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Summary

The use of woody biomass for energy has seen a continuous growth in the last years in
industrialized countries. In many European countries, among them ltaly, an important role has
been given to wood-energy in the framework of the EU Renewable Energy Strategy for 2020. An
importance driven by several benefits but that also raises important challenges in the forestry
sector. Nonetheless, a problem of lack and inconsistency of data characterizes the European
energy-wood market, one of the main limiting factors to an effective assessment and forecast of
its contribution as a Renewable Energy Source.

In this thesis we aimed at a better estimation of the wood-energy market in Italy through
a review and consistency analysis of the informative sources and data available. The main
component of our work were two estimations: one focused on households consumption based
on the | STAT fASurvey on c ocosdwnepyvad aimed td gvalubte thre
domestic supply based on expertds opinion
analysis of the wood energy markets in Italy and Spain has been carried out.

We concluded giving evidence that the wood energy market informative framework for
Italy is inconsistent and the current statistical data available are not suitable for an accurate

guantification and monitoring of the market and related policies. We provided some new

| i eso;

throug

estimates of the apparent consumptionofwood f or ener gy base.dhomertoexpert

promote more adequate sectorial policies the value chain organization and the levels of wood

resources domestic supply should be further investigated.
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1. Introduction

Climate change mitigation, together with other factors such as the concern for a growing
energy demand, rising fossil fuel prices and the dependency for many countries on energy
imports are the major drivers that at global level are boosting the development and use of
Renewable Energy Sources (RES), namely, sources from which energy can be produced that
can be renewed indefinitely, such in the case of hydro-, solar, geothermal and wind, or which
can be sustainably produced, such as biomass (FAO, 2007). Specifically, the term biomass for
energy (or bioenergy) refers to all those types of energies produced from woodfuels deriving
from woody biomass sources, agro-fuels from agricultural biomass, or other biofuels types (FAO,
2004). The specific focus of this thesis is on woodfuels and woody biomass for energy, or more
in general the wood-energy sector, which composes the largest part of bioenergy share.

Bioenergy has been defined by the International Energy Agency (IEA) asth e A s |
gi ant 0 amo n geferting ¢o itSRBIE and potential as the first RES at global level.
Bioenergy provides infects about the 10% of global primary energy supply, albeit, the models of
utilization and efficiency varies significantly according to the level of industrialization of the
countries and the availability of conversion technologies for energy production (Berndes et al.,
2003). Indeed, the large part of biomass, about 75% (IEA, 2010), is still used in traditional
systems for covering basic energy needs in developing countries, but also in many industrialized
countries the use of biomass for energy has seen a continuous growth over the last years
(Steierer, 2007). A growth driven on the one hand by market forces, and on the other hand by
specific policy measures and investments in research and innovation, in the framework of
sustainable and renewable energy production (Hillring, 2003). In the European Union (EU), the
Renewable Energy Directive 2009/28/EC assigns to bioenergy a strategic role. According to the
Directive, the EU Member States committed to reach by 2020 the overall target of 20% gross
energy consumption from RES, implementing National Renewable Energy Action Plans
(NREAPSs) with specific targets and measures (Beurskens and Hekkenberg, 2011). In Italy for
instance, according to the NREAP approved in June 2010, the main target is to produce by 2020
the 17% of the gross energy consumption from RES, in which bioenergy will cover about the 44
%, within the electricity, heat and transportation sectors.

As mentioned previously, the main component of bioenergy is woody biomass. The two
main reasons behind this heavy reliance on woody biomass for energy in Italy and the EU are,
firstly, the cost-effectiveness of the raw material and, secondly, its large availability accumulated

in forests (Verkerk et al., 2011). Afterwards, there are other general advantages that make
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woody biomass competitive against the other RES, such as the opportunity to enhance active
forest management of frequently abandoned or semi-abandoned forests (Moiseyev et al., 2011),
to valorize residues and wastes from forest-based industries (Steubing et al., 2012), improving
income and quality of life in rural areas (Wolz et al., 2011). However, this growing role of wood-
energy in Europe raises also several critical issues and challenges related to the availability of
resources (Mantau et al., 2008), the potential impacts of increased woody biomass harvesting
on forest protection (Johannes and Giuliana, 2014), biodiversity and other ecosystems services
provision (Pedroli et al., 2012) and, moreover, on competitive wood uses, for example the pulp
and wood-based panel industry (UNECE/FAO, 2006).

Furthermore, in several EU countries, including ltaly, there are problems concerning the
lack and inconsistency of data on consumption of woody biomass for energy. This is in general
considered to be related with the cross-sectorial character and fragmentation of the market itself
(Steierer, 2007). Wood-energy data are indeed related with energy, forestry and industry
statistics, which are provided by agencies and institutions often working with no coordination and
using different definitions and units of measurements (ESFC, 2008). In addition, due to the
multiplicity of sources on the supply side from which woody biomass derives and the presence of
different submarkets and final users on the demand side, the wood-energy market is particularly
fragmented and complex to be clearly defined and quantified. In the specific case of ltaly, a
coherent quantification of the woody biomass for energy market has not been made (Ciccarese
et al., 2012; Pettenella and Andrighetto, 2011). Inspite a considerable amount of available data
and information are available, this is very uncertain and there are often relevant discrepancies
between official data provided by the National Institute of Statistics (ISTAT) and estimates made
by other studies (Pettenella and Ciccarese, 2009; Corona et al., 2007; Magnani, 2005). In recent
years, some studies stated that even the assumption relative to consumption levels of woody
biomass made in the NREAP are strongly underestimated (Ciccarese et al., 2012; Pettenella
and Andrighetto, 2011).

Consequently, the inconsistency of the informative framework and the lack of a solid and
coherent market estimation can be major limiting factor to an effective assessment and forecast
of the role of woody biomass for energy as a RES in the national energy budget, also to be able
to guarantee the sustainable growth of the sector and harvesting levels in the domestic supply of
wood resources. These issues are particularly important in front of the expected remarkable
increase of the demand for woody biomass in Italy and Europe in the next years in the
framework of the 2020 targets and also in the perspective of a more long-term regulatory

framework for RES promotion. Thus, it emerges the urgent need to investigate more on the real
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role of the wood-energy in Italy, critically assessing the existing data used in the current energy
policiesd planning assumptions and <contributing
market.

On the bases of these background problems, the thesis overall objective is to improve
the knowledge and understanding of the wood-energy market in ltaly. In particular, this work
aims at contributing to a better estimation of the woody biomass for energy market, focusing on
the internal production and consumption levels, and assessing the available informative sources
and data on the market.

The specific objectives are:

i. to present an overview of the current state of the woody biomass for energy
market in Italy based on a comprehensive review and consistency assessment of
the statistical and literature sources and data available;

ii. to contribute to a better estimation of the woody biomass for energy market in

I'taly, focusing firstly on householdsd con
| STAT #ASurveyptooncoysummilieso, and secol
production of woody biomass, based on exper

iii. To present a comparative analysis of the current state of the woody biomass for
energy market between Italy and Spain in order to assess the quality and

availability of data in comparison with other countries.

The thesis is structured into eight chapters. The second chapter (Chapter 2 7
Background) presents the relevant background information used within the thesis, including
definitions and categorization of the woody biomass for energy market. An overview on RES and
woody biomass in the European Union is then provided, with a focus on the 2020 targets
defined by the Renewable Energy Directive. Special attention is then paid to present the Italian
National Renewable Energy Action Plan and the problems related to inconsistency of the data
on which this document is based.

In the third chapter (Chapter 3 i Research methodology) the research methodology is
described with a presentation of the research approach, the informative sources and
methodologies used in data collection and analysis. A section is dedicated also to the limitations
of the present work.

The following four chapters are dedicated to the results and the discussion of the thesis.
In the fourth chapter (Chapter 4 i Review and assessment of the wood-energy market
informative sources and data available) the current state of the Italian woody biomass for energy

market is presented, with an exhaustive review of statistical and literature sources and data
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avail able and an assessment of their consistency
chapter (Chapter 57 Fuel wood consumption at household | evel
consumpt i on)pregents themesllts of thedanalysis of the ISTAT6s survey focus
household consumption of fuelwood, providing interesting insights on usage and expenditure for
fuelwood and also trying to provide a new estimation of the consumption at household level
based on the surveydsx (Chafter 6 iindttenmative estiatianpaf the S i
producti on l evel s b a s)epdesentsnthe eresylteof the delploi psurvey o n
guestionnaires conducted involving a panel of experts in order to tentatively estimate the
production levels of woody biomass in Italy.

The | ast of t heChaptesiu-lAtcanparatve anplysis besveef Italy and
Spain) presents the comparative analysis between the wood-energy market informative sources
and data in Italy and Spain.

The conclusions that have been drawn from the results of the study are found in the last
chapter (Chapter 8 i Conclusions).
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2. Background

This chapter introduces the relevant background information used within the thesis,

including definitions and categorization of the wood-energy market (2.1), with an overview of the

woody biomass for energy use in an international perspective and the main advantages and

limitations influencing it. Moreover, a section on RES and woody biomass in the EU is provided

(2.2), with the current situation and the expected developments towards the 2020 targets

defined by the Renewable Energy Directive. Special attention is paid then to present the Italian

National Renewable Energy Action Plan and its targets, and the problems related to lack and

inconsistency of data on which this document is based.

2.1 Woody biomass as a Renewable Energy Source

The focus of this thesis is on the market of woodfuels and all sources of woody biomass

from which are derived, or more in general the wood-energy market. The conceptual framework

adopted in this work is shown in a graphical scheme in Figure 1.

Figure 1: Conceptual framework of RES and woodfuels sources

Renewable Energy Sources

Hydro Solar Wind Geothermal Bioenergy Other
I ]
Wood Agro Others (i.e.
Fuels fuels Municipal
solid wastes)
| | | |
: Production : T T e T T
: and supply ! Direct Indirect Recovered Derived

_____________

Woody biomass

Woody biomass from
forest, plantations
and outside forest

Woody biomass from
wood processing
industry

Post consumption
used wood

Source: modified from FAO, 2004
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To find a common definition and categorical scheme of wood-energy at international level
is a difficult task, and this is mainly because of the complexity of the market itself, which
comprises several sources, conversion methods, final users and sub-markets. Several authors
and international agencies have proposed different classifications in order to facilitate the
interpretation of the information and data on woodfuels and woody biomass sources in an
international common framework. In this thesis, we try to follow the terminology proposed by the
Food and Agriculture Organization of the United Nations (FAO) in the Unified Bioenergy
Terminology (UBET) (FAO, 2004), which has been developed and published with the aim to
improve the definitions and classification of bioenergy data and information at international level.
The UBET terminology framework has then been adapted and integrated in order to be able to
better describe the study context of this thesis, which is the EU and in specific Italy.

2.1.1 Woody biomass for energy market

Woody biomass sources and supply: According to the Unified Bioenergy Terminology (FAO,
2004)wood-energy refers to all those energies dllerived
types of biofuels derived directly or indirectly from woody biomass6. Woody bi omass ar.i
forests and from other sources (See Table 1), which can be classified as:
A Woody biomass from forest, plantations and outside forest: including biomass from
forest deriving from silvicultural activities, biomass deriving from plantation as for
example from Short Rotation Forestry (SRF), and biomass from trees outside forest
as in the case of urban forestry, vineyards, olive groves, other woody crops etc.
A Woody biomass derived from wood processing industry: biomass in the form of by-
products and residues deriving from sawmills and wood processing activities, as
endings, cross-cut shavings, saw dust, wood panels by-products, etc., and black
liquor from pulp mills.
A Post consumption used wood: including for example wood waste, demolition wood,
recovered construction wood and used paper used at the end of the cycle for energy
production (FAO, 2004).
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Table 1: Examples of biomass sources

Woody biomass from forest,
plantations and outside forest

Woody biomass from wood
processing industry

Post consumption used
wood

Examples

Complete tree

Tree sections

Thinning by-products
Logging by-products
Energy forest trees
Energy plantation trees
Short rotation trees
Slabs

Shrubs

Stumps

Endings

Cross-cut ends

Wood shavings

Grinding dust

Saw dust

Particle/fiber board by-products
Plywood by-products

Fiber sludge

Black liquor

Wood waste from urban area
Demolition wood

Recovered construction wood
Wood bulk waste

Used paper

Bark

Source: modified from FAO, 2004

For what concern the production and supply of woodfuels deriving from woody biomass,

according to FAO (2004) four chains are distinguished:

A

Direct woodfuels: which are directly removed from forests, plantations and trees
outside forest and used in energy production;

Indirect woodfuels: including all those woody by-products, residues and wastes
deriving from wood processing and related- industries (i.e. sawmills, panel industry,
pulp and paper industry, carpentry etc.).

Recovered wood fuels: deriving from activities outside the forest and wood-
processing sectors. In this category are included the post consumption used wood
directed to energy production.

Wood-derived fuels: referring to those fuels produced from woody sources using
various conversion processes. They include liquid and/or gaseous fuels made from

ligno-cellulosic conversion and pyrolysis.

Wood-energy demand and final users: On the bases of the demand side, woodfuels enters in

the energy production process in various physical forms and with different moisture content and

chemical composition (See Table 2). We distinguish three categories:

A

Solid woodfuels: This is the prevalent category, comprising fuelwood and charcoal.
As fuelwood we intend wood and woody products which are destined directly to
energy, as firewood, or transformed into woodfuels, as wood chips and pellets.
Firewood stands for wood logs removed directly from forest that are used as energy

without further treatments or conversion. Pellets and briquettes, which are products
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made of dried and pressed wood characterized by very low moisture content, mainly
produced from wood processing industries wastes and residues. Wood chips are
intended as wood chipped in the form of small pieces and particles through a

mechanical treatment, which can derive from variety of woody biomass sources.

A Liquid woodfuels: including black liquor, methanol and pyrolitic oil etc.;

A Gaseous woodfuels: including those products from the gasification and pyrolisis

gases.

Table 2: Woodfuels categorization according to production and supply

User side and demand

Examples

Solid Fuelwood (firewood, chips, pellets, briquettes, sawdust) and charcoal
Liquid Black liguor, methanol, pyrolitic oil etc.
Gaseous Other products from gasification and pyrolisis gases of wood fuel

Source: modified from FAO, 2004

As mentioned at the beginning, the use of wood-energy comprises different sub-markets

and final users. These can be divided in residential sector, power and heat commercial sector

and industrial sector. In specific:

A Residential sector: at household level woodfuels are used in stoves, fireplaces and

small-size boilers with a medium-low level of efficiency (around 50%), using mainly
traditional fuelwood. Also pellet-based applications are becoming more and more
available and can have much higher levels of efficiency (over 80%). Wood chips, also
used at household level but at a lesser extent, are more used, together with pellets,
in boilers and small size heating system in woodworking and wood related industries
and in district heating systems at public level.

Power and heat commercial sector: including large scale power plants, which can
produce only electrical power, generated from the turbines driven by the heat and
steam from biomass combustion, or in the case of Combined Heat and Power (CHP)
installations also heat, which is captured from the process and can be used in District
Heating Systems (DHS), able to provide heat up to several thousand households. For

these productions wood chips are mainly used.
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A Industrial sector: referring mainly to forest-based industries, which can generate
electricity or heat from their woody residues and wastes, either for internal use or for

selling to third parties.

Finally, for what concerns the transportation sector the role of woodfuels (liquid or
gaseous) is minor, compared to other types of biofuels. Advanced biofuels based on woody
biomass are in fact not yet being well developed and produced on a large scale, although
technological innovations and improvement will allow in the future a more efficient and

competitive use.

2.2.2 Woody biomass as a Renewable Energy Source in an international
perspective

According to the International Energy Agency (IEA) at global level bioenergy accounts for
about 10% of primary energy consumed (IEA, 2010). Different is the estimation provided by the
Food and Agriculture Organization of the United Nations (FAO), which estimates the contribution
of bioenergy to the global primary energy consumed at around 15%, in which wood-energy
represent about the 87% (FAO, 2004). This discrepancy is due to the difficulty in gather accurate
data on the wood-energy market on international bases (Steirer, 2007).

Indeed, in an international perspective the use of woody biomass for energy and the
development stage of the bioenergy sector varies significantly according to the level of
industrialization of the countries, the availability of new technologies for bioenergy production
and efficiency (Berndes et al., 2003).

In terms of wood-energy use, a general differentiation is made between traditional and
imoder nd woodtifal2e0B)s use (A

Traditional use refers the direct use of unprocessed woody biomass for basic energy
needs as cooking and heating at household level in low-efficiency stoves and fireplaces. This is
the typical situation of many developing countries and accounts for about the 75% of the global
use (IEA 2010). In many developing countries indeed, biomass often the dominating source of
energy at household level, estimated to account for between 30 and 90% of the total energy
supply of these countries according to the IEA (IEA, 2010). The highest share is in sub-Saharan
Africa, but also many countries in Latin America and South Asia rely heavily on biomass
sources, mainly in the form of self-consumed firewood, charcoal, and agricultural residues, and
this happens for a variety of reasons, including cultural preferences, availability and economic
factors (Denirbas, 2008).
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However, also in many industrialized countries - where wood was the main source of
energy until the industrial revolution and replaced firstly by coal and then by fossil fuels - the use
of biomass for energy has seen a continuous growth over the last years (Steierer, 2007).
Indeed, in these countries wood-energy is nowadays regaining its historical importance as a

Amoderno MEM&Sdernd woodfuel s ar e di stinguished

woodfuels are used in modern and higher efficiency applications and systems at residential,
commercial and industrial level, within the heat and power sectors.

This renewed role of wood and woody biomass as a source of energy has been driven
on the one hand by market forces and on the other hand by specific policy measures and
investments in research and innovation, in the framework of ambitious plans for increasing the
share of renewable energy and reducing GHGs emissions (Moiseyev et al., 2011; Thornley and
Cooper, 2008; Hillring, 2003). Woody biomass, in fact, as stated in some of the main
international conventions on climate change and energy (i.e. Kyoto protocol) as well as in the
EU Renewable Energy Directive, is considered to be a carbon-neutral energy source. The
reason is that the trees (or plants) harvested and used in energy production are coming from
sustainably managed forests or plantations and replaced by new growing ones, with harvest
rates that do not exceed the growing rate and the Carbon Dioxide (CO,) emitted during the
production transportation processes does not exceed the CO, sequestered during the stand
growth (FAO, 2008).

Main advantages and limitations of woody biomass over the other Renewable Energy
Sources: This renewed role wood-energy is due not just to the opportunity that sustainably
produced woodfuels have to reduce GHGs emission, but also because of several others factors
that from the energy production standpoint than makes this energy source competitive over the
other RES. According to FAO (2004) these are:

A the advantage of being a fistored energybo,

the daily or seasonal intermittent solar, wind and small hydro sources which have
high costs of energy storage.

A Wood-energy gives an opportunity to valorize residues and wastes both from
silvicultural activities in forest and outside forest and from wood processing
industries. Residues which are converted from a substantial disposal costs to
valuable bioenergy resources for the industry.

A The valuable rural and economic development potential, mainly in terms of income

and employment due of the labour-intensive disposition of the wood-energy market.
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However, wood-energy presents also several limitations that have to be taken into

account, concerning mainly:

A the sustainability of the supply from forest, in relation with the risk of land

degradation, conversion from natural and semi-natural ecosystem to plantations, loss

of biodiversity and other forest ecosystem services.

A The strong dependence on local context elements, such as economic and technical

factors related to forest utilization and access to the resources, in terms of

competitiveness.

A The diversified and competitive final uses that woody biomass has, with risks related

to effective policies implementation. For example a major competing demand is

between energy production and wood-based panels industry or pulp and paper

industry.
A The information level, which is generally lower than for other RES.

2.2 Renewable energy and woody biomass in the European Union

In 2011, according to the Energy Statistics 2013 report published by the Statistical Office

of the European Communities (Eurostat), the share of RES in gross inland energy consumption

in the EU was approximately 10% (7,077 Petajoules). Of this share, wood and wood waste have

central role, covering the 47%, as shown in Figure 2, resulting as the first RES in the EU

(Eurostat, 2013a).

Figure 2: Share of RES in gross energy consumption in EU in 2011
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Source: Eurostat
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More in specific, according to Eurostat, the main categories used for woodfuels energy
production are primarily fuelwood from forests (49%); post consumption used wood (20%), wood
waste and residues (17%) and black liquor (15%). This varies then among the EU member
states, for example, in Ireland and Lithuania is wood waste that plays the major role (more than
60%), while black liquor is used mostly in Northern countries like Sweden and Finland (Eurostat,
2013a). Among the fuelwood, a sector that had a notable growth in the last years in the EU is
the pellet sector. The consumption of wood pellets for heating has indeed grown by more than
one million ton per year since 2010, amounting at about eight million tons in 2012 according the
European Biomass Association (AEBIOM), making the EU the main pellet market globally
(AEBIOM, 2013).

Among the member states, Baltic and Northern European countries are the ones that rely
more on wood-energy, with a contribution of more than 80% to the RES share. The share of
wood and wood waste in gross inland consumption from RES in EU member states according to

Eurostat is showed in Figure 3.

Figure 3: Share of wood and wood waste in gross consumption from RES in EU member states
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It is noteworthy that even though Eurostat i which is the responsible for data collection

and presentation at community level - is taken as a reference for official data, EU statistics are

still far from having a solid and coherent informative framework consistent with the data that

other agencies and institution provides data on renewable energy and woody biomass, such as
the European Biomass Association (AEBIOM), Eur Obser vdéder and the United
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Committee for Europe (UNECE). Indeed, these agencies often work with different focuses and

using different definitions. F o r instance, whil e Eurostat adopt t
wasteo i n ittsi cesnerbBuwr OGssteartvibse r i n it sepoit, Biseltied Bi om
categories of heat and electricity produced from
woody biomass and biomass from agriculture and o
same happens for the other informative sources, and as a result, the general informative

framework provided on wood-energy in the EU presents several discrepancies and
inconsistencies in data (Andrighetto, 2011).

Box 1: The renewable energy policies of the European Union

The political debate on renewable energy in the EU started in the 1990s, after the approuval of the
United National Framework Convention on Climate Change (UNFCCC) hold in Rio de Janeiro in 1992 and
the Kyoto Protocol in 1997. The goals of reducing GHGs emissions guarantee energy security and
diversify the energy sources mix are central elements of the EU energy policies.

The bases of the current EU strategy on renewables have been outlined with the White Paper for
a Community St r at egy and Action Plan AEnergy for the |(future
1997 by the European Commission (EC). In this document the EC proposed indicative targets for
renewable energy technologies development in the 2010 horizon.

Consecutive to the white paper, the European Parliament adopted in 2001 the Directive
2001/77/EC, setting indicative target for the production of electricity power from RES. The target was to
reach a general 22.1% of total electricity consumption from RES by 2010, in which each member state
had a national indicative target and the duty of monitoring and reporting the progresses.

Two years later, with the Directive 2003/30/EC indicative targets also for the production of biofuels
and other fuels from RES have been set.

The main policy measure of the EU for renewable is the Renewable Energy Directive (RED)
2009/28/EC, which for the first time set mandatory targets on RES. EU member states committed to reach
a general 20% share of final energy consumption from RES by 2020, and a 10% in the transportation
sector. Additionally, the Directive set a 20% target for the reduction of GHGs emissions compared with
1990 levels and a non-binding target of increasing by 20% energy efficiency. The directive requires all
member states to prepare a National Renewable Energy Action Plan (NREAP) to implement the European
Directive, including the definition of specific national targets and measures to reach these targets.

Recently, the European Commission (EC) issued the Greenpaperi A 2030 fr amewjor k f or
and ener gywhiphoindicates reew targets beyond 2020, proposing to increase the share of final
energy consumption from RES a 30% by 2030, together with a 40% improvement in energy efficiency and

a reduction of 40% of GHGs compared with 1990 levels. At the time this thesis was written the European

Parliament voted (in February 2014) in favour of binding 2030 targets but the negotiation was still ongoing.
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2.2.1 Expected developments under the Renewable Energy Directive 2009/28EC

In the EU, objectives such as increasing the share of energy produced from RES,
reducing GHGs, improving energy efficiency, and reducing dependence on instable fossil fuel
markets are the core elements of the current energy policy. Objectives that are strongly
supported by specific policies, incentives-schemes and investments in research and innovation
(Solberg et al., 2014; Thornley and Cooper, 2008). An overview of the main recent renewable
energy policies of the EU, starting from the 90s with the beginning of the international debate on
climate change and energy and the ratification of the Kyoto agreement till nowadays, is
presented in Box 1.

The most important policy measure in force at the moment in the EU is the Directive
2009/28/EC, called also Renewable Energy Directive (RED), which defines the 2020 target for
the share of gross energy consumption from RES for each member state. According to the
Directive, the main targets for 2020 are:

A to reach a 20% share of energy from renewable sources;

A reach a 10% share of renewable energy in the transport sector;

A Two non-mandatory objectives of improving also energy efficiency (by 20%) and

reduce in general energy consumption.

Each member state is required to approve a National Renewable Energy Action Plans
(NREAP) with specific measures in order to achieve these targets (Beurskens and Hekkenberg,
2011) (See Chapter 2.3.1 for the Italian NREAP).

The consumption of woodfuels, which has more than doubled since the year 2000, is
expected to increase in the future as a consequence of the RED 2020 targets. In Figure 4 the
progress of bioenergy towards the 2020 is presented.

As it can be observed, the heat sector plays the major role, expected to reach by 2020
the 65% of the total bioenergy use (89,756 Ktoe). However the electricity and fuels for
transportation sector are the ones where the major growth is expected in terms of percentage
variation. Electricity indeed is expected to account for the 20% of bioenergy use (19,697 Ktoe),
compared to the 15% of 2011. Concerning the fuels for transportation, this is expected to reach
the 14% of the bioenergy use (28,859 Ktoe), although this last target is considered to be very
unlikely to be reached (AEBIOM, 2013).
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Figure 4: Progress and forecast of bioenergy towards 2020
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Consequently to this increase of bioenergy over the RES share, also the pressure on
wood resources is expected to remarkably growth. In a much quoted study, Mantau et al. (2010)
guantified the expected increase in woody biomass supply from European forests in an 11%
from 2010 to 2030. The two main reasons behind the role the wood-energy has in Europe
among the RES are firstly the cost-effectiveness of the raw material, especially if we compare to
the large investment that the other RES as solar or wind implies, and secondly the large
availability of biomass accumulated in the nearly 200 million hectares of European forests
(Verkerk et al., 2011). This has raised an intense debate at scientific level on the potentials and
challenges that this implies, and on the strategies to adopt in order to guarantee the
sustainability of the sector and of the resources (Muys, 2013; Séderberg and Eckerberg, 2013;
WWEF, 2012).
On the one hand, in additions to the previously state general advantages of wood-energy
over the other RES, an increased demand for woody biomass in the EU is considered to be a
major opportunity especially for:
A Improving income and quality of life of rural areas and develop a green economy
(Wolz et al., 2010)
A enhancing an active management of nowadays abandoned forests exposed to fires
and pests risks (Moiseyev et al., 2011);

A maximizing the mobilization and cascade use of wood (Steubing et al., 2012);
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However, on the other hand it also raises several critical issues and sustainability
challenges related to:

A the availability of resources in Europe (de Wit and Faaij, 2010; Hetsch, 2008);

A Potential implications in terms of sustainable utilization of forests, forest protection,
biodiversity and other ecosystem services provision (Johannes and Giuliana, 2014;
Pedroli et al., 2012).

A The competition between demand for wood energy and forest-based industries,
especially wood-based panels industry (Soderberg and Eckerberg, 2013;
UNECE/FAO, 2006;).

Moreover, this increasing demand will indeed inevitably lead to increasing import from
countries outside EU, raising further challenges concerning the carbon balance and the legal

provenience of woody biomass.

2.2.1 The Italian Renewable Energy Action Plan 2010-2020

In Italy, the bioenergy sector has experienced a continuous growth over the last decade,
and has an important contribution for energy production from RES. This positive trend is
expected to continue in the next future, especially as a result of the 2020 renewable energy
targets (Scarlat et al., 2013).

The Italian National Renewable Energy Action Plan (NREAP) has been approved by the
Italian parliament in June 2010 in order to implement the Renewable Energy Directive of the EU.
According to the plan, the target is to produce by 2020 the 17% of total energy consumption
from RES, a contribution that in 2010 was 5.20%. Of this 17%, 16.20 are expected to come from
domestic sources and the remaining 0.80% with transfer from other countries. In reaching this
target, biomass, largely composed by woody biomass, has a strategic role as it is expected to
cover about the 44% of the energy consumption from RES, for a total of 22.30 Mtoe.

One of the objectives of the NREAP is also to be able to redress in the medium-long term
the energy mix balance of a country that at present depends largely on foreign energy supplies,
over the 81.30% in 2013, one of the highest among the EU Member States (AEBIOM, 2013). In
order to reach these targets, various policy measures and support-schemes (i.e. feeds-in-tariffs,
green certificates, taxes) have been implemented to guarantee a sufficient level of remuneration
for investment in RES and promote energy efficiency, which is considered a crucial factor to
reach the 2020 targets.
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The Italian renewable energy strategy and the contribution of bioenergy, according to the
NREAP are showed in Figure 5 and Figure 6.

In Figure 5 is showed the share of electricity produced from RES in 2005 and as
expected by 2020. The first figure shows the percentage contribution of the different sources to
the total RES electricity share and the second the variation in absolute values (in MW). In 2005
biomass accounted for the 8.30% (1990 MW), the 6.20% if we consider only solid biomass. By
2020, the contribution of biomass to electricity production is expected to be the 19.82% (4650
MW), of which the 10.85% from solid biomass.

Figure 5: Electricity from RES according to the Italian NREAP
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In Figure 6 the contribution of geothermal, solar, heat pumps and biomass to the heat

production share from RES is showed.

Figure 6: Heat from RES according to the Italian NREAP
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Again, in the first figure is shown the percentage contribution, while in the second the
variations in absolute values (in Ktep). In 2005 the heat produced from biomass was the 86.34%
of the total almost totally composed by solid biomass (84.99%). By 2020 the role of biomass for
heat is expected to be the 57.98%, a relative decrease in relative terms, but a significant growth
in absolute terms. Indeed the heat produced from biomass is expected to increase from the
1655 Ktep of 2005 to 5520 Ktep by 2020.

Among the different biomass sources, fuelwood (firewood, chips and pellets) is the first
component, which alone accounts for around the 30% of primary energy production from RES
(Ciccarese et al., 2012). The main potentialities that are driving the growth of the wood-energy
market in Italy can be summarized in:

A a large availability of woody biomass considering the current low utilization of the

forest and also the large potential to develop SRF in several regions;

A The widespread distribution in the territory of forestry companies and cooperatives
able to organize and operate on local value chains with positive socioeconomic
effects;

A An economic advantage in producing heat with woody biomass, and the potential to
develop district heating systems in small-medium towns.

A The opportunity to value the wastes and residues from the wood-processing industry,

which are is particularly suffering the current economic crisis;

However, the wood-energy sector in Italy is considered to be not yet fully developed and
thus the implementation of the NREAP with its ambitious targets will raise several important
challenges in terms of market organization, policy regulation and public awareness (Scarlat et
al., 2013). Indeed, the lack of a stable and clear regulatory framework, a general lack of
information and knowledge among market operators and the presence of relevant infrastructural
barrier in terms of access to resources and operations, are considered to be the main limitation

to the development of the wood-energy sector in Italy (Ciccarese et al., 2012; ARSIA, 2009).

2.2.3 The problem of inconsistency of wood-energy data

As mentioned before, in several EU member states, including Italy, there are problems of
lack and inconsistency of data regarding the wood-energy market (Steierer, 2007). A general
consideration is that this is the result from the cross-sectorial character and the fragmentation of

the wood-energy market itself. Indeed, as already mentioned, wood-energy data are related to

30



energy, agriculture and forestry and industry statistics, which are provided by different agencies
and institution at international, regional or national level, often working with no coordination and
with different focuses and definitions (EFSC, 2008). Furthermore, energy statistics are usually
found in Tons Oil Equivalent, Watt and Joules with no information on the quantity of raw material
used. These units of measurements are difficult to be translated in biomass quantities units
(Cubic meters or Tons) without having information on the efficiency of the application or system
used, and on the moisture content and chemical composition of the woodfuels. Sometimes, very
generalized conversion factors can be used, compromising the quality of the data.

For what regards specifically the data on woody biomass production and consumption for
energy, which is the focus of this thesis, we can identify several elements of complexity can
create problems in terms of data collection (Pelkonen and Mustonen, 2014; ESFC, 2008; FAO,
2007). With regards to the structural characteristics of the EU market, these are related to:

A the information about self-consumption and on small forestry enterprises operating

on local supply chains;

A the multiplicity of sources that have to be considered (from forest, outside forest,
woody crops residues, wood-processing industry, post-consumption used wood etc.)
which supply chain is often very complex;

A The multiplicity of end users of woody biomass (energy production vs. wood

processing industry), which is often not consider by traditional statistics.

In the specific case of Italy, a reliable and coherent quantification of the wood-energy
market has not been made. Indeed, inspite a considerable amount of available data and
information, this is very uncertain and fragmented, and there are often relevant discrepancies
between official data provided by ISTAT and estimates made by other studies (Pettenella and
Ciccarese, 2009; Corona et al., 2007; Magnani, 2005). For what concerns the wood harvesting,
the main critical problems regard firstly the forest utilization data, especially in terms of fuelwood
removals, which - as reported also by the FAO - are likely to much higher than what official
statistics show (FAO, 2010). Secondly, the high number of micro and small forestry enterprises
operating on local value chain, which is a structural characteristic of the Italian woody biomass
market and which makes the market developments difficult to be monitored. On the consumption
side, the main data gap is associated with the lack of information on household usage, which is
a key variable that official statistics tends to underestimate (Alfano and Pignatelli, 2010; APAT-
ARPA, 2007; APAT, 2003; Hellrigl, 2002). In recent years indeed, some studies stated that even

the assumption relative to consumption levels of woody biomass made in the NREAP are
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strongly underestimated (Negrin and Francescato, 2012; Pettenella and Andrighetto, 2011,
Tomassetti, 2010).

As a consequence, the informative framework results to be clearly incomplete and thus a
solid and coherent market estimation is lacking. This can be relevant limiting factor to an
effective assessment and forecast of the role of woody biomass for energy as a RES in the
national energy budget, also to be able to guarantee the sustainable growth of the sector and
harvesting levels in the domestic supply of wood resources. This is then particularly important in
front of the expected remarkable increase of the demand for wood-energy in Italy and Europe in
the next years in the framework of the current 2020 targets and also in the perspective of a more
long-term regulatory framework for RES promotion, as recently outlined by the European
Commission (EC) with the Green Paperi A’ 2030 framewor k for <c¢limate ar
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3. Research methodology

In this chapter the research approach, sources of information and methodology adopted
are described. In the research approach, the overall approach of the thesis and the
methodologies used as for each of the three specific objectives are presented (3.1). In the
following section the informative sources and the data collection and analysis methodologies
used are explained singularly in details (3.2). At the end, a section is dedicated also to the
limitations of the present work (3.3).

3.1 Research approach

In order to reach the overall objective the thesis has been built on a both qualitative and
guantitatitive approach, using different sources of information and methodologies. With regard to

the three specific objectives defined for the thesis, the approaches are here described.

Concerning the first specific objective i 1) to present an overview of the current state of
the woody biomass for energy market in Italy based on a comprehensive review and consistency
assessment of the statistical and literature sources and data available 7 the methodologies used
have been:

A A comprehensive review of the available literature and statistical information,
focusing mainly on national official and non-official sources and also in part on
international and European sources (See sub-chapter 3.2.1 i Review of literature
and statistical information).

A An assessment of the informative sources and data collected through the literature
review with a consistency analysis bas
part of the first Delphi survey questionnaire, in which a selected panel of experts had
to express their opinion on a consistency scale for all the presented informative
sources, providing a motivation and integrative comments (See sub-chapter 2.2.3 1

Delphi survey guestionnaire).

Regarding the second specific objective i 2) to contribute to a better estimation of the
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woody biomass for energy market in ltaly, f ocusing firstly on househol
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on the analysis of the | STAT ASurvey on consumpt.

production, basedituandfferenpprethdddogiestave been ased.

A For what concern a contribution for a better estimation of the consumption levels,
focusing in the residential sector, the
by ISTAT has been analyzed. The analysis have been made focusing on the usage
and expenditure for fuelwood at household level and the information gathered have
been then used then to estimate the fuelwood consumption level at household level
based on the expenditure (See sub-chapter 2.2.2 1 ISTAT survey).

ASur

A Regarding the tentative estimation of the productionlevelsb ased on expertsé

focusing on the internal production, this was done through the conduction of Delphi
survey questionnaires carried out in two different rounds (See sub-chapter 2.2.3 1

Delphi survey questionnaire).

The third specific objective i 3) to present a comparative analysis of the current state of
the woody biomass for energy market between Italy and Spain in order to assess the quality and
availability of data in comparison with other countries i is based essentially on literature and
statistical information collected thought the literature review. For this section of the work, the
data collection and analysis has been done with the collaboration of a colleague from the
Polytechnic University of Madrid, Mr. Adrian San Segundo Acosta (See sub-chapter 3.2.1 1

Review of literature and statistical information).

3.2 Sources of information and methodology

As explained in the research approach, this study employed different sources of

information, such as literature review data and informatio n , t he OSurvey on

familiesd provided by | STAT, and finally the

information and methodologies used are presented in details in the following pages.

3.2.1 Review of literature and statistical information

A comprehensive review of the literature and statistical sources has been carried out at
the beginning of the thesis work, in order to provide an overview of the current state of the Italian

woody biomass for energy market, preparing the Delphi survey questionnaire for an expert
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based consistency analysis, and finally to carry out the comparative analysis between Italy and
Spain based on available information and data. The review has been done at three levels:
A A review of scientific articles and publications. Scopus and Science Direct databases
were used for the purpose of this part of the literature review.
A An exhaustive collection of publications, reports and documents downloaded from the
websites of the principal international agencies of the sector (i.e. FAOSTAT,
Eurostat, and JWEE).
A A collection of data at national level based on official sources (ISTAT, other
governmental agencies) and non-officials such as studies and surveys from agencies
and associations of the wood-energy sector (i.e. ENAMA, ITABIA, AIEL, ENEA).

In addition, a review of literature has also been done for Spain, using the same approach
as for ltaly, thus collecting data from firstly official sources (Competent ministers, governmental
agencies, national institute of statistics etc.) and from association operating in the sector (i.e.
AVEBIOM).

Concerning the new estimation of the consumption levels of woody biomass in Italy
made by AIEL, this is based on a study not yet published, but presented in a conference at the
Progetto Fuoco event held in Verona in March 2014. The data were kindly provided by L. Bau

and A. Paniz from AIEL for the purpose of this thesis.

o

3.2.2 The ASurvey on consumption by families

The fASurvey on c¢ on sladagne subconsumidelle tamiglié) bydSTAT (
has been analyzed in order to reach the second specific objective. The analysis of the survey
permitted to gather new data and interesting insights concerning the number and level of
expenditure for fuelwood at household level in Italy. Moreover, the information gather have been
used to try to estimate the fuelwood consumption level at household level based on the
expenditure.
The present | STAT6s survey is a |l arge and i mp
National Institute of Statistics (ISTAT) since 1968, but it has been completely renewed in 1996,
so that the data series available in the current format is from 1997 to 2012. The survey provides
deep information on the expenditure for goods and services, based on the so-called market
basket, of household resident in ltaly. l'ts aim i

living and tendencies, but it is also used for official statistics at national level, such as the
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calculation of the inflation at national level and the poverty level. The sample survey involves a
large number of families which vary through the years (from 23,000 to 31,000 depending on the
year), resident in around 480 Italian municipalities selected for the survey. The sampling is
three-monthly based and is carried out for the four three-months of the year.

Data collection is committed to the municipalities, which are in charge of selecting the
families to interview and supervise the survey procedures. The families are pulled out randomly
from the municipality lists. The collection of data is based at two different levels. Firstly, the self-
compilation of a weekly record by the households, and secondly, a final face-to-face interview
carried out by a municipality supervisor in order to integrate and clarify unclear information
(ISTAT, 2012).

Our methodology in analyzing the questionnaire: Among the large amount of variables and
information provided by the questionnaire, our target has been the expenditure for fuelwood and
c har clegnd da érdere e carboned6) at household | evel, registere
house. The survey data were received through request at the ISTAT web procedure and
received in text (.DAT) format. The data were analyzed using the computer software Stata®,
SPSS® and Microsoft Excel®.
In specific, out methodology to analyze the survey and make some elaborations can be
divided in four steps:
A Extrapolating the data concerning the number of ltalian household registering
expenditure for fuelwood and charcoal, divided for the first and second house. In
order to report the sample to the population, population survey coefficient provided by
ISTAT in the survey material, have been used (Istat, 2012).
A Extrapolating the data on the total and average expenditure of household for
fuelwood and charcoal. Also here the population survey coefficient has been used.
In the survey these data on expenditure are register on monthly bases. We have
converted the values from nominal to real values, in order to remove the effect of
general price changes over the time series. We have done this using the inflation rate
provided by ISTAT (See Table 3). Additionally, was necessary to convert the unit
from Iltalian Lira (A) to Euros (0) for t he

conversion coefficient provided by the European Central Bank (ECB).
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Table 3: Rate of inflation in Italy 1997-2012

Year Inflation rate (%)
2012 1.011
2011 1.042
2010 1.070
2009 1.087
2008 1.095
2007 1.130
2006 1.150
2005 1.172
2004 1.192
2003 1.216
2002 1.246
2001 1.276
2000 1.311
1999 1.344
1998 1.365
1997 1.390

Source: ISTAT

A Overall comparing the data on fuelwood and charcoal with other fuel sources. The
last interesting part of analysis was to compare the expenditure for fuelwood and
charcoal with other energy sources included in the survey, such as expenditure for
electricity, gas from the grid, gas in tanks and finally kerosene, gasoline and other

liquid fuels.

Estimation of the househol d consumptidnoFnaly we e d

tried to estimate the quantity of fuelwood consumed at household level in Italy based on the
expenditure information gathered in the ISTAT survey analysis. Specifically, to calculate the
guantities consumed of fuelwood based on the relative expenditure we used a Consumer Price
Index (CPI) for firewood. We have contacted several Italian Chambers of Commerce (Camera di
Commercio, Industria e Artigianato - CCIAA), and the most complete information was provided
by the Chamber of Commerce of Mantua, that we took and adjusted adding the Value Added
Tax (VAT) (See Table 4).
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Table 4: Consumer Price Index of firewood

Year CPI ( CPI + VA
2012 154.50 185.40
2011 150.25 180.30
2010 149.38 179.25
2009 153.00 183.60
2008 147.25 176.70
2007 144.38 173.25
2006 146.25 175.50
2005 141.88 170.25
2004 138.38 166.05
2003 142.00 170.40
2002 142.00 170.40
2001 141.63 169.96
2000 141.63 169.96
1999 141.63 169.96
1998 143.10 171.72
1997 143.10 171.72

Source: Chamber of Commerce of Mantua

The spreadsheets with the calculations made in the analysis are presented in Annex 6.

3.2.3 Delphi survey questionnaires

A survey questionnaire using the Delphi method has been conducted to reach the first
and second specific objectives. Specifically, for the carrying out the consistency analysis of the
informative sources collected in the literature review and for reaching a new tentative estimation

of the production | evels of woody bopmomss for ene|

The Delphi survey method: The Delphi method is widely used survey technique in social
sciences (Landeta, 2006; Gupta and Clarke, 1996). It is based on a structured process for
collecting iknowl edged from a group of experts,
individually compiled with controlled opinion feedback. In specific, the Delphi method is based
on two (or mor e) idvleemaend I$ siartsowith tieexdevelapmentda first round
guestionnaire and is distributed individually to
of individuals, experts in the field of investigation. After receiving the responses, these are

summarized and send back to the experts through a second round questionnaire, composed
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usually of close-ended question aiming at clarify areas of agreement and disagreement among
them and draw a final conclusion.
This method has been found useful for the purpose of this thesis for several reasons:
A it permits to involve a |imited number of e
opinion and also to in generate consensus (or identify divergences of opinions),
permitting to the experts, by means of the different Aroundso -avaluate evi ew,
and revise their opinions and estimates.
A It permits to deal with both qualitative and quantitative information and is well suited
in situations where no historical data are available.
A It does not require face to face meetings, avoiding problems commonly associated
with group interviews (i.e. persuasion, impact of oral facility). Moreover, face to face
meeting would have been difficult to schedule considering the time available and the

location of the experts involved.

The panel of experts: The expert panel was selected on the bases of the expertise of the
individuals in the sector. Different experts were selected from universities, research institutes,
associations of the sector and authorities. 14 experts have been contacted through email with a
personalized letter, and we received a response from 10, thus with a respond rate of 71.50%. In
the second round we received and analyzed only nine questionnaires responses out of ten sent

before the deadline. The list of the panellists participating in the survey is presented in Table 5,

all the expert agreed in the publications of thei]
Table5: Panel of expertsd composition
Expert Affiliation
1  Anonimous CFS (National Forestry Service)
2 Raoul Romano INEA (National Institute of Agricultural Economics)
3 Lorenzo Ciccarese ISPRA (High Institute of Environmental Research)
4  Paolo Mori Compagnia delle Foreste and Sherwood
5 Roberto Zanuttini Politechnical University of Turin
6  Giuseppe Tomassetti FIRE (ltalian Federation for a Rational Use of Energy)
7  Annalisa Paniz AIEL (Italian Association of Agroforestry Energy)
8  Bernardo Herrigl University of Padua
9  Giuseppe Zimbalatti University of Reggio Calabria
10 Franco Gottero IPLA (Institute for Wood Plants and Environment
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As mentioned, the survey has been carried out in two rounds and the two questionnaires

were prepared and submitted in Italian language in a Microsoft Word® text file.

First round questionnaire: The first round questionnaire (Annex 1) was carried out between
May and June 2014 and was structured in two separate sections:

1) The informative sources consistency analysis: the principal informative sources and
data on the Italian woody biomass for energy market collected in the literature review
have been categorized in four tables, dividing a) Import b) Residues, by-product and
wastes from forest-based industry, c) Energy consumption, d) Internal production. This
was made to facilitate the reading and to permit to the panellists to compare the data
provided by the different sources. To the panellists was then asked to assess the
consistency of the informative source, on the bases of the overall informative framework
presented and individual knowledge, through a consistency scale from 1 to 4 (in order:

Afnot reliabl eo, Apoorly reliableo, Asufficien

possibility Al do not knowo, as in the exampl e

Figure 7: Example of consistency analysis compilation box

Import (in Mt/anno)

tegrada | i Affidabilita della fonte

Fonti Cippato (e per leanosi Pellets Totale (1=Per niente; 2=Poco;
p 9 3=Abbastanza; 4=Molto)

carbone)
FAOSTAT (2012) 0,42 0,50 0,31 1,20 2,43 1 [O; 2[7; 301; 401; Non sol]
Eurostat (2012) o] 0,50 0 oo 1,20 - 1 [; 2[0; 307; 4C1; Non so[]
UNCOMTRADE (2012) 0,43 0,72 1,91 Mwosowo| 3,06 1 [J; 2[1; 30J; 4L1; Non sol]

2) Preliminary estimation of the production level: In this second section, the panellists
were asked to provide, on the bases of their knowledge and opinion, a preliminary
estimation (or range of estimation) of the woody biomass for energy market in Italy,
focusing on the internal production. For the purpose of the estimation, a simplified market
flow chart was prepared, considering a) Import, b) Residues, by-product and wastes from
forest-based industry, ¢) Energy consumption, d) Internal production. The estimation was
subjected to a constrain, as in an analytic balance.

In addition, as in the example in Figure 8, the experts were asked to provide an
estimation of the four market section, focusing on the internal production, respecting the
analytical balance constrain.

Furthermore, some close-ended questions were associated to the estimation, in specific

these were three:
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A iHow i mportant are i n Yywoegistered fuelwoodomportedhe | ev e
in the I|Italian market?0

A iHow relevant i s i n -copswmption atphouseéhalch levdl he sel
concerning the fuelwood consumption?o

A iHow relevant isethenfunaf womdl smppket chann

Figure 8: Example of the preliminary estimation compilation box

) ] Spieghi qui la suaotivazione
Esprima qui la
A) | suastima (in Domanda 1 Quali crede siano i livelli di importazione di biomasse legnose non regig
(A) Import _ L

Mt/anno): nel mercato italiano?
Molto alti []; Abbastanza alfi]; Non molto alti(]; Irrilevanti]; Non so[]

Second round questionnaire. The second round questionnaire (Annex 2) was carried out o the
last week of June and first week of July. It has been prepared after collecting and analyzing all
the responses from the first round. The focus was only on the estimation of the production levels
and market flows, thus much faster than the first. Respondents had the opportunity the review
the first round outcome and revise their opinion. The outcome of the first round (mean, median
and standard deviation) have been presented to the panellists, which were asked to review, re-
evaluate and revise their opinion and estimates on the bases of the outcome presented and
express and opinion of agreement or disagreement. As showed in the example in Figure 9, in

case of disagreement, a new estimation was asked to be provided.

Figure 9: Example of compilation box for the second round Delphi questionnaire

Import Media 4,10 Mt si(d;No O Nuova stima:

The responses to the first and second questionnaires are reported in Annex 3, Annex4

and Annex>5.

3.3 Limitations

The present thesis work has several limitations that have to be taken into account. In
general, due to the complexity of the investigated topic and the wide approach adopted, the

single results of this work are meant to provide a contribution towards a better understanding of
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the current informative framework consistency and on the estimation of the Italian wood-energy
market, identifying important issues and areas for further more deep research.

Specifically in regards of the methodologies used, the most significant limitations are the

following ones:

A Concerning the estimation of consumption level of fuelwood at household level based
on the information gathered through the anal
familieso by | SasAumptionahas béeemiaken. -a mstance, in the
variable Afuel wood and charcoal 06 registered
information are provided about sub-categories. In order to facilitate the calculations
we considered only the CPI of #dAfirewoodo, pr
Mantua, however, we expect that also other woodfuels like pellets and briquettes
have been included in the variable.

A Concerning the consistency analysis of the informative framework and the tentative
estimation of the production l evel s based e
involving a panel of experts trying to integrate different viewpoints (i.e. research,
authorities, market operators), however, it has to be considered that
representativeness of the expertsd panel sel
number of individuals involved. Moreover it has to be remembered that the existence
of a consensus on the out coming estimation does not necessarily mean its
correctness and solidity. This is because as the panel of experts never meet, the
results are built on a mix of individual 6s
expertsd o@estimatiom is toaderdify the likely range values and the
important issues related.

A The comparative analysis between Italy and Spain have been carried out in
collaboration with a colleague from the Politechncal University of Madrid, however,
due to the limited time available and the complexity in comparing plenty of material
based on different conceptual approaches on the issue, the results presented are
meant to be a preliminary overall comparison of the structural characteristics of the

woody biomass for energy market in the two countries.
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4. Review and assessment of the woody-energy
market informative sources and data available

In this chapter the current state of the woody biomass for energy market in ltaly is
presented, with an exhaustive review and a consistency assessment of statistical and literature
data available. In the first part (4.1) the informative framework is presented in four sections:
internal production, import and trade, indirect supply from wood processing industry, and energy
consumption. Special attention is then paid to present the new data reported in the Italian
progress report under the Directive 2008/28/EC and a new estimation of the consumption levels
of woody biomass for energy in Italy made by the Italian Agroforestry Energy Association (AIEL).
In the second section (4.2) the result of the informative framework consistency analysis carried

out with a panel of experts is presented and discussed.

4.1 Overview of the woody biomass for energy market in Italy
according to the informative sources available

As largely discussed in the background of the thesis, categorizing and quantifying the
woody biomass for energy market is not an easy matter due to the variety of supply sources, the
structure of the value chain and of the much diversified final users. .

In order to provide a general overview of the Italian woody biomass for energy market
data, the market flow chart showed in Figure 10 (modified from Pettenella, 2009) has been
followed. In the flow chart are identified all the main sources, supply chains and final users in all
their complexity, identifying the flows of woody biomass only for energy purposes, partially for
energy purposes and not for energy purposes. Different colours have been used to identify the
different sections of the markets, dividing them in:

A Internal production from forest and outside forest areas (in green),

A Import (in blue),

A Indirect supply from wood-processing industry and post consumption used wood (in

red),

A Consumption for energy purposes (in yellow).
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Figure 10: Woody biomass for energy market flow chart

Chips and particles + Wood wastes and residues for industry
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waste and . .
residues + pellets Forest and plantations Outside forest Wood- and Pulp and
for energy
e Remaovals from Paper Industry
Removals for energy urbann forestry,
purposes woody-crops etc
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Energy consumption

_ . . Other forms of
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wood recycling
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Note:
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Source: modified from Pettenella, 2011

4.1.1 Internal production from forest and outside forest

In this section concerning to the internal production we will focus on the supply of woody
biomass from forests, Short Rotation Forestry (SRF) and areas outside the forests.

A section is then also dedicated to the internal production of woodfuels, which in the
particular cases of wood chips and pellets, is strongly connected to the availability of wastes and

residue from the wood-processing industry, presented in the third section.

Woody biomass from forest: The forest area in Italy according to the last National Inventory of
Forests and Carbon Stock of 2005 carried out by the National Forest Service (Corpo Forestale
dello Stato - CFS) was 10,467,533 hectares, about the 36% of the national land. Of these,
8, 759,200 ha (83. 80 %) are classified as Aforest o
resul ting as tuhrg forEdkétsareas(aftertStvedem,oFinland, Spain, France and

Germany). At the time this thesis was written (February-July 2014) a third National Inventory
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was under development and its publication expected to be during 2015. The forest area in Italy
has been increasing significantly since after the Second World War, especially as a process of
natural afforestation in consequence of the process of recolonization and abandonment of
agricultural land in hilly and mountainous areas. The INFC estimated the total annual increment
of the growing stock around 36,70 million cubic meters (4,30 million m3 per hectare). Even the
forest utilization has been very contained in the last decades, indeed according to the official
data provided by ISTAT, the wood removals from forests results to be in these last years on
average around one fifth of the annual growing stock (ISTAT, 2011).

In 2011, the last year in which ISTAT provided data about forest utilization, removals
amounted to 7,346,650 cubic meters, of which about the 70% (5,084,591 m?3) of fuelwood (or
wood for energy). Compared to EU average the removals from forest in Italy result slightly lower,
in 2011 Italy removed from its forests on average 0.42 cubic meters per hectare, compared to
the EU average of 0.52 m3/ha. An interesting element to notice is that from the analysis of the
forest utilization data since 1950 to nowadays, the trend of fuelwood removals showed a
continuous increase in the last decades, returning to values similart o t he ones qf
on contrary to the trend of removals for industrial timber, showing a process of de-specialization
of timber production (Figure 11) (Favaro, 2011).

However, the forest utilization data available are very few, and moreover several studies
in the last 20 years showed that the official data provided by ISTAT on fuelwood removals may
be underestimated (Ciccarese et al, 2003; Magnani, 2005). Also recently, Corona et al. (2007)
made a comparison between the surfaces cut at ground level of coppice in some central and
southern regions as detected by high resolution satellite images and thus in the INFC of 2005
and those published by ISTAT, with a ration of estimates of 1.45. Also the FAO states in its
Forest Resources Assess mdua to the oomplaxity yand vazigbiity of
administrative procedures in the 21 regional bodies responsible for cutting permits issuing and
local statistics, could lead to underestimation ( é ndeed fuelwood removals is likely to be much
higher than what statistics showo (FAO, 2010). In addition to the regional fragmentation of forest
utilization statistics, it has also to be noticed that fuelwood is usually supplied in local value
chains by micro and small forestry enterprises distributed in the national territory and moreover,
also the self-consumption is still a very common practice. These two elements create problems
in terms of data collection and market monitoring. Also the presence of informal activities in
fuelwood harvesting is considered to be part of theso-cal | ed Ahi st ori cal

forestry sector (Pettenella et al., 2012) and certainly causes problems to data collection.
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Figure 11: Firewood and Industrial roundwood removals in Italy from 1950 to 2010
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Source: Favaro, 2011

The data on forest removals (divided into fuelwood removals and timber for industry)

according to different sources are presented in Table 6.

Table 6: Fuelwood and timber removals according to different sources

Removals from forest ( m )

Reference _ i
Source Timber for processing-
year Fuelwood ) Tot.
industry

ISTAT, 2011 2011 5.084,591 2,262,065 7,346,656
UNECE/FAO, 2013 2011 4,643,000 1,662,000 6,305,000
Gasparini e Tabacchi, 2011 2005 13,300,000
FAOSTAT, 2012 2012 5,388,000

According to the official data provided by ISTAT, the fuelwood removals in 2011
amounted at 5,084,951m3, figure used also then by FAOSTAT, which in the following year,
although ISTAT was not providing these data anymore, show a 5,388,000 m? for fuelwood
removals from ltalian forests in 2012, thus with a 6% of increase compared to the previous year
(FAOSTAT, 2012). Another informative source providing data concerning removals is the Joint
Wood Energy Enquiry (JWEE), developed by UNECE Timber Section and FAQO in collaboration
with the IEA, as a new tool to collect in the scattered data on wood energy involving energy and
forestry sectors operators and experts. This database gives a slight different figure of 4,643,000
m3 of fuelwood removals from forest (UNECE/FAQO, 2013).
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It is finally worth the figure provided by Gasparini and Tabacchi (2011) referring to the
INFC of 2005 and reporting an aggregate value 13,300,000 m? of total removals, resulting much
higher of the one showed by the official ISTAT statistics.

Finally, no data are available for what concerns the supply of residues and wastes from
silvicoltural activities (i.e. residues from harvest feeling, pruning and other small dimension by-
products etc.), which represents on average the 20-25% of the total above ground mass in
forest.

Supply from Short Rotation Forestry (SRF): Short Rotation Forestry (SFR) plantations are a
typical supply source of woody biomass in several European countries, especially in central and
northern Europe. They are mainly established in agro-forestry systems in agricultural lands using
fast-growing species such as Poplar spp. or Salix spp.

In ltaly SRF plantations, managed with rotation periods of 3-5 years, are mostly located
in the Po valley, thus in Veneto, Emilia Romagna and Lombardy regions, providing wood chips
to the power plants located in the North of Italy. However, despite the relevant economic support
given to SRF in the last Common Agricultural Policy (CAP), this sector has shown some
difficulties to take off and so far it did not become so spread in comparison to other EU
countries, although an increase between 3,000 to 5,000 ha in the area dedicated to SRF is
foreseen for the future (Ciccarese et al., 2012).

In terms of quantities of woody biomass deriving from these plantations, specific data

does not exist at the moment at national level.

Supply from outside forest areas: The last important category to be considered is the outside
forest land. This includes woody biomass from urban forestry, such as from the management of
urban parks and gardens, roadside trees and other green areas in urban context, and the woody
biomass from woody crops like fruits orchards.

As shown in Table 7, just two sources give statistics concerning fuelwood removals from
outside forest area in ltaly. The first is ISTAT, which recorded for 2011 303, 897 m?3 of fuelwood
removals from outside forest areas. The other is the JWEE, which reported the quantity of
fuelwood from outside forest to be even 15 million m3 (UNECE/FAOQO, 2013).
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Table 7: Removals from outside forest according to different sources

Removals from outside forest ( m )

Source Reference year Timber for processing-
Fuelwood ] Tot.
industry
ISTAT, 2011 2011 303,897 93,910 397,807
UNECE/FAO, 2013 2011 15,000,000 0 15,000,000

In addition, residues and by-products from farm products processing, like hazel and
walnut shells and olive stones, which are used for energy production, should be recorded. An
example is the woody residues from the winter time pruning of the vineyards. The Italian Agency
for New Technologies for Energy and Environment (ENEA) carried out a study on this type of
biomass, showing that there is a large amount of agricultural residues available but its utilization
is difficult, mainly due to logistic problems in collection, as the raw material comes from high
number of small and micro farms, widespread on the territory and difficult to reach. Thus, the
residues from agro-industrial sectors are often used for energy in the same sites where they are
produced.

Concerning the residues from urban forestry activities, despite the large potential showed
(ITABIA, 2008), it has also to be said that at the moment there is a law that does not permit the
use of these residues as biomass for energy (Legislative Decree 3/4/2006 no. 152, called also
Testo Unico Ambientale). Several studies have been made in the last years to estimate the
woody biomass potentially available from urban forestry in terms of woody residues and by
products from pruning and ordinary management activities. The Italian Federation of Renewable
Energy Producers (FIPER), in a study carried out recently, estimated the potential woody
biomass available from this sector to be between 3 and 4 million cubic meters (FIPER, 2013).
Another interesting study carried out by AIEL (2008), estimates the woody biomass available

from trees outside forest in the Veneto region. The results are showed in Table 8.

Table 8: Estimation of the production (t/ha) of woody biomass from outside forest in the Veneto Region

High forest Coppices Roadside trees Urban gardens
Thinning 1.8-3 0.50.8
Pruning 0.100.15
Fuelwood removals 10.00 20-25

Source: AIEL, 2008

Internal production of woodfuels. Some final interesting data to show are the ones concerning

woodfuels production in Italy. However, in the specific case of wood chips and pellets it has to
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be considered the link with the wood-processing industries, especially in the case of pellets
which are produced from residues deriving from wood processing activities. Moreover, it has
also to be kept in mind that multiple end use of wood chips, for the energy production as well as
forwood-based panel sé6 production.

International and regional agencies such as FAOSTAT, UNECE and Eurostat, and two
Italian informative sources, provide data on woodfuels production (See Table 9).

Table 9: Woodfuels production according to different sources

Production

Source Reference year i i

Chips and particles ( m Pellets (t)
FAOSTAT, 2012 2012 1,096000 300,000
UNECE, 2013 2012 1,096,000
Antonini and Francescato, 2011 2011 800,000
Eurostat, 2013 2011 816,000
AIEL, 2009 2009 600,000

Concerning the production of wood chips, FAOSTAT and UNECE provide the same
figures, 1,096,000 m3 for wood chi ps (recorded as Achips and
reference year (FAOSTAT, 2012; UNECE, 2013).

According to Negrin and Francescato (2014), the wood chips market has the
characteristics of a new market, with very diverse production costs depending on the local
context and highly diversified users with differe
Antonini and Francescato (2010), an internal production of 800,000 tons has been estimated,
mostly from wood processing industries (see Chapter 4.1.3).

Concerning pellets production more discrepancies are present. FAOSTAT registers for
2012 a production of 300 thousand tons of pellets (FAOSTAT, 2012) while Eurostat, with 2011
as reference year, 816 thousand tons (Eurostat, 2013). A recent study carried out AIEL in 2011
showed that Italy was the first pellet market in the EU, with a consumption of more than 1.70
million tons, of which 600 thousand tons from internal production coming from 85 small and

medium pellet manufacturers, mostly using sawmills residues as raw material (AIEL, 2011).

4.1.2 Import and trade

The import of woody biomass from foreign countries plays a very important role in Italy.
Italy is indeed among the firsts importers of wood pellet and firewood in the world (Pettenella,
2011).
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Statistics on import and trade are provided by international trade statistics database such
as FAOSTAT and UN COMTRADE and regional agencies such as Eurostat and UNECE. The

data provided by the different sources are presented in Table 10.

Table 10: Import of woodfuels according to different sources

Import
Reference
Source ] Fuelwood (and Waste and
year Chips( m ) Pellets (t) )

charcoal)( m ) residues ( m

FAOSTAT, 2012 2012 844,000 991,463 1,197,000 623,000

Eurostat, 2013 2012 991,460 1,197,000

UNECE, 2012 2012 844,00 991,463 96,000

UNCOMTRADE, 2012 2012 434,679.(1) 720,448.(t) 1,900,710.(t)

FAOSTAT (2012) report an import of 844,000 m3 of chips and particles, an import of
991,460 m? of fuelwood, 623,000 m3 of wood waste and residues and finally 1,197,000 tones of
pellets. These figures are then used also by Eurostat and UNECE, with the only difference for
what concerns wood wastes and residues where the UNECE data banks provide a 96,000 m3 of
import. However, the discrepancy is caused by the different definition adopted by the two
sources.

Different from the ones already presented, are the data provided by UNCOMTRADE
(2012), which presents the import quantities in tons (instead cubic meters as the others). It
reports 434,679 tons of wood chips, 720,488 tons of fuelwood and finally 1,900,710 tons of
wood and wood waste (including sawdust and scrap).

Besides these sources, some studies on the woody biomass for energy market in Italy
presents some consideration about the import, for example Pettenella (2009), states that
considering the estimations made by previous studies, an import of about one million tons of
wood chips is reasonable, considering the demand from the large scale biomass plants. The
main partners are especially Balkans countries, Romania and Bulgaria for chips, and Austria,
Germany and Slovenia for pellets. Concerning pellets, AIEL shows in a recent estimation of the
consumption levels of woody biomass in Italy (See Chapter 4.1.5) that the consumption of
pellets amount at around 3.30 million tons, of which only 20% produced in ltaly. Thus,
considering this result, we would obtain an import of more than 2.6 million tons.

To conclude, it has to be considered the multiple end uses of imported wood chips and of
wood residues and wastes. In particular, concerning the wood chips import an important role is

considered to be played by the particle board industry (Ciccarese et al., 2012). In the case of
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FAOSTAT, the import of raw material directed to the pulp and paper industry is excluded from
the figures presented, as it is recorded under a

Export: For what regards the export, this is very low, not relevant if compared to the import
levels. Statistics from FAOSTAT and UNECE are showed in Table 11.

Table 11: Export of woodfuels according to different sources

Export
Reference
Source ] Woodfuels (and Waste and
year Chips ( m Pellets (t) )
charcoal)( m ) residues ( m
FAOSTAT, 2012 2012 2,000 3,060 5,000 14,516
UNECE, 2012 2012 2,000 3,000 5,000

In 2012 FAOSTAT register an export of 2,000 cubic meters of chips and particles, 3,060
of firewood, 14,516 of wood waste and residues, and finally 5,000 tons of pellets (FAOSTAT,
2012). UNECE provide different data only concerning the waste and residues, again for a
definition difference.

It can be concluded that all the internal production is consumed in Italy, with no relevant

export flows.

4.1.3 Indirect supply from industry and post consumption used wood

The indirect supply from the wood processing industry, pulp and paper industry and the
post-consumption used wood is probably the most critical section of the market to identify and
guantify, and this is due, as showed in the flow chart, to the complex logistics of the value chain.
No official data exists on the issue. FAOSTAT registers for 2012 a production of 904,000
tons of iwood uwassot,e nemd hmagsiddou me of roundwood t he
the production of forest products in the forest processing industry (i.e. forest processing
residues) and that has not been reduced to chips
Some studies have been then carried out in the last years in order to try to estimate the
guantity of residuals, by products and wastes potentially used for energy production from the

industry. These are shows in Table 12.

51



Table 12: Indirect supply of woody biomass from industry according to different sources

Sources Residues from wood- Residues from pulp and Post-consumption
processing industry (t) paper industry (t) used wood (t)
ITABIA (2008) 4,200,000 300,000
ENAMA (2011) 1,800,000 150,000 4,000,000
FAOSTAT (2012) 904,000

The study conducted by the Italian Biomass Association (ITABIA) refers in general to the
woody biomass in terms of residues and wastes produced by the wood-processing industry and
pulp and paper industry. For the wood-processing industry it estimates a quantity of 4.20 million
tons of residues and wastes, while 300 thousand tons from the pulp and paper industry
(ITABIA). The other important study has been conducted by the National Agency for
Mechanization in Agriculture (ENAMA) considering only the residues and wastes potentially
available for energy production. From its estimation, results that 1.80 million tons are potentially
available from the wood-processing industry and 150 thousand tons from the pulp and paper. In
addition, ENAMA estimates 4 million tons of post-consumption used wood potentially available
for energy (ENAMA, 2011).

As an example, the Fantoni group, n very important Italian company in the sector or MDF
and chipboard panels and more in general wooden office furniture, states in its 2013 report an
amount of residues and wastes employed for energy and panel productions of 300 thousand
tons deriving from the wood processing, and 200 thousand tons of recycled post consumption
used wood (Fantoni, 2013).

Concerning post consumption used wood, the Italian consortium for the recycling of
wood packaging material (Rilegno) shows interesting figures in its 2013 market balance report
(Rilegno, 2013). In 2013, the consortium, which is composed by 2275 companies located in all
Italy, recycled more than 2 million tons of wood packing material (2,163 thousand tons), of which

the 65% composed by pallets. Of this amount, 80 thousand tons are used for energy production.

4.1.4 Consumption for energy production

As showed in the flow chart at the beginning of the chapter, woody biomass is used for
energy production in different appliances and systems and with different conversion methods. In
terms of final users we can distinguish between two categories:

A the residential sector (stoves, fireplaces and boilers mainly for heating);
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A The industrial and commercial heat and power sector, composed by boilers at
industrial level, biomass power plants, CHP and district heating systems.

Consumption in the residential sector: In terms of final users, woody biomass is used in Italy
mainly in the residential sector, to which the Italian regulatory framework has given notable
devel opment. Thus, it is used mainly in sma
fireplaces, and small boilers, using firewood and pellets. In particular, pellets represent a well
consolidated market in Italy. Indeed, despite the consumption of firewood is very high, the
tendency is to use more processed woodfuels, especially pellets, which can be burned in much
more efficient appliances, which are more and more available in the Italian market.

The last available official data from ISTAT was published in 2010, reporting a

consumption of flegrealdavaoderd e fasciamed)a |l oyf (FH7, 82 0. 00
(3.78 million tons) (ISTAT, 2010). Also the JWEE (2013) provides a figure about woody biomass
consumption in the residential sector, amounting at 11.90 million tons, which assuming a
conversion factor of 1 m3=0.5 t (Mantau et al., 2010) results in almost 24 million cubic meters,
extremely far from the ISTAT figure. In addition, in the National Energy Balance (BEN) of 2012,
is reported a data on woody biomass consumption in the residential sector of 14.33 million tons,
including firewood, pellets and charcoal (BEN, 2012).
However, several studies published in the last 25 years, shows that the data on household
fuelwood consumption tends to be undestimated by official statistics. In Table 13 are reported
the main studies or survey to estimate the consumption of fuelwood at household level. Some
insights and methodologies are here presented in specific:

A The survey of the Istituto di Sociologia Rurale (Institute of Rural Sociology) in 1998
was focused only in rural households located in hilly and mountainous areas and
estimated a consumption of fuelwood of 17..80 million tons/year.

A The ENEA survey in 1999 (Gerardi and Perrella, 1999) on the biomass (all types of
biomass) consumption at household level was conducted at national scale on a 6.000
household sample. It resulted that around the 22% of Italian households were using
biomass for energy, mainly in Sardinia. Trentino/South Tyrol and Abruzzo. The final
estimation was of 14,680,000 tons/year, of which 47% from self-consumption.

A A regional based survey has been made in Lombardy by the Lombardy
Environmental Agency in the winter 2003/04. The survey was based on almost 33
thousand surveys sent to secondary school students, not taking into consideration

the areas. It resulted that 25% of the families were using wood, resulting in a total of

53

t hous.



1.9 million tons/year. Marazzi et al. (2006) on the bases of this survey, estimated a
consumption level at national scale of 22.6 million tons/year.

IPLA, a regional agency of the Piedmont region, conducted in 2006 a survey on a
sample of 3,000 families located in towns with less than 10,000 inhabitants. The
results showed that around the 42% of the residents in small towns were using
fuelwood for domestic heating, resulting in a consumption level of 3 million cubic
meters (1.5 Mt). The interesting element provided is that 67% of this results from self-
consumption.

The Regional Agency for Environmental Protection (ARPA) estimate is based on a

survey conducted at national level to gather data and information on fuelwood

consumption. The sampl e was composed of 5,000

Italian population. It resulted in an estimation of 19 million tons/year of fuelwood
consumed. Moreover, that the 20% of the households use fuelwood at least four
times in a year, of which around the 72% in traditional low efficient applications. The
large part the users are located in hilly and mountainous areas.

Antonini and Francescato (2010) in an analysis of the woody biomass for energy
market estimated a consumption level of 21 million tons at household level, of which

1.20 million tons of pellets and 900 thousand tons of wood chips.

Table 13: Estimation of household fuelwood consumption according to different sources

Source Reference area Year Estimation

Istituto di Sociologia Rurale Italy (only housmlcydasnier;gountainous and 1998 17.80 Mt

ENEA Italy 1999 14.60 Mt

FLA Lombardy Lombardy Region 2003/04 1.90 Mt
PLAPIGmon:  PREMOTLREgon oy bousehd n s 005 s a5

APAT-ARPA Italy 2006 19 Mt

Marazzi et al., 2006 Italy (based on resr‘gésio?]f)F'—A for Lombardy  5543/04 22.60 Mt

Antonini e Francescato, Italy 2010 21 Mt (including

2010

pellets)
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As mentioned at the beginning, the data on household consumption of fuelwood are
difficult to be intercepted and thus are often underestimated by official statistics; this is a typical
situation in many industrialized countries (Steierer, 2007).
In Italy, as showed, the level of information concernin g househol dsé consumpt
low and presents relevant discrepancies. This statistical uncertainty is mainly related to some
structural characteristics of the Italian wood-energy market. In particular the presence of micro
and small forestry enterprises supplying fuelwood to household in local chains, difficult to be
monitored. Mor eover, t he rol e of -cénsumptionr @=a | 0 ma |
highlighted in some of the studies mentioned) is considered to be relevant. In more recent years,
some studies stated that, due to the lack of a solid knowledge on household consumption, even
the assumption made in the NREAP results strongly underestimated (Pettenella and
Andrighetto, 2011).

Industrial and commercial heat and power: Large scale installations such as biomass-based
power plants and District Heating Systems (DHS) are present in Italy, but the sector is not yet
fully developed (Scarlat et al,. 2013). Specifically, an overview is here presented:

A Power plants: Power plants using biomass in Italy, according to the national authority
Gestore Servizi Energetici (GSE), were 78 in 2010, with a total installed power
around 1,440 MWe, but further 122 plants resulted to be in project or under
construction, with a total installed power projected at 785 MWe. In 2009 GSE
reported a consumption of 1.8 million tons of chips per year (GSE, 2009).

A District heating systems and CHP: the sector is still very small in Italy, and the DH
systems are mainly located in Northern regions, in particular Trentino-South Tyrol,
Piedmont and Lombardy. According to Antonini and Francescato (2010) 86 DHS are
installed in Italy with a potential of 400 MW}, resulting in a consumption of about 407
thousand tones/year of chips. Of these, 18 have CHP applications (for a total of
13.50 MWe).

A Mini district heating systems (< IMW): The only data available on mini district heating
systems is again by the estimation of Antonini and Francescato (2010), which with
regards to only five regions (Piedmont, Trentino/South Tyrol, Veneto, Friuli Venezia
Giulia and Tuscany) reported a consumption of about 380 thousand tons/year of

wood chips.
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Table 14: DHS in Italy

Regions/Provinces No. MWt Chllps and
particles (tly)

South Tyrol (AP) 57 181 223,810
Trentino (AP) 4 22.4 18,998
Lombardy 7 111.4 94,690
Piedmont 6 33.3 28,305
Aosta Valley 3 17.6 14,960
Emilia Romagna 1 6 5,100
Veneto 2 11.2 9,520
Friuli Venezia Giulia 3 6.2 5,245
Liguria 2 1.9 1,615
Tuscany 1 6.5 5,525
Total 86 398.4 407,767

Source: Antonini and Francescato, 2010

4.1.5 The data in the Italian Progress Reports 2013 under the Directive 2009/28/EC

In order to monitor the developments towards the 2020s renewable energy targets set by
the EU Directive 2008/28/EC, the European Commission (EC) requires the Member States to
prepare periodically a report presenting their progresses and compliance with the measures set
out at EU |l evel, named the fAMember States Progres
The present report, published in 2013, is the second report (the first was in 2011). The
information provided in the reports regards policy developments, energy production and also
resources employed for energy production. The data, presented in compliance to the Eurostat
harmonized methodology, are provided the national competent authority, and thus to be
considered as official data. Indeed, this is also used by the EC of measure the consistency and
homogeneity of the energy statistics in the Member states.
For the purpose of the thesis, it is particularly interesting to present the data concerning
the availability and use of biomass resources for energy purpose in 2011 and 2012. The table
data are reported in Table 15:
A Concerning the internal production (fiamount
show a direct supply of woody biomass from forest and other wooded land for energy
generation of 8,350,500 tons in 2012. Again if we assume a conversion factor of 1
m=0,5 t (Mantau et al., 2010) we obtain 16,701,000 m?3 of supply from forest, which
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much higher than the last official ISTAT data of 5,084,591 m?3 of fuelwood removals
from forest (ISTAT, 2011).

A The indirect supply (Ai ndprodet fromsvaod pdustry o f res
etc. o), including also pell et pr o&tons tni on, [
2012. Finally biomass from energy crops and SRF of 2,861,961 tons, including also
other solid biomass (from grasses etc.) but it includes also the woody biomass from
SRF, mentioned to amount at 7,000 hectares in 2012.

A Concerning the import from EU, this is showed to be 1,220,713 tons in 2012 of forest
woody biomass and 1,654,829 tons/year of indirect woody biomass from industry.

Less relevant in this case are the import of biomass from energy crops and the import

from non EU countries.

Table 15: Biomass supply according to the Member State progress report under Directive 2009/28/EC

Amount of domestic Primary Amount of imported Primary Amount of importeq Primary
raw material (*) energy in raw material from EU (| energy in raw material from | energy in
domestic raw amount of non EU(*) amount of
material (ktoe) imported raw imported raw
material from material from
EU (ktoe) non EU (ktoe)
2011 | 2012 2011 [ 2012 2011 | 2012 [ 2011] 2012 | 2011 | 2012 [ 2011] 2012

Biomass supply for heatj and electricity:

Direct supply of
wood biomass
from forests ang
other wooded 7,735,474 8,350,500| 2,679| 2,892 | 1,386,656 1,220,713| 480 423 32,532 | 15,978 11 6
land energy
generation
(fellings etc.)**

Indirect supply ¢
wood biomass
(residues and-c
prodats from
wood industry
etc.)**

2,064,224 | 2,209,998 772 835 | 1,798,286 1,654,829 690 | 653 | 128,238| 149,867| 54 63

Energy crops
(grasses, etc.)
and short rotatiq 2,539,766 | 2,861,961| 610 684 57,352 114,433 51 104 | 490,391| 504,123| 437 460
treegplease

specify

Agricultural by
products /
processed
residues and
fishery by
products **

2,292,331 2,199,522| 547 544 - - - - - - - -

Biomass from
waste (municipg 5,204,662 | 5,379,550| 1,354| 1,341 - - - - - - - -
industrial etc.) *

Others (please
specify)

(*) Data in tons/year
(**) Including pellets
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4.1.6 A new estimation of the consumption levels in Italy based on the installed
capacity (AIEL)

The Italian Agroforestry Energy Association (AIEL) presented this year a new estimation
of the consumption levels of woody biomass for energy in Italy.

The methodology used by AIEL was to estimate the quantity of woody biomass
consumed for energy purposes based on the energy production capacity and consequent
demand for woodfuels from the installed appliances in Italy. The appliances have been divided
in three groups:

A Appliances for residential heating (stoves, fireplaces etc.);
A Boilers at household, commercial and industrial level;

A Large scale power plants, CHP and DH systems.

Consumption in appliances for residential heating. These informations are based on the
data provided by SWG Ltd, a company specialized in surveys in Italy. According to SWG, in Italy
in 2013 resulted installed 1.90 million pellets-burning appliances and 7.90 million fuelwood-
burning ones, divided into stoves and fireplaces. The elements that have been taken into
account in the estimation are:

A Usage level: different for primary residences and second houses and according to
the altitudinal range (plain, hills, mountains);
Average power of 8 kW;
Average efficiency between 70% and 90%;
Hours of functioning between 1000 and 1800 yearly (primary residence);
Lower Calorific Value (LCV) of 4.60 MWh(t for pellets and 3.98 MWh/t for fuelwood.

> > > >

The result of the estimation shows a consumption of 2.40 million tons of pellets for

residential heating and 16.10 million tons of firewood (See Table 16).

Table 16: Consumptions for residential heating

Pellets burning appliances (t/y) Firewood appliances (t/y)
Stoves 2,090,000 Soves 5,266,000
Fireplaces 210,000 Closed fireplaces 5,073,000
Kitchen stoves 70,000 Kitchen stoves 1,722,000
TOT. 2,400,000 Open fireplaces 4,034,999
TOT 16,100,000
Data: AIEL
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Consumption from boilers at residential, commercial and industrial level. The second
category of appliances were boilers at residential level (< 35 kW) and at commercial and
industrial level (> 35 kW). In Italy resulted installed in 2013:
A At household level 199,000 pellet-burning boilers, 596,000 firewood-burning boilers
and 1,500 chips-burning boilers;
A At commercial and industrial level, 2,470 pellet-burning boilers, 7,400 firewood-
burning ones and 2,260 chips-burning.

The parameters used for the estimation were:
A A different average heating capacity set for different categories;
A An average efficiency of 90%;
A Hours of utilization between 1500 and 1800 yearly;
A LCV of 4.6 MWh(t for pellets, 3.98 for firewood and 3.4 for chips.

The results show a consumption of 0.90 Mt/year of pellets, 3.20 Mt/y of firewood and 1
Mt/y of chips (See Table 17).

Table 17: Woodfuels consumption according to the end user

Residential boilers Commercial and ind. boilers Industrial boilers Tot.

Pellets (tly) 796,500 106,000 14,350 917,000

Firewood (t/y) 2,980,300 211,500 0 3,192,000

Chips (tly) 10,500 830,500 176,000 1,017,000
Data: AIEL

Consumption from large scale power plants, CHP and district heating systems.
Concerning the large scale installations in Italy, these are consuming mostly wood chips, and

have been divided into:

A Power plants and CHP;
A District heating systems > 1IMW;
A District heating systems < 1IMW.

Concerning biomass-based power plants and CHP, there are 483 in ltaly. The
parameters assumed are:
A A capacity of 1,584 MWe;
A 25% efficiency;
A A primary energy production of 3,900 MWh ;
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A Filled at 60% with solid biomass:;

The District Heating Systems >1MW are 95 in lItaly, and the calculations have been
made considering;
A Capacity of 343 MW;
A 80% efficiency;
A A primary energy production of 1,156,000 MWh.

Finally the district heating <1 MW are 87, assuming as parameters:
A Capacity of 26 MWt;
A 80% efficiency;
A Primary energy 38,600 MWh.

From the analysis, it results a consumption of wood chips 3,317,500 tons/yeas of chips
from power plants (and CHP), 411,000 tons/year in DH systems and 12,500 tons/year in mini
district heating. The total wood chips consumption from large scale installations is thus 3.3

million tons/year, as showed in Table 18.

Table 18: Chips consumption in large scale plants

Large scale plants (t/y)

Power and CHP 3,317,500

District heating > 1IMWh 411,000

District heating < IMWh 12,500

Tot. chips consumption 3,300,000
Data: AIEL

Overall estimation of the woody biomass for energy consumption and discussion. From
the estimation it result a total the consumption of woody biomass for energy in Italy of 27.3
million tons per year, among 19.3 Mt/y of firewood, 4.7 Mt/y of chips and 3.3 Mt/y of pellets.

As showed in Figure 12 the major role is played by the appliances for residential heating
(68%), followed by the boilers at residential, commercial and industrial level (18%) and finally the

large scale installations (14%).
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Figure 12: Estimation of woody biomass consumption by final users
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The consumption estimated, divided by firewood, pellets and wood chips for the different
end users are presented in Figure 13.

Figure 13: Estimation of the firewood, pellets and chips consumption by final user

) . Boilers at Boilers at
Boilers at Firewood commerci Pellets commerci
househol al- Boilers at al-
Iev;el industrial househol industrial
16% levelX level levelX
24%

Residentia esidentia

I'heating | heating
83% 72%

Boilers at Chips Boilers at

commercial industrial

and level > 1MW

industrial 4%

level 35 KW

MWX
District
heating > 1
MW

9%

Power and
CHP
70%

Data: AIEL

It can be observed that for what concern firewood almost the totality is consumed at
household level (99%). The same is for pellets, although here also the boilers at commercial and

industrial levels are significant (4%). Different is for wood chips, which enters a totally different
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market, 70% power plants and CHP, 9% in DHS and the rest in boilers at commercial and
industrial level.

In the last figure (Figure 14) the consumption by final users (grouped by sector and
capacity) is showed.

Figure 14: Overall estimation of the woody biomass for energy consumption by final users
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Firewoodburning 11%
boilers at

residential level

boilers at
residential level
4% _
Firewood

appliances for

heating at
residential level
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Data: AIEL

As showed, the firewood-burning appliances for residential heating (stoves, fireplaces
etc.) play the major role, accounting for the 62% of the market. Pellet-burning appliances for
residential heating accounts for the 11%, while boilers at residential level (both firewood and
pellet-burning) for the 15% if summed. An important role in terms of consumption is played also
by DHS, accounting for a 12% considering both large (>1MW) and mini (<1MW).

AIEL concludes from this new study that it is nowadays evident, thanks to this and
several other studies conducted in the last years (i.e. Antonini e Francescato, 2011; Pettenella
and Andrighetto, 2011, APAT, 2003) that the woody biomass for energy market in Italy has very
important dimensions, with over 10 million of installed appliances and over 27 million tons of
woody biomass consumed yearly according to the present estimation. This growing trend in
consumption is considered to be driven by:

A A positive trend of the market of biomass-burning heating appliances;
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A An important advantage in terms of cost of energy compared to fossil fuels, which is
more and more an important factors considering the economic crisis currently affecting
the country and the raising prices of gas and other fossil fuels;

A The supporting policies and current incentives-schemes, which are giving a significant

boost to the market.

Finally, if translating this data in energy consumption terms, it result in 9 Mtoe, which
would mean that the NREAP target for solid biomass (5.2 Mtoe, including thus other biomass
sources) has been already reached just by woody biomass.

Surely, due to some assumption and limitations this study does not aim at provide a
precise estimation, but the overall data presented raise an urgent need to revise the
programmatic assumption of the Italian renewable energy strategy and investigate more in
understanding how the supply chain is structured and how to assess the sustainability of the

sector.

4.2 Expertsd assessment of t he 1 nfc
consistency

Given the discrepancies and the uncertainty of the informative framework on the woody
biomass for energy market in Italy as showed in the previous section, the main informative
sources have been assessed through a consistency ;|
The consistency of the informative sources has been assessed by panel of experts, on
the bases of the overall informative framework presented and their individual knowledge,

through a consistency scale:

A Aivery reliableo,

A Asufficiently reliableo,
A APoorly reliableo,

A ANot reliableo,

A il do not knowo.

The data have been result of the consistency assessment carried out is in this section
presented and discussed for the four identified sections:
A Data on internal production,
A Data on import,
A Data on indirect supply from industry and post-consumption used wood,
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A Data on consumption for energy production,

The spreadsheets with all the responses from the Delphi survey questionnaire can be

found in Annex 3.

Internal production. Concerning the internal production, the informative sources under focus

have been | STAT, FAOSTAT and Eurostat (see Tabl e
consistency analysis for the production data are presented in Table 19, where in the columns

are showed the informative sources under focus and on the rows the consistency scale. The

numbers shows are referred to the number of experts (ie.f i ve experts considers i
the ISTAT data on production).

Table 19: Production data consistency according to the panel of experts

ISTAT FAOSTA™ Eurostat
Strongly reliable 0 0 0
Sufficiently reliable
Poorly reliable
Not reliable
| do not khow

o b~ O1 -
=~ 01 O
N N O -

For what concerns the single sources, the data on fuelwood removals presented by
I STAT (2011) of 5.08 million mj are considered fn
by the majority of the experts, while just one considereditasfisuf fi ci ently reliabl
same opinion has been given by the experts to FAOSTAT data, that were along the lines of
| STATOSs one f or wh a't concern fuel wood removal s,
woodfuels production (1.09 million m3 of chips and 300 thousand tons of pellets). The data of
Eurostat, which were related only to pellets production (816 thousand tons), has been
considered mostly as fipoorly reliabled by the exp
If, beside the single sources, we look at the overall informative framework on production
of woody biomass for energy in ltaly (summing together all the single sources), as showed
graphically in Figure 15, we clearly see that the
panel is of a poor (15) or not reliability (10) of the data.
Furthermore,in t he comments it ha she dam,especially héndnésght ed
regarding fuelwood removals from forest, are inconsistent mainly because of the fragmentation
of the regional statistics built with different methodologies and without a national level

coordinationd  ( Hig 1 | r
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Figure 15: Production data consistency according to the panel of experts

Strongly reliable
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Import. In the assessment of the import data, we included as informative sources the main
international and regional trade database such as FAOSTAT, Eurostat and UNCOMTRADE
(See Table 10). The results of the consistency analysis are showed in Table 20.

Table 20: Import data consistency according to the panel of experts

FAOSTAT Eurostat UNCOMTRADE
Strongly reliable 0 0 0

Suffieciently reliable 1 1 1
Poorly reliable 4 5 3
Not reliable 2 1 0
| do not know 3 3 6

The FAOSTAT data showing a total woody biomass import (including firewood, chips,

pellets, and waste and res i due s ) of about 2.43 million tons

WE

reliabled by four experts, Anot reliabledo by two,

due to their lack of experience concerning trade flows. A nearly analogous assessment has
been given to Eurostat data, which regarded only 500 thousand tons of firewood import and 1.2
million tons of pellets. UNCOMTRADE showed a value of 3.06 million tons of woody biomass
import, but most of the expert (6) did not give an evaluation to this source.

A comparison between the assessments of the three informative sources as emerged
from the expertsd panel consul Figuteil® mhere & cas heo we d
observed that generally the level of knowledge on the import flow is much lower than for the
production data. Indeed, three experts did not express any evaluation for FAOSTAT and
Eurostat data and even six for UNCOMTRADE data.
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Figure 16: Consistency analysis of import data by informative source
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However, if as we did with the production data, we look at the entire informative
framework (in Figure 17), we can see that
poor consistency of the import data. In any case, the strong assessment of non reliability of the
sources emerged less (3) compared to the production data, meaning that despite a general
uncertainty, the informative bases of thee three sources related to import are considered slightly

more coherent.

Figure 17: Import data consistency according to the panel of experts
Strongly

reliable
15

Suffieciently

o
D Vi
/ NJpoorly

Not reliable

reliable

Looking at the comments that ari se thHeilimpon
data are often second (or third) elaboration, thus poorly reliable not because of the source itself,
but because of the mechanism through which they are generatedd  (lIridle

Moreover, it h a s albteeserdata derpvenl frameheé samé ddficial Sources
based on customs declarations. However, in the case of Italy is clear that there is an
underestimation in the import data considering the high levels of consumption estimated, which

absolutely impossible canétodeEkxkpertall) from
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Finally, one e x p the originaof these data drezndore torhlesg the 'same
(with an exception for UNCOMTRADE which probably uses different definitions) and except for
firewood import, are realistico ( Gott er o) .

Indirect supply from industry and post-consumption wood. Concerning the indirect supply
from the industry we took into consideration the studies of ITABIA (2008), ENAMA (2011) and
Rilegno (See Table 12). The results of the analysis are showed in Table 21.

Table 21: Indirect supply data consistency according to the panel of experts

ITABIA ENAMA Rilegno
(2008) (2011) (2013)

Strongly reliable 0 0 0
Suffeciently reliable 1 5 2
Poorly reliable 6 2 2
Not reliable 0 0 1
| do not know 3 3 5

The complexity of the matter is here reflected in the number of experts that decided to do
not express any evaluation in front of the data provided. However, among the experts, there is a
gener al opinion of sufficient reliability (5) for
million tons of woody biomass available from the wood-processing industry and 150 thousand
tons from the pulp and paper industry. It has been highlighted as more difficult to evaluate the
data on post-consumption used wood, where in the case of the Rilegno figure, half of the expert
panel did not express any opinion.
Anyhow, this section has been largely commented by the panelists. The general idea that
comes to light is that it is arduous to express an opinion in quantitative terms, due to the
complexity of the logistics of the chain. According to Hellri gdne ofithe main complexities is that
the amount of residues and wastes produced strongly depends on the production process, on
which is difficult to gather general information, indeed all the presented estimates are poorly
realistic because are not built from any informative basedo . Anhothar expert (anonymous)
not ed istverg hardfto express an opinion on these estimations, mainly because the
methodologies behind are not clearo .
The results for the overall informative framework on indirect supply from industry are
showed in Figure 18, where the assessments APoorly reliabl

the most frequent ones.
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Figure 18: indirect supply data consistency according to the panel of experts
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Other experts gave some extra input to the discussion. Tomassetti commented that
fthere are other industrial sectors which potentially consume large quantities of wood. For
instance in the construction sector the small and medium enterprises use timber formworks
made of 2-2.5 mm beams, which after their use are usable only for fire, and this mainly happens
in the construction Qitd&d nard liyn Von Kireamystésa) hales ¢ s ne
recent economic crisis sensible influenced the wood processing industry, thus the current
situation is difficult to be comparable with the 2008 one (referring to the ITABIA estimate) in

terms of residues and waster availabilityo .

Consumption for energy purposes. For the consumption levels of woody biomass for energy
purposes we took into consideration a larger amount of sources. The informative framework

presented to the panelists included official and non-official data (See Table 13 and Chapter

4.1.4). In specific:

A The data on f ilegadecanere efacianteé ) ( frovi ded by | STAT

A The data from the National Energy Balance (BEN, 2012) referring to the total household
consumption and total overall consumption;

A GSE (2009) data for what concern the consumption of biomass-based power plants (and
CHP);

A Data from AEBIOM concerning specifically the pellet consumption (AEBIOM, 2008);

A The data from the estimation of Antonini and Francescato (2010) regarding al all woody
biomass consumption divided by subcategories;

A The estimation from ARPA (2003) on the total consumption in Italy;

A Finally, with regards to household consumption we included some of the surveys carried
out in the last years:

A Istituto di Sociologia Rurale (ISR) of 1998;
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A APAT of 2003;
A ARPA of 2006;
A Marazzi et al., 2006.

Speci al attention has been pairdon,tfilstly, nthe hew
estimation of the consumption levels of woody biomass based on the installed capacity made by
AIEL and, secondly, on the result of our tentative estimation of the households fuelwood
consumption based on the information on the expenditure gather from the analysis of the ISTAT

ASurvey on consumption by familieso results.

asses:!

Thi s

with the results of the surveysd analysis (See Ch.

The results for the consumption level informative sources, as in the other section, are

presented in Table 22.

Table 22: Consumption data consistency according to the panel of experts

5| & |B8|58(55|38|3 555 €

[%2) — - L = -
Strongly reliable 1 0 0 0 0 0o 2 2 0
Suffieciently reliable 0 3 2 5 3 3 3 7 1
Poorly reliable 2 3 3 1 2 2 1 0 3
Not reliable 7 0 0 0 1 1 0 0 1
| do not know 0 4 5 4 4 4 4 1 5

Looking at the single informative sources, there are some evident elements that come to
light. It has been noted by large part of the experts (7) the inconsistency of the last official data
provided by ISTAT (2010) of a usage level of about 3.78 million tons of firewood usage The GSE
data of 1.80 Mt of chips consumption in biomass-based power plants are generally considered

as sufficiently (3) and strongly reliable (2), although also 4 experts did not express any opinion.

For what <concerns then the household cageparanpti ons

unawareness, showed by the number of expert not providing an evaluation in the results.
However, the ARPA (2006) and Antonini and Francescato (2010) estimations are considered as
the most consistent by the experts based on their knowledge. ARPA estimate of 19 million tons
of household consumption is considered to

estimate provided by Antonini and Francescato of 23.60 million tons of total consumption, of
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which 21 million tons at household level
Asufficiently reliabled by seven.

The results for what concern the five estimations data are showed graphically in the
radar chart in Figure 19.

Figure 19: Households consumption studies consistency

Strongly reliable
8

Suffieciently reliable

Not reliabl Poorly reliable
Instituto Sociologia Rurale (199¢ == APAT (2003
e ARPA (2006 Marazzi et al., 200€

= ANntonini e Francescato, 201

Even though the informative framework for what concerns woody biomass consumption

is made of very different informative sources and data, it is interesting also here to see to
summed results, as in Figure 20.

Figure 20: Consumption data consistency according to the panel of experts
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It can be observed the overall result is very heterogeneous, especially among
Asufficiently reliableod, Apoorly reliabl
consistency is considered to be higher than for the other section, but this not as a result of the

overall informative framework, but of some informative sources (Antonini and Francescato,
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2010; ARPA, 2006; GSE, 2009) which have got a significant higher level of reliability by the
experts.
Among the comment s, frohotleidatahon fgrest surtades undettcattng 1

authorization in the Tuscany region we can estimate a 1.1 million tons of fuelwood removals for

the region. Then, another study in Piedmont (referring to the IPLA study) in 2006 reports a
household consumption of fuelwood of 2.89 million m3 for the only Piedmont region, which
corresponds according to the coefficient used to around 1.44 million tons. Although these two
estimates are conducted in different years and with different methodologies, the sum is of
around 2.5 million tons just for these two regions, thus the official data are clearly
underestimated and the household consumption is likely to be much highero .

Consistencyof the new Al ELG6s woody bi oma.sAs mentiomed u mpt i o
before, in the consistency analysis particular inm
opinion towards the new AIEL estimation of the woody biomass consumption levels in Italy (see
Chapter 4.1.6).
The results, presented in Figure 21, are very positive in terms of consistency level
expressed by the expert. So, the estimation made by AIEL based on the installed capacity of
27.30 million tons of woody biomass consumption in Italy, of which 22.25 Mt in the residential
sector is considered to be Asufficiently reliable

three.

Figure 21: Consistency of AIEL's estimation according to the panel of experts
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Overview of the results of the consistency analysis and discussion: An overview of the
responses, presented in percentage, concerning the consistency of the informative frameworks

for four market sections is showed in Figure 22.

Figure 22: Overview of the results of the consistency assessment
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According to the consistency assessment made by the panel of expert involved in the
analysis, there are some overall considerations that can be drawn:

A The data on internal production of woody biomass for energy results to be less
consistent according to the evaluation of the experts. Almost all the panellists
expressed an opinion about it (in fact onl
half (50%) considers the data on production as poorly reliable and the 33% as not
reliable. Thus, the internal production informative framework results as the most
critical section in terms of consistency and information available.

A There is in the analysis a high level of uncertainty and lack of knowledge
concerni ng qguantitative dat a on t he mar ket .
responding on the import data, 37% of the ones concerning the indirect supply
from industry and 29% of the ones on consumption did not provide an
assessment of the quantikmawdo)e. dMarae o(vielr , d
considerable heterogeneity in all the section, as a demonstration of the low level
of information on the market.

A The data on consumption, despite an overall heterogeneity, are the ones were

the consistency level appears to be higher, with 33% of sufficiently reliable and
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8% of very reliable (only section with this result). In particular a very high level

has got by the market estimation of Antonini and Francescato (2010) of 23.60
million tons of woodyofb7i8@milbos tons AIED, 2084).EL 6 S o
This might demonstrate that among the experts there is a more clear idea of

which are the consumption levels of woody biomass in Italy, and are thus the

ones showed by those two studies.
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5. Fuelwood consumption at household level based on
the I STAT ASurvey on consumpti

This chapter pr esents the results of the analysis of
familieso organi zed by I STAT, focusing oan uUse é
households. On the bases of the survey, information on the number of households using
fuelwood, on the level of expenditure, and other interesting insights are provided (5.1).

Moreover, an estimation of the consumption levels for fuelwood on the basis of the expenditure
is presented (5.2), reporting also its consistency assessment by the panel of experts and a

di scussion of the results comparing them to other

5.1 Results of the analysis of the |
by familieso

The ASurvey on c¢ on sigcarpet oubhy thé Italiarf National Insttwedof
Statistics (ISTAT) since 1997, and the results are currently available up to 2012. It provides
information on the expenditure for goods and services of household resident in Italy, including
the variabl e #Af ue llogmadaardare & carbdmedr) g o aMhda cthi f or t he f
analysis. The survey involves a large number of families (from 23,000 to 31,000 depending on
the year), which are committed to compile a weekly record of expenses.
In this section the results and elaborations that have been made from the analysis of the
data of the | STATd6s survey are presented. We have
A Household using fuelwood in Italy (number and percentage),
A Annual expenditure for fuelwood in the residential sector in Italy,
A A comparison between fuelwood and other fuels and energy sources at household

level.

5.1.1 Households using fuelwood in Italy

Table 23 presents the results of the households using fuelwood in Italy, meant as the
number of household that according to the survey are registering an expenditure for fuelwood in

their weekly records. In the second column the total number of households is reported; in the
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third one the number households consuming fuelwood in their primary residence, and in the
fourth the number of households consuming fuelwood in their second houses. The fifth and sixth
columns show the total number of household registering expenditure for fuelwood and their
percentage over the total number of Italian households.

Table 23: Use of fuelwood among households in primary residence and second house

Households with

y Total Italian expenditures for Househ_olds with Total housc_aholds with ,
ear household fuelwood (primary f (Txpenddltures for expenditure for %
res.) uelwood (2nd house) fuelwood
1997 21,458,828 1,271,849 55,308 1,327,158 5.93
1998 21,643,985 1,132,437 54,469 1,186,905 5.23
1999 21,770,664 1,313,082 52,150 1,365,232 6.03
2000 21,967,028 1,222,356 52,150 1,274,506 5.56
2001 22,191,989 1,220,505 39,146 1,259,651 5.50
2002 22,270,166 1,023,324 42,938 1,066,262 4.60
2003 22,270,165 996,083 44,055 1,040,138 4.47
2004 22,813,192 1,035,109 37,002 1,072,111 4.54
2005 23,267,710 1,058,527 32,328 1,090,854 4.55
2006 23,567,059 1,112,537 27,622 1,140,160 4.72
2007 23,881,224 1,122,620 34,938 1,157,558 4.70
2008 24,257,661 1,260,908 29,455 1,290,363 5.20
2009 24,609,430 1,166,273 18,655 1,184,928 4.74
2010 24,898,006 1,456,776 55,646 1,512,422 5.85
2011 25,165,002 1,403,387 41,495 1,444,882 5.58
2012 25,383,757 1,486,923 55,954 1,542,877 5.86
Data: ISTAT

Taking the last year (2012) as reference, the results shows that out of 25,383,757
households in ltaly, 1,486,923 are registering expenditure for fuelwood and charcoal, thus the
5.86% of the total. More in detail, out of this nearly one and half million households using
fuelwood, the large part (96.40%) in primary residences, while only the 3.60% in the second
houses.

For the use of fuelwood in second houses, more specific data are presented in Table 24.
The number of second house holders is showed in the second column. The percentages of
fuelwood users in second houses has been calculated both over the total number of households

(third column) and only over the second house holders (column four).
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Table 24: Fuelwood use in second houses

2nd house Ho.useholds with % on total .
Year holders expenditures for fuelwood households % in the 2nd house holders
(2nd house)
1997 1,834,955 55,308 0.26 3.01
1998 2,028,704 54,469 0.25 2.68
1999 1,933,701 52,150 0.24 2.70
2000 1,933,701 52,150 0.24 2.70
2001 1,824,279 39,146 0.18 2.15
2002 1,736,630 42,938 0.19 2.47
2003 2,139,885 44,055 0.20 2.06
2004 2,021,207 37,002 0.16 1.83
2005 1,866,064 32,328 0.14 1.73
2006 3,339,359 27,622 0.12 0.83
2007 1,874,226 34,938 0.15 1.86
2008 2,010,998 29,455 0.12 1.46
2009 2,292,876 18,655 0.08 0.81
2010 2,393,472 55,646 0.22 2.32
2011 2,314,332 41,495 0.16 1.79
2012 2,438,987 55,954 0.22 2.29
Data: ISTAT

Considering again 2012 as reference year, it results that the 2.29% of the 2,438,987
second house holders consumes fuelwood in their second houses, the 0.22 of the entire
households population. Beside the specific annual data, it is very interesting to look at the trend
of households using fuelwood. Figure 23 shows the total percentage of households registering
an expenditure for fuelwood along the 1997-2012 period. Analysing the figure, a general trend
can be identified: until the beginning of the last decade (2002-2003) there was a decrease in the
use of fuelwood among households in Italy. Unfortunately data series longer in time are not
available, but we can assume that this decrease is just the final part of a longer trend of
replacement of fuelwood with other types of fuels and energy at household level, such as gas,
which has become more and more available in Italy since the 60s and 70s. Secondly, it can be
observed that, from the beginning of the 2000s there is a clear change in the trend, which starts
slowly to increase again, especially in the last two-three years (i.e. starting from 2010). The
slight drop in 2009 is probably the result of the economic crisis which affected significantly
househol dsd ¢ onsumMpwevern we cannobsgne nhatr smde.one decade, the

number of household that are using fuelwood in their primary residence is growing.
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Figure 23: Percentage of household consuming fuelwood 1997-2012
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the households consuming fuelwood in their second houses is minimal if

compared to the total. However it is interesting to see the trend for what concern the number of

households registering this expenditure in second houses, again along the whole data series.

This is showed in Figure 24.

Figure 24: Number of households consuming fuelwood in second house 1997-2012
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The trend showed in the figure is slightly different from the one concerning the primary

houses. A significant increase in the last years can be observed in the figure, although we are

tal king

about a | ow significant number i f
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However, interpretation of the data on second houses is much more complex as the second
houses market has been subjected to important changes in these last years due the economic
crisis.

An interesting insight is provided analyzing the results of the survey among the different
Italian regions; this has been done only for the year 2012 and the results in absolute and relative
values are reported in Table 25.

Table 25: Households using fuelwood among Italian regions

Region Tot. No. of No. of households using % of household using
households fuelwood fuelwood

Piedmont and Aosta 2,055,155 155,588 7,57
Valley

Lombardy 4,255,993 183,295 4,31
Veneto 2,006,906 142,978 7,12
Lazio 2,319,586 122,380 5,28
Calabria 771,076 113,206 14,68
Campania 2,087,155 157,878 7,56
Abruzzo 537,463 74,466 13,86
Sardinia 679,928 93,762 13,79
Tuscany 1,601,371 81,039 5,06
Umbria 373,804 54,689 14,63
Basilicata 227,968 44,538 19,54
Friuli Venezia Giulia 554,987 42,156 7,60
Apulia 1,527,221 64,852 4,25
Trentino and South Tyrol 426,343 48,167 11,30
Emilia Romagna 1,942,252 49,731 2,56
Marche 637,545 32,508 5,10
Molise 128,234 14,399 11,23
Liguria 785,105 13,855 1,76
Sicily 1,979,912 9,024 0,46
Total Italy 24,898,006 1,498,507

Data: ISTAT

The regions with the highest number of households using firewood are the northern
regions of Lombardy, Piedmont (calculated together with Aosta Valley) and Veneto, and the
southern and central regions of Campania, Lazio and Campania. The regions with the lowest

number of households using fuelwood are Sicily, Liguria and Molise (see Figure 25).
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Figure 25: Fuelwood use in the Italian regions
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Due to the largely different population levels of the regions, the percentage of
households using firewood out of the total varies quite significantly. Figure 26 gives an overall

idea of how common is the use of fuelwood among the regions.

Figure 26: Percentage of household using fuelwood in the Italian regions
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As it can be observed, inspite what the absolute values shows, the use of fuelwood
results in higher in southern and central regions, in particular in Basilicata, Abruzzo, Umbria,
Calabria and Molise. Apulia, Emilia Romagna, Liguria and Sicily are the regions where the use
of fuelwood is less spread on the population, in particular in Sicily, due probably also to
favorable climatic conditions, the use of fuelwood is very limited.

5.1.2 Total yearly expenditure for fuelwood in the household sector

In Table 26 are showed the data concerning the annual expenditure level for fuelwood at
household level in Italy. In the first column the data regarding the primary residence, in the

second column for the second house, and the total in the third column.

Table 26: Total expenditure for fuelwood at household level

Year Total expenditure for fuelwood Total expenditure for fuelwood (2nd Total expenditure for
(primary residence) house) fuelwood
1997 1,434,612,215.02 24,535,023.37 1,459,147,238.39
1998 1,368,738,293.28 24,576,176.94 1,393,314,470.22
1999 1,576,263,486.36 26,716,677.57 1,602,980,163.93
2000 1,436,762,717.05 26,060,687.72 1,462,823,404.77
2001 1,450,241,521.72 22,487,602.04 1,472,729,123.76
2002 1,267,954,981.15 19,140,891.27 1,287,095,872.41
2003 1,307,581,765.96 16,954,379.01 1,324,536,144.97
2004 1,340,477,188.33 24,337,837.74 1,364,815,026.07
2005 1,545,373,365.60 16,698,840.91 1,562,072,206.51
2006 1,520,625,648.94 21,815,520.07 1,542,441,169.02
2007 1,555,173,558.39 23,057,665.15 1,578,231,223.54
2008 1,724,940,428.63 24,322,724.53 1,749,263,153.16
2009 1,671,029,369.21 10,043,380.61 1,681,072,749.82
2010 1,942,961,795.27 30,752,351.94 1,973,714,147.21
2011 1,796,240,907.29 20,593,711.83 1,816,834,619.12
2012 1,921,340,814.33 23,750,256.03 1,945,091,070.36

Data: ISTAT

As showed, the expenditure for fuelwood in the household sector was nearly 2 billion
Euros (1,945,091,070 Euros) in 2012. The majority of which coming from primary residences
(98.78%), and the rest in second houses (1.22 %).

In Figure 27 is showed the trend in real values of the expenditure for fuelwood at

household level.
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Figure 27: Expenditure for fuelwood by Italian households 1997-2012
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It can be observed from this figure that there is a clear trend of increase since the
beginning of the previous decade (2002-2003) and linear until the most recent year of the data
series. It has also to be taken into consideration the overall increase of woodfuels prices over
the last decades (see Table 4).

Also here the data have been analyzed region by region for the year 2012. The results

are showed in Figure 28.

Figure 28: Consumption by region
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As showed, the regions with the largest fuelwood market at household level are
Piedmont (with Aosta Valley) and Lombardy, with expenditure levels over 18 million Euros
yearly. Other important regions are Veneto, Lazio, Calabria and Campania, with an expenditure
higher that 12 million Euros. On the other side of the figure, Molise, Liguria and Sicily are the
regions with the lower market for fuelwood, less than 2 million Euros yearly, reflecting basically

the number of people consuming fuelwood.

5.1.3 Fuelwood versus other energy fuels at household level

The last interesting analysis carried out on the ISTAT survey regards with the
comparison between fuelwood and other energy fuels or energy expenditure at household level.
The result has been analyzed for the primary residence and second house together.

Figure 29 shows the monthly average expenditure level for energy divided for electricity
power, gas from grid, gas in tanks, kerosene, gasoline and other liquid fuels and fuelwood.

Figure 29: Average expenditure for different fuels/energy at household level

160,00
140,00
120,00
100,00 %
80,00 19
60,00
40,00
20,00

m Fuelwood and
charcoal

m Kerosene, gasoline
and other liquid fuels
m Gas tanks

m Gas from grid

H Electricity power

0,00
TN 00 O 0 N O S WO~ OO O HA N
O 0O O 0O 0O OO0 OO0 O 0 O O ddd
O O O O O OO0 O OO0 O O O o o o
T 4 4 AN AN N AN N &N &N N N N N N «
Data: ISTAT

As it can be observed, on average the large portion of expense is for electricity power
and gas from grid at household level, while other energy fuels as gas in tanks, kerosene,
gasoline and other liquid fuels and finally fuelwood accounts for a minor.

More than the absolute values are interesting to see the percentage variation along the

data series for the different fuels and energies. This is showed in Figure 30.
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Figure 30: Percentage variation for different fuel/energy at household level
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As seen, since the beginning of the data series, electricity, gas from grid and fuelwood
are showing an increase, while gas in tanks and kerosene and liquid fuels are decisively

decreasing in terms of use.

5.2 An estimation of the fuelwood consumption at household
level

For the estimation of the fuelwood consumption at household level, we used the data on
the expenditure gathered from the survey analysis and calculate the quantity using a Consumer
Price Index (CPI) of firewood. In the survey our focus vari abl e was Afuel wood
(l&gna da ardere e carboneo ) , however, i n order to facilitat
considered charcoal because it results from the Italian National Energy Balance (BEN) to play a
minimal role in households terms, the 0.03% (BEN, 2012). The results of the calculation are
showed in Table 27.
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Table 27: Estimation of fuelwood consumption at household level 1997-2012

Year Total fuelwood consumption
1997 8,497,425,30
1998 8,114,044,51
1999 9,431,447,58
2000 8,606,807,85
2001 8,665,090,08
2002 7,553,379,53
2003 7,773,099,44
2004 8,219,301,57
2005 9,175,167,15
2006 8,788,838,57
2007 9,109,559,73
2008 9,899,621,69
2009 9,156,169,66
2010 11,010,957,59
2011 10,076,731,11
2012 10,491,321,85

From our calculation, the consumption of fuelwood in 2012 was nearly ten and half

million tons (10,491,321.85 tons). The historical trend, which is alike the one for expenditure

(Figure 27) is shown is Figure 31.

Consi

Figure 31: Fuelwood consumption at household level trend
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stency assessment by the exper tasdnentioaed e |

previously, special attention has been given in presenting this estimation to the panel of expert

in the context of the consistency analysis (see Chapter 4.2).
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The results of the reliability assessment are showed in Figure 32. As it can be observed,
the opinions of the respondents toward the estimation resulting from the ISTAT survey analysis
are very diverse. Three expertsconsi dered the estimation fAsuffic
Apoorly reliableo, and two as not reliabl e at
mainly because of the source from which the survey was carried out, another one did not

express any opinion.

Figure 32: Consistency analysis of our estimation based on ISTAT survey

Strongly
reliable
3
| don't know:. Suffl_eC|entIy
reliable
Not reliablée Poorly reliable

Focusing on the comments that emerged, Hellrigl considered it a good estimation
b e ¢ a ugeneralli the data obtained from the consumer standpoint are likely to be less biased
than the ones from the sellerside6. On t he ot her hand, Theesstmaaeset t i
is not very reliable mainly because of the scale of the survey (that had fuelwood just as one
among hundreds variables), it is very difficult to homogenize and coordinate such large survey,
especially with information on expenditure level which is a delicate topico .
Interesting is also to compare the results obtained from the analysis and from the
calculation with the results from some of the survey conducted in the last years and presented in
the previous section (Chapter 4.1.3). With regards to the different results obtained from the
analysis of the survey in terms of number of households using fuelwood and expenditure level,
we can draw the following considerations:
A Concerning the number/percentage of households using fuelwood, three survey carried
out in the last years provide this informat.i
this was 22% (biomass); FLA Lombardy considering just the regional population, showed
that the percentage of households using fuelwood was 25%. ARPA (2006) found that
20% of the households were using woodfuels at least four times per year. From the
analysis of this | ST A Tuéeholds usingffuelwood it aonsidesabiyp e r o f

lower than what these mentioned surveys showed. A comparison is presented in Figure
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33, showing the result from the | STATOGs
various surveys. As showed there is a considerable discrepancy. However, both ENEA
and FLA surveys reported that respectively the 47 and 50% of the households consumed
fuelwood from self-production. This element can partially explain the discrepancy, as we
assume that in the ISTAT survey, where the household are required to compile a monthly
expenses registers, the self-consumption does not emerge.

Figure 33: Comparison of fuelwood users estimations

% of households ISTAT survey (in the
Reference year )
using fuelwood same year)
ENEA 1999 22% 6.03%
FLA Lombardy 2004 25% 4.54%
ARPA 2006 20% 4.72%

This expenditure level resulting from the ISTAT survey of 1,945,091,070 Euros does
match to the value suggested by Ciccarese et al. (2012), reporting that from the
estimation of an internal consumption of logwood (firewood) as energy source of 19
million tons (APAT/ARPA, 2006), the economic equivalent results in of nearly 2 billion
Euros.

Concerning then the tentative estimation of the consumption on the bases of the expenditure

level resulting from the survey analysis, we can observe:

A

If we compare them the result of our calculation with some of the results of the
estimations made by other studies some differences emerges. For instance, the ENEA
survey in 1999 estimated a total consumption of 14.60 million tons of biomass at
household level, 19 Mt (woodfuels) by ARPA (2006), 22.60 Mt by Marazzi et al., (2006)
(firewood), and finally 22.25 Mt from the presented recent AIEL study (woodfuels). Even
though the value obtained of 10.50 million tons of fuelwood is to be considered as very
high given the type of survey from which the information has been calculated, this is

evidently low if compared to the other estimations. See Figure 34.
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Figure 34: Comparison of household fuelwood consumption estimations

Source target Methodology used Year Estimation
ENEA Biomass in Phone interviews to a representative 1999 14.60 Mt
general sample of 6000 households

Phone interviews to a representative

APAT-ARPA Fuelwood sample of 5000 households 2006 19 Mt
Extrapolating at national level the data
Marazzi et al., Fuelwood on the FLA Lombardy regional survey 2006 22 60 Mt

2006 (based on a 32500 household sample
using guestionnaires)

Calculated based on the residential

AIEL, 2014 Woodfuels hearting appliances and boilers 2014 22.25 Mt (19 mt only

. firewood)
capacity
Our Calculated based on the
estimation expenditure level resulting from
onistat ~ ruelwood the | STAT fsur 20%2 10,50 Mt
data (2012) consumption by

However, before drawing conclusions on the estimation, some considerations on the
survey structure with regards to the variable analyzed have to be considered. Firstly, it has to be
remembered that the survey was based on information provided by households by compiling an

weekly expenses register, So, we can assume that selff-c onsumpti on (as i

t

does

direct costs) is not registered by the househol ds

through informal market channels might have been included by many households. This is
important because it has been showed by the ENEA and FLA Lombardy surveys the self-
consumption often accounts for half of the fuelwood consumption. Secondly, it has to also be
considered that no information is provided whether only the expenses for firewood are registered
or also other woodfuels (pellets and briquettes). This is because the variable does not have sub-
categories or specifications fields, and thus it can be considered as an important limitation in the

guantity calculation.
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6. A tentative estimation of the production levels
based on expertsd opinion

In this chapter the results of the Delphi survey questionnaires conducted involving a
panel of experts in order to tentatively estimate the production levels of woody biomass in Italy
are presented. This Delphi survey was undertaken in two rounds, an approach that enabled us
to balance an aimed consensus and al s @reliminacyu si ng ¢
results of the first Delphi questionnaire round are showed in the first section (6.1). In the
following section are then presented the final results emerged from the second round, in which
the panellists were asked to review the preliminary outcome and revise their estimations on the
base of their agreement or disagreement, as in a consensus-process (6.2). At the end, an

overview of the results and some considerations are presented.

6.1 Preliminary estimations resulting from the first Delphi round

In the first round of the Delphi survey was asked to the panellists to provide, on the
bases informative framework showed (as collected from the literature review in Chapter 4.1) and
of their personal knowledge and experience, a preliminary estimation of the internal production
from forest and trees outside forest woody biomass harvesting (in the form of value or range of
values).

The market flows were based on a simplified market flow chart with four sections: a)
Import, b) indirect supply from industry (and post-consumption used wood), c¢) Energy
consumption, and d) Internal production (See Figure 35). So, the estimation was subjected to a
constrain, as in an analytic balance:

With this approach the panellists were constrained to provide an estimation of the
internal production of woody biomass for energy, taking into consideration also the rest of the
market components. Furthermore, this permitted us to analyze specifically the main areas of
agreement or disagreement and which are the critical elements of uncertainty and inconsistency.

In the following pages the outcome of the first round questionnaires are presented and
briefly discussed in the following order:

A Import,

A Indirect supply from industry (and post consumption used wood),
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A Energy consumption,
A Internal production.

The results are here represented with the mean, the median, the range of estimates and

the standard deviation (0) to measure the amount

Figure 35: Market flow chart used for the estimation purposes
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Import. With regards to the import the results of the first round preliminary estimation by the

panel of expert are presented in Table 28.

Table 28: Results from the first round estimate for import

a) Import
Respondents rate 70%
Mean 4.10 Mt
Median 3.50 Mt
Range (min-max) 2-10 Mt
Standard Dev 1.971

As showed, an estimation was provided by the 70% of the experts, while the other
panellists declared not to have enough experience to provide a figure for the import flow of
woody biomass for energy. The mean value is 4.10 million tons per year, and the median 3.50
Mt. The range of the estimations provided goes from a minimum value of 2 Mt to a maximum of
10 Mt, with a standard deviation of 1.971.

In the motivations behind the given estimations some important elements have been
rai sed. Romano f or thé avalabk dataeare oleatlyauaderdstimated, dind this

is due to the presence of illegal or non-registered import and the lack of an efficient and
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coordinated monitoring and control system. Moreover, it is complex to know the end use of the
imported raw material (i.e. chips). Considering these elements, | think it is realistic to increase by
a 30% the official values. Based on the FAOSTAT data (the most complete) we would obtain
3.159 Mto . Anot her eXppot n foshempattwe dn think about a value two
times larger the official one. The underestimation is mainly due to the incompleteness of the
basic trade information on which the final value is built. It is likely that import flows from
neighbouring EU countries are not registered due to the low levels of control in the free-trade
area inside the UE. Moreover, there is a significant quota of not registered biomass import from
non-EU countrieso . Ciccarese added t othetdhta are likayl te he nt s
underestimated also because they don't register the quantities of biomass imported to fill
biomass burning plants, a phenomena highlighted also by some media. 6 And finall vy,
not es therd might @ an increase in pellets imports and other raw material for energy
purposes not registered or registered under different categories (for example wood chips for the
use in large scale biomass plants registered as woody compost)o .

In addition, a close-ended question was added to the questionnaire concerning the

i mport: AHow i mportant ar e -regstergdomdady biomassiinponed t he |

t

F

e

in the Italian internal mar ket 20 The responses ar

Figure 36: Responses to question 1

Very high
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| don't kno Rather high
ot very
Irrelevant high

As showed they are rather discordant. Four experts said not to know about the situation,
three experts consider fAretghert elmieghditoma sis mp @ wto

very highodo and just one as fivery higho.

Indirect supply. The results concerning the preliminary estimation of the flow of indirect supply
of woody biomass from industry (including post consumption used wood) are presented in Table
29.
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Table 29: Results from the first round estimate for indirect supply

b) Indirect supply

Respondents rate 60%
Mean 4.27 Mt
Median 4.50 Mt
Range (min-max) 1.50-7.73 Mt
Standard Dev 2.563

The respondents were in this case 60% of the panel group. The mean estimation
resulted to be 4.27 million tons, with a median of 4.50 Mt. The range goes from a minimum of
1.50 Mt to a maximum of 7.73 Mt, with a standard deviation of 2.563.

Several points were highlighted in the comments. Hellrigl c 0 mmethat deedto the
complexity of the value chain and the diversity of production processes, this value is difficult to
guantify. However, | think that in average by-product, residues and wastes from the wood
processing are about the 20% of the raw material inputo . Romano comtneflovwisd t hat
the more difficult to quantify and the information available are not coherent and reliable.
However, the current value is in my opinion underestimated of at least a 30%0 . Paniz noted
fthe crisis that is affecting the wood processing industry since several years make us think of a
relevant reduction also in terms of residues and wastes produced and available for energy use 0
motivating a relatively |l ow estimate. thdOrharkdthe sam
contraction due to the economic crisis affecting the timber industry in these years affected
negatively the amount of residues and wastes available.o On contrary, Tomass
proposed a higher e sa.aloeadr tiee,ranga ®ft4i6\WMais reasondble & we 0

include also the woody agro-food industry residues and wasteso .

Consumption for energy: for what concerns consumption of woody biomass for energy

the preliminary estimation results are showed in Table 30.

Table 30: Result from the first round for energy consumption

c) consumption

Respondents rate 70%
Mean 22.16 Mt
Median 22.50 Mt
Range 9-30 Mt

Standard Dev 7.249

For this section, the respondentsd6 rate was t
resulted a mean estimate of 22.16 million tons and a median of 22.50 Mt. However the range of

estimation is very large, from a minimum estimation of 9 Mt to 30 Mt, resulting in a very high
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standard deviation of 7.249. Among the motivations, it has been reported by Paniz that
fconsidering the observed spread of biomass-burning appliances and the growing number of

fuelwood selling enterprises, there is for sure a relevant growth in the market, probably also as a

decrease of self-consumptiono . Mor eover it has Dbeen fhailgshol iigr ttehdi

case the data are evidently underestimated due to the lack of information on residential
consumption. In this case, the data provided by AIEL seems the most reliable, although I

suppose that the consumption levels of woody biomass are even over 30 Mt/yearo . Gottero,

linewi t h the previous c otmnaege tonsuneers pbwael prarts) CHP leta.) i
are well monitored, but in some regions there is an important lack of data on household
appliances, which often consume more than the double of what official statistics registero .
Finally, anot her at xspdificutt to quardify the ¢oesdmptiorh lzased dn the
personal knowledge and experience. However, even considering the most reliable studies (i.e.
AIEL), I think it is not possible at the moment to find an even balance (where demand=supply). It

is thus necessary to conduct more detailed surveys on the internal production of fuelwood, on

the import and on the real energy produced i ( Expert 1) .

Internal production. The estimation of the internal production was the key variable of the

survey, derived by the other variables estimations. The results are presented in Table 31.

Table 31: Results from the first round for production

d) internal production

Respondents rate 90%
Mean 13.96 Mt
Median 12.50 Mt
Range 6-25 Mt

Standard Devi 6.736

I n this case the respondentsd rate was t he
13.96 million tons, with a range of estimations varying between 6 to 25 Mt. The median was of
12.50 Mt and the standard deviation results also considerable high, 6.736.

Interesting elements have been raised in the motivations. Mori explains the official data
under esti mat i o ntheiwood-snergyrsector iswaaiggly unrizgulated, rich of irregular
or extemporary market actors operating in local value chains, often not registering their sales.
Indeed, many forest owners and operators are also professional agricultural entrepreneurs,
getting advantaged with lump sum paymentso . Al so Got t eselfconsumptidn andt h at
the informal market plays an important role, at least in the north-western Italian regions.

According to some surveys that have been conducted on fuelwood consumption in Piedmont it
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results that the consumption level is about 400% higher than what official data show (the same
in Lombardy andFiAncasitlay ,hbV atlhl ee ye)xhaestinhated 12 Min3gaba@uido
Mt) should include, beside the official data, the underestimation of fuelwood removals from
forests by ISTAT and in addition the outside-forest and non-commercial productions (woody
crops, urban forestry etc.) estimated to be about 1 Mt and mainly self-consumed by farmers,
land owners etc.0

Moreover, with specific regards to the production, two closed-ended questions were
directly asked to the experts. The firstwasi How r el evant i s i-consyngpton
at household | evel concerning the fuel wood

the radar chart in Figure 37.

Figure 37: Responses question 2
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As showed, the majority of the experts (6) think that the self-consumption is highly
relevant in the production. One considers it as rather significant and three do not know about the
issue.

The second question was connected t o tthee

fuel wood supplied i n iResubbsrammprésentedin Fgere38c hann el
Figure 38: Responses question 3
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The majority of the experts think that informal market channels play a very important role
(6), reflecting what was highlighter also in the comments. Two other experts consider it as rather
important and two do not know.

The position of the experts in these two questions shows that the self-consumption and
informal market channels are perceived as very relevant in the woody biomass market and thus

as major limitations in data collection.

The overall view of the first round preliminary estimations is presented in Figure 39,

showing mean value and the range.

Figure 39: Overall estimations and variability resulting from the first round
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6.2 Second round outcomes and final estimation of the internal
production

The second and final round questionnaire was developed on the outcomes of the first
round. The experts, provided with a summary of the results from the preliminary estimations,
were asked to review and re-evaluate their estimates on the bases of the resulting mean
estimation and were asked to express an agreement or disagreement on the results, and in this

last case, revise the estimate as in a consensus process.
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The overall final responses are presented in Table 32. The Table is organized in four
sections: the first round mean estimation, the number of experts agreeing, disagreeing or not
making evaluations, the final mean with the variation from the previous estimates and, finally, the
new standard deviation, as a measure of the level of agreement of the panel. As one respondent
dropped out from the first round, the participants were nine.

Table 32: Overall results from the second round

Variation
1st round | I o do 2ndround from the Standard
mean agree don know final mean revious deviation
estimation 9 agree prey
estimate
a) Import 4.10 5 3 1 5.19 +1.09 1.593

b) Indirect supply from
industry (and post 4.37 6 2 1 3.78 -0.59 1.097
consumed wood)

c) Energy consumption 22.16 5 1 3 21.20 -0.97 2.367

d) Internal production 13.96 7 2 0 12.91 -1.05 2.637

Import. For what concern the import, five expert (out of nine) agreed with the mean estimate
resulting from the first round, one did not express any opinion, and three disagreed. All the three
experts disagreeing with the first round mean of 4.10 million tons, revised the estimate
increasing it, resulting in a new mean of 5.19 Mt (thus +1.09 Mt from the first). The standard
deviation was then 1.593, slightly lower than in the first round, when was 1.971. Among the
motivations of the experts increasing the estimation, Paniz proposed an estimation of 8 Mt
n ot i n gthe highaconsumption levels estimated presume also high import levelsd Romano,
reporting 7 Mt as quantity of i immpyoopirioa the immod
levels might be even highero .

Indirect supply from industry (and post consumption used wood). Concerning indirect
supply, six experts agreed, one did not express any opinion and two disagreed, both reducing
the estimation of 4.37 resulting from the first round. The new estimate resulted thus in 3.78
million tons, -0.59 from the previous, with a standard deviation of 1.097, compared to the

previous of 2.563. The two experts disagreeing, Paniz and Gottero, proposed both an estimate
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of 2 Mt, motivating that the recent economic crisis that has affected also the wood-processing
industry is inevitably resulting in a decrease of wastes and residues available for energy.

Energy consumption. With regards to woody biomass consumption for energy, five panellists
agreed with outcomes of the first round of 22.16 million tons of consumption. Three did not
express any opinion and just one disagreed (expert 1), revising the estimate to 16.37 Mt. The
new estimate resulting from the second round is thus 21.20 Mt, -0.97 compared to the previous
estimate. A new standard deviation of 2.367, significantly lower than the previous of 7.249,
showing a rather high level of agreement among the experts. Tomassetti, although agreeing with
t he esti mat edhcemingtheeongummid, n this result is the value of the estimations
made 15 years ago. Since then, the self-consumption is maybe the same, but it is evident that
the fuelwood market is more organized and has grown, thus also the fuelwood consumption
should have grown since then. There is then the issue of the calorific value, low for wood chips
(2000 Cal/kg), medium for firewood (3000-3300) and high for pellets (4400), and this has to be

taken into consideration in an energy balan

Internal production. Finally, for what concerns the key variable of internal production, all the
experts involved expressed an opinion. Seven agreed with the previous estimate of 13.96 Mt
while two disagreed, both lowering the mean estimate. The new estimate is 12.91 Mt, -1,05
compared to the first round, with a standard deviation of 2.637, also here considerably reduced
from the previous of 6.736. One of the two experts (Mori) was disagreeing and suggested
freducing the values of the internal production. If we consider the maximum from the range
resulted from the expertsd opinion (25 Mt),
considering that there are many protected areas where utilizations are limited, the value is
clearly too high. Assuming as an example the data on forest removals in Piedmont and Tuscany
and extrapolating them at national level we obtain 12.5 Mt. Even though, we have to consider
that there are some regions (as Basilicata and Sardinia) with a large forest cover but with a very
low utilization rate. Thus even 12.5 Mt is substantially an overestimation. However | leave this as
a new estimate as | don't have other elements to quantify the utilization rate of these regions.

The second expert (Expert 1) commentedthatii s not an easy matter

Even harder is to find a balance among the market fluxes (production=consumption-
(import+indirect supply from industry), and surely is not possible to attributing to the internal
production such a high value (probably obtained with an analytical subtraction, giving the priority

to the estimation of the consumption, which is reasonable). Thus, | stress the fact that the
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internal production can be at maximum 6 Mt (which would be the 100% more of the current
ISTAT data)o

The overall results are showed in Figure 40, as for the first round estimate the new mean
and range of difference of opinions are presented. As can be observed, the range of estimations
is relevantly reduced for all four the sections, especially for what regards indirect supply from
industry and consumption, while the variability is still rather high for import and internal
production. However, it has to be remembered that it is usual in a Delphi survey where, in each
succeeding round, the range of responses by the panelists normally decreases, and thus the
variability indicators.

Figure 40: Overall estimation and variability resulting from the second estimation
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A further analysis to facilitate a comparison

and the level of agreement (standard deviation) of the panel from the first to the second round is
presented in Figure 41. As previously presented, the only mean estimate that increased from the
first to second round is the import flow, but its standard deviation did not diminish significantly.
For the other three sections the mean estimate decreased slightly from the first to the second
round, and the standard deviation decreased considerably, especially with regards to

consumption and production.
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Overview of the results and discussion. Figure 42 presents the entire picture of the market

flow chart as resulting from the two rounds of the Delphi survey in which the experts were asked

firstly to provide a preliminary estimation based on their knowledge and experience and then, in

the second round, to review and revise their opinions on the basis of the outcomes from the

whole panel. Considering a margin of 0.68 Mt due to the revision process, the results show a

consumption level of woody biomass for energy in Italy of 21.20 Mt (varying between 16.37 and

22.17 Mt), deriving for 12.91 Mt from the internal woody biomass harvesting in forest areas and
outside the forests (range 6-13.96 Mt), 5.19 Mt from the import (rage 4.1-8.0 Mt) and finally 3.78
Mt from the indirect supply of wastes and residues from the industry (including post-consumption
used wood) (range 2.0-4.37 Mt).
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Figure 42: Market flow resulting estimation

On the basis of these results some considerations can be drawn:

A A clear discordancei n the individual preliminary expert :
by the high variability in the range values (2-10 Mt for import, 1.50-7.73 Mt for indirect
supply, 9-30 Mt for consumption and 6-25 Mt for internal production) and the high
standard deviation for all the four flows. This demonstrates the uncertainty in quantifying
the wood-energy market data.

A A reasonable level of consensus has been reached in the estimation of the indirect
supply from industry (and post consumption used wood) and energy consumption,
showing that a better quantification of these two flows has been reached. With regards to
the indirect supply from industry, this emerged as the most complex flow to quantify and
with less (or more dispersed) information. However, probably also due to the relying of
the experts on the only two estimations available (by ITABIA, 2008 and ENAMA, 2011),
the level of agreement in the second round was rather high (standard variation from
2.563 to 1.097). Concerning the consumption, a good level of consensus (considering
the large variability emerged in the preliminary results) has been reached in the second
round (with a significant reduction of the standard deviation from 7.249 to 2.367).
Anyway, it has also to be n adthedowasdtintthisasdction he r es
(70% in the first, and 66% in the second round).

A On the contrary, import and production showed the highest standard deviation (and less
relevant decrease from one round to the other) and so the lowest level of consensus

among the experts, as a demonstration of the complexity of the issue. Concerning the
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