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EXECUTIVE SUMMARY

No study of the sustainability of a sector would be complele without Jooking at the transport
which is employed within it. This report assesses the use and impact of transport within the
paper cycle and identifies possibie means of reducing the negative effects and future trends
which may affect transportation in the sector.

Pulp mitls have traditionally becn built in the vicinity of forests and/or ports which are
usually distant from major centres of consumption, hence a sigmificant amount of long
distance transport 18 required O get paper to consumers. In general, transport mcreases as
value is added along the product chain, although there is some evidence that the increasing
use of recycled fibre may be influencing the location of some mills as well as affecting
transport within the cycle. The costs of transport in the paper cycle appears to be significant
with transport costs accounung for between one quarter and one third of Bbre costs and
delivery costs estimated to be between 7% and 19% of 1otal costs.

The environmental and social impacts of transport generally are becoming an increasing
cause of concern. Globalisation is tikely to increase both the volume and distance of goods
transported, however the increase for the paper sector is predicted to be below the industry
average, To estimate the magnitude of environmental impacts from transport compared to
other stages of the paper cycle {IED commissionaed PIRA to run a life cycle model to provide
indicative results for the paper cycle in Europe. This suggested that transport accounts for
11% of the oil consumption within the cycle and is responsible for 20% of NO, emissions
and 12% of VOC emissions. The time and place of these emissions however are as
important as the actual levels, hence transport at stages of the cycle is likely to be much
more significant than at some others.

Maode choice is also an Limportant factor in the owerall impact of transport. Rail and
particularly marine transport is relatively benign compared to road transport hence sourcing
pulp and paper related goods from distant places may not be as environmentally detrimental
as might be expected if the bulk of the transportation is marine. Increased recovery of waste
paper tends to increase urban road transport, a forin of transport with high potential impacts.
The PIRA study analysed the effects of increasing the European recycling rate from the
current average of 36% to 54%, linding that although emissions of some air pellutants during
transport in the paper cycle do increase significantly, over the whole cycle resource use and
emissions are reduced,

The report concludes that due to the costs and impacts of transport, stakebolders in the paper
cycle should consider it far more systematically. While it may be difficult to change some
determining factors such as the location of raw materials and consumer markets, companies
may have more conlrol over other factors such as the location of mills or mode choice,
Steps should he taken 1o minimise the nse of transport, particualrly in cases where it ix likely
to have the most impact (ic urban road transport}. However more comprehensive statisitics
and detailed analysis is required to cnable impacts to be judged more clearly and 1o enable
policy makers to examine the policy imphicalions of their decisions.
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1 INTRODUCTION

Transport is key to all industrial cycles and often forms a significant proportion of overall
costs of production, As such, no study of the sustainability of a sector would be complete
without looking at the implications of the transport scrvices employed within it.

The environmental impact of freight transport and distribution are becoming increasingly
recognised as a major constraint to the transition to sustainable development. There is a
growing consensus, parlicularly in Europe, that ransport volumes need to be curbed and that
the social and environmental costs of transport need to be intcrnalized. Thesc trends have
potential impacts well beyond the transport and distribution stage of the cycle, with
implications for the location of mills, international trade flows, the type of fibre that is used
in production processes, and the type and volunie of paper products consumed.,

Surprisingly, there has been little work done on transport in specific industrial scetors and
almost none on transport in the pulp and paper sector. Life cycle analyses tend to cither
ignore transport altogether or, if comparing various scenarios, assume that (here will be litle
change between them. Few paper eco-labelling schemes appear to consider transport
explicitly and some specifically excludes it,

This study aims to:

* assess the main transport flows and modes used in the paper cycle and identify future
trends in transport use in the seclor,

o estimate the magnitude of environmental Impacts caused by transport compared to
other stages of the paper cycle and compare the impacts of using recycled and virgin
inputs.

* discuss possible ways of reducing the environmental impact of transport in the sector.

Section 2 of the report looks at current transport of pulp and paper related goods, its cost,
and future trends. Section 3 assesses the environmental impact of this transport, Section 4
summartzes the findings and discusses policy implications.



2 TRANSPORT USE DURING THE PAPER CYCLE
2.1 Introduction

Determining the transport-intensity of particular sub-sectors is difficult since official transport
statistics are not usually disaggregated sufticiently and since countries tend to calculate their
transport statistics in different ways making comparisons problematic. In addition there seams
to have been surprisingly litlle discussion of transport in the trade press. Life cycle analyses
either ignore transporl altogether or conclude that it is insignificant, often because onty
transport at a few transport stages of the cycle have been considered, thereby underestimating
its impact.

Transport occurs at every stage in the paper cycle and 18 represented schematically in Figure
2.1a. Firstly, fibrous raw materials are transported from their source to pulp mills. If the mill
is infegrated the paper is produced on-site, otherwise pulp 15 transported to a paper mill or
sold on the open market. Paper s then transported to converting firms which transform them
into paper products. Paper and paper preducts are transported to consumers through retail
and wholesale outlets. Once used there are several different routes that the wastepaper can
take. Either it is separated by businesses or households and collected before being transported
to a deinking plant and then transported to recycled fibre mills, or it is collected as part of
municipal waste and transported to a landfill, compost or incineration site.

Figure 2. 1a  Transport in the Paper Cyele
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2.2 Transport Intensity of the Paper Cycle

2.2.7 The Relative Transport-Intensity of the Paper Cycle

Although much detailed data on transport use exists for specific paper sector commodities
in various diffcrent countries, this 15 not particularly luminating in the absence of
comparable data for olher sectors. For comparative purposes, perhaps the most useful data
comes from input-output tables. These indicate the value of the transport services purchased
to produce one unit of a particular product {e.g. one unit of newspaper). They do not include
any in-house expenditures on transport {t.e. fuels and vehicles) or the ingirect transport of
intermediate inputs such as chemicals, fuel or machinery.

American data is particulariy useful since the size of the country and the relative size of the
economy means that the figures will include the effects of all forms of transport and
problems associated with the classification of traded inputs are avoided. The figures for sub-
sectors and a number of substilute sectors are given in Table 2.2a. For example, radio and
television can be substitutes for newspapers and plastics for paperboard containers.

Tuble 2.2¢  Direct Transport Requirements (% inpur per unit of ourput) in Selected US
Secrors in 1987

Paper & Alflied Paperboard Newspapers &
Products Containers Periodicals
Rail 1,01 1.12 0.35
Road 1.98 2.24 0.66
Water Q.13 0.07 0.09
Air .47 0.19 1.89
Total 3.59 3.62 2.99
Communication Plastics & Synthetics | Radio & Television
Sectors
Rail 0.09 E.17 (3.12
Road 0.01 1.40 .21
Water 0.15 0.32 0.01
Air (.00 0.15 (.72
Total 0.25 3.4 1.06

Source: USDOC SCB, May 1994, Table 3.1
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The paper related sub-sectors have overall transport intensities in the range 2.9%-3.6%. The
ather sectors have a lower - but much wider - range, with both the communications and radio
and television sectors having much lower transport-intensities. Only plastics and synthetics
has transport use comparable to paper-based production. These figures imply that the paper
sector 1s somewhat more transpori-intensive {in cost terms) than the main substiiute sectors.
As such, substituong away from paper-based end uses to other end uses which are not based
upon paper censumption would tend 1o reduce transport.

2.2.2 Factors Currently Affecting the Transport Infensity of the Sector

There are a number of factors which affect the transport intensity of (he paper cycle,
mcluding location of raw materials and major markets, the stage of the cycle at which
transport occurs, and the transpert mode employed. Some of these may be easy to influence,
while others are much more difficult to aftect.

Locarion of Raw Muareriad Inpurs and Major Consumer Matkers

The relationship between the location of raw material inputs and major consumer markels is
probably the factor which has the biggest impact on transport use within a sector. In the case
ol the paper sector, the major production and consumption centres are often far distant from
cach other, Traditionally mills have been located near the forests which are the major source
of the primary raw material inputs and at some distance from the major population centres
which are the main consumer markets. Hence, a significant amount of long distance
transport is required at some stage of the production process to gel paper to consumers,
Indeed, the existence of large areas of boreal forests in specific parts of certain countries
" {e.g. Sweden; Canada, the former Soviet Union) ts usually due to the low population density
in the vicinity (TaigaRescue Network [995). In this sense distances are great by definition,
which 18 not true of most other sectors.

The separation of production sites and major markels may be reflected within a country,
between countries and even between continents. For example, in cotntries such as Sweden,
which is a major producer of forest products, but has a relatively small domestic market, this
results ina high proportion of industrial freight transport being accounted for by forest
industry products; 62% of rail exports, 45% of marine export and 38% of road exporls.
Within Sweden itseff 34% ol freight transport by rail and 9% by road is attributable 1o
forest products (Skogsindustrierna 1994.) The international separation of the major markets
for paper products from the main forest areas can be graphically illustrated by the two maps
shown overleaf which show the location of forest resources and the population density in
Europe.

In countries where a Tigh proportion of non-wood fibres are used to make paper, pulp milts
are usually located m agricultural areas or near sugar mills if the major raw material is
hagasse (sugarcanc residue). Indeed transport of raw materials is usualiy one ol the Hmiling
factors in the size of non-wood mills since transport costs generally limit the economic
collection area to within a 100km radius of the mill (JIED Substudy No. 7.
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Srape of the Produciiong Cycle ar Which Transpart Ovoes

Dhifferent stages of the production eyele have diffarent transport requiremaents, The stagze in
the cycle at which goods are fransporied depends on e relationship between the value of the
procuet, its physicat charactertstics and the distance to principal markets.

In general the higher the value of a product par wmit volome or mass the less consequentiat
the transport cosls. Given the relatively low value and large mass ol pulpwood compared to
downstream paper products this would imply that goods in the paper cycle arc more likely
to be transported in more processed form. Over 0% of pulpwoeod fibre is utilised in the
country of origin {ITED Substudy No. 1), whereas {urther along the paper chain as value is
added, higher proportions of products are exported. See ables 2.2b, ¢ and d below. {or
example, Scandinavia 15 4 significanl producer of paper products, despite having a small
domestic market since 11 15 more ecemomic 1o converl wood mla higher value added products
and export these than to export the wood itself,

Statistics on the trade of pulp and paper refated -goods give a good indication of the amount

~and type of tansport which s occurring and dlusirate the separation of producers and:

markets.

Figure 2. 20 Trock Careving Pelpwioad, Keovstes Mill, Sweden
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Trade in Wood Fibre

Very little wood lbre enters international trade and whal does can be divided inte "horder
trade’ that results from the nalurad extension of precurement regions across political
boundaries and "oeean trade’ reflecting imbalances of wood fibre supply and demand and/or
differences in regional wood fibre prices which more than compensate for transport costs.

The majority of the global trade in conifer wood fibre occurs within Europe and the Baltic
region. The major trade flows In the region are accounted for by the movement of
roundwood pulpwood into Finland from Western Russia, the movement of pulpwood and
chips into Sweden from countries bordering the Baltic and shipments of roundwood and chips
from France and Germany to neighbouring countries. This is mainly due to surplus supply
and price differences which exceed freight costs (HED Substudy No. ).

It is generally more economic to transport chips rather than roundwood over long distances,
due to the savings in loading, unloading and shipping costs. The trade in ¢hips has increased
substantiaily since the advent of "dedicated chip carriers’, and chips have been accounting
for an increasing percentage of wood fibre trade over the last 15 years. Tn 1982, roundwood
accounted for 51% of trade compared to 39% for chips and 10% for other residues, but by
1992 these figures had reversed and it was estimated that 53% of wood fibre trade consisted
of the movement of woodchips (JIED Substudy No. ().

Box 2.2a . Japanese Import of Woadchips

In the early 1960s Japan lfaunched a strategy to incesase pulp seli-sufficiency. This policy was
reinforced by market conditions in the 1970 and 1980s, when it was cheaper for Japan to inpart chips
than pulp. In recent years Tapan has been responsible fur the overshelming majority of waadehip trade,
accounting for 79% of the plohal trade in 1992,

In 1970, the US Naorthwest supplied 82% of Japanese impans of coniferous woodchips, However after
Ametican prices rose in the 19805 the Japanese made o voncented affort o diversity their sources, and
I‘ supplies have shifled sway from the US - which now accounts for only 30% of coniferous waodchip
supply - and SE Asiu, foward countries of the Soulhemn bemisphere which have develuped larpe
nhantation resources such as Chile, South Africa and Australasia.

A few years later market conditions chunged wgain, fiuther atfecting teade flows and Iransport pallems.
When woodchip exports were first paemittzd from Chile in 1987 &t seeoed that Chile would quickly
become o major exparter 10 the Evropean and Asiy Pavific markets. Howover ax domestic prices have
in¢reased Lo intemational freight-equalised levels, the expart of coniter chips has been replaced by much
higher native hardwaood fibre exports, und Burope amd Asiu-FPacific have sourced coniterous chips from
other couniries,

There are several trends which are likely to reduce the trunsport of womdehips over the next few yours.
Firstly, it appears that it wall soon be more competitive tor the Japanese to imporl pulp rather than chips,
Secondly, there is a global trend 1o transport higher value added products such as pulp and paper
products rather than wood fibre. Thirdly the US Northwest and Canada are facing fibrs shortages in their
domestic markets which is likely to reduce the supply for woodchips availahle for axport.

Sources: WERI 1994 and Irland 1994
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Trade in Pulp and Faper Products

For wood pulp, the major flows are from Canada and the Nordic countries to Western and
Central Europe. Canada also ships pulp to East Asia as docs the Southern US, In the case
of paper products by far the largest exporter is Canada which is the dominant suppher to the
US market. Western and Central Europe import a great deal of paper from Canada and the
Nordic countries and there is a signilicant movement of paper across the 1§ lrom pruduwrb
in the South to markets in the rest of the country (IIED Substudy No.2).

Waste Paper

Waste paper is a now an important globally traded commodity, In 1980, 3.1 miilion tonnes
of wastepaper were exported worldwide, by 1993 that figure had more than doubled to 11.2
million tonnes. The biggest flow is from the US to Asia, fellowed by trade within Europe
matnly from Germany {Jaakko Poyry 1993).

Table 2.2 Bilateral Trade in Wood Pulp in 1993 (71000 tannes)

Fmporters Exporters

Cunada Usa Sweden Finiad Braail
Enrope 24456 1758 2356 1246 639
Warth Amnerica 4208 178 3 L 405
Latin Ametica 175 3940 I L) 69
Asla 2320 2415 227 3] 63y
Australasia a7 . 44 2 7 U]
AlTiea 45 0 a2z 1454 o

Tuble 2.2c  Biloreral Trode in Newsprine in 1993 (1K) tonnes)

e

lnparters Exporters
Ty Usa Fwerdel Finland
Europe 2294 9 1502 Ga3
Morth Americs 6930 13 . 3% 2]
Latin America 502 2% L 17
Asia EEL 647 292 20
Austrakbasia 37 3 G ]
Alrica 18 21 20 i3
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Table 2.2d  Bileweral Trade in Kraftfiner in 1993 (1000 tonnes)

[enporters Expocters
Canada USA Swraden Finlsnd

Baropis 122 Hidd ) 154
Worth America 192 L57 g L

! Latin America ] 717 3 2

il Asia ] 158 L1103 110 i3
Australasia 0 13 0 0

ﬁ Africa 0 75 44 3

S{Jumeﬁnt&rnatmnal Fact and Price ﬁnn!-; 1493 Pulp aod Paper [nternational.

Mode Employed

The transport mode {road, rall, water, air) used 1o move paper-related goods has a significant
impact an both the environmental impact and cost of transport in the cycle.

Table 2.2e indicates the modal split in cost terms for each unit of transport purchased in the
listed sectors in the US. It doecs not indicate the exact proportion of each mode used in

physical terms {i.e. ton of {reight kilometres) since costs vary, with air transport being much
more expensive than other modes.

. Road transport 15 the most highly used mode, followed in most cases by rail.
* Alr transport tends 10 be used mare intensively in more highly progessed sectors.
. Water transport 1s used more intensively at garly stages of product processing,. a

higher proportion of wood and paper is transported by water than paper products.

The mode split in the substitute sectors varies greatly. Interestingly, non-print media (radio
and television) possess an almost identical modal split to print media (newspapers and
periodicals).




Table 2.2¢  Fropartions of Direcr Transport Requirements by Mode in the US in Valie
Terms in 19587

Puper & Allied Products Puperbourd Containgrs WNewspapers &
Perindicaly

Rail 0.28 0.3] -0z

Ruad 0.53 Q.62 0.2

Water 0.04 0.02 | 0.03

Air 013 .05 0.63
ii Commanicsfion Seciors Plistics & Synthetics Radin & Television

Rail 0.36 0.38 | K81

Rnad 0.04 046 0.20
]| Water 0.60 .11 Q.00

Air 0.00 0.05 0.68

Source: USDOC SCB, May 1994, Tahle 3. 1

Aparegate Buropean data reveals that 3 million tonnes of paper, pulp and waste paper were
transported by rail, 3.6 million tonnes by road and 2.5 miliion tonnes by inland waterway
in 1991 (Eurostat 1994),

Factors which Affect Mode Choice
In many- cases there will be little choice about which mode can be used but there are a
number of factors which influcnce it

. Product Characteristics _

Lighter goods will tend to use relalively more road transport than heavier goods which will
be more dependent on rail or marine transport. Similarly, more highly pmcessed g00od will
tend to rely more on road transport.

. Geographical Terrain

The geographical characteristics associated with the location of the fibre source has an
important influence on the available means of transport. Forest resources are often situared
in areas with difficult terrain and limited access, which restricls transport options. In many
cases roads have to be built specifically for the purpose of extracting wood. [f the producing
country has an accessible coastline pulp mitls will often be situated on the coast, giving them
£asy Access to maritime transport and overseas cxport markets, See maps below.

e Technological Development

Technological change can also mfluence mode choice. For example the construction of
transcontinental railtoads and the Ene, Suez and Panama canals had dramatic cffeets on mode
choice in the movement of wood products. Innovations such as ice breakers, rofl-on-rofl-off
vessels and dedicated chip carners have also changed trade rowes and influenced the form
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in which wood products travel (Irland 1994),

() Investunent in Infrastructure

This will vary from country to country and can have significant unpact on transport modes
employad. In russia, there are few ports and wypically zoods have to travel WO00-3000km w
rcach the coast {(Kyberg 1993). These distances can usually only be travelled by rail and
transport costs are a significant expense. However, the proportion of goods transported by
rail has declined as prices have risen dramatically over the last few years (Hagler 1993,
Kyberg 1993). The pulp and paper company Weyerhaeuser recently cancelled their joint
venture in Russia over issues of stability and logistics control (Coates 1993).

Investment in transport infrastructure can also be undertaken by the firms themselves. In the
UK the Aylesford newsprint mill in Kent which makes paper from 100% recycled fibre
recently announced that it would be building a new rail terminal to enable paper to be

transported directly from the mill to conlinental Europe via the recently opened Channel
Tunnel {Paper Europe 1994),

. [nstitationat Arrangements

Institutional arrangements can also have dramatic cffects on the modes used to transport
forest products. For example, in Canada the 1987 National Transport Act incorporated a
number of provistons which were designed to make the rall sector subject to competitive
pressures. This resulted in the share of rail increasing significantly while truck and maring
transport fell. However, these competitive provisions onty apply to federal railways not
provincial railways. As sech, inland mills in Britsh Celumbia which are dependent op
provineial lines are at a disadvantage (Heads ¢f af. 1994),

Once again, as is the case with infrastructure investment, not all of these arrangements are
determingd exclusively by the government. For instance, the introduction of "minibridges”
which facilitated joint-mode (rail-to-maring) transport in the United States generated an
increase in forest produet rail transport (Wisdom 1993),

2.3 Cost of Transpor in the Paper Cycle

Transport costs are often amatgamated mto other costs such as harvesting or delivery costs
and as such it 15 difficult to determting the precise proportion of total costs which are
attributable to transport. For example, transport makes up a high proportion of the direct
costs of harvesting, It has been estimated recently that the direct costs of moving a felled tree
from plantation site to mill is in the region of US$10-11/m” and up to 90% of this can be due
to transport costs. USE3-4/m’ 15 taken up in the skidding or forwarding of logs to the
roadside alone. Overall, transport costs can account for as much as one-guarter to one-third
of the fibre price. This is confirmed by more dated figures which Tist transport costs to
domestic pulp mills for various countries, see Table 2,3a below.

11



Tuble 2.3a¢  Refative Transport Costs of Pulpwood (USS/ne in T985)
Total Tramspe Percentape
Chile 12 3 25
Brazll 15 4 26
5. UsA 27 6 5
Sweien ' 40 il 25

Source: Ewing and Chalk (1988).

It appears that although absolute costs differ by region, in relation to total production costs
{which include stumpage fees and harvesting} the figures are more or less equivatent,
irrespective of the distance, equipment and terrain in the different countries, The same study
indicates that the absolute transport costs for pulpwood in individual countries are somewhat
ess than those for sawniogs.

Transport seems to account for a significant proportion of overall costs in the pulp and paper
sector, Estimates of delivery costs to major markets (which include both transport and safes
costs) vary from 7% to 19% (I[ED Substudy No. 11, Price Waterhouse 1992, Ewing and
Chalk [988). In a cost analysis of the industry ([{ED Substudy No.L1) delivery costs were
found to be of a similar order to the cost of energy and other raw materials, while fibre costs
were about three times higher. However, these costs do noi fake into account transporl at
other stages of the cycle, such as during harvesting. Since transport can account for as much
as one third of fibre prices this would indicate that the overall transport is one of the major
costs involved in the pulp and paper cycele.

The tables below illustrate the proportion of total costs which are atiributable to delivery
costs, What is striking about these figures is ihat transport costs do not increase
preportionally with distance travelled. This is due to the much higher costs per ton kilometre
associated with rail and road transport compared to ocean transport, This is evident if the
figures for British Columbia interior and coastal mills are compared. The small difference
in total distance between them increases the transport costs by 30% in the case of kraft pulp,

Table 2.3b

Defivery Costs for Market Pulp Delivered o Rotterdam

Softaanil Flardwond
Mroducing Delivery Costs Tutal Brelivered Deelivery {osts Tetul Drefiversd
Conntry Tty Copsts
Cunada %] 354 G5 440
Scandinavia 35 575 53 538
Latin America Ta 450 | 420
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Tahie 2.3¢c  Delivery Coses for Newsprind to the US Markes

Preducing Country Delivery Costs to US Toral Delivery Costs
market
Canada [Virgin flore oased) 53 "
USA frecyoled fbre bBased) 40 a3l _ __1
. —— .

Table 2.3d  Defivery Costs for Newsprint o the Western European Market

Produeing Country Delivery Costs to WE Total Delivered Costs
Scandinavia (virgin {ibre Tased) L 531
WE {recycled fibra hased} 55 754

Table 2.3e  Delivery Costs for Uncoated Woodfree Paper o Western Europe

Producing Counkey Drelivery Costs o WE Total Delivered Costs
Scandinavia 133 293
Western Europe ai 175

Souree: ED Sobstueky No. 11
2.4  Future Trends in Transport in the Paper Cycle

In this section the effect of three important trends which have potential repercussions for
transport use in the pulp and paper sector are examined: globalisation of the sector, increased
recycling of wastepaper, and the internatisation of social and environmental costs in the price
of goods and services.

2.4.1 Globalisation of the Pulp and Paper Sector

The pulp and paper industry is becoming an inercasingly globalised and concentrated sector
{see 1ED Substuey No. 17 for more detadls). Although the increased conceniration of
ownership may have litile effect since ownership and location of mills are increasingly
unrclated, there may be significant changes m (ransport usc arising from trade liberalisation.
This has been recognised by the Task Foree of the European Commission which named
iransport as the one sector through which the liberalisation of the internal market would have
the greatest effect since it is complementary 1o liberalisation in all other seclors which use
transport intensively (Gabel and Raélter 1993}, In the case of the United States the “total
industry output multiplier’ for the four transport sectors, which measures the percentage

increase in transport use following & 1% increase in output in all other sectors, range from
1.8% to 2,1%. {USDOC SCB, May 1994).

Gabel and Rller (1993} studiced the impact of trade liberabisation on transport use in various

13



ndustrial sectors and concluded that it was likely to increase geographical specialisation and
concentration of production as comparabive advantage emerges and cconomies of scale are
exploited. At the same time they concluded that consumption would disperse geographically
as falling import barriers, lower product prices and higher per capita incomes would widen
markels internationally. This is likely o increase the averape distance from points of
production to points of consumption,

The study concluded that due to the general increase in transport arising from increased
volumes of goods travelling increased distances, trade liberalisation will cause a major
increase in environmental damage. For the paper industry however, the changes are below
the industry average (sce Table 2.4a below) with the increase in tradc after complete trade
liberalisation predicted to be 22% for wood products and 20 % for paper and the increase
in transport to be 34% and 28 % respectively, '

Table 2.4a  Percencage Increase in Trade Flows funit-kms) after Elimination of Non-Tariff

Barriers
Industry All couniries [nfra-El Trade Exports into EU
Wood, 34 33 3%
Paper 28 28 11
Printing and Publishing | 33 32 i9
- Foodstotfs 23 20 is
Elecirical machinery 160 150 181
Tohacco 25 28 11
Surgical! Optical 34 32 37
Instrements '

Source; Gabel and Riofer 1993

However, a proportionate increase in environmental degradation is not a foregone conclusion
since the environmental impact of transportation is heavily dependent on the mode used. For
instance, in the event Lhat the geographical pattern shifts away from trade between pairs of
countries which have surface transport links, toward countries which are further apart but
separated by & body of water, the environmental impacts of transport in the sector may
decrease, even if transport use {expressed in tonne kilometres) increases (see discussion on
relative impact of different modes in séction three).

Maoreover, even if the environmental impacts of fransport are more adverse following
tiberalization, this does not necessarily imply (hat overall impacts of the production process
will-increase. For inslance, if liberalization allows regions to specialize in the production
of goods for which their ecosystem is better suited other effects i the production process
may be less severe {i.e. the impact of emissions on the receiving environment or the use of
resources as material inputs) than would be the case in the absence of trade.
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And finalty, it is not only liberalization within the industry itself which can affect transport
use in the pulp and paper sector. Indeed more significant effects might arise from
liberalization of the transport sector, one of the most disforted sectors in erms of trade
flows,

2.4.2 The Repercussions of Recycling on Transport Use in the Secior

The last few years have seen a large increase in the use of recycled fibre in most grades of

paper which has potentially significant impacts in terms of the location of paper production
and the intensity of transport service use in the sector.

Increased recycling has three separate influences on transport in the paper cycle. One is the
growing trade in wastepaper which was discussed in section 2.2. The second is the influence
that a greater use of recycling has on the location of mills, and the third is the transport
involved in the collection of wastepaper.

Locarion of Mills
In the past, pulp and paper mills were generally located near the fibre source and/or near

good export points such as ports. The increasing use of recycled fibre may be changing the
balance although evidence of this trend is somewhat limited,

In the TUSA most large old newsprint (ONF) conswming mills are currently located in or near
major pepulation centres. However as the market has developed more and more mills are
installing recycled fibre capacity at existing plants which are generally remote from major
population centres and will theretore have to source most of their waste paper irom suppliers
hundreds of miles from the mill (lannazzi and Strauss 1994), thus increasing the transport
required,

In contrast, Young {1995) cites the case of Weyerhaeuser which is shifling much of its
production away from close proximity (¢ wood fibre sources to Towa, a state with few wood
resources but one which 1s strategically located for waste paper sources in the Mid-West, At
this point it is not clear whether other companies will follow suit

There is also the relatively new trend of the "urban minimill' which has been widely reported
in North American paper trade magazines. Puip and Puper Week describes minimills
“springing up in urban centres to take advanlage of fibre rich municipalities’. They tend to
be located in urban industrial parks hence lhe fibre supply will come from the 'mills
backyard" and the product is fed to markets in the same backyard so minimising transport
distances and costs (Young er of. 1954},

Transport Requirements for Waste Paper Colleciion
The amount of waste paper which ts recovered varies significantly from country to country,
depending on a variety of factors including population density, public interest in recycling,

type of paper being produced, export markets, government regulation and voluntary standards
on recycled content requirgments.

The transport involved in this collection has the potential to have a significant environmental
impact since the vast majority of collection schemes depend upon road vehicles (which have
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a severe environmental impact compared to most other modes) collecting in high population
urban areas (increasing the impact of pollution with localised effects).

The extent to which wastepaper collection increases urban transpori 15 dependent upon how
the scheme is operated and where the paper is coliected from. If households take it to a depot
at the same time as they do their shopping little extra transport will be generated. I
household collection schemes collect paper along with other waste this is likely to decrease
the overall transport required to collect waste, compared to the situation if an entirely
separate scheme is in operation. Schemes which collect from offices will collect a higher
percentage of paper per Mp than those which coliect directly from households.

Transport requirements and their environmental implications are rarely included in the
literature on recycling schemes and nor is transport rigorously considered in most life cycle
analyses, As part of this study HED commissioned PIRA (o run a2 made! analysing the impact
of transport compared to other stages of the paper cycle. This included a scenario which
examined the conseguences of significantly increasing the use of reeycled fibre in order 10
make some estimate of the transport implications that this would have, The rc&ullq of this are
discussed in section 3.2.3.

Wastepaper is a globally traded commodity, as discussed in section 2.2, In mst cases this
is because the importing country lacks fibre resources and it is more competitive to import
waste paper than wood fibre. In some cases the driving force for the transport of waste paper
is the demand by major consumers for recycled conient products and/or govermnment
Tegnlation which legistale 115 use. In somne casey this can have perverse con 5E:quem.es see
Box 2.4a below.
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Bax 2 4a The Impacr of US Recvoled Contene Legislevion US-Canerelee Weasrepaper Treede

The pulp and paper sector forow an impartant part of Canada’s economy. [t js 4 country with large forest
resources and a relatively low population thus there has heen litte incentive to recover waste paper. In
1980 oaly ooe mill used recycled fibre and almost all newspring was produced from virgio Fbre, The use
of recycled fibre was confined fo those grades [tssoe and contwinerboardy which offered greater cost
effectivensss than virgin fibre. However in the curly [990s there was o dramatie change and by 1993
approximately halt of Canada’s forty mills were using recyeled tibre and the percentage of recycled fibre
in the total newsprint furnish bad increased to approximately 11-12% {Tonanes 1993,

The reason for this sudden noresse was the change in atinude W0 recyeling and the introduction of
recycled courent fegislation in the US. The US is Canada’s major export market, importing 52% of
Cunuda’s total production of market pulp, newsprint and other paper and papechoand products {Heads of
al 1994) and T3% of it's newsprint production. In the Jate 1980s aod early 19905 there was massive
publicity about “the garbage crisis” in the US and fears that Lhere was very littls landfill spuace remaining.
By 1989, this had led to the US newsprint market (the world®s larpest) beginning to Jemand newspring
with a minimum recycled content. By 1993, thirteen slates had impesed mandatory recycled content
requirsments and a Turther bwelve bad voluntacy punimoom levels, Torether these stutes acoounted far 75-
B0% of U3 newspnnt consumption.

This resulted i something of & crisgis for the Canadian newspaint industry in the carly 19905, Since then
there has been a significant iocrense in old pewsprint recovery which by 1993 siood af 48% of
consumplion. Howewer, in order to meet recycled content regulations they cequired 1.3 million ronnes of
old newspapers and magazines and a 48% recovery rate in Canada only penerated 375,000 tonnes.
Although there is potential for inceeasiog the recovery rate, particularly of old magazines in Canadd)
even with 100% recovery the Canadian population will oot be ahle to penerate sulficient wastepaper to;
supply industry requirements since total domestic 2eneration of wastepaper is less than requirements at
existing fevels ol exports to the US.

Canadian firms huve been making up the shaortfadl by importing waste paper from the US. In 1993,
approximately 800,000 tonnes were impoated, Rail is the primary mode of transportation of wastepuper,
although for certain onlls it may be cheaper 1o ship wastepaper by boat trom some Anecican cities {Prins
et af 1992 Ohviously the distance and costs involved will vary depending on the distinee of individual
Canacian mills from American cilies. Tn general, Western Canada faces higher transportation costs ITom
the US than Ontario and Quehes {Prins of af. 1992}, putting them at o disudwvaniage,

This example clearly demenstrates the need to think through ihe wider implications of
policies to encourage the use of recycled fibre. It may make sense to encourage increased
wastepaper recovery rates where there is the potential to do so, but recycled content
legislation which results in wastcpaper being transported 10 countrics with large wood
resources seems less sensible. From an environmental perspective it would almost certainly
make More sense o provide incentives for susiingble fotest managemen in these countries
than to introduce recycled content laws which increase transport vse.

This point 1s illustrated in & model developed by INSEAD (Weaver er of. 1995} which
examines the environmental costs of pulp and paper production transport and disposal in
Europe. 1t concludes that under current technological conditions the environmentally optimal
paper production scenario would be ene in which consumer countries recaver wastepaper and
manufacture paper and board from the recycied material, and Scandinavia supplies Europe’s
residual need for virgin fibre. The model is purely physicat and as such cannot be used
prescriptively without the application of additional economic data,  Morcover, internal
(domestic) transporl is not considered, generating a signilicant bias, particularly with respect
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to the environmental impact of recycling.
2.4.3 Internalisation of Externalities

This section focuses on those price changes which are associated with attempts to internabize
the environmental effects of production process, both in the sector itsell and in transport.
Measures which affect the pulp and paper sector directly - i.e. stumpage fees to internalize
user costs and emission standards (o internalize pollution costs - may have Important
consequences in terms of transport use since any measures which aiflect trade flows will
affect the transport intensity of the sector. For exampie, the unilateral imposition by some
countries of stringent reguiations on the emission of chlorine compounds by paper mills into
receiving waters could have the effect of altering trade flows, and thus transport use in paper
production,  Similarly, Sedjo and Lyon (IIED Substudy No. 2} believe that conservation
measures will constrain production in western Canada and the US, and hence Worth
American exports of both pulpwood and pulp will be reduced. They also anticipate an
increased flow of market pulp from Chile, South Africa and Brazil, mainly to East Asian
markets, following the reduction in US exports.

The effect of environmental cost internalization in the transport scctor is also likely to have
significant consequences on the spatial patiern of production since environmental effects in
transport are notoriously non-internalized. The introduction of appropriate measures has the
potential o affect the relative price of transport in general as well the relative price of
alternative transport mades. The importance of these effects is dependent upon the responses
of the pulp and paper sector to price changes for transport services overall (the sectoral price
elasticity of demand for transport services) as well as the degree of mode substitutability
within the industry (sectoral cross-mode price elasticities). The greater the own-price
elasticity the more responsive will the sector be 1o aggregate price changes and the greater
the cross-mode elasticities the more respensive will the sector be to relative price changes
across modes.

In general, one would suppose that both aggregate and cross-made price elasticities are likely
to be quite low at the early stages of production for all of the reasons discussed previously,
Since florest resources are geographically specific and immobile, relocation of production
sites in order to reduce transport requirements is not always leasible. Moreover, since the
areas tend to be relatively inaceessible, infrastructure is likely to be limited, indicating that
made substitution iz rarely an opten. In addition, the specific geographical tereain (e,
proximity to rivers or coasts, topography of the terrain, etc) may restrict polential modc
choices. And finally, since the products tend to be bulky and low value, only a sub-sel of
modes are likely to be cost-effective. Howcever, further down the production process both
ageregate and cross-mode elasticities should increase since atl four of these factors cease to
be as significant.

Estimates at the sectoral level are not readily available, However, a recent aggregate estimate
found that the price elasticity of freight ransport demand {expressed n tonne kms) was -(1,23
for the United States {Vouyoukas 1995). This indicates that a 10% increase in the aggregate
price of freight transport services will result in a 2.3% decrease in demand. The same study
estimated thal the price elasticity for road lreight transport demand in Japan was -0.21.
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3 The Environmental and Social Timpact of Transport in the Paper Cycle

3.1 The Environmental and Social Impact of Freight Teanspori

The environmental and social impacts of transport in general are a cause of increasing
concern, particularly in industrialised nations. Much work has been denc on the costs and
benefits of transport and there is now a general rccognition that the external costs - those
costs not paid for exclusively by transport users such as accidents, pollution, noise, loss of
time in congestion - are too high. The CECD has cstimated that these costs come to
approximately 5% of GDP (Alexandre 1995) .

The impact of transport depends on a number of factors including, the mode of transport
used, the location of the emission and the presence of other pollutants. The following sections
will focus on the effects of road, rail and water transport as they are the principal modes
used by the pulp and paper sector.

3.1.1 The Environmental Costs of Freight Transport

Environmental concerns arising from the use of transport are many and varicd. For instance,
road ¢onstruchion in wirgin forest regions may lead to significant environmental impacts,
directly through land-take and pollution emissions, and indirectly through increased access.
However, since it is pollution that has generated the most controversy, particularly in terms

of comparative emissions from different modes, this section concentrates on air and water
poilution.

Air Palfution

According to the OECD, motor vehicle use is now generally recognised as the source of
more air pollution than any other human activity. Although much of this is related to
passenger transport, diesel-powcered road vehicles and trains emit carbon dioxide (CQ.),
carbon monoxide (CO}, sulphur dioxide ($O,), nitrogen oxides (NO,), hydrocarbons and

narticulate matter (PM), which are of particular concern for heaith and environmental reasons
{Alexandre 1995).

CO can impair perception and reflexes and cause drowsiness. SO, irritates the eyes and
lungs and both SO, and NO, (NO and NG,) contributes to acid rain affecting vegetation,
aquatic ife, buildings and human health. NO, also reacts with hydrocarbons in the presence
of sunlight to form ozone (O,), damaging vegelation and - at concentrations above 0.05-
0.08ppm - contributing to coughs, eye irritation, headaches and asthma. Certaip
hydrocarbons may be carcinogenic and lead emissions may lead to ailinents related to the
circulatory, nervous and reproductive systems. Lead is particularly dangerous for smail
children. CO, and NO, also contribute w0 global warming, while O, may also be a net
greenhouse gas, although it absorbs both incoming and outgoing radiation (see RCEP 19949,

Both the World Health Organisation and the OECD have recognised thal the scale of air
pollution from motor vehicles is unacceptably high (Whitclegg 1993). Tabie 3. la below lists
the air pollution emissions from transport in the UK, However, it should be emphasized that
this includes passenger transport. This is particularly important for road transport since il
is not only the level of emissions which will be alfected by including passenger transport,
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but also the mix since most passenger cars use petrol, while very few freight vehicles do so.

Emissions from electricity-powered tratns are largely dependent on developments within the
electricity supply industry (ESI) and not the rail sector itself. For instance, the installation
of flue-gas desulphurisation within the ESI in Ruropean countries has reduced emissions of
504, but at the cxpense of increased emissions of CO,. Similarly, increased construction of
nuclear power planis will reduce most air pollutants, but at the expense of increased
generation of solid radioactive waste. This illustrates the importance of fully specifying
secloral linkages when attempting to determine the environmental effects of alterative forms
of transport.

Tuble 3.1a  Air Poliution Emissions (1000 ronnes) from Transpord in the UK in 1992

s0, PM NO, " Co VOO o,
Rond 62 215 1398 6020 949 300000
Rail 3 _ 3 12 g 1000
Air! 3 1 14 I 4 1000
Water? - 3 3 130 19 14 2000
Teanspost Y 219 1574 6071 973 34000
Totd 3500 457 2750 6708 2556 155000

Source: TR Depl. of the Boviroament, Eigesr of Emvirosnental Protectian gng Waorer Srerisrics {London:
HMSO, 1994)

Water Pollution
Not surprisingly, most water pollution arises from marine transport, although the effect of
emissions from power stations should also be addressed for electric-powered rail transport.

Marine transport can be either inland or oceantc, with the latter usually involving larger
vessels,  Unlhike other transport modes poltutants from marine transport are not primarily
associated with the combustion of fossil fuels, but with the direct discharge of substances.
For instance, 80% of marine oil pollution is "operational,” arising from leading/unloading
cargo, accidents, combustion leakage, and intentional discharges (CEC 1992). The first three
can cettainly be considered a function of the use of water as a transport made, but it is not
clear that the latler should be since in many cases i1t is more accuratcly seen as a disposal
option, albeit one which is freguently unsatisfactory and illegal. '

3.1.2 Social Impacts of Freighl Transport

This section examines three important "social" costs of freight transport: congestion,

'Emissions bess than | keg in allilodee.
“Emissions from coasta] shipping (< 12 miles).
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accidents and noise. Siace these primarily affect road transport, the discussion will not
include other modes. Unfortunately, in all three cases the data is not available for costs
specifically related to freight transporf, so the figures will reflect passcnger transport costs
as well. In addition, since such costs are closely dependent upon the country concerned most
of the data is for one country (the United Kingdom) for illustrative purposcs, And finally,
it should be emphasized that these costs are likely to be mnost closely related 10 urban stages
of transport.  With respect to freight transport in the pulp and paper scctor this means that
transpert of the most highly processed goods and collection of wastepaper wonld be the
relevant transport stages.

Accidents

According to the UK Department of Transport, there were 3,217 fatalities, 60,441 serious
injuries, and 275,483 minor injuries on UK roads in 1990, {DTn 1991, Table 2.50) Clearly
the true social cost of such fatalities and injuries s, in some sense, incalculable. However,
The UK Department of ‘Transport cstimates their “value’ using a ‘willingness-to-pay’

approach. On the basis of their 1990 figures (DTn HENT 1990) the cost of road accidents
in 1990 exceeded £6 billion.

CoRgestion

The costs of increased congestion on the roadway network has become an issue of increasing
importance in the United Kingdom, particularly in London. This is hardly surprising given
the costs invelved. For imstance, in 1989 the CRI estimated that the total annual cost of
congestion on Landon roads was equal to £3 billion {CBI 1989). An OLCD study placed the
figure for the European Communmity at 2.6% to 3.1% of GNP {(CBI 1989).

Noise

A study of dwellings in England estimated that 3.9 million houses were subject to
"unacceptable” noise levels in 1979 (Noise Advisory Council [980). According to a
Transport and Road Research Laboratory (TRRL) report 8% of the English population was
exposed to road traffic related noise levels in excess of Ly, (18-hour) 70 dB{A) in 19777
Since the 1973 Noise Insulation Regulations provide free noise insulation for all households
exposed to traffic-refated noise levels greater than 68 L, dB{A)*, this indicates that the
effects of such noise levels are significant. Estimating the welfare costs of such levels of
exposure 18 difficult. A French study has estimated that the external cost of exposure to
traffic noise may be as much as 0.1% of GDP {Barde and Bution 1990). Nelson (1982)
provides a convenicnt summary of the main results of eight studies which atlempt to estimate
the effect of traffic noise on property values,  Although the ranze of estimates for the
decreases in properly values per unit of noise tevel is quite large (0.08% - 1.05%) it is felt
that the arithmetic mean of (.42% gives a good indication of the average effects of noise
levels en property values,

TThey also found that 235 were exposed to nois Jevels over 60 Ly, (18-howr) dBEAY and 805 aver 30 L,
[18-hour) dBfAY, See Harband and Ahbhott {19770,

MNoise Advisory Council {19503, 3,



3.1.3 Relative Impact of Different Modes

Tahle 3,1b illustrates the impact of poilution emissions arising from the transport of one
tonne of freight one kilometre, Air and road transport are much more damaging of transport
in terms of air pollution and energy use than water and rail, The energy required 1o transport
ane tonne of freight one kilometre by road would teansport it over 4kan by rail and almost
7 km by water.

Road transpert is by far the major contnbutor to environmental degradation producing 80%
of CO, at least 30% of CO,, 50% of NO,, 80% of benzene, 50% of lead, 40% of
hydrocarbons and its noise aftects 16% of the population (Alexandre 1995). Rothengatter
calculated the emissions of various pollutants from different modes in Germany in 1987 (see
Table 3.1b below). Although the calculations are based on German data they are incdicative
of emissions across the EU.

Tabie 3.1 Specific Encrgy Consummpiion  (kKfitonne-km) and Specific Air Pollurion
Emissions {grams/ronne-kn} in Germany

Rail Walcr R Pipeline Air
Enurpgy Consumption 67T 423 2,850 163 . 15,839
co, 41 3 _ 207 10 1,208
CH, 0.06 0.04 0.3 ' 0.02 2.0
WVOC 0.08 a.l 11 0.02 a0
NGO, 0.2 0.4 3.6 0.02 5.5
Co .05 .12 2.4 0 1.4
#50), .18 .03 i 18 MNa A

Sonrce: Whitelepe 1993, * OECD 103

The effect of many of the above poltulants are heavily dependent on the location of emissions
and the presence of other pollurants {e.g. the co-existence of hydrocarbons and NO, as
precursors to Oy hence the environmental eftects of a given level of emissions will differ,
For this reason the same level of emissions from road vehicles - at feast urban road vehicles -
will resolt In greater environmental and health damages since they are emitted in closer
proximity to other precursors and to pedestrians and dwellings,

3.2 The Environmenta! Empaci ol Transport Compared ta Other Stages of the Cycle

This section aims to determine the order of magnitude of enviconmental impacts From
transport during the paper cycle and compares it 1o Impacts {rom other stages of the cycle.
After examining many existing life cyele analyses it was decided that none of them addressed
transport in sufficient detail for our purposes andk PIRA International was commissioned to
run a life cycle model to provide indicative results of the impact of transport in the paper
cycle i Europe. Europe was chosen since it was not feasible to look at the plobal eycle and
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PIRA had access o accurate European data.

There were two overall aims to this study. Firstly, to determine how Important transport
emissions and resource use are relative to overall life cycle emissions and resource use.
Secondly, to exanune the environmental consequences of two scenarios, ene in which a more
environmentally benign transport mode is used for some stages of the cyele and one in which
the use of recycled paper and hence the transport associated with it is substantially increased.

The resulis are indicative only bul should give an indication of the magnilude of transport
related impacts in each case,

Scope of Life Cycle Assessment

PIRA applies the Life Cycle Assessment definition given by the Society of Environmental
Toxicology and Chemistry (SETAC) which they define as:

‘a process to evaluate the environmental burdens associated with a product,
process or activity by identifying and quantifying energy and materials used
and wastes released fo the environment; to assess the impact of those energy
and material uses and releases 1o the environment; and to identify and evaluate
oppertunities to affect environmental improvements.”

The functional unit of analysis in the study 15 1000 kg of unbleached uncoated paper. It is
assumed that the pulp is produced in Scandinavia and transported to markets in Germany
where 1t is transformed into paper, consumed and disposed, Wastepaper recovery and
reprocessing is undertaken in Germany. This was chosen to be as representative as possible
of the situation in Europe at the present time. In 1993 the European Union imported more
pulp from Sweden than from any other country and 38% went o Germany. Germany
consumed 3223000 tonnes of pulp, of which 3339000 tonnes were imported (PP 1993).

The stages included in the assessment are:

logging, chipping and pulping

all transport operations

preduction and use of fuels

generation of electricity and heat including fuel production
disposal of process wastes,



Figure 3.2¢ Stages Included in the Life Cycle Assessmwnr
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—-—-mm ;

Wood ﬂi;slv Transportation (Sveden)

Fulp + Transportation {Sweden)

Bried Pup + Transportation {Swweden-Genvany)

I Fepuiping

| Pulp + Transportation {GenTeny)

Paper
Making

[ Disution| reledoper
Whaster Pager llea'spartmm" Trarsportation
Incineration | #——f  Weste | —» ] Recyding

Trasportation Meragemel  Trarsportation
f
\ A

[ ]

Manulacture and maintenance of capital equipment and of buiidings, manufacture of ancillary
inputs and printing, converting and coating operations are not included. Full details of the
systems boundaries and the methodotogy are used can be found in PIRA’s final report to
TED.

3.2.1  Base Case
The transport assumptions were designed to be broadly representative of a typical paper cycle
in Europe and are defailed in table 3.2a below. The cnvironment intensity of transport

relative to the total environment intensity 1s shown in table 3.2b.
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Tuble 3.2a Transport Asspiiprions for the Base Case

Slage ol the Maode Distunce ¥ehicle Roule
Cycle
Harvest site to Reovadl Takm @ 50% A0t truck i00% rural
mulp mill utility digsel
Pulp mill 1o Maring G0k @ 100%
b paper mill utility
Bl O80km @ S0% | 30 fruck diesel T56km
utility motorway
216km urban
108km rura
Paper mill to Reradl FMm @ 100% 30t truck dissel Average split
converter utility
Converter 1o Revad 130km @& 70% A0 truek diesel Average split
rerailer utility

Retailer to

This is excluded trom the assessment sinee very few trips are made solely

consutmer o buy paper.

*Consumer to Revad 128km 3t car 115km urhan
recyiled petre] @

collection 00035 utility [3km rural
facility

Collestion Bk TR8km @ 50% 30t trurck Averape split
fucility o utility Jiesel

recycling plant

Consumer to Baoad 25km @ 30% 30t diesel truck ) Averape split
landfillf wiility

incinerator

* lhis distance i the swn of the small trips that e requisite number of consumers need 1o inake o produce the
amount of reeyeled fidre used. The recyeling rake used was the Evenpean sverage, See PIRA% final report to [IED
for more details.

All transport distances refer to round trips (ie. a sea journey of 90km refers to transport
distances of 45km outward and 45km inbound). Therefore, the utility, illustrates the quantity
of material carried as a proportion of the vehicle's carrying capacity.

[ )
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Table 3.2b The Environment-hirensity of Transpore in the Paper Cyvile Relative o Total
Environment Irtensity.

=
Enmvironmental Resouree Use & Unidits Transport Tatal % accounted
Class Wasle for by
transport

Resnurces Coul Ml 0. 1041 300,507 0.03%
il M 21,4030 193.39349 11.07%
Cus biT 1.2813 28 6452 4.47%
Other Non- ky 0.0156 3. 7972 041 %
Renewahlass i
Renewahle ky £, 000} 42991024 0.00 %
Respurcey

Air Pallution €0 ky 1.0177 13,3733 7.6 16
Ca, ky £9.3406 2980.0042 1.33%
NO, ky 1.2400 5.0973 20,34%
80, kg 0,220 12,1097 1.89%
VOO ky £.3196 27097 L1.79%
Metals ke 0.0000 0.0020 000 %
Drust kv 00843 T 1462 1. 18%

Water Pollution Hulides kr 0.0000 0, E190 0.0 %
Wastewater ky 2.3578 46439.9113 0.00%
Betals (water) ke 0.0000 04371 000
TDS ky 0.0061 £2,3215 0.00%
TSS kg 0.0019 40843 0.04 %
OilsdeTromses ke 0.0000 0.0011 FRY, ()]
Cop ki 0. 0000 00042 0.00 %

Sail Pallution BOD Lo 0.0000 7T 0.00%
Landfill Weight Ly 0.0616 827.79326 0001 %
Landfill Volume m'* .07r2 1034.7394 0.01%

Mot surprisingly, the main environmentat impact from transport in the paper cycle is the use
of fossil fuels and the emissions of pollutants to the atmosphere. Transport accounts for 11%
of the oil used in the paper cycle and 4.5% of the gas consumption. It should be cmphasised
however, that these proportions will vary signiticantly with the fuel mix used. Transport also
accounts for a significant proportion of the airborne pollutants, notably 20% of NO, and 12%
of volatile organic compounds {VOCs),
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The location of these emissions are significant since (heir effects are particularly dependent
an the presence of other climatic and enviremental conditions, which is not the case for the
environmental effects of some other airborac pollutants (e.g. global warming arising from
C0,) and much less true of others (e.g. acid fain arising from SO,). As such the actual affect
of NO, and VOUC emissions from transport relative to other 5tagf:5 of the cycle is not directly
pmportmnai io the proportion of their emissions.

YOUCs and NO, are both precursers to atmospheric ozone through photochemical reactions
in the presence of sunlight. Since the reaction can take as long as six hours and since the
presence of other precursors are preconditions for the reaction, actual generation of ozone
depends upon the place and time of emission. If transport enissions are principally urban
and there are large concentrations of other precursors, then the actual environmenial effects
of the emissions will be proportionally much greater than the percentage of amissions waould
indicate, However, if manufacturing and extraction stages are relatively more closely located
to urban centres and transport emissions are predominantly rural the converse would be true.

It is not possible to determine which of these two possibilities is more likely a priori, but a
number of points are worth emphasizing. Firstly, emissiens of these two pollutants will
have more significant consequences for some transport stages (i.e. converter-to-priater) than
others (harvesting-to-pulp mill) due 10 the likely location of economic activities, Secondly,
since both poltutants are emitted in the same combustion process in transport stages,
synergisie precursors wilt be present by definition, which might net be true of emissions of
the two pollutants from other processes in the life cycle.  And finally, the only other
pollutant with a reasonably significant proportion of emissions arising from transport - CO
(8% - also has localized effects, in addition to its contribution 10 global warming. Thas,
it is clear that n the case of transport cycle the place and time of emission is at least as -
significant as the actual level.

At a more detailed Tevel it is interesting to note that the emissions associated with the ocean
stage arg insignificant, representing 0.5% of CO, 1,.3% of VOCs, 1.8% of CQ,, 1.6% of
NO,, and 1.7% of 50, emissions altributable to transport, despite representing 5.8% of the
total distance travelled. Thus, in terms of air poliution a Jarge proportion of these emissions
will be associated with the docking stages, any increase in the ocean distances (i.e. due (o
inter-continental tradc) would have much less adverse consequences than an equivalent
increase in other mode distances. The refative effects of rail and road are discussed below
in the mode choice scenario.

3.2.2 The Effect of Mode Choice on the Environment-Intensity of Transport

As was discussed in Section 2 different modes have very different enviromimental
consequences. From the base case i 13 clear that ocean transport has a disproportionately low
environmental impact for the distance travelled. In addition, the overall impact of rail
transport i generally substantially less than road. As such, a scenario was investigaled in
which some of the road transport was substituted by rail. Given the characteristics of the base
case scenano the ondy places where (his seemed feasible was in part of the joumey between
the pulp and paper mill and part of the journey from the converter/printer to the retailer.
These accounted for 36% of the distance travelled.
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Table 3.2c  Chanpe in Envirommenead Impecr in the Mode Swirch Scenario Refative 1o the
Base Case.
Envircnmental Resource Use & E;.me Chse Clhinge in Mode % in Mode
Cluss Pollutant Trunsport Switch Relative to Swilch Relalive
Base Case to Buse Case |
I Resources Coal 0.1041 +10.7 103.55% “
] 20,4030 ~f6.3 956. 72 % ri
Clas 1.2E13 +0.6 102.09%
Other NEs 00156 0.0 29.93 %
RRs {.0000 40.8 . 100.02%
| Air Polluion ca LOITT 0.1 99,50
Co. 09,3406 +3.8 100.20%
WO, L2400 -0.4 93.02%
50, 07290 +0.3 102.26 %
VoC (L3196 i 0.0 U987 %
Metuls (. 300 0.0 100,00 %
Bust 0.0843 0.0 | 99.52%
Halides £0.0000 0.0 100,00 %
Water Pollution Waslewater 23578 +28.7 100.06 %
\ Mirals {(water) 0. 0000 0.0 103,23 %
TDS . (3, 001 +0.2 101.36%
T3S 004318 C 0.0 100 10%
Ol Greases 0 {HHHD 0.0 LR 0 &,
Can 0. G060 &0 L0, 00 5
BOD 0.0000 {0 EOD.00%
Suil Pollution Land{ill Weipht UGG =[.2 100, [4%

The major difference between the mode switch scenario and the base case was that emissions
of NO, dropped by 7% overall, with transport in the mode switch scenario only contributing
iwo thirds of the base case NO, emissions. Since NO, emissions are onc of the most polluting
aspects of transport this i significant. The exact extent to which environmental damage is
reduced is difficult to judge however, since this depends on the location of emission and
interactions with other pollutants, particularly VOCs,

It is difficult to treat the resource use resulls with confidence since the assumption was made

that ail rail journcys will be electne, Not only is this unlikely since at the carly stage of the
cycle but any change in resource use depends critically on whal assumptions are made about
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the electricity supply industry.
3.2.3 The Effect of Recycling on th_ip Environment-Intensity of Transport

The second scenario looked at the impacts of significantly increasing the use of recycled
paper, in particular the impact this would have on transport related emissions, There were
several reason for this, Firstly, the current Irend 15 for the amount of recycled fibre used in
paper to continue to increase. Secondly, many cnvironmental groups are advocating much
greater use of recycled fibre than would occur under current trends. In order to try and
assess Lhe impact of a much greater use of recycled fibre the European average recovery rate
of 36% which was used in the basc case was substitited by a recovery rate of 54%. This
figure was used as it is one that has becn reached by some countries but it is a significant

increase from the currenl figure. The change in environment intensity relative to the base
case is shown in Table 3.2d below,

In general, the resulls indicaie that mcreasing the amownt of tecyeled fibre used in the
production of paper tends to increase the environment impact of the transport stages of
production. Some airborne pollutants increase sigaificantly in the transport stages, notably
CO which increase by 40% and VOCs which increase by 17%. However, overall resource
requirements and eimissions are reduced in relation to the base case due 10 reductions at other
stages in the cycle, in some cases very signilficantly indced. Tn particular the reduetion in the
use of renewable resources and in the generation of landfill waste - two of the primary
objectives of recycling arc significant. Non-renewable resources use is reduced by over 10%
in all cases apart from coal which increases by 5%.

Overall air pollution is generally reduced in the increased recycting seenario comparad to the
base case, with S$O; and VOCs being the exceplions although the increases are small.
However, it should be emphasised that as more transport emissions are urban, the efiects in
terms of damages may well be greater than the absolute changes indicated.

Conclusions

The results from the FIRA model should be treated as indicative only, but they do reveal
some interesting information. The main finding is that transport accounts for a significant
proportion of airbome pollutants, in particular NO, and VOCs. The disproportionately small
enission of pollutants from marine rransport and results from the mode switch scenario
suggest that emissions, particularly of NO, can be significanily reduced by switching from
road to rail and marinc where possible, although the results from (his scenario should be
treated with some caution. The model also demonstrates that when the use of recycled fibre
is increased the enviroamental impact of transporl increases substantially for some polivtants.

However overall this effect seems 10 be wore than compensated by benchits accrued at other
stages of the cycle,



Tabie 3.2d

to the Bose Case

Change in Envivormensal hupocr in the Increased Recveling Scenario Relative

Envicommental Resoures & Buse Cuse Change in % or Seenurig
Class Poltutant Transpure Scenario Relalive | Relative to Base
tn Base Casce Cuse
Rezources Coal 0. 104} 0.41 103.90%
Oil 21.4030 2.21 87.79%
Gas 12813 13 80.63%
Other MRS 00136 0.00 77.65%
RREs 00000 [ NA 77.39%
Air Pollution ca 1.0t77 0.41 B2.8T%
Co, 69, 3400 .60 BT.55%
NO, 1. 2400 .09 Q6. 56 %
50, 0.2290 0.0l 102.32%
YocC 0.3 0035 105.04 %
Matais 0.0000 0.00 B0.00%
Dust 0.0843 004 71T %
Halides 0.0000 0.00 BOLO0%
Water Pollution- Wastewuatar 2.357% 0.24 B0.95 %
Bletals (water) o000 | MNA 103.23%
t TDS 00001 0.00 RE.17%
TSS 0019 0.00 B2.24%
Oilsde G reasesy 40000 | NA T30 %
COD D000 | NA 1.67%
BOD OHHHY | NA T719%
Soil Pellution Landill Weisht 0.06E6 0,01 T5.09%
Landfill ¥olume 0.0772 0.0l T5.09%
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4 CONCLUSIONS

Fibre, pulp and in particular paper and - wastepaper are transported all over the world, and,
like most other sectors both volumes and distances are likely to increase in the future. The
environmental impact of this is difficuit to quantify since 1t is dependent on so many factors,
including mode of transport used, lecation of emission and presence of other poitutants. In
terms of the emissions of pollutants during the paper cycle, the major contribution from
transport is emissions of air pollutants and road transport is the most significant mode
interns of environmental degradation,

Marine transport is relatively environmentally benign and as such sourcing paper related
goods from far-flung places may not be as detrimental as might be expected, provided that
the bulk of the transport ts by sea. Environmental impacts of transport are not lincarly, or
even necessarily positively, related to transport distances when mode cheoice is considered so
minimising transport distances is net necessarily the best way L@ minimise envirgamental
impact Perhaps more significantly attempts to minimize transport-related environmental costs
may be achieved at the expense of environmental costs elsewhere in the production cycle.
However, there is litile question that both the scale of transport use and mode choige which
exists In the sector at present have significant environmental conseguences.

The scale of transporl use in the seclor is a function of costs in alternative production
locations (as well as other factors such as resource availability), while the choice of transport
mode within the sector 15 a function of relative costs of different modes (along with oiher
factors such as speed and convenience).  As such, the internalization of transport-related.
environmental externalities, by increasing transport costs, will tend to reduce demand for
transport in aggregate, but generate increased demand for rail and water transport relative
to air and road. Moreover, unlike many other goods and services the supply and cost of
transport services, both in aggregate and in terms of different modes, 1s profoundly affected
by infrastructure and institutions, for which the government is largely responsible, For both
of these reasons the government has an important role to play in the determination of
iranspert use and mode spiits,

Increasing the use of recycled fibre does increase the environmental impact of transport since
the majority of extra transport generated is urban road transport. The extent of increased
transport impact depends o a large extent on the efficiency of collection. The PIRA model]
for paper production in Europe demonstrates thal although the impacts of transport do
increase under an increased recycling scenario the benelits from recycling which arise
glsewhere in the production cycle are Vikely 1o omweigh this. However, sitations such
transport of recycled fibre 10 meet recycled content regulations (as has happened in North
America) should be aveided. It would seems 10 make much more sense to use wastepaper
in the vicinity of its collection area and produce paper mainly from sustainably managed
forests in areas with abundant forest resources,

In general, the environmental impacts of freight transport is a major cause of concern and
1t is becommnp increasinghy ikely that atrempis will be made by policymakers to reflect some
of the environmental costs of transport, thus affecting prices. Stakeholders in the paper cycle
should thercfore he looking much more systematically at transport in the paper cycle. While
it may be difficult to change some derermining factors, such as the location of raw material
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inputs and major consumer markets, companies may have more control over other factors
such as the location of mills or mode choice. Steps should be taken to minimise the use of
transport, particularly in cases where it is likely to have the most impact (ie urban road
transport),

What has also been evident from this study is the lack of information on, and considcration
of, transport in the paper ¢ycle, More comprehensive statistics and miore detailed analysis
i required in order to enable impacks to be judged wmore clearly and to cnable palicy makers
to estimate the transport implications of their decisions,
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