








LVL: VIGAS DE CHAPAS LAMINADAS CON MATERIAS PRIMAS CHILENAS

CAPITULO VII
LVL FACTORY PRE-FEASIBILITY STUDY

RWS - Engineering OY

1. SUMMARY

The total LVL consumption has been growing rapidly, unlike that of many other wood
products. At present the global volume is about 4 million m*a. During the last ten years the
average annual growth has been about 15 %.

There are two main types of LVL, structural and non-structural. Non-structural LVL is
produced and used mainly in Asia. The biggest volume of structural LVL is consumed in
North America, about 2.6 million m*a. Other structural LVL consuming areas are in
Australia and in some European countries, both with an approximate volume of 0.15 million
m3/a. The use of the structural LVL is growing now also in Japan.

The average structural LVL prices have been around 600 USD/ m* in the recent years in
North America. One main factor determining the price of LVL is its strength class. A higher
strength means a higher price.

The structural LVL is mainly made of softwood veneers. In North America only 5% of all
LVL is made of hardwoods, in Europe and Oceania all LVL is made of softwoods. Also
hardwoods are commonly used in the Asian LVL production, but there the majority of the
production is non-structural LVL.

It is common that veneer for LVL is graded according to its strength and only the strongest
grades used for LVL. The rest is used for plywood. In North America the declining volume
of softwood plywood has caused some companies to concentrate more on the production
of veneer for LVL.

The availability of softwood for LVL should not be problematic in Europe and Oceania. The
raw material situation is more complicated for the Asian production. Anyhow, the LVL
production volume is still very small compared to the general log consumption in any area.
According to a special test made with the Chilean radiata pine and eucalyptus nitens the
LVL did not fulfil the strictest strength requirements. By selecting and grading the raw
material more carefully suitable LVL for the lower segment of the North American structural
LVL markets can be made. However, producing a full range of LVL products including
medium and high strength classes, as made by the present suppliers, will require further
product development and testing.

The technical and economical evaluations here are based on the idea, that a new project
would be set up using dry veneer as its raw material. Suitable veneer would be bought from
other companies. The veneer size defines the optimal technical solutions and the final
production capacity. In this case the veneer size is chosen to be 8 x 4 ft.
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The normal LVL technology can well be used with radiata pine veneers. The situation with
eucalyptus nitens veneers is the same, but only if the veneers are of good quality e.g they
must stay in one piece during the processing.

Cycle pressing was chosen as the defining production technology. Here the press is
assumed to be 24 m long and have three openings. The production capacity with this
equipment is about 60,000 m*/a, when the line is run 330 days per year, 24 hours per day.

Any length of LVL can be made with cycle pressing. In this case the maximum length is set
to 18 m. The plant would make LVL billets with a thickness of 15...90 mm, width of 1,200
mm and any length up to 18,000 mm and cut to the final LVL products from these according
to orders.

The raw material recovery would be slightly over 80 % with good quality veneer sheets. The
plant would employ directly about 85 persons.

This kind of project is estimated to require a total fixed capital of 31 million USD. With an
average sales price of 550 USD/m® CIF USA, the annual turnover would be 28 million
USD. The project would be profitable with a pay-back period of 6 years, IRR of 17 %, NPV
of 7 million USD and a profit before taxes 6 % from the net sales (in the 5th year).

2. OBJECTIVES & SCOPE

The objective of this study is to clarify tentatively the technical and economical possibilities
of utilizing Chilean softwood and hardwood raw materials for making high quality structural
LVL products. The main market area for the products is thought to be North America.

The evaluation of the technical properties of LVL made of radiata pine and eucalyptus
nitens is based on a test series made especially for this project in Chile. In these tests LVL
was made of pure pine and pure eucalyptus and of a combination of these two raw
materials.

The technical and economical analyses are based on the assumption that the raw material
is bought as sorted dry veneer sheets. This is a common solution in the LVL industry as it is
usual that only the strongest veneers are used for making LVL.

The ultimate objective is to prepare a reliable document about the opportunities and
benefits which LVL business could offer to a company utilizing Chilean wood raw materials.

The report comprises the following main parts:

General LVL market information
LVL raw material analysis consisting of a description of commonly used wood species by
main producing countries and a description of the results from the LVL tests made for this
study.
Description of a suitable technology for the planned LVL products including a tentative
mill lay-out.
Estimates for investment and production costs based on the chosen production capacity.

- Tentative profitability calculation showing the most important profitability indicators.
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3. MARKET INFORMATION

The global consumption of LVL has been growing fast. Twenty years ago the total
production was about 0.3 million m*a, in 1995 it surpassed 1 million m*a, and in 2005 it
reached 4 million m*a. However, LVL is not produced, or consumed evenly in all parts of
the world.

Total capacity 4.7 million m3

North America
66%

Figure 1. LVL production capacity in 2005.

The LVL consumption has grown rapidly in North America, Australia and Japan and to a
lesser degree in Europe. China has increased the production very rapidly in the last years.
There is notable LVL production also in New Zealand.

LVL is generally divided into two groups according to its end-use:

- Structural LVL
- Non-structural LVL

When used in structural applications, LVL must fulfill published strength values and the
requirements of specific building codes and standards which vary from country to country.
Typical end uses of structural LVL include load-bearing components in buildings. It is widely
used also in wooden |-beam flanges.

Non-structural LVL is used for instance in window and door frames, stairs and furniture
components. This type of LVL can have aesthetic requirements in which case the selection
of face veneers is done according to their visual aspects.

LVL's success is based largely on the way it is made e.g. by gluing veneer sheets into long
and wide LVL billets, which are then sawn to desired dimensions. In this way relatively
small-diameter timber can be used to make lumber in big dimensions, the length is in many
cases restricted only by the transport possibilities (for instance 12 to 24 m) and the width of
the billet is typically 4 or 6 feet. The process distributes also effectively the natural strength
reducing defects, such as knots along the LVL billet. So the LVL products can have higher
strength values than sawn timber made from the same raw material.

The structural LVL dominates the market in North America. Only 4...5% of the total
consumption is of the non-structural grades.
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Japan has been the biggest consumption area of LVL in Asia. The consumption has been
based mainly on the non-structural grades there. The share of non-structural LVL was 77%
at the end of the 1990°s in Japan. Since the year 2000 the use of structural LVL has
increased rapidly as the result of changed legislation, which favors replacing solid sawn
timber by engineered wood products. In the other parts of Asia the consumption of LVL is
almost totally in the non-structural side.

In Oceania and Europe the consumption is similar to North America. Very little non-
structural LVL is used.
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Figure 2. Production volumes of LVL in North America.
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Figure 3. End-uses of LVL in North America, 2004.

Earlier the consumption of LVL followed closely the increase in the I-beam consumption in
North America. Recently this connection has become less important. In the last five years
the consumption in |-beams rose by 27 %, while LVL consumption in the other end-use

sectors rose by 64 %.

Two main reasons for this change are found within the I-beam business. |-beams have
already reached nearly 50 % market share in raised wood floors (new residential floors took
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a 77 % share from all I-beam consumption in 2004). Recently stress graded dimension
lumber has found more and more use in the production of the I-beam flanges.

LVL industry is trying to find new end-uses for the products. For instance vertical framing
applications could mean a significant increase in the total consumption. This kind of product
has been an important part of the European production for some time.

The LVL billets are produced in various thicknesses. In north America these include
commonly 1" and 1%" for rim boards, 1 3/8" and 1'2" for wood |-joist flanges and 12", 13",
3%2" and 5%" for headers and beams. The most used depths are 9%" and 11 7/8". The
biggest challenge for a newcomer in the business is to arrange the distribution of the
products up to the end users, the correct sizes and numbers along with the required
documentation.

The prices of LVL depend on the specifications. In North America the most commonly used
reference is the MOE value (modulus of elasticity in bending). A higher MOE grade means
a higher price. Naturally the demand and supply balance reflects rapidly in the price levels.

1000 — —
900
800
700
600
500
400
300
200
100

USD/m3

B USA @ Canada

Figure 4. LVL prices in North America for medium strength classes and price projections up to 2010
(sources: Leonard Guss Associates, Inc., October 2005, RISI, April 2006)

The two forecasts in the figure 4 reflect different ideas of the future demand of LVL. In the
last two years the demand/capacity ratio has been only 0.84 even though the building
activity has been on a record level. Housing starts and generally the use of engineered
wood products are predicted to start dropping already in the second half of this year. If LVL
cannot find notable new applications the capacity utilization rate will drop and cause
pressure on the prices. On the other hand, if new applications start consuming notable
volumes, the scarcity of suitable veneer can start pushing the prices up.
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4. RAW MATERIAL ANALYSIS
4.1 General raw materials for structural LVL
411 North America

The LVL production uses the same raw materials as the local plywood industry in North
America. About 95 % of the raw material is coniferous. The most common wood species
are:

- Douglas fir

- Southern yellow pine
- Lodgepole pine

- Western hemlock

- Firs

- Larch

- Yellow poplar

- Aspen

- Birch

It is typical that the LVL plants are not using all veneers that are peeled from a log. Dry
veneers are classified according to their strength and the lowest qualities are used to make
sheathing and sanded grade plywood, while the strongest are used for LVL.

The rapid growth of LVL has been influenced by concerns about the availability of suitable
sawn timber in North America. The availability of logs from old growth forests was
dramatically reduced by environmental pressure in the 1990's. The emphasis of structural
plywood has moved from the Pacific north west to the southern states. In the latter part of
the previous decade the prices of the southern pine logs reached and surpassed the log
prices in the Pacific north west.

million m3
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Figure 5. Development of structural panel production in North America.
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The declining plywood production has had some important effects on the LVL production.
Some veneer producers have focused more on the LVL production and less on the plywood
production. On the other hand the production volume of LVL is rapidly approaching 20 % of
the volume of structural plywood. Lately the veneer needed in LVL has been in tight supply.

This development can be expected to continue in the future. The LVL industry can react in
various ways. Now one company is peeling Eucalyptus grandis veneer in Brazil and using
the veneers in the North American LVL mills. Mixing stronger (imported) veneer with the
domestic softwood veneers can mean that the use of the weaker veneer groups becomes
possible. The industry can also introduce new products with lower strength values for
instance for short span header beams.

41.2 Asia

The Japanese production of LVL dropped in the end of last decade to below 0.1 million
m’/a. The production of structural LVL is dominated by one company. It is importing its raw
materials, Russian larch, NZ radiate pine etc. Generally the veneer production for local
plywood industry has rapidly moved towards using softwood and the import of softwood
logs has increased in Japan.
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Figure 6. Japanese wood supply.

The Japanese companies have started the production of LVL or veneer for LVL in other
countries. These include directly owned units and joint ventures.

The growing stock is much larger than the current supply of logs would suggest in the
Japanese forests. Once the forests mature the domestic supply could increase notably (for
instance in Finland the production volume of domestic logs is more than two times bigger
from a growing stock that is half of the Japanese one).
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Total 4012 million m3
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Figure 7. Japanese growing stock in 2004.

The total production of LVL has grown very rapidly in the recent years in China. The
production has grown in five years from zero to 0.5 million m*a. However, only 10...15 %
from the total production is in structural grades. Most of the LVL is exported to Japan.

At least one production unit is making structural LVL for export to Japan from poplar and
birch. Generally the Chinese plywood production has moved the emphasis from earlier
imported tropical hardwood logs to local wood species, especially poplar, and to imported
softwoods. Most of the Chinese LVL is made as a side product in plywood factories and the
main raw material seems to be poplar.

The rapidly increased wood industry in China has a very insecure base in its wood raw
material. The domestic wood supply seems to have fluctuated between 40 and 60 million
m*/a during the past ten years. This supply could now be stabilizing at the level of 50 million
m3/a. This could be expected to rise slowly, when the large plantations mature.

The domestic supply has not been enough for the Chinese industry. The import volume has
become tenfold in ten years' time. Russia has become the most important origin of wood.
The only Russian LVL plant uses pine from the Siberian forests. It can be expected that the
wood supply in the Chinese industry will be critical at least in the short term.
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Figure 8. Chinese import of logs
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4.1.3 Oceania

The wood supply is based on the plantation resources in New Zealand. At the end of last
decade the supply from the natural forests was about 0.1 million m*/a compared to 30
million m3/a of plantation softwood.

Total area 1.8 million ha

6% 2% 3%

® Radiata pine

@ Douglas-tir

| Other softw oods
@ Hardw oods

Figure 9. Forest plantations in New Zealand, 2004

The local LVL industry is making structural grades from radiata pine. Little of this is
consumed at the domestic markets, export to Japan and Australia is taking the majority of
the production. The radiata pine supply will be good also in the future. Log export from New
Zealand has been 5...8 million m*a in this decade.
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Figure 10. Projected wood supply in New Zealand.

The radiata pine and maritime pine are used to make structural LVL in Australia. The local
market for these types of products is relatively big, about 0.15 million m3/a.
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Figure 11. Supply of softwood from the Australian planted forests.

Generally the wood supply has shifted from the native hardwood forests to the plantation
timber in Australia. At the end of the last decade the supply of the plantation softwood

reached the industry demand stopping thus log import. Radiata pine covered half of the
timber used in Australia in 2000.

The total area of the softwood plantations is now 1 million ha. The hardwood plantations

cover 0.7 million ha. The future supply to the LVL production seems to be secured also in
Australia.

4.1.4 Europe

One Finnish company using spruce raw material makes all European structural LVL. The
production volume was about 0.15 million m3/a last year and the company started another
production line at the end of 2005.

Generally the supply of spruce logs has tightened in Finland causing increasing import from
Russia. At the same time the prices of spruce logs have risen.
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Figure 12. Supply of spruce logs to the Finnish industry.
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The situation is not bad for the local LVL producers. The company is owned by small
private forest owners who supply their timber to the company. Also the use of spruce logs
for veneer products, LVL and plywood, is minor compared to its use for sawn timber in
Finland.
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Figure 13. Use of veneer logs in Finland.

4.2 Chilean wood species as raw material for LVL
4.2.1 General strength requirement for structural LVL
Each major market area has its own set of requirements. APA and TECO are certifying the

LVL products in North America. They can give approvals for various product types. The
most common identification for various products is the modulus of elasticity in bending.

Table 1. PRL-501, performance standard for APA EWS laminated veneer lumber.
CHARACTERISTIC TEST VALUES FOR APA EWS PERFORMANCE RATED LVL

APA EWS E fo fe fe f,
LVL Stress edgewise | edgewise
Classes psi
2.1E - 3100F 2.1 6,510 4,620 5,700 900 1,420
2.0E - 2900F 2.0 6,090 3,990 5,225 900 1,255
1.9E - 2600F 1.9 5,460 3,570 4,845 900 1,170
1.8E - 2600F 1.8 5,460 3,570 4,560 900 1,170
1.5E - 2250F 1.5 4,725 3,150 3,705 695 960

E: modulus of elasticity, fb: bending stress, ft: axial tension, fc: compression stress, fv: shear stress

In practice each company is testing its products and specifying the strength values. So the
products on the markets have for different strength properties numerical values, which differ
from those shown on the table 1.
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Figure 14. Some LVL approval values in North America.

The Japanese have their own LVL standards. These include products with a wide range of
E-values and for each E-value three strength grades.

Table 2. Japanese requirements for bending tests.
JAS: "Structural Laminated Veneer Lumber”, July 2000

Young's MOE (10° kg flcm?) MOR (kg flcm?)

modulus | Average | Minimum | Special | Grade-1 | Grade-2
180E 180- 155 675 580 485
160E 160 140 600 515 430
140E 140 120 525 450 375
120E 120 105 450 385 320
110E 110 90 410 350 295
100E 100 85 375 320 270
90E 90 75 335 290 240
80E 80 70 300 255 215
70E 70 60 260 225 185
60E 60 50 225 190 160

In Europe the only local producer has two standard types of products approved. The Kerto
S is for general structural uses including beams, the Kerto T is meant to be used as vertical
framing timber.
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Table 3. European structural LVL requirements.

EURONORM E;
E [ m | r | fc fv fc
Product
roauc Mmez
Kerto S 12,000 | 48 38 38 7 6
Kerto T 8,800 32 26 26 5 3.5

4.2.2 Test results

INFOR has had radiata pine and eucalyptus nitens LVL material tested according to the
ASTM test methods. The veneers for the test material were peeled from the sapwood of 26
year old radiata pine trees and from the heartwood of 20 year old eucalyptus nitens trees.

The test LVL panels were pressed from all pine veneers, all eucalyptus veneers and of a
combination of pine and eucalyptus veneers.

The test details are shown in the Appendix 1. The following three tables show how the

results compare with the APA requirements. The "psi” units have been converted to
N/mmz2, and the values printed with green color fulfill the APA strength requirements.

Table 4. Pinus radiata LVL test performance.

PINE
APA EWS E fo fi fe fy f.
LVL Stress edgewise | edgewise
Classes N/mm?

2.1E-3100F | 14,479 44.89 31.85 39.30 6.21 9,79
2.0E - 2900F [ 13,790 41.99 27.51 36.03 6.21 9.65
1.9E — 2600F | 13,100 37.65 24.61 33.41 6.21 8.07
1.8E - 2600F [ 12,411 37.65 24.61 31.44 6.21 8.07
1.5E - 2250F | 10,342 32.58 21.72 25.55 4.79 6.62

The pine test LVL did not quite reach the 1.5 grade. In the APA performance it lacked
behind in modulus of elasticity in bending, in compression strength parallel to grain and in
shear strength.

Table 5. Combi LVL test performance

COMBI
APA EWS E fo fy fe f, fe
LVL Stress edgewise | edgewise
Classes N/mm’®

2.1E - 3100F | 14,479 44.89 31.85 39.30 6.21 9.79
2.0E — 2900F | 13,790 41.99 27.51 36.03 6.21 9.65
1.9E - 2600F | 13,100 37.65 24.61 33.41 6.21 8.07
1.8E - 2600F | 12,411 37.65 24.61 31.44 6.21 8.07
1.5E — 2250F | 10,342 32.58 21.72 25.55 4.79 6.62
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In the combi test results only the stiffness when bending the pieces flat, not on edge, did
not fill the requirements of the 1.5 grade. It is possible that with a different construction
throughout the panel thickness the test result would have been positive also in this respect.
Now all eucalyptus veneers were arranged in the core, while they would have helped more
near the surfaces.

Table 6. Eucalyptus LVL test performance.

EUCA

APA EWS E fy f fe fe
LVL Stress edgewise | edgewise

Classes N/mm?
2.1E - 3100F | 14,479 44.89 31.85 39.30 6.21 9.79
2.0E - 2900F | 13,790 41.99 27.51 36.03 6.21 9.65
1.9E - 2600F | 13,100 37.65 24.61 33.41 6.21 8.07
1.8E - 2600F | 12,411 37.65 24.61 31.44 6.21 8.07
1.5E - 2250F | 10,342 32.58 21.72 25.55 4.79 6.62

These tests indicate that it could be possible to certify the Chilean pine and eucalyptus LVL
to the 1.3 and 1.5 grades. Now using eucalyptus nitens increased the strength values. The
most important value, MOE increased only little.

Generally test results made with different standards cannot be directly compared. Thus
nothing certain can be said of how the tested LVL panels would have performed in the
Japanese or European tests. However, the results suggest that pine and combi could have
reached the requirements of the class 90E-335F and eucalyptus those of 110E-410F in
Japan and eucalyptus the requirements of Kerto T.

4.2.3 General comments

All tree species produce juvenile wood in the first years of growth. This zone of wood
extends outward from the pith. The properties of wood change markedly in each successive
year in young trees. During this transition period the characteristics of wood improve
gradually until they become relatively constant. The transition period can extend typically
from the age of 5 years to 20 years.

In juvenile wood the density, relative share of latewood, cell wall thickness etc. are lower
than in the mature wood. The wood density is generally closely related to strength and
stiffness. Hence, in order to achieve the maximum LVL strength the veneers should be
classified based on density, and used optimally in the lay-up.

The characteristics of radiata pine are known to be highly variable. The density in the trees
is affected by the environment, tree age and log position, management practices and
genetics. Generally mature wood is found only in the outer rim of the first log in radiata
pine.

The veneers were taken from sapwood for the test referred to in this report. This did not
necessarily produce LVL panels with the highest possible strength properties. The industry
practice is to sort the veneers according to their strength and select only the best veneers
for high strength LVL. However, now it is not possible to know how much stronger LVL
could have been made from the sample logs in this way. Another question is, could it be
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possible to get higher strength veneer by selecting already the logs according to their
expected density based on the growth site, genetics etc.

Eucalyptus seemed to increase in these tests the strength compared to pine. The
difference was not big considering the variation within the test pieces. Anyhow in the
density the difference was very clear. The average basic density in the pine test pieces was
458 kg/m3 and in the eucalyptus ones 576 kg/m3.

Buying only the strongest eucalyptus veneers can be difficult in practice as there is no real
industrial-scale production of eucalyptus nitens veneers in Chile. A careful selection of the
logs could, though, help in finding stronger raw material. On the other hand there is some
information from unpublished tests that eucalyptus nitens at least from young stands is not
at all stronger than radiata pine.

5. SUITABLE TECHNOLOGY
5.1 Initial data

This report is made with the assumption that the production unit is not peeling its own
veneer. Suitable veneer is bought from other companies.

LVL can be made of veneer with different sizes. The equipment is dimensioned to use the
chosen veneer size. In this case the veneer size is assumed to be 8 ft long and 4 ft wide i.e.
the most common veneer size in Chile.

Thin veneer is not generally used to makeLVL. Typical veneer thickness fall within the
range of 2.5 to 4.2 mm.

LVL can be made either with a continuous pr ess or with a cycle press. The technology
presented in this report is based on using cycle pressing with a combination of a cold pre-
press and a hot press. The technical solutions are similar to the lines, which have recently
been delivered to major customers in various parts of the world.

This equipment can make pressed LVL billets with a thickness of 15...90 mm and trimmed
width of 1,200 mm. The billets can be up to 18 m long and the desired dimensions are cut
from the pressed billets.

The production is arranged in one line with a buffer storage for the pressed billets.

The modern units tend to have more capacity than the old lines. With the chosen veneer
size and technology this could mean an annual production volume of 60,000 m3/a. This
could be done with a 24 m long three opening hot press.

5.2 Veneer handling

A forklift is used to unload the veneer packs and to place them in a storage. Various grades
of the veneer packs are then brought to the line according to the specifications of the
product. The veneer packs can be turned so that the tight side of the veneer layers is
arranged symmetrically around the centre line.

Four veneer packs can be used simultaneously to feed the line. Vacuum veneer feeders
are used to lift one veneer at a time from each of the required packs.
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The veneer sheets are aligned before they enter the scarfing saw. This makes it possible to
have scarfs of similar length on both veneer ends. The veneers can also just be trimmed to
make butt joints in the assembled billets. The butt joints can be used in the inner layers to
make it possible to use higher pressing temperatures.

Undersized veneers are automatically dropped from the line. Broken or otherwise bad
quality veneers can also be dropped at this stage. To keep the sequence at the lay-up
correct a good quality replacement veneer is picked from a specially made pack.

5.3 Lay-up and pressing

One-sided glue spreading is used in this type of LVL line. Glue is spread on top of each
veneer, except the face veneer. Glue can be spread with a curtain coater, spray or
extruder.

All these systems require that the glue has a constant viscosity. This can be reached by
automatic glue mixing, automatic level control of intermediate tanks and heat exchangers.

Figure 15. Principle of 2-opening LVL lay-up and pressing line with cycle pressing method

At lay-up the veneers are aligned so that the joints of adjacent layers are not on top of each
other. The LVL billet is laid-up on a long wide-belt conveyor. This belt stands still, when a
set of veneers starting from back up to face are dropped in a correct position. When the
face veneer has been dropped, the billet is moved forward and the next sequence is
started.
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distance between two scarl-joints 120 mm
and over

gramn duection of scarl. jombed vencers

Figure 16. General construction of LVL.

The lay-up belt which runs through the pre-press takes care of the transport of the billet.
The pre-press is closed when a layer of veneers is laid up and it is open when the belt
moves the billet for the next lay-up batch.

In this way the pre-pressing time is made of short periods with the press standing open
between the periods. In practice this has no effect on the end result compared to
continuous pressing. The length of the press is chosen according to the requirements of the
used glue and wood species. It can be for instance 30 m.

This type of pre-press is divided in sections with each section being able to open and close
independently. In this way less time is lost when changing the thickness of the LVL billet as
only the section containing two different billet thicknesses must be left open.

After pre-pressing the billet is directed to an edge trimming saw, which cuts both long
edges of the billet. Then the continuous billet is cut to length according to the final size of
the LVL product being made. At this stage the billet length is multiple of the final product
plus some trimming margin.

Then the billets are directed to a three-deck storage conveyor in front of the hot press.
During the hot pressing time enough billets are stored on each deck to cover the press
length with no gaps between the billets.

The storage conveyors in front of and at the end of the hot press are hinged at the press
platens. In this way the billets in the press can overhang from the press at both ends. This
means that any length of a billet can be pressed in the system. When the pressing time is
over the press opens and the billets on the three decks are moved forward the distance that
is equal to the effective length of the hot press.
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4 Opening Step Press

Figure 17. The principle of step pressing in a LVL hot press with four openings.

Nip rollers on both ends of the press move the billets forward in the hot press. The press
platens have cold sections at the infeed end to prevent pre-cure of the glue and at the end
to prevent overcure.
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Figure 18. A three-opening LVL hot press

One-by-one the pressed billets are moved through a thickness measuring device and blow
detector. Then they are lifted by a vacuum-cup hoist either directly to the billet handling line
or to an intermediate storage.

5.4 Billet handling
In the billet handling the LVL beams are cut to their final sizes and the products are packed.

Some products may need sanding or treating for instance with staining type sealers. These
value-adding processes can be made in the same line.
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Figure 19. An example of billet handling line.

First the billets are cut to the final lengths of the LVL beams. This saw can also be used to
cut samples for quality control or for cutting blown billets to shorter lengths facilitating so
their removal.

If needed the billets can be sanded on both sides with a wide belt sander. After that the
billets are ripped to size. The non-usable trimming strip is dropped from the line and
reduced in a hogger into chips. The ripped LVL planks or beams are visually inspected,
marked and then directed to stacking.

The ripped components which contain defects are directed to a remanufacturing line, where
the defective part can be sawn away and the rest used to shorter products. The waste from
this process goes to the hogger.

The stacked products are strapped. A bundle saw can be used to trim the ends of the
packs or for further cutting the bundles into shorter lengths. Typically the packs receive a
wrapping as the last step of the process.

Packs are moved with a bridge crane to stock. A side-loader can be also used for the
handling of the packs.
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5.5 Estimated wood recovery

The following recovery estimate shows typical values. Here the main assumption is that
only good quality, sound sheets are bought. Low quality sheets, which break down during
handling will lower the actual recovery rapidly. The shown values refer to real volumes,
commercially used dimensions for veneer, actual product tolerances etc. have all their
effect on the final recovery numbers in reality.

m*/a %

- Veneer to LVL line 72,100 100

- scarfing waste

- rejected veneers
- Billet to pre-press 69,200 96
- edge trimming loss
- compression loss
- Billet from hot press 61,600 85
- cut-to-size loss
- rejects
- LVL out 60,000 83

5.6 Labor

It is assumed that this line will operate 330 days per year and work 24 hours per day.
Further, the plant is assumed to be run by operators which work in three shifts. To keep the
line operating without breaks four operators are calculated for each position.

The following list shows a summary of the estimated labor requirements:

- Production operators 59
- Maintenance 10
- Administration 17
- TOTAL 86

5.7 Connection data

Estimates for the production machinery are gathered in the following summary:

- Electricity (connected power) : 1,800 kW

- Compressed air : 160 Nm?/h

- Dust extraction 1 95,000 m*/h
- Heat energy (hot press) 2 Gj/h
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6. INVESTMENT ESTIMATE

The main LVL line is assumed to be modern European equipment. The exchange rate of 1
EUR = 1.25 USD is used in this estimate. The price level is based on the May 2006
situation.

Million
UsD

- LVL machinery

- LVL line

- automatic glue kitchen

- dry wood waste chipping dust extraction

- boiler

- laboratory equipment

- maintenance equipment

- TOTAL 15.4

- Other costs

- freight

- spare parts

- installation supervision

- foundations, installation work

- TOTAL 3.6

- Vehicles 0.2
- Construction

- mill site, 5 ha

- buildings, 15,000 m2

- TOTAL 35

- Contingency, 10% 2.0
- TOTAL 24.7

7. TENTATIVE PROFITABILITY

7.1 Calculation method

The tentative calculations have been made with a feasibility calculator, which uses a ten-
year cash flow period. In this case the costs and price items are assumed to stay constant
for the whole calculation period.

The cash inflow is equal to the net sales for each year and the cash outflow is made up of
the investments, increase in working capital, variable and fixed costs as well as corporate

tax. At the end of the calculation period the accumulated working capital is assumed to be
returned to cash.
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This calculator shows three main indicators for the feasibility of the project, internal rate of
return, pay-back period and net present value. The sales price was chosen at 550 USD/m3,
CIF USA. This is according to lower price projection in figure 4 and acknowledges that the
products will be in the lower strength classes.

7.2 Calculation inputs

- radiata pine veneer 200 USD/m®
- eucalyptus nitens veneer 200 USD/m®
- phenolic glue 0.7 USD/kg
- electricity 1.074 USD/kWh
- fuel oil 0.85 USD/I
- helper level operator 360 USD/month
- skilled level operator 750 USD/month
- supervisor level 1,500 USD/month
- technical personnel 2,000 USD/month
- depreciations
- vehicles 5 years
- machinery 10 years
- buildings 20 years
- interest rate for fixed capital 1M1 %
- interest rate for NPV-calculation 11 %
- corporate tax 17 %
- working capital 5 days
- average inventory for veneer 15 days
- accounts receivable 60 days
- accounts payable 15 days

- radiata pine veneer is assumed to have been peeled from un-pruned logs,
higher (visual) quality veneers can find a more valuable use in plywood.

- the LVL plant is assumed to be constructed and run-in so that the production
would start 14 months after the project start and then reach full production in
the 30th month.

- all products are assumed to be sold to the export markets, the total transport
and handling costs are estimated to be 80 USD/m?.

- maintenance materials, packing materials, etc. are estimated to cost 15
usD/m?

- general administration and overhead costs are estimated at 5% of the
induced costs
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7.3 Main results

As the C/D quality radiata pine and eucalyptus nitens veneers cost the same 200 USD/m3
only one feasibility calculation was made. In practice eucalyptus can improve the strength
values and so increase the value of the product. On the other hand the recovery with these
eucalyptus veneers can be lower even if only the best quality veneers are accepted to the
LVL. The exact effect of these two things need to be defined in further studies.

The main indicators of the feasibility calculation are the next:

- total fixed capital 31.3 million USD

- IRR 17.2 %

- pay-back period 6.0 years

- net present value (with 11% interest rate) 7.2 million USD

- net sales 28.2 million USD

- profit before taxes (5" year) 60 % from net sales

8. CONCLUSIONS

- LVL is one of the fast growing wood products. Its consumption is concentrated on few
areas. North America is consuming about 85 % of the world's structural LVL. So this
market is a natural target for a possible LVL production in Chile. Other smaller
consumption areas are found in Australia, Japan and Europe.

The structural LVL is made generally from softwoods. The availability of suitable, high
strength veneer can become more difficult in the coming years in North America.

- According to the tests made now the Chilean radiata pine and eucalyptus nitens
showed only moderate strength values. By selecting the raw material more carefully
and grading the veneers according to density some improvement in this respect could
be made. However, reaching the higher LVL strength levels will require intensive further
product development and testing work.

- Radiata pine is a well known raw material for plywood. Thus its behavior in the LVL
process can be predicted fairy accurately and it should not cause any technical
problems with normal LVL machinery.

- Eucalyptus nitens is not used in industrial scale for making veneer. The known peeling
tests indicate that it can be difficult to process into good quality veneer sheets. Even in
this project, which is designed to use dried veneer sheets as its raw material, the
properties of this eucalyptus species forms a risk, which can show as lower productivity
and lower recovery than initially assumed in this report.

- With the used input information it seems that the project could be economically feasible.
With the average sales price of 550 USD/m3 in the USA the project shows sound
results.

A possible LVL project in Chile has to also take into account the question of the

distribution of the goods at the market. This side of the business is out of the scope of
this study.
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