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1 Introduction 

1.1 Role of HWP in the Carbon Cycle 

Woody plants capture carbon dioxide (CO2) from the atmosphere through photosynthesis, releasing 
oxygen and part of the CO2 through respiration, and retaining a reservoir of carbon in living and dead 
biomass (above- and below-ground). At harvesting, whereas a portion of C contained in the logging 
residue (slash and other materials) is left in forest, a major part of the C is removed from the forests and 
remains fixed in the harvested wood products (HWP). 

HWP include all wood material that leaves the harvest sites: some of it is stored for a very short time 
period (e.g. fuelwood or mill residues that are burned in the year of harvest);  some is stored for a very 
long time (e.g., wood for sawnwood and used for long living wood products, such those meant for the 
building sector).  

At the end of their life cycle, wood products can be recycled, stored in land fills or used for generating 
energy, thus substituting fossil fuels.  

Because of this storage, the amount of HWP decaying could be less than the total amount of wood 
harvested, thus acting like a C sink. Important is not only the sequestration of carbon but also the 
substitution effect, when wood is used instead of other more energy intensive materials or for 
generating energy instead of fossil fuels. In addition, wood exploitation can contribute to the limitation 
of risks of C losses due to biotic and abiotic disturbances (such as forest fires, pests and diseases, etc.). 

Many studies suggest that at global level the storage of carbon in HWP is likely to be increasing, thus 
being important for mitigating the accumulation of green-house gas (GHG) concentration in the 
atmosphere (Winjum et al. 1998, UNFCCC, 2003).  

The question on how to account emissions or stock-changes for HWP in the context of the UNFCCC 
has been extensively discussed and assessed internationally. Different  approaches have been proposed 
and they differ in how they allocate emissions between wood producing and consuming countries, and 
in what processes they focus on (Brown et al. 1998, Apps et al. 1997, Winjum et al. 1998, Lim et al. 
1999).  

In the IPCC Good Practice Guidance for Land Use, Land-Use Change and Forestry (in shorthand, 
IPCC GPG for LULUCF) (Penman et al. 2003) three alternative approaches (stock-change approach, 
production approach and atmospheric-flow approach) are discussed in an Appendix (Appendix 3a.1 
Harvested wood products: Basis for future methodological development)  (Nabuurs et al. 2003).  

At the tenth session of the Conference of the Parties to the UNFCCC, the SBSTA invited Annex I 
Parties to provide data and information on changes in carbon stocks and emissions of GHG’s from 
HWP by the 1st of August 2005. It also invited Annex I Parties to submit, by 1 August 2005, updated 
data and information on HWP and on experiences with the use of the Revised 1996 IPCC Guidelines 
for Greenhouse Gas Inventories and the IPCC GPG for LULUCF to generate such data and 
information.   
 



1.2 GPG LULUCF 

As said before, in the IPCC GPG for LULUCF (Penman et al., 2003) the alternative approaches were 
further discussed in Appendix 3a.1. If, however, the HWP pool or pools are included in the basic 
national inventory system, they must be adapted to the same reporting framework with the present five 
pools (Nabuurs et al., 2003).  

In details, the three mutually exclusive alternatives for the reporting system are:  

Stock-Change Approach for HWP  

The carbon stock-changes in HWP, when summed with the stock-changes in the forest carbon pools 
will be reported as emissions/removals in the country where they occur. The HWP stock-change in a 
country could be estimated using either ‘transfers into and out of the HWP pool’ or the difference 
between the carbon stock of HWP at times 1 and 2, as outlined for dead wood in Chapter 3 of the GPG. 
Stock-changes are reported within national boundaries. Carbon stocks in products that are exported and 
used in another country will be considered in the calculation of the GHG inventory of that other 
country. 
 
Production Approach for HWP 

This approach is similar to the previous one. It differs in the treatment of traded wood products and 
takes only the domestic grown wood into account. Carbon stock-changes for exported wood products 
remain accounted for the wood producing country (or the country where the product was produced). 
Emissions/ removals are reported when but not where they occur.  

Atmospheric-Flow Approach for HWP  

Another conceptual alternative would be reporting based on atmospheric flows in which the exchange 
of carbon dioxide between the forest pools (including HWP) and the atmosphere is considered. A net 
CO2 flow from the pools to the atmosphere would be reported as the equivalent emission and a net flow 
in opposite direction as the equivalent removal. This, however, has to be applied to all pools not only to 
HWP1. To reiterate, the HWP approach cannot be chosen independently from the general inventory 
framework, i.e. a similar approach has to be applied both to HWP and the other pools in the 
LULUCF/AFOLU sector.  

Although the stock-change and atmospheric flow of a single pool are not the same (because transfers 
between pools are not recorded in the atmospheric flow approach), summing up the stock-change of all 
biosphere and HWP carbon pools globally would give the same result as summing up the atmospheric 
flows to these pools. The basic historical reason for reporting stock-changes instead of atmospheric 
flows is that it is in general easier and more relevant to estimate the carbon stock than atmospheric 
carbon exchange of the pool. For instance, forests go through a large exchange of CO2 with the 
atmosphere through photosynthesis and respiration, but our focus is on the net change over time of the 
forest biomass and the carbon contained in it. Similarly, HWP receive significant inputs from forests at 
harvest, and HWP release significant outputs of CO2 to the atmosphere when they decay or are burnt, 
but our real interest is in the net gain or loss of HWP over time.  

                                                 
1 The current practice in national inventories is to report stock-changes in forests. Consider a country A that operates a 
”sustainable forest” (which is in equilibrium with respect to its biomass carbon stocks) and exports to country B which 
burns the biomass as fuel. Country A reports a zero balance, and country B reports a zero balance. The total impact on the 
atmosphere is zero. 



However, what is essential in this connection is that the atmospheric flow approach would necessitate a 
fundamental revision of the reporting frameworks reflected in the 1996 Guidelines and the 2003 GPG 
LULUCF, as well as in the Terms of Reference of the 2006 IPCC Guidelines, which are all based on 
changes in carbon stocks.  

Should the atmospheric flow approach be adopted for HWP, while the stock-change approach is 
retained for forests (because it is inscribed into the Kyoto Protocol, Marrakech Accords and 2003 GPG 
LULUCF), then country A would report a zero balance, and country B would report an atmospheric 
flow of one unit. In total, the countries would report a release to the atmosphere of one unit, which does 
not occur in reality: Conservation of mass is violated. Thus, one would have to adopt either the 
atmospheric flow or the stock-change approach for both forests and HWP, in order to maintain a 
constant mass balance. 

State of the art in Italy – Carbon Stock Evaluation Model (CSEM) 

First estimations on carbon stocks and stock-changes for harvested wood products in Italy were made 
in the Carbon Stock Evaluation Model (CSEM) by Anderle et al. 2002.  

The calculation is based on FAO statistics on production and trade of semifinished forest products 
excluding fuelwood.  

Two different approaches were applied: Flow consumption and flow production approach. 

The model recalculates the input of roundwood for the semifinished products using roundwood 
equivalents. The semifinished products were subdivided in different end use categories (“paper”, 
“furniture”, “construction”, “packaging” and “other”, see Table 1). For each end use category a lifetime 
was defined. Both the subdivision in end use categories and the lifetimes of the products are based on 
expert judgement. 
 

Table 1: Partitioning of semi-finished products into end-use categories according to CSEM (Anderle et al. 2002) 

 Paper Furniture Construction Packaging Other 
Sawnwood (C) 4% 5% 80% 8% 3% 
Sawnwood (NC) 5% 50% 15% 15% 15% 
Veneer Sheets 0% 75% 5% 15% 5% 
Plywood 0% 85% 5% 0% 10% 
Particle Board 0% 85% 10% 0% 5% 
Fibreboard 0% 80% 10% 5% 5% 
Paper 90% 0% 0% 10% 0% 

 
The calculation of the carbon flow (in tonnes of carbon, tC) in the year (i) into the wood products pool 
with the flow consumption method is based on the estimated consumption of wood products (CWP in 
cubic meters) and the percentages of end use categories (pu in percent) like described in the following 
formula:  
 
Ci = CWP final i ּ D ּ  0.5 
 
CWP final i = CWP total i – Σ (pu end use i) ּ (1/medium life span) 
 
CWP total i = Pi + Ii – Ei 
 
D – basic density = 0.65  



0.5 – fraction of wood carbon content  
P – Production, I – Import, E – Export    
 
For the estimation after the flow production method the same formulas were used, but instead of CWP 
(production + import – export) only the domestic production was taken into account. 
 

The following Figure 1and Figure 2 show the results of that updated model. The existing CSEM was 
updated with data from 2001 to 2003 and the period from 1960 to 1969 was added. Some FAO data 
differ from the first model because of actualization. (FAO data are periodically revised and corrected.) 
 
The model includes a valuation of different lifetime hypotheses for the applied end use categories. 
Different lifecycle hypotheses were adapted and refer to the end uses “furniture” and 
“construction”(see Table 2): 
   

Table 2: Hypotheses of average lifetime of different end uses (yr) 

Medium lifetime (yr) End use category 
1. Hypotheses 2. Hypotheses 3. Hypotheses 

Paper 2 2 2 
Furniture 10 20 30 
Construction 15 25 35 
Packaging 3 3 3 
Other 3 3 3 
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Figure 1: Flow Consumption (CSEM)  
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Figure 2: Flow Production (CSEM)  

 

 

1.3 Objective of the paper 

This report provides comparative information about carbon sequestration in harvested wood products in 
Italy, including solid waste disposal sites. The calculation of carbon stock and emissions/ removals of 
carbon shall apply the three alternative approaches described in the Annex 3.a.1 of IPCC GPG for 
LULUCF.  

Chapter 2 gives an overview about wood resources and utilization of wood in Italy and shall provide 
some background information. Chapter 3 describes the applied methodology. The results of the 
calculation of carbon stocks and sinks are listed in chapter 4, including some considerations about the 
inclusion of trade of end products. In the discussion in chapter 5 the effects of different values for some 
basic input parameters illustrated and compared. Chapter 6 gives an outlook on the possible future 
development of carbon sequestration in wood products and solid waste disposal sides.  



2 Resources and wood utilization in Italy 

2.1 Forest resources and wood supply in Italy  

Total forest area amounts to 8,7 million hectares (Mha). According to the first national forest 
inventory carried out in 1985, 25% of these forests are high forests, 42% are coppice or coppice 
with standards, 26% shrubland (maquis) (MAF 1988).  

Italian forests are used in a limited way.  Only 36% of annual increment of high forests is used. 
Coppices are of limited importance for production of long-lived wood products like for 
construction, they are mainly used for fuel-wood (MAF, 1988). 

Important for domestic wood production are plantations on 280 000 ha. 70% of domestic wood 
supply comes from poplar plantations in the river Po valley (Pettenella et al. 2005).  

The annual harvest is about 8 million m3. A high proportion of domestic wood production is used as 
fuelwood (around 60%) – in terms of carbon this means immediate emissions in the same year, but 
substitution benefits. The CO2 emissions of wood fuel are already accounted in the carbon losses in 
forests due to harvesting. 

Italy is strongly dependent on imports of raw material and semifinished wood products (see Table 
3): 

 

Table 3: Trade activities (Baudin et al., 2005) 

Assortment Import/ export Remarks 
Coniferous industrial 
roundwood: 

net importer - considerable net importer with 2/3 of apparent consumption 
from external sources 

Non-coniferous 
industrial roundwood: 

net importer - importing half its consumption 

Coniferous 
sawnwood: 

net importer - 90% of apparent consumption annually around 6-7 million 
m3

 is imported 
Non-coniferous 
sawnwood: 

net importer - tropical sawnwood imports accounting for 10% to 15% of 
the imported NC sawnwood. 

Veneer: net importer - self-sufficiency rate about 70% 
Plywood: net importer - self-sufficiency rate about 30%. 
Builders’ joinery 
(excluding windows 
and doors): 

net importer - imports are slightly higher than the exports 

Windows: net importer - net importer of windows that account for about 15% of total 
imports 

Doors: - exports and imports are balancing each other  
Flooring: net importer - imports 2/3 of the consumption 
Mouldings: net exporter. - positive trade balance tends to weaken 
Millwork  net importer  
Wooden furniture: net exporter. - the leading producer and exporter of furniture in the world 

- almost 50% of the production is exported 

The average current wood consumption in Italy is around 0.11 m³ per capita (Kreitner, 2002). In the 
last 3 years, the consumption of wood in Italy has increased of about +16% 
(www.promolegno.com)  



2.2 Wood utilization in Italy 

2.2.1 Construction sector 

There are very few studies about the wood utilisation in final products and the lifespan of wood 
products in Italy.  

In Italy occur large regional differences in wood utilization. It differs between rural and urban areas 
and by kind of buildings (CNEL, 2001). The construction sector can be subdivided in residential 
construction and non-residential construction, civil engineering and other construction (including 
do-it-yourself). Most wood in constructions is used in the northern part, especially in the alpine 
regions.  

Traditionally wood is used mainly as material for roof constructions, stairs, shutters of windows etc. 
In some seismic active areas of Italy wood is used for melioration of constructions in case of 
earthquakes. Wood is important for restoration of historic buildings. In mountain areas of North 
Italy wood is used in residential houses of rural areas as construction material for walls of the 
second floors (CNEL 2001). But there are still many possibilities for using more wood.  

In comparison to other European countries little wood is used for long-lived products, like in the 
construction sector. 35% of new roof constructions and 42% of reconstructed roof constructions are 
of wood, 25% of window frames and 50 – 60% of flooring material (Gardino 2001, American 
softwoods 1999, Bass e Besozzi, 2003).    

According to a survey of Gardino (2001) most important for wood utilization is the renovation 
sector of residential houses. In 2000 wood consumption for roofs was estimated to be 1.4 million 
m3, for flooring, etc. around 0.6 million m3 and for structural elements and wooden houses 0.05 
million m3. 

A questionnaire about the use of wood in civil constructions at carpentries and other wood 
consumers of the construction sector demonstrate for which components wood is used in civil 
constructions (Table 4). 

 

Table 4: Wood utilization in construction elements (%) (CNEL 2001) 

 Roof Structural 
Elements 

Frames 
outside 

Frames 
inside 

Flooring  Stairs Other 

New construction residential building 14 10 21 24 10 10 11 
Restoration of residential building 14 9 24 26 11 8 8 
Restoration urban area 14 18 35   18 15 
Restoration after earthquakes 24 14 28  14 10 10 
Restoration of buildings with historic, 
artistic or cultural value 

19 12 23 25 7  23 

 

2.2.2 Furniture industry 

The furniture industry in general is utilizing a great variety of materials.  

7% of the total softwood consumption and large amounts of imports and domestic production of 
hardwood are used in the furniture industry (Besozzi 2003). On the European level around 55% of 
the particle board production, 20% of sawn wood production and 90% of MDF production are 
utilized in the furniture sector (www.ueanet.com).  

There are no official statistical data available about the volumes of wooden materials used in the 
Italian furniture industry. 



3 Methodology  

3.1 Carbon in wood products in use 

Since HWP are not included in the first commitment period of the Kyoto Protocol, the methodology 
in the GPG LULUCF is still under preparation. The methods of the GPG LULUCF were fully 
applied for the wood products in use.  

The subdivision of semi-finished products in end use classes (in percent) like in the CSEM model 
was kept and partly updated to increase accuracy since it reflects country specific conditions.   

 
Stock-change approach  

Carbon emissions/ removals are calculated as annual change in carbon stored in HWP in use in the 
country (∆CHWP IU SCA): 

∆CHWP IU SCA (t) = CHWP IU SCA (t) – CHWP IU SCA (t – 1)     

The carbon stock for each year was calculated in the following way: 

CHWP IU SCA (j) = (1 / (1 + fD i)ּ  (PAj + CHWP IU SCA (j – 1)) 

For the initial year, e.g. j = 1900, the value of CHWP IU SCA = 0  

t – current year 
j – year of data, starting in 1900 
fD – Decay rate = ln2/ half life  
 

PA =  current year additions to HWP carbon in use from domestic consumption (production + 
import – export), tonnes C/ yr 

For solidwood and for pulp and paper: 

PA (solidwood)i = [PDP (solidwood) + PIM (solidwood) – PEX (solidwood)] ּ CF ּ  pui 

PA (paper)i = [PDP (paper) + PIM (paper) – PEX (paper)] ּ WPratio ּ CF ּ  pui 

 

CF – Conversion factor to carbon 

pu – Percentage of end use category 

i – End use category 

DP – Domestic production, IM – Import, EX – Export   

 

WPratio is the fraction of all pulp that is wood pulp (WP) and excludes other fiber pulp (OFP): 

WPratio = [(WP + IM (WP) – EX (WP))/ ((WP + IM (WP) – EX (WP)) + (OFP + IM (OFP) – 
EX (OFP))] 
 
Production approach 
 
Similar for the production approach was calculated: 
 
∆CHWP IU PA (t) = CHWP IU PA (t) – CHWP IU PA (t – 1) 



∆CHWP IU PA = annual change in carbon stored in HWP in use from wood harvested in the country 
(includes carbon in exports and excludes carbon in imports), tonnes C/ yr 

 
CHWP IU PA (j) = (1 / 1 + fD i)ּ (PHAj + CHWP IU PA (j – 1)) 

For the initial year, e.g. j = 1900, the value of CHWP IU PA = 0 

 

PHA = current year additions to HWP carbon from wood harvested in the country calculated on the 
basis of primary products carbon flux, tonnes C/ yr 

PHA (solidwood)i = PDP (solidwood) ּ IRWD ּ CF ּ  pui 

PHA (paper)i = PDP (paper) ּ IRWD ּ CF ּ  pui  ּ WPratio 
 

IRWD is the fraction of industrial roundwood (IRW) from domestic origin: 

IRWD = IRW/ (IRW + IM (IRW) – EX (IRW)) 

 
Atmospheric flow approach 
 

E =  – ∆CHWP IU SCA  – PEX + PIM  

E = carbon flux from HWP into the atmosphere within the borders of the reporting country, 
tonnes C/ yr 

PEX = exports of wood and paper products including roundwood, chips, residue, pulp, and 
recovered (recycled) paper, tonnes C/ yr 

PIM = imports of wood and paper products including roundwood, chips, residue, pulp, and 
recovered (recycled) paper, tonnes C/ yr 
 

3.2 Carbon in wood products in SWDS 

The estimation of carbon stocks and emissions on solid waste disposal sides (SWDS) follows the 
methodology used in the EXP.HWP model of Pingoud (2002). 

The input flow to SWDS was estimated using the output flow from HWP in use and a percentage 
(ps) of the amount of HWP which is entering the SWDS. The input flow to SWDS is further 
subdivided in a fraction of degradable waste and a permanent stock of non degradable (permanent) 
waste (e.g. lignin in anaerobic conditions).  
 
Stock-change approach 
 
Output (solidwood)i = CHWP IU SCA i  ּ fD i  
Output (paper)i = CHWP IU SCA i  ּ fD i  
 
Input flow to SWDS (solidwood) =  Σ Output (solidwood) ּ ps (solidwood) 
Input flow to SWDS (paper) =  Σ Output (paper) ּ ps (paper) 
 
Input to permanent stock (solidwood) = (1- DOC solidwood) ּ Input flow to SWDS (solidwood) 
Permanent stock (solidwood) = Input to permanent stock (solidwood)j + Permanent stock 

(solidwood) (j – 1) 



For the initial year, e.g. j = 1900, the value of permanent stock (solidwood)  = 0  
DOC – Degradable organic carbon: 0.5 solidwood 
     0.6 paper 
 
Input to degradable stock (solidwood) = (DOC solidwood) ּ Input flow to SWDS (solidwood) 
Degradable stock (solidwood) = (1/(1+ fD W))ּ (Input to degradable stock (solidwood)j + 

degradable stock (solidwood) (j  – 1)) 
Output degradable stock (solidwood) = fD W ּ degradable stock (solidwood) 
Stock-change degradable (solidwood) = degradable stock (solidwood)j - degradable stock 

(solidwood) (j-1) 
Total stock-change (solidwood) = Input to permanent stock (solidwood) + stock-change 

degradable (solidwood) 
 
fD W – decay rate for the waste sector: solidwood: 0.01   
      paper: 0.03 
 
Input to permanent stock (paper) = (1- DOC paper) ּ Input flow to SWDS (paper) 
Permanent stock (paper) = Input to permanent stock (paper)j + Permanent stock (paper) (j – 1) 

For the initial year, e.g. j = 1900, the value of permanent stock (paper) = 0  
 
Input to degradable stock (paper) = (DOC paper) ּ Input flow to SWDS (paper) 
Degradable stock (paper) = (1/(1+ fD W))ּ (Input to degradable stock (paper)j + degradable stock 

(paper) (j  – 1)) 
Output degradable stock (paper) = fD W ּ degradable stock (paper) 
Stock-change degradable (paper) = degradable stock (paper) j - degradable stock (paper) (j-1) 
Total stock-change (paper) = Input to permanent stock (paper) + stock-change degradable (paper) 
 
Total stock (SWDS) =  Permanent stock (solidwood) + Degradable stock (solidwood) + Permanent 

stock (paper) + Degradable stock (paper) 
Total stock-change (SWDS) = Total stock-change (solidwood) + Total stock-change (paper) 
 
Production Approach 
 
For the calculation after the production approach only the flows of wood grown in the country are 
considered: 
 
Output (solidwood) i = CHWP IU PA i  ּ fD i  
Output (paper) i = CHWP IU PA i  ּ fD i  
 
The further calculations of input and output flows of SWDS are similar to those of stock-change 
method. 
 
Atmospheric- flow approach 
 
The flow corresponds to the calculation of total C stock-change of the stock-change approach. 

3.3 Input data 
FAO data 
Basic input data (FAO) are the production and trade of the following products: 
• Roundwood (Coniferous and Non-Coniferous) 
• Solidwood products: 



- Sawn wood (Coniferous and Non-Coniferous) 
- Veneer sheets 
- Plywood 
- Particle board 
- Fibreboard (Fibreboard compressed, Hardboard, MDF, Insulating board)  

• Pulp, paper and paperboard data: 
- Paper and paperboard  
- Recovered paper (RP) 
- Recovered fibre pulp (RFP) 
- Other fibre pulp (OFP) 

• Industrial Roundwood (Coniferous and Non-Coniferous) 
 
Historic consumption  

Model simulations are performed for a time period ranging from 1900 to 2003. Since FAO statistics 
start in year 1961 - for estimation of data prior 1961 a trend in growth back to 1900 was calculated 
according to the IPCC GPG for LULUCF. A discount rate of 2% was chosen. Instead of using only 
one reference year the average of 1961 – 1963 was used.  
 
Wood density 

In the CSEM model a density of 0.4 Mg/m³ for coniferous and 0.6 Mg/m³ for non-coniferous 
species were used. For the harvested wood product module a general density of 0.65 Mg/m³ was 
applied.  
Since the major part of wood in Italy is imported, national values for wood density seem not to 
reflect the real situation. For this reason the data on wood density suggested in the IPCC GPG for 
LULUCF are used: For coniferous 0.45 Gg/m³ and non-coniferous wood 0.56 Mg/m³ roundwood 
and sawnwood.  
 
Veneer sheets:  0.59 Mg/m³ 
Plywood:  0.48 Mg/m³ 
Particle Board: 0.26 Mg/m³ 
Fibre Board:   1.02 Mg/m³ 
Hardboard:  1.02 Mg/m³ 
MDF:   0.50 Mg/m³ 
Pulp, paper and paperboard: 0.9 Mg/ Mg  

The carbon content of wood was calculated assuming a 50% carbon concentration of the dry 
weight. 

3.4 Lifetimes of the end use categories 

Carbon remains stored in wood products until the end of their lifetime. The lifetime differs by end 
use of the wood. For calculation of carbon stocks and fluxes in the methodology of the IPCC GPG 
for LULUCF the half life of the products is used. It is defined as “the number of years until one-half 
of the products have gone out of use. The average life is the average number of years a product is in 
use”:  

Average life in years = 1/ ln2/ half life in years 

The annual decay rate is estimated using the average lifetime: 

Decay rate = 1/ average lifetime = ln2/ half life 



Tables  Table 5 - Table 10 show an overview of different lifetimes of wood products used in other 
models for calculation of carbon stocks in wood products. 

The list is not complete and shows a large range of half lifes for the same or similar products. More 
data can be found in Pingoud et al. (2005) or in the IPCC GPG for LULUCF (Penman et al. 2003). 
The latter one proposes 35 years for sawn wood, 30 years for veneer, plywood and structural panels, 
20 years for non-structural panels and 2 years for paper. Except the assumptions from the CSEM 
Model no data for Italy exist. Many of the listed data are based on expert judgement. Only few 
studies about lifetimes of wood products exist (e.g. Scharai Rad and Fruehwald 2002). 
Summarising it seems that for CSEM the lifetimes were underestimated, so for this study new 
lifetimes were assumed. They are listed in the line “assumption for this study”.  

 

Table 5: Half lifes of different wood products. Construction Sector 

Product Half life 
(years) 

Country Source 

Construction  65 Germany Burschel et al.,1993 
Construction 80 UK Thompson/ Matthews,1989 
Non residential construction and homes 67 – 100 USA Skog/ Nicholson 1998 
Construction wood 30 Netherlands Sikkema/ Nabuurs 1994 
Building sector 30 - 50* France Lochu in Pingoud et al. 2005 
Construction material 80 Norway Hoen and Solberg 1994 
Construction 75** Germany Scharai Rad/ Frühwald 2002 
Products made of sawn timber, plywood / veneer, 
or particleboard used for construction work in 
buildings, civil engineering and other long-life 
construction work 

50 Europe 
(EFISCEN) 

Eggers 2001 

Construction 15 (25, 35)* Italy (CSEM) Anderle et al. 2002 
Assumption for this study 50   
* Lifespan2, **Average lifetime 

Table 6: Average half lifes of different wood products. Windows, doors, interior work 

Product Half life 
(years) 

Country Source 

Windows  50 Italy Rilegno 2000 
Windows  20 – 25 Germany Binz et al. 2000 
Stairs/ Doors/ Parquet 25 – 65 Germany Binz et al. 2000 
Interior 30 Germany Scharai Rad and Frühwald 

2002 
Window frames 30  Netherlands Nabuurs and Sikkema 1994 
Parquet 30  Netherlands Nabuursand Sikkema 1994 
Parquet, doors, windows, stairs 30* France Lochu 2005 
Products made of sawn timber, plywood / veneer, 
or particleboard used for maintaining in houses or 
civil engineering, commodities, fences, window 
frames, panels, wooden floors and doors 

16 Europe 
(EFISCEN) 

Eggers 2001 

Inside walls, Sliding doors, shutter 20* France Lochu 2005 
Assumption for this study 20   
* Lifespan, ** Average lifetime 

Table 7: Average half lifes of different wood products. Furniture 

Product Half life 
(years) 

Country Source 

Furniture 30 USA Skog and Nicholson 1998 

                                                 
2 The lifespan is defined by Pingoud et al., 2005 as “the time needed that the majority of the HWP pool has decayed, 
e.g. 90% or 95%”.  



Furniture 15 Germany Burschel et al.,1993 
Furniture 10 – 30 Germany** Scharai Rad/ Frühwald 2002 
Furniture (Kitchen, Bedroom) 13-17 Germany Naumann 1992 
Bedroom furniture 25 Germany Binz et al. 2000 
Furniture 10 – 12 Europe www.ueanet.com 
Furniture 15  Netherlands Nabuurs/ Sikkema 1994 
Furniture 12* France Lochu in Pingoud et al. 2005 
Furniture and interiors 20  Norway Hoen/ Solberg 1994 
Furniture 7 (10, 20, 30)* Italy (CSEM) Anderle et al. 2002 
Assumption for this study 12   
* Lifespan, ** Average lifetime 
 

Table 8: Average half lifes of different wood products. Packaging 

Product Half life 
(years) 

Country Source 

Packaging 1 – 6 USA Skog and Nicholson 1998 
Packaging 2 UK Thompson/ Matthews 1989 
Packaging 2 Germany** Scharai Rad and Frühwald 

2002 
Pallets 5 Italy Rilegno 2002 
Pallets 2 Netherlands Nabuurs and Sikkema 1994 
Packing 1* France Lochu 2005 
Pallets 2 Norway Hoen and Solberg 1994 
Packaging 3* Italy (CSEM) Anderle et al. 2002 
Assumption for this study 3   
* Lifespan, ** Average lifetime 
 

Table 9: Average half lifes of different wood products. Paper 

Product Half life 
(years) 

Country Source 

Paper  1 – 6 USA Skog/ Nicholson 1998 
Newspaper 2 UK Thompson/ Matthews 1989 
Paper 1 Germany Burschel et al. 1993 
Books 25 Germany** Scharai Rad/ Frühwald 2002 
Newspaper/ Journals 0.2 – 0.5 Germany** Scharai Rad/ Frühwald 2002 
Pulp & paper 1 Norway Hoen and Solberg 1994 
Newsprint, shares of packing paper, 
paperboard, and printing and writing paper 

1* Europe 
(EFISCEN) 

Eggers 2001 

packing paper, paperboard, and printing and 
writing paper 

4* Europe 
(EFISCEN) 

Eggers 2001 

Average for paper 1.8 Finland Pingoud et al. 1996  
Paper 2* Italy (CSEM) Anderle et al. 2002 
Assumption for this study 2   
* Lifespan, ** Average lifetime 
 

Table 10: Average half lifes of different wood products. Other 

Product Half life 
(years) 

Country Source 

Sleepers 30 USA Skog/ Nicholson 1998 
Fences 20 UK Thompson andMatthews 1989 
Other industrial branches 10* France* Lochu  2005 
Garden 15 Germany** Scharai Rad and Frühwald, 

2002 
Other 3* Italy (CSEM) Anderle et al. 2002 
Assumption for this study 5   
* Lifespan, ** Average lifetime 
 



The tables show a large difference in lifetime between “construction” and “interior work” (e.g. 
windows versus roof construction), which were unified in the CSEM. Interior work is also an 
important sector in Italian wood utilization (see chapter 2.2.1). It was decided to introduce another 
category: “Interior”.  
Therefore the distribution of semi-finished products was manipulated like in the following Table 11. 

For “Furniture”, “Packaging”, “Paper” and “Other” the distribution data of CSEM were used. 
 

Table 11: Partitioning of semi-finished products into end-use categories and their lifetimes used in the model 

 Paper Furniture  Interior  Construction Packaging Other 

Years 2 12 20 50 3 5 

       
Sawnwood – C 4% 5% 40% 40% 8% 3% 

Sawnwood – NC 5% 50% 10% 5% 15% 15% 

Plywood 0% 75% 5% 0% 15% 5% 

Veneer 0% 85% 5% 0% 0% 10% 

Particleboard 0% 85% 10% 0% 0% 5% 

Fibreboard 0% 80% 10% 0% 5% 0% 

Pulp and Paper 90% 0% 0% 0% 10% 0% 

 

For the SWDS an average lifetime of 30 years for paper and 100 years for solid wood products were 
adapted from Pingoud, 2002. 

3.5 HWP in Solid waste disposal sides (SWDS) 

After the end of the lifetime of wood products there are three possibilities:  
1) Recycling  
2) Burning (with generation of energy) 
3) Disposal on landfills - SWDS 

Data for wood and paper waste are coming from the stock of HWP in use (Table 12). The direct 
flows of wood waste and residues from production processes are neglected. Methane and other 
emissions of the landfills are reported under the waste sector. The modelling of HWP in solid waste 
disposal sites is compatible with the Good Practice Guidance for the Waste sector (Pingoud, 2005). 

Table 12: Flow of wood products into landfills (SWDS – Percentages, ps) (Pingoud, 2002) 

Year 
Flow of Solid wood products 
into landfill 

Flow of paper products into 
landfill 

1900 - 1950 5% 10% 
1960 11% 30% 

1970 - 1990 21% 50% 
2000 21% 45% 
2010 21% 40% 

 

Large uncertainties occur for the flow of wood products into the landfills, especially historical flows 
and lifetimes (depending on conditions – aerobic/ anaerobic) (Pingoud et al., 2005).  

Since the beginning of the 1980-ies Italy is one of the leading countries in Europe using secondary 
wood materials for the production of new panels and boards but also paper. Necessary precondition 
for recycling is the separate waste collection. The long experience in utilizing waste wood as raw 
material contrasts with poor facilities for separate collection, especially in middle and southern 
Italy. Thus Italy is an importing country also for waste wood and paper to cover the demand.  



In 1996 74.4% and in 1997 68.4% of biodegradable municipal waste3 was disposed in landfills 
(Crowe, 2002).  

After the release of the Law n. 22/1997 the situation started to change. The law has the aim to 
increase the reuse and recycling of materials and pushed forward the selective collection of waste, 
especially in the Centre and the South of the country. The collection and recycling rate in Italy is 
continuously increasing (see Table 13).  

Statistics exist only for the last years for the packaging sector. Wood from construction and 
demolition as well as wood for furniture is not included.    

 

Table 13: Collection and recycling of waste wood and paper in Italy 

 1998 1999 2000 2001 2002 2003 
Collection of waste wood relative 
to the wood consumption (%) 

42.9 38.0 35.0 53.9 60.6  

Collection of paper relative to the 
wood consumption (%) 

39.9 44.0 47.8 55.3 59.0 65.91 

Recycling rate paper (%)1 37.0 40.7 45.9 50.7 56.2 57.8 
1 Farotto, 2004 

In 2004, about 60% of the waste wood was recycled and a small fraction (1.2%) was used for 
generating energy (Rilegno,2005). Vice versa about 35% of the wood is still disposed in landfills. 

16% of the recyclable paper and paperboard have their destination in landfills or in other uses, 25% 
are not recyclable or recoverable and remain too at the disposal sides (Comieco, 2004).  

In conclusion, the flow of waste wood and paper into landfills in Italy seems to be higher than the 
parameters (of) the model suggests. The parameters of the EXP.HWP model were changed for the 
period from 1970 - 2000 in the following way, using the data described above (Table 14): 
 

Table 14: Flow of wood products into landfills - Changes  

Year Flow of Solid wood products into landfill Flow of paper products into landfill 
 EXP.HWP model Changes EXP.HWP model Changes 

1900-1950 5% 5% 10% 10% 
1960 11% 11% 30% 30% 

1970-1990 21% 35% 50% 60% 
2000 21% 35% 45% 55% 
2010 21% 21% 40% 40% 

 

4 Results  

4.1 C – Sink of HWP  

Table 15 shows the results for the annual flows of carbon. Stock-change and production approach 
provide a net sink of carbon. The production approach shows much lower results like to be expected 
for net wood importing countries like Italy. After the atmospheric flow approach, HWPs are always 
a source of carbon (see also Figure 3 - Figure 5).  

The carbon flow into landfills is of high importance. It amounts to 64% of the total sink effect of 
HWP under stock-change approach and 86% under the production approach. 
                                                 
3 Food, garden, paper and paperboard, textiles, wood and other miscellaneous biodegradable content of the waste  



 
 
 

Table 15: C – Sink of the different approaches in 2003  

 Sink (Gg C/yr) % 

Stock-change Approach 
HWP in use 1451 36% 
SWDS 2628 64% 
Total 4080 100% 
Production Approach  
HWP in use 126 14% 
SWDS 768 86% 
Total 895 100% 
Atmospheric Flow Approach 
Total -1523 100% 
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Figure 3: Stock-change Approach – Stock-changes (Gg C/ yr) 
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Figure 4: Production Approach – Stock-changes (Gg C/ yr) 



Atmospheric Flow Approach
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Figure 5: Atmospheric Flow Approach – C-sink (Gg C/ yr) 

4.2 C – Stocks of HWP 

The following Table 16 shows the results of the stock-change and production approach for the C 
stock in HWP in Italy. The stock-change approach provides the higher results. After both 
approaches the carbon stock in landfills exceeds the values of the carbon stock of products in use. 
 

Table 16: C – Stock of the different approaches in 2003 

 Stock (Tg C) % 
Stock-change Approach 
HWP in use 58.2 45% 
SWDS 72.5 55% 
Total 130.6 100% 
Production Approach 
HWP in use 12.2 30% 
SWDS 27.7 70% 
Total 39.9 100% 

The pools of HWP in use as well as in landfills are continuously increasing (Figure 6 and Figure 7). 
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Figure 6: Stock-change Approach – C Stock (Tg C) 
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Figure 7: Production Approach – C Stock (Tg C) 

 

4.3 Trade of end products 

As said before, Italy is a wood importing country but large volumes of produced end products, 
mainly furniture, do not remain in the HWP pool of the country, they are exported. There are only 
view data about the trade of end products available.   

In the Stock-change Approach changes in the products pool are accounted for in the country where 
the products are used (consuming country). Any export is leading to reduced stock and emissions 
for the producing country. In the Production Approach any stock of carbon that crosses national 
boundaries is not transferred to the inventory of the importing country. The carbon exported is 
accounted for in the inventory of the producing country. In the Atmospheric Flow Approach instead 
net exports of wood products lead to removals of carbon for the exporting country 
(FCCC/TP/2003/7). 

Table 17 shows the results, if trade of end products are included.  

Table 17: Import and export of wooden end-products (included: Builders Joinery, Flooring, Mouldings, 
Millwork, Wooden furniture) Source: ISTAT, Federlegno in Baudin et al., 2005 

 1999 2000 2001 2002 2003 

Export (1000 t) 1350 1533 1574 1534 1435 
Import (1000 t) 890 1100 1115 1164 1236 
Net export (1000 t dry weight) 405 381 404 326 175 
Net export (Gg C) 203 191 202 163 87 

 
The inclusion of exports of end products leads to fewer removals in the Stock-change Approach and 
to higher emissions under the Atmospheric Flow approach. It would lead to higher C stocks and 
sinks under the Production approach, but it has to be taken into account how much of the wood of 
these end products was grown in the own country. 

5 Discussion 

5.1 Input parameters 

Since some of the input parameters are based on assumptions the following calculations show 
possible alternatives. May be for future work could be decided which values to use. Comparisons of 



the alternative values shall show the consequences of the results for C stock and emissions/ 
removals. 

5.1.1 Historic consumption rate 

FAO databases about production and trade of wood products are starting in the year 1961. For 
calculation of carbon in wood products historic stocks and emissions have to be taken into account. 
The IPCC GPG for LULUCF give the possibility to choose between two different historic 
consumption rates to estimate historic consumption of industrial round-wood (0.02 or 0.0119), 
depending on development before 1950. Statistics provided by the National Institute of Statistics 
(ISTAT) about wood production are available from 1948/49 on, and earliest numbers for wood 
trade can be found for 1950.  Thus, no estimations about wood production and trade before 1950 are 
available. (ISTAT, 1950-2005). 

The following Figure 8 - Figure 10 show C Stock and C Stock-changes of the different applied 
approaches with different historic consumption rates. 

 

Figure 8: C Stock and C Stock-changes of the Stock-change Approach with different historic consumption rates 

 

Figure 9: C Stock and C Stock-changes of the Production Approach with different historic consumption rates 
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Figure 10: C Sink of the Atmospheric Flow Approach with different consumption rates 

 

The different parameters have only an influence on earlier consumptions, the curves for C-stocks as 
well as for C-flows inside the HWP pool become closer to each other over time. For all approaches 
the difference of the results is less than 1%. 

5.1.2 Lifetimes 

To estimate consequences of prolongation of half lives the following scenarios were used (Table 
18). Scenario 2 represents the parameters used in the model. For scenario 1 shorter lifetimes for 
furniture, interior and construction were applied, similar to the CSEM. For scenario 3 longer 
lifetimes for these categories were chosen and represent higher values used in other studies (Table 5 
- Table 10). 
 

Table 18: Lifetime scenarios 

 Paper Furniture Interior Construction Packaging Other 
Scenario 1 2 7 16 30 3 5 
Scenario 2 2 12 20 50 3 5 
Scenario 3 2 20 30 80 3 5 

 

Longer lifetimes lead to higher values of C-stocks and C-sinks for the wood products in use and 
lower values for solid waste disposal sides. A change in lifetimes has higher influence for the 
carbon sequestration in wood products in use than for SWDS. The results are illustrated in the 
following figures (Figure 11- Figure 13). 
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Figure 11: Stock-change Approach – Lifetime scenarios (Gg C/ yr) 

Production approach

-200

0

200

400

600

800

1000

1960 1970 1980 1990 2000

G
g

 C
/ y

r

S1_HWP S1_SWDS
S2_HWP S2_SWDS
S3_HWP S3_SWDS

 
Figure 12: Production Approach – Lifetime scenarios (Gg C/ yr) 
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Figure 13: Atmospheric Flow Approach – Lifetime scenarios (Gg C/yr) 

 



In general longer lifetimes provide higher removals of carbon for the stock-change and production 
approach and lower emissions for the atmospheric flow approach.   

The differences between the applied lifetimes are rather low for stock-change and production 
approach – since losses in wood products in use are compensated by higher values in the solid 
waste disposal sides. Large differences occur for the atmospheric flow approach (see Table 19). 
 

Table 19: Results of the scenarios of different lifetimes in 2003, Carbon flows [Tg C/ yr]  

 S 1 S 2 S 3 
 [Gg C/ yr] Difference S1/ 

S2 [%] 
[Gg C/ yr] [Gg C/ yr] Difference S2/ 

S3 [%] 
Stock-change Approach 3860 -5% 4080 4336 +6% 
Production Approach 860 -4% 895 943 +5% 
Atmospheric Flow Approach -1751 -14% -1532 1276 +17% 

  

5.1.3 Flow into SWDS 

If the flow of wood products into landfills is increasing like described in chapter 3.2 (Table 14), the 
total carbon stock and stock-change are increasing to a large extent. Table 20 shows the differences 
between the applied input parameters. Concretization of this data would have a large influence on 
accuracy of the calculation.  
 

Table 20: Effect of changes in the flow of wood products in landfills (2003) 

 Total Stock [Tg C] Stock-change [Gg C/ yr] 
 EXP.HWP EXP.HWP 

modified 

Difference  
EXP.HWP EXP.HWP 

modified 

Difference  

Stock-change 
Approach 

114.7 130.7 +12.2% 3603 4080 +11.8% 

Production Approach 34.4 39.9 +13.8% 766 895 +14.4% 
Atmospheric Flow 
Approach 

   -2008 -1532 +35.6% 

 
 

5.2 Comparison with other studies  
 
CSEM  

Flow Consumption and Stock-change both are based on calculations of the wood products 
consumed (Production + Import - Export) meanwhile Flow Production includes only the domestic 
produced wood without trade.  

The treatment of historic emissions is different. For two reasons: 1) Period of time 2) way of decay 
of wood products in the model. The CSEM assumes that the entire products are emitted at the end 
of their lifespan. No considerations for landfills were made in the model (Table 21).   

Table 21: Results of CSEM for year 2000, results depending on lifetimes (10-15 yr, 20-25 yr, 30-35 yr) 

 C-Stock  (Tg C) C-Sink (Tg C/ yr) 
Flow consumption 1.9 - 2.6 - 3.9 1.9 - 2.6 - 3.9 
Flow production 0.6 - 1.1 - 1.4 0.6 - 1.1 - 1.4 

 
EXP.HWP 



The EXP.HWP model of Pingoud (2002) provides lower values for the stock-change approach and 
the atmospheric flow approach for carbon stock and carbon sink and slightly higher values for the 
production approach as this study (Table 22). The new version of the model doesn’t include SWDS 
up till now. 

Table 22: Comparison EXP.HWP model and this study (year 2000) 

 EXP.HWP (Pingoud, 
2002) 

EXP.HWP (Pingoud, 
2005) 

This study 

 C - Stock 
(Tg C) 

C - Sink 
(Tg C/ yr) 

C - Stock 
(Tg C) 

C - Sink 
(Tg C/ yr) 

C - Stock 
(Tg C) 

C – Sink 
(Tg C/ yr) 

Stock-change, total 111.6 3.58   119.0 4.81 
Stock-change, only HWP 64.0 1.78 84.2 2.61 54.5 2.08 
Production, total 44.6 1.27   37.3 1.0 
Production, only HWP 20.5 0.36 30.7 0.75 12.0 0.1 
Atmospheric flow, total  -1.94     
Atmospheric flow, 
without landfill 

 -3.64  -3.44   

Different input parameters and a slightly different methodology lead to the differences in the results 
of the models which are all based on the same FAO databases. In the EXP.HWP model only 2 
lifetimes for wood products are used: 1 year for paper products and 30 years for solid wood 
products. The distribution of semi-finished products in end-use categories lead to lower lifetimes in 
this study and therefore have provided lower results for all approaches for the wood products in use. 
Besides that the estimated growth rate of HWP consumption prior to 1961 and values of dry weight 
for solid wood products differ.  

Furthermore for the methodology of the stock-change and production approach of the IPCC GPG 
for LULUCF include for calculation of current year addition of Pulp and Paper (PA(paper) and PHA 
(paper)) an additional factor – the WP ratio (fraction of all pulp that is wood pulp and excludes fibre 
pulp) which further diminishes the results.   

Since the atmospheric flow approach is based on results of the stock-change approach differences 
occur also here. 

For the production approach the domestic roundwood production for current year additions to HWP 
(PHA (solidwood) and PHA (paper)) is calculated with all roundwood in the EXP.HWP. The IPCC 
GPG for LULUCF instead uses only the domestic production of industrial roundwood. If total 
roundwood would be used, than the results would be almost double and similar to those of 
EXP.HWP. 
 
Other studies  

Karjalainen et al., 2003 estimated 21.3 Tg C stock in wood products in 1990 in Italy and an annual 
carbon uptake of 172 Gg C/ yr in wood products for the period 1995-2000.  
Hashimoto et al., 2002 calculated an annual carbon sequestration of wood commodities of 2.4 Tg C/ 
yr in 1990 and of 3.0 Tg C/ yr in 1999.  
 
Alternative calculation method to the three approaches would be for example a direct stock 
inventory of wood products in two points of time (see e.g. Pingoud, 2000). However this method 
request good statistical data about main end uses of wood products e.g. the building sector and the 
amount of wood used for these products. Statistics are available only in a limited way and no 
information exists about the utilized wood per wood product. 



6 Future trend 

6.1 Utilization of HWP 

Like in the CSEM, the future trend was modelled using a polynomial trend line. The stock-change 
approach yields a trend towards increasing carbon sink for wood products. The production approach 
remains nearly on the same level meanwhile the atmospheric flow approach produces slightly 
decreasing values.  
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Figure 14: Future trend in carbon flows (GgC/ yr) 

 

The demand of many wood products like in the construction and interior sector as well as for 
furniture is determined by the socio-economic situation, like e.g. population development and the 
number of households. In Italy we can find the following processes:  

• increasing number of families and decreasing family size 

• increasing number of single households (ISTAT, 2003) 

• aging of the population, and after 2012 decreasing number of population (ISTAT, 2005) 

The building activities, especially for residential buildings were permanently increasing over the 
last years due to a “baby boom” that created an increased demand for new housing in the 1990. It 
was estimated that these trend will stop after 2004. 

Gardenio (2001) mentioned that wood came into fashion in the last period, especially for new roof 
constructions and mansards. Furthermore it is expected that the renovation market will further 
increase within the next years. 

The furniture sector expects a slightly growing demand in the near future (CSIL, 2005). 

All facts together lead to the conclusion, that the pool of carbon in wood products might continue to 
increase in the future, but in a very limited way.   



6.2 Waste sector 

The flow of wood products into landfill will decrease due to better recycling systems in the country 
and a higher rate of energetic use. After the directive n. 99/31/CE all materials with a calorific value 
of more than 13 000 kJ/ kg may not be stored on landfills anymore. 

Studies have shown that the recycling of 1 kg waste wood prevents the emissions of 1.03 kg CO2 
eq., especially thanks to avoided methane emissions on landfills (www.rilegno.it). For paper was 
calculated, that with each kg of recycled paper 1.3 kg CO2 can be avoided (Farotto, 2004). 
 

6.3 Future work 

Scenarios for 
1) Production outside the country (China) 
2) Capacity of recycling 
3) Energetic use of wood 
4) Plantation for wood production in context with policy of European Union 
 

7 References 

American softwoods (1999): Mediterranean market update. Monthly Report. January/ February 
1999. Madrid office. 

Anderle A., Ciccarese L., Dal Bon D., Pettenella D., and Zanolini E. (2002): Assorbimento e 
fissazione di carbonio nelle foreste e nei prodotti legnosi in Italia. Rapporti 21/2002. APAT , Rome.  
58 p.  

Apps M., Karjalainen T., Marland G., and Schlamadinger B. (1997). Accounting System 
Considerations: CO2 Emissions from Forests, Forest Products, and Land-Use Change. Statement 
from Edmonton. Available at http://www.ieabioenergy-
task38.org/publications/Accounting%20System%20Considerations.pdf  

Baudin A., Flinkman M., and Nordvall H.O. (2005). Review of the Italian Timber Market – With 
Focus on Tropical Timber. Project PP-A/36-149 Commissioned by the Committee on Economic 
Information and Market Intelligence (CEM) of the International Tropical Timber Organisation 
(ITTO), unpublished 

Besozzi W. (2003): Italy Solid Wood Products. Annual 2003. GAIN Report IT3002. Foreign 
Agricultural Service/ USDA. 50p.  

Binz A., Erb M., and Lehmann G. (2000). Ökologische Nachhaltigkeit im Wohnungsbau. 
Fachhochschule beider Basel, Institut für Energie Muttenz. 116p. 

Brown S., Lim B., and Schlamadinger B. (1988). Evaluating Approaches for Estimating Net 
Emissions of Carbon Dioxide from Forest Harvesting and Wood Products. Report of an IPCC 
meeting in Dakar, Senegal. 5-7 May 1998.  Available at www.ipcc-
nggip.iges.or.jp/public/mtdocs/pdfiles/dakar.pdf 

Burschel P., Kürsten E., Larson, B.C., and Weber M. (1993). Present Role of German Forests and 
Forestry in the National Carbon Budget and Options to its Increase. Water, Air, and Soil Pollution, 
70, S. 325-340.  

CNEL (2001): Utilizzo del legno nell’industria edile. Rapporto di ricerca. Roma. 179p.  

Crowe M., Nolan K., Collins C., Carty G., B. Donlon, and Kristoffersen. (2002). Biodegradable 
municipal waste management in Europe Part 1: Strategies and instruments. Topic report 15/2001. 



48 p. European Environment Agency, Kongens Nytorv 6, DK-1050 Copenhagen K. Available at 
http://www.eea.europa.eu/publications/topic_report_2001_15  

CSIL (2005). 2005 Forecasts. Xylon International. March-April. P. 10-15.  

Eggers T. (2000). The impacts of manufacturing and utilisation of wood products on the European 
carbon budget. Master thesis. Institute of Forest Resource Management. Faculty of Forest Science 
and Forest Ecology. Georg-August-University Göttingen/ European Forest Institute Joensuu. 81 p. 

Farotto E. (2004). Il possibile contributo alla sfida di Kyoto del riciclo materiali: il caso Comieco. 
http://www.comieco.org/pilot.asp?puls=&pag=studi_e_ricerche/sezioni.asp&news=undefined 

Gardino M. (2001). Uso del legno nella edilizia residenziale in Italia - Analisi storica e tendenze 
all’anno 2005. Promolegno - Dott. Paolo Gardino Consulting Company. Presentation 

Hashimoto S., Nose M., Obara T., and Moriguchi Y. (2002). Wood products: potential carbon 
sequestration and impact on net carbon emissions of industrialized countries. Environmental 
Science and Policy 5 (2002) 183-193.  

ISTAT (1950-2005).  Statistiche Forestali. Annuari 1-47. Istituto Nazionale di Statistica. Rome.  

ISTAT (2003). Famiglia, abitazioni e zona in cui si vive. Indagine multiscopo sulle famiglie 
“Aspetti della vita quotidiana”Anno 2002. Informazioni n. 36 2003. 96p.  

ISTAT (2005). Previsioni della Popolazione Residente al 1° Gennaio.  

Karjalainen, T., Pussinen, A., Liski, J., Nabuurs, G.-J., Eggers, t., Lapveteläinen, T., and Kaipainen, 
T. (2003): Scenario analysis of the impacts of forest management and climate change on the 
European forest sector carbon budget. Forest Policy and Economics 5 (2003): 141-155. 

Kreitner R. (2002). Italy and Austria. Annex 4 in: Advisory Committee for Forestry and Forest-
based industries WORKING GROUP “CLIMATE CHANGE/FOREST 
PRODUCTS”COMPREHENSIVE REPORT 2002-2003 regarding the role of Forest products for 
Climate change mitigation. http://europa.eu.int/comm/enterprise/forest_based/ccmannex.pdf 

Law n.22/1997: Decreto Legislativo 5 febbraio 1997 n. 22.  

Lim B., Brown S., and Schlamadinger B. (1999). Carbon accounting for forest harvesting and wood 
products: a review and evaluation of possible approaches. Environmental Science and Policy 2: 
207-216.  

Lochu S. (1998). Mission Interministerielle de l’Effet de Serre. Evaluation des quantités de carbone 
stocké. ONF. Paris. In: Pingoud et al., 2005: Greenhouse Gas Impacts of Harvested Wood Products.  
Draft VTT Research Notes 2189. 113 p.  

MAF, Ministero dell'Agricoltura e delle Foreste (1988).  Inventario Forestale Nazionale 1985. 
Istituto Sperimentale per l'Assessamento forestale e per l'Alpicoltura. 2 vls. Rome, Italy.  

Nabuurs G.J., Ravindranath N.H., Paustian K., Freibauer A., Hohenstein W., and Makundi W. 
(2003). LUCF sector good practice guidance. Chapter 3: Appendix 3a.1- Harvested wood products: 
Basis for future methodological development: 3.257-3.272. In: Good Practice Guidance for Land 
Use, Land-Use Change and Forestry (Edited by J. Penman, M. Gytarsky, T. Hiraishi, T. Krug, D. 
Kruger, R. Pipatti, L. Buendia, K. Miwa, T. Ngara, K. Tanabe, and F. Wagner). The Institute for 
Global Environmental Strategies for the IPCC and The Intergovernmental Panel on Climate 
Change. Hayama, Kanagawa, Japan. Available at 
http://www.ipccnggip.iges.or.jp/public/gpglulucf/gpglulucf_files/Chp3/ 

Naumann (1992). Die Rolle von Wald und Forstwirtschaft im  Kohlenstoffhaushalt. In Burschel et 
al. (1993). Forstliche Forschungsbericht München. Nr. 126/ 1993. 135 p.  



Penman J., Gytarsky M., Hiraishi T., Krug T., Kruger D., Pipatti R, Buendia L., Miwa K., Ngara T., 
Tanabe K., and Wagner F. (2003). Good Practice Guidance for Land Use, Land-Use Change and 
Forestry. The Institute for Global Environmental Strategies for the IPCC and The 
Intergovernmental Panel on Climate Change. Hayama, Kanagawa, Japan. Available at 
http://www.ipccnggip.iges.or.jp/public/gpglulucf/gpglulucf.htm  

Pettenella D., Klöhn S., Brun F., Carbone F., Venzi L., Cesaro L., and Ciccarese L. (2005). Italy. 
Country studies. Acta Silvatica & Lignaria Hungarica. Special Edition 2005. ISSN 1786-691X 
(Print), ISBN 1787-064X. Pp. 383-435. Available at 
http://www.joensuu.fi/coste30/ASLG_2005.htm   

Pingoud K. (2002).  Available at http://www.joanneum.ac.at/iea-bioenergy-
task38/softwaretools/EXP.HWP.Pingoud.Dec18.2002.SentToTask38.xls 

Pingoud K., Perälä A.L., and Pussinen A.(2000). Inventorying and Modelling of Carbon Dynamics 
in Wood Products. In: K.A. Robertson and B. Schlamadinger (eds.): Proceedings of the Workshop 
Bioenergy for mitigation of CO2 emissions: the power, transportation and industrial sectors 27–30 
September, 1999 Gatlinburg, Tennessee, USA. P. 125-140. 

Pingoud K.(2005). Preliminary model, personal communication. 

Pingoud K., Perälä A.L.,. Pussinen A., and Soimakallio S. (2005). Greenhouse Gas Impacts of 
Harvested Wood Products. Draft VTT Research Notes 2189. Available at 
http://www.vtt.fi/pro/climtech/material/2189.pdf 

Rilegno, 2000. Rapporto scientifico: Ecobilancio di prodotti in legno. Available a t 
http://www.rilegno.it/_vti_g1_4.4.5.asp?rpstry=13_ 

SBSTA-  Subsidiary Body for Scientific and Technological Advice (2004). Draft conclusions 
proposed by the Chair. FCCC/SBSTA/2004/L.26. 14 December 2004. Twenty-first session, Buenos 
Aires, 6–14 December 2004. Methodological issues. Good practice guidance for land use, land-use 
change and forestry (LULUCF) activities under the Kyoto Protocol, harvested wood products and 
other issues relating to LULUCF.  Bonn, Germany. 

Scharai R., and Frühwald A. (2002). Beitrag der Holzverwendung zur Senkung der CO2-
Emissionen (Kyoto Protokoll). Ordinariat für Holztechnologie der Universität Hamburg. 73 S.  

Sikkema R., and Nabuurs G.J.(1994). Forests and wood on the carbon balance. NOVEM Report 
9416 (46).  

Skog E., and Nicholson G.A.(1998).  Carbon Cycling Through Wood Products: The Role of Wood 
and Paper Products in Carbon Sequesttration. Forest Products Journal. 48 (6/7): 75 – 83. 

Thompson, D.A. & Matthews, R.W. (1989). The storage of carbon in trees and timber. Research 
Information Note 160. Wrecclesham, United Kingdom, Forestry Commission Research Division.  

UNFCCC (2003): Estimation, reporting and accounting of harvested wood products. Technical 
paper. FCCC/TP/2003/7. Available at http://unfccc.int/resource/docs/tp/tp0307.pdf  

Winjum J.K., Brown S., and Schlamadinger B. (1998). Forest harvests and wood products: Sources 
and sinks of atmospheric carbon dioxide. Forest Science 44 (2):272–284.  


