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contributes to GHG while all of the energy
(biogenic and fossil) is used to offset com-
bustion of fossil fuel. Landfill disposal
increases GHG the most. For abandoned
ties, the fossil (creosote) carbon fraction of
tie mass is converted to fossil CO-.

Releases potentially causing acid pre-
cipitation for each end-of-use alternative
are shown in Figure 3. Recycling ties for
energy produces a negative acidification
indicator because combustion of wood
results in lower emissions of acidifying
gases than combustion of coal. The acid-
ification caused by burning ties is
small, so that when credit for the higher
coal emissions are subtracted, the result
is negative. Landfill disposal results in a
negligible increase related to methane
combustion and abandoning ties has no
impact to acidification.

Comparison of all impact indicators for
the full life cycle is shown in Figure 4.
Rather than indicating actual indicator val-
ues, these have been normalized to show
the recycle option as a negative 1, since all
indicators for this option are negative.
Values for disposal in a landfill and aban-
donment are relative to the recycle option.

While previously shown fig-
ures address only emissions
that occur due to the disposal
method applied, this figure e
includes the full life cycle, A :l
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Positive values indicate the dis-
posal method increases the
impact indicator values.
Another way to consider the
tull life cycle is to consider the
flux of GHG interchange with the atmos-
phere as depicted in Figure 5. All end-of-
life alternatives start with the same GHG
values from tree growth through the end of
tie use. The flux begins at negative 260
pounds of CO:x-eq. due to the CO: removed
from the atmosphere and stored in the tie
wood and remains unchanged as tie is
treated. Injection of creosote does not
result in a change since it is not released as
CO: or methane. During the tie’s use the
GHG value increases by 33 pounds CO:-
eq. per tie due to decay (creosote and wood
loss) while in use.
Values for the three
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alternatives diverge at
the end-of-life stage.
The recycle for energy
and abandon alterna-
tives increase to a posi-
tive 61 pounds CO:-eq.
per tie as all carbon
remaining in the ties is
converted by combus-
tion or decay, respec-
tively, to carbon diox-
ide. The landfill option
results in less CO:
emissions, but includes
methane emissions
(with CO: equivalent at
21 times those of COz),
raising the landfill
alternative GHG total
to negative 59 pounds
CO:-eq. per tie. At the
end-of-life, offsets to
fossil fuel use are
applied as shown in
Figure 5. Abandoned
ties have no offset.
Recycled ties have a
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Figure 5 - GHG (CO2 - Eq) Flux by Life Stage
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the final CO:-eq. per tie value to a negative
227 pounds. Landfilled ties have a small
offset, due to methane capture and energy
recovery, bringing the final to negative 67
pounds of CO:-eq. per tie. [

Conclusions

Recycling for energy recovery provides
clear and significant benefits of conserving
fossil fuel resources, reducing greenhouse
gas levels in the atmosphere, and reducing
emissions that lead to acid precipitation.

The fuel offset gained by recycling cre-
osote-treated ties for energy recovery is
20 times greater than energy recovery
from landfill disposal. Offsets result in a
significant decrease in GHG emissions
when ties are recycled for energy com-
pared to a slight increase in GHG emis-
sions when landfilled. If ties are aban-
doned, no change results to fossil fuel use
or acidification and GHG emissions are
increased approximately one-third as
much as by landfill disposal.

If all ties replaced annually in the U.S.,
approximately 20 million ties, were recy-
cled for energy, the result would be to off-
set the GHG and fossil fuel use equivalent
to a city of nearly 100,000 people. §

EDITOR'S NOTE

This article has been abbreviated to fit
available space. The full article, including
references may be downloaded at
www.rta.org.
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