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ABSTRACT

The research for this thesis consists of the study of the potential that Basque forests
have to be a sustainable source of bioenergy in the region. Energy is a crucial element
for fighting against climate change, and as a result, the development of renewable
energy sources like bioenergy are necessary. Also, renewable energies would generate
local benefits and more energy independence for the region. The research aims to
estimate the maximum potential that Basque forests have to be used as sustainable
energy sources. The research will be analyzed using perspectives from ecology,
forestry, management models, and sustainability. The primary data for this research is
from different organizations of the Basque government, such as the department
responsible for forestry, energy, and public management, also, scientific documents that
contain information and different processes for bioenergy. The secondary data will be
used to analyze what is done in other countries for comparison. It will also be used to
support the primary data. The recommendation will be generated directly from the
combination of ecology and sustainability for different sectors of the region and public

institutions in a general way.
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CHAPTER 1 INTRODUCTION
1.1 Background

Energy is the key element to developing societies; its development and
improvement will condition our future. The current global energetic system, based on
nonrenewable energy sources, has caused significant environmental damage and will
generate more if we do not change the model worldwide. Countries, and especially the
EU, are trying to substitute the use of nonrenewable energy sources that will disappear
in a short-medium period and harm our environment for renewable energy sources like
sun, wind, water or biomass energy. The global warming process that our planet is
suffering will also need to be considered.

Renewable energy is the energy generated from natural processes that are
continuously replenished; this includes sunlight, water, tides, wind, geothermal heat,
and various forms of biomass (Ciolkosc, 2017). Renewable energies are known as clean
energy or green energy because they do not affect the environment as much as fossil
fuels do. The positive aspect about these renewable energies is that they do not generate
any Green House Gas (GHG) emissions. Every region in the world has a type of
renewable energy source available in abundance. In the Basque Country (a Spanish
region), the renewable energy that is most abundant is wood (bioenergy source) due to
the vast amounts of forests available. Bioenergy consists of the use of biomass, like
wood, as a fuel to generate electricity or heat.

Wood is an energy source that is already being used in the region to generate
electricity and heat. When added to other bioenergy sources, like biogas and municipal
waste incineration, they represent around 5% of the total energy demand of the Basque
Country (Azterlanak eta Planifikazioa Atala, 2017, p. 13). This research estimates that

the potential of bioenergy, and specifically wood energy, have is high and it should be



utilized more for energy production purposes. For that, this research aims to estimate
the maximum potential that Basque forests have to produce wood annually, and the
energy potential that this wood has while respecting native species. It is a research that
has not been done in the Basque Country and could give insight to the authorities,

public institutions, private companies, and individuals.

1.2 Problem Statement

Low levels of renewable energy use create two main problems for the
inhabitants of the region. The percentage of the renewable energies in the energy mix of
the Basque Country is 7.5%, a low percentage when compared with other European
countries (average of 17%) and with Spain (17%) (Eurostat, 2018).

The combustion of gas, coal, and oil products generate pollution that worsens
the quality of the environment and the health of the people; they also produce
greenhouse gases that globally are affecting our atmosphere and climate, making the
process of global warming stronger. The European targets for Spain, and the EU itself,
in renewable energy generation are 20% for 2020; the Basque Country is far from
accomplishing them although there is not any specific target for this region in particular.
This region has to collaborate with the Spanish objectives to achieve the national goal
(European Commission, 2010). The EU is developing new energy plans and energy
targets for 2030 and 2050 that will have much higher renewable energy targets that if
not respected will bring economic sanctions.

Another problem is that the region’s energy self-supply rate is 7.1%, that means that
more than 90% of the energy is coming from other places around the world (Azterlanak
eta Planifikazioa Atala, 2017, p. 9). This region is more dependant on energy from

other places than other regions in Spain. Because of this, the Basque Country becomes



very vulnerable to external factors. A change in the geopolitical situation could make
the energy security of the region disappear.

Another problem with the low self-supply rate is economic. Much money goes
to other countries to buy different types of energy, and it generates a deficit of many
millions in the country. Local renewable energy sources have the potential to push the
economy of the region and its people, eliminating part of the deficit and creating new
jobs (Redaccidn Interempresas, 2012). The energy market in the Basque Country
moves every year around 5,603 million Euros, and it is the 10% of the Basque gross
domestic product (Ormazabal, 2016). Wood-based energy generation could minimize
the deficit in millions of Euros. For that, these renewable energies should be able to

compete economically with other energy sources.

1.3 Research Question and Goals

The research aims to answer the question of what is the annual wood biomass
potential of the Basque forests, and what is the annual energy potential of the wood
biomass while respecting native species.

The main objective of the research is to calculate the potential that the Basque
Country has to generate bioenergy using their forests and while respecting native
species. For that, the different forests of the region will be analyzed with their main
species and its biological cycles.

Another objective is to create a new method to calculate the potential that forests
have to be a sustainable and renewable energy source in a specific region. This method
could be used in other places with the same objectives. This method allows us to know
the maximum potential that forests have and make conclusions so authorities can

develop plans.



The last objective is to understand the current situation that Basque forests have
and find the strengths and weaknesses.

The research will show the maximum annual wood biomass that Basque forests
can produce respecting native species in tonnes, and the energy that this wood quantity

could produce in TJ.

1.4 Methodology

The key information of the thesis is based on the forest inventory made by the
Basque government in 2017. This forest inventory divides different forests by their tree
species, their area, their density, and property.

The methodology divides forests into two groups: leafy or hardwood forests
(native species) and conifers and eucalypts forests (no native species). These two forest
groups will have different wood production levels. Conifers and eucalypts will have
higher wood production levels per hectare because these species produce more wood
and have a very low environmental value, which is why they can be used intensively. In
the case of hardwood forests, they will have lower wood production levels per hectare
because these species produce less wood and have high environmental value, which is
why they have to be used with a lower intensity aiming the protection and sustainability
of these forests and ecosystems.

After dividing the forests into two groups, each group’s potential will be
calculated depending on the maturity of the forests and their tree density level per

hectare.

1.5 Outline

Chapter 2 explains basic concepts that are important to understand the research

as what the Basque Country is and its energetic and forest situation. After, what



bioenergy and wood energy are will be explained, and its situation in the European
Union. To end the chapter, the legal situation of bioenergy production and the
sustainability concepts the research has on forests and their management will be
explained.

Chapter 3 explains the methodology of the research to calculate the potential that
Basque forests have to be a bioenergy source while respecting native species.

Chapter 4 shows the different steps in the calculation of the potential, the
findings, and the results of the research.

Chapter 5 is the concluding chapter in which it has summarized the content of
the research and where it has answered the research question. The conclusions of the
research, and after the suggestions are explained.

After the bibliography, there is an appendix that aims to explain the forest

situation of the Basque forests in more detail.



CHAPTER 2 THEORETICAL FRAMEWORK
2.1 The Basque Country
The Basque Country is an autonomous community located in the north of Spain
that includes the provinces of Araba, Gipuzkoa, and Bizkaia (Biscay). The capital is
located in the city of Vitoria-Gasteiz (Araba), and the most populated and important
economic region is Bilbao (Biscay). The autonomous community is 7,229 square
kilometers (around 1.4% of Spanish territory) and has a population of 2,176,577 people

(Eustat, 2017 ). The Basque Country borders the Bay of Biscay and France.
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Figure 1. Location of the Basque Country (Eupedia.com, 2018).
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Figure 2. Provinces and capitals of the provinces of the Basque Country

(Redactor, 2016).
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2.2 Energy Situation of the Basque Country

Knowledge of the current situation of energy generation and consumption in the
Basque Country is necessary to understand the strengths and weak points of the local
energy system. For that, official webpages, energy strategies, and annual reports will be
used. The official site from the Basque Government, EVE, (Basque Energy Institution)
will be used to take most of the information.

The total demand for primary energy or domestic consumption in the Basque
Country was 260,977 TJ in 2017. The energy system of the Basque Country is based on
the consumption of fossil fuels like oil and gas (78%). The production of primary
energy, which corresponds to renewable energies represents 6.8% of the energy demand
(Azterlanak eta Planifikazioa Atala, 2017, p. 13). The consumption of renewables in the
total energy consumption is the 7.5%. In comparison with Spain and the EU, the share
that renewable energies have in energy production is low; the share was 17%, in both
the EU and Spain, in 2017 (Eurostat, 2018).

0.5% [ 0il and oil products

WGas
@ Coal

O Imported Electricity

@Renewable Energies

H Biomass

@ Biofuels

B Hydroelectric
OWind

(0 Solar and Geothermal

Figure 3. A circle graph of the total energy consumption in the Basque Country, 2017
(Azterlanak eta Planifikazioa Atala, 2017, p. 13).
Of that small renewable generation amount, biomass is responsible for 66.5%;
biofuels, 15.1%; hydroelectric power stations, 6.2%; wind, 6.1%; and solar and

geothermal, 6.1%. The total energy generation of renewables was of 19,596 TJ in 2017.
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Compared with Spain and the EU, the percentages of biomass and biofuels are higher
than average, and wind energy generation is especially low.

In figure 3, it seems like bioenergy is already a very used and developed
renewable source in the Basque Country, but it is not true, the percentage of bioenergy
Is so large because wind and solar energy have almost not been developed (Energias
Renovables, 2016). As mentioned before, the Basque external energy dependence is
over 93%, a factor that is negative for the economy and other aspects. Energy plans of
the Basque government and the European Union for 2020, 2030, and 2050 plan the
improvement and multiplication of the use of renewable energy sources (Ente Vasco de

la Energia, 2017).

2.3 Basque Forests

By usage, the forest area, including trees and forests (pasture, scrub, rocks)
covers 490,027 hectares, 68% of the surface of the autonomous community (Inventario
forestal CAV). The wooded forested area covers 54.9% of the total surface of the
autonomous community. The surface of hardwoods (native species) exceeds that of
conifers, although the extension of forest plantations continues to exceed, by a small
margin, that of natural forests. Most of the information about forests is taken from the
forestry inventory of 2017 from the Basque government. The public institution called
Hazi conducted research on Basque forests and calculated that in 2015 there were
62,600,000 m* of wood in the Basque forests and it increases every year by 3,300,000

m?® (Altuna, 2012).
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Below is a table that explains different extensions in forest situations in the Basque

Country and in its three provinces:

Surface in ha Araba | Biscay | Gipuzkoa | B.C.(2016) | B.C. (2011) | B.C. (2005)
Total area 303.614 | 221.93 | 197.838 722.945 722.439 722.439
Wooded area 141.211 | 132.222 | 123.790 397.223 396.961 396.701
Leafy area 102.126 | 52.276 58.232 212.634 204.963 201.164
Conifers area 39.085 | 79.956 65.558 184.589 191.999 195.537
Forest plantations | 30.559 | 101.707 | 74.865 207.131 209.027 209.508
Public mountain | 148.164 | 45.185 35.611 228.959 226.844 224.934

Table 1. A table of the wooded area in the Basque Country (Inventario forestal CAV).

On the next page there is a table that explains the current situation of Basque forests like

the different species, their forest areas, and other important factors.
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Distribution of forest species(ha)

Estate of mass Density Property

Cuts Young Medium Grown Total Low Medium  High %Public

Pinus sylvestris 1le 17s 345 16,571 17,511 978 3,979 12,488 758.7
Pinus halepensis 1 262 211 325 758 432 200 55 44.2
Pinus nigra 125 77 2,158 10,788 13,885 1,54¢ 5,582 €,450 82.7
Pinus pinaster 112 543 15165 4,588 €,7¢68 1,008 2,556 2,568 52.2
Pinus radiata €,751 14,250 17,585 84,851 123,521 13,284 43,080 54,551 14.8
Picea abies 4 12 22 51¢ 554 24 116 403 73.¢€
Pseudotsuga menziesii 45 1,371 1,287 4,653 7,3€0 784 1,511 4,358 31.9
Larix spp. 135 158 222 7,398 7,915 83 523 7,100 ZE.4
Chamaecyparis lawsoniana 82 57 105 3,045 3,297 77 500 2,621 5€.5
Other conifers 8 1,230 328 415 2,581 58 245 €30 7.1
Total conifers 7,285 18,865 24,471 133,565 184,550 18,535 58,935 91,642 28.¢6
Quercus robur 32 EELS 3,817 11,078 15,524 311 1,511 13,584 4z2.0
Quercus petraea 1 38 137 457 e74& 13 24 eis 58.7
Quercus pyrenaica 3 320 4,047 8,740 13,110 102 545 12,433 50.8
Quercus faginea 38 1,534 20,288 4,804 2¢,665 3,7¢€€ 7,418 15,373 72.0
Quercus ilex 13 2,164 22,110 2,077 26,384 2,282 3,87 14,182 71.8
Riverbank forests 5 81 3,138 1,322 4,547 538 2,026 1,893 15:1
Zlnus glutinosa 1 iz 153 €06 811 12 114 €77 58.2
Salix spp. 0 51 S8 5 134 13 (39} a5 21.¢6
Leafy plantations 7 1,813 1,112 €78 3,€10 530 377 1,424 41.0
Eucalyptus globulus €35 3,004 1,488 5,783 10,854 2,613 4,144 2,154 5.9
Eucalyptus nitens 237 3,886 754 1,47 €,355 2,321 1,158 581 14.0
Other Eucalyptus 45 50 113 €93 545 S15 22¢ S5 88.7
Robinia pssudacacia 12 82 357 52¢ 577 45 81 815 1e.2
Quercus rubra 1s 7592 1,073 2,028 3,507 116 4z2% 2,5%¢ 51.4
Platanus spp. 7 2 59 227 254 10 8e 151 5.5
Populus zalba s 58 57 277 337 108 125 131 7]
Populus nigra 2 29 73 4 108 12 7€ 5 0.3
Fagus sylvatica 13 1,886 4,276 48,443 54,618 g8é8 3,713 45,350 T4.0
Castanea sativa 3 136 351 €33 1,163 15 59 1,005 €3.1
Betula spp. 1 174 333 139 €47 13 137 382 73.0
Fraxinus spp. 0 132 221 470 824 33 121 588 70.2
Mix forest of cliff 0 23 383 17 423 1 17 2435 48.4
Atlantic mixed forest 156 3,043 15,811 12,365 35,414 700 €,303 28,188 5.8
Other leafys 1¢e 1,042 1,7€0 548 3,767 302 3558 2,050 53.5
Total leafys 1,297 21,427 8€,065 103,835 212,633 15,540 40,181 148,537 53.0
Total species 8,586 40,252 110,540 237,804 357,223 34,475 995,11¢ 240,578 41.7

Table 2. Distribution of tree species in the Basque Country (hectares) (Inventario
Forestal CAV).

The knowledge of the area that each species covers is an important factor in
developing the research because each species has its own characteristics and biological
cycles that affect the productivity of wood and other factors. It is also important to know
the age of the forests and each species and the density of them to make conclusions. The
ownership of these forests (public or private) will also be crucial for the future use of

these lands. All of this information is collected in the table above.
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Biodiversity is a term used to refer to the richness and variety of forms that life can
adapt; from the variety of genes, animal and plant species, races that exist within the
same species, landscapes, and ecosystems (Eusko Jaurlaritza, 2014). The biodiversity of
the Basque forests is still quite high thanks to the different habitats and climate that can
be found in this small region but has been affected this last century due to the expansion
of forest plantations and non-native tree species. Biological diversity is not only
valuable in itself; it is the basis of the functioning of ecosystems and, therefore, the
basis of our health and prosperity (Edwards & Abivardi, 1998).

The disappearance of a species alters the natural balance, endangers the
functions of the entire ecosystem of which it is a part of, and, sooner or later, ends up
affecting in one way or another our quality of life and our economy. This is why native
tree species have to have special protection because they are the base of different and
unique ecosystems (BBC, 2018).

Native species have been tremendously affected by human activity, by replacing
them with other species imported for an economic purpose. Pinus radiata has been the
most popular in Biscay and Gipuzkoa, and it is used for wood production due to its high
and fast productivity level. This wood is mostly used by paper mills, construction
activities and carpentry works (Sanchez, 2018). Wood production has affected Basque
forests by changing forest ecosystems, traditional landscapes, and the qualities of the
soil.

The situation of the forests is different in each province because the forest
policies are under the provinces legislations. Gipuzkoa and Bizkaia have most of their
forests privatized due to their forest policies, and in consequence, most of the native
populations have been eliminated by individuals to develop forests plantations of

conifers, which produce more and make faster money (figure 5). On the other hand,
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most of the forest and mountain territory in Araba is public due to the forest policies of
the province, and it has helped in the conservation of native species, ecosystems, and
habitats (figure 5) (Groome, 1987). The forest policies of this territory are most focused
in public and community use of the forests. The privatization of the forests has the
negative consequence of partially eliminating autochthonous species and ecosystems to
plant species from other areas that can damage the environmental services of the forests
to the society. On the other hand, there are positive impacts too, as an increase on the
wood production, increase the economic value of the forests benefiting the local
economy (at least in a short-medium term) and generating more jobs in forest activities
and in industries related with wood products (Hodge & Adams, 2013). The authorities
are trying to find a balance between the economy and the environment in the forestry
sector.

In the last decade, the eucalyptus has become very popular among individuals,
especially in Biscay, affecting the ecosystems of the region. It is becoming so popular
because its wood production is even faster than the one of the conifers and they are
more resistant to diseases (Montagu, Kearney, & Smith, 2003). The expansion of
eucalypts would affect mostly conifers and Pinus Radiata forests because they would be
replaced by them. It is a phenomenon that should be regulated by the authorities for its
use because they could have negative impacts in the region. In other regions of Spain,
like Galicia, eucalyptus plantations generated huge environmental problems mostly
related to forest fires (Chaparro, 2018).

Apart from all of this, forests cover the 55% of the Basque Country’s territory
and the potential of their use for bioenergy production is high, and it could be an
important part of the future energy mix of the Basque (BaskEgur, 2016). Nowadays, the

wood that is being used to generate energy is the wood residue from forests,
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municipalities or other industries that have no other utility. Normally there are no
forests that produce wood only for bioenergy purposes. This is because when wood is
used for bioenergy, it generates fewer profits than if it is used on paper mills or in
different wood industries (Zhang & others, 2014).

If more information about the Basque forests and its species is needed, the

information can be found in the appendix.

Below, there are two maps that show the distribution of forest species in the Basque

Country:

Distribution Map of Species
Pinus Radiata
I Scots Pine (Pinus Sylvester)
B Other Conifers
= European Beech (Fagus Sylvatica)
Mixed Atlantic Forest
S Quercus Species
. Eucalyptus Species
Other Leafy Trees

Figure 4. A map of the distribution of species in the Basque Country (Eusko Jaurlaritza,

2018).
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Distribution Map of Conifers and
Lealy Trees

I Conifers
B ooty Trees

Figure 5. Distribution of conifers and leafy trees (Eusko Jaurlaritza, 2018).

2.4 Biomass and Bioenergy

Biomass is known as any organic matter that has its origin in an immediate
biological process. This definition of biomass includes a whole series of products and
renewable raw materials, obtained from organic matter. Biomass is mainly composed of
carbohydrates, lipids, and proteins, which are in a variable proportion, depending on the
nature of the biomass (Ente Vasco de la Energia, 2001, p. 8).

Bioenergy is a term for obtaining energy by different processes from organic
material that comes from plants and animals. Biomass is a renewable and sustainable
source of energy and can be used directly via combustion to produce heat, electricity, or
indirectly after converting it. There are various forms of biofuel (PowerWorld Analysis,
2017).

Bioenergy is already a quite important renewable energy source in the Basque
Country (Figure 3). In 2017, biomass produced 66.5% of the renewable energy for the

region, but this research aims to show that the potential is higher and that it could be
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used for the benefit of the society and the environment. The sources that are used for
bioenergy generation in the Basque Country are 4:

1. Forests for energy generation and agricultural and forest residues.

2. Animal residues.

3. Solid municipal residues and urban residual water.

4. Industrial residues.

A big part of the bioenergy generation comes from the waste incinerator called
Zabalgarbi, next to Bilbao. It annually burns between 220,000 and 240,000 tonnes of
municipal waste, and it generates, on average, 682 million kwh annually (Zalbagarbi,
2012). It is a discussed bioenergy source because of its potential environmental
dangerousness and the doubt that municipal residues are a renewable energy source.

The Basque government and other important entities in the energy sector of the
region do not share the data of biomass energy generation. As stated before, it is
explained that the 66.5% of renewable energy generation comes from biomass sources,
but then it is not shown from what different sources and what energy generation share
each source has. This is because the Basque government wants to show that biomass
energy is green and renewable and it always links the biomass to forests and wood,
avoiding waste incineration, a very hot topic and criticised method in the Basque society
(Barea, 2017). This makes it difficult to know how wood-based energy contributes
exactly. It is estimated that the wood energy is around the 40% of the biomass energy
production, it would be around the 2% of the total energy need of the Basque Country in

2017.
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2.5 Woodchip Bioenergy

Woodchips are wood pieces that have been cleaned, dried and cut into small
pieces. Woodchips are made from a whole-tree, logging waste, stumps, or other waste
wood (Bioenergianeuvoja.fi, 2018). The processing of wood to obtain woodchips is
simple, as it does not need high levels of technology, but takes time and effort. First, it
is necessary to collect the wood in a sustainable way from the forests. Second, it is
transported to a plant where the wood is cut into small pieces and dried (Forestry
Commision England, 2017). It is usually dried naturally by the sun and air flows, to
prevent expending extra energy from other energy sources. The process of drying the
wood is very important because it allows the wood to have higher calorific value. In
some cases, the wood can be dried entirely using industrial ovens. After this process, it
has to be transported again to where it is going to be burned and used as an energy
source.

In this industry, the chain process of making chips out of growing tree trunks is
long, including several stages, but is quite simple in comparison with other bioenergy
sources like biofuel, which requires high technology and chemical processing. The
process has to be as efficient as possible, to gain energy instead of losing, because
transport and the industrial process require other energy sources as oil.

Woodchips are bioenergy at its best: clean, domestic and renewable. When
wood chips are dry and burned in the right way, they have an enormous energy value.
They are a local resource that benefits the people and the economy of the country. Apart
from this, the use and management of forests for their energetic use can be beneficial for
the environment and societies. By taking the wood residue that is in the forests and the
extra wood that is generated periodically, we can improve the health of the ecosystems
of the forests and lower the possibility of wildfires and pests (Regos, 2016). Forest
residues are those that are produced as a result of forestry activities. Forest residues
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come from the maintenance and improvement of the mountains and forest masses, when
pruning, cleaning, etc. On the other hand, the waste resulting from cutting the trunks of
trees can make wood products. Forest residues are a small part of the wood production,
around 5% (Ochoa Palcios, 2014). These forests residues, residues of wood processing
and municipal wood residues can be added to the wood production potential that Basque

forests have to increase it.

2.6 Wood Energy in the European Union

One of the main uses of the wood has always been to supply energy. In the
European Union, policy interests in energy security and renewable energy sources,
combined with relatively high oil and gas prices, has led in recent years to a rethinking
of the possibility of reusing wood as a source of energy. Also, the EU obliges their
partners to achieve the minimum renewable energy targets: an average of the 20% of the
total energy consumption for 2020. Every 5 or 10 years the targets are more ambitious.
This goal is designed to help reduce emissions, improve the security of energy supply
and reduce dependence on energy imports (Eurostat, 2018).

During 2005 to 2015, the consumption of biomass increased a 184% in the EU.
Woodchips and other agglomerated wood products such as pellets and charcoal
provided the highest share of renewable energy in the European Union in 2015,

accounting for almost half (45 %) of the EU’s total renewable energy generation.
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Figure 6. Gross inland consumption of renewable energy, EU-28, 2005 and 2015

(1 000 tonnes of oil equivalent) (Eurostat, 2018).

2.7 Legal Situation

In 2009, the policy framework for renewable energies was set with the
renewable energy directive (Official Journal of the European Union, 2009). The
directive lists biomass as a renewable energy source, and it mandates the Member
States to draft National Energy Action Plans and sets conversion efficiency thresholds
above with the Member States to promote bioenergy technologies.

Biomass energy generation has an advantage over fossil fuels because its
Greenhouse gases emissions do not fall under the EU Emission Trading System (ETS).
A study made by the International Energy Agency notes that EU ETS allowances save
between 15-25 euros per tonne in CO2 taxes (European Parliament). The European
Union was the first, and later the International Community agreed that the CO2
generated by biomass energy production would not be considered as an emission. The
Emission Trading System of the EU is a cornerstone of the EU's policy to fight against
climate change, and it is a key tool for reducing greenhouse gas emissions cost-

effectively. It is the world's first and biggest carbon market.
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The European Commission adopted a new forest strategy in 2013, addressing the
increasing use, overall, of forests for a variety of purposes like biomass. Its objective is
to regulate and ensure that all the forests in the EU are managed according to
sustainable forest management principles by 2020 (European Commission, 2013).

In Spain, it is much easier to use the energy produced by wood for heating than
for electricity because there is no need for the grid that complicates the bureaucracy
much and it negatively impacts the investments. The companies that are in the
monopoly of energy are not interested in small energy producers that can reduce their
profits and the laws benefit them against small producers (Energia y Sociedad, 2016).

In the Basque Country, the use of wood to produce energy is becoming popular
again, and the legislation has started to adapt and improve. Since the industrial
revolutions, wood lost its popularity to fossil fuels like coal, gas, and oil. The image that
wood had for its energetic use was negative as if it was for the poor. The lower energy
density of the wood compared with fossil fuels had a negative impact too. Now the
image of wood is changing into that of renewable energy that is beneficial for the
environment and can be cheaper than conventional energy sources. Also, the Basque
government developed a subsidy for wood-based energy generation individual projects
in the last years that pay a percentage of the total investment of the projects. In 2017 the
budget was 500,000 euros, an amount that probably will be higher in the next few years
(Ente Vasco de la Energia, 2017). Most of the budget was spent on heating systems.
Also, the public institution called Hazi offers different opportunities to Basque

municipalities with important advantages to develop bioenergy projects (HAZI, 2018).

2.8 Sustainability and Sustainable Management of the Forests

Sustainability is a concept that is based on the management of resources, like

forests, where they can last for the generations to come. This concept has three main
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pillars that are the environment, the economy, and society that need to be in balance
(Beattie, 2018). Sustainability aims to make the resources renewable or circular by
taking care of natural processes and the environment, or reusing and recycling them.
Sustainable forestry is defined as the use of forest products, like wood, in a way the
forest's and their ecosystems are minimally affected (Rainforest Alliance, 2016).

The sustainable management of forest resources, and biomass, in general, is the
key to being a renewable resource, but the specifications of what is sustainable and what
isn’t are not clear (European Commission, 2010).

This research understands that the sustainability of the Basque forests is directly
linked with the protection of native forests. The environmental benefits that they give to
the environment and society are of high relevance. These forests can be used if it is
sustainably and without affecting them negatively. The research understands that
conifers and eucalyptus plantations are forests that have a very low environmental
relevance and that in consequence they can be used intensively for wood production.
The key for a sustainable forest use is to find the balance between native species and
species that are used in economic activities, understanding that both are important for
the economy, environment, and society of the region.

The overexploitation of the forests is a problem that could occur if the forests are
too intensively used and the principles of sustainability are not respected. The overuse
of the forests could generate a loss of ecosystems and ecosystemic values (Rehnus,

Nazarek, Mamadzhanov, Venglovsky, & Sorg, 2013) .
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CHAPTER 3 RESEARCH DESIGN

The research design explains how this research has been done.

3.1 Research Question

The research question is the basis to start the research project. The research is
based on the main question below.
Main Research Question
What is the annual wood biomass potential of the Basque forests, and the annual energy

potential of the wood biomass, while respecting native species?

3.2 Research Material and Accessing Method

3.2.1 Required Data and Information
The use of questions and answers will determine the data needed for this

research project. They are shown in the table below:

No. Research Questions Required Data to Answer the Question
1 | What is the current forest situation in the Land use and forest data are needed. The main
Basque Country? Tree species have to be known.
2 | How are the forests used nowadays? It's economic, social and environmental use.
3 | Who owns them? Ownership map and data. This will condition
the availability of them.
4 | Are some forests not allowed to be used for Protected areas, protected species.
this practice?
5 | What is the use of the forests to get energy The data of the total use in the present is
nowadays? needed to know to what point this use can be
increased. Energy annual reports.

Table 3. Required data and information
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3.2.2. Source and Method of Data Collection

Data/information
No. AU D EISHTEL Data/information Source of Data Meth_od &
the Accessing Data
guestions
1 Forest situation Land use, ownership, Basque Government Literature review
Species
Productivity of tree
2 Biomass production each Forestry Department Literature review
species year, the age of the trees,
the density of forests
3 Different bioenergy | How much is exactly the Energy Department, Literature review
portion of the energy
sources and their generated by annual energy reports
percentage in wood?
energy generation
4 Data A document with specific | European Union Literature review
about which are considerations about the
sustainable sustainability level of
practices and which | bioenergy practices
not
5 Other projects in Projects that work as an Municipalities, small Literature review,
the Basque Country | Example companies, individuals | interview
working with this
energy source

3.3 Research Methodology

Table 4. Source and method of data collection

An adequate and clear methodology to calculate the potential that current

Basque forests have for its use as bioenergy sources will be the primary point of the

research. The methodology has been developed using different information, sources,

and methods. Information about the Basque forests is from the forest inventory of the

Basque government (Inventario forestall, 2017). The data is available in table 2.

The potential that Basque forests have to be used as a bioenergy source while

respecting native forests refers to the maximum capacity that these forests have to

produce as much as possible wood for its energetic use in a sustainable way. In the

research, it will be assumed that all the forests are being used for biomass production.

The potential will be calculated in tonnes and later in MJ. The area of the forests will

only be in hectares. All the wood that will be theoretically produced will be used for
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energy generation purposes like heating or electricity generation. Other economic
activities that wood can have will not be considered.
The methodology has 6 different steps:

1. Tree species that have less than 1,000 hectares of area will not be considered in
the research. Most of these species are widely spread in the territory which
makes their use as an energy source difficult. Also, because of their scarcity and
landscaping value in the region, their protection is more important (Halkka &

Lappalainen, 2001).

Species out of the Calculation < 1,000 Hectares

2. The effect that protected nature areas could have on the calculation of the
potential will be considered. The protected nature areas could be restrictive, in
some cases, to do an extractive use of the forests. If nature protected areas limit

some forests use, they will be removed from the calculation of the potential.

Completely Protected Forests = Out of the Calculation

3. The forests will be divided into two groups due to their different biological
cycles, ecosystem importance, wood productivity and economic use. Leafy or
Hardwood forests will be one group and Conifers and Eucalyptus forests will be

the other. These two groups should be used differently for this research.

Leafy or hardwood forests will be used extensively. Extensive forestry can be
defined as the practice of forestry by low operating and investment cost for the

area to achieve medium-low wood production levels (Benson, 1990). In
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extensive uses of forests, autochthonous species are customarily used to produce
wood. The extensive use of the forests do not only value the wood production,
but it also values other important services that these forests give like ecosystem
protection, public utility, water services, avoiding soil erosion and acidification,
and improving soil fertility or landscape value (Pagiola, 2004). The extensive
use of the forests produces less wood compared with the intensive forest use, but
it is much more sustainable, and it is based on respecting the forests and their
species (Nadeau Fortin, Sirois, & St-Laurent, 2016).

On the other hand, Conifers and Eucalypts forests will be used intensively.
Intensive Forest use can be defined as the practice of forestry by medium-high
operation and investment cost for each hectare to achieve high levels of wood
production in the shortest time as possible (Benson, 1990). The goal is the
concurrent management of all forest values to produce an optimum balance of
quantity and quality of desired forest products over a minimum of time. In
intensive forests, other values of the forests like biodiversity, autochthonous
species, fauna, landscape value or soil fertility, and others are not relevant.
Intensive forest uses are often based on monocultures of the same species in big
extensions of territory that are not sustainable, at least in large quantities (Poudel

& others, 2011).
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Scheme 1. Different forest groups

4. Each tree species forest will be divided into four different states of mass (age):
cut forests, young forests, medium-age forests, and adult forests (Table 2). Each
state of mass will have a different wood production for each hectare of the
species per year (Euskadi.eus, 2004). The species from the group of conifers and
eucalypts will have a higher wood production than the group of hardwood
species. The research estimates that conifers and eucalypts forests will have a
maximum wood production of 30 tonnes per year and per hectare, and hardwood
forests will have 6 tonnes per year and hectare in grown, and high-density

forests (Observatorio de la Madera, 2010). The wood production of adult forests
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with high-density levels will be the base data. Medium-age forests will have half

of the wood production potential that adult forests have, and young forests will

have a quarter of the wood production potential that medium-age forests have

(Verkerk, et al., 2015). Cut forests will not be able to produce anything in the

near future. As a result, they will not have any wood production.

Wood Production Potential in Each
State of Mass

Hectares needed for the
same wood production
as one adult forest

hectare
Cut Forests 0 No production
Young Forests 12.5% 8
Medium-age 50% 5
Forests
Adult Forests 100% 1

Table 5. Wood production potential in each state of mass of the forests

Below there are two examples of how the calculation will be done with a tree

species of each group: Fagus sylvatica (hardwood group) and Pinus nigra (conifers

and eucalypts group). The numbers in table 2 are taken from the forest inventory

made by the Basque government in 2017. These calculations are done on each forest

species. To make the calculation of the potential wood production that differently

aged forests have, it is supposed that all the forest have a high density. After this

step, the density’s effect will be considered.
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Wood Production of Fagus Sylvatica (Hardwoods Group)

Total Tonnes per

Forest Age Group Hectares Tonnes per Hectare Year
Cut Forests 13 0 0
Young Forests 1,886 0.75 1,414
Medium-Age 4,276 3 12,828

Forests
Adult Forests 48,443 6 290,658
Total 54,619 - 304,900

Table 6. Calculation of the wood production potential of Fagus Sylvatica

Wood Production of Pinus Nigra (Conifers & Eucalypts Group)

Total Tonnes per

Forest Age Group Hectares Tonnes per Hectare Year
Cut Forests 129 0 0
Young Forests 770 3.75 2,887
Medium-Age 2,198 15 32,970

Forests
Adult Forests 10,788 30 323,640
Total 13,885 - 359,497

Table 7. Calculation of the wood production potential of Pinus

5. All the wood production potential from the different species, considering the

different ages of the forests, will be added in the correspondent forest group

depending on each species. This wood production potential has been calculated

assuming that all forests had a high density. In this step, the total wood

production potential of each forest species will be manipulated depending on the

density that these forests have. The density refers to the proportion of the forest

covered area per hectare (Euskadi.eus, 2004). The density of the forests will

change the potential that each forest has. If the density level is high, the potential

will not be changed. Forests that have medium density will have half of the




wood production that high-density forests have, and forests with low density will

have a quarter of the wood production that high-density forests have.

) o Hectares Equivalent to
Wood Production Potential in Each | wood Production of a
Forest Density Level High-Density Forest
Hectare
Low Density 25% 4
Medium Density 50% 2
High Density 100% 1

Table 8. Wood production potential in each forest density level
Combining the state of mass (age) and the density of the forests, the wood

production potential that each forest kind would have would be this:

State of Mass (Age)

Cuts Young | Medium | Grown
D
0 3.13% | 12.5% 25% Low |E
N
0 6.25% 25% 50% | Medium |S
I
0 | 125% | 50% | 100% | High \T(

Table 9. Wood production potential in different forests

Below there are two examples of how the different densities affect the wood
production potential, with a tree species of each group: Fagus sylvatica (hardwood

group) and Pinus nigra (conifers and eucalypts group). The numbers in Table 2 are
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taken from the forest inventory made by the Basque government in 2017. These

calculations are done on each forest species.

Wood Production of Fagus Sylvatica (Hardwoods Group)

Average Wood Wood
. Production in High- . Total Tonnes per
Density Hectares . Production
Density Forests Potential Year
(Tonnes/Year/Hectare)
1156%5.59%0.25
0,
Low 1,156 5.58 25% 1612
. 3,713%5.58%0.5
o 1
Medium 3,713 5.58 50% -10,359
. 49,350%5.58
0 1
High 49,350 5.58 100% 275373
Total 54,619 - - 287,344

Table 10. Wood production potential of Fagus Sylvatica considering differently aged

forests and density levels

Wood Production of Pinus Nigra (Conifers & Eucalypts Group)

Average Wood Wood
. Production in High- . Total Tonnes per
Density Hectares . Production
Density Forests Potential Year
(Tonnes/Year/Hectare)
1,853x25.9x0.25
0 H
Low 1,853 25.9 25% -11,098
. 5,582x25.9x0.5
0 El
Medium 5,582 25.9 50% 72,287
. 167,055%25.9
0 1
High 6,450 25.9 100% .167,055
Total 13,885 - - 251,340

Table 11. Wood production potential of Pinus Nigra considering different age forests

and density levels
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6. After this, the potential that Basque forests have to be a source for bioenergy
production will be calculated adding the potential of all the forest species
(considering different age and density levels). At first, the potential will be
calculated in tonnes of wood per year. To conclude, these wood tonnes will be
converted into the potential MJ per year.

To calculate the energy potential that Basque forests have while respecting
native species, it is necessary to multiply the tonnes of wood available each year
by the calorific value of the wood. The calorific value of a fuel expresses the
amount of energy released during the complete combustion of a unit of mass of
the fuel (Atalaya, 1991). One of the biggest problems to calculate the calorific
value of wood is the moisture or water content of it. It changes the calorific
value of the fuel by reducing it. Indeed, a part of the energy released during the
combustion process is spent in the evaporation of the water and, consequently, is
not available for any thermal use (Glnther, Gebauer, Barkowski, Rosenthal, &
Bues, 2012). There are two different calorific values that fuels have:

e Gross calorific value: It indicates how much energy can be released
during the complete combustion of a given amount of fuel considering
that there is not any water (Marquard & Bahls, 2018).

e Net calorific value: It indicates how much energy can be released during
the complete combustion of a given amount of fuel considering that
some energy is lost due to the water content of the fuel. The net calorific
value of wood will be used in this research. It is assumed that wood will

always have a percentage of humidity.
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Gross Calorific Value = Net Calorific Value + Condensation Heat

Formula 1. Gross calorific value
Last, defining the process and the technology of the combustion that will be used
to calculate the potential is needed. There are several processes that have
different energy efficiency levels that will affect the potential (Mckendry, 2002).
This research estimates that the best way for wood to generate energy is by
combustion that generates heat. This heat could be mostly used for heating and
industrial processes. Processes that generate electricity from wood have less
energy efficiency and more energy losses. The access to the electricity grid
could also complicate the bureaucracy and increase costs, especially in Spain.
In conclusion, to calculate the energy that wood potentially could generate, this

formula will be used:

Wood Tonnes * Net Calorific Value of Wood = Energy Efficiency

Formula 2. To calculate the energy that wood can generate

Below there is a scheme that explains the methodology of the research in a short way:
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Scheme 2. Methodology to calculate the forest potential
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3.4 Research Strategy

The research strategy is based on getting as much information and data as
possible about the current situation of Basque forests and forestry in general. It is a
research-based on bibliography review. The research is mostly theoretically based.

The research strategy is mostly quantitative because it will be based on
numbers, as the total potential of the Basque forests to be a bioenergy source. The
qualitative part will be focused on the specific requirements and criteria to get the
wood from the forests. The sustainability of this process and the methods will be

considered as quality.

3.4.1 Research Boundary
Research boundaries are used to determine the consistency and limitations of

the research. This research aims to be as specific and correct as possible, but it has
to be taken into account that for a proper and very realistic appreciation of the
forest potential for its energy use, much time and more personnel are needed.

These are the biggest obstacles that will be found in the research project:

e The data collection is limited. Being a part of public institutions
would help in getting more and better information. Each forest has
different conditions and biomass.

e The number of people researching (1) and the available time frame
is limited, as a result, it will limit the research.

e The GIS (Geographic Information System Software) program used
in the project will be QGIS, a free version of ArcGIS not as good. It

adds limitations.

37



3.5 Defining Concepts

To have a proper understanding of all the concepts in the document, a few
will be defined below:

Biomass: The biological material derived from living, or recently living organisms.

Bioenergy: The energy which is stored in biological matter or biomass. This can be
anything from plants, straw, slurry, food waste, and even sewage. Bioenergy consists
of creating energy from biomass, normally by combustion.

Fossil fuel: Fossil fuels are hydrocarbons, primarily coal, fuel oil or natural gas,
formed from the remains of dead plants and animals. They are originally biomass
products.

Woodchips: Small-mid sized solid material made by cutting larger pieces of wood.

They can be used as a solid biomass fuel.

Primary Energy Consumption: The direct use at the source, or supply to users
without transformation, of crude energy, that is, the energy that has not been

subjected to any conversion or transformation process.

EU Emissions Trading System: A cornerstone of the EU’s policy to combat climate
change and it is a key tool for reducing greenhouse gas emissions cost-effectively. It is

the world's first major carbon market and remains the biggest one.
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CHAPTER 4 CALCULATION OF THE POTENTIAL

The potential that Basque forests have to be a renewable source of bioenergy
while respecting native species will be calculated in different steps, as it is explained in

the research methodology.

4.1 Elimination of Inadequate Species (Step 1)

Species that have less than 1,000 hectares of forest area will be eliminated
from the calculation of the potential. These species normally appear very scattered,
making their exploitation very difficult and not economically profitable (Baffetta,
Corona, & Fattorini, 2011). Also, they are species that have a significant environmental
and landscape value that has to be preserved. We can find different ecosystems that rely
on these scattered tree species that have some endangered species mixed in. For
example, different species that are endangered or rare as Sorbus Latifolia, llex
aquifolium, Osmunda Regalis L., etc., partially depend on Betula spp, Alnus glutinosa
or Fraxinus spp (Euskadi.eus, 2006).

There will be only one exception; the group called other Eucalyptus in table 2
will be considered in the calculation, despite having less than 1,000 hectares of
extension. Eucalypts are not native in the Basque Country, and they are used in the
forestry activity to produce wood. Eucalypts species are monocultures that are not
scattered and do not have almost any environmental value. They can easily be used as a
wood source for energy generation. These Eucalypts have very similar characteristics

with Eucalyptus globulus and Eucalyptus nitens.
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Of all the species found in table 2, these will not be included for the calculation of
potential:

1. Pinus halepensis (Alepo pine), 798 hectares.

2. Picea abies (Norway spruce), 554 hectares.

3. Quercus petraea (Sessile oak), 674 hectares.

4. Alnus glutinosa (Common alder), 811 hectares.

5. Salix spp. (Willow), 194 hectares.

6. Robinia pseudacacia (Black locust), 977 hectares.

7. Platanus spp. (London plane), 294 hectares.

8. Populus alba (White poplar), 397 hectares.

9. Populus nigra (Black poplar), 109 hectares.

10. Betula spp. (Silver birch), 647 hectares.

11. Fraxinus spp. (European ash), 824 hectares.

12. A mixed forest of cliff (423 hectares)

In total 6,702 hectares of forests are not used in the research, 1.68% of all the forests of

the Basque Country.

4.2 Protected Nature Areas (Step 2)

There is another factor that has to be considered about Basque forests, protected
nature areas. Protected nature areas can be, in some cases, an obstacle for the use of the
forests that are inside their jurisdiction for wood extraction purposes. These protected
nature areas are under the law 16/1994, modified in 2010, to protect the nature in the
Basque Country and is divided into four different protected areas: nature parks,
protected biotopes, special trees, and Natura 2000 areas (Eusko Jaurlaritza, 2013). They

cover the 20.3% of the Basque territory (Eusko Jaurlaritza, 2015).
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There also is a biosphere reserve declared by UNESCO in 1984 that can affect the

activity in some forests.

4.2.1 Nature Parks

Nature parks are places where human presence has not or has minimally affected
or changed the autochthonous environment. It distinguishes the beauty of the sight and
the evocative nature of the ecosystems, the extraordinary geomorphological formations,
vegetation, and fauna (BOE, 2014). There are 9 in the Basque Country. The public
authorities need priority action channels to be able to combine two purposes: the use of
natural resources and public use, and saving or re-establishing ecological, aesthetic or
educational values (Euskadi.eus).

The use of the forests for wood production is permitted under some regulations
that aim to protect these areas and ecosystems. Most of the forest uses will have to be

extensive, respecting the ecosystems and damaging them as little as possible.

4.2.2 Protected Biotopes
The protected biotopes have been created to protect ecosystems, communities,

biological elements, geological sites with interest, and natural spaces in the natural
environment, which are unique, fragile, particularly beautiful, or of outstanding
scientific interest, worthy of extraordinary appreciation (Euskadi.eus). Eight protected
biotopes can be found in the region.

The exploitation of resources will be restricted in biotopes, except if the values
can be protected and the same exploitation can be achieved. Extensive use of forests

could be a solution.
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4.2.3 Special Trees
Special trees, due to their unusual or prominent characteristics (size, age,

history, beauty, location, etc.) are called tree specimens that deserve special protection
(BOE, 2014). These trees cannot be touched. 25 trees are protected in total, an

insignificant value for the research.

4.2.4 Natura 2000 Areas

Natura 2000 is a network of core breeding and resting sites for rare and
threatened species and some rare natural habitat types, which are protected, in their own
right. The Natura 2000 areas were created by the European Union. It stretches across all
28 EU countries, both on land and at sea. The aim of the network is to ensure the long-
term survival of Europe's most valuable and threatened species and habitats
(Ec.europa.eu, 2017). Natura 2000 is a system of short nature reserves where human
activities are allowed in most of the areas.

The majority of Natura 2000 areas with forests are located inside nature parks,
and protected biotopes and other areas are focused on rivers and wetlands. Due to this

situation, Natura 2000 areas do not have a considerable impact on the research.

4.2.5 Biosphere Reserve
Biosphere reserves are areas comprising terrestrial, marine, and coastal

ecosystems. Each reserve promotes solutions reconciling the conservation of
biodiversity with its sustainable use (UNESCO). The most important areas respecting to
biodiversity protection are restricted to use, but these areas are quite small inside the
biosphere reserve, and it is more focused on river and coastal zones than forests. Most

of the forest can be used intensively or extensively.
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4.2.6 Effect of Protected Nature Areas on the Forests Potential Calculation
In most of the protected nature areas, the use of the forests with the purpose of

wood production is not restricted. They have limitations, and the forests and ecosystems
have to be respected. The areas where the use of the forests is completely restricted are
quite limited inside the protected nature areas and to know their location, the area they
cover, and the species that they contain with their forest age and density level is very
difficult because all this information is not available. The research understands that
without this information it is not possible to calculate the effect that protected nature
areas have in the calculation of the forest potential.

The positive thing for the research is that the majority of these areas are formed
by autoctonous species that were already planned to be extensively used in the
methodology, a thing that is possible in the protected areas. This minimizes the effect
that protected nature areas have in the calculation.

In conclusion, protected nature areas are not going to condition the potential of
the Basque forests to be a source of bioenergy in this research, although they should be
considered. This should be studied by the authorities or other research. The effect of the
protected nature areas is not considered in the calculation of the potential and has to be

taken into account in the conclusion of the research.
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Figure 7. Protected nature areas in the Basque Country (GeoEuskadi, 2018).

4.3 Extensive and Intensive Forest Uses (Step 3)

In the research, these two forest uses or management models are going to be

used depending on the characteristics of each forest group. The two forest uses or
management models are the most used worldwide, although there are more that are not
going to be considered due to the extra complication that they can generate for the

research (Agrilnfo.in, 2015).

4.3.3 Tree Species in Extensive and Intensive Forest Use

To calculate the potential, the tree species of the Basque Country will be divided

into two groups as explained before in the methodology. The group of hardwood species

will be managed extensively, and the group of conifers and eucalypts intensively.
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The decision of using some forests extensively and others intensively has been done
depending on the origin of the tree, its ecological value, landscape value, wood
production level, and other environmental services that the forests give to the

environment and the society (Benson, 1988).

4.3.3.1 Hardwood Forest Species

Trees that should be managed extensively, depending on the criteria of
the research, are tree species that are autochthonous, have medium or high
ecological value, have landscape value, have a medium-low wood production
level, and give different environmental services to the environment and the
society. Hardwood species fulfill these requirements.
Below are the tree species that enter in this group:
1. Quercus robur (Common oak) 15,924 hectares.
2. Quercus pyrenaica (Pyrenean oak) 13,110 hectares.
3. Quercus faginea (Valencian oak) 26,665 hectares.
4. Quercus ilex (Evergreen oak) 26,364 hectares.
5. Riverbank forests 4,547 hectares.
6. Leafy plantations 3,610 hectares.
7. Quercus rubra (Northern red oak) 3,907 hectares.
8. Fagus sylvatica (European beech) 54,619 hectares.
9. Castanea sativa (Sweet chestnut) 1,163 hectares.
10. Atlantic mixed forest 35,414 hectares.
11. Other leafy 3,767 hectares.

In total 189,090 hectares can be managed extensively depending on the

research, the 47.6% of all the forests. Adding the percentage of the 1.68% of the
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forests that are not going to be used, 49.3%. This percentage explains that half of

the forests will be managed while respecting the forests.

4.3.3.2 Conifers and Eucalypts Forest Species

Tree species that should be managed intensively, depending on the
criteria of the research, are trees that are not autochthonous, have low or none
ecological value, do not have landscape value, high wood production level, and
do not give most of the environmental services that autochthonous forest do.
Conifers and eucalypts fulfill these requirements.

Below are the tree species that enter in this group:

1. Pinus sylvestris (Scots pine) 17,511 hectares.

2. Pinus nigra (Black pine) 13,885 hectares.

3. Pinus pinaster (Maritime pine) 6,768 hectares.

4. Pinus radiata (Radiata pine) 123,921 hectares.

5. Pseudotsuga menziesii (Oregon pine) 7,360 hectares.

6. Larix species 7,915 hectares.

7. Chamaecyparis lawsoniana (Lawson cypress) 3,297 hectares.
8. Other conifers 2,581 hectares.

9. Eucalyptus globulus (Tasmanian bluegum) 10,894 hectares.
10. Eucalyptus nitens (Shining gum) 6,355 hectares.

11. Other eucalyptus 945 hectares.

In total 201,432 hectares can be managed intensively depending on the
research; 50.7% of all the forests. Most of these forests are currently being
intensively used for wood production purposes like paper, furniture, and other

types of industries, which are very important for the local economy. It is
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estimated that the sector generates 13,000 direct jobs and 7,000 indirect jobs in

the Basque region (BaskEgur, 2015).

4.4 Wood Extraction of the Forests

Every year wood has to be extracted from the forests to use it as an energy source
and meet the energy needs of the society. The wood quantity that will be extracted from
each forest will depend on the tree species, the type of use of the forests (extensive or
intensive), the state of mass (age) and the density of the forests:

e Depending on the tree species, the use of the forests will be different and also

the amount of extracted wood.

e The state of mass of the forests (the age) will condition the quantity of the wood

that can be extracted.

e The density of trees of a forest will condition the quantity of wood that can be

extracted.
The research bases its original data of wood extraction in 6 tonnes per hectare and year
in forests of extensive use that are adult or grown and have a high density (Boyle,
Tappeiner, Waring, & Smith, 2016). In the case of intensive use forests, the original
data for wood extraction is 30 tonnes per hectare and year in adult forests with a high

density (Observatorio de la Madera, 2010).

4.4.1 The State of the Mass in Hardwood Forests (Step 4)
First, the state of mass or age of the forests is going to be considered. The data

appears in table 2. All the forests that are going to be used extensively will be divided
into 4 groups as explained before in the methodology: cut forests, young forests,
medium-age forests, and adult forests.

1. Cut forests: Forests that have been cut and replanted. In consequence, they can

not produce any wood in the near future. It ranges from the germination of the
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saplings until they reach 25 cm in height. It assumes the phase of installation of
new mass (Aula Silvicultura, 2008).They represent 341 hectares, the 0.18% of
hardwood forests (Table 2).

2. Young forests: Trees from 25 cm high too until they begin their natural pruning
processes. These forests do not have large biomass amounts and cannot be used
in excess, or the future adult forests they become will be in danger (Constanzo,
2016). Young forests represent 13,810 hectares, the 7.3% of hardwood forests
(Table 2). If all the young forests would have a high density, they could produce
10,357.5 tonnes of wood every year. The wood production would be of 0.75
tonnes per hectare per year (Table 12).

3. Medium-age forests: Trees that begin their natural pruning processes to trees
that have an average of 20 cm of normal diameter (Aula Silvicultura, 2010).
They represent 81,823 hectares, the 43.27% of hardwood forests (Table 2). If all
the medium-age forests would have a high density, they could produce 245,469
tonnes of wood every year. The wood production would be of 3 tonnes per
hectare per year (Table 12).

4. Adult forests: Forests where its trees have, on average, larger normal diameters
than 20cm (Aula Silvicultura, 2008). Adult forests represent 93,116 hectares, the
49.24% of hardwood forests (Table 2). If all the adult forests would have a high
density, they could produce 558,696 tonnes of wood every year. The wood

production would be of 6 tonnes per hectare per year (Table 12).

Below, is a table that explains in what quantity the wood will be extracted from the

different hardwood forest types, in respect to their state of mass (age) and density.
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State of Mass (Age)

Cuts | Young | Medium | Adult
D
0 0.187 0.75 1.5 Low |E
N
0 0.375 1.5 3 Medium | S
I
0 0.75 3 6 High | T
Y

Table 12. Wood extraction values in different hardwood forests (tonne/year)
In total, if all hardwood forests would have a high density, the wood production
potential per year could be of 814,522 tonnes. On average, for every hardwood forest

hectare, the wood production would be of 4.31 tonnes per year.

4.4.2 The Density of Trees in Hardwood Forests (Step 5)
Density is a reliable indicator of the degree of occupation of a specific time and

place by trees; besides, it is one of the few variables that represent the structure of
forests in a simple, objective manner (Ramos, et al., 2018). Depending on the density of
the forests the wood production will be different. There are 3 different density levels:
low, medium, and high:

1. Low density: When an area is covered by trees in a percentage of 39% or lower
(Euskadi.eus, 2004). They represent 16,977 hectares and the 8.98% of all
hardwood forests (Table 2). Low-density hardwood forests could be able to
produce 18,286 tonnes of wood every year (Table 13).

2. Medium density: When an area is covered by trees between a percentage of 40%

and 69% (Euskadi.eus, 2004). They represent 33,654 hectares and the 17.8% of
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hardwood forests (Table 2). Medium density hardwood forests have the

capability to produce 72,493 tonnes of wood every year (Table 13).

3. High density: When an area is covered by trees in a percentage of 70% or higher

(Euskadi.eus, 2004). They represent 138,090 hectares and the 73.22% of

hardwood forests (Table 2). High-density extensive forests could be able to

produce 596,393.4 tonnes of wood every year (Table 13).

How the calculations are done is shown in the table below.

Wood Production Potential of Hardwood Forests

Average Wood

ST Wood
Density Hectares Production in High- Production Total Tonnes per
Density Forests Potential Year
(Tonnes/Year/Hectare)
16,977x4.31x0.25
0 i
Low 16,977 431 25% 18,286
. 33,654x4.31%0.5
0 )
Medium 33,654 431 50% 72,493
. 138,090%4.31
0 )
High 138,090 431 100% -596.393
Total 188,721 - - 687,172

Table 13. Wood Production Potential of Hardwood Forests

Applying the methodology of this research and using Table 12 with the wood

extraction values of different hardwood forests, the density of the forests changes the

wood production potential. Due to the majority of hardwood forests having high

density, the wood production potential of hardwood forests did not lower much and is

687,172.4 tonnes per year.
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4.4.3 State of Mass in Conifers and Eucalypts Forests (Step 4)
All the tree species that are in the conifers and eucalypts group will be divided into

four groups as explained before in the methodology: cut forests, young forests, medium-
age forests, and adult forests.

1. Cut forests: They represent 8,211 hectares and the 4.07% of the conifers and
eucalypts forests (Table 2). These forests cannot produce any wood.

2. 'Young forests: They represent 25,571 hectares and the 12.7% of the conifers and
eucalypts forests (Table 2). If all the young forests would have a high density,
they could produce 95,891 tonnes of wood every year.

3. Medium-age forests: They represent 26,572 hectares and the 13.2% of the
conifers and eucalypts forests (Table 2). If all the medium-age forests would
have a high density, they could produce 398,580 tonnes of wood every year.

4. Adult forests: They represent 141,078 hectares and the 70% of the conifers and
eucalypts forests. If all the adult forests would have a high density, they could

produce 4,232,340 tonnes of wood every year.

Tonnes of wood extraction per year and hectare in intensive forests:

State of Mass (Age)

Cuts | Young | Medium | Adult
D
0 0.94 3.75 7.5 Low |E
N
0 1.875 7.5 15 Medium | S
I
0 | 375 | 15 30 | High \T(

Table 14. Wood extraction values in different intensive forests
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In total, if all intensive forests would have a high density, the wood production could be

4,726,811 tonnes every year. On average, for every conifer or eucalyptus forest hectare,

the wood production would be of 23.47 tonnes per year

4.4.4 The Density of Trees in Intensive Forests (Step 5)
There are 3 different density levels in this research:

1. Low density: They represent 43,303 hectares and the 21.5% of conifers and

eucalypts forests (Table 2). Low-density conifer and eucalypt forests could be

able to produce 254,080 tonnes of wood every year (Table 14).

2. Medium density: They represent 64,145 hectares and the 31.84% of conifers and

eucalypts forests (Table 2). Medium density conifer and eucalypt forests could

be able to produce 752,741 tonnes of wood every year (Table 14).

3. High density: They represent 93,984 hectares and 46.66% of conifers and

eucalypts forests (Table 2). High-density conifer and eucalypt forests could be

able to produce 2,205,804 tonnes of wood every year (Table 14).

How the calculations are done is shown in the table below.

Wood Production Potential of Conifers and Eucalypts Forests

Average Wood Wood
) Production in High- . Total Tonnes per
Density Hectares . Production
Density Forests Potential Year
(Tonnes/Year/Hectare)
43,303%23.47x0.25
0 H
Low 43,303 23.47 25% -254,080
. 64,145x23.47x0.5
0 1
Medium 64,145 23.47 50% .752.741
. 93,984x23.47
0 1
High 93,984 23.47 100% -2.205.804
Total 201,432 - - 3,212,625

Table 15. Wood production potential of conifers and eucalypts forests
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Applying the methodology of this research and using Table 13 with the wood extraction
values of different conifer and eucalypts forests, the density of the forests changes the
wood production potential. Due to the fact that only half of the forests have high
density, the wood production potential of intensive forests lowers considerably to

3,212,625 tonnes per year.

4.4.5 Total Wood Extraction Potential
Once calculated the potential that hardwood forests and conifers and eucalypts

forests have, it is possible to get the total potential. As explained before, the potential
has been calculated depending on the tree species, forest management or use type, forest
state of mass or age, and their density.

On the one hand, hardwood forests in their current situation have the potential to
produce 687,172 tons of wood per year that can be used for energy generation purposes,
while respecting native species. On the other hand, conifers and eucalypts forests in

their current situation have the potential to produce 3,212,625 tonnes of wood per year.

Wood Production

= Hardwoods = Conifers and Eucalypts

Figure 8. Wood production share of each forest group
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In conclusion, this research estimates that Basque forests have the potential to
annually generate 3,899,797 tonnes of wood in a way that respects autochthonous

species.

4.5 The Energy Potential of Basque Forests

The gross calorific value of wood of different species varies in a small range,
and on an average, it is 16.9 MJ / Kg (Marquard & Bahls, 2018) . In conifers it is 2%
higher than in hardwoods. This difference is mainly due to the higher content of lignin,
and partly also to the higher content of resin, waxes, and oils of conifers (AVEBIOM,
2008).

In this research, it is assumed that all the wood will be treated and processed as
woodchips. There are other options like wood pellets that have less moisture content
and more calorific value but need longer processes, more time, and more investment
(AVEBIOM, 2008). Woodchips have a considerable moisture content (around 25%)
which makes their net calorific value lower comparing with the gross calorific value,
and it is of 15.3 MJ/kg or 4.25 kWh/kg on average (Marquard & Bahls, 2018). The net
calorific value will be used in the calculations.

As explained in the methodology, this research understands that the most
efficient, simple, and accessible process or technology to convert the wood in energy is
via direct combustion of wood for heating and industrial purposes (Dornburg & Faaij,
2001). This combustion is done in woodchip boilers that use the combustion energy of

the wood to heat water.
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Figure 9. A wood chip boiler producing energy (Fréling GmbH, 2018).

The energy efficiency of wood chip boilers like the one above has achieved
excellent results in the last years. The best boilers in the market have an efficiency of
around 90% (Froling, 2012). This efficiency is calculated in optimal situations that in
real cases can be lower.

Other combustion processes have less energy efficiency and the processes that
are directed to produce electricity from wood are not adequate in the Spanish system, as
in other European nations, due to the complicated bureaucracy and difficulties to enter
the grid, at least being an independent individual. In Spain, power utilities still control a
monopoly on electricity production and distribution. In these circumstances, in the
absence of a legal framework, independent power producers may not be able to invest in
renewable energy facilities and sell power to the utility or to third parties (Beck &
Martinot, 2004). If the situation changes, the option to generate electricity could be

interesting in some cases.
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Now that all the parameters to calculate the energy potential that Basque forests
have been known (wood tonnes, net calorific value of wood and energy efficiency of the
process) the calculation will be done. For the calculation, the formula in the research
methodology part will be used (Formula 2).

The result of the calculation shows that the Basque forests have the potential to
produce 53,700 TJ, respecting native forests. It would be the equivalent of the 20.6% of

the total Basque energy demand of 2017.
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CHAPTER 5 CONCLUSION

As seen through this research, Basque forests have the potential to generate
3,899,797 tonnes of wood per year, while respecting native species. Using the most
efficient technologies, it could be converted into 53,700TJ per year. It would be 20.6%
of the total Basque energy demand of 2017. This is a considerable percentage that
should be considered by public institutions and policymakers to promote the use of the

forests as an energy source, also the private sector.

Potential of Wood Energy

[WAARDE]%

= Wood energy Other energy sources

Figure 10. The potential of wood energy in the Basque total energy demand
The potential is the maximum energy that Basque forests can produce,

estimating that all the factors of the calculation are in an optimal condition as the energy
efficiency processes, wood production of different forests, and considering that all the
forests are used for biomass production. It is important to note that all these optimal
conditions are not always going to be accomplished due to different reasons (diseases,
less efficient technologies, other forest uses) therefore, the real potential will be lower.
It should also be considered that forests that are completely protected, where the use for
wood production is not possible, have not been removed from the potential calculation.

They have not been removed because it has been not possible to find detailed
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information on these forests and the species located within. Completely protected
forests are a small number, but it would affect lowering the potential. The research
calculates that the potential could have an error percentage of the 10%.

In conclusion, the potential that Basque forests have to be an energy source is
high compared to other regions or countries in Europe. The potential that Basque forests
have to produce energy is around 10 times higher than the actual use. That means that
the forests could be used more for energy generation purposes.

Share of the Energy Demand of the Basque
Country

Actual use .

Figure 11. Actual use and potential of wood energy
It will always be very important to find a balance between the forests that are
used for energy generation and the forests that produce wood for other purposes that are
important for the local people and economy.
Higher use of the forests for energy production would increase the use of
renewable energies in the region, and it would also help achieve the European targets
for 2020, 2030, and 2050. It will also decrease the emission of tonnes of CO; in the

atmosphere, contributing to the global warming process.
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CHAPTER 6 RECOMMENDATIONS

The recommendations are a fundamental part of the research that aims to
improve the understanding and the use of the concepts analyzed in the research. Most of
the recommendations direct towards the understanding of the potential and how this
research and its conclusions can apply in the real world.

This research calculated the maximum potential that Basque forests have to be
an energy source while respecting native species. The research does not suggest that in
the future all this potential should be used. The maximum potential has been calculated
to show to the local authorities, private companies, and individuals that this bioenergy
source has great potential in the region, and that it is an alternative to develop a Basque
Country that is more renewable and energetically less dependent. The research
recommends especially for public authorities to develop programs and plans to develop
the use of this energy source. It is also suggested to find a balance between the use of
the forests to produce wood for energy generation purposes, and other wood-based
industries, and the protection of the environment and environmental services.

The research recommends first to start using wood from forests that do not have
any economic use. This would generate new economic activities and would not affect
the forests that are already being used for other activities. Forests that normally do not
have any economic activity are native species. They are more linked with the protection
of the environment and the supply of environmental services. The research recommends
that these forests could be used extensively, producing low quantities of wood but
without affecting the environmental services that they provide.

The next recommendation is dedicated to the energy efficiency of the processes.
The supply chain of the wood is long, starting from the collection of wood from the
forests until the wood is burned and converted into energy. This process has to be done
locally, in an area not bigger than 40 km so not to use other energy sources in excess
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that would decrease the net energy generation. It is always recommended to use wood in
combustion processes with the highest energy efficiency as possible, for that the newest
technologies should be used. Wood is most efficiently used in wood boilers that produce
heat for heating and industrial processes.

The last recommendation is directed towards institutions and individuals that
would like to study more deeply about this topic. They should consider that this
research is limited and has been done by one person and sometimes the data that was
needed was not available. This study field could be developed in the future:

1. Get more information, if it is possible from the government database, to
make the calculation more exact.

2. The research needs more specific data about completely protected
forests and the species that are on them and in what condition.

3. There are different forest uses that have not been considered in the
research, only extensive and intensive forest uses. Applying other uses
to the potential could be more exact.

4. The methodology that is used in this research could be used in other

regions, making some changes if needed.
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APPENDIX

The appendix is used to explain the actual situation of Basque forests more deeply,
explaining the most important forest species and their characteristics. The forests are
divided on two groups due to their characteristics: conifers and eucalypts species, and
hardwood species.

1 Conifers and Eucalypts Species

The conifers are a family of tree species related with pines. They have characteristic
leaves, and the trees do not lose them entirely in any season of the year. They are known
for having a high productivity of wood in a relatively short period of time.

1.1 Radiata Pine

Located on the Cantabrian slope, Pinus Radiata or Radiata Pine is the species that
occupy the most significant area (123,921 ha, accounting for 31.2% of the total wooded
forest area) and about 85-90% greater forest productivity in the Basque Country (Eusko
Ikaskuntza, 2001). Originally from lower California (known as Monterrey pine), it is
usually planted on land of fewer than 600 meters, with a deep, non-waterlogged soil
(wa.gov.au, 2016). 85% of its surface belongs to private owners (Inventario forestal
CAV). Itis an invasive species that changed the ecosystems and biodiversity of the
region, generating several negative impacts as soil erosion and impoverishment (CABI,

2018).
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Figure 12. Pinus radiata monoculture in a town of Gipuzkoa (Segura, 2015).

1.2 Scots Pine

After Pinus radiata, Scots Pine (pinus Silvester) is the largest conifer of extension in the
Basque Country (17,511 ha, about 14,000 of them in the form of natural masses)
(Inventario forestal CAV). However, its distribution is radically different from that of
the radiata pine, since it is a species of the Mediterranean slope. Most of them are
located in the southern province of Araba. 80% of its extension is located in public
forests. It is the only native conifer of the Basque Country; it arrived without any human
activity to the region. They are not intensively used for wood production as Pinus

Radiata due to its lower productivity, but they have high paisagistic value (EnteVasco).

77



Figure 13. Scots Pines in Araba (Pérez de Ana, 2017).

1.3 Black Pine

Pinus nigra or Black Pine, covers an area of 13,885 hectares, with predominant
distribution in Gipuzkoa (51%). It usually appears in altitudes between 600 and 1,200
meters. It is more productive than Pinus Radiata in these altitudes, but its wood is less

valuable. This is why it is not very extended.
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Figure 14. Black pines in Araba (Pérez de Ana, 2017).

In the map below, it is shown how the conifer species are distributed in the Basque

Country:
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Conifers Distribution Map
Pinus Radiata
1 Scots Pine (Pinus Sylvester)
I Biack Pine [Pinus Nigra)
B Larch (Larix spp.)
Il Other Conifers

Figure 15. Conifers distribution in the Basque Country (GeoEuskadi, 2018).
1.4 Eucalypts

Eucalypts, mainly Eucalyptus globulus in the coastal zone of Bizkaia and Eucalyptus
nitens in the interior of Bizkaia, below 500 meters are increasing in area year after year.
Currently, they already reached an area of 18,194 hectares in 2017 and it is estimated
that their annual increase will be around 500 hectares per year (HAYA, 2005). The
productivity of wood of this species is very high and it is being used to replace pinus
radiata plantations that are suffering from different ilineses lately and because they
adapt really well to poor soils. They are very popular inside the wood industry due to its
productivity but they also have some negative impacts in the environment that have to
be taken into account. For example, they completely change the biodiversity of the

region, they have huge water needs, and are very vulnerable to wildfires.

80



Figure 16. An eucalyptus plantation in Bizkaia (Pérez de Ana, 2018).

2 Hardwood Trees

Leafy Trees are trees that are mostly autochthonous in the Basque Country, and one of
their most notorious characteristics is that they lose their leaves in winter. They are
normally less productive than Conifers in regards to wood production.

2.1 The European Beech

The Beech (Fagus sylvatica) is the leafy one that, with 54,619 ha and 14% of the
wooded forested area, occupies the greater area in the autonomous community, centered
in Araba (60%) and Gipuzkoa (32%). It occupies mountainous terrain, preferably of
Umbria and with high degrees of atmospheric humidity (The Morton Arboretum).
Three-quarters of the Beech surface are found in public forests, forming large
continuous extensions on the northern slopes of the mountain ranges (HAYA, 2005).
The Beech has been a traditional source of firewood and charcoal for the Basque people
for centuries. Small pieces of wood were cut from the tree or taken from the ground for
its use without hurting the tree severely, like this it would continue accumulating
biomass (wood) for other needs in the future. This sustainable management of the

resources was positive for the inhabitants and the trees, eliminating the diseases and
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problems in the tree's growth. Nowadays, this use of the Beech is disappearing due to
the location of the Beeches and the change to other species like Pines. Lately, Beech

forests are accumulating wood that could be used for its energetic use.

Figure 17. Beech forests in Gipuzkoa (Mikipons, 2018).

2.2 Oaks

The oaks, pedunculated (Quercus robur) and apricot (Quercus petraea), once occupied
great areas of the Basque Country. Today they are relegated to dispersed areas, due to
the pressure received by their habitat, the value of their wood, and the competition of
other species. The common or pedunculated oak is preferably located in valleys and
bottoms of valleys, on deep and fertile soils, in lands that are currently dominated by
meadows and crops. Nowadays, most of these habitats are destroyed to build cities or
for their agricultural use. Pure oak groves are scarce (16,598 ha), predominantly small

diameter masses and coming from shoots of strain (Inventario forestal CAV).
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Figure 18.A common oak in a town from Gipuzkoa (Arrasateko Udala, 2015).
The Holm Oak (Quercus ilex) is the most representative forest species of the
Mediterranean mountain and occupies 26,364 ha. The Holm Oaks are mainly located in
Araba (73% of its extension). There are masses of significant areas in the Cantabrian

slope as well, coinciding in both cases with the main limestone mountains.

Figure 19. Holm Oaks in Araba (Olano, 1995).
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The Gall Oak (Quercus faginea), given its tendency to the Mediterranean climate and
limestone substrates, is located mainly in Araba. Its area has been greatly diminished as
a consequence of the introduction of pastures and crops, so it has been relegated today

to scattered forests in the foothills of some mountains, occupying 26,665 ha in total.

Figure 20. Gall Oaks in Araba (Pérez de Ana, 2016).

Quercus pyrenaica or Pirinean Oak is also one of the species centered on Araba (95%
of its extension), and its are is estimated at 13,110 ha. The great capacity of regrowth of
their strains and the poverty of the soils where they settle have favored the conservation

of this species.
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Figure 21. Pirinean Oaks in Araba (Castilla).

In the map below, it is shown how the quercus species are distributed.

Distribution Map of Quercus Species
B Holmn Ok (Quercus tex)
Portuguese Oak (Quercus Faginea)
W Pecunculate Oak (Quercus Robur)
Pyrenean Oak (Quercus Pyrenaica)
Northern Red Oak (Quercus Rubea)
B Sessile Oak (Quercus Petraea)

Figure 22. Distribution of quercus species in the Basque Country (GeoEuskadi, 2018).
2.3 Mixed Atlantic Forest
Mixed atlantic forests are heterogeneous mixtures of hardwoods dominated by feet from

the stock that abound in the Cantabrian slope. In these forests, during the absence of
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disturbances, the longevity of common oak usually leads to its long-term dominance.
They are a type of forest that expands every year as a result of the abandonment of
pastures or cut pine forests; they occupy 35,414 hectares, 18,900 of them in Gipuzkoa
(where they represent 15.3% of the total wooded area). They normally do not have any

economic use.

Figure 23. An example of a Mixed Atlantic forest in Gipuzkoa (Mapio.net).
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Leaty Tree Distribution Map
European Beech (Fagus Syhvatca)

I Mixed Atlantic Forest

0 Quercus Species

N Cucalypius Species

I Other Leafy Trees

Figure 24. Distribution map of Leafy Trees (GeoEuskadi, 2018).
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