
1. Introduction
In 2010, the Italian Min-

istry of Economic Devel-
opment published the Na-
tional Action Plan (PAN)
for Renewable Energy
Sources (RES). According
to the PAN, by the year
2020 a share of 17% of the
total gross energy produc-
tion in Italy has to be ob-
tained by RES, for a total
amount of 22,6 Mtep
(MSE, 2010). The Plan as-
signs a key role in achiev-
ing the national target to
solid biomasses: about 8%
of electricity production
and 50% of thermal energy
production, of the total
RES, will be related to sol-
id biomasses. Among solid
biomasses, woody bio-
masses are indicated as the
major component.

The quality of data on
which PAN estimations are
based is uncertain: indeed,
several surveys suggested
that the Italian amount of
energy-wood consumption is much higher than that indicat-
ed by official sources (Gerardi et al., 1998; Gerardi and
Perrella, 2001; APAT-ARPA, 2008; ARPA Emilia Ro-
magna, 2011). Moreover, the PAN provides no information
on biomasses import and export flows.

Two recent surveys came to the same conclusion: it is
likely that bioenergy production in 2010 was already high-
er than 5.25 Mtep, i.e. the 2020 target stated in the PAN
(Tomassetti, 2010; Pettenella and Andrighetto, 2010). The
underestimation of the actual biomass production is due

mainly to three reasons:
(1) domestic firewood
harvested amounts are not
correctly calculated; (2)
import and export flows
of chips and particles,
firewood and wood resi -
dues are not computed, al-
so because it is difficult to
separate the various final
uses of chips and residues
(energy, panel production
or pulp for paper) and (3)
recycled biomass from
post-consumer products
and industrial residues
used for energy purposes
are not taken into consid-
eration by PAN.

Due to its increasing de-
pendence on the interna-
tional biomasses market,
in 2010-2011 Italy be-
came the top worldwide
firewood importer and the
fourth country for the im-
porting of chips and parti-
cles and wood residues. In
addition, it is the main
European importer of pel-
lets for residential use

(Paniz, 2012). This situation leads to a variety of issues and
uncertainties arising with respect to environmental, eco-
nomic and social impacts of bioenergy domestic market de-
velopment, which seems to be the antithesis of the “short
value chain” that is a leitmotif of renewable energy and ru-
ral development policies. In particular, doubts arose about
the environmental sustainability of imported energy-wood
from countries like Australia, Argentina or Brazil, just to
mention some of the exports of such products to Italy.

Moving from this empirical evidence, concerns arouse
about the sustainability of such import flows, both in eco-
nomic (e.g. dependence upon foreign sources, incentives
inducing market distortions) and in environmental terms.
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loppement des chaînes d’approvisionnement locales sont enfin fournies
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The latter, particularly, regarded the possibility that the en-
ergy consumption due to the import chain could exceed the
benefits, namely the substitution of fossil fuels with more e-
co-friendly solid wood biomasses. It has also been argued
that, for some flows, the capability to check whether those
timber resources originate from illegal sources is weak.
Similar concerns spread out among the public, reaching a
vast audience (Casalini, 2010; Rowe, 2013).

At the same time, the “short supply chain” concept has
been increasing its relevance in the last years, with special
reference to the agricultural and food sector. The European
Commission (2011) proposed to define it as “a supply chain
involving a limited number of economic operators, commit-
ted to co-operation, local economic development, and close
geographical and social relations between producers and
consumers”, whereas Fondse et al. (2012) identified four
main criteria encompassing most of the existing definitions.
These are the following: (i) geographical proximity be-
tween suppliers and consumers, (ii) capacity to generate
added value and profit at the local scale; (iii) social equity
and balanced redistribution of revenues across the chain,
and (iv) environmental sustainability.

Thus, although a single definition doesn’t exist yet, the
theoretical framework is complex and goes beyond the
mere geographical criterion, and includes the sustainability
concept as well. This, again, is further split in its various di-
mensions, spanning from the legal, social, and environmen-
tal ones. Meaningfully, also the main forest certification
schemes, e.g. the Forest Stewardship Council® (FSC) and
the Programme for the Endorsement of Forest Certifica-
tionTM (PEFC) schemes. Particularly, FSC scheme states
that a responsible forest management shall be “environ-
mentally responsible, socially beneficial and economically
viable” (Forest Stewardship Council, 2009).

In Italy, Ministerial Decree DM 02/03/2010 states that, in
order to consider the supply chain “short”, the final energy
plant should not be located more than 70 km far away from
the biomasses production site, as the crow flies. Neverthe-
less, the only geographical criterion still does not seem suf-
ficient to describe the multitude concerning the social di-
mension, governance dynamics and the public utility, all of
them related to the short – and sustainable, supply chain
concept (Masiero et al., 2013).

2. Objectives
Starting from this framework, this paper is organized in t-

wo parts aimed at providing complementary information.
In the first part, Italian import flows of woody biomasses

suitable for energy use are analyzed over the period 1991-
2011. Here, the main objective consists in giving detailed
information on current and past import trends, since these
data had not been analysed and presented in such a format
so far.

In the second part the environmental impact of the import
flows has been estimated in terms of CO2 and CO2 equiva-
lent (CO2, CH4 and N2O) emissions. This estimation has
been limited to 2010. A Life-Cycle Analysis (LCA) has
been performed, considering all life-cycle phases of the im-
ported woody material, combustion for energy production
(heat or electricity) included. The aim of this analysis is to
determine whether, and to what extent, the increased trans-
port distance reduces the environmental sustainability of
these materials with respect to conventional fossil fuels. Fi-
nally, a comparative LCA has also been made considering
the ongoing import flows and a hypothetical local supply
chain. 

The main goal of this section is to finally reject the pre-
tended unsustainability of imported woody biomasses in
comparison with traditional fossil fuels, even though they
originate from Countries far away from final consumption
sites. Secondly, the analysis aims to estimate the possible
further lowering of green-house gases (GHG) emissions
that a shorter transportation system would allow, compared
with the current longer ones. A qualitative discussion con-
cerning some issues that should induce the policy system to
prefer and implement short supply chain comes along with
these quantitative estimations.

3. Material and Methods
3.1. Import flows

For the import flows analysis, data were taken from the I-
STAT (Italian National Institute of Statistics) website and
more precisely from Coeweb, the section dedicated to sta-
tistical data related to the Italian trade with foreign coun-
tries. Five good-categories were identified1 but they were
grouped in three different categories for easier understand-
ing: chips and particles, wood fuel (firewood) and wood
residues.

Coeweb database was queried to obtain for every year of
the 1991-2011 period the list of exporting countries and, for
each of them, the volume and the value of that flow. Tem-
poral patterns of these trade flows were also investigated,
both in a category-specific and in an aggregated way. Fur-
thermore, quantitative flows were divided according to the
geographical supply area: European Union countries (EU-
27) or extra-EU countries. In order to homogenize the se-
ries, EU-27 data have been considered since 1993, namely
before the actual entry into the Union of certain countries
(EU-25 in 2004, EU-27 in 2007). Economic values have
been expressed in real terms, referred to the year 2011, us-
ing annual coefficients provided by ISTAT on consumer
prices for families of workers and employees. The average
unit price of the imported materials has been obtained from
the ratio between economic values and quantitative
amounts.

Temporal patterns (quantitative stability, duration, diver-
sification) of supplying countries have been investigated.
Only the most interesting results will be discussed: among
others, the recent appearance of “anomalous” quantitative

1 We considered the products classified under the “Harmonized
System” (HS) with the codes: 440121, 440122, 440110, 440130 and
440500.
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flows and the progressive increase in the number of coun-
tries exporting woody biomasses to Italy, both occasionally
and stably (namely, on the basis of an empirical criterion,
those countries supplying material for ≥ 4 consecutive
years).

Throughout the 1991-2011 period, for every quantitative
flow of each good-category, the Gini index and Herfindahl-
Hirschman index have been calculated. Values of both con-
centration indexes range from 0 to 1. The Gini index meas-
ures the quantitative homogeneity between different flows:
value 0 indicates an equidistributed situation, i.e. when
every supplying country exports the same amount; value 1,
instead, proves the maximum possible dishomogeneity, i.e.
just one exporting country. The Herfindahl-Hirschman in-
dex is usually used to express the market power of firms, in
relation to the size of the market, as an indicator of their
competitiveness. In this case, the index is defined as the
sum of squared market shares of each exporting country,
where shares are expressed as a fraction of the total. Note
that, by squaring market shares, the final index value is
strongly affected by countries with high export amounts.
Low index values   mean a large number of supplying coun-
tries with small market shares, whereas values   close to 1 in-
dicate high concentration levels, up to the single exporting
country situation (value = 1).

3.2. Life-Cycle Analysis
Emissions of greenhouse gases (CO2 and CO2 eq.) relat-

ed to woody biomasses importation have been estimated for
the year 2010; the analysis has been limited to flows re-
sponsible for 95% of the total imported volume, for each
good-category: therefore, countries from which Italy im-
ports very small amounts of the total were excluded.

In order to perform the life-cycle analysis, the software
“GEMIS” (Global Emission Model for Integrated Systems,
implemented by Öko-Institute.V. Darmstadt), version 4.7,
has been used. Some data and coefficients reported in the
literature have also been used. Analyses were carried out by
using already defined flows, processes and their combina-
tions (systems) available in the GEMIS database. When
necessary, links between different processes and system
boundaries have been modified, in order to obtain specific
emission values   for each life-cycle phase, instead of a sin-
gle final aggregated value.

With regards to wood fuel, emissions related to silvicultur-
al treatments, cutting and storage were considered. In this
case, in GEMIS emissions are expressed as CO2 and CO2eq.
kilograms emitted per unit (1 kg) of produced dry matter
(d.m.). Emissions also differ according to the tree species. So,
beech and spruce were selected as representative of deciduous
and coniferous species, respectively. Therefore, the quantita-
tive shares of hardwood and softwood were assumed to be e-
qual to those precisely provided by ISTAT for chips and par-
ticles (HS codes: 440121 and 440122). In order to calculate
the exact amount of dry matter, it was assumed that the im-
ported wood fuel had a 20% moisture content.

The same processes were considered for chips and parti-
cles and a 30% moisture content was assumed. In addition,
emissions related to the chipping process (99% efficiency)
were calculated. In this case, emissions in GEMIS are ex-
pressed as CO2 and CO2eq. kilograms produced per unit of
processed energy (1 MWh), in relation to the low heating
value of wood chips (kWh/kg). 

Emissions related to wood residues can be split in two
parts, namely those identified by the two HS codes adopted
(440500 and 440130). No emissions have been referred to
sawdust production (440500). Instead, for the other part
(440130), emission coefficients indicated by Elsayedet al.
(2003) in Carbon and energy balances for a range of bio-
fuel options were used (transport share has been subtract-
ed). The cited work doesn’t provide emission coefficients
for gases other than CO2. So CO2 eq. emissions were ob-
tained assuming CO2 emissions equal to 91.9% of the total
amount; this share was chosen in analogy with the chipping
process.

Various combustion processes were used that differ by
their efficiency rate, fuel needed, output provided and
process power: 10 kW for wood fuel or 1 MW for chips and
wood residues for thermal energy production and 30 MW
for chips and wood residues for electricity production. In
addition, CO2 eq. emissions were estimated for a cogenera-
tion process (51.3% thermal energy and 48.7% electricity
as outputs): in this case power equals 14 MW and chips and
particles and wood residues are used as fuels. 

Then, for each good-category, emissions   related to the
transportation phase were added. In order to make the esti-
mation possible, it was necessary to identify and/or to hy-
pothesize some basic variables, like the departure point
within the national boundaries of each exporting country,
the final (arrival) destination in Italy, the distance covered
and the means of transport.

Due to the impossibility of having a detailed map that i-
dentifies timber-supplying areas for every country, the de-
parture point of wood produced in European countries (ex-
tensive geographical criterion) was assumed as correspon-
ding to the geographical barycentre of each country. In or-
der to individuate geographical coordinates, the GIS-soft-
ware AdBToolBox, Version 1.6.4., was used. If necessary,
the departure point has been approximated to the nearest
available roadway (maximum distance as the crow flies: ap-
prox. 5 km). In the case of extra-European origins, a depar-
ture port has been identified for each country on the basis of
geographical criteria and with regard to the prominence of
the eligible ports in the national maritime trade. In this case
geographical barycentric coordinates were not adopted due
to the high probability that chips and wood residues produc-
tion takes place in facilities located near the port, while fire-
wood export flows to Europe are close to zero.

Geographical barycentric coordinates were used also to i-
dentify the final destination in Italy, on a regional basis, in
order to allocate imported quantities among the Regions.
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Firewood distribution was based on data provided by the
Final report on estimated firewood consumption for heating
and domestic use in Italy (APAT-ARPA, 2009) and, in the
case of values   referred to macro-regions (e.g. Triveneto),
the individual regional values were obtained   by weighing
Regions according to their population (data provided by I-
STAT, 2010). The regional distribution of chips and parti-
cles and wood residues was instead based on the “Import of
wood and wood products” index, provided by ISTAT and
updated to 2007. For maritime transport, arrival ports have
been chosen as those with the greatest “solid bulk goods”
flows (data provided by CONFETRA, 2009) and assuming
that they should be reasonably close to the final regional
destination. Applying these two criteria, the port-Regions
combinations shown in Table 1 were found.

The overall transportation distance has been calculated on
the basis of the means of transport presumably used. Accord-
ing to a study conducted by the Fraunhofer Institute for Ma-
terial Flow and Logistics, “road-rail” intermodal transporta-
tion is cost-effective (and convenient) for distances above 300
km (Eiband, 2009). Assuming this break-even point as reli-
able, we evaluated each flow to identify which transportations
would be intermodal, by using common distance-calculator
tools available on-line. So, with transportation distances be-
low 300 km, only road-transport has been considered, where-

as with longer distances an intermodal road-rail transport has
been considered. Table 1 shows a combination between rail
terminals and Italian Regions, identified on the basis of geo-
graphical proximity. In the case of maritime transport, the
transportation distance has been estimated as the shortest
route between the departure and arrival ports. Both for rail
and maritime transport, the final transportation by truck from
the arrival port or rail terminal to the final regional destination
has been added, increased by a fixed 50 km value in order to
account for the initial collocation of the material at the depar-
ture terminal. Table 2 summarizes the procedure adopted in
the transport distance identification for each import flow and
the respective means of transport considered. In order to cal-
culate emissions related to the material transportation, coeffi-
cients provided in 2010 by the British Department for Envi-
ronment, Food and Rural Affairs (DEFRA) were used. They
indicate the CO2 and CO2 eq. amount (kg) emitted carrying
one material unit (1 ton) for one kilometre, with respect to d-
ifferent means of transport. They refer to a >10,000 tons dead-
weight cargo ship, a diesel/electric train and to an articulated
truck whose emissions correspond to the mean of emissions
produced by articulated vehicles of different tonnages (from
3.5 to 33 t). All coefficients express the sum of direct and in-
direct transport-related emissions (“all scopes” option).

The same road-transport emission coefficient has been used
to estimate how many emissions would be produced by trans-
porting the same biomass amount over a 100 km distance.
The difference between the emission amounts related to the
long- and short-distance transportation   corresponds to the e-
mission increase due to importing biomasses over long dis-
tances, instead of implementing local supply systems and
short distribution chains.

Finally, the differences between the emissions produced by
using fossil fuels and imported woody biomasses, for the same
amount of energy production, have been estimated. This com-
parison has been performed both for thermal energy and elec-
tricity production, by making use of appropriate processes
available in GEMIS database. Oil and natural gas were the fos-
sil fuels considered for the thermal energy production process-
es, while coal and natural gas were adopted in the electricity
production processes. Cogeneration process has been excluded
in this evaluation due to the lack of similar or comparable
processes involving biomasses and fossil fuels in GEMIS.

4. Results
4.1. Import flows

Temporal patterns and trends
of quantitative Italian imports
of firewood, wood residues, and
chips and particles show that
flows of each category have
strongly increased since the be-
ginning of the investigated peri-
od. They also suffered an appre-
ciable drop between 2005 and
2008 (Figure 1). After that rapid
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Albania, Serbia, Bosnia-H,Spain to 
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Whatever Ship Port (ad hoc) 50 
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>300 km Train 
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50 

Railway 

terminal 

(ad hoc) 

Regional 

geographic 

barycentre 
Europe 

<300 km Truck 

National 

geographic 

barycentre 

0 - 

Regional 

geographic 

barycentre 

Regions Harbours Railway terminals 

Valle d'Aosta, Piemonte, Liguria Genova Torino Orbassano 

Lombardia Genova Milano Certosa 

Trentino Alto Adige, Veneto Venezia Verona Quad. Eur. 

Friuli Venezia Giulia Trieste Verona Quad. Eur. 
Emilia Romagna Ravenna Bologna Interporto 

Toscana Piombino Livorno Guasticce 

Umbria Ancona Livorno Guasticce 

Marche Ancona Bologna Interporto 

Abruzzo Ancona Pescara PortaNuova 

Molise Napoli Pescara PortaNuova 

Lazio Civitavecchia Roma Smistamento 

Campania Napoli MaddaloniMarcianise 

Basilicata Taranto MaddaloniMarcianise 

Puglia, Calabria Taranto Bari Ferruccio 

Sardegna Olbia Livorno Guasticce 

Sicilia Messina Gela 

Table 1 - Combination between ports and Italian Regions in case of
maritime transport.

Table 2 - Summary of adopted transport-related assumptions.
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Figure 1 - Imported quantities for each product-category.

Figure 2 - Imported economic values (in 2011 real terms).

Figure 3 - Italian imports: cumulated quantities and economic values.

Figure 4 - No. of countries supplying solid bioenergy products.
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decrease, wood residues and firewood had a new positive
growth trend. Wood residues import flows increased in a
particularly marked way: indeed, in 2010 and 2011 they
reached their maximum historical value. The increase of
wood fuel import flows was less marked, nevertheless the
current import volumes are close to the maximum value
recorded in 2006. The recovery of a growth trend appears
more uncertain for wood chips and particles imports.

Some explanations of these trends include the increasing
costs of conventional fossil fuels and the public incentive
policies to support the use of renewables. Furthermore, bio-
mass-based energy plants and stoves are becoming more
competitive thanks to the developments of burning tech-
nologies and more advanced distribution channels. Also the
long-term trend in cost reduction through substitution of
solid wood with reconstructed panels is stimulating the de-
mand for chips and low-quality wood raw material. 

Similarly to the quantitative flows, economic import val-
ues   (expressed in real terms referred to the year 2011) also
significantly increased over the period (Figure 2). Econom-
ic values of wood residues started to sharply increase after

the 2006-2008 downturn; in 2011 they reached their high-
est historical value; the highest value was also recorded for
firewood but, in this case, the increase was less marked. Al-
so for economic values, recovery after the 2006-2008 de-
crease is more uncertain for chips and particles than for the
other two good-categories.

The average unit values (€/t) of imported materials (2011 re-
al-term values) increased for each good-category: this means
that the growth of unit values was faster than the increase in
imported quantities. This current trend is the opposite to that
for chips and particles and wood residues in the first half of the
time series. The fact that the economic increase has been more
significant than the quantitative one is demonstrated by Figure
3. The historical peaks of both economic and quantitative ag-
gregated values were registered in 2011.

It is interesting to analyse the concentration and diversifi-
cation processes of Italian trading partners: the number of
supplying countries increased over the time series (Figure
4). The share of woody biomasses imported from EU-27
countries has a negative trend, as shown in Figure 5: the av-
erage value decreased from about 90% of the total amount in
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the early 1990s to the present value of about 65%. However,
the overall trend is influenced by the good-category specific
ones: a progressive decline is particularly noticeable for fire-
wood. 

The Herfindahl-Hirschman Index and Gini Index displayed
different trends over time, as shown in Figure 6: Gini Index,
although fluctuating, remained broadly stable over the time
series, whereas Herfindahl-Hirschman Index actually
dropped, rising again recently to an appreciable extent only
for chips and particles.

With regard to the duration of trade relationships between I-
taly and each supplying country, an increase in “stable” rela-
tions (lasting for ≥ 4 consecutive years) has been detected for
wood residues and chips and particles. In the meantime, the
total number of countries from which Italy imports the woody
biomasses also gradually increased. A quite relevant turnover
in business partners has only been found for wood fuel: their
number globally increased, but several past partnerships have
been discontinued and new ones established.

An interesting phenomenon has been detected concerning
the quantitative flow stability of each exporting country over
time. Since 2003, several countries have had sudden “peaks”
in export flows, especially with regard to wood residues and
chips and particles. The “average flow” of these countries is
usually characterized by low quantities and economic value.
Nevertheless, they have suddenly increased their exports for a
single year or for a maximum of two consecutive years, then
immediately returned to the usual low quantities. In some cas-
es, these peaks were sufficiently abnormal to make the re-
spective flow first for importance in that single year, in both
quantitative and economic terms. For example, in 2005 the U-
nited States provided 24.4% of total Italian wood residues im-
ports, but no more than 0.1% in 2006. It has been noted that
this phenomenon usually occurs for extra-European countries.

4.2. Estimation of emissions
For each good-category, CO2 and CO2 eq. emissions (t)

produced during the life-cycle were estimated. These esti-

mations refer to the phases prior to combustion (Table 3 –
section A) in addition to the combustion phase, considering
both thermal energy and electricity production processes
and also a cogeneration process (Table 3 – section B). E-
missions related to the entire life-cycle of different fossil
fuels are listed in Table 4.

Comparisons were made between life-cycle emissions of
fossil fuels and woody biomasses; they seem to be particu-
larly favourable to the latter, as shown in Table 5.

Finally, emissions related to the biomasses supply were
estimated, both in the situation of long-distance import and
assuming that the same amount of imported material was
subject to a 100 km transport distance, covered   by truck. In
the first case total emissions amounted to 132,704 CO2 eq.
tons and 124,932 CO2 tons, whereas in the case of local
supply chain these amounts lowered to 31,037CO2 eq. tons
and 30,684 CO2 tons (Table 3 – section C).

Figure 5 - Imports from EU-27 Countries in respect to the total import:
product-categories (black lines) and total average value (grey line).

Figure 6 - Trends by each product-category of the value of Gini Index
(grey lines) and Herfindahl-Hirschman (black lines).

Section A – Emissions produced prior to combustion (t) 

 
Kind of 

emissions 

Sylvicultural 

operations 

Chipping 

process 
Transport 

Total amount prior 

to combustion 

CO2 eq. 9,076 - 30,962 40.038 
Wood fuel 

CO2 8,715 - 29,205 37.920 

CO2 eq. 8,521 9,234 36,138 53.893 
Chips and particles 

CO2 8,182 8,491 34,039 50.712 

CO2 eq. 27,086 65,603 92,689 
Wood residues 

CO2 25,067 61,688 86,755 

Cogeneration 

(Chips + Residues) 
CO2 eq. 44,841 101,741 146,582 

Section B – Biomasses: combustion phase-related emissions 

CO2 eq. emiss. (t) 
Fuel 

Energy 

produced 

Low heating 

value (kWh/kg) 
Power 

Efficiency 

(%) CO2 emiss. (t) 

38,465 
Wood fuel Heat 4,033 10 kW 67.0 

10,882 

92,856 
Chips + Residues Heat 3,496 1 MW 85.0 

76,812 

29,257 
Chips + Residues Electricity 3,496 30 MW 34.9 

10,146 

36,273 
Chips + Residues Cogeneration 3,496 14 MW 59.9 

--- 

Section C – Emissions related to biomasses transportation (t) 

 
Kind of 

emissions 
Wood fuel 

Wood 

residues 

Chips and 

particles 

Biomasses total 

amount 

CO2eq. 30,962 65,603 36,138 132,704 Real assumed transport. 

(ship, train, truck) CO2 29,205 61,688 34,039 124,932 

CO2eq. 7,323 16,120 7,594 31,037 Short transportation 

(100 km by truck) CO2 7,240 15,937 7,507 30,684 

CO2eq. 23,639 49,483 28,545 101,666 Difference 

(Real T. – Short T) CO2 21,965 45,751 26,532 94,248 

Table 3 - Emissions produced by each biomas life-cycle phase.
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5. Discussion
5.1. Import flows

The data clearly indicate a strong increase in Italian im-
port flows of woody biomasses suitable for energy purpos-
es: their total amount, both quantitatively and economical-
ly, is currently at the highest historical value. Nevertheless,
in the first five years of the last decade, import economic
values increased more than quantitative flows, so the aver-
age unit value increased. Wood residues had the strongest
increase: the trend is still rising, as well as the trend for fire-
wood. Increase of chips and particles imports has been on
high levels until 2005 but, contrary to what happened to the
other two good-categories, chips and particles did not es-
tablish a new, well-defined growth trend after the 2006-
2008 drop.

The number of supplying countries also increased over
the period and, moreover, trade partnerships were estab-
lished with new countries. The Gini Index indicates that im-
port flows continued to differ a lot in quantitative (and eco-
nomic) terms over the time. In other words, different flows
in homogeneity remained high. In the meantime, as sug-
gested by the Herfindahl–Hirschman Index trend, the mar-
ket share of the main supplying countries reduced over
time.

A significant increase of woody biomasses imports from
foreign countries raises doubts about the ability of Italy to
secure economically and quantitatively stable supplies in
the medium and long term. In fact, it has been suggested
that European timber demand could exceed the internal
supply capacity by 2025 (Mantau et al, 2010). As a conse-
quence, the biomasses amount placed on the international
market could reduce, due to the priority of some currently
exporting countries to satisfy their own domestic needs: the
competition in the purchase of materials could increase, as
well as prices, resulting in a further escalation of the exist-
ing conflict between the wood processing industry and en-
ergy sector.

Data provided by EUROSTAT in 2009 also contribute to
raising concerns about the increasing Italian imports from
foreign countries: in 2005, forest areas available in Italy for
wood supply covered 8,922 M ha, with an estimated annu-
al increase of 38,320 M m3 (average: 4.3 m3/ha). At the
same time, wood harvested amounts were found to be

10,105 M m3, equivalent to only 26.4% of the annual in-
crease. Even in the case of a marked underestimation of for-
est operations with respect to those actually carried out
(Corona et al, 2007), margins for increasing domestic wood
supply would remain very wide.

5.2. Estimation of emissions
The results suggest that the use of the total woody bio-

masses amount in energy production processes would be re-
sponsible for the emission of 317,941 CO2 eq. tons, of
which 263,081 t referred to CO2. By using chips and parti-
cles and wood residues in the cogeneration process, despite
the lower efficiency, 182,855 CO2 eq. tons would be emit-
ted, namely 56,583 tons less than using those biomasses
just for thermal energy production. At the same time, using
them in an electricity production process would cause the e-
mission of 175,839 CO2 eq. t (147,613 CO2 t): in this case,
the emission value is particularly low thanks to the emis-
sion-reduction systems required for and implemented by
such power plants.

Estimates indicate that the use of imported biomasses,
rather than traditional fossil fuels, permits an emission-sav-
ing value between 0.88 and 2.9 M CO2eq. tons, depending
on different energy-generating processes and the elements
of comparison adopted. Therefore, the emission-saving val-
ue resulting from the replacement of fossil fuels is well able
to justify the woody biomasses importation, regardless of
the transportation distance.

The difference between emissions produced under the
supposed import conditions (distance, means of transport)
and those related to a transport distance of just 100 km e-
quals 101,666 CO2 eq. tons (94,248 CO2 t). This value in-
dicates that the longer transport distance of imported bio-
masses than that of a local supply chain, has a major impact
on the total life-cycle emission amount. However, this ef-
fect is not significant in relation to the emission saving
achieved by replacing fossil fuels with imported woody
biomasses in energy production processes: the order of
magnitude of this saving alone is in fact generally higher
than that of the increased environmental burden due to the
longer transport distance.
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Fossil fuels: complete life-cycle emissions 

CO2 eq. emiss. (t) 
Energy produced Fuel Low heating value (kWh/kg) Power Efficiency (%) 

CO2 emiss. (t) 

548,311 
Methane (35,584) 10 kW (86.0) 

486,189 

699,067 
Gas oil (11,842) 10 kW (85.0) 

691,295 

2,009,220 
Methane (35,584) 1 MW (87.5) 

1,793,243 

2,597,952 

Heat 

Gas oil (11,842) 1 MW (85.0) 
2,563,348 

2,491,714 
Coal (7,639) 700 MW (45.4) 

2,347,682 

1,159,254 
Electricity 

Methane (33,801) 450 MW (57.0) 
1,072,711 

Table 4 - Fossil fuels and energy typology: emissions across the whole life-cycle.

Comparison between life-cycle emissions: fossil fuels vs. biomasses 

 CO2eq. emissions (t) 
Energy produced Comparison 

 CO2 emissions (t) 

2,239,590 (methane emissions) – 

(biomasses emissions) 2,016,351 

2,979,078 
Heat 

(oil emissions) – 

(biomasses emissions) 2,991,562 

2,275,837 Coal emissions – 

(chips + residues emissions) 2,162,149 

943,377 
Electricity 

Methane emissions – 

(chips + residues emissions) 887,178 

Table 5 - Emissions produced by fossil fuels and woody biomasses du-
ring their entire life-cycle.
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6. Conclusions
This paper highlights that Italian import of woody bio-

masses for energy purposes strongly increased over the pe-
riod 1991-2011, in both quantitative and economic terms.
Wood residues is the good-category most affected by the
import increase. The number of supplying countries gradu-
ally increased, while the share of imports from EU-27
countries has been shrinking. Recently, single exporting
countries, particularly non-EU ones, have shown abnormal
export activities. Some forecasts for the European woody
biomasses market predict a demand exceeding available
domestic supply by 2025 (Mantau et al, 2010). This fact
and other economic, social and environmental considera-
tions suggest that the increasing Italian dependence on for-
eign supplies for its own woody biomass procurements is i-
nappropriate.

Estimates indicate that longer transportation distances
greatly affect the total CO2 and CO2 eq. emission amounts
with respect to those produced by a shorter supply chain.
However, in the case of imported biomasses, this heavier
environmental burden is not sufficient to conclude that re-
placing traditional fossil fuels with biomasses in energy
production processes is not environmentally sustainable.
These results suggest that, in the debate concerning import-
ed biomasses, perhaps excessive attention is given to the
“ecological footprint” of the transportation phase. In fact,
the energy efficiency (in addition to the economic efficien-
cy) of some transportation systems, e.g. maritime transport,
usually on specialized cargo ships, enables transport over
long distances with no strong effects on transport-related e-
missions. Truck transportation is instead characterized by
the opposite situation: increasing transport distances lead to
higher emissions. Thus, in promoting short supply chains, it
seems preferable to place stress on different considerations
related to wood supply security in the medium- and long-
term.

First of all, the advisability of improving internal, small-
scale supply has to be considered, since the domestic wood
harvesting rate is by far lower than the annual increment –
as already mentioned in this paper. In addition, it is worth
to recall that domestic timber resources are mainly located
in marginal rural areas, with frequent processes of land a-
bandonment. In these areas, the development of integrated
strategies based on a more intensive use of forest resources
is most needed, so as to mitigate the severe issues due to
wildfire recurrence, insect outbreaks, snow and wind
throws.

Interestingly, the Italian Framework Programme for the
Forestry Sector (MIPAAF-INEA, 2008) already considers
many of these matters. Nevertheless, the Plan represents a
theoretical document aiming to make different regional
policies uniform and homogeneous. However, it does not
have a binding nature, and the lack of a consistent and har-
monized strategic vision still remains a weakness of the I-
talian forestry sector policy. The on-going programming

exercise for the Rural Development Plans (2014-2020) of
the Italian Regions and Autonomous Provinces is a chal-
lenging opportunity to achieve a better coordination of tar-
gets and measures. The forthcoming new European Union
Forest Strategy and solid biomass supply criteria will create
an improved and more concrete policy frame for this much
needed coordination.

Finally, it should be stressed that 345.08 M € (2011 val-
ue) could be saved in the national economic balance if lo-
cal supply chains would be activated, thus replacing current
biomasses importation flows. Unfortunately, a lot of energy
plants (even the recent ones) that use biomasses in their en-
ergy production processes are located in close proximity to
port facilities: this fact seems not to be in line with the
abovementioned considerations.
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