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[Figure 1] Utilzation rate and Recovery rate
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This research aims to highlight relevant characteristics of wastepaper recycling, by making an international comparison.   Overall performance figures from various industrialised countries were gathered. The cases of UK and Japan are looked into in depth. From the model of paper fibre flow, I estimated the fibre profiles in terms of how many times it has been used, for various kinds of paper and board in both UK and Japan. The fibre profiles indicate features that are not obvious from recycling rates.

Paper production performance figures were gathered from 14 European countries, USA and Japan. There are two major performance indicators for paper recycling; the recovery rate and the utilization rate. Those figures are shown in table. 1]. [Fig. 1] shows these two indicators do not necessarily correlate.

The situation of exports and imports of paper, ie. the ratio of paper consumption and production, greatly affects performance figures.  Paper exporting countries (eg. Scandinavian countries) are mostly rich in timber resources, and there is less incentive to use wastepaper. Also in this situation where production largely exceeds consumption, there is less domestic supply of wastepaper available, since consumed paper is the source of wastepaper. On the other hand, paper importing countries do not have enough capacity to process wastepaper, and this will limit the extent of collection. Transportation costs are high, relative to the value of wastepaper, and only a small amount of wastepaper travels across national boundaries.  Having a proportionate amount of production to the amount of consumption is advantageous in achieving high rates for both recovery and utilisation.

There is also a fact that paper industries in some European countries specialise in production of certain types of paper. This also is a factor that affects paper recycling performance.  Industries with a large proportion of board production (eg. in the Netherlands) will find it easier to utilise more wastepaper than those with a specialisation towards graphic (printing and writing) paper (eg. in Belgium).  The statistical significance of the above two factors (consumption : production ratio and non-graphic : graphic ratio) on paper recycling rates was investigated. These two variables explained the utilization rate with a R2 of 0.750. Analysis of variance indicated both variables were meaningful at 1% level.

The wastepaper utilisation rate in the UK is 62%, while in Japan it is lower at 53%. On the other hand, the recovery

rates are opposite; Japan 51%, UK 35%.  This is a consequence of the fact that there exists a large proportion of imported paper in the UK paper market, while Japan is relatively self-sufficient in paper production.  The effect of paper imports on wastepaper recycling will be looked at in more detail.  The Paper Federation of Great Britain as well as the Paper Recycling Promotion Center (Japan) compile statistics indicating the type and amount of wastepaper being used for the production of various types of paper. From this data, recycling rates for each type of paper was calculated.  [Table 2] shows figures for the UK.  Furthermore, I estimated a model of paper / wastepaper flow.  In order to carry this out, I correlated paper production classification and wastepaper classification.  This was done by obtaining detailed descriptions of classification and also through interviews with wastepaper dealers.  A matrix of paper / wastepaper flow was created [Table 3].  [Fig. 2] is an example to visualise the flow in the UK.  Similar procedures were carried out for Japan as well.  This diagram shows that paper recycling is an "open loop" recycling, where collected materials will be recycled into products different from its origin.  The average cycle of fibre contained in various types of paper was calculated from the model.  In the case of closed loop recycling, this can be calculated by a straightforward equation:  average cycle = (1 - recycling rate) 

but in this case of paper recycling, it is too complicated to calculate by analytical mathematics.  Therefore, the distribution of the "age" of fibre was calculated using a successive approximation method.  Since the fibre cycle profiles of imported products are unknown, it is assumed that: (a) Products from Scandinavia and North America are made 100% from woodpulp. (b) Products from the Netherlands, Germany and France have the same fibre profile as those produced in the UK.  Canada and USA dominate the import of all sorts of paper and board in Japan.  Newsprint imported into the UK is entirely (a).  Pams/Mags and Sanitary paper are 60% (a), 40% (b).  Corrugated board, packaging board and packaging paper are 80% (a), 20% (b) (source: OECD 1994).  There are some more presuppositions in this model.  1) The presence of fillers and sizings in paper products is ignored. As a matter of fact, the ratio of fibrous raw materials input to finished product output is nearly equal to 1, which indicates that neglecting this factor of fillers and sizings does not have a large impact on the whole model.  2) Loss of aged short fibres at production is also not under consideration.  I have not found a reliable reference on durability of paper fibre, except for the general fact that the problem of aged fibres being lost is only significant at higher cycles (Phipps 1994).  The result of the calculation is shown in [Table 4] and [Fig. 3].  The average cycle of paper fibre in British produced newsprint is 1.96.  This is approximately equivalent to a 50% recycling rate in a "closed" recycle loop, which is significantly lower than the actual utilization rate for newsprint (73%).  The large influx of imported paper makes it possible to have a high utilization rate and still have a relatively low "age" of paper fibre at the same time. 

Two topics for further research:  1) Verification of the model analysis result.  This is possible if there is a method to detect how many times fibre has passed through a paper mill.  2) How does this difference in industrial structure affect household waste recycling schemes and other wastepaper collection activities in the UK and Japan. 
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