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THE PAPER INDUSTRY AND GLOBAL WARMING

Imtroduction

(Global warming has the potential to put severe stress on many of the world’s ecosystemns.
The resulting changes in temperature, sea-level and extreme storm events may significantly
affect human welfare in a number of ways, through changes to agriculiure, disease
distribution, energy demand, flooding frequency, shore erosion, and other effects.

Acknowledging the risks of climate change, most of the world’s countries have ratified the
United Nations Framework Convention en Climate Change, which came into force in
1994 In doing so, all parties agreed fo provide national communicalions detailing
estimates of their sources and sinks of greenhouse gases, and industrialized coundries
agreed to aim to stabilize their emissions at 1990 levels by 2000

The impact of the paper sector on global warming is an important consideration when
assessing its sustamability. Fibre supply, paper production, transpori and disposal
encompass some of the most important source and sink categories of greenhouse gases:
fossit fuel combustion, landfill and deforestation and afforesiation. The figures below
ilfustrate the emissions and offsets of greenhouse gases that ocour during the paper cycle.

The Convention’s inventory requirement calls for couniries to publish estimates of
greenhouse gas emissions at the national level only, not at the level of processes or
industries. Therefore, the Intemational Institute for Environment and Development
commissioned the Centre for Soctal and Economic Research on the Global Environment
(CSERGE), basad at the Univereity of East Anglia and University College, London, to
assess the magnitude of the sources and sinks of greenhouse gases throughout the paper

cycle.



Figure 1a Carbon Storage #nd Greenhouse Gas Emissions In Fibre Production and

Paper Manufacture
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Greenhouse Gas Sources and Sinks Related to Paper Prodaction and Disposal

Energy Use in Pulp and Paper FProduction and Mannfactire

Carbon dioxide from fossil fuel combustion used in the production of pulp and paper
proves to be the greatest source of greenhouse gas emissions m the paper cyele. Energy is
consumed in many stages of the paper production cycle, but greenhouse gas emissions can
be readily assessed given that fuel consumption for the pulp and paper industry is already
published for most counties in the OECD/IEA (1993) mtemational energy compendia.
Carbon dioxide emissions from enerpy use in this industey in 1991 were esimated to be
about 316 MT (million tonnes),

Carbon dioxide emissions from energy use in the pulp and paper industry were derived by
applving country-specific carbon digxide emissions factors by fiwltyne o the anaroy
consumption data published by the QECIVIEA. The emissions factors were provided by
the encrzy module of the Greenhouse Gas Scenario Systen {Von Hinnel at al. | 1997} and

are weighted according to combustion devices in use in the industrial sector in individual
countries,

Wood waste makes up a Varze proportion of the energy used by the pulp and paper
industry. Although carbon dioxide is emitted when wood is burmed, these emissions are not
included in the above figure because this flux is temporary. Whether buming wood waste
for fuel results in net carbon dioxide emissions depends on harvesting and plantation rates
and forest management for fibre supply. The carbon dioxide flux related to biomass is
accounted for in the estimates for carbon emissions and storage made later in the fibre
supply section and is not estimated in this section in order to avoid dauble counting,

In some cases there is a small overlap in the OECDVIEA data between energy from peat
consumption and energy from wood waste, The magnitude of this overlap 15 estimated to
be a maxitnum of 29 MT ol carbon dioxide. Therefore the lower bound of carbon dioxide
emissions from fossil fuels used in manufacturing pulp and paper is estimated to be 287

MT. This represents about 1.3 per cent of annual carbon dioxide emissions from all fossi]
fuel combustion,

_ A variety of purchased fuels are used by pulp and paper companies. Worldwide, coal is the
most cormmmon firel source, used both directly at the mills and (o generate electricity used by

the industry, Coal has a high carbon intensity {carbon content relative to energy) and hence
carbon dioxide intensity.

According to the GECD/IEA data, almost three quarters of the carbon dioxide emissions
from energy use originate in just six regions -- the United States, China, CIS, Japan,
Canada and Germany. The energy consumption figures published by the OECD/TEA are
considered the most accurate of the greenhouse gas emissions-related activity data, with an
aceepted error range of 5 to 10 per cent in the national emissions estimates. This error
range raay be sliohtly higher for the industoy breakdowns, since some countries may use
somewhat different industiial classifications when they complete the energy use surveys
(Elhs pers. comm, 1993).
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CSERGE's estimate of carbon dioxide emissions from the industry is in keeping with the
OECD’s own estimate of global emissions from the pulp and paper industry of |.2 per cent
of global carbon dioxide emissions from all sources. Wiile pulp and paper manufacturing is
one of the largest industrial greenhouse gas emitters, it releases less than the steel industry
and the chermicals industry, wlhich are beheved to account for 4.6 and 5.9 per cent of global
carbon dioxide emissions respectively (IEA/QOECD 1991} Pulp and paper accounts for
over 4 per cent of estimated global energy consumption, but the industry’s overall carbon
intensity 15 relatively low because it satisfies a large proportion of its energy requirement
from burning wood wasie,

Although greenhouse gas emissions from cnergy used in the pulp and paper industry are
dominated by carbon dioxide emisstons, methane emussions related to fossil fuel use are
also significant. On a molecule for molecule basis, methane has an estimated heat-trapping
capability 24.5 times greater than carbon dioxide when considered over a 100-year time
harizon {TPCC 1994).

Methang is emitted during coal production and trom the distribuvion and tranamisaon of
natural gas used to supply fuel for paper manufacturing. Methane emissions fiom toial
energy production and distribution sources in all sectors are esitmated to be about 90 MT
methane each vear worldwide (Walson ef «f 1992). CSERGE assumed that methans
emissions from energy used in paper manulactunng and recycling are proportionate to the
industry’s share of global carbon dioxide emissions from fossil fuel consumption -- about
1.4 per cent. This total was reduced by the amount of fossil fuel use offset by energy
recaptured from paper disposed in landfills and incineration, Methane emissions ffom
extraction are estimated to be only 1.5 MT, or 36 MT in carbon dioxide equivalent units.

Disposal — Londfills, Dumps and Incineration

Disposal of paper and paper products constitutes a major energy-related source of
greenhouse pascs — methane emissions fionl landfills -- and a minor offset of carbon
dioxide emissions through the production of electricity o mcinerators and landfills, Both
the landfill enussions and the energy offset are quantified in detail in this study. Paper
burned in incineratars is not treated as an emissions source because the carbon dioxide
released represents only a temporary flux given that plantations are continually taking up
carbon. Landfills are only of interest in the greenhouse gas emissions eguation because
they Involve transforming what might be a temporary flux of carbon inte emissions of the
far more potent greenhouse gas — methane

Two minor sources and sinks are not mcluded in thus research: storage of carbon in the
form of books and other tonger Wved paper products and methane ermtied from paper
disposed of as sewage. Carbon storage through longer-term paper products is estimated to
be about 10 per cent of paper product consumption. However, this storage is usually fairly
short term in that most of these products eventually find their way into the disposal stream.
Given that these paper products are offsetting shorter-term emissions from removats from
managed forests, particularly at the milling stage, the longer-term storage in paper products
is treated as newtral to the carbon cycle. An estimated 5 per cent of paper products is
believed to be disposed of as sewage rather than as solid waste. Methane emissions from



paper disposed of in this way are especially difficutt 1o quantify. Paper desfined for books
or sewage is therefore removed from the solid waste stream category in this study and is
not counted as a source or sink,

Landfills: Ermissions Source

Although there are a number of disposal routes for paper, most paper is deposited
eventually in fandfills and becomes a major source of methane, Methane emissions from
paper in landfills were estimated Lo be about 12 MT i 1993, making up about one quarter
to one third of global methane emissions from landfills, In global warming equivalent
terms, these methane ermisnions ate abmost as great as the heating effect of catbon diowide
released from fossil fiels combusted to make pulp and paper.,

These numbers are more uncertain than the carbon diexide emissions estimates from energy
use. Estimates of global enmnssions of methane from waste disposal range from about 20 to

76 ML, compared with an wncertamty lovel ol fess than 10 per cant for carbon dwxide
emissions related to fossif-fuel vse,

In the case of paper, however, mcthane emissions from kndfilled waste can be more
accurately assessed than for solid waste as a whole because the amount of paper consumed
is well known and the desradable orgame content of paner is not nearly 25 variable as it 18
for the "wetter" food wastes. In addition, paper consumplion by weight is recorded more
precisely than consumption of "fbad", and paper is not actoally "consumed” but s
eventually disposed ol in a similar form w when it was originally purchased. For the main
parameters of waste disposal including landfill and incineration rates, CSERGE relied on
waste disposal surveys published by the OECD and-upon national communications.

Disposal-related emissions and offsets were calculated for the Lop paper-consuming
countries. There are seventcen countries that can be identified as each consuming
more than 1 per cent of the total world paper and board consumption. Together,
these make up 85 per cent of world consumption, providing a reasenably large
proportion of the disposal of paper worldwide, Much of the remainder is accounted

for by the other Western European countries, so the assumptions used can be
extrapolated.

Paper consumption and wastepaper recovery figures were taken from Pulp and
Paper International (1925) for 1993, the latest year available, “Wastepaper® is made
up of both pre-consumer waste {including printers’ offcuts but not mill broke) and
post-consumer waste. ‘Wastepaper recovery’ 1s equal (o the waste paper used in
production, minus imports and plus exports ol waste paper. In combination, these

ftgures give the paper generated in each country that becomes municipal solid
waste.

The amount of paper disposed of by acroblc decay, incineration {with and without
energy recovery), sanitary landfills and open dumps has been calculated. The
information on disposal routes was taken from OECD (1995) for France, Germany,
Italy, the Metherlands, Spain, UK, CIS, Canada, United States, and Japan; for
China, (Blakey 1995}; for India, Anon. (1993); for Taiwan, RIET (1993); for
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Austraila, Morwood {1993), for Brazit, CEMPRE (1993), and lor Mexico, personal
communication, IIED (1996). No such information was available for Korea, so it
was assumed that the situation there would be similar to Taiwan,

Much of the uncenainiy in calculating methane generated from landfilled paper is related to
the particular landfill condittons that can diminish methane generation potential. Given the
wide variation in landfill sizes and conditions it is almost impossible for any country to
supply exact methane emissions, CSERGE used the "default" factor of a 77 per cent
release rate for degradable orgamc material in landfills, as ysed by the Intergovernmenial
Panel on Climale Change and others (IPCC/OECD 1994, Watt Committee on Encroy
1994}, This is similar to the orginal rate estimate published by the Max Planck Instituie
{Bangemer and Croizen 1987). '

Several countries have been assuming that a portion of the methane produced in landills is
oxidized and emitted as carbon dioxide, a process that limits final methane release. The
highest methane oxidation rate suggested is 40-50 per cent (Orlich 1990), but couniries that
are considering oxidation are using lower estimates, based in part on limited but more
recent testing, CSERGI's central estimate assumes a 10 percent methane oxidation rate,
the leve! used by the United States (US EPA 1993). Oxidation rates of 0 to 20 per cent,
the range used by most countries, would provide a range of methane emissions from paper
of 11 t0 13 MT.

The tinal methane fux will depend an whether the ogas is Naved at the site, thershy being
released as carbon dioxide, or IF it is recovered for use as a medium-grade energy source.
Figures on flaring and recapiure rates for the UK have been taken from Bellingham
et al {1994}, and The Wart Committee on Encrgy (1994), and (Richards 1987} for
France, Germany, ltaly, the Netherlands, India, Aostralia and Brazil; for Canada,
from their national communication, and for the US.

Recovered gas can be used in nearby residences or industry {within 3km), into a
pipeline grid, eleciricity generation or steam production. Only sanitary landfills and
large open dumps are suitable candidates for gas recovery. Small open dumps,
commen in rural areas of developing countries, are not suitable (Orlic and Kerr
1996), Wastes in open dumps generally decompose azerobically, producing no
methane. There 15 evidence that some methane production occurs, but this amount
has generally not been quantified (Crlic and Kerr 1996). Therefore, only methane
arising from sanitary landfills has been calculated. Any methane arising from open
dumps will be in addition to this figure, which thus represents a lower-bound
estimate,

Given the long time lag in biogas emissions, calculations based on current paper
consurnption levels will tend to overestimate methane generation somewhat, since paper
consumption is continually increasing, Most of the methane now being released in landfills
15 related to wastes disposed in the 1980s and earlier, rather than in recent vears, Currently,
there is nat a practicable way to make this adiustoient given the wariation ia lags for biogas
production, aithough a new method is a priority of ongoing research coordinated by the
climate change convention secretariat.



CSERGE "best muess” estimate of 12 MT methane from paper disposed in Yandfills can be
compared with recent estimates of methane from landfills, as published in countries” 1994
and 1995 national communications to the Framework Convention. Nine of the major paper
consuming ¢ountries have reported methane emissions from landfills for the year 1990, and
their estimates sum to [9 MT. Our estimate of § MT from these nine countries suggesis
that paper represents about 40 percent of these industrialized countries” landfili emissions.

This appears reasonable given the high degradable organic content of paper compared with
other wastes; and appears conservative compared with the United States estimate that

paper products contribute aboul half of wet solid waste disposed in landfills in recent years
(US EPA 1993).

Fossil Fuel (Iset from Incineration and Landfilling

A proportion of all solid waste is used to generate electricity. This offsets fossil fuel use,
and therefore, carbon dioxide emissions. CSERGE estimated eleetricity nroduced fram
Incinerated paper, and counted as 4 credit the carpon dioxide emissions avoided through
burning paper. The proportion of municipal solid waste that is disposed of in incinerators
by major paper-consuming countries with incineration facilities varies from a low of 5 per
cent In Spain to a high of 74 per cent in Japan. Energy recovery is significant, with about
half’ of the countries that rely on incineration reporting energy recovery capabilities for
more than 73 per cent of incinerator capacity,

To calculate clectricity generation from incineration, a standard energy content and
incinerator efficiency eshimate were used. The calorific value of paper (dry weight
basis) is taken as 16.2 Ml/kg paper (Handbook of Environmental Engineering
19800, with an incinerator efficiency of 20 percent {KCEP 1993).

The energy content of the biogas was estimated to be 37.75 MI/m’ (Perry and
Green 1984). The conversion efficiency for electricity generation was assumed to
be 3G per cent (CSERGE ¢f af 1993). The offsetting of carbon dioxide will vary to
some extent according to the fuel mix for eleciricity. Carbon dioxide emussions offsets
were calculated by assuming that the electncity generated was typical of the primary enerzy

for electricity production in each country, Sources for electricity specific to each country
were derived from the OECD/IEA energy balances.

1t was assumed that all recaptured biogas from landfills was used to generate eleciricity,
because it was not known what fraction was used directly as medium quality natural gas.
This assumption will underestimate the amount of energy that is offset because energy is
lost in the energy transformation process. On the other hand, this assumption will
overestimate the carbon intensity of {he energy produced because electricity generation
mvolves cogl combustion, which s more carbon intensive than natural gas.

Tranmsport

As described in a previous substudy, transport is used at all stages of the paper cycle and
mvolves a variety of vehicles: trucks, vans, traims, ships and occasionally aeroplanes.
Energy used in the transport of particular products is not recorded for specific indusiries, as
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15 energy requirement for manufacturing. The study completed by the Paper Industry
Research Association (PTRA) (1996) for [IED assessed carbon dioxide emissions from
transport for a representative case in Europe. Using the example of paper production,
consumption and disposal in Germany based on fibre production in Scandinavia, the study
concluded that carbon dioxide emissions from trangport represents only about 2.5 per cent
of emissions from paper production in Germany (see ITED Sub-Study No. 12 for more
details).

In the PIRA study, energy expended on ocean shipping of fibres and pulpwood to Germany
was negligible, given the relative proximity to Scandinavia. However, large quantitics of
pulpwooed are transported on long distance trading routes ie. South America and Japan,
North America and Europe. Using bilateral trade tables of pulp, pulpwood, and wastepaper
traded {(United Nations 1997), the carbon dioxide intensity of ocean shipping, carbon
dioxide emissions were calculated for the main international shipping routes. The carbon
dioxide inlensity of shipping fibre products between Scandinavia and Germany has been
estimated at 0.038 t carbon dioxide/t pulpkm by FIRA (1996), which was applied to
estimaied km traveled between major national ports.  Over half of estimated emissions are
attributed to shipping between North America and Japan and between Chile and Japan. The
use of PIRA’s emission factor most likely overestimates carbon dioxide intensity in that a
high proportion of the energy use i5 in start-up and docking. On the other hand, not all of
the intemational trade was included in the shipping entissions estimate because the bilateral
data tables are not a complete record of all trades. Moreover, a proportion of the biiateral
trade will be by air plane, which is more energy-intensive than shipping. On balance, this
estimate is Hkely to undercstimate emissions from transport,

Carbon dioxide released from ocean ships carrying pulp and paper products is estimated to
be at least $ MT carbon dioxide, about 1.5 per cent of total carbon dioxide cmissions from
the pulp and paper industry, Adding the major shipping route emissions 1o PIRA's estimate
af carbon dinade from transport, yvields a total estimate of |3 MT carbon dioxide fiom
transport. CSERGE believes that this approach is still likely 1o underestimate carben
dioxide enussions from transport given the pgreater transport intensity and distances
mvolved within North Americs refative to Europe.

Recyveling

Recycled paper eventually joms wirgin pulp for most of the steps involved in paper
manufacturing and distribuiion, From the limted life cycle analyses of paper recycling that
have been completed to date, there is a difference of view as to whether recycling results in
additional carbon dioxide emissions because of (ossil-fuel intensive de-inking processes, or
whether fossil fuel use is reduced overall because of savings in the pulping and other stages.
Severa] of these studies are scenario specific, but most of them conclude that recycling
requires additional fossil-fuel use, as summarized in Chapter 11 of JED's main report and
NED Sub-Study No. 14, It is clear, however, that if recycling avoids a final fate of
methane-intensive landfill disposal the recycling process reduces greenhouse gas emissions
relative to a virgin paper - landiill disposal cycle.

On the oiher hand, for communities that have an option of incineration, disposal through
incineration minimizes greenhouse gas emissions relative to recycling-landlilling,  This is

g



because the carbon dioxide emitted through incineration is a teraparary flux anly, given that
growing plantattons and forests are recycling the carbon dioxide. Incineration imay also be
viewed as a greenhouse gas-minimizing approach becawse cnergy recovered from
incineration ¢an replace carbon dioxide emissions from fossil-fuel use, as described above,
although the offset potential is somewhat limited,

For this study, an attempt has been made to calculate emissions of carbon dioxide from
recycling that is additional to energy use that applies to the paper manufacturing cycle. 1t is
ditficult to identify the energy requirements of paper recycling at each separate
stage of the process. Johnson (1993) guotes requirements of 745 kWh electrical
power and 4325 kWh coal-generated steam per tonne of recycled newsprint for
mechamend sorting,  Ogilvie {1992) gives a value of 25.1 G/t for primary paper
production, and savings arising in production from the use of recovered wastepaper
of 28 per cent - 70 per cent. White, Franke and Hindle (1995), quole the energy
consumption from virgin paper as 22.7 GI/t, and from recycled paner ag 14,4 GIf
{a saving of 37 per cent). These Fgures include encrgy use that in our study is
included in the paper manufactiring staga.

The additional emissions are estimated 10 be only about 4 MT of carbon dioxide, This
estimate excludes energy use after the pulp from recycled fibres joins virgin paper in the
repulping, conversion and distribution phases, which should be captured in the main energy
statisties for the pulp and paper industry,

Included in these emissions are carbon dioxide emitted in paper-sorting operations, which
are often mechanized. White, Franke, and Hindle (1995} concluded that electrical energy
for material reclamation facilities ranged from 22 to 27 kWh and involved small quantities
of diesel and nalural gas per tonne of waste paper in the three sites that they examined. The
total energy required was 0215 GM inmenals recycled.  Extrapotated to world paper
consuniption but adjusted by fuel mix for electricity generation, vields carbon dioxide
emissions of somewhat less than [T MT, Tn addition, carbon dioxide for transport related to
recycling was considered. Using PIRAs estimates of carbon dioxide expended in transport
to and from collection banks, conversion facilities and users, transport-related emissions are
about 3 MT annually worldwide, This estimate is highly uncertain because of limited
sampling and the wide variation in sorting operations in use.

Fihre Supply

The distribution of plantations and naturally regenerating forests 1o supply fibre for pulp
production has been discussed in detait in Chapter 4 in TIED’s main report.  About 30 per
cent of fibre for pulpweod is believed to be supplied from plantations, with the remaining
from naturally regenerating forests. Original forests are thought to supply about 17 per
cent of pulp. At least one quarter of fibre supplied for pulp production originates from
wood waste from forests and plantations that are not classified as pulpwood producers. In
tesms of the carbon balance, fibve supply may be divided into three catenaries:

plantations: harvests from tree plantations thai were established on land that was
previously in agricultyre or non-forest use
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managed forests: harvests from “natural™ forests on land that has been forested
through much of this century and that is able to regenerate to its original
biomass level

converted forests: these forests which are converted from high biomass
original forest to lower density sccondary forests or plantations or other uses
such as agriculture.

These three categories are treated differently in the carbon flux estimates.

Plantations

Plantations are treated as carbon credits if they were established on land that was not
previously forested. This is believed to be the case for about 85 per cent of plantations that
are harvested for pulp {(Bass pers comm 199G). The carbon stored mcludes the fibre
provided for the pulp and paper industry, plus the biomass and detritus that is not
harvestable or recorded in the commercial harvest, Fibre production is converted to carbon
storage as follows:

{a} pulp from plantations: 185 million m* {618 million m® x 30 per cent)

{b) conversion: 0,65 t dry matter/mr’ for deciduous trees, 0.45 t dry matter/m’ for conifers
(TPCC/OECD [1994)

{c) carbon density. 0.45 1 carbon/t dry matter (IPCC/OECD 1994)

(d} expansion factor: 1.9 above-ground biomass/commercial biomass (IPCC/OECD 1994)
(e} percentage ol plantations on fand previously in agriculture: 85 per cent

net carbon storage = (a) x (1) x () x (d) x (8} = 249 MT carbon dioxide; 68 M'T carbon

As mentioned in the fbre-supply substudy (TTED Sub-Study No. 2}, only an estimated 30
per cent of fore producnon for pulp and paper is belleved 10 arise from these plantations,
with the remainder sourced from naturally regenerating forests. Therefore, onty a minority
of fibre production may be considered as carbon storage or credited as net uptake in the
carbon dioxide emissions balance. Net annual carbon storage will be the annual increase of
biomass on the plantation and the annual increase of storage through harvested fibre and
paper. Industrial plantations used for fibre production are believed to be increasing and the
new establishment 15 estimated here based on other studies (Sedjo and Lyon 1995) to be in
the order of 21 MT of carbon dioxide annually (& MT earbon). In addition, some carbon is
stored each year because the removal of fibre from planiations does not result in immediate
ennssicns, but the paper products and fibre precursors maving through the cycle contribute
to carbon storage, In the case of the fibre produced from plantations, each harvest is
treated as an addition to carbon storage, and the plantations are assumed to replace
harvested fibre through regrowth. These assumptions of equilibrium will overestimate the
actual carbon strorage and in fact would represent an upper-bound esfimate of carbon
storage through fibre production from plantations.
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Using this method, plantations are estimated to store an 270 million tonnes of carbon
dioxide each vear (74 MT carbon). A portion of this sink is attributed to new high-vielding
plantation establishment in “emerging” regions. This is of the order of 600,000 hectares
annually with a yield of 17.5 m’/hectare/year or 7 t/ha carbon uptake each year (1IED Sub-
Study No. 2 1995), for a total of 6 MT carbon storage. The area and yields of plantations
and paper cannot be calculated precisely because insufficient surveys exist, The
maintenance of these plantations involves some fossil fliel consumption for fertilizer
manufacture that has not been quantified here, The estimate of 74 MT carbon storage
through plantation establishment for pulpwood production appears to be reasonable given
that total carbon sequestration from plantations in all developing regions is estimated to be
about 210 MT per year (Subak ef af 1993). Sedjo and Lyon (1995} state that the

pulpwood share in total industral wood production is now aboul 40 per cent when
considering all regions.”

Secondary Forest Regeneration

There is a debate as to whether “natural” managed forests, which supply an estimated 53
per cent of the fibre for pulp and paper, are a net source or sink for carborn dioxide when
the entire forest-products cycle is taken into congideration. In theory, given a stable forest
area, commercial harvesting of timber products can increase carbon storage if the harvested
wood is converted to fong-term uses such as construction matenials. In ‘this instance,
houses, furniture, and so o, are extending the boundaries of the forest and, because the
trees regrow on harvested land, net carbon storage 15 positive.

In the case of short-term forest products such as pulp and paper, however, the potential for
net carbon storage 15 diminished. Carbon dioxide is released from burning and decaying
wood at several stages in the paper production process and the resulting carbon (lux may
occur more rapidly than the cyclical uptake in the regenerating forest. Once the trees are
cut, only about half of the omass is used, with the remaining leaves, branches, and bark
left to decay (Row 1995). Subsequently, only about half of the fibre supplied is recovered
as paper and the residue is “digested” or used as fuel and so s emitted rapidly as carbon
dicxade (Hartman ¢ of 1976, Row 1995), While this woodfuel use serves to diminish the
industry’s requirement for fossil fuels, and in that respect decreases the total greenhouse

gas emissions contribution of the pulp and paper industry, the scrap burning reduces the

carbon stored in the paper cycle,

It is an open question as to whether the loss of biomass in harvest, processing, and disposal
occurs more rapidly than biomass uptake in the regenerating forest. A recent study
corcluded that Umted States timberlands involve a net storage when wood-product storage
15 considered, but the study inchided all long-lived products, not just paper, in the analysis
(Plantinga and Birdsey 1993). Given that the biomass replacement rate in the regenerating
forests is many decades, while most biomass related to the paper cycle is lost within a few
years, it is Hkely that net carbon storage related to these forests is depleted as a result of the
pulp and paper industry. Nonetheless, in the absence of studies assessing the timing of
biomass movement through different storage pools, these managed forests are treated as
neutral in the carbon balance,
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An estimated 17 per cent of pulp fibre is believed to be harvested from oniginal forests.
Most of this area is coniferous forest from temperate regions of North Amenica and the
CIS. Harvests from these forests take a number of forms including conversion to
agriculture, or transformation to plantations or to lower-density secondary forests. Because
the conversions differ by region, it is especially difficuit to quantify the impact of these
harvests on the carbon balance. Assuming that average storage after harvest for pulp fibres
will be at about half the original level (the upper bound estimate of storage afier conversion,
according to Harmon ef afs (1990) analysis of conversion of old growth American forests
to plantations), emissions from forest conversion would stand at about 74 million tonnes
carbon dioxide annualty,

Soil Carbon

Most of the world's biotic carbon is stored in soils rather than above-ground.  As logging
pertubs soils to some degree, and plantation establishment involves some carbon
accumulation, we would expect some soil flux related to fibre production. This flux is
Judged to be the most difficult to quantify, however, because of the wide variability in
conditions leading to soil carbon flux, Of the fibre supply sources, the “mined” forests are
likely to involve the highest carbon dioxide fux, because soil carbon is believed to decline
by about 10 per cent (30 t C/ha) when primary evergreen and deciducus forests in
temperate regions are canverted to secondary forests (Schlesinger 1977).

This soil carbon loss, however, is a final rather than an annual value and, when averaged
over a longer time honzon o a full rotation, may repregent a relatively minor flux. The
establishment of plantations on previously non-forested lands could result in accumutation
of soil carbon over time, although international working groups on greenhouse gas
emissions methods have declined to quantify this accumulation in the absence of additional
research {IPCC/OECD 1994),

Owverall Impact of ihe Paper Cycle on Global Warming

The pulp and paper industry is a significant emitter of greenhouse zases. While plantations
maintained to supply fibre for pulp production store large amounts of carbon on land that
previously was not forested, this carben storage is insufficient 1o oflet the even greater
emissions from fossil firel use m manufacture and from paper disposed in landfills. Despite
the proportion of industrial plantations devoted to pulp production, plantations do nat
appear to be offsetting enmssions from either energy use or landfills, let alone both of them,
as shown in Figure 2. Production, consumption and disposal of paper products is estimated
to contribute a net addition of about 430 million tonnes in carbon dioxide equivalent umis
each year, as indicated in Table 1. This sum represents the net emissions of carbon dioxide
and methane by equivalent global wanming potential inteprated over a 100 year time
horizon. This level s somewhat more than the carbon dioxide released each year from fossil
fuet combustion in Canada, which is the ninth greatest carbon dioxide emitter from energy
use. On a carbon equivalent bagsis (CO,-C), i.e. considering only the carbon mass in carben
dioxide, net emissicns are calculated to e 118 MT,
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Table 1 Annnal Emissions of Gretnhouse Gases from the Paper Cycle

Sources Auwnual gas | Oy CO.-C

Emissinng Equivalents | Equivalenis .

(MT) (MT) (MT) Certainty
Energy Use (£04) 200 290 T High
Energy Extraction {CH,) 1 12 9 Medium
Energy Use Recycling (CO2) 4 4 1 dedium- Low
Transport (CO.) 79 20 B hedium - Low
Landfitls (CH,) B2 278 76 | Medium
Natoral Forest Conversion (20q) 4 74 20 Loy - Medinm B
Natural Fergst Management (CO: | 0 f i Lo N
Total Sources L 707 193 B
Sinks
Waste Energy Recovery (CO;) -4 -4 -1 Medium
Flantations « Siable Harvest (CO-) | 249 =240 - GH Medium-High
Flantations - Now Establishment =21 -2 -4 Low -Medium
(C02)
Total Sinks =274 -2 =15
Nit Emissions Flux 433 11%

For this study, greenhouse gas emussions from 34 countries that are paper consumers,
paper producers, of fibre suppliers were examined. More than one third of the countries
appear to be net sinks for greenhouse gases, with the remander net sources. The largest
~ singlc emitter by a wide margin is the United States at 150 MT carbon dioxide equivalence,
followed by Canada at 73 MT and China at 64 MT. Emissions from landfills dominate the
U.S. and China total, whereas forest depletion is an important cause of Canada’s emissions.
Most developing countries that are fibre producers appear to be net sinks for these
greenhouse gases as they do not have significant cmissions from manufacturing or landfills.
Brazll appears to sequester large amounts at 39 MT carbon dioxide equivalence, with
south Africa a distant second at 15 MT and Chile at 9 MT. Led by Sweden and Finland,

several European countries appear to be net srks rather than sources of emissions related
“to the paper cycle.
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Figure 2 Greenhouse Gas Emissions from the Paper Cycle - million tonnes

effuivalents per year (CO,-C)
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A breakdown of emussions by company and nation is beyond the scope of this project but
would be of value in 1dentifying the situations in which sinks in one country could be set
against sources in another, Given the structure of the paper industry, there are opportunities
for intra-industry ‘joint implementation’ arrangements, on a formal or informal basis,
whereby credit can be gained for emissions offsets through the expansion of forest sinks.
Joint implementation is the term vsed to describe bilateral arrangements whereby, on the
grounds of cost effectiveness, one nation provides financial support for emission control
measures in a second nation and, at some future time, will be in a position 1o ¢claim credit
against erissions reduction targets at home.

The Paper Industry and Future Global Warming

It seems likely that in the future the trend will be towards a moderate decrease im
greenhouse gas emissions intensity at most stages of the paper cycle. The energy intensity
of the pulp and paper industry has been declimmg by an average of 0.8 per cent each year
pET ToRte 0f paper produced dunng ihe past two décades in OECD countnes ({2A 1993).

Carbon dioxide emissions from fossil fiel use would be expected to decrease at feast
commensurably. Plans to repair gas pipeline leaks and to recapture methanc gas emitted in
coal mining should reduce methane emissians related to fossil Girel used in the pulp and
paper and other industries.

Most large industrialized countrnizs project reductions in methane emissions from energy
production by 2000, The aggregale reduction projected by one dozen of the largest energy-
related methane emitiers in the OECD 15 about 10 per cent by 2000 {(INC 1994, INC
1995y, Reduchons w methane eovissions from enengy production should comtinue in
industrialized countries on into the 2 1st century, as natural uas prices increase and mdustry
is encouraged to adopt measures fo reduce emissions.

In industrialized countries, methane emissions from landfills are expected to diminish at a
faster rate than the projected increase in paper consumption. National communications to
the Framework Convention on Chimate Change from industnialized coaniries project thit
methane emissions from solid wastes will be reduced by about 20 per cent by 2000 (INC
1994, INC 1995). This projection is optimistic given the long lag time in methane
generation in old landfills, and the currently modest rate of deptoyment of methane
recapture technology. Nonetheless, there is a trend in many industriahized countries
towards installing methane recovery technology at larger landfill sites, adopting mandatory
recycling laws, and making increasing use of composting and ingineration alternatives, All
of these options will serve to reduce methane enmissions from paper disposal as well as from
other sohd wastes.

In developing countries, paper consumption is projected to increase more rapidly than in
industrialized countries, but changes m the methane intensity of paper disposal will depend
on whether many regrons shift from using open dumps, which release very little methane, to
constructing sanitary landfills, Incineration may prove to be an aftractive option in
developing countries, if putrescibles become a diminishing share of the waste stream, as it
has the potential to provide an inexpensive source of energy.
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Trends w forest managament refatad 1o fibre production have alvesdy been discussed in
detail in earlier seciions of this report, Plantations are expected to be established at a rate
of up to 600,000 hectares per year in developing countries and China in the next few
decades, enabling & doubling of pulpwood consumption by 2045 (IIED Sub-Study No. 2
1995). Some increase in wood yields is expected in this scenario. All management

practices that increase average biomass levels on the ground serve as carbon sequestering
TTRARITES.

Enhanced carbon storage, however, is not always compatible with other environmental
goals such as species preservation. In addition, more intensive management of regenerating
forests such as denser planting requires added fertilization that may have negative
feedbacks on emissions by requirng fossil fuel inputs for nitrogenous fertilizer manufacture
(Trexier 1991). Furthermore, the trend towards higher yield plantation and forest
management may lead to increased soil carbon flux. Increasing plantation establishment on
marginal but viable fand, while reducing harvesting of old growth forests, would be a bonus
in terms of carbon sequestration.

The general trend towards a modest decrease in the greenhouse gas emissions intensity of
the paper industry is unlikely to lead to a situation of zero net emissions in the next few
decades, Unless there is a wholesale switch from the use of fossil fitels in manufacturing -
lowards renewables -- it is not likely that the paper industry could become a net zero
emitter, While plantations may be established at an aggressive rate in the coming decades
to meet heightened demand for fibre, afforestation wall be matched by considerable growth
in manufacturing, and in waste disposal — the two major sources of greenhouse mas
emissions. A simple scenaric has been constructed based on assumptions of paper
consumption, manufacturing efficiency and plantation establishment projected elsewhere in
this report, along with projections of methane emissions from landfills published in nationai
communications to the climate convention,  As indicated in Table 2, if paper production
matches current demand growth of 3.5 per cent annually, cfficiency improves by only 0.8
per cent, and plantation establishment increases at 2.5 per cent, net urecnhouse £as
ermissions will be similar or slightly below 1990 levels by 2010, This scenario is already
assuming that landfilt methane would be 20 per cent below 1990 levels. To achieve serious
cuts in emissions, the indusiry would have to oversee a greater switch from fossil fuels to
renewables, and establish and mainiain a [arger area of plantations.

17



" Table 2 Projections of Greenhouse Gas Emissions from the Paper Cycle in 2010

Fossil Fuel L andfille  bPlantations Depletion

3.5% growth 0.8%yr 20% cut 2.5% increase decrease Total

efficiency improvement |by 2010 in gstablishrment By 10%/r MT C &g,
1980 79 76 -64 20 114
1991 a1 T4 -66 18 109
1982 83 T4 57 16 107
1983 B& 74 -5g 15 105
1064 a8 73 T 13 103
1985 ag 72 =72 12 102
10995 a3 T2 =74 11 101
1957 o5 1 -76 1Q 100
108 5| 70 <78 8 on
NI gL Fit] Sl B 83
2000 103 69 =82 7 g7
2001 104G 1.1 -84 G g3
2002 108 &7 -85 6 86
2003 12 a7 -84 5 g5
2004 115 G5 -0 3 g%
2005 118 B85 -93 4 95
2008 129 55 -35 4 04
2007 124 84 -a7 3 94
2008 128 63 =100 3 94
2008 13 53 =102 3 o4
2010 135 51 -105 2 93
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Condhusions and Recommendations

Owerall, like any other industry, the paper cycle contributes to the risks of global warming.
While carbon is sequestered in plantations and carbon digxade emissions are offset by
energy tecovery from incineration of paper and some landfilis, these offsets do not
compensate for the preenhouse gases released dunng manufacturing, transport, recyeling,
dispesal in landfills, and deforesianon,

Estimation of emissions trom the paper cycle 15 particularty complex given that greenhouse
gases are released and taken up from so many sources. Greenhouse gas emissions from
other major industries -- stcel and chemicals -- are concentrated in fossil fuel use refated to
manufacture and are easier to quantify at 4.6 and 5.9 per cent of total carbon dioxide
emissions (TEAOECD 1991), The pulp and paper mdustry is a distant third at about 1.7
per cent of total carbon dioxide emissions, when niethane emissions are considered as well,
on a carbon dioxide equivalent basis. The greenhouse gas emissions intensily of the paper
industry is comparable to that of chemmcals considering that the paper industry’s
contribution to world GDP is 2.9 per cent of world value added from manufacturing
compared to the chemical industiy’s at 8.4 per cent.

Greenhouse gas emissions could be reduced at all stages of the paper cycle, The carbon
dioxide intensity of paper and pulp manuficturing could be reduced both by fuel switching,
and by efficiency tmprovements. While Canada and the UK use patural pas for a high
percentage of their fucl use in the paper industey, coal is used heavily in many regions.
Switching from coal to natural gas and further reliance on woodwaste for fuel, could
reduce carbon intensity. The Scandinavian countries are models as respects their use of
woodwaste and wood liquors for fuel, Sweden, in pariicular, is likciy to be a net zero
emitter or a carbon sink, in part because fossil-fuel rolated emissions are so low.

Additional gains m reducing fossil-fuel intensity could be achieved by cfficiency
mpeovennents. The IEA/QECD (19911 extimate that carbon dioxide emissions m the paper
cycle could be reduced by 10 to 30 per cent if ewrrent manufacturing stock was replaced by
the best available technology.

Landfills were found to be ahnost as great a source of preenhouse gas emissions as energy
use in manufacturing.  Although the pulp and paper industry have less control over the final
fate of paper, advocacy of diernative waste disposal practices including recycling,
composting, and incineration would serve to help reduce emissions from disposal. While
currently the carbon dioxide intensity of recycling {8 relatively high, recyeling still lowers
emissions because it generally avoids contnibuting to methane enussions from landfilling,
Incineration remains the best greenhouse gas mmimizing strategry on the disposal side
because it produces only negligible amounts of inethane and can offser small amounts of
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While currently the pulp and paper industry is offfetting only a portion of their enmssions
from manufacture and disposal through the establishment of tree plantations, in theory the
plantation area could be extended to offset emissions from the entire eycle. If the entire area
of industrial plantations {not just antations for tbre supply} now believed to be present
worldwide -- 40 million hectares —was used for pulp production, the annual uptake needed
would be 5.2 tonnes carbon per hectare each year 1o offset emissions quantified m this
study. This uptake rate exceeds plausible scenarios of average high yicld temperate and
tropical plantations.

Put another way, at a moderately agpressive rate of carbon uptake of 2.5 tonnes per
hectare each year (IIED Sub-Study No. 2 1995), about 76 milhon hectares of plantations
would be needed 1o offset all current emissions. At current plantation establishment rates
of 0.6 miltien hectares annually {Sedjo and Lyon 1995), complete offset of greenhouse gas
emissions through plantations appears to be an elugive goal. To become a net zero emitter,
the pulp and paper industry would need to pursue changss at all levels of the cycle -- the
curtailment of timber extraction from original forests in the CIS, North America and some
developing regions, as well as efficiency mmprovements in manufacture and alternative
disposal routes to landfilling.

Unlke other industries relying only on fossil fuel-based manufacturing processes, the '
complexity of the paper cycle does provide rich opportunitics for greenhouse gas emissions
abatement. For the mdustry to capitalize on this key aspect of its activities and to enhance
its sustainability, there are areas in which action should be taken. While the paper industry is
unlikely to reach the goal of zero net cmissions, there remains considerable scope for
emissions reduction. A significant reduction strategy would take account of emissions at all
stages of the paper cycle, and would involve the paper industry taking account of activities
not generally considered within its sphere of responsibility, such as landfill management and
alternatives to tandfill disposal.
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TAELE A6: PLANTATIONS
Gorversion Units:
0.65 t dm/m3 deciduous 0451C/tdm
0.45 t dm/m3 conifers 1.9 expansion factor
0.85 plantations on land previously in agriculture
"New" Planiations
1000 m3 harvestoed Carbon Storage (kT C}
Deciduous Conifers
Couniry Deciducus  [Conifers Total
LSA 58,663 o 17,053 17,053
Canads ] 8,315 )] 2,718 2,719
Finland 6,110 o 1,088 1,985
Swadan 5,275 4] 1,725 1,725
Japan 2,674 10,206 1,358 2,967 4325
Kenuz 25 2an 17 7E =t
5. Africa 4,330 4,250 2,045 1,340 3,435
Ching 2,985 1,700 1,410 558 1,066
India 4,370 2,064 ] 2,064
Indonesia 2,000 o B854 G854
Morocco 400 189 0 188
Korza R. 180 450 85 147 232
Malaysig ap 1] 28 26
Philippines 80 95 43 31 T4
Tawan 270 128 4] 128
Thaifand B70 411 4] 411
Turkey 110 304 52 o8 150
Mexico 480 0 157 157
Argantina 1,085 1.280 517 418 938
Brazil 16,200 6,260 7,853 2,047 2,700
Chile 510 8,140 241 2,662 2503
Colombia 480 275 227 ag a7
Austrslia 2225 0 728 725
New Zealand 185 4,770 a7 1,560 1,647
Atlstria 1,165 0 381 381
Badgiurmn 555 0 182 182
France 1,000 472 )] 472
Genmany 7.890 0 2,204 2,204
Italy 300 220 142 1z 214
Czech Rep. 0 1,700 0 556 555
Portugal 3,700 215 1,748 T0 1.818
Spain 2,335 470 4,103 154 1,257
Switzarland 0 00 0 229 228
LIK 0 1,300 o 425 425
Poland 2,850 0 932 93z
Homania 600 g 188 1068
Slovakia- ] 500 g 184 164
Total 42,318 139,269 19,991 42,757 62, 748
ﬁHLD TOTAL 67,768

Source: Wood Resources International, 1985,
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