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Recycling paper and wood can signif-
icantly reduce greenhouse gases.

The popular dictum is “Think globally, act
locally.” We might want to modify it some-
what to “Protect globally, recycle locally.”

Poll after poll indicates that citizens con-
nect recycling with saving the environment
— by saving energy and water resources, re-
ducing timber harvests and keeping recover-
able materials out of landfills. But there may
be another, larger benefit, one that will affect
not just the environment in the United States,
but that of all countries.

Recent research conducted by the Forest
Products Laboratory (Madison, Wisconsin)
found that 10 to 20 percent of the U.S. carbon
reduction goal could be met through a range
of scenarios for paper and wood recycling.
More aggressive paper and wood recycling —
as well as composting, source reducing and re-
cycling other recoverable materials — can pro-
vide even more dramatic decreases.

What’s the global carbon cycle
and why should we care about it?
The scientific community warns us that the
effect of significant increases in fossil fuel
combustion, along with other human activi-
ties, have led to increasing concentrations of
“greenhouse gases” in the atmosphere. Al-
though there is much uncertainty and vari-
ability about the extent of the impact, it is gen-
erally believed that accumulation of green-

house gases in the atmosphere contributes to
global warming and climate change, with
widespread negative environmental conse-
quences.

Greenhouse gas emissions are often mea-
sured in carbon units (metric tons), because
carbon dioxide accounts for the majority of
the increase, with methane a distant second.
The natural processes of photosynthesis, plant
respiration and decomposition of vegetation
play a significant role in the global carbon cy-
cle. Trees play a special role because they can
store, or “sequester,” carbon over long peri-
ods in wood. Eventually, however, wood de-
cays or is burned and carbon is released back
into the atmosphere.

The global carbon cycle and the amount
of carbon stored in wood are affected by such
factors as the size of forested land areas,
growth rates and mortality of trees, forest fires,
timber harvesting, product demand, product
recycling, and disposal of wood or wood prod-
ucts by landfilling or combustion.

In 1992, more than 160 countries came to-

gether at the United Nations Conference on
Environment and Development (the Earth
Summit) in Rio de Janeiro, Brazil to discuss
environmental issues, including stabilizing
greenhouse gas concentrations in the atmos-
phere. There, the United States joined other
countries in signing an international agree-
ment to address the danger of global climate
change. In 1993, the Clinton Administration
issued the Climate Change Action Plan, which
recognized that the forest sector (forestry and
forest products), among others, could play an
important role in the global carbon cycle, and
that forests are greenhouse gas “sinks” that
could store carbon removed from the atmos-
phere by trees.

Looking at various scenarios
As part of the administration’s commitment,
the Forest Products Lab undertook an analy-
sis of two principal ways that recycling could
help mitigate the increase of carbon dioxide
in the atmosphere.

First, paper and wood recycling tend to re-
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Recycling wood and paper reduces
timber harvesting, increasing carbon
accumulation in forests.

Processing recyclables uses less en-
ergy than virgin pulp processing.

Increased use of recycled wood
products for construction could
greatly decrease the greenhouse
effect.

duce timber harvesting, and possibly delay
tree harvest and lengthen rotation ages, leav-
ing more carbon sequestered in forests. Sec-
ond, paper recycling processes usually con-
sume less energy per unit of product output
than do virgin pulp production processes, so
generally less carbon is released to the at-
mosphere because less fuel and energy are
consumed.

We analyzed five different scenarios for
recycling (see Table 1). We used an economic
model to project how pulp and paper pro-
duction might evolve in the U.S. (1). Using
conventional assumptions of economic and
population growth, we projected that overall
production of pulp and paper will continue to
expand, but recycling will play an increas-
ingly important role.

The frozen technology scenario assumed
that recycling and pulping capacities of the
U.S. pulp and paper sector would remain fixed
at 1990 proportions (i.e., at a 27 percent re-
covered paper utilization rate), but that pro-
duction would increase, as projected in the
base scenario. Now that recycling has in-
creased, this type of scenario would be re-
garded as unrealistic, but it did provide a
benchmark against which we could measure
technological gains that were projected in oth-
er scenarios.

Our economic projections anticipated a
significant turnaround in recovered paper
prices, which actually occurred in the last year.
This was projected to slow the rate of expan-
sion in recycling capacity. Nevertheless, in
our “base” scenario, we projected that the re-
covered paper utilization rate in the U.S.
would climb from its current level of around
34 percent, to 38 percent by the year 2000
and 42 percent by 2010. Production of paper
and board in the U.S. is projected to climb
well above 100 million metric tons by the ear-
ly part of the next century.

Because pulp and paper industry produc-
tion is projected to shift toward increased use
of recovered paper, less pulpwood, and there-
fore less fuel and less energy, are projected
to be required per unit of product output on
average. (In our analysis of energy impacts,
we considered only the process fuel and the
energy savings associated with shifting pro-

duction processes over time. We did not con- We also looked at a much more aggressive
sider the fossil fuels saved by harvesting few-
er trees, nor the fuels consumed in gathering
and delivering more paper to be recycled.)

In the base scenario, a slower rate of
growth in timber harvest was projected for
the U.S. in the coming decades, largely as a
result of projected gains in paper recycling
(2). Recycling expands market demand for
paper and wood products, because it increases
overall fiber supply and production potential.
Also, efficiency improvements in lumber and
wood panel production will reduce the avail-
ability of wood chips for pulping and increase
the proportion of roundwood in pulpwood
consumption.

Nevertheless, gains in paper recycling were
projected to slow the growth in overall tim-
ber harvest and allow more carbon to accu-
mulate in forests. Sophisticated models of
timber growth, timber harvest, inventory and
carbon accumulation examined the impacts
of recycling on timber growth and accumu-
lation of carbon in forests (3).

The other scenarios were derivatives of
the base scenario, showing how various
changes in recycling or waste reduction poli-
cies might achieve different results. Five dif-
ferent policy options were obtained from a
series of studies conducted in 1994 for the
U.S. Environmental Protection Agency (4).
The EPA policy options examined the effects
of increased landfill tipping fees on recov-
ered paper supply, federal procurement stan-
dards for recycled paper, investment tax cred-
its for recycling, private sector minimum re-
cycled content standards and waste reduction
policies. The policy options scenario had
modest impacts on projected trends in paper
recycling, but in some cases, had significant
impacts on timber harvest.

waste reduction scenario, which reflected the
combined impacts of intensified paper col-
lection programs, tax credits for recycling and
more aggressive source reduction policies
than were assumed in the EPA scenarios. The
result was a more extreme and less likely
waste reduction scenario (5).

Finally, we also derived a scenario to show
what might occur if wood components in
housing construction were gradually replaced
by recycled materials, reaching 20 percent re-
cycled content by the year 2010. Table 1 sum-
marizes key elements of these recycling sce-
narios for comparison.

Recycling might also increase the average
time that carbon could remain sequestered in
paper and wood products. This effect was
thought to be marginal for paper because pa-
per has a relatively short product life span,
whether it’s recycled or not. However, for
wood used in construction, carbon seques-
tration effects could be large if much greater
quantities of recycled wood products were
used in place of conventional lumber and
wood panels in the future, if the recycled
wood products would have a long lifespan
and if future wood disposal techniques were
similar to conventional techniques.

What we found
Table 2 summarizes the key findings of our
analysis for the various scenarios.

Base scenario. The base scenario incor-
porated trends in paper recycling roughly con-
sistent with current industry views (i.e., that
40 percent recovered paper utilization will be
reached just after the year 2000, when the re-
cyclable paper recovery rate would be around
50 percent.



As Table 2 shows, when compared with
the frozen technology scenario, the base sce-
nario reduces carbon cycling by nearly 10
million and 20 million metric tons annually
by the years 2000 and 2010, respectively. The
incremental gain from recycling alone by the
year 2000 equals the entire goal proposed for
the total forest sector in the Climate Change
Action Plan. Thus, current industry trends in
paper recycling are associated with signifi-
cant carbon cycling effects; more aggressive
recycling scenarios would surpass the goals.

EPA recycling poticy scenario. The EPA
policy scenarios considered the impacts of
various policy options. As Table 2 shows,
these scenarios could result in significant ad-
ditional carbon cycling effects. Among the
EPA policy scenarios, the largest carbon cy-
cling effects were those associated with waste
reduction policies (chiefly, the reduced growth
in product demand that could result from sig-
nificantly higher disposal fees); the smallest
effects were associated with proposed mini-
mum recycled content standards for the pri-
vate sector and prospective increases in re-
covered paper supply resulting from increased
landfill disposal fees.

Waste reduction scenario. The wrote re-
duction scenario was a more extreme policy
derivative of the base scenario, in which the
U.S. recovered paper utilization rate was pro-
jected to reach 56 percent by the year 2010
(a rate higher than that projected currently in
Japan, for example). This scenario may be
regarded as a challenging one, because it was
based on significant government policy in-
tervention through substantially intensified
paper collection and sorting programs, in-
vestment tax credits for recycling and much
more stringent waste reduction policies.
(Japan and Germany have already achieved
recycled paper utilization rates that exceed
52 percent.)

Nevertheless, the waste reduction scenario
might be regarded as showing an outside lim-
it of what might occur through a much more
intensified paper recycling effort in the fu-
ture. As shown in Table 2, paper recycling
under the waste reduction scenario could more
than double the annual carbon cycling effects
that were projected in the base scenario.

Recycled content scenario. As a final de-
rivative of the base scenario, we computed
the potential carbon sequestration effects of

As recycling rates for paper and wood products increase, dispos-
al rates for wood decrease. As more wood and wood fiber material
are recovered for recycling, proportionately less will be landfilled
and incinerated (this includes material in products and by-products
such as paper mill sludges and spent pulping liquors). In the long
run, the reduction in landfilling and incineration of wood and wood
fiber due to increased recycling will be roughly equivalent to the re-
duction in wood raw material use. This will contribute further to re-
ducing carbon emissions from landfills and waste incinerators. How-
ever, because of uncertainty about the relatively slow rates of decay
of wood and paper in landfills and uncertainty about actual propor-
tions of waste paper and waste wood that are landfilled and inciner-
ated nationwide, we did not attempt to quantify these effects.
Summary
We projected the effects of increased paper recycling on atmospher-
ic carbon sequestration in forests and carbon emissions from process
fuel and energy use. By the year 2010, these effects might reduce at-
mospheric carbon by 20 million metric tons annually, based on cur-
rent trends in paper recycling.

These effects could be enhanced by policies that could result in
further increases in paper recycling and waste reduction. In addition,
increased use of recycled materials in place of wood in housing con-
struction (e.g., 20 percent by 2010) might potentially sequester ad-
ditional carbon in forests (upwards of 10 million metric tons per year

substituting recycled materials for 20 percent of the wood compo- by 2010). Other efforts, such as source reduction, comporting and
nents in housing construction by the year 2010. In that case, recy-
cling could offer upwards of 10 million metric tons of additional car-
bon sequestration in forests by the year 2010.

This scenario may also be regarded as potentially achievable,
though somewhat less than likely, because it would require substan-
tial product research and development efforts, coupled with large-
scale market development and building code acceptance of new re-
cycled construction products in place of conventional wood prod-
ucts.  Also, we did not compute the effects of such developments on
manufacturing energy requirements, which may be higher for recy-
cled housing materials than conventional wood products.

recycling of other recoverable materials, could also enhance carbon
cycling.

The estimates presented in this report were based on economic
projections and are subject to a large degree of uncertainty. Trends
will be influenced by other future economic and policy developments.
Also, we are not yet capable of providing a comprehensive lifecycle
assessment of all the carbon cycling implications of paper and wood
recycling, nor do we claim to do so in this report. Regardless of these
caveats, our analysis shows that increased paper and wood recycling
in the U.S. could contribute significantly to stabilizing atmospheric
concentrations of greenhouse gases over the next 15 years. RR




