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capacity, 13 new power plants
could generate a combination
(CHP) production. As these power plants will significantly increase the exploitation of forests resources,
this article evaluates the potential quantities of available forest biomass residue for that purpose. In addi-
tion to examining the feasibility of producing both types of energy, we also examine the potential for pro-
ducing only electric energy. Results show that if only electricity is generated some regions will need to
have alternative fuel sources to fulfil the demand. However, if cogeneration is implemented the wood fuel
resource will be sufficient to fulfill the required capacity demand.

Following the European Union strategy concerning renewable energy (RE), Portugal established in their
that the production of electrical energy from REshould reach 45% of the total
supply by 2010. Since Portugal has large forest biomass resources, a significant part of this energy will be
In addition to the two existing electric power plants, with 22 MW of power

having a total of 86.4 MW capacity are in construction. Together these

of electrical and thermal energy, known as combined heat and power

© 2010 Elsevier Ltd. All rights reserved.

1. Introduction

There is an emerging consensus on the need to reverse the trend
of global warming associated with climate change. The main goal is
to quickly reduce emissions of greenhouse gases.

The European Union (EU)is resolved to reduce member country
greenhouse gas emissions (GGE) and is promoting the develop-
ment of new energy policies as one important means to that end.
These policies should lead both to the development of new and
more secure energy sources and contribute to a reduction in the
growing dependency of EUmember states on imported fossil fuels.

1.1. Renewable energy strategy and policy

To implement its renewable energy (RE) strategy, in March
2007 [1] the EU formally committed to the "20-20-20" initiative,
which set as target and objectives for 2020 [2,3]. These include
(i) reducing greenhouse gas emissions by at least 20% of 1990 lev-
els (30% if other developed countries commit to comparable cuts),
(ii) increasing the share of RE(wind, solar, biomass, etc.) consump-
tion to 20% compared to 8.5% today, and (iii) cutting energy con-
sumption by 20% of projected 2020 levels by improving energy
efficiency.

* Corresponding author. Tel.: +351 232 446 600; fax: +351 232 426 536.
E-mail address: hviana@esav.ipv.pt (H. Viana).
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Renewable energy has gained greater importance over the
years, and is today considered the solution to the energy future
in Europe. Since 1990, the EU has been engaged in an ambitious
and successful plan to become a world leader in RE production
and use. The strategic energy plans and policies of the EU,as well
as those individual member states, established concrete targets for
exploitation of indigenous renewable energy sources (RES),and for
bioenergy in particular. Asa first step towards a strategy for RE the
Commission adopted a Green Paper on 20 November 1996 [4]. The
most ambitious strategic goals were defined in 1997 in a European
Commission White Paper [5], where the EU set the target to in-
crease the share of renewable up to 12% by 2010. The White Paper
also contains a comprehensive Strategy and Action Plan setting out
the means to reach this objective.

After the order Green Paper (2000) on security of energy supply
[6], diverse and concrete proposals were made. One of these pro-
posals, directive 2001/77/EC [7] on electricity production from
renewable sources, was adopted in 2001. Under this directive
22% of the electricity consumed in the EU by 2010 should be pro-
duced from renewable energy sources.

According to the national targets for future consumption of
electricity produced from renewable energy sources, defined for
each member state, Portugal committed to 39% (including large
hydro). These goals were also stated in the National E4 Programme
(Energy Efficiency and Endogenous Energies) launched in 2001 [8],
and subsequently in the National Strategy for the energy launched


esipp
Text Box
This file was created by scanning the printed publication.  Text errors identified by the software have been corrected: however some errors may remain.


2552 » H. Viana et al./Applied Energy 87 (2010) 2551-2560

in 2003 [9] and 2005 [10]. In 2007 Portugal established
ambitious  strategic target in its National Strategy of Sustainable
Development  [11]. This new National Strategy for the energy
establishes that 45% of the national energy consumption in 2010
energy sources.

a more

should be exclusively produced from renewable
In this way Portugal intends to set an example in the fulfilment
of the EU objectives to reduce emissions of greenhouse gases.
1.2. Biomass energy policy

Amongst renewable resources, paramount importance has been
given to the bioenergy because it has low negative environmental
impact in terms of CO; emissions for the entire fuel cycle and zero
CO, emissions from fossil fuels during operation.

The European Commission White Paper [10] recognized bioen-
ergy as the most promising areas within the biomass sector for
several reasons. First, because it would increase the amount of peo-
ple working in the forestry sector. Second, because the combined
use of heat and power (CHP)has the greatest potential per unit vol-
ume among all renewable energy sources. They also issued the
opinion that the contribution of biomass-derived energy to the pri-
mary energy mix should reach 10% by 2010. The European Com-
mission's Green report (2000) [12]. also recognized that biomass
is a versatile energy resource, with a widespread availability
through forest and agricultural residues that has so far not been
fully exploited. Consistent with the Green report [13]. emphasis
is given to the electricity generation from biomass energy plants,
and some successfully examples of implementation in some mem-
ber states are presented.

The strongest incentive of the EU towards development of bio-
mass energy was given in 2005 with the Biomass Action Plan [14].
In this plan, the EU stated that the increased use of renewable en-
ergy is essential for environmental and competitiveness reasons,
and recognized that "biomass has many advantages over conven-
tional energy sources, as well as over some other renewable ener-
gies, in particular, relatively low costs, less dependence on short-
term weather changes, promotion of regional economic structures
and provision of alternative sources of income for farmers" [14].
This action plan established several measures to promote biomass
in heating, electricity and transport, followed by crosscutting mea-
sures affecting biomass supply, financing and research [14,15].

According to this EU strategy, the goal of reaching 45% of na-
tional energy consumption in 2010 from renewable energy sources
will be achieved in part from biomass energy production. Hence,
the Portuguese government decided to extend the current installed
power (two electric power plants, with 22 MW of power) to
250 MW by 2010 [11]. Therefore, in 2006, fifteen new power plant
(90 MW) exploration licenses were made available to achieve this
aim. However, because only 13 licenses were applied for, presently
new power plants will only provide 86.4 MW of additional power.
These new power plants will be capable of generating both electri-
cal and thermal energy, or CHP.

The new power plants locations were defined by the Portuguese
government with the double objective of increasing the quota of
renewable energy in the global production of electricity and to pro-
mote the development of forest residues harvesting. This will also
serve to remove shrub competition in forest groves and reduce
wildfire hazard [16].

These power plants will have variable power generation capa-
bilities and combine different technologies, as appropriate to local
circumstances. Two power plant models are planed: small units,
with power production ranging from 1.8 to 4.5 MW, and large ones
with power production ranging from 9 to 9.9 MW. Considering that
wood-fuel demand will increase significantly and will be variable
across regions, to apply rational resource
exploitation actions associated with regional and local needs. For

it will be necessary

example, there may be significant competition in some areas due
to the presence of pulp mills or other biomass consuming indus-
tries. In these cases special solutions will be
needed, or it may not be feasible to construct a power plant in such
a location. As stated in the 2005 EU's report 'The support of electric-
ity from renewable energy sources' [17] the future development of
RES projects in a specific area must taken into account spatial as-
pects of planning. This is especially fundamental for projects in
the field of wind and biomass.

In this context the objectives of this paper are to: (1) assess Por-
tugal's current forest biomass resource potential for commercial
generation of electricity at regional and national levels, (2) assess
the spatial distribution availability, and (3) evaluate
the suitability of existing and proposed wood-fired power plant
locations in Portugal.

and compromises

of biomass

2. Study area

Portugal is located between the latitudes of 36° 57' 23" and 42°
09' 15"N and the longitudes of 09° 30' 40" and 06° 10' 45" W. This
area includes two distinctive bioclimatic regions: a Mediterranean
bioclimate in everywhere except a small area in the North with a
temperate  bioclimate [18]. With four distinct weather seasons,
the average annual temperatures range from about 7 °C in the
highlands of the interior north and center and about 18°C in the
south coast. Average annual precipitation is more than 3000 mm
in the north and <600 mm in the south.

With complex topography and elevations ranging from the sea
level to 2000 m, and a small amount of suitable soils for agricul-
ture, Portuguese land is well-suited for forest growth. Forest activ-
ity is a direct source of income for a vast forest products industry,
which employs a significant part of the population.

3. Methodology

The framework of this study followed four main steps. The first
step consisted of forest cover classification and mapping, within
Portugal. In a second step, we estimated the available forest bio-
mass and annual growth at national and regional levels. In the
third step, the geographical location of existing power plants was

evaluated, and a GIS-based analysis was applied to examine the
relationship  between existing biomass and the power plants
wood-fuel demand. Finally, based on the available quantities of

the maximum theoretical po-
(fully condensing

biomass and growth we compared
tential of energy production for two scenarios

plants and cogeneration plants).

3.1. Forest land cover of study area

To calculate woody biomass, it was necessary to identify and
classify forest cover, as well as to characterize forest stand struc-
ture. In Portugal, forests cover approximately 3.4 million hectares
[19] and represents 38% of the national territory.

The main trees species, which are widely planted for commer-
cial purposes and capable of providing a regular supply to meet
fuel demand, are Pinus pinaster (maritime pine) and Eucalyptus
globulus (eucalyptus). Thus, only these stands (710.300 hectares
of maritime pine and 646.700 hectares of eucalyptus, according
to the National Forestry Inventory [19]) were considered in the cal-
culations of potential biomass.

The spatial distribution of forested land cover was made at re-
gional level, using a so-called NUT III sub-regions (Nomenclature
Units for Statistics) boundaries (Fig. 1). The pine
stands occur mainly in the north and center of Por-

of Territorial
and eucalyptus
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Fig. 1. NUT Il sub-regions.

tugal as ecological conditions limit their growth in the south part
of Portugal.

3.2. Forest biomass calculation

The biomass potentially suitable for energy use is commonly
classified into primary residues, secondary residues, tertiary resi-
dues and energy crops [20-26].

Portuguese  political strategy to implement the new power
plants states that the main source of fuel should come from the
residual biomass generated by forest activity. Because of this pol-

icy, only primary residues availability (parts of trees, unsuitable
for saw timber such us branches and tops [20-26]) were used in
the calculations. Also industrial byproducts, such us sawdust and
woodchips, could constitute an alternative source of fuel; however,
as they are widely used by plywood and fibreboard industries, this
could result in a restriction of biomass supply.

The potential supply of woody biomass resources was achieved
through different calculation processes based on pine and eucalyp-
tus stands dendrometric data, of each considered region. In North
and Center regions the data was collected by field inventory, with-
in maritime pine and blue-gum eucalyptus stands. For the other re-
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Table 1
Allometric equations used in the evaluation of the residual forest biomass of maritime
pine.
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Table 2
Allometric equations used in the evaluation of the residual forest biomass of blue-
gum eucalyptus.

Source - Allometric equation (kg/tree) Source Allometric equation (kg/tree)
[29] _ ! [29] p
; B =10.656 dbh>*** =77 ‘| e (1) : B =854 — 1537 dbh + 0.163 dbh® (North and Center) )
130] " B=7.61540.102dbh’ (South)
B=0.463 dbh"*% Y. (30] 7 _
@B R : o s " B=0.1785 dbh'"™*® . (B)
. Log(By)=2911+2130log(dbh) : 3) [33] ‘
[32] ; ) ; By =Whbr +WI
wi " . : : ~ Ln (Wbr) = —-6.989 +3.157 m(dbh) . (7
Yije = Boi 11t Ty . g 4)
iy - . - Ln (W) = ~4.902 + 2.524 In(dbh)
Leaves: 134] .
Poza = (=30, 760406+ 0. 58157013 % Yiino ~ 2 50380386E- - b
04 x y2,,4 + 3.07544565E-08 x ymo)/w 000 .. : = Wbr + W1
1z =2.013 : Wbr = 0.0956 dbh¥7 x =057 : C(8)

Live branches: "

Bozz = (-59.521553 + 1.068209 x Y1110 — 4. 5891371]5— :
04 Y30 + 56287590108 x y,m)/w 000

P12 =2.013"
-Dead hranches

Boxs = (-17 410039 + 0262031 x ;1 1.1243324E-
04 x y2,;, + 1.38169184E-08 xymo)/lo 000

P23 =2.013 :

gions the data were collected in the NFI 2005/2006 [19] and in

some previous published studies [27,28]. Several specific allome-
tric equations for maritime pine (Table 1) and for eucalyptus (Table
2) were used to calculate residual biomass quantities for all the re-
gions (Eqgs. (1)-(8)) [29-34]. The total available biomass for the
whole country, which can be transformed into energy, is the sum

of the estimates for each region.

3.3. Spatial distribution Of forest biomass and geographical location of
power plants

After the wood fuel quannties were -calculated, the spatial
assessment of forest biomass availability by region was mapped.
As the data provided by forest inventories [19] did not include
the sample plot coordinates, and because no accurate map existed
of forest land cover distribution, it was not possible to modulate
biomass spatial distribution using real data. Hence, the resultant
map expresses the theoretical biomass quantities per year, assum-
ing that they are uniformly distributed all over the region.

As previously presented. this case study analysis was carried
out considering the existence of the two actual power plants
(Mortagua - M. with 9 MW, and Vila Velha de Rodao - WR, with
13 MW), and the anticipated location of 13 new power plants
(86.4 MW), to the Portuguese electric network (Fig. 2). The spatial
forest biomass availability and the anticipated geographical loca-
tions of new power plants were recorded in a GIS database. Spatial
and query tools, provided by the GIS, were used to analyse the
available wood fuel in each power plant's influence area.

3.4. Comparison of fully condensing and cogeneration plants scenarios

To analyse the maximum potential of energy production, based
on power plant geographical locations and according to their fuel
demands, we compared two scenarios: fully condensing plants
and cogeneration plants.

The conversion of residual forestry biomass into electrical
power, heating power. or both ((HP) is made typically through
simple combustion, but alternative processes such as co-firing, in

 WI=0.2490 dbh' ¥ x p07

Where B is the total weight of biomass (tops and branches). Bd the total weight of
dbh the diameter breast height. h the total height of the tree. Wbr the
WI the weight of leaves. YUt the diameter breast height at the
of the crown biomass.

dry biomass.
weight of branches.
age 7, and Yiit is the weight of each component

coal-fired, or gasification are often used in some EU
countries. Conversion process efficiency depends upon the resul-
tant final products. In stand alone plants, the efficiency of biomass
combustion for electricity production typically varies between 25%
and 30% [35,36], but if the electrical production is combined with
heat production ((HP), the efficiency can rise to 80-100%, in power
plants having capacities ranging between 1 and 10 MW [35,36].
The technical parameters used in this study, adopted from [37-
40] are presented in Table 3.

At this point, it is important to clarify that our results are related
to theoretical biomass potential; e.g. the annual production of forest
residues in a region. However. since the theoretical biomass poten-
tial is subject to restrictions [41], e.g. the efficiency of the residues
collection procedure, the amount of biomass that can be technically
and economically harvested and is suitable to be used for energy
purposes, is defined as available biomass potential. In this research,
the biomass calculation was made assuming that the available bio-
mass potential is only limited by the distance from collection area to
the power plant. No other technical, ecological or economical
restrictions were considered in this evaluation, which obviously
differs from the reality. Thus, two approaches were considered:

particular

the theoretical forest biomass potential of each region. the maxi-
mum  theoretical power plant capacity, optimum thermal boiler
load - @B (MWy,) and the electricity output (f) that can be cal-
culated, e.g. if all the biomass is collected across the region
and used into energy production, the possible maximum size
of power plant(s) (non considering any restriction of exploita-
tion of fuel) is obtained [37,38] (Egs. (9) and (10)).

- the available biomass potential, where the viable fuel collection
area for each power plant, is a circular area with a radius of R
km, being the power plant located at the center. After calcula-
tion of R, (optimum radius), is possible to obtain the available
power plant capacity, QB (MWy, and respective maximum
energy production potential (f).

The optimum radius is calculated as a function of the cost of
wood waste and density of wood fuel availability, Y (t/h/year),
as described in Egs. (11) and (12), for fully condensing plant and
cogeneration plant, respectively [37-39].
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Fig. 2. Power plants location with the identification of the NUT II sub-regions boundaries, and the optimum biomass supply area (R = 35 km).

2
Q5 = Yf&%ﬁ% ) .
Ee ynR? (UiV)’?e’Tco _Q, (10)
_ (BEN)Y
- (Gt i
200\ 3
.

Thus, the optimal cost of wood waste at source (Cyg)o (maxi-
mum affordable fuel cost obtained at the expense of a fixed capac-
ity of the power plant, fixed by a radius R, is obtainable by
substituting R, into:

(Cus)o = ORG* + BRo + ¥

m LKnfo+1]

J

Being:
p=-2=,
7= (LHV)1gilco {fepee + '—”ﬁTpeﬁ - ﬂﬁmt;_ﬂﬂ

(13)

)- (CBN>},
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Table 3

Technical parameters for a wood fired plant.
Parameters Unit
Power plant ) .

. Running time ) t 8000 . hjyear
Process steam demand (fully condensing plant) - Qp [o] MWy,
Process steam demand (cogeneration plant) Qp 0272 MWy,
Overall efficiency (fully condensing plant) n 25 %
Overall efficiency (cogeneration plant) .. Nco 60 %
Boiler efficiency ’ N8 80 %
Electrical export factor fe - %0 %
Biomass C e 2 )

Nominal higher heating value - LHV. 13.8 - Mj/kg
Moisture content (wet basis) MCwet 30 . %

where fe, is the electricity export factor (% or decimal), (Cws)o the
optimal unit cost of wood wastes (€ Cent/t). C; the specific wage
per capita of labour cost (€/person/year), Cjs the unit cost of trans-
portation (€/t’/km), Cysthe unit cost of wood wastes (at the site of
source) (e Cent/t), E the electricity output (MWe) Ky, the discount rate
(%), Is the specific cogeneration investment (€/MWe), Km the main-
tenance coefficient (% or decimal), LHV the lower heating value of
fuel (MJ/kg), m the number of months (month), n the economic
cogeneration lifetime (year), N the number of workers (person),
pd the price of thermal energy (€ Cent/kWh), pee the price of elec-
tricity capacity, (€ Cent/MW/month), peC the price of electricity en-
ergy (€ Cent/kWh), Qg the boiler thermal load (MW, Qp the
process heat demand (MWy,), R the radius of biomass supply area
(km), R, the optimal radius of biomass supply area (km), t the an-
nual cogeneration operating time (h), Ng the boiler efficiency (%),
On,, the cogeneration efficiency (%) and Y is the annual specific
wood waste availability (t/ha/year).

The size of a power plant is directly influenced by the biomass
availability, Y (t/ha/year) and the boiler efficiency (ng (Eq. (9)),
which prescribes the biomass demanding area, with a radius of R
km.

The optimum collection area (with radius R) depends on bio-
mass-associated  costs. According to [42,43] biomass-associated
costs could be summarized by four major factors: harvesting,
transportation, biomass origin (pure and dense stands, burnt areas,
shrub areas with scattered trees) and characteristics (e.g. conifer-

Table 4

H. Viana et al./Applied Energy 87 (2010) 2551-2560

ous or hardwood, logs or branches). These factors can also vary
according to several variables as:

Machinery: harvester, forwarder, crane, chainsaw; Transporta-
tion: tractor and trailer; lorry (2,4 or 6 wheel drive); Terrain mor-
phology: slope, presence of rocks; Stands types - area, number of
trees per hectare, age, species; Operation: tillage, final cut; Man-la-
bour - cutter qualification, driver qualification, operation time;
Biomass format: slash, wood and wood parts, chips, bundles, round
wood.

This analysis is comprehensively presented by [42-44] in Pinus
and Eucalyptus stands, at a local scale. Different methodologies
and cost calculation models to calculate the different biomass-
associated costs (feeling, bucking, forwarding, transport and chips)
can be found in [45,46].

Given the impossibly of implementing a detailed analysis
throughout the entire study area, the achieved optimum radius re-
sults from the knowledge of the general exploitation existent in
Portugal. The considered biomass costs were calculated [42,43]
for Eucalyptus stands at final harvest (1200 trees per hectare in
average [31]) using a harvester and a forwarder for cutting and
loading and a tractor and trailer for transportation, and Pinus
stands at final harvest (600 trees per hectare in average [31]), using
a chainsaw and manual loading and a lorry (two wheel drives) for
transportation.

Based in the abovementioned studies [42-44] and on the avail-
able knowledge about the existent power plants in Portugal [40],
the achieved R, was approximately 35 km for a 9 MW power plant.

After superimposing within a GIS the projected power plant
locations with a land cover map, such as Carine Land Cover
(CLC2006) [47], it was possible to realise that the biggest power
plants are locate within forested areas. They require a large
amount of biomass but they are surrounded by large amounts of
biomass. Small power plants are located within less forested areas.
They require small amount of biomass but biomass could be far
way from the power plant location. Therefore, for the purpose of
this study, a radius of 35 km for all the power plants was consid-
ered optimum (Fig. 2). Given the resource competition that will ex-
ist, we can assume that, independently of power plant size, the
collection area will be the same for all power plants. On the other
hand, as the goal of this work is to know the maximum power

Total amount of theoretical and available residual biomass from maritime pine and eucalyptus, by NUT If sub-region.

NUT II Sub- ‘Area (ha) - “Forest area Bg total By (ton/ By (ton] .- By available (tonnes) By available (ton/year)
region / (ha) ~(tonnes) - year) ha) (R=35km) (R=35km)
Mean values achieved. == - e £ S : = T :
North - 2128898.8 ~:314400.0 4844028.5 - 273045.2 27.7 2610138.4 147126.7
Center 2367489.4 .668000.0 11313251.0 -~ 569601.1 28.2 7693256.4 387341.1
LV.T. 1170004.6 = 211100.0 26576024 : - 190005.1 . 327 882065.7 63063.2
Alentejo 2727597.4 - 146100.0 836241.9 ~-+55658.5 14.0 116367.3 7745.2
Algarve 499&87.9 :17400.0 88337.3 8829.1 13.6 38929.7 ) 38909
Total - 88934781 1357000.0 197394610 - +'1097139,0° 232 8312368.8 609167.1
" Maximum values. achieved o i B 8
‘North ¢ 2128898.8 - 314400.0 6016987.5 -'342774.1 345 32421713 184699.1
‘Center 2367489.4. 668000.0 13450714.0 . 7234366 = 34.2 9146777.7 491952.6
LV.T. 1170004.6 ° 211100.0 3238889.0 - 2472941 38.7 1074996.4 82077.6
Alentejo 2727597.4 . :146100.0 1197319.7 - 85551.2 183 166613.1 119049
Algarve 499487.9 174000 111278.6 115105 = . 163 49039.8 5072.6
Total 8893478.1 1357000.0 24015i88.8 14]0566A5 284 10112895.4 775706.8
Minimum values achieved - : k #, '
North 2128898.8 3144000 3935660.0 224821.6 22.8 2120676.5 121142.0
Center 2367489.4 - 668000.0 9220289.3 . -~ 4611858 22.8 6269997.0 313616.4
LV.T. -1170004.6 - 211100.0 21829313 - - 156861.2 26.8 . 724521.1 52062.7
Alentejo 27275974 146100.0 479470.0 257958 - 9.8 ' 667207 3589.6
Algarve 499487.9 17400.0 64777.9 5994.4 10.8 0285473 26417
:Tb_tal 8893478.1 1357000.0 15883128.5 874658.7 186 6688451.2 493052.4
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capacity which should be installed in the best case, we consider the
same optimum radius (35 km).

4. Results and discussion

The estimated total amount of biomass averages around 1.097
million dry t/year, with 579.91 thousand dry t/year from maritime
pine and 517.23 thousand dry t/year from eucalyptus. However,
these values range from 874.66 thousand dry t/year (473.70 thou-
sand dry t/year of pine and 400.96 thousand dry t/year of eucalyp-
tus) to 1.41 million dry t/year (673.54 thousand dry t/year from
pine and 737.03 thousand dry t/year from eucalyptus). These re-

suits are presented in Table 4, grouped by NUT II regions (see
Fig. 2).

When considering only an area of 35 km radius circle around
each power plant (installed and planned), the exploitable biomass
is considerably less. The estimated total amount of biomass aver-
ages 609.17 thousand dry t/year, and the maximum and minimum
values are 775.71 thousand dry t/year and 493.05 thousand dry t/
year, respectively.

The differences among estimates are due to the use of different
biomass allometric equations (Tables 1 and 2). As the growth of
trees varies among regions of Portugal with differences in environ-
mental conditions, region-specific equations were required. Fur-
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thermore, some equations directly quantify dry biomass and others
quantify wet biomass, which then has to be converted by a multi-
plicative dry factor.

The biomass availability maps, presented in Figs. 3 and 4, show
the spatial distribution of biomass by the NUT Illregions. The high-
er quantities of logging residues generated per year of maritime
pine and eucalyptus are located at the northern and central re-
gions. In the southern regions (Alentejo and Algarve) the biomass
amount is significantly lower. This was expected since, in north
and central Portugal. pinus and eucalyptus species are dominant,
while in the south cork oak and holly oak are the most abundant
species.

A GIS-based analysis allowed for assessment of both the theo-
retical maximum and the available potential power installation.
In a future, the 15 power plants' (two installed and 13 planed) to-
tal power capability will be 108.4 MW (Table 5). Our results illus-
trated that the theoretical maximum power potential (Qpg) of fully
condensing power plants is 131.4 MW. However, when calcula-
tion is performed using logging residue availability, for the max-
imum transport distance of 35 km, the real maximum power
potential is just 73.0 MW. This means that the power plant capac-
ity to be installed in the country (108.4 MW) is very high even if
only logging residues from maritime pine and eucalyptus will be
used as fuel source. However, only the region of LVT (see Fig. 2)

10°00"W §00"W 8UVO'W 7°00"W 800w
14 ¥ 1 4 T
£ z
ot 18
§ §
= -4
e {8
g by
z z
gL 48
g g
£ z
Br 1z
2 3
: \ Legend

] / M/ Biomass (dry tiyear) -
St / & S i {8
8 7 ’f e / Total theoretical 4

* Available

==, Buffer around power
~— plant location

{r=35Km)
g g
S+ 0 20 40 80 Kiometers 4 o
5 | 385 T ST S =

i 1 1 1

900'W 8°0'0'W 700w 800w

Fig. 4. Total theoretical and available (within a radius of 35 km) biomass potential supply.
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Table 5
Potential power production of fully condensing plants and cogeneration plants.

Power  Installed Theoretical Available biomass ~ Fully condensing plant Cogeneration plant
plant '(::/R:,c)lty bleoa:r;ass ) (t/year) (R =35 km) Maximum Maximum available Maximurm theoretical Maximum available
S Y .- theoretical potential, potential (R=35km), Qs - potential, Qs (MWy,) potential (R= 35 km), Qs
Qs (MW) (MW) (MWi)
1 9.9
3 9.0
4 . 4.5
5 9.9 .
North =~ 333 273045.24 147126.69 327 176 785" : > ; 423
7 . 1.8 ; ‘ : .
8 9.0
9 45
10 8.0
11 27
12 9.0
M. 9.0
VVR 13.0 ; ; ;
Center - 58.0 569601.1 - 3873411 7 - 682 - i 464 ' : .163.8° 1114 °
13 - e : : " ' :
Alentejo  9.0- 556585 77452 . ... 67 0.9 160 . 2.2
LVT .= 5.4 190005.1 63063.2 22.8 7.6 o S 54,6 . 18,1
15 ; ! . . . . ;
: Algarve 2.7 8829.1 38909 L1 05 : 215, u i Tk
108.4 1097139.0 609167.1 1314 ..73.0 3031574 i x5 1751

could possibly supply the demand (7.6 MW) using only this fuel
source.

This problem could be overcome by the use of second-genera-
tion power plants that use cogeneration. Results from GIS-based
analysis enabled us to estimate a theoretical maximum and a real
maximum power potential of 315.4 and 175.1 MWy, respectively.
However, even using second-generation power plants the Alentejo
and Algarve regions do not produce enough forest biomass and will
need other fuel source to supply their biomass needs.

5. Conclusions

Our results, regarding logging residues availability and future
demand of biomass for energy production, enabled identification
of the most suitable regions for increasing forest fuel usage.

In this study, biomass available quantities were estimated with
respect to the optimum transport allocation areas. However, it is
important to take in account that this biomass would not be fully
used, as there exist technical limitations (e.g. slope) which limit
the collection process. Although this study quantified logging res-
idues existence, the annual biomass availability will depend on for-
est management, such as tree thinning and pruning, applied to a
forest stand during its life cycle. Furthermore, because logging res-
idue supplies depend on harvest activity (e.g. the exploitable resi-
dues are different for manual annual
variation in residue amount must also be expected.

or mechanised harvesting),

The present analysis was made for all power plants as a whole,
considering the same collecting area (35 km radius) for all, but
removing the overlapping areas. However, as the power plants will
have different power capability and different ownership,
tice the biomass needs calculation must be made for each one sep-
arately. Furthermore, according to competition rules, the collection
area radius will overlap, in particularly in the central region. As a
competition for resources within an area, will affect

in prac-

consequence,
biomass acquisition costs, leading to enlarged collection area radii.
Even considering the best estimates, of biomass will
strongly limit the potential energy conversions,
installed power is very high.

amounts
as the demand of

Power plant location was not designed according to local needs
of energy or according to local biomass availability, but according
to energy transformers' station location, were energy could be in-
jected in Portuguese energy network. Following [48] the resolution
of an optimization model, addressing constrains (cost for supply of
biomass, operation of production plants, investment in plants, and
transportation of biomass) would have been essential to generate
the optimal locations of power plants.

In this research we did not explore other vegetation biomass
sources, which could have a strong contribute to biomass supply.
These other sources are: the biomass from stands under grove
bush, shrub land and shrubs growing in burnt areas. These types
of biofuel are very significant and cannot be discarded, as 1.8 mil-
lion hectares are shrub land [19] and 3.1 million hectares [49] are
burnt areas (1.5 million hectares from shrub land and 1.6 million
hectares from stands), just in the 2001-2006 period, which can
generate millions of dry tonnes each year. A third
important biomass source is the agricultural sector, where the res-
idues from vineyard thinning, wine industry, olive groves and fruit
trees orchard pruning, olive pulp remaining from olive oil produc-
tion, etc., can have a considerable exploratory interest.

Portugal has a high biomass potential which can be used in en-
ergy production, although it is already used by pulp, plywood and
fibreboard industry. The use and probable competition for the
same biomass resource requires special concern, to avoid the ex-
cess of exploitation, and consequent disequilibrium of ecosystems.

This case study does not end here, as it continues to undergo
calculations, which will be reported

of biomass

new surveys and computer
in due course.
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