
how to achieve it. It is highly recommended thatMester training institutes in Australia should
undertake to pass onto trainees (particularly tleogering the softwood industry) the key
elements of value recovery, before production issunee they are employed focus then single-
mindedly on volume production.

The Finns’ approach to operator training is quite-epening and serves to reinforce the
importance of a well trained workforce. It does matter what systems are in place — just one
operator in the forest who has not been equippepeply for the job can counteract any potential
benefits to the system. Hence the Finns’ focusifsognt resources to ensure that all operators
are trained sufficiently to make the right decisiamdependent of constant supervision.

Whilst Australia has a skills shortage for harvesggerators, and particularly for the hardwood
(bluegum) sector, it would be unwise to focus lyaba just getting operators with the motor-
manual skills into the machines. The WA Foresiriing Centre is presently exploring options
to increase trainees’ exposure to value recovengejots.

Support

Finland has the benefit of many years of experiavitie optimisation. Each company has
amongst its staff what could be termed “systemsiafists” who understand the
logistics/value/optimisation process in quite salepth. These people are invaluable resources.
Australian organisations should attempt to emulatesituation, and create as senior roles within
their organisations positions that have a focusraerstanding the broader issues of
optimisation, and work closely with and support there operationally focussed staff to
implement policies and procedures that will impreadue recovery and customer satisfaction.

A key factor in Finland'’s efficient system is thiddrmation technology infrastructure. Whilst

this system was developed to cope with the receepikg and bureaucratic intricacies of a
massive forest industry with non-integrated ownigrshere is no reason why Australia cannot
adapt such a system to our own conditions. Withcas on cut to length harvesting operations, it
could be readily implemented.
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Irrespective of an enterprise wide logistics frameupport the process, efforts should be made as
described above to automate or streamline whepnsasible the monitoring and reporting tasks
to enable rapid feedback and performance assessment

Purpose, Culture and Attitude

There is a clear understanding about how to maimaiustry effectiveness and efficiency across
all sectors of Finland’s forest industry. It igthusiness policy of the national government’s
forestry agency to deliver “fluently to the custaiie

A culture that promotes improvement and efficierscgaramount across all sectors of the forest
industry in Finland. Whilst they have excellerfoimation systems to provide the data for
decision making, it would be worthless without dedaination to continuously improve the
forest industry.

All parties recognise the interdependence of thesinesses. The revenue may flow from the
sawmill or pulp mill, but that revenue must be miént to promote reinvestment into the
growing, managing and harvesting of the mill's fetvesource.

Because of this recognised interdependence, tiiedatt held by companies involved in the
different facets of the industry are not adversarTdis is not to say that tough negotiations,
disagreements and confrontations do not occur. édew general vibe in Finland seems to be
that once the ink is dry it is more about gettingnth the job. There is not such an air of
recriminations and animosity that one can encount@ustralia.

Perhaps in large part this is due to each factteoFinnish industry having an understanding of
what the other partys’ needs are, and how one’patyions affect another’s.

Finland has a very strong focus on customer sen@gstomers of the large forestry are not
viewed as an inconvenient but necessary step tdeepayment for whatever logs they may
receive. They are included in the planning proéess the start, to ascertain their needs and
develop a plan to harvest the right mix of comparita to meet all customers needs.

At this stage, Australia has quite some

way to go, sawmills and processors haye
not been engaged in the supply chain
process. In most cases the processors|are
not currently interested, or sometimes
they are not invited into the process.

19 Heikki Kaarianinen — Metsahallittus HarveFigure 13 - lllustration from Harvesting Equipment
Manufacturer Presentation on Value Recovery and Cusmer
Satisfaction
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However, this engagement of processors is vitatlydrtant to ensure that the right drivers are
fed into the implementation of optimised log makingdustralia. It is difficult to emulate a
customer focussed system if the customer is ndtiboting.

Another missing element is that many Australiarisydb not know exactly what type of log type
they need to be productive and profitable. Theghinhave a preference for longer logs (e.g.
6.0m) and reflect these in their orders and expiecis but are they aware of the length by
diameter combinations that may yield a better matith the products they are marketing?

Australia could go a long way towards fosteringuiure of “partnerships” within the forest
industry, rather than adversarial arrangements.
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Part Two: Technical Aspects of the In-Forest
Optimisation Process, APT File Creation and Value
Setting

This element of the report will describe the preoefshow the different types of optimisation
work, and some of their advantages and disadvasitdgevill also explain in some detail how
one may go about laying the foundations for a sl file that will serve well over a long
period of time. This includes getting to know ydam specifications, codifying them in a
consistent manner, thinking about naming convestmmmsistent across your organisation, and
some considerations to be observed when puttirgtheg an APT file.

However, there is no exhaustive step by step eafilamof the detail of how to navigate about
and use SilviA. program. An excellent resourcedpoed by John Deere entitled “Quick Tips for
SilviA and Timbermatic 300" is available for dowalt from the Gottstein Trust website.

It is considered more important to convey the KHeynents of what needs to be gathered and
considered to put together the APT file. The dgbusting together of most parts of the control
file are fairly mechanical. However, as it willdmme clear from the descriptions below, there is
a great deal of customisations and special featnrébe SilviA program. Separating out the
important program options from those elementsékliah the John Deere staff do not know the
function of is very important. These featuresnpglavith the elements of APT file creation that
consistently catch people out will be covered imealetail.

Basic Value Matrix Optimisation

The basis of the optimisation used in modern haevess the “value matrix”. Put simply, each
basic product (e.g. sawlog, export, pulp) is agcdtih value. Subject to the physical constraints of
the tree (length, diameter) the optimiser will elite the log products in such a way to generate
the highest value solution.

For example, a basic APT file may have the follaggyvimoad values:

Domestic Sawlog 500
Small sawlog 300
Export log 250
Pulp log 150
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Within each of these broad groups, it is possiblitther describe them in a “matrix” format.
The matrix is a 2-variable table — length and digmeBelow is a matrix for fence post cutting.
Along the top are the diameter classes, and doersitle are the allowable lengths.

It can be seen in the picture that is possibletalsferent prices for different length by dianrete
combinations, within a product group. This allaWs targeting of particular length by diameter
combinations that may be more valued by the farester or customer.

One of the important things to keep in mind is ih&t very uncommon to use actual real dollar
values. Products values are expressed in “refaivems. This relative value expresses a
preference for one product over another. To usedhl values would lead in many
circumstances to a situation where there was iicserfit difference in price between products for
the optimiser to make a decision. There should mnémum of 50 units difference between the
broad products groups relative values.

Value based optimisation without any sort of disition cutting (to be outlined further below)

will cut out of each stem the solution that achgetree highest value, with no reference to what
has been cut. Essentially, as soon as a stenelkasipocessed, the results are “forgotten ” by the
harvester. This works well to maximise the thdoattvalue of a forest, but unfortunately can

lead to problems in such situations where a vegi kialue product actually has low demand.

The optimiser, unaware of the demand side will waaikd to produce the maximum volume of
this high value product from every stem, possiklyuiting in a large oversupply.

The method used in Scandinavia is to use some dbdistribution cutting.
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Distribution Matrix vs. Limitation Matrix

Most harvesting systems can have two options foragiamg log product distributions. The first,
and most commonly used is the distribution matind works by specifying, within a diameter
band for a product, the desired length mix. Fa@amneple, in the picture below, it can be seen that
for sections of stem (that is sawlog quality) vatdiameter of 500mm; that the desired length
mix, over the duration of the harvesting operatfon

60% 6.0m
10% 5.4m
5% 4.8m
20% 4.2m
5% 3.6m

The practical effect of this is that 6 times outl6fwhen the harvester encounters a 500mm stem
section, it will cut a 6.0m log. One time out @ i will cut a 5.4m log and so on. Over the
course of the operation, the sawlog out-turn froenforest will very closely resemble the desired
distribution. This is a very powerful tool andwell utilised by procurement companies seeking
to provide customers with logs that best meet theéds, without sacrificing forest value
recovery. The distribution type used in Finlandligays the “sum to 100 within a diameter
class”. The “overall matrix summed to 100" apptoécnot used and is in fact incompatible with
many IT systems in place there.

The Limitation Matrix is not widely used in Finlandt works by setting a limit upon production.
For example, it may be specified that 4.8m K Griade for export should be cut up to a limit of
500 m. Once the harvester has cut this volume, it @prb-programmed to cease cutting this
assortment, or notify the operator who may therosbdo keep cutting or not.
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Its primary goal is to fulfil “once off” type ordsr This is not a common occurrence in Finland,
as log flows are well managed, to fulfil well unsierod and continuous orders. Consequently,
contractors are seldom instructed to add or rempoeducts from the cutting.

However, it could have an application in Austral@, handling volumes of logs that are
prevalent in a forest but demand is limited. Bareple, from pulp log production in a thinning
operation, there may be occasion to separate mdrldiameter pulp to fulfil a limited export
order. Once the order is fulfilled, that particudasortment can be set to no longer form part of
the possible cutting solution.

It could also be used as a means to ensure thactrally specified minimum volumes of minor
products are produced from a harvest operatiomflating the base price of the product. This
would have the effect of encouraging the harvdsteeek out that product until the specified
volume is met. This would of course have implicas for overall value recovery from the forest,
and should trigger investigation of whether theear mix of forest quality is appropriate to meet
customer orders. The ideal solution where possittie have all harvesting units cutting to the
maximum value, and manage the product flows by@mately allocating harvest areas.

Comparison of Distribution Optimising Methodology

In Finland the most used method for optimising talsaa desired end state distribution is “near
optimal”. Few optimisers are running in purely lvamode”. Decisions that are made by the
optimiser only in value mode are made by the coempwith no hindsight. In other words, the
computer does not make the decision on the cutmemtvith any reference to the past trees.

This has severe limitations when attempting to maesgecific order for products. Operators may
compensate for the absence of certain productseddedneet an order by adjusting prices within
the matrices, however the emergent flow on effd@is may be detrimental to meeting orders for
other products.

Optimisers running in Scandinavia are typicallygesuch that the computer compares its
production to date to an “ideal solution” (basedcastomer demand). It can then either adapt
values on the fly, or allow some latitude in valaeichieve an outcome closer to the perfect
solution.

Descriptions for the two methods used within tiei& program are below:
Adaptive
The adaptive distribution optimising method compagyduction up until the current point to the

target distribution, across all log products. Witnsideration of allowable deviation levels
(typically around 5% of original values), it wiltpst the relative values to favour a solution that
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will move the actual distribution closer to the ides distribution.

In practical terms, the control system will drop thalue of over supplied products by up to 5%
and increase value of oversupplied by up to 5%hadtbeen said in the past that the adaptive
optimisation was slower with older technology; heeethis is no longer the case.

Near optimal

Near optimal is by far the favoured solution in Etiaavia, and is simpler to understand and
implement, and leads to nearly identical resulise first step is that the control computer
predicts the stem profile and allocates log pragltiobtain the maximum value solution
(irrespective of trying to meet distribution demandhis maximum value represents the upper
bound of what the control system believes can besged from this stem (based on the values in
priority matrix tables). The system then runs haoiteration to see how close it can get to the
desired distribution for all log products.

It is possible that the solution that best meestaruer needs may result in a large reduction in
recoverable value from that stem. For instanaepfttimal solution may be to cut the sawlog
component of the stem to lengths of 5.4m with adr@covery log. However the preferred
length for the sawmill customer might be 6.0m, smdut this hypothetical stem purely to 6.0m
would result in volumetric loss of sawlog recovery.

The system will compare the value generated fragrofitimal value solution to the value
generated from the solution best matching the custs’' needs. It will then cross check the
percentage difference between these two potenttabmes to a permitted deviation level. This
level is typically set to around 10%. If the s@utclosest to the ideal distribution is furthesrfr

the optimal value solution that the deviation leWeén the distribution solution is rejected, and
the optimiser does another iteration. This itgmprocess continues until a solution is found that
is as close as possible to the desired distribsitigthout breaking the permitted deviation
constraint.

Key Elements for Successful Integration of Cuteadth Optimisation into Australia -43-



To illustrate, the highest nominal value solutiorihie illustration below may be $1000 nominal
dollars. The second solution best meeting custor@eds may come to $890. Hence the system
will re-optimise until the difference between theotsolutions reduces to less that $100 (if 10% is
used as criteria). This may sound like it woukkta lot of computational time and slow down
production. In reality, it is near instantanecars] the best outcome that satisfies all constraints
while as close to the desired distribution as fssakes no more time that it does for the
harvesting head to progress 1m down the stem.

Best Nominal Value Recove

5.4 4.5 4.5

Best Fit for Customer Ord

4.8 4.5 4.5

Figure 14 - Example of Distribution Decision Making— 2 approaches to log-making on the same stem

Both methods are comparing actual out-turn to &ebstate, and are working towards filling in
the gaps. Both contain checks and balances to préwe system from compromising forest value
to meet unattainable customer expectations.

Both options will over the course of harvestingack, actively fill in missing length x diameter
combinations where forest value can be preservedr Biptimal log making will fill missing
length by diameter combinations faster than thetada

A concept that is being worked on in Finland id thfaa central computer server, that in real time
takes delivery of all machines production statsstiad works as a central distribution point. For
example, if one machine in high quality forestiisdqucing what looks to be the wholes weeks
needs of a product, then the central system wilbtgthe other machines cutting lists to reduce
or eliminate that product. It could also have méjenefits for getting the proportions of products
right within a diameter class. Some forests matycgitain length combinations than others, and
rather than forcing the machine to cut all assontaall the time, it may be possible to reallocate
some length x diameter assortments from one mac¢biarother. For instance there may be a
low quality forest with a great deal of sweep foteat needs more short length sawlogs to be cut
manually to achieve volume recovery targets. Tdmral server would take this into account and
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increase the long length targets for the machipesating in the good quality forest.

At the moment, this must be done manually — a feraaust make a call based on site inspection
or actual outturns after a few days operation. d=quality forest could have the targets for long
length sawlog set higher, and more latitude giwepdorer quality forest to cut shorts, with the
overall goal of meeting customers expected/agrergth mix.

Setting the Distribution Matrix

Finland’s forestry companies have a quite involgeatess for understanding their customers
needs, and doing their best to satisfy these rfe@asthe forest areas they have under contract.
This is achieved is by the use of what is knowthadistribution matrix see Figure 14). The

goal of which is to best match the forest potentidhe needs of various customers. Importantly,
it should be noted that the distribution is notved at purely without reference to the realitiés o
the forest. There is some degree of consultatawden the sawmill and the procurement staff to
make sure that the distribution is attainables Iinportant that this consensus be reached, as
attaining the specified distribution is an impottpart of many contracts performance measures
(both harvesting and supply contracts). Settingraattainable target is in neither parties
interests.

A range of 80-90 % attainment of desired distiifiuis typical, with questions asked if it falls
below 85%. Only in the very worst forest doeseit below the 80% level.

There can be a value difference between cuttingdlwre and cutting for distribution. This can
be managed by setting the allowable deviation betviee “ideal optimal solution by value” and
the “optimal solution for distribution”. Finnisfompanies usually run at around 10-15%.

In reality, the issue is only detected in the lags diameter as this is only thing that forest ewn
notice.

Appended on the Gottstein Website is a link to doad a very good manual on the construction of log
specifications, and APT files including distributiovalue and limitation matrices.

SilviA Development

The SilviA program has developed over many yaarsgsponse to many different customers
requiring it to do many different things. As aultsthere are many elements contained within
SilviA that may seem very important to the casisar, but in actual fact do very little.
Similarly, a number of the critical variables tigat towards making a successful APT file are
squirreled away or relatively innocuous.
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SilviA is able to produce compatible APT files fand read output files (e.g. PRD) from, any
StandForD compliant control system. This inclutheslikes of John Deere, Motomit, Ponsse,
and Valmet. Likewise, other control systems maciufigers also produce programs that perform
the same job as SilviA , like DASA’'s WIinAPT. Beaauthe end result needs to be an APT file
that numerous manufacturers machines must be @biéetpret and implement, then necessarily
the program to create them would have similar fienetity and work methods.

APT File Generation

Quality Codes

The use of quality codes is a means to tell thamiger about things that are happening on the
tree that the harvester's own sensors cannot.tellhe harvester can detect diameter and
measure length. It can also predict taper andméate where on the stem diameter cut-offs
between products (e.g. sawlog to 200mm SED) odhe.system cannot see things like; branch
size, pruned butts, sections of live branches addeanches, sweep, rot, scarring and forks.

The latter elements — sweep, rot, scarring andsfark handled by manually overriding the
computers solutions to dock out poor sectionsarhsor reduce the suggested length of the log
to meet sweep tolerances.

The first three quality attributes mentioned carbbst handled using quality codes. Most control
systems have around eight available codes. laftihlthese codes are usually used to represent
zones of live or dead branches. Some processarsaiable to accept dead knots into their
product, (as they fall out of timber, which maykamsightly in wall-lining boards, for instance).
They may also represent zones free of branchesdnabe ideal for high quality veneer logs.

In Sweden and parts of Australia using optimisérase codes are used to represent branch
sizing. This is important for differentiating beten logs that may or may not be suitable for
structural uses. Grading of timber to meet thetr@lian standard requires typically that a knot
may not occupy more than half of the cross sectiarea of a piece of timber. Therefore,
sawmillers are more interested in logs with smdil@nches. Forestry companies operating in
NZ and Australia commonly use a branch size limitags for structural end use of around 60-
70mm. This limit has been found to achieve an ptatde level of downgrade in finished

lumber. Manufacturers of products like treatedcéeposts are also interested in logs that have a
small branch size — for ease of peeling to a malitet‘perfect round”. On the other hand,
purchasers of logs for chipping may have no prefage with respect to branch size.
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Hence it makes sense to classify the log prodadisrins of allowable quality features. Thus
when the observable quality of a stem changed (deito branch size change in Australia) then
the operator can inform the control system of thiange, and select appropriate assortments.

The selection of the appropriate assortment candveed as a filing system. Into “File A” you
place the log products that can be cut from smalhth size sections of stem. In most cases this
will be all products — you may not want to cut tmig pulp-log, but if you must, there will not be
any complaints from the pulp-log customer. IntdemB” you would place a smaller subset of
products — maybe the Premium Grade sawlog is rgeloim contention, but structural sawlog is
still there, along with all the remaining producighis process continues, until your last “File”
representing the lowest quality material with viemge branches, may only have one assortment
in there — pulp.

When an operator keys in a quality code, the ap@ammess of a filing analogy becomes clear —
the control system/optimiser will go to its filimgbinet and pick out the file for the quality code
that has been selected. It will then optimisealt@cation of those assortments to maximise the
value for the stem. If, further along the tree tjuality changes again, the operator selects the
new quality code, the control system puts awaydkefile, opens the new one, and re-optimises.

It is important to remember that the control systas not actually know what Code “A”
means. All it knows is to refer to “File A” and topise the placement of those log assortments
that are in folder A to the current stem.

This means that careful thought needs to be givehne early stages of implementing an
optimising fleet of harvesters to set down meanihgbiality codes. If the codes meanings (e.qg.
A was 45mm last week, now it is 60mm) are changawmlarly, it means not only re-
programming the APT file (a relatively easy tasl) also reprogramming the harvester operator
(not an easy task).

Further, it will also mean that the STM profilegared from the earlier harvesting (which are
tagged with the quality codes as well as diametdrlength data) will not be compatible with
future simulations using the new quality codesr é&@mple, if in 2005 Quality “A” represented
logs with branches less than 45mm, but in 2006W&% 80mm, simulations of future production
from forests similar to those cut in 2005 will beameous if stem files from 2006 were used.

Assortment Naming

It is strongly advisable that a consistent setashimg criteria be adopted for all harvesters
working for a given company. The reason for tlesdmes clear when one attempts to merge
production reports from different machines to gebserall picture of production over a period
of time. Operating on database style rules, easbrment that has a different name will be
tallied separately.
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For example:
Contractor A may call sawlog “Sawlog”
Contractor B may call sawlog “Log”
Contractor C may call sawlog “Auspine” after thengaof the mill.

When these volumes are tallied or collated intocaupged PRD file, getting an accurate
accounting of the sawlog produced in the time pewidl be reliant on the forester/supervisor to
know what each contractor (or operator) calls gaokluct.

A superior approach is to have company-wide naraonyentions. Two Australian forest
owners are known to be using a simple and consigtening system that conveys substantial
information about a log assortment/grade withoetdieg voluminous specifications to hand.
It centres on a log name that is made up of:

1. Species Code (e.g. R for Radiata, P for Pinaster).
Quality Code (e.g. A for < 45mm branches, B forOmm branches).
Minimum SED
Allowable sweep (e.g. SED/5).
Product Type (e.g. S for Sawlog, C for Chip, L ML peeler).
Length range (e.g. 3.6m — 6.0m)

o0k wbd

To illustrate, a mill may require radiata pine sagd, with knots less than 70mm, a minimum
diameter of 200mm, sweep of no more than 1/5 SBED Jengths of 3.0m to 6.0m. Using the
suggested naming conventions the product coulddrgified as follows:

RB2005S 36-60

For convenience, the allowable length can be Féft Bither way, it succinctly identifies the key
characteristics of this product, in such a manhat &n operator or supervisor unfamiliar with the
product could still produce the log product in arkwoanlike manner in the absence of better log
specifications.

Codifying Log Specifications

Considering the above discussion on log namingogsadity codes raises the issue of how an
organisations log specifications are organisede dibarest and easiest manner to facilitate their
conversion to a workable APT file is to tabulaterth This simply means laying them out
clearly, for ease of reference both for those wieate the APT files, but also for those who may
need to refer to them in the forest.
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Laid out below in a tabular form are some sampiesioecifications, covering a range of sawlog,

LVL peeler logs, “Pres” (posts and rails for fergimnd chip. The table has been put together in
such a way to convey easily all of the informati@meded to put together the log definition side of

APT file generation.

The table below the specifications allocates adiraize to each of the Quality buttons. The
guality button applicable to each log product camdad off of the “individual branches” row of

the log specification.

Pine Log Specifications

Product Code/Group SAWLOG PEELER/LVL PRES CHIP
Name RA2005S-3060 | RB2005S-3060 | RC20055-3042 [ RC1505S-2133 | RB1507L-2681 | RC1504L-2681 | RA7510P-1848 | RB1507S-912 | RF752C-54
Diameter Min 200 200 380 150 150 150 75 180 75
Max 1000 1000 1000 250 600 600 200 650 350
Length Min 3.05 3.05 3.05 2.10 2.70 2.70 1.80 9.00 5.40
Incr 0.3 0.3 0.3 0.3 2.7 2.7 0.3 11.0 0.0
Max 6.25 6.25 4.25 33 8.1 8.1 4.8 12.5 55
Sweep % SED 20% 20% 20% 20% 15% 25% X 15% 50%
Absolute (mm) 10
Multiple Sweep 20% 20% 20% 20% 15% 25% a a 50%
Individual Branches (mm) 45 70 100 100 60 100 45 60 no limit
Knot Cluster a 25% 25% 20% 25% a a 50%
Spike Knots (mm) 60 a a 100
End Cuts Square no limit
Trimming Flush Flush Flush 50mm 5mm 5mm Flush
A Quality |B Quality |C Quality [D Quality |E Quality |F Quality
[Branch Size 50 70 100 150 200|Unlimited

Testing APT Files

Testing APT files before their introduction to aguction harvester is an important part of the
process that could not be stressed enough by tihres tat John Deere. A poorly executed APT
file will not only perform poorly for the forest awer, it will also not achieve the customers needs

and will most likely cause frustration and loss@fenue for the harvesting contractor.

Two items of software are needed for the bestgstf APT files. The first is a licensed version

of SilviA SIM. The SIM version of SilviA allows smario testing of alternative cutting plans
(APT) against a user specified set of STM filesublly one will use the same STM files for
each APT to test the effect of the APT file upamached dataset.

Key Elements for Successful Integration of Cuteadth Optimisation into Australia

-49-




The second piece of software is a T300 simulaft@00 is the control system used in the John
Deere series of harvesters. The simulator is Hytilee identical system as in the harvester, but
the information fed usually from the harvestingdhesaonly simulated. A user can also select
appropriate local stem files for the simulator torkvon. In the simulator the operator must
actually make the same decisions as what a maopemtor would in real situations.

Three stages were recommended by Mika Laakso of Delere:

1. Simulation of the APT file using the laptop simolabf harvester. The goal is to look for
errors and problems. Does the system flow, andjaick and smooth decisions being
made? Are there any surprising log-products beutgr are they being cut in unwanted
distributions. Some experience with how a macperorms in the field is useful at this
stage. Perhaps an experienced operator may béogievide some input. In other
words, does it work?

2. Simulation using SilviA SIM — This is to investigathe overall product mix over a much
greater sample of previous stem files — which cowichber in the thousands, as opposed
to ten to twenty in the harvester simulator. Thg goal here is to test the outcome from
the point of view of the forest owner/manager. Wratduct mix is created? — are there
“orphan products” i.e. only 1 fout of 1000 M The best idea is to remove them from
the APT file right away. Otherwise the harvestdl eut these products in the forest and
will never actually be able to make up a truckleadeliver them. Now is also the time
to add or remove different log products that cdagccut from the harvesting operation
and test the value recovery consequences.

3. Once the final mix has been decided on, it is algdea to check it again in the harvest
simulator to ensure that any last minute adjustenenctutting tolerances, product mix etc
do not have unintended consequences on how it m#sedhe harvesting machine to
operate in the forest.

APT Tips and Tricks

Quality System Setting

The “Decreasing” Quality system is used when giasliare in ranked order — i.e. quality 1 is best
and quality 6 is the worst. For example it coutdused to tell the system that when quality
button 4 is pressed, then the products to be selenay come out of the “folders”/assortments
for which quality 4 and better has been specified.

The “Specifying” system says that, using the saxaenple as above, if button 4 is pressed, then
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only the products from the Quality 4 folder maydadected (so none from folder 1, 2, or 3).

In practice, it is best to use the Specifying systieut set it up in such a way that mimics the
operation of the Decreasing. For instance, ifadpct could be made out of Quality 4 and better,
one could use the decreasing system by tickingjtiadity 4 box when creating the APT file. The
same thing could be achieved using the Specifystes by ticking each of the Quality 1, 2, 3
and 4 boxes during APT generation.

This may seem like extra work, but the downsidgaihg solely with the Decreasing system is
that if you have allocated a quality button (e )gtdba specific quality feature (e.g. pruned), for
which you only have one desired product (Veneet) ioén when that button is pressed on the
harvester, the system will consider all productmilable in 1,2,3,4,5 and not just the specific
product that you had in mind.

Starting Quality

Setting the starting quality for the optimiser skidoe decided based on the predominant quality
of the stems to be harvested. There is littlees@méetting start quality be set to A (in the
examples throughout this report A = branches less #5mm) if the trees being harvested are
widely spaced trees on a fertile site, that haxgel&ranches. Quality “B” would be a better
option in this case, to reduce both the amounuttbb pushing needed to be done by the
operator and the instances of inappropriate figtselection.

For instance if the machine is told to assume Aityuand the highest value A quality product is
a 12m power pole, the machine may be halfway alorige 12m point before the operator can
tell the control system that in fact the qualityBis The processing head will then have to move
backwards to the highest value product in the guBli“file”, which if that was a 3.6m log, will
take a long and unnecessary amount of time. Iptedominant quality in the harvest block was
“A” then this would be an acceptable occurrence,ifiihe dominant quality was “B”, then
harvesting productivity is going to suffer.

Saving and Re-Use of APT Files

Once an APT file that works well in a number otiations has been constructed, stick with it.
Rather than creating a new one all the time, justik the current one. As you will learn in your
time with SilviA APT files, there are many, manytioms. It is easy to overlook fully specifying
all of these, especially if one is in a hurry. fehare many places at which a mistake could be
made. One or two errors in an APT file can makbreak its usefulness. If you have a file that
you’ve put together over time and tested, thercttances are, there are no hidden mistakes in it.
It is difficult to track down these small errorsan APT file, especially in the cabin of a
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harvester. If you have a file where you have itbaet all of the wrinkles, then use it as a
template, and only make the same mistakes onaam fren on, all that needs to happen is
adding/removing products and tweaking on the margin

Length Prognosis

The shortest length of log that you may cut deteemiwhat you should have as length before

prognosis. For example with a 1.8m preservatign ¢éme should set the prognosis to occur at
1.0m. With the computing power of modern machiitas,possible to set the prognosis at Om.
However, a longer length gives the taper algoritihmose information to work with.

Max Deviation up/Max Deviation Down

The control system computer makes prediction otdper and length of the stem piece. The
computer then optimises the allocation of produztis stem shape that it has predicted. As the
processing head moves up the stem piece, it cosffa@eactual diameters against predicted
diameters. If the computer finds that its predictis too different from the actual, it will trigge
re-analysis of the product allocation.

It is possible to set in the generation of the AR, what the acceptable bounds are to be before
a re-analysis is triggered. If these numbers etréo® high (e.g. +/- 5mm) then it will be more
likely that the solution proposed by the optimisenot the true optimum. In other words, the
picture of the stem that the computer is seeind (gtimising on) can be increasingly divergent
from the actual stem. It will not however causeafspecification logs, as the direct measure of
the diameter will still occur for each log cut -witll just effect the prognosis. If set too lothie
system may recalculate many times, particulartiiéftree is of variable diameter (nodal swelling
etc)which may slow the computer down.

In Finnish conditions, and with modern computerthim cabins, John Deere recommend trying
+/-0, or failing that +/-1mm. However, with moranable radiata pine in Australia, it may be
more sensible to work with +/- 2mm. It may be fdahat when a machine first moves into a
new block it re-calculates more often. This isdaese the system is updating the coefficients
used in the taper prediction, and it is more likelget the predicted diameter incorrect until éhes
coefficients are corrected (automatically).

Price Type

There are a number of price type options withini8il These represent a number of different
payment methods for log volume. The reason fombay options is because harvesting
contractors and forest owners are paid for the&idpcts based on the volume cut by the
harvester. Hence the volume cut by the harvebtairld approximate as closely as possible the
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basis of measurement used at the final customerst Bawmill customers in Finland, and many
in Australia pay for their logs ultimately by a lsganner using the integration of sectional
measurements. This is represented in SilviA By ®ther options include calculating volume
as a cylinder or based on mid diameter. Howevérisnusually most applicable.

Diameter and Length

Page 13 of the “Timberjack Quick Tips Guide fonv8il and Timbermatic 306" shows in some
detail how to enter into the APT file the diamedad length information for each log assortment.
There is an option to add length trimming allowantksually it is easiest to include any contract
minimum over-trim into the actual length matrixhél'two pictures below illustrate the two
different approaches.

The first picture shows the standard approachafiding the minimum over-trims into the
expected length of the matrix (e.g. 1.82 for a lrfiminal length). The second picture shows
the other approach, with the expected length am WBh the over-trim in brackets alongside —
180(2). The difference is that when you speci$gparate over-trim, when viewed in run-mode
on the harvester, the product description in thrgreeof the display will show the nominal length
(1.8) but the measured length will always include over-trim that you have selected.

Figure 15 - Standard Overtrim Method - Incorporated

™ Courtesy John Deere Forestry
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Figure 16 - Alternative Overtrim Method - Seperate

Spare Lengths — Creating In-Forest Flexibility

Once harvesting at a site has started, there ang etits that can be made to the APT file to
reflect changes in the forest, or market demandwe¥er, one change that cannot be made is
adding new product assortments, or altering theburaf lengths within an assortment. For
instance, if a harvest blocks is started with adi¥ength pulp log of 5.4m, and halfway through,
a second length is requested — that of 4.2mnibigossible to make the change. Likewise if a
new product is needed that is not on the originétirmg list, then it cannot be added without a
new site being created with a new APT file.

The method to avoid these issues is to ensurettest for products that only have one allowable
length, make sure that when the APT file is createat there is another length specified (it can
be any length — the key thing is just to have orfig)is means that if another length ever becomes
available, it is a simple task to modify the lergytiuntil that time, it can be set in the APT &g
being “forbidden”, and will not be produced.

Likewise for new products, it is a good idea todnaithin the APT file a “spare” assortment,
with a number of length and diameter classes fodmam flexibility. That way, should a new
product be needed, it is simply a case of modifyimegy“spare” to reflect the new log
specifications. This avoids the need to havevaART file issues urgently.

Control System Set Up Features and Guidelines

Initial Machine Set-Up

The initial machine setup is an important elemerdrisuring that maximum benefits are attained
from the investment in optimisation. There are BaverPoint presentations covering the basics
of measuring systems available for download froen@ottstein Trust website — one from John
Deere and the other from Ponsse.

Key Elements for Successful Integration of Cuteadth Optimisation into Australia -54-



The John Deere system specialist who conductettaiméng in Finland was very much of the
opinion that standard methods are calibrating Iseve by using trees in the forest is very much
a substandard option. The method used at theDeére factory in Joensuu, Finland is by using
a series of metal cylinders or pipes, of a knovanditer. The operator carrying out the
calibration at the factory enters into the calimatmodule the actual diameter of the pipe
compared to the measured diameter by the harveBter machines calibration is then
automatically updated. A similar procedure is uedength also.

Options are being investigated in Western Austfalidnow a field-mobile set of calibrations
pipes could be produced. Some success has beavithagsing “perfect round” fence posts that
have been peeled to a constdiaimeter by a lathe to calibrate the small diamstetion of the
diameter curve.

Control Measurements and Calibration

The regular carrying out of control measuremengigmportant part of keeping a harvester
running smoothly. It is very important to draw tfistinction upfront betweencaontrol
measurement andcalibration measurement.

A Control measurement simply involves
recording (either manually or using a print
off) the diameters and lengths of some
selected logs, and then exiting the cabin of
the harvester and checking the degree of
error between the machine measurements
and the manual measurements. The results
of the control calibration should be

recorded in a log book kept in the cab of the
harvester.

A calibration measurement is where a
module is activated within the control
system, and the results of the operators
manual measurements of logs are actually
used to adjust the measurement parameters
inside the control computer.

Figure 17 — Calibration Using Metal Pipes at John (.Zallbratlons S_hOUId not b? unQertaken
Deere Factory lightly, as an incorrect calibration can have

unintended flow on effects. Further, a poor
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calibration can undo a great deal of good workiedrout with steel pipes etc. Controls on the
other hand should be done each day. Controlsllaabaut checking to see if the system is
operating within normal tolerances. If it is, theéshould be left alone.

Chris Thompson, senior lecturer at Kuru Institmtd ampere, has contributed the following
advice for a control and calibration procedure.

Undertake daily control measure. Is it in or outoderance?

If it is within tolerance, then keep operating.

If it is outside tolerance, then check another log

If still outside tolerance, check the mechanicatragion of the measuring system on the
harvesting head

5. If all of this is OK, then carry out a calibrationto a selected tree of good quality and
form.

P wbdPR

Many operators in Finland use a temperature congpiemsfeature in their machines to adjust the
base curve up or down for abrupt swings in tempeeahat can occur in a given day during
winter. This temperature adjustment can also kd as a good way to move the entire
calibration curve up or down without altering thepe of the curve at specific points. Carrying
out a calibration over a very small diameter racae seriously degrade the performance of the
machine.

The default curve in the system memory can be imsadight situation. It was not necessarily

set with a metal pipe but the default curve is gendugh to start working. Some common
problems that cause a calibration to go out arseddmshers on knives (if diameter measured at
knives), and worn or loose o-rings near the povemgiter. Diagnostics can be run on most brands
of harvesting machines that will check the potantters and report upon their alignment.

The contractor for Store Enso that was visitedfoihg the factory tour commented that he has
to carry out a control measure either every sithdrgests, or at each 1008 mwhichever occurs
sooner. Stora Enso allows a 2% error either wagimmeter. However, the contractor checked
each day for their own peace of mind the top diansetf selected sawlogs. The target for length
is to have 80% of all logs cut within -2cm to +3ofthe target (contract) length. Presently he is
running at nearly 85% within the bounds. Interegti, he has never yet had cause to revisit the
calibration, as none of his control measurements baen out enough to justify redoing the
calibration.
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Downloads from Gottstein Website
The following files will be of use for further exgtation of this subject:
http://lwww.gottsteintrust.org/media/barrl.pdf
http://www.gottsteintrust.org/media/barr2.pdf
http://www.gottsteintrust.org/media/barr3.pdf

http://lwww.gottsteintrust.org/media/barr4.ppt
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