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Land use planning for utilizing biomass residues in Tuscia Romana (cen-
tral Italy): preliminary results of a Multi Criteria Analysis to create an
agro-energy district.

ABSTRACT

This study provides a preliminary agro-environmental, economic and energetic analysis to critically
evaluate the biomass potential ofan area of central Italy (Tuscia Romana). This area is selected as
representative foragro-forestry from its orographic characteristics, climatic conditions, land use and
potential energy sources. Accordingly, the model we have obtained could be used forother similar
areasof central Italy. We have assessed the potential agro-forestry biomass availability, energy po-
tential and transport infrastructure using multi criteria analysisand geographic information system
approaches. Finally,optimum locations to develop an energy plant were identified. This model
could be applied at alocal levelto help deliver environmental policy.

Key words: Land use management,Agro-energy district, Multi Criteria Analysis, Biomass.

1. Introduction
International and National policy

Currently, biomass for energy use contributes 10 to 12% of the world energy balance, but the
amount consumed is about 40% of the usable potential. On a global scale, this potential is approx-
imately 1/3 of today's consumption of conventional energy sources (Hall et al., 1995; EC, 2012;
Pignatellier al., 2014; Salvati et al., 2015).

In a territorial system, two main sources of biomass origin are identifiable:
- Forests
- Agricultural territories.

Energy exploitation of these sources is possible so long as the actions are sustainable. In particular
the critical factors related to the interaction between exploitation and land conservation should be
considered.In both productive systems, industrialplantsmay produce large quantities of waste (wood
processing, food processing, etc.). The reuse of these residues may be an optimal solution for the
environment and for the benefit of various production chains.Bioenergy in general, and agro-energy
in particular, as with other renewable energy sources, is not necessarily "positive" in environmental
terms. A bad system of production and use of renewable sources can be just harmful to the envi-
ronment as a fossil fuel.

Biomass penetration of energy markets depends not only on suitable exploitation of the energy
component, but also on detailed planning that takes into account factors such as: geological and
climatic characteristics of the considered area, the potential sources, crop economics, alternative fu-
els markets, the local energy needs, environmental degradation in the area, etc. Then potential prob-



lems with the adopted technology are to be examined by checking macroeconomic and "macro-
ecological" aspects (Hummel, 1988; Ministerial Degree n. 9800/2012; Recanatesi et al., 2014;
Benstenet al., 2015).

Assessment of the national biomass availability is made difficult not only by the current lack of re-
liable official data (and this difficulty is also found in the evaluationof its use), but also by a con-
ceptual point:whether "available" is the total availability of biomass in the territory (potential avail-
ability), or whether it is the availability which is technically and economically viable.With a gradual
transition of responsibilities in renewable energy sources (and therefore also of biomass) from the
State to the Regions, a stronger commitment from the government in initiating studies and accurate
research, to evaluate the territorial assessment and planningmight have been expected. Instead
Energy Plans of Regions (or similar planning documents) are, in most cases, extremely superficial
in this kind of analysis and, in many cases, the data are actually unusable (Pignatelliet al., 2014;
Bilgiliet al., 2015).

There is not yet a complete and comprehensive set of technical standards for bioenergy, despite the
efforts in recent years, both at National and European level, from the various institutions responsi-
ble for technical standards such as:

- ISO (International Organization for Normalization), which operates worldwide;
- CEN (ComitéEuropéen de Normalisation), for European regulation;

- UNI (National Unification), in Italy, which includes the CTI (Italian Heat Technology Committee
- Energy and Environment) and, with specific reference to biofuels, the CUNA (Technical Commis-
sion Unification Motorcar).

The reasons for this incomplete and not always satisfactory technical standards production are ma-
nifold; the most significant are:

- the complexity of bioenergysystems,resulting from multiple raw materials, conversion technolo-
gies and end-use;

- the confusion between residual biomass a production cycle, its use for energy, and wastes which
must or can be discarded;

- the legal vacuum, at the agro-forestry level, about the use of dedicated energy crops, in spite of
policy documents at European level which allocate to these crops a large proportion of the future
biomass contribution to energy balances;

- the overlapping of National and European standards, that often forces the national standardization
bodies to withdraw or revise regulations that have been enacted.

According to a FAO report concerning the state of the world's forest resources (2010), the Italian
forests covers a total area of about 11 million hectares, accounting for 36.2% of entire national terri-
tory. The areas occupied by forest formations have seen in the last 50 years a very significant in-
crease, from 5.5 million hectares in 1959 to 10.4 million hectares in 2000, so have essentially
doubled in the space of forty years (Koukios, 1987; GSE,2012; Ferrara et al., 2015).This develop-
ment has taken place in terms of quantity, but not in terms of quality because, as appears from the



Forest - Wood Plan 2012-2014 of Italian Ministry of Agriculture, the forest expansion phenomenon
is mainly from a spontaneous recolonisation of abandoned farmland and pastures areas. These areas
suffer from a lack of management or investment which limits their use and productivity. In fact, the
national harvesting intensity in the last decade, near to 8 million m® per year (GSE, 2012), is 25%
per annum growth (estimated at 36 million m3 / year), compared to 65% of the average European.
Harvested annual yields of wood in Italy (2 m® / ha / year) amounted to half of those in France,
Spain and Portugal (4 m® / ha / year) and were considerably lower than in Germany and the UK (5.6
and 5.4 m’/ha/year) (GSE, 2012).

This criticism is also accompanied by a political anachronistic concept that forest resources are only
an economical - environmental reserve to be preserved rather than to be exploited properly, even for
production, according to the concept of "sustainable forest management" (Di Mario et al.,
2012).Furthermore, the current regulatory environment, born in 1923 to address conservation and
protection issues for forests, has not been adequately updated to current and real needs of the area,
both in environmental and economic terms. This results in a situation in which Italy continues to
bear the high cost of hydrogeological instability, due to forests negligence and, at the same time, of
massive imports, instead of using domestic resources.As a result it is appropriate to enhance the
wood resource harvesting from forests according to national criteria that respect the environmental
balance, and also create opportunities for economic development.

An interesting estimate of the biomass potential for energy use that could result from full exploita-
tion of Italian forests, was created by Itabia in a study commissioned by the Italian Ministry of
Agriculture "Document Preparatory to the National Plan Biofuels and Biomass agroforestry for
energy purposes".In the absence of accurate data, this study produced estimates using the integra-
tion of information provided by IFNC (National Inventory of Forests and Forest Reservoirs Carbon)
for 2005 with the most recent ISTAT about the uses and harvesting of wood.

The study funded by the Italian Ministry of Agriculture under the Project Biomass ENAMA has
treated in detail the issue of energy recovery of residual biomass from the primary sector, focusing
on the types, quality and technically suitability. The "strengths" of this resource reside mainly in the
chemical-physical characteristics, in its consistency in quantitative terms, in the almost ubiquitous
distribution and, finally, in the fact that their use for energy production doesn't affect the land area
intended for use in food from which it derives (Pignatellier al., 2014).As is well known, at a world
scale, the fear of a conflict between food versus energy has created controversy in recent years
overthe effects on the cost of food, especially in economically weak countries. Fortunately these
problems have not had much effect in Italy thanks to their environmental policies especially for
those concerning the green energy (Buchhlozet al., 2009, Zambelliet al., 2012, Perpinaet al., 2013).

Another limiting factor for start-up of an energy district are costs for harvesting and transport of
biomass from agricultural fields (straw and twigs) and forests (wood waste) to the power plant.For
these reasons acquisition of the road network and harvesting network into a geo-referenced data-
base, can play a fundamental role in the decision making process for identifying the best location in
terms of costs and of environment impact of the power plant in the analyzed territory.

Another consideration isdeveloping recoverytechniques forbiomass without reducingthe production
of the agricultural systems. Some Italian regions recently performed tests on recovery techniques to
be adopted in different farm contexts, combined with a high level of mechanization, which have



contributed to efficient models that are emerging and spreading. For these reasons nowadays more
and more farms are strongly motivated towards multi-functionality in terms of management and
green energy policies.From an environmental perspective, it is useful to consider the current use of
the residues before evaluating the benefits of energy use. Residues of tree crops are currently only
partly recovered for firewood use, while mostly are shredded and buried on the spot or, in some
cases, removed from cultivation and burned to prevent the possible spread of pathogens (Pignatel-
liet al., 2014).The residues of field crops instead provide an important contribution of organic mat-
ter to the soil in certain cases and so their removal can be a critical agronomic element and perhaps
even climatic effect by storing organic carbon in the soil (Zoellneret al., 2008). Therefore, their
possible use for energy purposes must be reviewed from time to time, giving priority to those me-
thods of use which are able to ensure environmental benefits.

Under the new EU Agricultural Policy and, in particular, the Rural Development Programs, it is ne-
cessary to define a strategy on a national scale to support investments in agro-energy, energy effi-
ciency and green chemistry by farmers. For example, it would be desirable to enhance the agro-
forestry national resource,currently about 11 million hectares, most of which are in a state of neg-
lect, as well as marginal lands, which constitute a further possible opportunity for dedicated agro-
energy development.

Biomass production should not create conflicts with agricultural production and therefore should be
encouraged through cultural protocols with biomass integration, involving rotations benefitting tra-
ditional plantingsfor food, feed orfiber (Zambelli et al., 2012). In addition, large quantities of re-
sources could and should result from proper forest management, which is also needed to counter the
frequent disasters produced by fires and hydrogeological instability (Di Mario et al., 2012, Pignatel-
liet al., 2014).

For this reasonforest harvesting must be programmed in such a way as to ensure a consistent pro-
duction over time. To achieve this, all the state forests located in the study area and currently ma-
naged at municipality level will in future be managed with the single aim of producing a steady
supply of biomass.

Residual biomass is an important share (both quantitatively and qualitatively) of available resource
within the bio-energy chain. Therefore, greater attention is needed to facilitate the sustainable use of
waste and by-products, drawing a clear line between biomass and waste through the enactment of
clear national standards and their application in different regions (Panichelliet al., 2008).

Therefore, the biomass production for energy must look primarily, in an Italian context, to the recy-
cling and enhancement of waste, crop residues and processing of food products residues.The use of
by-products and residues from agriculture, forestry and agro-industrial must be always evaluated
with care to avoid an excessive removal of organic matter, with negative effects on agricultural and
/ or natural ecosystems. In particular, the risk of possible alterations in the cycle of the organic mat-
ter must be avoided, which would result in a damage to the quality of the soil, with losses of humus
and residual fertility and with a rapid contraction of the potential production of any type of biomass
(Uuemaaet al., 2013; Sang et al., 2013).

In contrast, in the case of residues resulting from ordinary forest maintenance, maintenance of river
channels, etc. their removal and energy reuse is considered an effective solution in the prevention of



other negative phenomena such as fires, uncontrolled water runoff, terrain erosion, etc (Kanzianet
al.,2013).

The National Energy Strategy (NES) of March 2013, identifies three critical issues, four goals and
seven priorities that characterize the Italian energy sector and act as reference points for its future
development and strengthening in pursuit of greater economic and environmental sustainability. In
particular, the NES priorities to be implemented by 2020 are:

- Energy efficiency;

- A competitive market for gas and a south European hub;

- Sustainable development of renewable energy;

- Infrastructure development and the Electricity Market;

- Restructuring of the refining and fuel distribution network;
- Sustainable national production of hydrocarbons;

- Modernization of the system of governance.

In this context, the development of biomass energy industry presents many relevant points and
overall the potential to contribute significantly tosupporting agriculture and the environment in gen-
eral, especially in rural areas.

In order to revitalize the role of agriculture as a key element for the achievement of National and
Community targets on renewable energy, due to the specific and particular characteristics of the
agro-energy compared to other kinds of renewable sources, it is necessary to ensure an effective
coordination among all institutional actors involved and the different means of action adopted. Bio-
energy crosses a multiplicity of themes and sectors whose responsibilities involve several depart-
ments at central and local levels as many departments. The shortage, and in some cases the total ab-
sence of a balanced synergy between these administrations limits the effectiveness, strength and
timeliness of governance at the expense of the national system. The improvement of existing me-
chanisms for consultation will guide the development of the sector allowing consistent measures to
be taken on issues through shared competence.

Objectives of our study

Many conferences, summits and protocols, developed at European level, have pointed out that there
is a great interest in implementing policies to reduce the climate change impact on environmental
quality, through improving energy efficiency and development of renewable sources. This has in-
creased the willingness to develop a green economy, which is not only an environmental improve-
ment, but also a new paradigm to alleviate global threats such as climate change, biodiversity loss,
desertification, depletion of natural resources and, at the same time, promote social and economic
welfare (Scott et al., 2012; Sacchelliet al., 2013).

Issues related to climate change have led to a greater importance of heat and power production
based on the use of renewable sources.



In Italy, use of alternative energy resources could be a valuable contribution to reduce the depen-
dence of national energy system on imports. In particular, the agro-forestry biomass sector is one of
the major areas of possible implementation of bioenergy, due to rurality and a strong link between
the agricultural and forestry sectors in large national areas (Sacchelliet al., 2013).

This context underlines the need for interaction between urban, land and energy planning, because
most energy consumption and production depends not only on socioeconomic variables, but also on
territorial organization. It is therefore important to define spatial planning that leads to energy effi-
ciency. The inter-sectoral approach that is developed in our study makes use of multi-criteria analy-
sis (MCA), which can aggregate variables identified by different units, as well those of mixed types
(such as qualitative and quantitative data); it can be a good tool to use in the planning processes
(Buchholz et al., 2009, Recchia et al., 2010, Sang et al., 2013).

In this context, this paper aims to provide a valuable model to estimate the agro-forestry biomass
availability for energy use, based on a thorough analysis ata local scale, in an agro-environmental
context characterized mainly by agricultural and forestry land use, also representative of a rural
areathat is typical of many national and international areas, especially in the Mediterranean.

In the identification of an energydistrict in rural areas, this work underlines the lack of tools suitable
for decision-making and planning at a wider scale. Also, the particular value of an environment
(presence of important natural sites), forces planners to usean interdisciplinary approach to choose
the most appropriate analysis and evaluation method. Indeed, the presence of such sites, which are
very common across Europe, increases the importance ofidentifying an appropriate land use for
energy planning while, at the same time, protecting the natural valueof the area, according to Euro-
pean environmental legislation.

The identification of an effective planning methodology represents the main goal of the present re-
search, whose applicability can be extended within the European community.

One of the main limiting factors in land use planning consists of alack of georeferenced databases
and even when existing they appear fragmented in their spatial and temporal scale.

There is also a lack of adequate legislation on the sustainable management of processing agro-
forestry waste. Currently, for example, trees pruning in wood industry, are mainly burnt in the field
(Pignatelliet al., 2014), while the waste from agricultural processing is only partially reused in the
farms and the rest is treated as waste. In forestry it is difficult to find the correct information, be-
cause you do not always have access to the management plans of all the forests in the area (Kino-
shita et al., 2009).

Through this work we intend, therefore, to create a model to estimate the potential value of agro-
forestry biomass from different agricultural sectors. For this aim we used a Multi Criteria Analysis,
developed in a GIS environment to analyze territorial, economic, social and planning variables.
This model combines an innovative analysis approach at both agricultural and forestry level, to es-
timate the biomass available and its distribution in the territory. It is waste biomass and for this rea-
son it doesn't constitute a source of competition for the other economic sectors, nor should it affect
levels of system integrity and the future resource. This model is a response to the needs of energy



planning, that is lacking with the current tools available, and that allows for a preliminary energy
estimate for the correct sizing of a power plant and the subsequent correct placement of the same.

2. Materials and methods

The study area

Tuscia Romana,located incentral Italy, includes 12 municipalities of the northern Lazio region. This
area has a total surface of 720,5 km? andis located halfway between the cities of Rome and Viterbo.
The area is characterized by an average surface per municipality of 60.26 km? with an average
population of 6548 inhabitants per municipality (ISTAT, 2010). The average altitude is 357.25 m
above sea level, so from the phytoclimatic point of view the area is between Lauretumand Castane-
tum bands, characterized by average annual temperatures between 13°C and 1°C and average an-
nual rainfall of 900 mm, with a summer water deficit. In the area there are numerous protected
areas: parks, SCI (Sites of Community Importance) and SPA (Special Protection Areas). The area
therefore has a natural vocation for agriculture and forestry. Figure 1 shows the municipalities with-
in Tuscia Romana, while figure 2 includes the main points of natural interest. For orographic cha-
racteristics, climatic conditions and for its land use this area can be considered veryrepresentative of
central Italy. Furthermore, this area has been recently selected by B.I.C.(Business and Innovation
Centre) Lazio, an agency aimed in valorizing the regional territory, as a pilot project in renewable
energy.

2.2 The data set
We have used the following as reference data:

Forestry assessment plans for all state-owned forests of the agro-energetic district (B.I.C. Lazio,
2013). For all the municipalities included in the study area we acquired the plans for state forestry
management for the implementation of the GIS database. Dendrological and silvicultural parame-
ters such as: surface area of the forest, tree density, age, species and year of harvesting were geore-
ferenced and analyzed to investigate the potential of each forest toproduce waste biomass for ener-
gy production;

Land Use Map (1:25.000). The layer describing the usage of the soil classified according to Corine
Land Cover (CLC) Project of the European Community;

Road network. Vector files of the asphalt roads and of the forest harvesting tracks have been ac-
quired for this study. Through remote sensing of georeferenced digital aerial photographs, taken in
2012, all the asphalted roads and the forest harvesting tracks have been photo-interpreted at a scale
of 1:5000.

Before using the data for multi criteria analysis we have evaluated these data to identify the biomass
availability for energy use (Mendoza et al., 2000).

For the forestry district sector we have combined the Corine Land Cover data with the B.I.C. Lazio
data. This is because the CLC data was not very detailed. For each municipality we have considered
total resource (m’); we have calculated the biomass available for energy use (m?) as 18% of the to-
tal resource, in accordance with the method reported by Hellrigl (Hellrigl, 2004;Kinoshita et al.
2009; Colantoni et al., 2013; Sacchelliet al., 2013; Colantoni et al., 2015). Finally, using the net ca-
lorific value (assuming a water content of 33%) we have obtained the energy availability in terms of



kWhy, (Tab. 1). These are calculated for each year from 2010 to 2045. In figure 3 we have shown
graphically the total availability, obtained by adding the values for each municipality, for both
"biomass energy" and "kWhy,". The trend is modeled as a decreasing polynomial.

It is clear that the availability of biomass has a peak that coincides with the five-year period 2015-
2020; after this it decreases progressively until the five-year period 2040-2045. From this the need
for having other biomass sources to feed a hypothetical plant is clear. For this reason agro - forestry
biomass is also considered(herbaceous and agro-forestry crops).

For the agricultural sector we have combined the Corine Land Cover data (fig. 4) (Regione Lazio,
2000).

Forthis purpose we have considered only the following CLC land use classes:

« green urban areas;

« land mainly occupied by agriculture, with significant areas of natural vegetation,;

« annual crops associated with permanent crops;

 non-irrigated arable land;

 permanently irrigated land;

« surfaces with dense herbaceous cover;
For agro-forestry crops we have considered the following classes:

o fruit trees;
« vineyard;

« olive groves.

We have restricted the land uses to those that are the most significant for this search.

For each of these crops we have calculated (Delfantier al., 2014) the total quantity (t) of dry matter;
from this we have estimated the percentage available for energy use, as 50% for the herbaceous
biomass and 100% for agro forestry crops. This is in accord with the table 2 reworked from data of
Enama (ENAMA, 2008).

Finally, using the calorific value (Hellrigl, 2004; ENAMA, 2008) we have obtained the available
heat in terms of kWhy,. The results are reported in table 3.

We have gridded this data to create raster files in IDRISI (G.L.S. software) to perform multi criteria
analysis.

This multi criteria analysis has been performed to obtain the biomass availability (Phuaet al., 2005;
Buchholz et al., 2009; Recchia et al., 2010) in the twelve municipalities of Tuscia Romana.

We have included nine spatial variables that the software has related and compared, combining
scales and multidimensional measurements in a single scale of priorities. The variables, in order of
priority, are:

Slope: this layer represents the study area zoned into slope classes. This grid file is calculated from
a D.E.M. (Digital Elevation Model) of Lazio Region with a resolution of 20 m. Slope is very impor-
tant in this analysis because it represents a limiting factor in biomass harvesting: forestry and agri-
cultural mechanical work is only possible with slopes of less than 30% (Barbatiet al., 2012);

Areas of municipals forests: total area of state-owned forests detected at patch scale;



Agricultural and Forestry systems: this layer is very important in detecting the quantity of biomass
that is truly available using the existing infrastructure network.To do this it is necessary to analyze
the accessibility of the harvested area (forest tracks and asphalt roads).

Distance from the forest tracks: layer representing distance from the nearest forest track.

Distance from asphalt roads: layer representing distance (m) from the asphalt roads for the whole
municipal territory.

Accessibility (via forest tracks and asphalt roads) is the most important factor because it allows
transport of the biomass to the plant. The closer the forest is to the road and the plant, the less it will
cost in terms of transport and pollution (Allen et al., 2011).

Forest species: state-owned forests (8950 ha) are classified according to the calorific value of each
species. The forestry areas are represented by four principal species: Quercuscerris L. (broadleaf
oak), Castanea sativa Miller (sweet chestnut), Pinusspp. (Pines, including Pinuspinea L., Pinus pi-
laster Aiton, PinusJ.F.Arnold), Fagus sylvatica L. (European beech). The calorific value (Hellrigl,
2004) is calculated from their relative availability.

Road network: layer in which the whole territory analyzed is classified according to the distance by
asphalt roads.

Distance from municipal forests: study area classified according to distance from the municipal for-
est.

The georeferenced data set has been employed in a Multi Criteria Analysis performed in GIS envi-
ronment according to fuzzy analysis. Every layer has been processed to better interpret the realistic
potential of the system to produce biomass.

3 Results

Figure 4 shows the results obtained by the multi criteria analysis performed according to fuzzy log-
ic. The whole territory has been zoned in a scale of values that ranges from 1 to 199: values of 1 in-
dicate areas with a low potential; those with 199, are perfect to provide biomass.Analyzing the spa-
tial distribution on the territory, regarding the suitability in producing biomass we found a very
good capacity in terms of biomass availability to support an agro energy chain for Tuscia Romana
district.

Despite the study area beingcharacterized by a hilly environment and a high density of human set-
tlement (urban sprawl), more than 45% (324 Km2) of the whole area possessessuitable characteris-
tics to produce and to harvest biomass for energy plants. This result is due to two main factors: a
good capacity forproducing biomass inthe agroforestry system and a high density of roads that
makes collection and transport to the plantpossible.Due to the high density of human settlements the
road network follows a homogeneous distribution overthe territory making for efficient production
and harvesting of biomass for energyuse. The presence of forest roads especially in those more pro-
ductive forests, allows harvesting of a large quantity of biomass with a high calorific.A limiting fac-
tor identified isthe absence of aligned planning among the municipalities of Tuscia Romana con-
cerning the management of forests.

Unlike agricultural environments where croprotation is scheduled each year, for forest cultivations
harvest times for different species depend on several factors such as: trees species; age; silvicultural
management and the duration, in years, of the harvesting cycle.



Forall municipalities of Tuscia Romana, the predicted availabilityof biomass, figure 3, is not homogene-
ous, with excess production in the short term and shortage after 2025.This requiresfuture management
to organize the use of the forests in such a way as to havea constant production over the time.
Therefore, all municipalities must coordinatethe management of their forest land in accordance with
the other municipalities of Tuscia Romana.

As regards the identification of areas most suitable for the sitingof an energy plant, the availability
of very detailed data for the territory hasallowed the identification of two areas within the Tuscia
Romana, each of which exceeds two hectares.In this case the main parameter considered has been
distance from roads. From an environmental and economic point of view, the optimumdistance
within which to supply of biomass is within 20 Km (Fig. 6).

4 Discussion and Conclusion

In conclusion, Multi Criteria Analysis (MCA), performed using fuzzy logic, represents a powerful
tool for investigating the potential of the territory for biomass production.Most of the area has a
useful amount of biomass that can be used for energy purposes (area in figure 5 scoring over 100).
This amount of biomass could be increased by includingthe private forests in the energydistrict. At
the current state ofthis research we have only considered the state-owned forests because their fu-
ture common management from an energy point of view is more realistic - private owners may not
agree with this kind of policy because in this case the management of the forest is often more ex-
pensive.

One of the key limiting factors in the methodology proposed is represented by the difficulty in col-
lecting data especially for forestry production. In the study of an agro-energy production chain
knowledge of the territory is important as it strongly influences the biomass availability. Knowledge
of the area depends on the quality of the starting data. For this reason the Corine Land Cover data
was combined with the B.I.C. Lazio data, in particular for forestry data.

Another important aspect in defining the real capability of the agro forestry system to providebio-
mass for an energy plant, consists ofplanning and compiling a georeferenced database able to detect
the complexity of the environments systems. Data such as the road network, forest tracks and den-
drological and silvicultural parameters are often difficult to find and require time-consuming data
acquisition forthe GIS database.

The optimum location of an agro-energy production chain facility, the type of plant and environ-
mental feasibility of this (e.g. using a L.C.A. - Life Cycle Assessment approach) can be determined
on the basis of the data obtained from the analysis carried out in this study.



Figure 1: location of the studied area. Tuscia Romana (central Italy).
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Figure 5: Multi Criteria Analysis: suitability of analyzed territory for biomass production.
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Table 1: Biomass destined to energy use for forestry district sector (total for whole municipality).

Years Biomass energy use [m’] kWhy,
2010-2015 19300,4 57800231,1
2015-2020 40486,2 119046129,3
2020-2025 20031,5 122184048,2
2025-2030 17668.,4 51579775,8
2030-2035 53429 15590228,1
2035-2040 2626,3 7483889,8

Table 2: Percent of reusable agricultural residues (Enama, 2008).

Crop Use % Used
Triticum L. Straw 50
Hordeum L. Straw 50
Avena L. Straw 50
Zea. L. Stalks 50
Vitis L. Prunings 100
Olea L. Wood 100
Fruit-bearing Branches 100

Table 3: results of biomass destined to energy use. The total is reported for annual crops and for
permanent crops.

Biomass energy use [t] kWhy,

Annual crops for energy use 87645 400723125

Permanent crops for energy use 10289,5 50941007,3




Table(s)

Table 1: Biomass destined to energy use for forestry district sector (total for whole municipality).

Years Biomass energy use [m’] kWhy,
2010-2015 19300.,4 57800231,1
2015-2020 40486,2 119046129,3
2020-2025 20031,5 122184048,2
2025-2030 17668,4 51579775,8
2030-2035 53429 15590228,1
2035-2040 2626,3 7483889,8

Table 2: Percent of reusable agricultural residues (Enama, 2008).

Crop Use % Used
Triticum L. Straw 50
Hordeum L. Straw 50
Avena L. Straw 50
Zea. L. Stalks 50
Vitis L. Prunings 100
Olea L. Wood 100
Fruit-bearing Branches 100

Table 3: results of biomass destined to energy use. The total is reported for annual crops and for
permanent crops.

Biomass energy use [t] kWhy,

Annual crops for energy use 87645 400723125

Permanent crops for energy use 10289,5 50941007,3




Figure(s)

Romana (central Italy).

1a

d area. Tusci

1€

f the stud

: location o

1

Figure



Area boundaries

E ' Municipal boundaries
)

SPA

sC
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Figure3: the availability of biomass for energy use in future years, also represented as
polynomial function (Poli).



Land Use

[T Annual crops

[ Irrigated cropland

[ Non-irigated cropland

|:| Principally agriculture with natural vegetation

[ ] Pasture

E== Fuuit trees and berries plantation
[ Olive groves

[ ] Chestnut woods

Broad-leaved forest

(MMM coniferus forest

[Z33] Natural recolonization area
I Residential area

5 0 5 10 Kilometers
]

0.00
1242
2483
37,25
4967
62,08
74.50
86,92
99,33
111,75
12417
136.58
149,00
161,42
173.83
186,25
198,67

Figure 5: Multi Criteria Analysis: suitability of analyzed territory for biomass production.
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Figure 6. Locations in the agroforestry energydistrict of areas suitable for biomass plants.
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HIGHLIGHTS

The motivation factors novelty in results/ findings and significance ofresults of this
works are:

e  We assessed the potential amount of agro-forestry biomass of different origins
in central Italy.

e  The location of exist energy plants was analyzed.

e Biomass availability, energy potential and transport infrastructure were
considered.

e  We investigated territorial features using Multi Criteria models and GIS
approaches.

e  Best decisions to develop an energy plant were identified at the local scale.
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