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Abstract
& Key message Chestnut timber is a resource that has so far been underestimated. The production of laminated chestnut
beams represents important progress; it is necessary to check its market performances and the opportunities offered
from non-market characteristics. To ensure competitiveness margins in the future, dedicated chestnut timber policy is
required.
& Context European Union policies for sustainable development converge towards the enhancement of forest resources.
Hypothesis: enlargement of the range of wood products and increase in timber products usage can only be achieved if these
products are more competitive than conventional.
& Aims With respect to conifer timber, chestnut timber has competitive characteristics. However, chestnut timber has had very
few opportunities for market development in the last decades. As result of its competitiveness margins, the laminated chestnut
beams process has recently developed.

For this product, a conventional market or competitiveness space has been established as well as its extension in relation to
non-market characteristics.
& Methods Market space has been defined by determining

& the producer’s reserve price limits, using the cost approach criteria;
& the consumer’s upper limit, using the market comparison approach;
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& the expansion of the upper limit for the non-market characteristics, the environmentally friendly consumer price, determined
through interviews with a sample of responsible consumers.

& Results Limits are:

& the producer’s reserve price is 752.68 €/m3;
& the consumer’s reserve price is 918.77 €/m3;
& in the main regional market (Rome district), the environmentally friendly consumer’s price is 1164.08 €/m3.

& Conclusion Knowledge of the various market limits of chestnut timber allows producers to assess its competitive margins.
Conservation over time of these margins, however, requires dedicated governance, as well as the adoption of a forest strategy
aimed at promoting the timber production quality and a marketing plan to promote the knowledge of the characteristics of
chestnut wood (market and non-market characteristics) and increase the number of responsible consumers.

Keywords Opportunity cost . Market space . Producer’s reserve price . Consumer’s reserve price . Environmentally friendly
reserve price . Production costs . Market prices

1 Introduction

In order to foster sustainable economic development, timber
production and other timber products, together with all re-
sources from renewable sources, must be competitive on the
market (Forest Europe 2018). The increase in the variety of
products that are wood-based and of their market space in-
creases the long-term competitiveness of forestry sector pro-
duction given that they are a renewable resource and that their
products are environmentally friendly.

The Forest Action Plan 2007–2011 (Commission of the
European Communities 2006) was the first document that
mentioned the competitiveness as one of the main drivers for
the forest sector. The necessary financial resources needed to
support the plan should be taken from the Rural Development
Programme. The subsequent EU Forest Strategy 2013
(European Commission 2013) indicated that competitiveness
and the sustainability of the timber transformation production
process were both equally important in reaching the goal for
an efficient use of resources and energy and in curtailing direct
and/or indirect environmental impact. The action plan
(European Parliament 2015) highlights the need for innova-
tive products with high added value, which then stand out and
transform the abovementioned aims into competitive advan-
tages. The EU forest-based industries’ strategy (Commission
staff working document 2013) identifies an increase in com-
petitiveness as the means by which to overcome and reverse
the forest-based industries’ downward trend over the last de-
cade. The same document highlights the need for an increase
in consumer demand, obtainable by emphasizing the environ-
mentally friendly performance of wood-based products.

From an economic point of view, competitiveness is the
“ability of a firm or a nation to offer products and services that
meet local and world markets quality standards, at prices that
are competitive and provide adequate returns on the resources

employed or consumed in producing them.”1 Extensive com-
petitiveness analysis has been carried out to investigate the
international timber trade (Dieter and Englert 2007;
Daigneault et al. 2008), but this can be used for firms and
products traded on national or local markets (Chikán 2008).
Competitiveness analysis is the tool for validating the market
performance of new products once expected technical stan-
dards have already been verified.

Ecological, environmental and socio-economic attributes
are competitive advantages, which can be applied to timber
products in the market (Bliss and Kelly 2008). Main product
benefits are (a) the increase in the value of the products; (b) the
possibility to attract sensitive and informed consumers (re-
sponsible consumers); (c) the introduction of non-market
characteristics (competitive advantages) for comparing similar
products. Firms that base their market strategy on competitive
advantages expect their consumers to pay a premium price for
those added benefits.

European chestnut (thereafter, chestnut) is an important
species for inland, forest and marginal areas (disadvantages
areas) in Italy (Ministry of Agricultural, Food and Forestry
Policy, 2008 and 2010; Bounous 2005). Its timber products,
of low added value, are sold in local or limited markets. Given
its high physical and mechanical standards (Brunetti et al.
2015), the current use is strongly in contrast with EU policies
related to the efficient use of resources (European
Commission 2011a/a, European Commission 2011b/b) and
sustainable bio-economic growth (McCormick and Kautto
2013; European Commission 2012). Moreover, many chest-
nut operators are requesting policies that would encourage the
development of new products (Manetti et al. 2010) with
higher added value, which would meet the standards of and
have the necessary certification to enter more demanding
1 Business Dictionary, Web Finance. URL download on 13th November
2018.
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markets (especially those relating to the use of wood for struc-
tural purposes and public procurement markets). The adoption
of a strategy to enhance chestnut products responds to the
broader need to investigate the socio-economic opportunities
arising from smaller markets (Hetemäki and Hurmekoski
2016).

Since the early 1960s, laminated softwood beams have
been exported from Northern and Central Europe to all the
other European countries. Their success is due to their ability
in overcoming limits imposed by solid wood beams (e.g. size,
length, shape etc.), increasing breaking strength because
cracks cannot easily propagate and also in guaranteeing lam-
inated products with high standards even for structural use.
There is currently evidence that hardwood glulams generally
provide a superior physical and mechanical performance
(Aicher et al. 2014; Romagnoli et al. 2014), while Brunetti
et al. (2015) and Lanvin et al. (2015) have shown that chestnut
wood has suitable properties for more complex usages. They
have also defined a laminated chestnut beam production pro-
cess and demonstrated high performance. Laminated chestnut
beams (LCBs) are a novelty product in the European market,
and they can be an alternative to traditional laminated beams.
Moving from the technical to the market aspects, the aims of
this study are to verify if LCB products can be competitive on
the laminated timber market and the role of their competitive
advantages on the market.

The first section of this paper describes the laminated chest-
nut beam chain and factors that influence competitiveness.
The latter section investigates LCBs competitiveness and
competitive advantages. The producer and consumer oppor-
tunity costs approach has been used to define the market
space, while evaluation of comparative advantages has been
used to extend the LCBs market space. Relevant suggestions
useful for marketing LCBs have been mentioned in the
conclusion.

2 Background

The chestnut forest area covers 2.5 million hectares (Conedera
et al. 2016), less than 2% of the EU forest area. Compared
with the Northern European softwood area and volume
(respectively about 100 million hectares and 20 billion cubic
meters; Forest Europe 2015), chestnut forest land and timber
production is significantly lower. This is a relevant bio-geo-
physical limit for the chestnut timber market perspectives.

The largest part of chestnut forest area is managed for tim-
ber production, and a small area is for fruit production.
Chestnut timber production and their wood products have
only recently been exposed to a qualification process.
European Technical Approval (ETA) for the “Uso Fiume”
beams (Brunetti et al. 2013) and machine strength grading
implementation (Nocetti et al. 2016; Nocetti et al. 2013a,

2013b; Vega et al. 2012; Nocetti et al. 2010) are both aimed
towards obtaining the CE mark (Conformité Européene). The
expectation is that new market opportunities should become
available.

The study has been developed using the Lazio region case
for the following reasons:

a) this region has a forest area of more than 600,000 ha
(30%). Chestnut forest covers about 6% of the forest area,
the majority of which is managed as coppice for timber
production with a high volume for woodwork (used for
constructing buildings, or other structural parts of a build-
ing or house);

b) many of typical pests and diseases that have affected
chestnut plants and other processes that damage timber
production are now efficiently contained andmitigated by
specific silvicultural approaches (Rigling et al. 2016;
Spina and Romagnoli 2010; Vettraino et al. 2005);

c) the chestnut chain is the most relevant socio-economic
regional forest chain;

d) Brunetti et al. (2015) developed the LCB experimental
process using chestnut timber produced in this region;

e) many monumental buildings in Lazio (and Tuscany) have
undergone extraordinary maintenance programmes. Old
solid chestnut beams and “Uso fiume” solid beams, used
largely in the past for constructing buildings (Manetti
et al. 2017), have been replaced by laminated softwood
beams.

2.1 Laminated chestnut beams chain

The laminated chestnut beam production cycle begins with the
forest management of chestnut coppices and ends with the
LCB product by chestnut woodworking. It involves logging
companies and chestnut sawmills (Fig. 1).

2.1.1 Chestnut forest and log production

The Lazio region chestnut forest covers 35,003 ha. Only a few
hectares are managed as high forest for fruit production
(5895 ha) but the largest forest area is managed as coppices
for timber (27,266 ha) (Gasparini and Tabacchi 2011). Overall
timber production has been estimated to be 180,000 m3/year,
while chestnut for woodwork is on average 2.09 m3/ha/year
for a total volume of 56,956 m3/year (Table 1). Public and
private owners are involved in chestnut timber production,
and many forest management approaches have been adopted
over time (Angelini et al. 2013; Manetti et al. 2002; Amorini
et al. 2000). Only a few chestnut firms, usually private chest-
nut owners, adopt a well-structured forest management ap-
proach (Manetti et al. 2017): not less than three intermediate
cuttings and a final cutting at about 30 years. Chestnut forest
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owners implement forest management with a logging compa-
ny that purchases stems already identified to be cut. This or-
ganization allows sawmills to buy those timber lots that meet
their market needs.

2.1.2 Laminated chestnut beam production

Logs are processed in technologically advanced sawmills that
have computer numerical control. The first step involves log
cross-cutting and selection using a dedicated machine. Two
macro-production types are obtained:

& logs used for small poles, scantlings and purlin because
they do not have the diameter (average diameter < 15 cm)
and/or length (< 2 m) suitable for production of boards or
beams;

& logs used for higher added value that have standard di-
mensions (average diameter > 15 cm and length > 2 m)
and no defects.

When considering added value production, wood is subject
to the following processing:

& squaring of the log (sizing of the two parallel faces) using
a band saw with a carriage;

& cutting of logs using a multi-blade saw to obtain the thick-
ness required to produce boards.

Two intermediate product types are obtained:

& chamfer timber such as purlin and “Uso fiume” beams;
both have flexible standard dimensions;

& square-edged timber such as different sized boards, rect-
angular cross section beams and purlin.

Both require further processing. Part of the semi-finished
products often undergo further processing in the same saw-
mill, and wooden trusses, roofing matchboards and indoor or
outdoor furniture are produced. Alternatively, semi-finished
products are sold on the market as intermediate goods for
woodworking processes in order to obtain the highest added
value products. Most advanced sawmills are equipped with a
kiln designed to artificially dry wood.

First qualification concern selected chestnut boards that
have dimensions of length > 2 m; width > 10 cm, thickness >
2 cm, without defects. This material is artificially dried, and
they reach the required moisture content of 12% in 40 days. A
second raw qualification is carried out by a sawmill. Any
wood with significant defects (large knots, deformation and
defective wood etc.) is rejected, while only suitable material of

Table 1 Chestnut woodwork
production by region Regions Chestnut forest area(1) Chestnut woodwork

production(2)
Chestnut woodwork
production per unit of area(3)

ha m3 % m3/ha

Campania 13,509 113,782 16.63 8.42

Calabria 54,818 184,184 27.00 3.36

Lazio 27,266 56,956 8.53 2.09

Tuscany 111,495 126,754 20.88 1.14

Lombardy 67,885 13,882 14.88 0.20

Piedmont 143,575 40,377 11.12 0.28

Other regions 358,159 63,169 17.60 0.18

Total 605,866 485,322 100.00 0.99

1Gasparini and Tabacchi 2011
2 Istituto Nazionale di Statistica, 2003
3Our elaboration
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Fig. 1 Laminated chestnut beam chain
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a high standard for structural use is delivered to the wood-
working company.

A specialized laminated beam woodworking company
carries out a third selection on dried chestnut boards. Dried
boards are strength graded by a gradingmachine following the
protocol of EN 14081-2 (European standard 2012). Further
selection is carried out and defects (such as end shake caused
by the drying process or wane that could limit the production
of finger joints) are removed using a circular saw. Planks
obtained are glued at the head with finger joints to obtain laths
with standard lengths; their widths are later reduced to the
uniform size by the moulding machine. The next step is to
apply the primer, as suggested by the wood adhesive supplier
to improve bonding quality, on both sides of the laths, and
later glue is applied waiting not less than 15 min. Then, laths
and lamellae are glued together in the gluing press. LCBs
remain in the glue press for more than 3 h, and later raw
LCBs will be reduced to their final uniform size for selling
as semi-finished products on the market.

2.2 Factors influencing competitiveness

A product is competitive when it meets characteristics suitable
for trading and has a price commensurate with that of similar
products. Another definition of competitiveness is when
goods are not excluded from the market, either by firms pro-
ducing similar goods or by unexpected market dynamics due
to the introduction of alternative products with significantly
lower production costs and consequently sensitive lower mar-
ket price (Begg et al. 2008; Porter 1985).

Competitiveness is the result of exogenous or endogenous
decisions, events or dynamics that affect the firm or its prod-
ucts. Exogenous ones are partially, or not at all, controllable.
Firms are however called upon to define strategies to counter-
act the possible reduction of competitiveness or, if external
events are positive, to seize the opportunities. In the events
of endogenous decisions, the firm has complete control of
competitiveness and of its products.

2.2.1 Institutions

According to Haider (2012), competitiveness on international
markets is determined by three aspects: institutional organiza-
tion, policies and factors, which influence process
productivity.

If they are clearly outlined, these same aspects can be used
to analyse competitiveness on national and sub-national mar-
kets, assuming all other factors and/or dynamics remain un-
changed. It is essential that policies be adopted to safeguard
these aspects while defining them in relation to social and
economic systems in disadvantaged areas. Furthermore, it is
important that certain measures are taken in order to guarantee
that products are competitive on the markets, such as ensuring

that local natural capital is safeguarded and that resources,
products and production processes improve their environmen-
tal performances.

Institution organizations, such as national or regional cen-
tral government, carry out initiatives aimed at ensuring that
processes and products conform to established standards in
terms of environmental impact and social well-being.
Standards that regulate these activities are those in current
use. The development of resources and processes is, however,
usually carried out through financed policies, which define the
aims to which the economic system should aspire and define
newmarkets and new product categories. These policies relate
to:

& the area, for which two targets are of particular interest: (a)
promotion of historic and cultural values, resources and
relevant products with the aim of highlighting the added
value deriving from that specific area, when compared
with similar competitive products; (b) strengthening infra-
structure to ensure efficient, accessible, fast and cheap
links between production and commercial sites;

& the sector, specifically forestry chains and forestry ecosys-
tem services, as maintaining these services is important for
the area, the environment and the community;

& the firms, by creating conditions whereby production costs
are reduced, efficiency is increased, with a positive impact
on revenues. The main action lines are (a) bridging the
social and economic gap that exists between firms operat-
ing in dynamic economic contexts and those operating in
disadvantaged areas; (b) modifying the organization and
efficiency of production processes (on a social and envi-
ronmental level), by improving equipment, promoting
training etc.; (c) supporting production processes and
product research and development; (d) promoting tangible
and intangible investments to ecosystem services and
preventing disservice, as well as improving the quality of
management and use of resources etc.

Any initiative taken to safeguard and promote the above
policies will involve all firms, in the area, and will produce
positive effects on their competitiveness. Advertising in-
creases competitiveness, whereas in contrast, transaction
costs for using natural resources and for developing admin-
istrative procedures lead to a loss in competitiveness and,
indirectly, favours suppliers of similar and/or alternative
products.

2.2.2 Enterprises

Having so far considered the feasibility, intrinsic standards
and the production process, each firm owes its survival to
the production of competitive goods. For any firm, product
competitiveness means that (a) the product must be
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appreciated by the market; (b) the market price must cover
total production costs; (c) the market price must not become
a barrier for consumers; (d) the product should have, at least,
one characteristic that makes it preferable when compared
with other similar products.

The reduction of costs and the increase in revenue are the
main lines of action. These aspects affect:

& the product’s market space, its limits being production
costs below which the company would operate at a loss
(producer’s reserve price), and the market price, which, if
exceeded, would lead to other products being preferred
(consumer’s reserve price);

& the widening of the market space as a result of promoting
characteristics that are not market-related (environmental-
ly friendly consumer’s reserve price) and the recognition
of a premium price for performance associatedwith social,
hedonistic, cultural, ecological and environmental
characteristics.

3 Materials and method

LCBs are competitive in the market if the following condi-
tions are met (Fig. 2):

Consumer’s reserve price½ �≥ LCBs market price½ �≥ Producer’s reserve price½ �:

The producer’s and consumer’s reserve prices define the
market space or competitiveness market space [Δ]. The wider
the market space, the greater the product’s competitiveness.
Formally

ΔLCBs ¼ LCBs Producer’s reserve price½ �− LCBs Consumer’s reserve price½ �:

The producer will no longer be competitive on the market if

& LCBs market price < Producer’s reserve price because
LCBs market price does not cover the total production
costs;

& LCBs market price > Consumer’s reserve price because
consumers can buy similar products that have better per-
formances than LCBs at the same price.

Comparative advantages, however, may lead to an increase
in the consumer’s threshold. Informed and sensitive con-
sumers (responsible consumers) include these characteristics
when evaluating the purchase of market goods. In this way,
responsible consumers introduce a new threshold defined as
the environmentally friendly consumer reserve price (Fig. 2).

3.1 Producer’s reserve price

A lower threshold is defined by the total production costs. The
cost approach is the most appropriate criterion (Gallerani
2011), using the standard cost procedure. This procedure has
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Fig. 2 Conventional market and environmentally friendly market
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been widely adopted in the industrial sector for prior determi-
nation of goods production costs and/or cycles (Bubbio 1994).
The most appropriate machinery, tools and manpower, com-
bined with an efficient production cycle organization and
technical-economic standards, have been adopted.

Total production costs (TPC) can be split between

& direct costs (DrK) that increase with the quantity pro-
duced. They include the main inputs costs and the process-
ing costs;

& indirect costs (IndK), which are those incurred regardless
of the quantity produced. These are divided into general
costs (GnK) and transaction costs (TrK).

Each cost type has been processed in order to obtain the
respective costs per volume of chestnut timber process (€/m3),
adopting the discount rate of 2.00%. The life span of infra-
structures is 20 years, while for machines, it varies in the range
from 5 to 18 years.

The production process under investigation represents the
last step of the laminated chestnut beams production chain
(Fig. 1). This begins with the purchase of dry chestnut planks
from a sawmill and ends with LCBs as final product ready to
be sold. Technical parameters are obtained from the monitor-
ing of the LCBs experimental process (Brunetti et al. 2015),
while other technical and monetary data was gathered from an
interview carried out with the manager of the woodworking
firm. Other sources have been market surveys and technical
documents.

3.2 Consumer’s reserve price

The upper threshold is defined by consumer choices. Given
that there are budget constraints, rational consumers adopt the
market price as the most efficient tool in the purchase process.
Formally

Dbi ¼ f B;Pið Þ
where [Dbi] is the individual demand for the goods i; [B] is the
budget; [Pi] is the market price of product i.

The consumer’s reserve price has been obtained using a
comparative approach developed in the Real Estate
Appraisal (Schram 2006) known as Market Comparison
Approach (MCA) (Ling and Archer 2010; Rattermann 2007;
International Valuation Standard Council 2013). The formal
multivariate linear regression model has been implemented as
follows:

Y i ¼ f β0 þ β1 � X 1 þ…þ βixi þ…þ βn � X n þ εið Þ ð1Þ
where, [Y] is the vector of market prices (dependent variable);
[X] are the vectors of independent variables, i = 1,….. n; [β] is
the coefficient vector of the independent variables X, i =

1,….., n; [Ɛ] is the estimated error of the observation i.
The main steps for implementing the MCA have been:

& carrying out a market price survey;
& selecting the elements of comparison;
& preparing a sales summary grid;
& data elaboration;
& results

During the Spring 2014, a market price survey was carried
out and 17 timber sellers in the Lazio region have been in-
volved and interviewed. Size classes of timber of 10 × 10 cm
and 20 × 20 cm have been considered, and a total number of
76 laminated beam prices of the main conifer species and
beech have been recorded (Carbone et al. 2020). Targets have
been the following:

a) the identification of similar market products. The survey
shows that coniferous laminated beams are the beams
most sold on the regional market. Beams are mainly made
from Silver fir (Abies alba Mill.), Norway spruce (Picea
abies H.Karst.), European larch (Larix deciduaMill.) and
Scots pine (Pinus sylvestris L.). These were often import
from Northern Italy and Central Europe (Austria and
Germany). Although some market reports mention the
presence of poplar (Populous ss.pp.) and beech (Fagus
silvatica) laminated beams, our survey did not find any
evidence of this in the Lazio Region and in nearby
regions;

b) the market price of Silver fir, Norway spruce and
European larch laminated beams. The survey indicated
that, despite having different technical and mechanical
parameters, Silver fir and Norway spruce laminated
beams are both included in the GL242 class and they have
the same market price;

c) other relevant market aspects, such as (i) the price of the
laminated beams defined per unit of volume (€/m3) with
no difference in the cross-section size classes; (ii) the sale
of laminated beams without any species-specific perfor-
mance certification, reporting only bending strength class
parameters of the glued laminated timber, corresponding
to GL24 for the entire sample. This variable is not useful
for distinguishing different wood products. Therefore, the
survey relied on the physical and mechanical parameters
of planks, used for producing laminated beams, for the
specific species processed in Italy for structural usage
(Ente Italiano di Normazione, 2010; Ranta-Maunus
et al. 2011; Militz et al. 2003).

2 GL24h: GL = Glued Laminated Timber; 24 = the characteristic bending
strength in MPa; h = homogeneous, when lamination that constitutes the
laminated beam belongs to the same strength class.
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In the beginning, independent variables of the econometric
model were:

& durability;
& aesthetic characteristics (wood colour, grain pattern etc.);
& flexural strength;
& density;
& market district.

However, durability, aesthetic characteristics and flexural
strength value for defining wood quality have been excluded
because they are considered redundant from a statistical point
of view, even if chestnut timber provides good performance
(Ranta-Maunus et al. 2011). As result, independent variables
considered in the model are two: density and market district,
although they have been subsequently adjusted to build an
econometric model able to determine their marginal contribu-
tion to themarket price. Specifically, we proceeded as follows:

Density Considering the values given in the literature
(Brunetti et al. 2013; Nocetti et al. 2016; Ente Italiano di
Normazione, 2010, Ranta-Maunus et al. 2011), for Silver fir
and Norway spruce (DAA = 420 Kg/m3), for Scots pine
(DSP = 500 Kg/m3) and for European larch (DEL = 610 Kg/
m3), the model includes two differential variables such as
ΔSP andΔEL, obtained respectively as the difference between
the specific density ΔSP and ΔEL with the density of ΔAA

assumed as baseline;

Market district (PMK) Indicating where the seller of laminated
beams is located, which is represented by one of the five
provinces of the Lazio region, that is, Frosinone (FR), Latina
(LT), Rieti (RI), Rome (RM) and Viterbo (VT). It is reason-
able to assume Rome as the largest market of the region.
According to this evidence, laminated beams price in Rome
(PMKRM) has been adopted as the baseline for the others
district markets (PMKFR; PMKLT; PMKRI; PMKVT). As a
result, each province has been considered as a “dummy” var-
iable showing a binary value (0, 1) where the value “1” is
when the seller is located in a specific district while “0” oth-
erwise. In this case, the Rome dummy variable has been ex-
cluded from the database processed in the econometric model.

3.3 Competitive advantage characteristics

The Lancaster theory (Lancaster 1966) states that the consum-
er seeks to purchase a good not only for its intrinsic charac-
teristics but also in order to use its quality or other character-
istics to achieve expected experiences or targets. With regard
to the needs that the consumer intends to satisfy by purchasing
goods, Lancaster had identified two different types of con-
sumption economy: (a) primitive consumption economy, in
which needs are met by the product’s functional (or essential)

characteristics, typical of a rural economy; (b) sophisticated
consumption economy, where needs are also met by qualita-
tive characteristics (social, hedonistic and cultural), typical of
an industrial economy. A third category may be added such is
the environmentally friendly consumption economy, typical
of the green and bio-economy (or of a post-petroleum
economy).

The rise of the sophisticated consumption economy,
followed by the environmentally friendly consumption econ-
omy, has led to the creation of new value profiles for market
goods (Fig. 3). At the price commonly associated with the
good (e.g. wood), responsible consumers attribute values ac-
cording to its functions (e.g. carbon dioxide fixation etc.) and
services provided (e.g. landscape etc.) that are not commonly
considered by the market.

Companies that intend to promote these new value profiles
on the market, expect that:

& responsible customers will take other characteristics into
account, as well as the listed market price. They would
move from evaluating a single criterion when purchasing
goods (the price) to considering multi-criteria (evaluating
“n” product characteristics);

& environmentally friendly products could command a pre-
mium price that responsible consumers would pay even in
the case of non-labelled alternative products with a lower
price exist on the market.

Affirming that a product is the means of expressing char-
acteristics (topics) to which the consumer gives an order of
importance (weight), the individual demand function becomes
the following

D ¼ f B; Pi; ρið Þ;
�
Ci; δi

�h i
where [D] is the individual request for the product; [B] the
budget; [Pi] is the product’s price; [ρi] is the significance given
to the price; [Ci] is the other characteristics of the product “j”;
[δi] is the significance of the characteristic “i” of the product.

Va
lu

e

1874 1970 Today Time

Fig. 3 Product value over time
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The preference of consumers to purchase LCBs is due to a
series of characteristics strictly related to the specific product.
These were evaluated in a survey (Table 2) developed and
given to a group of regional experts. The questions were re-
lated to profiles linked to different social, hedonistic, cultural,
ecological and environmental characteristics. In order to de-
velop a comparative analysis, the questions were divided as
follows:

& those relating to wood characteristics of the various
species specifically used for producing laminated
beams.

& those related to common characteristics of laminated
beams, without any distinction with regard to the species.
In this case, the consumer expresses a preference for lam-
inated timber beams over similar products made with oth-
er materials.

The following requirements had to bemet when identifying
any competitive advantages:

& they should not be redundant, that is, the characteristic are
already listed on the market;

Table 2 Evaluation of characteristics defining comparative advantages

Classification of
characteristics

Characteristics that could prompt
comparative advantages

Question

Functional Natural longevity Given a scale with “10” as the best longevity performance and “0” as the worst, howwould
you evaluate the beams made from the following timber species: Silver fir, Spruce,
Larix, Scots pine and Chestnut?

Hedonistic
Cultural and

Social

Wood grain Given a scale with “10” for the best natural grain in laminated beams and “0” as the worst,
how would you evaluate the grain of the following timber species: Silver fir, Spruce,
Larix, Scots pine and chestnut?

Safeguarding of local production Regardless of the species, given a scale with “10” as the highest score and “0” as the lowest,
what importance do you attribute to the safeguarding of local species in relation to
consolidating a global market?

Cultural and environmental familiarity Given a scale with “10” as the highest evaluation for cultural and environmental familiarity
with laminated beams, and “0” as the lowest, how would you evaluate the use of
laminated beams of the following species: Silver fir, Spruce, Larix, Scots pine and
Chestnut?

Socio-economic importance of forest
areas

Regardless of the species, given a scale with “10” as the highest score and “0” as the lowest,
how important is it that laminated beams should be produced from timber coming from
forests which have ecological safeguards but in which silviculture for timber production
is permitted?

Sustainable development in inland and
marginal areas

Given a scale with “10” as the best score and “0” as the worst, how important is laminated
beam production from the timber species Silver fir, Spruce, Larix, Scots pine and
Chestnut for inland or marginal areas?

Ecological and
environmental

Reduction in emissions caused by
transporting laminated beams

Given a scale with “10” as the best score and “0” as the worst, to what extent do laminated
beams producedwith timber fromSilver fir, Spruce, Larix, Scots pine and Chestnut meet
the aim of reducing the distance between the timber production site, the processing site
and the site of use?

Sustainable forest management Regardless of the species, given a scale with “10” as the highest importance and “0” as the
least, what score would you give laminated beams made from timber forests managed in
a sustainable manner?

Contrasting climate change Regardless of the timber species, given a scale with “10” as the highest score and “0” as the
lowest, how important do you consider the use of laminated beams, rather than similar
products whose production processes generate more climate altering emissions?

Primary forest protection Regardless of the timber species, given a scale with “10” as the highest score and “0” as the
lowest, how important do you consider the use of timber from anthropized forests as a
means of safeguarding primary forests?

Post-petroleum economy Regardless of the timber species, given a scale with “10” as the highest score and “0” as the
lowest, what score would you assign to the use of laminated beams as a means of
encouraging a bio-based economy?

Efficient use of resources Regardless of the timber species, given a scale with “10” as the highest score and “0” as the
lowest, howwould you evaluate the use of laminated beams as an efficient use of natural
resources?

Source: our elaboration
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& they should enable a comparative analysis of laminated
beams produced from different types of timber to be car-
ried out;

& they should permit the rating of laminated beams in rela-
tion to important global challenges (climate change, de-
forestation etc.).

The experts were asked to rate the products

& by behaving as if they were responsible consumers;
& bymaking use of the metric system defined by the interval

between [0] and [10], which are, respectively, the lowest
and the highest rating;

& by considering the rating of “5” as a sufficient threshold.

The surveys were subsequently elaborated in order to
obtain:

& the absolute rating (AR) of each beam;
& the individual preference rating (PR) of each beam in-

volved in the study.

AR index has been obtained as sum of the average values
given by single responsible consumers about each wood and
its common characteristics. It express the preferability of the
consumer to use laminated beam instead of other similar prod-
ucts. AR has been expressed as absolute or relative value.
Formally

AR ¼ ∑
12

j→1
qj ∑

5

i→1
μ ci; j
� �� �" #

y

where q is the question submitted to the responsible consumer,
with j = 1,..., 12 questions; c is the value expressed from the
responsible consumer “i” (from 1 to 20), in a scale from “0” to
“10”; y represents the wood species used for producing the
laminated beam (Silver fir; Norway spruce, European larch.
Scots pine, Chestnut); AR has been calculated both for all
characteristics (j = 1, ..., 12) subject to evaluation by respon-
sible consumers and, in more detail, also for wood characters
(ARwv; j = 1, ..., 5) and the common ones (ARLv; j = 6, ..., 12).
The last two indexes have been expressed in absolute and
relative values, where 250 and 350 points are the maximum
scores respectively of the two groups of expressed.

A pairwise comparative analysis has been implemented for
calculating the preference rating (PR) of each species using
the wood characteristics dataset, given the evidence that com-
mon laminated beams characteristics are not species sensitive.
The aim is to define the preferability for a laminated beam
type of one specific species over the others. Formally, PR
absolute value is obtained as

ci;y−ci;yþ1

� �
;

PR relative value is obtained as

ci;y−ci;yþ1

� �
∑
12

i→1
ci;y

:

4 Results

4.1 Production costs

The LCB production cycle was monitored for economic anal-
ysis. In the total production costs of 752.68 €/m3, a distinction
is made between direct costs (84.27%) that include the cost of
inputs (71.84%) and processing (12.44%), and indirect costs
(15.73%) of which transaction costs are 6.02% and general
costs 9.71% (Fig. 4). Details are reported in Table 3. The
highest operative cost is the purchase of dry chestnut planks
66.43%, while the cost of glues and pre-gluing products
(primer) are 5.51%. Other crucial costs are labour (11.52%),
the entrepreneur’s profits (9.09%), machinery operating costs,
tools and other factors including amortization, maintenance
and energy costs, which are 1.55%, 0.62% and 0.91% respec-
tively. The impact of the other costs is approximately 1%.

The evaluation of an efficient use of resources has been
calculated as the ratio between the volume of chestnut timber
dispatched (4.67 m3) and the volume made into LCBs
(2.46 m3). The LCB production process can be defined as a
low efficiency process (52.74%), while the amount of timber
rejected is 47.26% of the volume dispatched (Table 4), and it
is used for energy production.

4.2 Market price

Several econometric models have been estimated but only the
most statistically significant is reported here. Unfortunately
from the market districts, the variable [XPMKFR ] have not
statistically significance and it has been out of the econometric
model. The list below shows all the variables included in the
model with the highest statistical significance:

LBPs ¼ β0 þ βΔ SP*X ΔSPð Þ þ βΔ LX*X ΔLXð Þ
þ βPMKLT

*X PMKLT

� �þ βPMKRI
*X PMKRI

� �
þ βPMKVT

*X PMKVT

� �
LBP is the market price of laminated beams (dependent

variable); β0 is the intercept; βΔ _ SP is the coefficient of inde-
pendent variableΔSP; βΔ _ LX is the coefficient of independent
variablesΔLX;ΔSP is the independent variable relative to the
greater value of Scots pine density compared with Silver fir
and Norway spruce; ΔLX is the independent variable relative
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to the greater value of European larch compared with Silver fir
and Norway spruce; PMKLT is the dummy variable related to
the Latina market district; PMKRI is the dummy variable re-
lated to the Rieti market district; PMKVT is the dummy vari-
able related to the Viterbo market district.

Variables included in the econometric model do not show
multicollinearity (Table 5). The econometric model obtained
has a high statistical significance (R2

adj = 0.84) (Table 6) due
to the reduced variability of market prices for each wood spe-
cies and to the parameterization of the comparison variables.
The latter are all highly significant (stud-t > 2). All variables
included in the model have performed as expected. Given the
incremental approach, the density of chestnut timber coeffi-
cient has been obtained through a linear interpolation (Fig. 5).
Formally

βΔ CH ¼ βSP þ
βΔ LX−βΔ SPð Þ
X ΔLX−X ΔSPð Þ

� 	
* ΔCH−ΔSPð Þ


 �
¼ 2:42

The model for estimating the LCBs market price is

LCB ¼ β0 þ βΔCH
* ΔCH−ΔAAð Þ� þ PMKi

where, in addition to the previously described variables,
ΔCH is the value of chestnut density (580 kg/m3) and the “i”
of the PMK variables is the market district for which the
econometric model will be solved. By replacing numbers with
letters and given that PMKRM = 0, the result is the following:

LCB = 531.77 + [2.42 ∗ (580 − 420)] = 918.77 €/m3.
This upper limit of the reserve price (€/m3 918.77) is relat-

ed to the Rome market district, which is the main regional
market, used as baseline for LCBs in order define the upper
limit relative to the other districts. Values of the other market
districts are reported in Table 7.

The LCB market space is therefore comprised between the
lower limit of €/m3 752.68 and the upper limit of €/m3 918.77,
while the competitive margin is €/m3 166.09. However, both
upper limit and competitive margin can bemodified according
to the other market districts.

4.3 Comparative advantage characteristics

Twenty responsible consumers took part in the survey and
answered to the 12 questions submitted. The highest average
value for the AR was awarded to LCBs (72.82), followed by
European larch (63.55) and Norway spruce (58.36), while
Silver fir and Scots pine registered values that were a bit lower
than the other species (Fig. 6). Using the average value of the
AR vector as threshold, two sub-vectors have been subse-
quently obtained, one fromAR lower value and the other from
AR upper values. The minimum values were generally be-
tween 30 and 45, while the maximum values were between
70 and 85.

Five questions dealt specifically with the evaluation of the
laminated beams related to the characteristics of specific wood
species along with their cultural and environmental role.
These questions are considered extremely important in order
to define the preferability for laminated beams. European
larch laminated beams for example were awarded the highest
average values both for the product longevity (8.09 points)
and their design (6.36 points), whereas preference was given
to LCBs for characteristics relating to cultural and environ-
mental familiarity (7.36), for their contribution to the sustain-
able development of disadvantage areas (9.45 points) and for
reducing climate altering gas emissions due to the limited
amount of transportation involved (6.00 points). AR index
shows that chestnut timber has the highest score (34.73) com-
pared with European larch (25.45). Norway spruce has just
over 20 score, Silver fir and Scots pine have the lowest score.

The second question group dealt with more common char-
acteristics without any distinction about species. Laminated
beams were awarded 6.64 points for safeguarding local pro-
duction, while 6.09 points were awarded for the social and
economic relevance of the territories, both aspects of the so-
cial, hedonistic and cultural profile. The highest points scored
in the questions relating to ecological and environment aspects
were awarded for their function in the indirect protection of
primary forests (5.82 points), whereas contrasting climate
change and contribution to a post-petroleum economy have
the same average score of 5.18. A lower score was awarded
for the ability to ensure an efficient use of natural resources.

The PR includes wood characteristics, ranking the species
from the highest (Chestnut) to the lowest (Scots pine).
Subsequently, the differential per pairs of species in absolute
and relative values has been elaborated as reported in Table 8.
The absolute value highlights the gap between species, while
the percentage expresses the increase in the market spaceFig. 4 Laminated chestnut beam production costs
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compared with the upper limit (consumer’s reserve price).
This value also expresses the enrichment of qualitative char-
acteristics that the minor species should register in order to
allow the responsible consumer to prefer these last ones to the
superior ones. Higher differentials indicate greater efforts to
be made in order to make minor species preferable.

5 Discussion

Scientific articles have been written on the LCB production
process (Brunetti et al. 2015; Lanvin et al. 2015). Despite
being an experimental process, it should, currently, be

considered as the most efficient LCBs production process.
This production cycle was also monitored for economic
analysis.

Total production costs are 752.68 €/m3; therefore, firms are
competitive if market prices reach this producers’ reserve
price, whereas lower market prices would not cover produc-
tion costs. As result, it would be more convenient for a busi-
ness to abandon this type of production in favour of more
traditional products. The present analysis of LCBs production
cycle, therefore, highlights the possibility that the total pro-
duction costs are reduced and the LCBs competitiveness in-
creased. Market price paid per unit of volume of dry plank
corresponds to 500 €/m3. Two aspects explain such a high
price: the high cost of drying planks, which need 40 days
compared with the 15 days usually needed for conifers, and
the transportation costs, which were high due to the low vol-
umes of products moved from the sawmill to the woodwork-
ing enterprise. Moreover, the standard of planks dispatched
did not meet the expected standard for LCB production, and,
therefore, the efficiency of the process was very low: 47.26%
of the timber dispatched was rejected and used for energy.
This was the businesses’ and the workers’ first experience in
producing LCBs, and a series of problems became evident
during the process. Improvised solutions were implemented,

Table 4 Performing line showing
the initial and final volumes for
each phase

Actions Unit Inputs Outputs Processing losses

n Volume n Volume Volume %
m3 m3 m3

Timber mobilization1 Packs 3 4.67 3 4.67 2.46 47.26
Strength grading Boards 372 4.67 372 4.67

Defects elimination Boards 372 4.67 366 4.59

Resawing Boards 366 4.59 1464 3.94

Finger jointing Lamellae 1424 3.94 1414 3.80

Planing and primer
distribution

Laths 278 3.33 278 3.33

Laminated pile Laths 278 3.33 278 3.33

Machinery loading Laths 278 3.33 278 3.33

Wood adhesive distribution Laths 278 3.33 278 3.33

Arrangement for pressing Laths 278 3.33 278 3.33

Pressing Laminated
beams

60 3.33 60 3.33

Press disarmed Laminated
beams

60 3.33 60 3.33

Internal laminated beams Laminated
beams

60 3.33 60 3.33

Planing Laminated
beams

60 3.33 60 2.46

Packaging Laminated
beams

60 2.46 60 2.46

1Dried plank are transported from the sawmill to the specialized laminated beamwoodworking company by truck

Source: our elaboration

Table 5 Results of
multicollinearity analysis Variables VIF Tolerances

PMKVT 1.4349 0.6970

PMKLT 1.1806 0.8470

PMKRI 1.1281 0.8864

ΔSP 1.1472 0.8717

ΔLX 1.1607 0.8616

Source: our elaboration
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and these proved the process to be costly. However, evidences
show that, when the LCBs production process is fully opera-
tional, it is reasonable to expect an overall improvement in the
production cycle and a consequent reduction of the lower
market limit.

LCBs resemble coniferous laminated beams due to their
physical and mechanical performance. The econometric mod-
el estimates an upper reserve price of 918.77 €/m3. This value
comes from the comparison between the characteristics of
LCBs and other comparable laminated products, and this is
only related to characteristics listed on the market. LCB
properties place them between Silver fir and Norway spruce,
the most common laminated coniferous beams on the market,
and European larch which has a better laminated beam
standard. The research by Brunetti et al. (2015) highlights

the fact that chestnut wood’s physical and mechanical param-
eters are significantly higher than those reported in official
documents. Therefore, LCBs market price obtained from our
elaboration can be considered as being underestimated. The
sale of LCBs at a market price superior to the consumer’s
reserve price would cause consumers to buy laminated beams
of other species because they would obtain a better perfor-
mance at the same price. In the range from 752.68 to 918.77
€/m3, the common characteristic is AR = 38.09 (54.52%),
which is the preferability of laminated timber beams over
the other similar products.

For every price included in the market space, 54.42% of
consumers would buy laminated wooden beams. They would
appreciate the characteristics of naturalness, the use of re-
sources harvested from forests already anthropized and at

Table 6 Results of the econometric model

Regression statistic R multiple 0.9221

R squared 0.8502

R squared correct 0.8395

Standard error 83.1764

Observations 76

Analysis of variance gdl SQ MQ F Statistical significance F

Regression 5 2,748,453 549,690.7 79.45444 1.804E-27

Residual 70 484,281.9 6918.313

Total 75 3,232,735

Coefficient value and statistic Variables Coefficients Standard error Stat t Statistical significance

Intercepts 531.77 14.59 36.46 0.00

PMKVT 86.31 21.64 3.99 0.00

PMKLT 99.09 44.63 2.22 0.03

PMKRI 136.53 44.03 3.10 0.00

ΔSP 2.20 0.30 7.40 0.00

ΔLX 2.50 0.14 17.55 0.00

Source: our elaboration
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same time, under sustainable management, the implementa-
tion of production processes with low environmental impact,
the indirect protection of the primary forests and the support to
an economic development based on bio-based resources.

The importance of wood characteristics is not surprising
due to the regional nature of the study. The PR index shows
the preferability value relative to each species of laminated
timber beams. The greater the similarity between characteris-
tics, the lower the PR index. From the market point of view,
the greater the PR, the more competitive the product in the
market, according to wood characteristics.

Responsible consumers have a marked preference for
LCBs: the PR index is 34.73 which is the highest value com-
pared with 19.36 for Scots pine which was the lowest (Fig. 7).
Compared with the other laminated beams, LCBs are 9.27
points higher than European larch beams, considered amongst
the best beams available on the market and 15.27 higher than
Scots pine (Table 9). If these values are expressed in relative
terms, this index allows us to quantify the increase in market
space registered by LCBs in monetary terms: with respect to
European larch beams, it is + 26.70%, equal to + 245.31 €/m3

(Table 9). With the consumer’s reserve price of 918.77 €/m3

as a starting point, the environmentally friendly consumer’s
reserve price is of 1164.08 €/m3 in the main market district of
Rome. Operating in a similar manner with respect to laminat-
ed beams, the market extension totals approximately 400 €/m3

and the relevant values for the environmentally friendly

consumer’s reserve price exceed 1300 €/m3. The highest de-
viation is for Scots pine, which has an IPR of 44.24%with the
environmentally friendly consumer’s reserve price of 1325.21
€/m3. Responsible consumers, who would always choose to
buy laminated chestnut beams due to non-market characteris-
tics, operate within this additional space.

However, firms that produce laminated beams from other
species and that wish to improve competitiveness in the
LCBs’ markets should have a main dedicated market policy
that includes two main points:

• a price strategy: reducing the laminated beams price from
other species beams, to the point of at which they are lower
than the LCBs producer’s reserve price;

• a quality strategy: increasing the characteristics not quot-
ed on the market so that responsible customers prefer laminat-
ed beams from other species to LCB’s.

6 Conclusions

In recent years, the forestry sector and the wood processing
supply chains have benefitted from particularly favourable
European Union policies, and this represents an important
opportunity for chestnut wood.

Exploiting the physical mechanical qualities of this wood,
in collaboration with the scientific community, should lead to
a bridging of the technical, technological and engineering gap.
The first example of this are LCBs, which are, from a technical
point of view, an alternative to traditional laminated beams
and their production is high in added value at an economic
level.

The LCBs market space is 166.09 €/m3 with a flexibility of
22.07%. The producer’s reserve price (752.68 €/m3) is affect-
ed by the experimental nature of the production process, the
negative aspects of which are the lack of efficiency in the
production process, the absence of economy scale, low pro-
ductivity and the high incidence of certain costs (sawn timber
and transport costs) and the large of quantity of wood rejected.
Nevertheless, in a well-articulated and well-consolidated pro-
duction cycle, the aspects above should decrease, while

Table 7 Market value of
laminated chestnut beams in the
Lazio Region

Provincial
Market

Intercept Market Density (Cast)- Density
(AB_sspp)

COEFF(cast) Market
price

Value Coefficients
€/m3

Rome 531.77 0 0 160 2.42 918.77

Viterbo 1 86.31 1005.07

Latina 1 99.09 1017.86

Rieti 1 136.53 1055.30

Source: our elaboration
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positive effects should be registered in terms of production
costs. The measures adopted from the national and regional
government in order to support the economy in mountain
areas can also reduce production, mobilization and transaction
costs with positive effects in competitiveness.

In the main regional market, the consumer’s reserve price is
918.77 €/m3, whereas in the other districts, the upper limits are
higher. This increment can be explained by the lower sizes
and volume of laminated beams traded in the markets and the
higher mobilization costs. However, Brunetti et al. (2015)
highlighted that chestnut wood has higher standards, which
could increase if forest management was well structured, be-
came more regular, was aimed at quality production and

adopted automated qualification of wood. These initiatives
would have positive effects and increase the threshold of the
consumer’s reserve price in all market districts.

LCBs are strongly preferred at regional level, and the PR
confirms this preference. Their market space widens from +
245.31 €/m3 with respect to European larch and reaches the
maximum value of + 406.44 €/m3 with respect to Scots pine
laminated beams. Responsible consumers operate in this mar-
ket space, and choosing LCBs by virtue of their characteris-
tics, which are not market-orientated but rather their choice, is
the result of a multi-criteria assessment of social, hedonistic,
cultural, ecological and environmental characteristics. The lat-
ter evidence indicates that the areas where there is familiarity
with chestnut are the main LCB markets. Nevertheless, re-
sponsible consumers could decide to choose beams from other
species in the case the LCBs price exceeds the environmen-
tally friendly consumer’s reserve price or laminated beams
from other species improve their wood characteristics or the
price of these beams and LCBs were the same.

The market opportunities of LCBs are contrasted by impor-
tant limits, and these limits should be taken into account in
dedicated policies. The main issues are:

& Chestnut timber is the output of forest ecosystem ser-
vice that requires rational management in order to
ensure continuity of production and the belonging
ecosystem;

Table 8 Points and score of laminate beams characteristics

Characteristics Wood species of laminate beams

Silver
fir

Spruce Larix Scots
pine

Chestnut

Wood characteristics 1 Natural longevity 3.00 4.82 8.09 5.73 6.64

2 Wood grain 4.45 5.64 6.36 3.27 5.27

3 Cultural and environmental familiarity 4.64 3.64 4.55 4.00 7.36

4 Sustainable development of disadvantage areas 1.73 2.09 2.18 2.27 9.45

5 Reduction in emissions caused by transporting
laminated beams

5.64 4.09 4.27 4.09 6.00

Total
ARwWcc

Absolute values 19.45 20.27 25.45 19.36 34.73

Relative values 38.91% 40.55% 50.91% 38.73% 69.45%

Laminate beams common
characteristics

6 Safeguarding local production 6.64 6.64 6.64 6.64 6.64

7 Socio-economic importance of forest area 6.09 6.09 6.09 6.09 6.09

8 Sustainable forest management 5.00 5.00 5.00 5.00 5.00

9 Contrasting climate change 5.18 5.18 5.18 5.18 5.18

10 Primary forest protection 5.82 5.82 5.82 5.82 5.82

11 Post-petroleum economy 5.18 5.18 5.18 5.18 5.18

12 Efficient use of natural resources 4.18 4.18 4.18 4.18 4.18

Total ARLc Absolute values 38.09

Relative values 54.42%

Total score of laminate beams characteristics 57.55 58.36 63.55 57.45 72.82

Source: our elaboration

0

5

10

15

20

25

30

35

40

Chestnut European
larch

Norway
spruce

Silver fir Scots pine

)RP(
ytilibareferp

doo
W

(s
co

re
)

Wood species of the laminate beams

Fig. 7 Specific character value for timber speci

51    Page 16 of 19 Annals of Forest Science (2020) 77: 51



& Overall, the production capacity of chestnut woods is rath-
er small. A global economy of this product is not a win-
ning strategy because conifer and European larch laminat-
ed beams are more competitive, have a longer market
tradition and the product is very well known in the market;
moreover, LCB advantages at the local scale becomes a
disadvantage in a globalized market.

& The chestnut timber sector currently does not have a pub-
lic governancewith the involvement of all stakeholder. On
the contrary, each single operator interacts individually
with national or regional government institutions. This
reduce dramatically the opportunity to obtain measures
coherent with the socio-economic relevance of chestnut
economy in the mountain areas.

The last point concerns the market demand. A dedicated
chestnut wood policy should produce a social marketing plan
in order to enlarge the number of responsible consumers,
spread the knowledge about chestnut wood characteristics
and consequently promote all timber chestnut products, in-
cluding the LCBs.
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