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ANALYSIS OF WOOD PRODUCTS FROM AN ADDED VALUE
PERSPECTIVE: THE URUGUAYAN FORESTRY CASE

Andrés Dieste™*, Maria Noel Cabrera’, Leonardo Clavijo', Norberto Cassella’
ABSTRACT

Uruguay has a forest resource of 1 million ha plantation of fast-growing eucalyptus and pine. Short-fiber
pulp is the country second export product in value, but there is also a significant production of plywood and
graded kiln-dried timber from both species, used mainly for appearance applications. However, the value chain
of the wood industry is not yet fully developed, particularly for pine. This study classified different existing and
potential wood products using added value as criteria, calculated at the industry level by adopting a system of in-
puts and outputs. Hypothetical plants to manufacture these products were technical and economically analyzed:
thermally modified timber, cross laminated timber, laminated veneer lumber, pine timber, bleached Eucalyptus
kraft pulp, pine bleached chemical thermo-mechanical, medium density fiberboards, oriented strand board and
a power plant fueled with forest biomass. The data used for this study was obtained from the final project of un-
dergraduate engineer students of the Faculty of Engineering, Universidad de la Republica, Uruguay, except for
the eucalyptus pulp mill, which was proposed by the authors. The results showed that wood products obtained
from logs that are the main objective of the plantation presented a higher added value than those manufactured
from forest residues, thinnings or chips from the sawmilling industry. Solid wood products for appearance or
structural applications are at the top of added value list, considering value added per product, unit of biomass
or unit of forest land per year.The integration of the value chain of the products analyzed, linking solid wood
products with panels or pulp, has the potential to boost the addition of value of the forest biomass in Uruguay.

Keywords: Bioeconomy, forest plantations, forest products, solid wood products, wood industry.

INTRODUCTION

Due to policies implemented at the end the last century, Uruguay has a forest resource of 1 million ha of
fast-growing species, divided in Eucalyptus spp. (70%) and Pine spp. (30%); in addition, the largest portion
of this forest mass is located within a radius between 400-500 km from the port of Montevideo, main outlet
of Uruguayan exports (Direccién General Forestal - MGAP, 2016). The country currently harvests 14 million
m?/year, from which 70% are Eucalyptus spp. Pulp logs, mainly composed of E. grandis, E. globulus and E.
dunnii. The remaining 30% is divided in 2.7x10° m? Eucalyptus spp. for fuelwood, 700x10° m® E. grandis for
sawlogs, and 850x103 m? Pinus taeda for sawlogs (Boscana and Boragno 2017). However, for the period 2010-
2030 it was estimated that a minimum of 2 million m* of pine wood would annually reach industrial standards
for saw- or pulp logs, but are not harvested, due to lack of investment in industrial capacity (Dieste 2012).

The establishment of this forest resource in Uruguay is recent, with the bulk of the plantations having
taken place in the last decade of the XX century. Consequently, the industrial system to efficiently transform
this biomass in products is currently being developed. Presently, the main wood product is short-fiber pulp; in
addition, plywood and kiln dried timber is also produced, albeit in much lesser volume. The eucalyptus pulp
industry has experienced a clear development in Uruguay. Two state-of-the-art pulp mills, UPM and Montes
del Plata, produce 2.6x10° air-dried ton per year, which in 2016 represented the second most important coun-
try export product in value (Uruguay XXI 2017). In addition, the industrial capacity for eucalyptus planted
to produce solid wood products is adequate to process the plantations output (Dieste 2014); furthermore, the
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short-fiber pulp industry is a potential destiny for logs that do not reach the sawing grade (URUFOR 2016).
For the pine forestry sector, the situation is different: the installed industrial capacity is insufficient and there is
no market for logs of small diameter, pulp logs and even small-diameter sawlogs (Dieste 2014). Consequently,
thinnings, a removal of trees from the plantation to improve the growing conditions of the remaining ones,
are only marginally harvested and installed pine sawmills absorb the cost of processing lower-grade wood.

In recent years, governments around the world have given increasing attention to the develop-
ment of an economy based on biological resources, as opposed to one based on fossil resources (Sillan-
pad and Ncibi 2017a). A key aspect of a bioeconomy is that profitability should be achieved under en-
vironmentally sustainable industrial operations, adding more complexity to the economic interaction
(Sillanpda and Ncibi 2017b). The sophisticated use of a forest resource to obtain materials, chemical
and energy is indicated as a central aspect of the development of a bioeconomy (Karvonenet al. 2017).

The development of an industry to process the Uruguayan forest resource depends on global market condi-
tions, since its size is disproportionally larger than the capacity of the country to consume forest products (pulp,
timber, boards, among others). Clearly, most of the production must be exported. Inaddition, the capital equipment
to transform wood has been mainly supplied by third countries, as well as some raw materials, such as chemicals
and adhesives. In a simplified scenario, the factors that determine the installation of industries in Uruguay are the
availability of the forest resource, obtained from plantations; the cost of local services, namely energy, transport,
and labor; and the tax extracted for revenues. The wood industry is incipient and there are many potential prod-
ucts that could be manufactured. The technical and economic feasibility of different technologies to add value
to an established forest biomass has been discussed elsewhere (Clark 2004, Dhubhdin ef al. 2009, Goodison et
al. 2013, Kato 1999, Spelter ef al. 1996). This article analyzes different wood products using added value as
classification criteria, distinguishing three levels where value could be added: product, biomass and forest land.

METHODOLOGY

The method used to calculate added value is taken from Sathre and Gustavsson (2009). It is a pro-
cess-level analysis that considers inputs, material and energy, and outputs, products; the value is add-
ed to the products by means of labor and capital. Therefore, the economical added value could be de-
composed in the following elements: 1) salaries, 2) service of fixed capital, and 3) the operation benefits.

The premises considered for the study scenario were 1) products fabricated using mature technologies
that consume wood in its primary forms; 2) products feasible to be fabricated in Uruguay; 3) focus on pine
wood, with eucalyptus products used as reference. The products selected are the result of an analysis that
combined the forest supply of Uruguay with the current wood products market offer (Goodison et al. 2013,
Ramage ef al. 2017, Sathre and Gustavsson 2009, Wegner et al. 2009). The fabrication of lignin-based prod-
ucts, such as wood adhesives, or the production of bio-plastics, were also considered, but were not includ-
ed due to lack of information to design the industrial process in detail. The data for this analysis was ob-
tained from different undergraduate projects of the Faculty of Engineering of the Universidad de la Republica,
written as a requirement to obtain the engineer degree(Aguirre ef al. 2017, Barragan et al. 2016, Borche
et al. 2012, Brizolara et al. 2015, Caamano et al. 2016, Cabrera et al. 2018, Fierro et al. 2009, Garcia et
al.2018, Méndez et al. 2016), except for the bleached eucalyptus kraft pulp plant, which was conceived by
the authors using public information. In addition, this methodology to estimate added value was previous-
ly tested for the Uruguayan wood industry in the undergraduate project of Anzolabehere and Nan (2014).

The analysis was performed under the hypothesis that forest products could be classified according to
objective of the forest plantation: central products and peripherical products. The first groups are products
obtained from logs that are the principal aim of the forest plantation, such as saw- and veneer logs of min-
imal apical diameter larger of 20 cm, and also Eucalyptus spp. pulp logs of minimal apical diameter of 8§
cm. The second group of forest products are obtained from forest thinnings or residues of central products
processing, such as chip, sawdust or bark. This classification tried to reflect the present scenario of the Uru-
guayan forestry industry, different from an established forest resource that, for an extended period, provides
a relatively constant flow of products, as it could arguably be the situation of Scandinavian countries (Sathre
and Gustavsson 2009). This study considered four type of forest products: E. grandis pulp logs and sawlogs,
and P. taeda pulplogs and sawlogs. For each product, a flow of annual fiber was defined per unit of surface,
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in terms of mean annual wood volume increment (MAI) (Cubbage ef al. 2014). The proportion of P. taeda
sawlogs from the total forest pine output was taken as 80% (Bussoni and Cabris 2010), and the rest was
considered pulpwood. Clearly, thinnings are executed before the rotation is finished; however, as the land is
occupied until clear cut, the duration of the rotation for P. taeda pulp logs was considered at 22 years (Table 1).

Table 1: Mean annual volume increment for selected forest products of Uruguayan plantations.

Rotation MAI
Forest product (years) (m’/halyear)
E. grandis pulplogs 10 28
E grandis sawlogs 20 25
P. taeda sawlogs 22 14
P. taeda pulplogs 22 4

In addition, the average flow of forest residue after clear cut of E. grandis saw- and pulp logs and P. taeda
saw- and pulp logs was considered 6 ton/ha/year at 40% (wet basis), equivalent to a lower heat value of 55 GJ/
ha/year (PROBIO 2013).

The wood products industries analyzed, that used central forest products as raw material, were thermally
modified timber (TMT), cross laminated timber (CLT), laminated veneer lumber (LVL), pine timber, and
bleached Eucalyptus kraft pulp (BEKP), and the wood products, that used peripherical forest products as fiber
source, were pine bleached chemical thermomechanical (BCTMP), medium density fiberboards (MDF), ori-
ented strand board (OSB) and a power plant that generates electric energy from steam, using forest biomass as
fuel. Only three examples of the selected industries are currently operating in Uruguay: pine timber mill, BEKP
and the power plant. The other industries were selected because they were considered to have the potential
to be developed in Uruguay, and there was enough available information on the technology for undergrad-
uate students to design the process to the level of a technical and economic feasibility project. The analysis
presented in this study is hypothetical, since the data does not represent actual operations. All plants studied
were economical feasible, rendering profits, except for the power plant. The investment considered is the total
capital cost, obtained by adding the direct costs (total equipment cost, equipment installation, electrical instal-
lations, land, civil work, ground improvement, and services), the indirect costs (engineering and supervisor,
and construction expenses), the contractor’s fees, the insurances and the working capital (Anaya et al. 2016).

The value of inputs for this study presented perhaps the greatest challenge to the authors, since most of the
proposed industries do not currently exist in Uruguay, and information had to be estimated by direct inquires
by the students or the authors. The research, mainly conducted by the students, was as comprehensive as pos-
sible. The price of wood fiber was presented per cubic meter at the processing facility considering both species
available in Uruguay for industrial purposes, Pinus taeda and Eucalyptus grandis, in two formats, pulplogs
and sawlogs. In addition, the price of pine green boards was obtained by local suppliers. The value of these
products had to be estimated from several sources, since the Uruguayan market is still developing and there
are no publications that summarize the information. The price of electric energy was considered at 99 USD/
MWh, including the connection cost currently charged to large consumers. The cost of adhesives was obtained
by international suppliers, since Uruguay does not produce adhesives for the wood industry. The exchange rate
was considered 28 Uruguayan Pesos (Uy$) per American dollar (USD), and total investment was corrected by
inflation to July 2017 (Table 2).

The value of outputs were FOB prices at the port of Montevideo, Uruguay, and therefore the analysis in-
cludes the cost of transporting the product from the plant to the port (FAO 2017). In Uruguay, forest industries
are approximately 400 km from Montevideo, and the reference cost of the internal freight for a 50-feet-con-
tainer truck and a 28-ton truck is tabulated at 1,370 USD and 1,200 USD, respectively (Direccion Nacional de
Transporte 2015). The wood product prices were taken from FAOSTAT (FAO 2017) and from international
suppliers. The value of electric energy was taken for the actual price that the local electricity company pays for
biomass energy (UTE 2011) (Table 2).

307



Maderas. Ciencia y tecnologl’_ Universidad del Bio-Bio

Table 2: Values of inputs and outputs considered (cost of raw materials at the operation plant).

Value
Input Unit (USD/unit)
Pine sawlogs USD/m? 40
Pine pulplogs USD/m? 25
Pine green timber (medium grade) USD/m’? 160
Pine green timber (high grade) USD/m? 200
Eucalyptus sawlogs USD/m’ 60
Eucalyptus pulplogs USD/m’ 55
Adhesive PF resin (51% solid content) USD/t 900
Adhesive UF resin (67% solid content) USD/t 645
Adhesive pMDI USD/t 1,930
Wax (50% solid content) USD/t 1,440
Structural adhesives (polyurethane) USD/t 11,000
Pulping chemicals (BEKP) USD/ADT 40
Pulping chemicals (BCTMP) USD/ADT 100
50-feet-container internal freight (400 km) UDS/container 1,370
30-ton-truck internal freight (400 km) USD/truck 1,200
Electricity USD/MWh 99

Value
Output Unit (USD/unit)
Pine TMT USD/m? FOB Montevideo 770
CLT USD/m? FOB Montevideo 950
LVL USD/m? FOB Montevideo 420
Pine KD timber USD/m? FOB Montevideo 280
Pine MDF USD/m? FOB Montevideo 280
Pine OSB USD/m? FOB Montevideo 260
BEKP USD/ADT FOB Montevideo 500
Lignosulphonates US$D/ton FOB Montevideo 650
Pine BCTMP USD/ADT FOB Montevideo 450
Electricity USD/MWh 87

Cross-laminated timber are structural panels constructed by orthogonally gluing layers of timber boards,
that usually are finger-jointed to achieve the desired length. CLT are massive assemblies of wood, used mainly
as structural construction components in multi-story timber buildings (Ramage et al. 2017, Wilson and Taylor
2010). The proposed plant would produce 30x10° m* of CLT of 3, 5 and 7, 25 mm-thick layers, according to
client specifications, and 3x16 m (width x length), to be consumed locally and exported to the region. The fiber
requirement would be 44x10° m? of classified green pine timber of medium grade, avoiding major structural
defects, rendering a conversion efficiency factor from dry timber to CLT panel of 85%. Green timber would
be dried at the plant. The layers would be pneumatically pressed, using cold-curing polyurethane as adhesive
(Garcia et al.2018) (Table 3).

The thermal modification of wood allows in one process to increase dimensional stability and durability
of wood (Batista et al. 2016), in addition, it is particularly relevant for Eucalyptus, which is not impregnable.
Thermally modified timber (TMT) is usually used to manufacture facades to cover building walls, decks, win-
dows and doors for external use, saunas, among other products. The thermally modified plant would consume
green pine timber of high grade from local sawmills, to produce 10x10° m? of thermally modified timber and
13.3,3x10° m® of kiln dried (KD) timber. The thermal modification plant was a series of drying kilns and rec-
tors for wood modification, that heated KD timber, using a thermal oil boiler with woody biomass as fuel, to a
maximum of 250 °C. High-grade timber would be required to minimize losses due to treatment defects; even
so, in a conservative scenario, it is considered that only 40% of the pine lumber bought would be destined for
modification, with the rest being sold as KD timber (Barragan et al. 2016)(Table 3).
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The pine timber mill proposed would produce 40x10° m?*/year of a combination of products: clear boards
(20%), finger-jointed boards (40%), and low-grade packaging timber (30%), in a proportion of 20%, 40% and
30%, respectively. In addition, the mill would generate electric energy, 20 GWh sold to the Uruguayan grid.
The fibre consumption would be roughly 100x10° m® of pine sawlogs obtained by clear cut at the end of the
forestry cycle, 22 years. The plant consists in a sawmill, kiln drying facilities to process the whole sawmill
production, a cogeneration unit with a biomass fuelled boiler, and a remanufacture plant, including planning,
cutting-to-length, optimization, and finger-jointing, among other wood working operations. The production
would be exported (Fierro et al. 2009) (Table 3).

LVL beams is an engineered wood product, used extensively in North America for the wood construction
industry, which has been regionally tested for Fucalyptus grandis wood (Saviana et al. 2009). Beams are
composed of multilayers of rotary-pecled veneers, with their faces parallel to the wood grain, glued with PF
resins and hot pressed. The limiting factor in the beam dimension is the size of the press. LVL beams allow the
transformation of wood with low mechanical properties into high-strength construction product (Spelter et al.
1996). The proposed LVL mill would produce 80x10° m* of beams from 157x10° m? of pine and eucalyptus
sawlogs, 80 and 20%, respectively. The beams of section 45x406 mm, equivalent to 1%4x16 inches, would be
produced in two lengths: 5.4 and 6.1 m, equivalent to 18 and 20 feet, respectively, destined to be sold as con-
struction element for the global market (Caamafio et al. 2016) (Table 3).

Bleached eucalyptus kraft pulp (BEKP)main application as raw material for the production of tissue and
printing paper (Fardim et al. 2013). Kraft pulping is a chemical process that produces cellulose pulp by dis-
solving lignin and hemicelluloses in a strong alkaline solution of active compounds NaOH and Na,S; once
pulp is obtained, it is bleached to increase its brightness (Gullichsen and Paulapuro 1999). The BEKP mill
foreseen for this study would produce 1,000x10° ADT/year, the minimum size for these units (Bajpai 2015).
The required forest land to supply the plant would be 133x10° ha, considering that such a mill would consume
annually 3,7x10° m? of Eucalyptus spp. fiber, according to the data for the existing mills in Uruguay (Boscana
and Boragno 2017), and that E. grandis grows in Uruguay at 28 m*/ha/year, with a forest rotation of 10 years
(Cubbage et al. 2014). The bleaching technology would be elementary chlorine free (ECF), with low consump-
tion of chlorine compounds. The chemical input was estimated assuming that the production of 1 ton of BEKP
requires pulping chemicals that cost 35-40 USD/ADT (Onarheim et al. 2016, Rasmussen 2012). The proposed
plant produces an excess of energy that would be sold to the Uruguayan electrical grid at §7USD/MWh (UTE
2011) (Table 3).

The production of pine bleached chemical thermomechanical pulp (BCTMP) is feasible even in small or
medium size, with a lower level of investment, estimated at 850 USD/ADT year, in opposition to the 1,500 to
2,000 USD/ADT required for BEKP. BCTMP is a flexible product that can be used in printing, tissue papers
and board, as a filler pulp (10 to 30 %) (Fardim ef al. 2013), which allows a cost reduction. The proposed plant
considered had a production of 130x10° ADT, with a fresh-wood consumption of 277x10° ton/year, well within
the resources of pine wood in Uruguay. The product is electro-intensive but the wood yield is very high and
chemical consumption is low (Ayroud 1997). It is considered that the produced BCTMP would be marketed
regionally as filler pulp, substituting chemical pulp in non-integrated paper mills. The plant produces 23,400
ton/year of lignosulphonates. The plant consumes 126 GWh, and generates 29% and 30% by wind and cogen-
eration, respectively, to reduce the value of electric energy to 62 USD/MWh (Cabrera et al. 2018) (Table 3).

Medium density fiberboards (MDF) are panels made with wood fibers, obtained by mechanical means
from wood chips, glued with phenol-formaldehyde resins and formed in a continuous hot press (temperature
around 200 °C). They are extensively used in the furniture industry, and in moldings for room decoration. They
can be easily machined and covered by coatings and paints. The proposed plant would fabricate 300x10° m? of
MDF panels from 557x10° m® of pine pulp logs obtained from thinnings. Due to the relatively high capital cost,
a large mill was designed to benefit from economy of scale. Panel thickness would vary from 3 to 30 mm, ac-
cording to client specifications. The selected glue would be urea-formaldehyde (UF). The mill would consume
0.44 MWh of electric energy per m* of MDF; in addition, due to thermal energy requirements, cogeneration is
not economically feasible (Aguirre ef al. 2017, Méndez et al. 2016) (Table 3).

Oriented strand boards (OSB) are composite wood panels fabricated with log flakes disposed in layers
oriented by mechanical means and glued with phenol-formaldehyde resins and polymeric diphenyl methane
diisocyanate (pMDI) in a hot-press. OSB are extensively used in the construction industry for flooring, ceil-
ings, sheathing in walls, lining, among other applications. The density of the panels is adjustable within limits
during pressing. Even though particles are large, limiting contact surface, pMDI, the standard for the industry,
is expensive in Uruguay and increases the operating cost of the mill. The proposed mill would produce 150x10?
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m? of OSB board, with a fibre consumption of 300x10* m?® of pine pulp logs, obtained by thinnings (Brizolara
et al. 2015) (Table 3).

The proposed power plant would produce annually 165x10° MWh, fuelled by 144x10° ton/year forestry
biomass. The plant would burn the biomass to produce gas, which would be burned in a torsional chamber to
produce 67 ton/h of superheated steam (485 °C). The steam would be used to produce electric energy by means
of a steam turbine connected to a generator. The plant would not condensate the steam in an associated process,
but in an air-condenser. The electricity would be sold to the Uruguayan electrical grid. This is the only project
selected which was estimated economically not feasible (Borche ef al. 2012). It was included to have a baseline
for one of the primary uses of woody mass. It should be pointed out that Uruguay does not have fossil fuels,
and air-dried wood, at 5 USD/GJ, is the cheapest fuel available for thermic energy (Dieste ez al. 2016)(Table 3).

Table 3: Wood products: production, fibre requirements, format, energy input and forestry land requirements.

Production Fibre Electricity Land Investment

Forest Wood 1000
product product unitx1000 format unitx1000 GWh/year ha USDx10°
Central CLT m’/year 30 Boards m’/year 44 8 6 24
Pine TMT  m’year 10 Boards m®year 27 3 4 24
LVL m’/year 80 Logs m’/year 157 24 10 68
Pine 22

timber m’/year 40 Logs m’/year 103 -19 7
BEKP ADT/year 1000 Logs m’*/year 3700 -500 133 1900
Pine 111

Peripheric BCTMP ~ ADT/year 130 Chip/logs m*/year 277 126 44
Pine 139

MDF m’/year 300 Logs m’/year 557 131 155
Pine OSB m’/year 150 Logs m’/year 300 54 83 83
Electricity MWh/year 165 Chip ton/year 144 10 29 41

The analysis of the data is based on the methodology proposed by Sathre and Gustavsson 2009, where the
added value is a difference of inputs minus outputs, considering that workforce and capital operate in a close
system, adding value to the biomass used as raw material, other raw materials such as wood adhesives, and
energy (Equation 1 and 2).

VAT = (VPP +VMBP + VEBP)_(VBI + V01 +VE1) €]

VBI

VA, =VA, x —————
=V Vr +Vor Vg

2
Where:

VA, - total value added

VPP - value of the primary product

V. sp - Value of the material by-products

V g - Value of energy by-products

V,, - value of biomass inputs

V,, - value of other material inputs
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V_, - value of the energy inputs
VA, - value attributed to the biomass input

In addition, the added value per unit of surface was calculated by dividing the required forestry raw materi-
al volume by the MAI (Table 1), considering the log to product conversion factor presented for the description
of each process. Furthermore, the surface considered for each project was the land effectively occupied by
trees, and not the affected area, which includes roads, fire breaks, biodiversity protected areas, among others.
Finally, the added value per investment was considered by dividing VA_ by the total investment.

RESULTS AND DISCUSSION

The distinction of raw material between central or peripherical forests products is relevant to explain value
added to the wood products. Wood products manufactured from central forest products, obtained at the end of
the rotation, add more value to the unit of product, to the unit of biomass and to the use of the land than the
peripherical products. The wood products that create more value are obtained by mechanical transformation
of wood, and are destined for the construction industry, including appearance and structural timber. CLT and
TMT should be considered as alternatives to add value, comparable to a remanufacturing plant to produce
mouldings, appearance panels, furniture parts, among other option. However, both products are particularly
interesting, since both are considered new products with a favourable market prospect, linked to the devel-
opment of policies to promote wood as construction materials (Ramage et al. 2017). In addition, CLT has the
highest relation between value added and capital invested, and, consequently, is not as capital intensive as
the other wood products. Perhaps the pressing research question is to define the required timber grade be to
fabricate these products, since the lower it is, the higher would be the profit. In this line of thought, CLT has
been produced in Uruguay from low-grade logs obtained from pine thinnings, with promising results (Bafio
et al. 2016). LVL beams are a very attractive opportunity: technology is mature, and due to its high recovery
factor, is the top product regarding added value per ha-year. Pine timber is, among the solid wood products,
the lowest alternative to add value, and it should be considered a stage in the chain of value. In addition, BEKP
also creates value, by efficiently converting fast-growing Eucalyptus in a demanded commodity; however, it
does not add as much value per product as the solid wood products studied. Furthermore, is a capital-inten-
sive industry, with the lowest relation observed of value added per capital invested. Pulp products, BEKP and
BCTMP, present similar levels of added-value per product, but BEKP adds significantly more value per unit
of biomass and per ha-year. Under Uruguayan conditions, BCTMP would necessarily be part of an integrated
chain of products, and therefore, requires more land (Table 4).

The peripheric forest products are the raw material to manufacture wood products that present lower lev-
els of value-adding, particularly by unit of biomass or per ha-year. Pine BCTMP seems an attractive option,
especially regarding added value per product. MDF and OSB panels have low levels of added value, combined
with a low added value per USD invested. They are capital intensive industries, which currently experience a
low-price cycle for their products (FAO 2017). The fabrication of both panels would require a significant quan-
tity of adhesives, which, in countries with no petrochemical industry such as Uruguay, are expensive. Finally,
the use of wood to produce electricity is presented as an option to complement other production; as an isolated
project, it would not generate enough value to be interesting (Table 4).

Table 4: Wood products: added value per unit of product, biomass, forestry land and investment.

Forest USD/un. USD/un. USD/per ha- USD/USD

Wood product product P B year iny.
CLT panels Central 540 320 2600 0,70
Thermally modified timber 490 420 1300 0,20
LVL beams 270 120 4300 0,30
Pine timber 220 140 1200 0,40
BEKP 200 130 1500 0,10
Pine BCTMP Peripheric 210 60 700 0,30
Pine MDF panels 100 30 200 0,20
Pine OSB panels 80 20 100 0,10

Electric energy

50

40

300

0,20
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To boost value added in wood products there is a clear opportunity to develop a chain of value, in a cas-
cade-wise (from high to low value) system. This study was conducted by analysing each process isolated, and
the results showed that a combination of process, by establishing coproduction lines, would potentially provide
the best value to the log and to the forest land. The integration between different production processes could be
achieved at different levels, e.g. extraction of hemicelluloses from strands destined to OSB production (Candan
et al. 2017). Moreover, it is arguably that the lack of opportunity to co-produce valuable wood products using
the whole forest biomass (central and peripheric products) is the main reason behind the slow development of
the mechanical transformation of pine wood in Uruguay. To obtain 22-years-old sawlogs destined to fabricate
FJ beams, CLT panels or LVL beams, pine logs from thinnings should be processed to produce OSB or MDF
panels. The absence of some of the slots to allocate raw material would cause the stagnation of the whole value
chain. Therefore, an industry that would use peripheric forest products is critical, perhaps not due to its value
adding capacity, but because it gives stability to the forestry value chain.

Switzerland, France, Germany, among other European countries, as well as Japan, Canada or Australia,
have policies to curb global warming that are aiming to replace construction materials with high levels of
embodied energy, such as concrete and steel, with wood; these “wood first” regulations encourage the usage
of timber as construction material (Oliver and Venables 2012, Ramage et al. 2017). From 2010 to 2015 the
market share for wooden multi-storey apartments grew from 1 to 10%; in Sweden, by 2020, this construction
technology is expected to achieve 50% of the market share (Toppinen et al. 2017). If this trend effectively
changes the global construction industry, there would be a strong demand for wood building materials, which
could consequently expand the fabrication of solid wood products in countries such as Uruguay.

Uruguay forestry resource is made of two species, pine and eucalyptus. The wood products for the con-
struction industry that potentially add more value were analysed for pine, except for LVL beams, proposed as
a combination of both species. This study was concentrated in pine because the forest resource is underutilized
in Uruguay. However, there are other arguments to opt for pine as raw material for engineered wood products,
as opposed to eucalyptus: it dries faster, consuming less energy; it is impregnable; and it has good adhesive
ability. In addition, in Uruguay pine plantations have been pruned, and therefore, there is a significant amount
of wood free of knots and related defects (Bussoni and Cabris 2010). The aptitude of Uruguayan pine timber
as structural material has recently been informed (Moya et al. 2017). Arguably, the main drawback for the
development of this industry is the lack of a market for the by-products of the mechanical transformation.
Conversely, Eucalyptus grandis timber has also a strong potential to be used as raw material for engineered
wood products, mainly due to its high ratio of modulus of elasticity to density (Piter et al. 2007, Saviana ef al.
2009), and the presence of eucalyptus pulp mills in the country could potentially contribute to the development
of high-valued wood products for the construction industry. In Uruguay, BEKP is obtained from a central for-
est product, eucalyptus pulp logs, with plantations destined exclusively for this purpose, but, in an integrated
market, pulp can be produced from by-products of the mechanical transformation industry, increasing value
adding Recently, the feasibility of the fabrication in China of CLT panels from eucalyptus originally cultivated
for pulp production, was successfully assessed (Liao ef al. 2017). This is an indication that demand could shift
the production objective of fast-growing-tree plantations.

Successfully forest policies oriented the establishment of a sound forest resource in Uruguay; this study
contributes knowledge for the development of wood industrialization policies. The expected global demand
of wood fiber products, including construction components, tissue and packaging paper, offers an opportunity.
The co-production of different wood products in a multiproduct chain of value would shift the limiting factor
of operation from markets to the availability of wood (Diesen 2007).

CONCLUSIONS

The origin of the forestry biomass defines the product added value. Solid wood products for appearance or
structural applications are at the top of added value list, considering value added per product, unit of biomass
or unit of forest land per year. In terms of value added per product, CLT panels and TMT are clearly higher
than the other products considered. LVL beams is the product that add more value to the ha-year of forestry
land. BEKP is also an interesting alternative, especially regarding the value added per ha-year; as drawback, it
requires very high investment. This study gave evidence that the local cost of chemicals and energy are critical
for the development of a competitive OSB and MDF panels industry. In addition, logistics remains a major
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challenge in Uruguay, given the average distance from the forest plantation to the port, and the cost of internal
freight. The production of electric energy is not economically feasible except by cogeneration at the same
location where fuel (wood residues) are produced. Uruguay would benefit from a consolidated chain of value
of wood products, in which forest products, whether central or peripherical, are allocated to maximize added
value, fostering the transition to an integrated bioeconomy.
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