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Introduction 

Discussions on reducing greenhouse gas (GHG) emissions for the period after the first 
commitment period of the Kyoto Protocol expired at the end of 2012 will be concluded until the end of 
2009. One of the possible GHG accounting systems is full carbon accounting (FCA), which means 
complete accounting of stock changes in all carbon pools related to a given set of landscape units in a 
given time period. In this accounting system, behavior of forest products which contain large amount of 
carbon might be carefully estimated. Material flow analysis (MFA) is a powerful tool to grasp the 
current situation of forest products. From viewpoint of CO2 emissions, energy consumed in processing 
forest resources should be considered by LCI analysis as well. In this study, material flow and CO2 
emissions associated with the life cycle of forest products in Japan were investigated.  
 
Material flow and stock of forest products 

First, material flows and stocks of wood products in Japan were analyzed, in which intermediates 
(lumber, laminated wood and lumber, wooden board, wood chip, and pulp) and final products 
(buildings, construction, furniture and fixtures, pallet, and paper) were taken into account. Material flow 
of Japanese forest resources was investigated as shown in Fig.1. Material stock was estimated from 
time-series consumption data by using population balance model (PBM) which is often referred as a 
dynamic approach or a top-down approach. In the stock estimation by using PBM, stocks in buildings 
and paper were taken into account. Buildings were classified into twelve categories by construction 
type; wooden, steel-reinforced concrete, reinforced concrete, steel-frame, concrete block, and others, 
and by use application; dwellings and nonresidential buildings. Japanese carbon stock as in-use 
products was shown in Fig.2 from 1980-2003. The amount of carbon stock in buildings in Japan was 
estimated as 450 million t-C, which is larger than the total Japanese emissions of CO2 in the year 
2005, 350 million t-C.  
                 
Figure 1: Material flow of Japanese forest resources in 2000.  
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Figure 2: Carbon stock of in-use products in Japan from 1980 to 2003.  
 
LCI analysis on forest products 

Second, the energy consumptions were quantified for every process associated with the life 
cycle of forest products. The energy consumptions in major industries were obtained from official 
statistics, and those in other processes were estimated by using data on Japanese Economic input-
output tables. Flow chart of our estimation procedure was shown in Fig.3. CO2 emissions were 
calculated based on the energy consumption. Estimated energy consumption by fuel in each sector 
was shown in table 1. In actual, the emissions in the processes of buildings and construction were 
mainly caused by other materials than forest resources. Therefore, the CO2 emissions in the 
processes were allocated by masses or prices of consumed materials. In the Fig.1, the amounts of 
CO2 emissions before allocation were shown. After the allocation, share of CO2 emissions by sector 
was shown in Fig.4. It was found that 51% of CO2 emissions in production of forest products were 
attributable to paper and pulp production in the year 2000, followed by construction, 25%, and 
buildings, 14%. The share of furniture production, timber production, and chip board production were 
relatively small.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3: Flow chart of procedure to estimate energy consumption in each sector. 
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Table 1: Estimated energy consumption by fuel in 2000. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4: CO2 emissions associated with supply chain of wooden products in 2000. 

 
Substitution effect of forest products 

Finally, substitution effect of forest products on CO2 emissions was estimated. One of major end 
uses of the forest products is buildings. We assumed that 10 % of non-wooden dwelling; e.g., steel 
framed dwelling, reinforced concrete dwelling, and etc., was substituted by wooden dwelling based on 
the floor area. General equilibrium model was applied for the estimation with Japanese Economic 
input-output table which has five sectors related to buildings; residential construction (wooden), 
residential construction (non-wooden), non-residential construction (wooden), non-residential 
construction (non-wooden), and repair of construction. We estimated the change of production 
associated with increase of residential construction (wooden) and decrease of residential construction 
(non-wooden). Furthermore, a ripple effect caused by the change of incomes in the two sectors was 
also estimated. The total of the substitution effect results in reduction of about 250 thousand tons of 
CO2 emissions. The effect by each sector was shown in Fig.8. 
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Figure 8: The substitution effect of CO2 emissions by each sector in the year 2000. 
 
 
Conclusions 

In order to minimize carbon emissions associated with forest resources based on full carbon 
accounting system, fundamental information was prepared in this study. Material flow and stock of 
wood products was analyzed. Energy consumptions and CO2 emissions were quantified for every 
process associated with material flow of wood products. CO2 emissions for a waste management 
processes; feedstock recycling in blast furnaces, were analyzed with Rist model and matrix approach. 
Furthermore, substitution effects of forest products were estimated. 
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