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Abstract.

The aim of this research work is the development of a
methodology to quantify and yield cartography of the prospective
energy production of residual biomass from the most
representative forest species of Bizkaia, using a Geographic
Information System (GIS) computer tool. A model of indirect
estimation has been used in order to estimate the evolution of
forest masses throughout in any area of Bizkaia. Arboreal species
have timber-yielding utility, and this is the reason why the
remains obtained after the forest treatments carried out for the
preservation and improvement of arboreal masses, are those
quantified in this work as energy production biomass (EPB).
After analyzing statistically the results obtained, 52,214 metric
tons of residual forest biomass per year are estimated. This means
a potential energy supply of 32,011 toe per year. The estimation
of biomass quantities that may generate forest activity will allow
us to accomplish its planned exploitation, taking into account
both economic and environmental aspects, with the aim of
determining which the optimum location for setting up an energy
production plant is.
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1. Introduction

Modern times have helped us to become aware of the
serious environmental and energy problems due to the
excessive use of energy in the so-called industrialized
countries. The classical energy model based on the
massive use of fossil fuels has become unsustainable both
from an environmental point of view and from the
viewpoint of exhaustion of this resource; accordingly, it is
necessary to establish a new energy model based on the
diversification of sources, rationalization, and efficiency in
its consumption, as well as respect for the environment
[1]. The goal pursued by the European Directive in 2008 is
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that 20% of the total energy consumed in Europe must
come from renewable energy resources, among which
biomass is included. Biomass of vegetal origin
constitutes the 4" worldwide exploited resource, this
entailing 14% of energy consumption in the planet.
However, the use of biomass for energy purposes is not
very widespread in Europe and it just represents a mere
2%, excluding Austria, Finland and Sweden, where it
occupies a position of certain relevance. Conversely,
biomass occupies a privileged position in developing
countries, with an important increase from 1990 (736,000
toe) to 2003 (nearly 900,000 toe). In local terms, the goal
for the Autonomous Community of the Basque Country
(ACBC) in 2010 is to reach 795,000 toe of biomass
exploitation. As far as the contribution of forests and
lands from the ACBC as carbon drains is concerned, the
net drain effect has been estimated in 1.33 MtCO2 [2, 3].

Forest residues are those materials removed in timber-
yielding exploitation which are not usually extracted due
to the fact that they cannot be converted into by-products,
but they can be used as organic fuel. These residues come
from the remains left in the forest after forestry, pruning,
clearing, and final cutting remains in forest production
(cleaning, pruning, tree felling). They can be utilized for
energy uses due to their excellent features as fuels. One
of the main barriers for using this resource is the lack of
knowledge of its real forest-mass biomass production
capacity. This is a key aspect, since it prevents to know
the steady biomass supply that could assure production in
thermoelectric plants that might use it [4, 5]. The main
aim of this project can be described within the following
master lines:

= Selection of the main forest species in the zone.

= Obtaining residue estimators by means of the use of
biomass production equations, so that they let us
calculate the residual biomass per arboreal species
obtained from forest treatment.
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= Integration of the forestry estimation biomass model in
a Geographic Information System (GIS), so that data
can be processed.

= Determination of the Residual Forestry Biomass (RFB)
energy potential.

= Integration of RFB energy potential methodology in
the GIS.

= Cartography of results for obtaining the global map of
RFB energy resources in Bizkaia.

2. Description of the area of study

Bizkaia is located in the north of Spain at latitude 43°16°N
and longitude 2°56°W. It extends over 2,217 km?, and it is
an abrupt and mountainous province, crossed by deep
valleys that descend quickly towards the sea from the near
mountains close to the also abrupt and cliffy coast. From a
geological point of view, due to the materials that appear
in the area, most of the surface in this district is made up of
Mesozoic terrain with predominance of the Lower
Cretaceous (Aptian). The lands of Bizkaia form a very
rugged set in which erosion has produced an important
dissection of the land (Figure 1)

Fig. 1. Bizkaia’s landscape

The climate in the area, warm and humid (Atlantic
climate), is conditioned by its proximity to sea, and it
notably influences the proliferation of forest species,
typical in this climate, especially pine forests. Data taken
from the Tercer Inventario Forestal Nacional (IFN-3)
depict that forest surface in this province is continuously
increasing and it already amounts to more than 130,000 ha,
this representing 59.1% of the total surface. For carrying
out this project, it has been decided to select those species
that fulfill a double criterion: high presence in the area of
study, according to data obtained from the IFN-3, and high
potential for exploitable residue generation from the
viewpoint of energy. The most widespread vegetable
species are Pinus radiata (50%) (Figure 2), followed by
Quercus robur (10%), and Eucalyptus globules (8%)
(Figure 3). Scrub surfaces have not been considered in this
study, since the surface they occupy in the territory is
rather average (8.6%), it presents low productivity, and it
is a very scattered resource.
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Fig. 2. Pinus radiata plot map in Bizkaia
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Fig. 3. Eucalyptus globules plot map in Bizkaia

In this project, it has been rejected to consider the species
Quercus robur as a source of potential residue biomass,
despite its widespread distribution, based on the high
value added reached by by-products coming from forest
operations.

3. Methodology

After reviewing different estimating methods for forest
biomass residue, an indirect methodology based on the
use of linealized alometric equations as logarithmic
model has been selected [7-12]. The aim of these
equations is to link the total dry biomass of the tree, or
some of its components, with the average diameter:

Lnb=a+blLnd (1)

Where Y represents the biomass for each fraction
(expressed in kg dry mass), d the average diameter in cm
and ‘@’ and ‘b’ are the two specific regression
parameters. This model allows straightforward
calculations and improves the goodness of the statistical
analysis. However, the final result should be multiplied
by a correction factor —obtained from the standard
deviation of the estimate— in order to eliminate the bias
introduced by the logarithmic transformation. Parameters
‘@’ and ‘b’ as well as the bias correction factor take
different values depending on the species under
consideration [13]. These equations are applied to the
bigger feet (BF) (R > 7.5cm). In the smaller feet (SF) (R
< 7.5cm), most of the tree is not good for wood
exploitation, this making the tree become almost 100%
biomass residue. However, in this research work a more
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conservative criterion has been used, and only 80% of the
total weight has been considered residue.

An appropriate method for estimating biomass stocks is
the use of the concept “stratum”, which is defined in the
IFN3 [6]. Every stratum is formed by grouping the forest
surfaces (tesseras) of similar features, whose perimeter is
marked out to a 1:50,000 scale. The IFN3 defines 12 scales
in Bizkaia (Table I).

Table I. - IFN3 strata for the territory of Bizkaia.

Stratum Dominant forest grouping Mass state ’;,%: '7:,2;"
1 Pinus radiata Fustal. Latizal|>=70| 45,210
2 Pinus radiata Fustal. Latizal|5 - 69| 5,589

Brave 40-

2 Pinus radiata mountain. 100 12,382

Restocked.
4 P. radiata a?d P. nigra with Q robur, mfljz‘t/;n. 5.39 | 8655

C. sativa and Brook trees R
estocked.
Lawsonian Chamaecyparis
5 Pseudotsuga menziesii and All 5-100| 4,297
Larix spp.
6 Pinus pinaster and Pinus nigra  |Fustal. Latizal|5-100| 5,250
Q. robur and Q. robur with Casativa,
7 C. nut, A. unedo or with All 5-100| 17,650
P. radiata
Q. ilex and Q. ilex with Quercus
8 faginea, Arbutus unedo or with All 5-100| 6,563
Quercus robar
9 Eucalyptus spp. Fustal. Latizal|5-100| 9,183
Brave

10 f}‘)’;av’v”f{ﬁ‘;,s’.nslfsp}:ggguca’y ptus mountain. |5-100| 3,804

i Restocked.
1 F. sylvatica and F. _sylvatic_with Betul Al 5-100| 5,523

spp., Castanea sativa or with Q.robur

12 Brook trees All 5-100| 2,522

Strata 1, 2 and 3, in which Pinus radiata is the dominant
species, are selected. As far as Eucalyptus is concerned,
stratum 9 is selected since its mass state (fustal, latizal)
advises a final clearing or cut. The state of Eucalyptus
mass in stratum 10 (restocked brave mountain), does not
currently add any residue biomass in a significant way.

The most adequate forest treatments that can be carried out
in a ten-year-old horizontal stratum are identified, thus the
amounts of residual forest biomass that might be obtained
in each stratum considering such treatments are estimated.
Once the forest masses have been classified per strata, the
most adequate forest treatments that can be carried out in
each stratum are identified. The forest biomass residue
quantities that could be obtained in each stratum are
estimated from those treatments (Figure 4).

https://doi.org/10.24084/repqj09.487

891

STRATA layer

v

STRATA layer with the treatment to
be carried out that corresponds to the
state of mass

3 v @

Plot layer with residual W Forest

treatments

STRATA selection of species j in state i,
and its corresponding treatment

\ 4

Selection of plots located in the strata of
species j and state i, and its
corresponding treatment

4)

A 4

Plot layer of species j in
state i and treatment,

Fig. 4. Flow chart to obtain the layer with the plots of each
forest species.

In this way, in order to determine the residue estimator
generated in each sampling plot, it is only necessary to
know what the stratum under which the catalogued
surface from which the plot was taken is. For estimating
the amount of annual biomass (metric tons/year) that
might be generated by current forest masses in Bizkaia,
the methodology applied uses a Geographic Information
System (GIS) with the help of the Arcview GIS 9
program. In this way, it has been possible to process an
important amount of data and to manage the results
obtained [14-16].

First of all, the quantity of forest residue generated by the
main forest species of Bizkaia within the strata in which
those species are predominant is estimated. Then, the
energy potential that could be obtained with those
residues, considering their sustainable exploitation, is
estimated.

The potential energy of residue (P) is a function of the
ICP (Inferior Calorific Power) times the total residue for
each species considered:

P=SXExICP(2)

Where P represents potential energy (toe per year), S
represents the surface (ha) susceptible of generating
forest residue, Er the residue estimator (measured in
metric tons/ha-year), and ICP the inferior calorific power
(MJ/kg) of forest residue obtained at the same humidity
level as the one at which productivity is considered. The
humidity level considered in this work has been 30%, this
being the humidity of residue biomass once it has
remained on the soil a few days.

The biomass potential energy expressed in Kl/ha is
calculated by using a GIS computer tool (Arcview GIS9).
For this to be accomplished, the vectorial information
that corresponds to the distribution of forest species is
rasterized with a pixel of 1 ha of spatial resolution. This
means that each unit of information maintains a unique
area.
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With the aim of characterizing RFB from the viewpoint of
energy, elemental analyses (%C, H and N), humidity, and
Superior Calorific Potential of each sample have been
estimated. All the determinations have been carried out in
triplicate in the laboratories of the University of the
Basque Country (Segiker). This fieldwork consisted of
gathering samples of the most representative species in six
different locations of the province of Bizkaia (Erandio,
Abanto-Zierbena, Durango, Galdames, Muskiz and
Karrantza). The samples were collected during the months
of December 2009 and January 2010. In each of the
sampling areas, the samples of forest biomass collected —
roughly 2 kg per sample- come from forest treatments of
branches (with a variable diameter ranging between 3 cm
and 1 cm) and needles (pinus) or leaves (E. globules).

4. Results

Table 11 shows the mean values obtained after the energy
characterization of RFB representative samples in Bizkaia.

Table II. — Elemental analysis and Calorific Potential

Forest C H N |Humidity| SCP* |Cp*
Species | (% ms) | (% ms) | (% ms) | (bhcut)
P. radiata | 51.768 | 6.078 | 0.974 44 21.2 | 19.8
E. globulus| 51.046 | 6.422 | 1.197 | 525 | 21.1 | 19.7

SCP*: Superior Calorific Power, ICP**: Inferior Calorific Power

The estimation of remains from RFB has been carried out
in two different ways. On the one hand, stratum per
stratum, and on the other hand, all of them together. In
each situation the estimation is accomplished by means of
a confidence interval at a 95% level for the mean residue
in metric tons per year. Normality tests of the data were
also carried out to determine if the values of the random
variable Eri (estimator of residue in metric tons/ha and
year) present a normal distribution. In order to do so, five
different tests that belong to the R statistical software pack
nortest were used (Anderson-Darling; Kolmogorov-
Smirnov; Cramer-von Mises; Pearson and Shapiro-
Francia) [17-18]. Figures 5 and 6 show the values of the
residue estimator (metric tons/ha year) that correspond to
stratum 1 (dominant species Pinus radiata) and stratum 9
(dominant species Eucalyptus globulus) from Bizkaia
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Fig. 5. Residue estimator map from stratum 1
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Fig. 6. Residue estimator map from stratum 9

The results obtained after the statistical analyses of the
data showed that the amount of mean forest biomass
achieved within an interval of 95% is 52,214 metric
tons/year, with an estimated 32,011 toe/year energy
potential.
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