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a b s t r a c t

The use of forest and agricultural residues for energy production presents multiple benefits, but the link
between bioenergy and the environment is complex and not all of the energetic options have the same
impacts. This work evaluates the net positive effect of valorizing residual biomass in the context of a rural
area of Portugal, Estremoz. It focuses on the combined assessment of biomass availability, techno-
economic feasibility and environmental aspects of utilizing forest and agricultural residues to produce
bioheat. At first, the energy potential of the residual biomass available in the municipality is evaluated
using a geographical information system database. The assessment with RETScreen of the techno-
economic feasibility of replacing electricity by biomass for heating local public schools follows. The re-
sults show that around 27 314 t of residues, corresponding to about 267 680 GJ, are produced each year in
Estremoz, more than half in montado areas. The use of this biomass for the replacement of the existing
electric heating systems of nine local schools by biomass-based ones offers good project profitability. As
far as the environment is concerned, the energetic valorization of the residual biomass in Estremoz has
multiple benefits. It contributes to climate change mitigation by saving greenhouse gas emissions and
promoting the preservation of the traditional extensive uses of the ecosystems. Moreover, a correct
vegetation management decreases the fire risk, potentiates the increase in biodiversity, offers better
conditions for native species and allows to maintain the ecosystems.

© 2015 Elsevier Ltd. All rights reserved.
1. Introduction

Europe 2020 strategy aims at, among others, creating a sus-
tainable and growing low-carbon economy by improving energy
sustainability and preventing climate change (EC, 2010). To reach
this goal, the promotion of renewable energies is of upmost
importance, being bioenergy, particularly wood and wood waste,
expected to make a key contribution (EC, 2014).

When compared to fossil fuels, biomass can help to reduce
direct greenhouse gas emissions (GHG); however, its implications
for the whole life cycle are less clear (Jeswani et al., 2011). The
impacts of biomass removal from the environment vary in nature
and extent according to the production system used (Lattimore
om~ao Ramalho, 59, 7000-671
6 745 394.
ico), joao.cbc@hotmail.com
ma@agropower.pt (J.C. Lima).
et al., 2009) and introduce trade-offs with other ecosystem ser-
vices (e.g., Harrison et al., 2014; Makkonen et al., 2015). Several
authors analyzed the potential negative environmental effects of
bioenergy. Some non-exhaustive examples are presented next.
Lattimore et al. (2009) systematically reviewed the environmental
risks that can be encountered in forest biomass harvesting and
production systems. Verkerk et al. (2014) investigated the bio-
physical and economic impacts of increased forest biomass pro-
duction for bioenergy and biodiversity protection on forest
ecosystem services in Europe and concluded that larger benefits
would be obtained if forest biodiversity protection is enhanced.
Jeswani et al. (2011) evaluated the environmental impacts and
economic costs of co-firing with coal different types of biomass
(miscanthus, willow and waste fuel) and concluded that waste
wood appears to be environmentally the most sustainable option.
Gonz�alez-García et al. (2014) arrived at a similar conclusion. These
authors performed a comparative life cycle assessment study and
demonstrated that the utilization of biomass residues (vineyard
pruning and eucalypt logging residues) for energy production is
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environmentally beneficial and has a lower impact than using
wooden energy crops (poplar).

In their study, Gonz�alez-García et al. (2014) also pointed out that
further analysis should focus on the availability of biomass sources
for energy purposes. The same need was recognized by Lourinho
and Brito (2015), who identified the lack of knowledge on the
resource potential as one of the key barriers to biomass develop-
ment. Also, G�omez et al. (2010b) referred that accurate estimates of
biomass sources are needed in order to support policy decisions.
Several studies have estimated the potential of different agricul-
tural and forest residues available for energy purposes in several
regions of the world (e.g., L�opez-Rodríguez et al., 2009; G�omez
et al., 2010a; Scarlat et al., 2011; Monforti et al., 2013). Worth
mentioning is the fact that estimates for the same area and biomass
category may present relevant differences (see, for example,
Monforti et al., 2013). A review of the studies on the assessment of
residual biomass in Portugal follows, since this is the regional scope
of our work.

The bioenergy potential for Portugal has been assessed in
several works (Ericsson and Nilsson, 2006; Ferreira et al., 2009; de
Wit and Faaij, 2010), revealing that there are still untapped biomass
resources in the country. Adding to these studies, others with a
more specific and/or regional scope have also been published for
the country. For example, Viana et al. (2010) determined Portugal's
forest biomass resource potential for the commercial generation of
electricity. They focused onmaritime pine and eucalyptus stands. In
another study, Fernandes and Costa (2010) presented an evaluation
of the potential of biomass residues in themunicipality of Marv~ao, a
region in the east of the country, where cork and holm oaks have an
important presence. They used geographical information system
(GIS) database and statistical analysis to achieve this task, along
with a thermal energy utilization case study. More recently,
Lourinho and Brito (2015) determined the biomass energy potential
in a larger region, whereMarv~ao is included. They also used GIS as a
supporting tool.

Less common in the literature are the works that integrate the
assessment of the residual biomass potential for energy production
with techno-economic feasibility analyses and with the environ-
mental aspects of bioenergy projects. Examples of studies where
the agricultural or forest waste-to-energy potential and economic
analysis are integrated are the ones by Boukis et al. (2009),
Fernandes and Costa (2010) and G�omez et al. (2010b); while in
Skoulou and Zabaniotou (2007), the environmental aspects are also
taken into account.

From all of the above we highlight that: i) quantifying the en-
ergy potential of biomass resources at local level is important and
needed; ii) there is a complex link between bioenergy and the
environment and iii) using agricultural and forest waste streams
seem to be a good choice as far as environmental impacts are
concerned. Having this in mind, this study addresses the impacts of
residual biomass utilization in the context of a rural region in inland
Portugal, the municipality of Estremoz. In a first step, the available
residual biomass potential in Estremoz is assessed and its possible
energy use quantified. A feasible scenario for the conversion of this
biomass into heat is then proposed and its financial viability
analyzed. With the first part of the paper, we intend to quantify the
untapped biomass potential in the region, which can be used with
multiple benefits. Following this case study, the relation between
biomass energy utilization and ecosystems management and
preservation is discussed.

2. Description of the Estremoz region

The Estremoz municipality occupies an area of 514 km2, belongs
to the �Evora district and is located in the eastern part of Portugal.
The latitude of its main city, also called Estremoz, is 38�50034.2900N
and the longitude 7�35010.5000W. It is mainly a rural region that
suffers from a common problem to most of the regions in inland
Portugal: human desertification (INE, 2011). The municipality is
characterized bywide daily and seasonally temperature ranges (the
average temperatures are around 10 �C and 23 �C in winter and
summer, respectively) and by rainy and dry seasons (Mendes et al.,
1991). Most of the region consists of hilly terrain with moderate
slopes (CME, 2010).

The relevance of studying the Estremoz municipality is related
to: i) first of all, the fact that it is a rural region with a high
depopulation and land abandonment, and thus with competitive
inequality. In this context, it is crucial to define new strategies to
invert this tendency; ii) secondly, non-valorized forest and agri-
cultural residues are available in Estremoz. These residues could be
economically interesting for the development of this region; iii)
additionally, the territory has significant ecological values. Defining
lines of action that can be both helpful for biodiversity conservation
and for the economic and social development of this territory is
important. It should be mentioned that the territorial and ecolog-
ical values of the Estremoz region are common to several other
areas of the Iberian Peninsula. In this sense, the conclusions drawn
in this study should not be analyzed as restricted to the munici-
pality, but have a wider territorial scope.

3. Methods

This study followed three major steps. To begin with, the
availability of residual biomass generated by forest and agricultural
activities in Estremoz was determined. This allowed for the deter-
mination of the energy potential of residual biomass available in
the region. After this first step, a case study was used with the
objective of demonstrating the financial viability of utilizing
biomass residues for energetic purposes in the study area. In the
final step, the relationship between habitat preservation and
biomass energy valorization is discussed in the context of the
Estremoz region.

3.1. Determination of the energy potential

For the determination of the biomass energy potential from
agricultural and forest residues, geographical information on land
cover was fed into a GIS environment and used to calculate the
areas occupied by each forest and agricultural species within the
boundaries of the municipality. Each of this area was then multi-
plied by the residue productivity of the respective forest or agri-
cultural biomass family in order to obtain the theoretical yearly
amount of residues that it produces. This quantity was converted
into energy using the lower heating value of the species (14 GJ/t,
according to Fernandes and Costa (2010)) and considering a ther-
mal conversion efficiency of 70% (the same valuewas used by Vieira
et al. (2006) and Fernandes and Costa (2010) for the biomass
conversion into bioheat through combustion technologies).

The land cover map of Estremoz used was the CORINE Land
Cover map from 2006, which is a vector map with a scale of
1:100 000, a minimum cartographic unit of 25 ha and a geometric
accuracy better than 100 m (EIONET, 2014). Note that in the
Estremoz region, the landscape in not fragmented and 91% of the
utilized agricultural area has more than 20 ha (INE, 2012), an area
close to the minimum cartographic unit of the map. The CORINE
Land Cover 2006 map of Continental Portugal was produced by the
Remote Sensing Unit of the Portuguese Geographic Institute and its
estimated overall accuracy is 90.2%, with an absolute precision of
1.3 at the 95% confidence level (APA, 2014). Based on the data of the
CORINE Land Cover map, the areas of each of the ecosystems that



I. Malico et al. / Journal of Cleaner Production 112 (2016) 3676e36833678
are relevant in the study area were determined using GIS. Addi-
tionally, for the montado, data from the City Council was utilized in
order to distinguish the areas that are covered with cork and holm
oaks (CME, 2010).

A first analysis of the land cover suggests that a considerable
part of the Estremoz territory can be exploited for residual biomass
energy valorization. In our opinion, the areas of olive grove (small
group of olive trees, Olea europaea L.),montado, vineyard, scrubland
(sclerophyllous shrubs), gardens and parks are particularly inter-
esting because of the amount of residues they produce or for
environmental reasons as explained in the discussion section.

Themontadowith evergreen Quercus spp., which corresponds to
habitat 5330 from Nature 2000 network included on the 92/43/EEC
Directive, covers important areas of themunicipality (CME, 2010). It
is a threatened forest-grazing ecosystem of high socioeconomic and
conservation value (Pinto-Correia and Godinho, 2013; Pinto-
Correia et al., 2013). Used primarily for grazing, the montado is a
multifunctional system that can provide many commercial (e.g.,
livestock, cereals, cork, game, honey, firewood and charcoal) and
non-commercial (e.g., scenic value, carbon storage, biodiversity, soil
conservation and recreation) goods and services. Its main forest
tree species are the cork oak (Quercus suber L.) and the holm oak
(Quercus rotundifolia Lam.). For a detailed characterization of this
ecosystem, which is known as dehesa in Spain, see, for example,
Joffre et al. (1999) and Canteiro et al. (2011).

The sclerophyllous shrubs are a natural type of vegetation,
dominant in the thermo-Mediterranean and semi-arid zones,
although they can exist on dry and sub-humid ombrotypes, namely
on eroded soils. They are mainly Cisto-Lavanduletea shrublands,
which are dominated by Cistaceae (e.g., Cistus ladanifer) and Labi-
atae (e.g., Lavandula Sect. stoechas), known as garrigue, and woody
shrublands dominated by Quercus coccifera, Olea sylvestris and Ar-
butus unedo, known as maquis. Those are secondary shrub com-
munities, resulting mainly from fire destruction of natural potential
sclerophyllous forests (Q. suber and Q. rotundifolia woodlands), as
well as wood cuttings and subsequent erosion of the upper layer of
the soils (Rivas-Martínez, 1979). They correspond to habitat 5330
from Nature 2000 network included on the 92/43/EEC Directive.

The philosophy behind this study was to valorize residual
biomass obtained from pruning and maintenance of biomass spe-
cies; therefore biomass specifically produced for energy purposes
was not considered. According to some studies, energy crops
constitute the largest biomass potential in Europe (Ericsson and
Nilsson, 2006; de Wit and Faaij, 2010). If our sole goal was to pro-
duce bioenergy, we could have proposed the conversion of forest
and/or agricultural land into energy crop production. However, the
growing of energy crops raises a number of questions and there is
an intense debate about the production of energy crops. Some
possible risks of energy crops are the competition with food and
feed crops for land use, deforestation and the consequent negative
impact on climate change, the introduction of competitive invasive
species with an impact on biodiversity and the increase of NO
emissions due to high levels of fertilization. Bringezu et al. (2009)
discuss the global implications of biomass and biofuel use in Ger-
many and conclude that by-products and organic wastes should be
used for energy production. Another study by Anderson and
Fergusson (2006) considers the major impacts of using biomass
as fuels on biodiversity. They state that wood biomass generated by
traditional management techniques may result in biodiversity
benefits, whereas dedicated biomass crops grown in lands that
used to be less intensively managed are more likely to have nega-
tive effects on overall biodiversity.

Having this in mind, the potential yearly amount of biomass
from forest and agricultural activities in the Estremoz municipality
was calculated, considering the residue production yields of each
species. These yields were obtained from studies with a comparable
geographical location (Vieira et al., 2006; Fernandes and Costa,
2010; G�omez et al., 2010a). An exception to this procedure was
the determination of the quantity of the residual biomass collected
in gardens and parks. In this case, the yearly biomass production
was estimated from the information on the available amount of
residues given by the City Council, which is responsible for its
collection (Rui Franco, personal communication, 2013).

An analysis of the literature showed that relevant differences are
sometimes found in the estimates for the residue production yields.
This differences can be justified in part due to the fact that residue
yields are very variable and depend on several factors, such as plant
variety, climate and soil condition or management strategies. This
variability introduces an uncertainty in the calculations that need
to be considered. Adding to this, biomass losses take place in the
extraction, transportation and storage activities, resulting in a
lower biomass availability for energy. For example, Gonz�alez-García
et al. (2014) report biomass loses of 6% in a French vineyard.

3.2. Case study for energy utilization

With the sole goal of verifying that the energy valorization of
the residual biomass available in Estremoz is economically viable,
we have chosen one suitable case study scenario. We could have
analyzed and compared different conversion technologies and
energy uses, as for example G�omez et al. (2010b), but such a study
was beyond our objectives. The results obtained from specific case
studies are able to provide valuable insight into real life projects
involving decision making. However, one of the limitations of using
a case study approach is that the results presented are only valid for
the specific scenarios analyzed and cannot be generalized.

Among the several possibilities, we chose to study the techno-
economic feasibility of heating the public schools located in the
municipality. We decided to focus on decentralized bioheat pro-
duction, because biomass is a geographically distributed resource
and often the costs associated with its transport are high (de Wit
and Faaij, 2010). This economic (but also environmental)
constraint points to the energetic valorization of biomass in sys-
tems that are relatively small and close to the place where biomass
is produced. Worth mentioning here is the study by Lourinho and
Brito (2015) on the biomass energy potential in a region with
6084 km2 close to Estremoz (Estremoz is approximately 12 times
smaller). These authors concluded that local biomass would only
meet 45% of the biomass requirements of a 9 MW biomass power
plant planned for the region. They examined alternative solutions
to this power plant and stated that decentralized small scale pro-
duction units for heat production constitute an interesting and
even desirable option. Within this framework, we could have
analyzed the utilization of biomass in households, hotels, public
buildings, etc. We selected the public schools of the municipality as
our case study, because local authorities could and should be an
important drive for the promotion of energy efficiency measures
and the replacement of conventional uses of energy by renewable
energies. The schools are public buildings that can be used for
attaining these purposes.

The bigger schools in Estremoz already use solar energy for
heating; therefore, they were not included in the analysis. The
remaining nine smaller schools of the municipality are heated with
electricity, are characterized by a poor building thermal perfor-
mance and have heated floor areas ranging from 96 m2 to 384 m2.
All of them have the same building typology because they are in-
tegrated in the Plano dos Centen�arios campaign for the construction
of elementary schools in Portugal (Carlos and Corvacho, 2010).
Since the schools that have the same number of rooms have
identical floor plans and building characteristics, they have been
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clustered in groups according to the number of rooms. Four groups
were formed: three schools have two rooms and a heated floor area
of 96 m2, two schools have three rooms and a heated floor area of
144 m2, two schools have four rooms and a heated floor area of
192 m2, and the remaining two schools have eight rooms and a
heated floor area of 384 m2 (see Table 2).

Feasibility studies for the replacement of the current heating
systems based on electricity by biomass-based heating systems
were performed using RETScreen 4 (RETScreen, 2013). The
“RETScreen Clean Energy Project Analysis Software” is a tool that
helps to determine the technical and financial viability of potential
renewable energy, energy efficiency and cogeneration projects. It is
developed and maintained by the Government of Canada and
supported by an international network of partners. Some examples
of the use of RETScreen for the evaluation of biomass projects are
Chalikias et al. (2010), Mani et al. (2010) and Mallaki and Fatehi
(2014).

Currently, most of the nine schools use simple and relatively
cheap electrical heaters, while others use air conditioning systems.
Since the cost of the electricity currently consumed is 0.139 V

kWh�1, the heating costs are high. We propose to replace the uti-
lization of the electrical heaters by biomass systems that would
burn the residual biomass obtained from the Estremoz's region. The
lifetime of the biomass systemwas considered to be 30 years. It was
assumed that this biomass would cost 28 V t�1 (equal to the ex
factory price of wood chips in Portugal) and that the annual
maintenance cost of the biomass system would be 200 V year�1.
The discount rate used was simply the inflation rate in the country
for 2012, which was considered to be 2.8% (Eurostat, 2014). It was
also assumed that no debt is incurred in order to make the in-
vestment in the biomass heating system.

4. Results

4.1. Potential of biomass residues for energy production

Table 1 presents the areas covered by the most important
biomass sources in Estremoz obtained from the CORINE Land Cover
map. It also shows the yearly production of residues and the po-
tential of energy production for each of the waste streams
considered.

It can be seen from Table 1 that cork oak and holm oak cover a
significant area of the Estremozmunicipality, which by itself makes
them interesting for energy valorization. There is presently some
demand in the region for cork oak and holm oakwood, mainly to be
used in fireplaces and for the production of charcoal. However, to
the best of our knowledge, this demand is not quantified and there
is no data on the percentage of cork oak and holm oak wood resi-
dues that are valorized in Estremoz. In the Algarve, a region rela-
tively close to Estremoz and where the montado is also important,
most of the forest owners do not valorize the cork oak and holm oak
wood residues they produce, and the ones that do it, use them for
self-consumption only (MAOTDR, 2006).
Table 1
Cover area, production yield, yearly production and energy potential for each of the resi

Biomass source Area [ha] Production yield [dry t/ha/year]

Cork oak 10 156 1.00*

Holm oak 8760 0.48*

Olive trees 5059 1.50*

Vineyard 1426 2.19#

Scrubland 550 4$

Garden/Park e e

Total 25 951 e

Estimates obtained from $Vieira et al. (2006), *Fernandes and Costa (2010) and #G�omez
Table 1 shows that olive trees plantations and vineyards are also
present in Estremoz, but in a smaller extent. Despite the lower
cover areas, the residues they produce are also interesting for en-
ergy valorization, given their high production yields and the fact
that this wood is not usually valorized, but mainly left in the soil to
decay or piled and burned in the fields. In a recent study, Picchi
et al. (2013) compared the combustion of vineyard pruning resi-
dues and wood chips, proving the former are a suitable fuel for
combustion in small scale boilers. It should be emphasized that
vineyard residues are particularly interesting due to their high
production yields. Owing to this characteristic, a large amount of
residual biomass can be obtained from a relatively small area,
facilitating its collection, optimizing the logistic involved and,
therefore, making them very interesting for energy valorization.
Furthermore, in Estremoz, the vineyard areas are situated very
close to the more populated regions of the municipality, and,
therefore, to the potential biomass consumption sites.

As far as the sclerophyllous shrubs are concerned, their elimi-
nation and subsequent energy valorization is proposed in this study
above all to prevent wildfires. Their ecological importance is not
high and their removal does not harm the habitats. The total area
covered by sclerophyllous shrubs in Estremoz (550 ha) is small and
at a first glance not worthy of particular relevance. However, this
kind of vegetation is very dynamic and can establish itself in two or
three years, if an ecosystem is abandoned or not managed
(Cammeraat and Imeson, 1999). Note that this study did not
consider the removal of heliophilous shrubs for energy purposes.
Among other reasons, they are important due to the positive effects
of their interactionwith seedlings of tree species (Alias et al., 2010).
This fact is particularly important in an ecosystemwith low rates of
natural regeneration such as the montado.

Lastly, garden and parkwastes were included in the analysis, not
because of their volume, but because they are already collected by
the City Hall but not valorized (they are either sent to a landfill or
burned in open air). It is a much better environmental option to
valorize them.

After considering the different residual biomass sources, Table 1
shows that for the Estremoz municipality, the yearly production of
forest and agricultural residues is 27 314 t, corresponding to a
yearly energy potential of 267 680 GJ. If one considers that the total
amount of residual biomass generated in Estremoz would be used
for heat production, this would result in an availability of 14 kWht
day�1 inhabitant�1. This result was obtained by dividing the total
energy potential presented in Table 1 by the number of inhabitants
in the Estremoz municipality, which is 14 298.

4.2. Case study for biomass utilization

Table 2 shows the most important results of the techno-
economic studies performed for the nine public schools pre-
sented earlier. Using RETScreen, the yearly energy needed for
heating the schools was calculated, alongside with the power re-
quirements of both the proposed biomass and current electricity
dues considered.

Biomass production [dry t/year] Energy potential [GJ/year]

10 156 99 529
4205 41 207
7589 74 367
3123 30 605
2200 21 560

42 412
27 314 267 680

et al. (2010).



Table 2
Characteristics and financial, cost and emission analyses of the four scenarios for the replacement of the electric heating systems by biomass heating.

School type I School type II School type III School type IV

Number of schools 3 2 2 2
Heated floor area [m2] 96 144 196 384
Number of rooms 2 3 4 8
Total heating [MWht/year] 11 17 23 45
Power of the biomass system [kW] 13e18 13e30 13e30 13e30
Biomass system capital cost [kV] 12.8 13.3 13.3 13.3
Wood chips consumption [t/year] 4 6 7 15
Biomass cost [V/year] 112 168 196 420
Electricity costs avoided [kV/year] 1.3 2.0 2.6 5.2
Simple payback [year] 12.8 8.3 6.0 2.9
NPV [kV] 32.0 57.0 82.3 184.2
IRR [%] 12.5 17.5 22.5 41.5
GHG emissions savings [tCO2/year] 4.6 6.9 9.2 18.4

Fig. 1. Seasonality of the residual biomass in Estremoz.
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systems. Based on these results, biomass boilers that are available
on the market were chosen (their powers are also specified in
Table 2). The biomass system cost (boiler, accumulator, pipes, ra-
diators, etc.) was estimated based on the prices obtained from the
suppliers of the equipment.

Table 2 shows that using biomass is less costly than utilizing
electricity for heating the nine schools. We can conclude that the
replacement of the actual electrical heating systems by biomass
offers, in all cases, a good project profitability, especially for the
bigger schools. The payback periods range from 3 to 13 years, the
net present value (NPV) from 32 to 184 kV and the internal rates of
return (IRR) from 13 to 42%.

Biomass projects are dependent on site, fuel, supply systems,
conversion technology and energy use, therefore their economic
evaluation does not result in some general norm and a comparison
between studies is difficult. Techno-economic viability studies of
residues-to-bioheat projects are scarce. Fernandes and Costa (2010)
studied the economic viability of replacing the two gas oil boilers of
a heating system of a small hotel in Marv~ao by a 50 kW pellets
heating system. They concluded that the proposed conversion to
the biomass-based system would have economic and environ-
mental advantages. They estimated a payback period of 3.4 years, a
little bit higher than the 2.9 years payback we obtained for the
bigger schools in Estremoz (note that pellets are costlier thanwood
chips). In another study, Michopoulos et al. (2014) studied the
economic benefits of using residual biomass instead of diesel oil for
building space heating in Greece. They concluded that significant
financial benefits for the end-user could result from this substitu-
tion. Depending on the fuel type and geographical region, the
payback period ranged from 1.1 to 8.7 years. The lower values of the
payback correspond to the scenarios where the demand for heat is
bigger, like in the present study.

If the projects were implemented in all of the nine schools, this
would mean a consumption of 68 t residual biomass per year and
yearly GHG savings of around 80 t (values obtained from Table 2). It
can be seen that the schools would only absorb a small part of the
biomass potential of the region. The rest of the residual biomass
produced in the region could be sold to other local consumers. Once
again, the municipality could be an important drive for the instal-
lation of biomass systems, but also private companies and homes
could be potential investors.

Seasonality can be an important constraint for the energetic
valorization of biomass, especially for agricultural residues as it is
the case of this work (Alfonso et al., 2009). If we take into account
the pruning season of each species, the monthly availability of all
the residues accounted for in Table 1 can be determined (see Fig. 1).
Scrub elimination was considered to take place in summer, when
wildfires are more likely to happen and after the breading season
ends. From Fig. 1, we can see that the seasonality of the heating
requirements for the schools is in phase with the biomass avail-
ability (residual biomass is mainly produced in the colder months).
5. Discussion

5.1. General discussion

The results presented in this study show that: i) a potential to
valorize the residues produced in the agricultural and forestry
sectors in Estremoz exists and that ii) it is economic viable to
replace the existing electric heating systems of nine public schools
in Estremoz by biomass-based heating system.

As far as the logistic structure needed to valorize biomass resi-
dues in Estremoz is concerned, it should be said that the road
network is good, the slopes moderate and that the travelled dis-
tances from the biomass collection site to an end or intermediate
use site in the municipality are not big. The average distance be-
tween the civil parishes and the City Hall is 11 km (CME, 2008).
These three facts reduce the costs associated with transport.

If one wants to implement an energy valorization project such
as the one proposed in this study, it is essential that the landowners
in the municipality are contacted and made sensitive to the ener-
getic valorization of their residues. One thing that makes this task
apparently easier is the fact that the mean area of the properties in
Estremoz is high (According to INE (2012), more than 80% of the
holdings havemore than 50 ha). In fact, this is a characteristic of the
areas ofmontado in the Iberian Peninsula, and not only of Estremoz:
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the ownership is characterized by large private estates called
latifúndios.

5.2. Climate change implications

If 68 t of residual biomass was used as bioheat in the nine public
schools and the remaining biomass was used for household heat-
ing, the emission of 2.2 tCO2 year�1 inhabitant�1 would be avoided.
This value was obtained applying RETScreen for an average house
in Estremoz, which has a floor area of 67.2 m2 (CME, 2008) and that
would save 3.2 tCO2 year�1 if an electrical heating systemswould be
replaced by a biomass heating system. In this estimation, all the
other parameters were assumed to remain equal to the ones used in
the case studies presented above.

These results are just rough estimates, but show the impact of
locally valorizing residues from agriculture and forestry for energy.
Projects that involve the energetic valorization of forest or agri-
cultural residues usually result in savings of GHG emissions above
70% if used to substitute fossil energy (EC, 2014). In this way, they
are one of the existing mechanisms for climate change mitigation.
Another climate change mitigation mechanism that also relies on
the functions of ecosystems is the management of wood for carbon
sequestration. Through this mechanism, plants absorb CO2 from the
atmosphere and store it in the existent biomass above ground or in
the soil (Makkonen et al., 2015). A fundamental trade-off between
these two mechanisms exists. The best is that these two ecosystem
services (wood for energy production and carbon storage) are
synergistic and that together they originate the largest sustainable
mitigation benefit. If the preservation of the traditional extensive
agro-forestry systems in Estremoz is promoted, and the montado is
properly managed, benefits can be obtained both in terms of bio-
energy and carbon storage.

5.3. Benefits of residual biomass valorization for ecosystems
preservation

Efforts to preserve biological diversity should be increasingly
directed to ecosystems preservation rather than species, although
constant concern with species is crucial (Franklin, 1993). Consid-
erable efforts have been focused on preserving pristine environ-
ments, but biodiversity conservation also involves areas where
human activities are important (B�elair et al., 2010). The ecosystems
affected by man that present a high ecological value should not be
forgotten. Natural resource management techniques can proac-
tively change the context in which ecosystems develop, help
fighting the biodiversity reduction and increase ecosystems resil-
ience, which helps on climate change mitigation. Additionally,
several ecosystems, where forest ecosystems are included, are
active CO2 sinks and therefore contribute to the mitigation of
climate change (Schimel et al., 2001).

The ecological implications of valorizing the residual biomass in
Estremoz are explored in the next paragraphs. Only biomass resi-
dues from the agricultural and forestry activities and biomass from
sclerophyllous scrubs were considered for energy production. The
reason for including the latter is related to conservation reasons.
The correct vegetation management through the elimination of
sclerophyllous shrubs (e.g., Cistus spp., scrublands and Erica spp.
heathlands) not only allows for the energetic valorization of this
biomass, but has also the advantage of reducing the fuel load pre-
sent in the ecosystem. This decreases the fire risk, potentiates the
increase in biodiversity and offers better conditions for the native
species (such as Narcissus fernandesii G. Pedro, a species of special
interest for conservation under the EU Habitat Directive). A correct
vegetation management in the Estremoz region does not only
favour single species, but also allows to maintain entire ecosystems
(namely, habitat 6310 e montado with evergreen Quercus spp.,
considered in the EU Habitat Directive as a natural habitat of
community interest whose conservation requires the designation
of special areas of conservation, and habitat 6220* e the pseudo-
steppe with grasses and annuals of the Thero-Brachypodietea, also
a priority habitat type under the same directive). Note that the
shrubs control should be permanently made by cutting (never
destroying the soil structure). This will encourage the conservation
of species with patrimonial value that normally are associated to
conserved soils.

From all the existent ecosystems in the Estremoz municipality,
the montado with evergreen Quercus spp., 6310, is the one that
covers the most area. It should be said that holm oak and cork oak
trees are naturally distributed around the Western Mediterranean
basin and the montado dominates not only the region studied in
this paper, but also the landscape of the southern Iberian Peninsula,
being in general threatened. In order to manage this and any other
ecosystem, one needs to know its conservation status. Nowadays,
the montado presents some areas of high oak mortality, being
diseases and plagues, oak ageing, lack of regeneration and fires the
major threats. From these, the absence of tree regeneration poses
the most important problem (ICNF, 2013). Threshold grazing levels
for successful regeneration are probably low, and additional human
impacts on vegetation, in particular regular brushing and soil
tillage, seem to be important barriers to oak regeneration (Plininger
et al., 2004).

Farmers lack interest in the montado, especially in the holm oak
areas, and the system profitability is low (Plininger et al., 2004).
According to Campos et al. (2008), the montado is not sustainable
under current management and, in light of the current land use
policy incentives, it is more cost-effective for a private landowner to
allow for the slow conversion of the montado into pasture and
scrubland than to maintain the oak trees and to invest in the oak
natural regeneration and restrict grazing.

The human abandonment of the montado is also a possible
outcome (with an opposite effect) in a region that is losing popu-
lation. Although the complete abandonment of themontado is rare,
the extensification of the land use observed in some of the areas
also leads to a loss of the system balance (Pinto-Correia and
Mascarenhas, 1999). This extensification is a result, for example,
of different uses of the montado, such as hunting or rural tourism
(Pinto-Correia and Mascarenhas, 1999) or of the fact that the
montado has become a luxury asset where investors accept low
commercial profitability rates against the personal consumption of
the estates' amenities (Campos et al., 2008). The extensification of
themontado can lead to its conversion into Q. suber forests (habitat
9330) or Quercus ilex and Q. rotundifolia forests (habitat 9340).
According to the montado's preservation objectives stated in the
Natura 2000 network sectorial plan (ICNF, 2013), it is acceptable
that 30% of its occupation area is converted into habitats 9330 and
9340. If this management option is followed, the sclerophyllous
shrubs should be controlled and could be used for energy pro-
duction. The simple abandonment of the montado, with no elimi-
nation of shrubs, is not recommended since the fire risk increases.
Land cover is one of the important factors that influences fire
spread and the management of vegetation structure and fuel loads
is directly linked to fire patterns (Moreira et al., 2011).

Although converting 30% of the montado into other ecosystems
is acceptable, the remaining area should be preserved according to
the Natura 2000 network sectorial plan. Since it is expensive to
maintain the traditional uses of the montado, its sustainability can
only be achieved through the development of new services and
products. Promoting the energy use of oak wood residues is one of
the ways to achieve this, but care has to be taken not to overexploit
the wood resources. Certainly, increasing environmental risks
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associated with a more intensive forest management exist and
guidelines for sustainable forest management for wood fuel pro-
duction should be followed (see for example, Lattimore et al.
(2009)). Additionally, it is essential to manage the grazing pres-
sure in the montado and to control scrubs that can and should be
used for energy purposes.

6. Conclusions

This paper presents a combined assessment of the biomass
availability, the techno-economic feasibility and the environmental
aspects of utilizing forest and agricultural residues to produce
bioheat in a rural area in Portugal, Estremoz. The main conclusions
of this investigation are summarized below:

- Around 27 314 dry t of residues, corresponding to about
267 680 GJ, are produced each year, more than half in montado
areas. This ecosystem is the predominant in Estremoz and pre-
sents a high ecological and cultural value.

- There are still untapped biomass resources in Estremoz that
could be valorized.

- The replacement of the existing electric heating systems of nine
schools in the Estremoz municipality by biomass-based ones
offers good project profitability. The payback periods of the in-
vestment range from 3 to 13 years, increasing with a decrease in
the heating demand. The NPV are positive and range from 30 to
178 kV and the IRR from 13 to 42%.

- The implementation of biomass heating systems in the nine
schools would result in yearly GHG savings of 80 t. If other
biomass projects would be implemented, the savings would be
higher.

- The energetic valorization of the residual biomass would offer
an additional income to the landowners, valuing the biomass
that would otherwise be pilled and burned in open air with no
major benefit.

- The extensive forest uses in Estremoz, namely the montados,
should be preserved and properly managed, so that they can
originate the largest sustainable climate change mitigation
benefit (in terms of carbon storage and bioenergy).

- A correct vegetation management, for example through the
removal of the sclerophyllous shrubs, decreases the fire risk,
potentiates the increase in biodiversity, offers better conditions
for native species and allows to maintain the ecosystems.

The results of the present study are important to support policy
decisions and to establish guidelines for bioenergy projects. Addi-
tionally, it highlights the benefits that arise from properly man-
aging the montado, an ecosystem that provides many benefits to
the society. Even though the study was focused in Estremoz,
Portugal, similar ecosystems are naturally distributed around the
Western Mediterranean basin.
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