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Abstract A life cycle assessment of greenhouse gas
(GHG: CO,, CHy4, N,0O) emissions for woodchip-paved
walkways using tsunami salt-damaged wood was con-
ducted in Otsuchi, Iwate Prefecture. The GHG emissions
for woodchip-paved walkways from the raw material pro-
curement process to the construction process were 2.62 kg-
CO,-eq/m?*/year. Of these, most were for the raw material
procurement process (88 %), with the production process
accounting for 7 %, the transportation process <1 %, and
the construction process 4 %. In the raw material pro-
curement process, almost all of the GHG emissions were
related to raw materials for adhesive. On the other hand, in
the disposal process, use of disposed chips as energy (heat
supply) in place of heavy oil obtained GHG emission
reductions of 2.42 kg-CO,-eq/m?*/year. With these taken
into account, the net GHG emissions of the woodchip-
paved walkway were reduced to 0.20 kg-CO,-eq/m?/year.
We found that using a woodchip-paved walkway to replace
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an asphalt-paved walkway could reduce GHG emissions by
1.45 kg-CO,-eq/m*/year, and replacing an artificial turf
walkway could reduce GHG emissions by 1.61 kg-CO,-eq/
m?/year. However, achieving these reductions depends
upon maintaining the woodchip pavement for at least
2 years and using the disposed chips as energy.

Keywords Life cycle assessment (LCA) - Paving
materials - Tsunami salt-damaged wood - Adhesive -
Energy use

Introduction

In an effort to establish a sound material-cycle society,
woodchip paving is garnering attention in the field of uti-
lizing unused thinnings and waste wood, and work is
underway to promote technological development and
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popularization [1-3]. The estimated amount of wood
material available for use as paving material for the whole
of Japan has been reported to be 300,000 m? per year [4].
Moreover, an enormous quantity of salt-damaged wood
and disaster waste wood was generated by the earthquake
and tsunami in areas affected by the Great East Japan
Earthquake of March 11, 2011 [5]. Effective use of this
wood is currently an important issue for promoting
recovery and regional revitalization in the disaster-affected
areas, and a variety of wood material applications such as
woodchip pavement is being promoted [6].

Moreover, use of wood material is considered to con-
tribute to the establishment of a low-carbon society. There
are numerous papers of prior research using the life cycle
assessment (LCA) method to evaluate greenhouse gas
(GHG) emissions and emission reductions of wood mate-
rial use in various fields including buildings [7, 8], furni-
ture [9], soil improvement materials [10], check dams [11,
12], and energy use [13, 14]. The LCA method evaluates
the total amounts of resource consumption and environ-
mental load for a target product or service to evaluate its
environmental impact over the entire life cycle, from
extraction of the resources used to produce it through to its
usage and disposal. In particular, the LCA targeting only
GHGs as an environmental load is referred to as the carbon
footprint (CF). However, there is no prior research on the
LCA or CF of woodchip paving, and the life cycle GHG
emissions and GHG reduction effects compared with other
paving material have not been clarified.

Against this background, in the present research we
focused on the use of woodchip-paved walkways using
tsunami salt-damaged wood in Otsuchi, Iwate Prefecture.
This initiative had the potential to contribute to supporting
the recovery of the disaster-affected area, effective uti-
lization of unused wood and waste wood, and mitigation of
global warming. We used the LCA method to assess the
GHG (CO,, CHy4, N,O) emissions throughout the life cycle.
Furthermore, we conducted a comparison with non-wood
pavements to investigate the GHG emission reduction
effects of woodchip-paved walkways.

Materials and methods
Overview of Otsuchi, Iwate Prefecture

The town of Otsuchi is located on the Pacific coast of Iwate
Prefecture. It has a population of 12,531 and an area of
20,059 ha (as of February 23, 2015) [15]. The Great East
Japan Earthquake and ensuing tsunami, which occurred on
March 11, 2011, caused the deaths of 1232 people, with
two people missing and 50 earthquake-related deaths (as of

February 1, 2015). The forestry industry damage included
301 ha of forest areas and six forestry roads, with the total
amount of damage reaching ¥69.24 million [16]. Forest
areas in Otsuchi are total 17,816 ha, or approximately
89 % of the town area, with 788 ha owned by the town,
8010 ha owned privately, and 9018 ha owned nationally
[16]. Moreover, the cedar, red pine, and other major tree
species planted after the Second World War are now
nearing an age suitable for harvesting. The urban areas are
surrounded by mountainous areas, with an industrial his-
tory divided between fishing and forestry. In recreating the
fishing industry after the disaster, the importance of revi-
talizing the forestry industry and using wood material has
been recognized [6].

Overview of target woodchip-paved walkways

Many of the temporary houses and shopping districts in
Otsuchi have been erected on school grounds or paddy
fields. In the case of buildings on paddy fields in partic-
ular, there are issues with drainage with puddles forming
easily, since the soil originally had high water content.
However, since these sites must be returned to their
original condition after use, ordinary road paving has not
been used and many areas suffered from poor drainage
and walkability during rain and snow. To address this
issue, a collaborative initiative between an educational
research institution (Institute of Wood Technology, Akita
Prefectural University), a private-sector company (Woody
Sannai Co. Ltd.), and a non-profit organization (NPO:
Kirikiri Koku) resulted in construction of a woodchip-
paved walkway (width 1.2 m, length approx. 100 m,
thickness 4 cm) in September 2012 to provide a com-
fortable walkway in the shopping district adjacent to
Koduchi Temporary Housing Lot No. 4. This site was
originally a paddy field and was later covered with gravel
for use as a parking lot. Since the Great East Japan
Earthquake, it has been used as a temporary shopping
district. Figure 1 shows photographs before and after
construction of the woodchip-paved walkway. The
woodchip material was tsunami salt-damaged wood (s-
tanding cedar trees soaked with seawater by tsunami), and
sawmill residues after sawing of the salt-damaged wood
from within Otsuchi. The salt-damaged wood (standing
trees) and sawmill residues are shown in Fig. 2. From
regular interview surveys of people involved with the
shopping district over a period of 2 years and 6 months
(till March 2015), starting from 1 month after completion
of the walkway, their assessment indicated that it suffered
no seepage at all during rain, presented no signs of frost
damage during cold periods, and that it improved the
atmosphere and walkability of the shopping district [6].
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Fig. 1 Construction of the
woodchip-paved walkway,
before (left) and after (right)

Salt-damaged wood (standing trees) Sawmill residues

Chip production by the chipper Chips

Paving Paving

Chip and adhesive mixing Roadbed excavation and
ground preparation

Fig. 2 Main steps from raw material procurement to construction of the woodchip-paved walkway
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Fig. 3 Processes in the life cycle of a woodchip-paved walkway

Scope of assessment
The life cycle of the assessed woodchip-paved walkway is

presented in Figs. 2 and 3, including the processes of raw
material procurement, production, and transportation, as
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well as construction and disposal. With regard to the ser-
vice life of the walkway, it was confirmed through an
interview survey with Woody Sannai Co., Ltd., which has a
track record of manufacturing and constructing woodchip-
paved walkways, that there are actual examples in Akita
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Prefecture that have been maintained in good condition for
12 years after construction. At the site of this research also,
we confirmed that as of March 2015, 2 years and 6 months
after construction, the target walkway has been maintained
in good condition. We, therefore, estimated the usable life
at 10 years, making reference to the abovementioned
examples.

Method of assessing life cycle GHG emissions

Table 1 shows the total amount of actual material and
energy consumption used as foreground data along with the
construction conditions when assessing the GHG emis-
sions. Furthermore, Table 2 shows the GHG emission
intensities used as background data. GHGs were assessed
on the basis of emissions of CO,, CH,, and N,O origi-
nating in fossil fuels. With regard to the balance of CO, in
terms of carbon stored and emitted from wood, we have
assumed carbon neutrality based on the assumption of
reforestation after wood harvesting, and omitted this item
from the assessment; however, the CH4 and N,O emitted
through combustion of the wood are included in the
assessment pursuant to ISO provisions [17]. Moreover,
each GHG has been presented in terms of a CO, equivalent
(kg-CO,-eq) using its 100-year global warming potential
(GWPq0) (CO, 1, CH, 34, N,O 298) [18]. The following
section discusses the assessment method for each life cycle
process in detail.

Raw material procurement process

For the raw material procurement process for the wood-
chips, we considered the stages of harvesting the salt-
damaged wood and transporting it from the harvesting site
to the chip production site. The sawmill residues, which
made up part of the raw materials for the chips, were
generated as waste wood (by-product) from sawing.
Therefore, we did not consider the stage of production
(sawing) for sawmill residues. The chip production site was
onsite at a saw mill. Therefore, we did not consider
transportation for the sawmill residues since these were
generated on the same site (the chip production site). With
regard to the raw material procurement process for the
adhesive that was mixed with the woodchips, we consid-
ered the stages of resource extraction, resource trans-
portation, and raw material production (Fig. 3).

The GHG emissions (kg-CO,-eq) of salt-damaged wood
at the harvesting stage were calculated by multiplying the
amount of salt-damaged wood harvested (m3) (Table 1) by
the GHG emission intensity (kg-CO,-eq/m’) for harvesting
wood (Table 2). Since the method for harvesting salt-
damaged wood is the same as for thinning it, we used the
figure used for thinning with wood use [19] for the GHG
emission intensity. To estimate the GHG emissions (kg-
CO,-eq) for the transportation stage of salt-damaged wood,
we multiplied the harvested amount (m®) by the bulk
density of cedar (0.314 t/m’) [10, 12], by the transportation

Table 1 Construction conditions and amounts of material and energy consumed

Unit Value Note
Construction condition
Paving width m 1.20
Paving area m? 110.00
Paving thickness cm 4.00
Raw material procurement process
Salt-damaged wood harvesting m’ 1.51 Unit: roundwood conversion volume, tree species: cedar
Transportation distance of salt-damaged wood km 0.50 From the harvesting site to the chip production site, two-
ton truck
Sawmill residue generation m’ 4.28 Unit: residue conversion volume, tree species: cedar
Adhesive production kg 702.00 6.38 kg/m?, product name: KS Binder
Production process
Chip production m’ 6.20 Unit: chip conversion volume, chip size: 1-10 mm
Light oil consumption by the chipper L 10.46
Transportation process
Transportation distance of chips km 11.30 From the chip production site to the construction site,
two-ton truck
Construction process
Light oil consumption by the heavy machinery L 20.00 For roadbed excavation and ground preparation
Electric power consumption by the mixer kWh 20.00 For chip and adhesive mixing
Electric power consumption by the road roller kWh 62.00 To compact the paving
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Table 2 GHG emission intensities

Unit CO, CH, N,O GHG Scope of assessment References
total
Wood harvesting kg-CO,-eq/m’ 5.5500 0.2278 0.0480 5.8258 Thinning with wood use [19]
Transportation by two-ton kg-CO,-eq/tkm 0.2193 0.0083 0.0011 0.2287 Resource extraction ~ fuel production ~ [20]
truck fuel combustion
Raw material production  kg-CO;-eq/kg 3.6232 0.0017 0.0002 3.6252 Resource extraction ~ transportation ~ raw [20]
for adhesive material production
Adhesive production kg-CO,-eq/kg 0.2500 - - 0.2500  Adhesive production (synthesis of raw -2
materials)
Electric power kg-CO,-eq/kWh 0.5826 0.0064 0.0192 0.6082 Resource extraction ~ electric power [201°
consumption generation
Light oil combustion kg-CO,-eq/L 2.8207 0.1073 0.0140 2.9420 Resource extraction ~ light oil production  [20]
~ light oil combustion
A-type heavy oil kg-CO,-eq/L 29891 0.1137 0.0148 3.1176 Resource extraction ~ heavy oil production [20]
combustion ~ heavy oil combustion
Woodchip combustion kg-CO,-eq/m’ - 0.0025 0.0002 0.0027 Woodchip combustion [20]

% An interview survey with the adhesive manufacturer

® The value of Tohoku Electric Power Co., Inc

distance (km) (Table 1), by two for a two-way trip, and by
the GHG emission intensity for transportation by a two-ton
truck (kg-CO,-eq/t-km) (Table 2). Since the woodchip raw
material used in this research was unused wood and waste
wood such as tsunami salt-damaged trees and sawmill
residues, the GHG emissions did not consider silviculture
stages such as ground preparation, planting, weeding,
cleaning, pruning, and thinning without wood use. On the
other hand, if logs harvested from ordinary trees were used
as the raw material for woodchips, the emissions from
these silviculture stages would need to be considered.
However, the emissions from such stages are small, at
around 5 % [19] of the emissions from the wood harvesting
stage. Therefore, even if the silviculture stages were con-
sidered, there would be little change in the assessment
result of GHG emissions.

To calculate the GHG emissions (kg-CO,-eq) for the
resource extraction, resource transportation, and raw
material production stages for the adhesive, we used the
respective GHG emission intensities (kg-CO,-eq/kg) [20]
for the main raw materials: polyetherpolyol (composition
ratio of 75 % of the adhesive), methylene diphenyl diiso-
cyanate (MDI) (20 %), tolylene diisocyanate (TDI) (2 %),
and toluene (1 %). We multiplied these intensities for each
raw material by their respective composition ratio within
the adhesive and added them up to calculate the GHG
emission intensity by adhesive volume (kg-CO,-eq/kg)
(“Raw material production for adhesive” in Table 2). This
was then multiplied by the adhesive production volume
(kg) (Table 1) to calculate the GHG emissions (kg-CO,-

eq).

@ Springer

Production process

We considered the chip production stage and the adhesive
production stage for the production process. The GHG
emissions (kg-CO,-eq) in the chip production stage were
calculated by multiplying the amount of light oil consumed
by the chipper (L) (Table 1) by the GHG intensity (kg-
CO;-eq/L) for light oil combustion (Table 2). The GHG
emissions (kg-CO,-eq) in the adhesive production stage
were calculated by multiplying the adhesive production
amount (kg) (Table 1) by the GHG intensity (kg-CO,-eq/
kg) for adhesive production (synthesis of raw materials)
(Table 2). This intensity was obtained by an interview
survey with the adhesive manufacturer.

Transportation process

The GHG emissions (kg-CO,-eq) for the transportation
process were calculated by multiplying the chip production
amount (m3) (Table 1) by the bulk density of cedar (0.314
t/m3) [10, 12], by the transportation distance from the chip
production site to the walkway construction site (km)
(Table 1), by two for a two-way trip, and by the GHG
emission intensity for transportation by a two-ton truck
(kg-CO,-eq/t-km) (Table 2).

Construction process
The construction process was classified into three stages:

the roadbed excavation and ground preparation stage, the
chip and adhesive mixing stage, and the paving stage
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(Figs. 2, 3). The GHG emissions (kg-CO,-eq) for the
roadbed excavation and ground preparation stage were
calculated by multiplying the light oil consumption amount
(L) of the heavy machinery (Table 1) by the GHG emission
intensity for light oil combustion (kg-CO,-eq/L) (Table 2).
The GHG emissions (kg-CO;-eq) for the chip and adhesive
mixing stage were calculated by multiplying the amount of
electric power consumed (kWh) by the mixer (Table 1) by
the GHG emission intensity (kg-CO,-eq/kWh) for electric
power consumption (Table 2). For this intensity, we used
the figures of Tohoku Electric Power Co., Inc. [20], in
whose operation area the town of Otsuchi lies. The GHG
emissions (kg-CO,-eq) for the paving stage were calculated
by multiplying the amount of electric power consumed
(kWh) by the road roller used to compact the paving
(Table 1), and by the GHG emission intensity (kg-CO,-eq/
kWh) for electric power consumption (Table 2).

Disposal process

We envisaged that after the woodchip-paved walkway was
dismantled and removed, the disposed woodchips would be
used for heat supply by a chip boiler, and decided to
investigate the GHG emission reductions associated with
their use as a substitute form of heat supply by an A-type
heavy oil boiler. Woodchips containing adhesive, high
moisture and some salt (not exceeding 0.4 % of salinity
concentration) could be used in an incineration boiler [21].

We did not consider the GHG emissions from the dis-
mantling and removing stage (Fig. 3), since only man-
power without heavy machinery is generally used for the
task. Furthermore, the woodchip volume could conceivably
diminish due to decay with the passage of time. However,
since the speed of the decay in the woodchip-paved
walkway is not scientifically clear, this study did not
consider the change of the woodchip volume.

For the energy use of disposed chips stage (Fig. 3),
supposing no change in the woodchip volume with the
passage of time as mentioned above, the chip production
volume (volume used) (Table 1) was assumed to be the
volume of disposed chips generated (m?®), and it was
multiplied by a chip bulk density of 0.55 t/m> [22] and the
calorific value of 10.5 GJ/t [22] assuming 40 % water
content, and by the average chip boiler energy usage effi-
ciency of 77.5 % [22] to calculate the heat supply amount
(GJ). By dividing this amount by the A-type heavy oil
calorific value of 0.0367 GJ/L [22] and by the average
heavy oil boiler energy usage efficiency of 88.5 % [22], we
calculated the A-type heavy oil substitution amount (L).

Meanwhile, the GHG emissions (kg-CO;-eq) from
combustion of the disposed chips were calculated by
multiplying the amount of disposed chips generated (m?)
by the GHG emission intensity for woodchip combustion

(kg—COz-eq/mB) (Table 2). However, as mentioned above,
this intensity is used for CH4 and N,O, and not for CO,.
Moreover, the GHG emissions (kg-CO,-eq) from com-
bustion of A-type heavy oil were calculated by multiplying
the A-type heavy oil substitution amount (L) found previ-
ously by the GHG emission intensity (kg-CO;-eq/L) for
A-type heavy oil combustion (Table 2). The GHG emis-
sion reductions (kg-CO,-eq) from using the disposed
woodchips to substitute for A-type heavy oil were found by
subtracting the GHG emissions from disposed woodchip
combustion, from the GHG emissions for A-type heavy oil
combustion.

Results and discussion

Life cycle GHG emissions of the woodchip-paved
walkway

The result of assessing the annual life cycle GHG emis-
sions for the woodchip-paved walkway is shown in
Table 3. The total GHG emissions from the raw material
procurement process to the construction process were
288.64 kg-CO»-eq/year for 110 m> of woodchip-paved
walkway, or 2.62 kg-CO,-eq/year per m. In the break-
down of each GHG, CO, accounted for more than 99 % of
the total, with CH, and N,O <1 %. Looking at the pro-
cesses in the life cycle, of the total emissions the raw
material procurement process accounted for the largest
share at 88 %, while the production process accounted for
7 %, the transportation process less than 1 %, and the
construction process 4 %.

In the raw material procurement process, almost all of
the emissions were due to resource extraction, resource
transportation, and raw material production relating to the
adhesive. The emissions due to harvesting and transporta-
tion of the salt-damaged wood for the chips were less than
1 % of the total. Since the emissions relating to the raw
material for the adhesive were significant, the potential for
reducing the amount of adhesive used should be considered
in the further promotion of woodchip-paved walkways
going forward. According to an interview survey with
Woody Sannai, the operator who manufactured and con-
structed the abovementioned woodchip-paved walkway,
the usual amount of adhesive used per 1 m? of woodchip-
paved walkway is 6.16 kg (in several actual examples
within Akita Prefecture), which is 3 % less than the
6.38 kg used in this research. The target site of this
research was originally a paddy field, with a high level of
water content in the soil. Moreover, it was subject to low
temperature and frequent snowfall in winter. Therefore, to
prevent the surface of the walkway detaching or cracking
due to freezing in winter, the amount of adhesive used was
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Table 3 Assessment result for annual life cycle GHG emissions for the woodchip-paved walkway (+4: emission, —: reduction)

Life cycle process/stage

GHG emissions (kg-CO,-eq/year)

Per 110 m? Per 1 m?
Raw material procurement Salt-damaged wood harvesting 0.88 0.01
Salt-damaged wood transportation 0.02 2.E-04
Raw material production for adhesive 254.49 2.31
Production Chip production 3.08 0.03
Adhesive production 17.55 0.16
Transportation Chip transportation 1.76 2.E-02
Construction Roadbed excavation and ground preparation 5.88 0.05
Chip and adhesive mixing 1.22 0.01
Paving 3.77 0.03
Disposal Energy use of disposed chips —266.35 —2.42
Total Raw material procurement to construction 288.64 2.62
Raw material procurement to disposal 22.29 0.20

increased slightly to enhance the adhesion of the wood-
chips. Therefore, in areas where the winter temperature is
relatively higher and the water content of the soil lower, the
GHG emissions related to adhesive can be reduced by 3 %
due to reduction in the amount of adhesive used. Moreover,
to improve the adhesion of the woodchips for the above-
mentioned reasons, fine woodchips of 1-10 mm in size
were used to reduce the porosity. However, in regions or
sites that have different temperatures and soil conditions,
the chip diameter could be enlarged to 10-30 mm,
increasing the porosity and reducing the amount of adhe-
sive used per 1 m? of paved surface by 25 % to 4.80 kg
(actual examples existing in Akita, Akita Prefecture).
Through such means, the GHG emissions relating to the
adhesive could be reduced by 25 %.

Meanwhile, the GHG emissions from the transportation
process of the salt-damaged wood and chips account for an
extremely small portion of the total emissions, each less
than 1 %. In this research, the transportation distance of the
salt-damaged wood was 0.5 km and the transportation
distance of the chips was 11.3 km—both relatively short
distances. The overall trend in Japan is not to carry logs
and chips over long distances as this increases the trans-
portation cost while their added value is relatively low
compared to wood products such as sawn wood or plywood
[23, 24]. For this reason, even in different regions and at
sites other than the site of this research, the transportation
distances for logs and chips are unlikely to increase much,
and the GHG emissions from the transportation process can
be estimated to have a low impact over the entire life cycle.

Now we turn to the disposal process. Using disposed
woodchips to replace heavy oil used for heat supply can be
expected to reduce GHG emissions by 266.35 kg-CO,-eq/
year over the woodchip-paved walkway area of 110 m?, or
2.42 kg-CO,-eq/year per m>. Considering these emission
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reductions, the total GHG emissions of the woodchip-
paved walkway can be reduced to 22.29 kg-CO,-eq/year
over the entire 110 m?, or 0.20 kg-CO,-eq/year per m>.
This shows that the overall life cycle GHG emissions are
dependent to a large degree on whether the woodchips are
used for energy in the disposal process.

Comparison of woodchip-paved walkways and non-
wooden walkways

Here, we will compare the life cycle GHG emissions of
woodchip-paved walkways and non-wooden walkways.
We compared the woodchip-paved walkway against an
ordinary asphalt walkway and an artificial turf walkway.
The asphalt walkway was a walkway paved with a water-
permeable asphalt mixture with a typical paving thickness
of 4 cm, the same thickness as the woodchip-paved
walkway. The GHG emissions, considering all processes
in the life cycle including raw material procurement,
production, transportation, and construction (roadbed
excavation, roadbed construction, pavement construction),
are reported to be 16.48 kg-CO,-eq per m” [25]. More-
over, we compared an artificial turf walkway because we
considered that it has a similar level of functionality to a
woodchip-paved walkway in terms of comfort while
walking. The GHG emissions considering the raw mate-
rial procurement, production, transportation, and con-
struction are 18.08 kg-CO»-eq per m” [25]. We used ten
years as the service life of asphalt-paved and artificial turf
walkways, which is the legal service life [26], because the
actual service life of asphalt-paved and artificial turf
walkways has not yet been scientifically studied and
reported. We calculated the annual GHG emissions by
dividing the total GHG emissions by the number of years
in the legal service life.
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Fig. 4 Comparison of annual 5
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Figure 4 shows a comparison of the annual GHG
emissions per m* for woodchip-paved walkways, asphalt-
paved walkways, and artificial turf walkways. The GHG
emissions for woodchip-paved walkways from the raw
material procurement process to the construction process
were significantly higher than non-wooden walkways at
159 % of the emissions of asphalt-paved walkways and
145 % of the emissions of artificial turf walkways. How-
ever, the net emissions after deducting the GHG emission
reductions from using the disposed chips in the disposal
process for heat were less than the non-wooded type, at
12 % of the emissions of asphalt-paved walkways and
11 % of the emissions of artificial turf walkways. This
shows that using woodchip-paved walkways to replace
asphalt-paved and artificial turf walkways can reduce GHG
emissions by 1.45 kg-CO»-eq/m?/year and 1.61 kg-CO,-
eq/m?/year, respectively, providing the disposed chips are
used for energy.

Moreover, looking at service life, in the present research
we assumed a service life of 10 years for the woodchip-
paved walkway; however, if the woodchip-paved walkway
was to be dismantled and disposed of in a single year, even
taking into consideration the use of the disposed chips as
energy, the net emissions would be large (2.03 kg-CO,-eq/
m?/year), 123 % of the emissions of an asphalt-paved
walkway and 112 % of the emissions of an artificial turf
walkway. When the service life becomes 2 years or longer,
the net emissions became less than those of the non-wooden
walkways. In other words, we found that if woodchip-paved
walkways are not maintained for at least 2 years, the GHG
emission reduction effects of using them to replace asphalt-
paved or artificial turf walkways cannot be achieved.

Incidentally, there is an option to landfill disposed
woodchips rather than to use them for energy. Some pre-
vious researches [27, 28] have reported that there was little
or no decay in wood in landfills, and carbon could be stored

in the wood for the long term. Therefore, we evaluated the
volume of carbon storage in the disposed woodchips, using
the chip bulk density of 0.55 t/m> [22] and the carbon
content of 0.50 t-C/t. The results showed that the disposed
chips in landfills would store a large volume of carbon at
56.83 kg-CO,-eq/m? for the long term in the case of no
decay in the chips.

Conclusions

We evaluated the life cycle GHG (CO,, CHy, N,0O) emis-
sions of a woodchip-paved walkway using tsunami salt-
damaged wood in Otsuchi, Iwate Prefecture. Moreover, by
comparing these with an asphalt-paved walkway and an
artificial turf walkway, we investigated the GHG emission
reduction effects of woodchip-paved walkways. The main
points we obtained are as follows.

(@) The GHG emissions of the woodchip-paved walk-
way from the raw material procurement process to
the construction process were 2.62 kg-CO,-eq/m?/
year. In a breakdown by process, the raw material
procurement process accounted for 88 %, the pro-
duction process 7 %, the transportation process
<1 %, and the construction process 4 %. Almost all
of the emissions from the raw material procurement
process were accounted for by the emissions relating
to the raw materials for the adhesive.

(b) In the disposal process, using the disposed wood-
chips as heat supply to substitute for heavy oil
yielded emission reductions of 2.42 kg-CO,-eq/m?/
year. Considering these, the life cycle GHG emis-
sions could be reduced to 0.20 kg-CO,-eq/m?/year.

(c) Using a woodchip-paved walkway could achieve
GHG emission reduction effects of 1.45 kg-CO,-eq/
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m?/year when replacing an asphalt-paved walkway
and 1.61 kg-CO,-eq/m*/year when replacing an
artificial turf walkway. However, to achieve the
emission reduction effects, the service life of the
woodchip-paved walkway must be maintained for at
least 2 years, and the disposed chips must be used as
energy.

The woodchip-paved walkway that was studied in this
research contributed to effective use of tsunami salt-dam-
aged trees and waste wood in the town of Otsuchi, which
was heavily damaged in the Great East Japan Earthquake.
It is an important initiative for supporting the improvement
of the living environment for people affected by the dis-
aster [16]. This research led to the effective use of 5.79 m’
of tsunami salt-damaged trees and sawmill residues in a
pavement area of 110 m® Furthermore, it was also
demonstrated that the woodchip-paved walkway is an
effective way to use wood material from a perspective of
mitigating global warming. However, to promote GHG
emission reductions through the future spread of woodchip-
paved walkways, it is important to promote reductions in
the amount of adhesive mixed with the woodchips, use of
an adhesive with a lower environmental load, maintenance
management to ensure long-term use of the woodchip-
paved walkways, and reuse of the chips after disposal.
Moreover, an important future consideration is the CO,
balance in the wood itself.
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