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Abstract: This study assesses the impact of wood energy use under underutilized conditions of wood
resources: the impact on promotion of forest maintenance practices (FMPs), user costs, and local
economies, using the case of a local initiative in Nishiwaga, Iwate, Japan. We conducted two main
analyses: resource and economic assessment. For resource assessment, we investigate whether wood
supply from FMP residue is sufficient to sustainably satisfy new demand created by a local initiative
in Nishiwaga, and in how much forest area can FMPs be performed to satisfy the demand. These
questions are analyzed by linear programming. Regarding economic assessment, we investigate
whether replacement of fossil fuel by wood energy brings economic benefit to a user and local
economy using input–output analysis. Our overall findings demonstrated that the use of wood
energy under underutilized situations can lead to an increase of implementations of FMPs and of
domestic wood resource supplies from a short-term perspective that comes from residues of the
FMPs. We also found that wood energy consumption introduces co-benefits in terms of reduced
heating costs for users and a larger economic impact on the local economy than fossil fuel.

Keywords: forest maintenance practice; wood energy; underutilization; thinned trees; sustainable
wood resource; Japan

1. Introduction

Among various types of biomass, wood resource is the most anticipated biomass in Japan. After
World War II, large-scale afforestation was implemented nationwide [1], and currently forest volume
amounts to 4.9 billion m3, and continues to increase [2]. However, since investments in silviculture
were not profitable anymore, forest owners reduced their labor input and eventually abandoned their
forests, even though, by the 1990s, most of the plantation trees had grown to the point that they
required thinning. This resulted in rapid decrease in domestic supply and overstock of low quality
wood resources. This phenomenon can be seen nationwide and the Japanese government must address
the problem of underutilization of domestic wood [3].

One option to improve the concerns is to implement proper forest maintenance practices (FMPs)
such as thinning and replanting [4]. FMPs not only directly promote wood supplies by thinned trees
but also indirectly contribute to increase stable supplies by making forests sound and vital in the long
run. Figure 1 shows the condition of two different forests. Both forests are abandoned and not used for
commercial logging. However, the left forest continues to maintain minimal FMPs, although practices
to enhance commercial value of logging such as pruning and understory removal have not been
done. The right forest has not implemented any practices at all. This condition causes some problems:
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the trees easily fall down by heavy rain, strong wind and typhoons. Therefore, FMPs, at least minimum
ones, are necessary for planted forest in Japan. Once wood residue, which is generated by FMPs,
is utilized, FMPs will further accelerate. Energy use is one of the easiest and the most anticipated
options for the utilization of wood residue. It is important to assess the impact of wood energy on the
promotion of FMPs.

From the viewpoint of energy policy, the Japanese government is currently promoting renewable
energy [5]. The share of renewable electric power increased to 14.8% in 2016, among which biomass is
only a few percent [6]. If the abandoned wood residue were utilized as an energy source, it can replace
a massive amount of fossil fuel and contribute to climate change mitigation. In this manner, not only in
forestry policy but also in energy and environmental policies, the government regards implementing
proper FMPs as one of the main purposes for wood energy utilization. Although these policies are
made at national level, decisions of implementation of FMPs are made at local level. Additionally,
use of wood energy is also expected to produce sound impacts on local economies by promoting local
economic activities [7]. For the sustainable utilization of wood resources, such side effects must also be
assessed at local level as well.
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Figure 1. The condition of: minimally-managed forest (left); and completely-abandoned forest
(right). As both forests are not used for commercial logging for long time, it is far from commercially
well-managed forest. However, in the left forest, minimum FMPs have been conducted. On the other
hand, in the completely-abandoned forest, no FMPs have not been conducted, thus it has dense and
small diameter trees, with many knots, and little understory vegetation.

Since the overuse of biomass draws much attention in the sustainability context [8,9],
the underutilization issue is often overlooked. Overstocked wood resources are dealt with in some
studies [10–12], but the issue is quite locally specific; its causes and impacts depend on locality,
and initiatives in Japan are not dealt with in these studies. In addition, these studies do not assess
multi-aspect impacts such as resource utilization and economic issues which include both impacts on
user cost and local economy.

Using the case of a local initiative in Nishiwaga, Iwate, this study assesses the impact of wood
energy use under underutilized conditions: the impact on FMP promotion, user costs, and local
economies. Our study is conducted using a case of a wood-chip boiler installed in a municipal hospital
in Nishiwaga, Iwate. The town, which is located in a mountainous area of northeast Japan (Figure 2),
was established in 2005 by merging two municipalities: Yuda and Sawauchi. It has a population of
about 6000 people in 2400 households. Ninety percent of its area is covered by forests, 4.5% of which
are owned by the town government. Promoting FMPs is one of the town’s largest concerns.
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In 2014, the town installed two wood-chip, 200 kW capacity boilers in its municipal hospital as
part of a building reconstruction project. Hot water generated by the boilers is used for heating, the
local water supply, and hydronic snowmelt systems. Although wood pellets might be a suitable choice
at this scale, it needs more processing steps to be produced, and the cost becomes higher. This is
why the local government did not choose the pellet option. As a result of newly installed wood-chip
boiler in the hospital, additional demand of wood chips is created. The Nishiwaga Forest Owners’
Cooperative (NFOC) is contracted to thin the town’s forest and process the thinned trees into wood
chips. To satisfy the demand, NFOC has to implement FPMs because production of wood-chips from
thinned trees is a requirement of contract with the Nishwaga town government. Therefore, creation of
new demand in the hospital automatically leads to increase in FMPs. Most of the wood chips used in
the hospital come from the thinned forests owned by the town government; although wood chips are
partly supplied from private forest, the amount is unsubstantial.
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2. Methodologies

2.1. Analytical Framework

To achieve the purposes of the study, we focus on the following four research questions:
Question 1: Is the wood supply from town forest sufficient to sustainably satisfy the new demand?
Question 2: In how much forest area can FMPs be performed based on the demand?
Question 3: How much are user costs reduced by wood energy compared to using fossil fuel?
Question 4: What is the difference between wood energy and fossil fuels in terms of positive

economic impact on the local economy?
The first two questions relate to resource assessment, which deals with availability of wood

resources caused by FMPs. Firstly, we investigate whether wood supply from town forest meets the
wood-chip demand in the hospital (Question 1). Then, we calculate in how much area FMPs will be
implemented to satisfy their increased demand for wood-chips (Question 2). Linear programming
(LP) is applied to answer these questions.
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The third and fourth questions relate to the impact on economy: for the hospital and for local
economy, respectively. The impact on the hospital is an essential factor to judge whether the hospital
should install a wood-chip boiler. Furthermore, as promotion of local economy is one of the challenges
of the town government, the impact on local economy should also be considered by town government.
Input–output (IO) analysis is conducted to assess these economic impacts.

Figure 3 shows the relations of bioenergy, FMPs and system boundaries of this study. First, FMPs
in this study are defined as the practices that are necessary for minimally maintaining forest condition
such as thinning and replanting [4]. Practices to enhance commercial value of logging such as pruning,
understory removal are not included. Among FMPs, the Japan government believes thinning is the
most crucial practice [4]. By answering the above questions, policymakers can determine what kind
of impact will be brought on FMPs, energy users, and local economies. To obtain this information,
we conduct a “what if” analysis on the potential impact of the creation of wood demand for energy
using the case of Nishiwaga. Such obtained information is critical to advance a sustainable supply of
wood resources.
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Figure 3. Schematic figure of wood energy, forest maintenance practices (FMPs), underutilization and
sustainability. Grey area is system boundary of this study.

2.2. Resource Assessment

The flow of resource assessment is illustrated in Figure 4. For the assessment, we made
some assumptions based on the actual situation and the maintenance of forests. First, the analysis
only focuses on the town-owned forests (both exclusive and profit sharing) where Japanese cedars
(Cryptomeria japonica D. Don) are planted. This is because Japanese cedar is the most common tree type
in northeast Japan, and the town government is firstly going to implement FMPs in its own forests.
Actually, the hospital obtained wood chips not only from town-owned forests but also from privately-
and nationally-owned forests. However, we failed to obtain data for national and private forests.
In addition, for private forest, the amount is relatively unsubstantial. These are why our analysis only
considers town-owned forests.

Second, 30% in volume of trees was thinned at tree ages of 25, 35, and 45 years based on a
designated plan. The information was obtained by an interview with NFOC in 2015. Third, based on
the town government’s survey, 73% of the thinned trees are abandoned in forests due to low economic
feasibility [13]. Fourth, we assume that 40% of the extracted trees are used for wood chips, and the
rest is for construction based on an interview with NFOC. Wood chips are exclusively used for the
hospital boilers. Fifth, we assume that trees grow constantly by an annual increase in volume based on
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information recorded in the 2012 forest registration data. However, this actually changes over time.
In addition, after thinning has revitalized the forest, tree growth is promoted, and this thinning effect
on tree growth is not considered in the analysis. Although some studies assume non-linear growth
curve of trees [14], we approximate the yearly increase in the volume of trees to the constant level
recorded in the forest registration data for the following two reasons. One is that we failed to obtain
the appropriate mathematical model to estimate the growth curve of trees. Since tree growth heavily
depends on such local conditions such as temperature, precipitation, and soil conditions, applying the
growth rates of other regions is inappropriate. The other is that, to measure the total forest volume
accurately, which relates to the long term supply analysis, is beyond the scope of this study (Figure 4).
Finally, to answer Question 2, we assume that thinning is performed until the supply of wood chips
meets the hospital demand. Therefore, the maximum wood-chip supply equals the hospital demand.

Sustainability 2017, 9, 1949  5 of 13 

based on information recorded in the 2012 forest registration data. However, this actually changes 
over time. In addition, after thinning has revitalized the forest, tree growth is promoted, and this 
thinning effect on tree growth is not considered in the analysis. Although some studies assume 
non-linear growth curve of trees [14], we approximate the yearly increase in the volume of trees to 
the constant level recorded in the forest registration data for the following two reasons. One is that 
we failed to obtain the appropriate mathematical model to estimate the growth curve of trees. Since 
tree growth heavily depends on such local conditions such as temperature, precipitation, and soil 
conditions, applying the growth rates of other regions is inappropriate. The other is that, to measure 
the total forest volume accurately, which relates to the long term supply analysis, is beyond the 
scope of this study (Figure 4). Finally, to answer Question 2, we assume that thinning is performed 
until the supply of wood chips meets the hospital demand. Therefore, the maximum wood-chip 
supply equals the hospital demand. 

 

Figure 4. Block diagram of resource assessment. 

We estimate the wood-chip supply from 2012 to 2030 so that its sustainability can also be 
considered. From interview with a town government officer, we identified the annual consumption 
of wood chips as 1442 m3. Among many forest compartments, the forest compartments to be thinned 
to guarantee the wood-chip supply are determined in the following manner. First, for the year when 
the volume of chip, which is produced from the trees at the appropriate age to be thinned, is 
expected to be less than 1442 m3, all of the forest compartments that need to be thinned will be 
thinned. Second, for the year when the volume of chip, which is produced from the trees at the 
designated age to be thinned, is expected to be more than 1442 m3, the forest compartments to be 
thinned are determined by simple LP to minimize the total cost (TC) of chip production. The 
mathematical formulation of the cost minimizing problem is shown as: 

Minimize: = + , + , ,  (1) 

Subject to: = 1000 (2) 

, = 0.845 , + 91.7 . + 1746 (3) 

Figure 4. Block diagram of resource assessment.

We estimate the wood-chip supply from 2012 to 2030 so that its sustainability can also be
considered. From interview with a town government officer, we identified the annual consumption of
wood chips as 1442 m3. Among many forest compartments, the forest compartments to be thinned to
guarantee the wood-chip supply are determined in the following manner. First, for the year when the
volume of chip, which is produced from the trees at the appropriate age to be thinned, is expected to
be less than 1442 m3, all of the forest compartments that need to be thinned will be thinned. Second,
for the year when the volume of chip, which is produced from the trees at the designated age to be
thinned, is expected to be more than 1442 m3, the forest compartments to be thinned are determined
by simple LP to minimize the total cost (TC) of chip production. The mathematical formulation of the
cost minimizing problem is shown as:

Minimize:

TC = ∑(Cth + Cex,i + Ctr,i)Sw,i (1)

Subject to:

Cth = 1000 (2)

Cex,i = 0.845Ly,i + 91.7exp0.117θi + 1746 (3)
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Ctr,i = 0.022Lt,i + 778 (4)

∑ Sw,i ≥ 1442 (5)

where Sw,i is the amount of wood-chip supply from the forest compartment i (in m3). Cth is the thinning
cost per m3 of wood chips (in JPY/m3). Cex,i and Ctr,i are extraction and transportation cost per m3

of wood chips of the forest compartment I, respectively (in JPY/m3). θi is the average degree of the
slope in the forest compartment i. Ly,i and Lt,i are distance from the forest compartment i to the nearest
timber yards and the distance from the timber yards to the hospital via NFOC’s factory, respectively
(in m). These cost equations are based on those in [15].

We obtained data on the forest age, volume, and tree types as well as the annual increase in volume
from forest registration data provided by the town government. We also used geographical information
system (GIS) data in our analysis. θi, Ly,i, and Lt,i were computed from these data. We solved the LP
problem using Excel Visual Basic for Application (VBA).

By LP in supply–demand assessments, the forest compartments to be thinned are identified from
the viewpoint of total cost minimization. In this assessment, we aggregated the area of these forest
compartments to estimate the total area to be thinned.

2.3. Economic Assessment

For the cost assessment, we assumed that the thinned trees are processed into wood chips at
NFOC’s factory within the town and delivered to the hospital. The wood-chip cost is calculated based
on the actual transaction price: 3500 JPY per m3 (excluding value added tax (VAT)) between NFOC
and the hospital in 2014. Price data were obtained by an interview with the town government in 2015.
For fossil fuel, we referred to heavy oil whose average price in 2012 was 88.1 JPY/m3, including a 5%
VAT [16], to estimate the fossil fuel cost. Note that, since April 2014, the VAT rate was raised from 5%
to 8%. To guarantee consistent tax treatment, we added a 5% VAT to the wood-chip price.

To assess the impact on the local economy, this study applied the same methodology as
our previous study [17] and defined the following two impacts on the local economy: ratio of
remaining expenditures out of total expenses and the induced economic impact on the economy.
First, we calculated the remaining expenditures for both wood chips and fossil fuel and decomposed
them into production values and margins (retail, wholesale, and transportation). Then, based on
the expenditures, the induced economic impacts caused by increases in energy demand for both
wood chips and fossil fuel were computed by IO analysis. Specifically, we compared the induced
economic impact of 5.30 million JPY of wood-chip production and 11.91 million JPY of fossil fuel
production; these figures are explained below in Section 3.3. IO analysis was conducted based on a
35-sector southern Iwate IO table for 2009, which was updated from 2005 version [18] by the authors’
modification. We apply the same methodology with [19] to update the IO table, which assumes that
input coefficients in 2009 did not change from 2005, and that only production value was updated to
2009 and distributed to intermediate input values to elaborate the 2009 IO tables. Using the 2009 tables,
induced effects are calculated by following equations:

∆Xw = (I − (I − Mw)A)−1(I − Mw)∆Fldw (6)

∆X f = (I − (I − M f )A)−1(I − M f )∆Fld f (7)

where ∆X is increase in local production, A is input coefficients matrix, M is diagonalized import
matrix, and ∆Fld is increase in local final demand. Suffixes w and f refer to wood chip and fossil fuel,
respectively. Each ∆Fld is given by:
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∆Fldw = ∆Fw(1 − mww − mrw − mtw) (8)

∆Fld f = ∆Ff (1 − mw f − mr f − mt f ) (9)

where ∆F is increase in final demand, mc, mr and mt are wholesale, retail and transport margins,
respectively. Note that, since the original IO table is for the southern Iwate area (which includes
Nishiwaga), the analysis results cover not only the Nishiwaga municipality but also a much
broader area.

Data used for the analysis, such as mw, mr, and mt, were obtained from the national IO table of
2005 [20], and the matrices M and A were obtained from the updated local IO table.

3. Results

3.1. Supply–Demand Balance

Regarding the supply–demand balance (Question 1), Figure 5 shows simulation results that
estimate the annual wood-chip supply from 2012 to 2030. The amount of wood chips obtained from
the thinning practice fluctuates from 479 m3 to 1442 m3, reflecting the forest area and volume that
must be thinned each year. Note that we assume, in the LP process, thinning is performed until the
supply meets the hospital’s demand, and the maximum amount is limited to 1442 m3. This supply
only satisfies the demand in 2016, 2018, and 2023, and, in other years, the supply will fail to meet
the demand. These results reflect the assumption that only the town-owned forests are thinned to
meet the wood-chip supply. In the town-owned forests, roughly three-quarters of the thinned trees are
abandoned due to a lack of economic feasibility.

The assessment results of the supply–demand balance can be summarized as the answer to
Question 1: although a wood-chip demand of 1442 m3 was created by the newly installed wood-chip
boiler, in most years, such demand cannot be solely satisfied by the supply from the thinned trees in
the town-owned forests. To satisfy it, more trees should be extracted than under the current situation.
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3.2. Impact on FMPs

The assessment results for the impact on FMPs are illustrated in Figure 6. The forests that must be
thinned to satisfy the demand are shown in green bars; thinning can be performed in 60 to 85 hectares
of forests each year. These figures are regarded as the potential to promote FMPs by newly created
wood-chip demand in the hospital. If we focus on only town-owned forest, thinning can be performed
in 17 to 88 hectares of the town-owned forests each year, illustrated by orange bars. In most years,
thinning can be performed in all areas where it is needed due to the demand. However, since the
demand is too large, the supply of wood chips from town-owned forests remains inadequate. Forests
other than the town-owned ones must be thinned to meet the demand, and such areas are illustrated as
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blue bars; thinning can additionally be performed in 2 to 49 hectares of forests other than town-owned
ones. A wide size range comes from the area fluctuations, and the volume that must be thinned every
year. For 2016, 2018, and 2023, since the demand is not big enough to justify thinning all of the areas
that need it, some town-owned forests where thinning is needed remain un-thinned. These areas are
shown by red bars.

Sustainability 2017, 9, 1949  8 of 13 

enough to justify thinning all of the areas that need it, some town-owned forests where thinning is 
needed remain un-thinned. These areas are shown by red bars.  

 
Figure 6. Estimated forest area thinning from 2012 to 2030: green bars show area where thinning 
must be done to satisfy the demand; orange bars show area where thinning will be needed from the 
viewpoint of forest maintenance; blue bars show area that must additionally be thinned to meet 
demand; and red bars show the area where no thinning will be done because the demand will have 
already been satisfied. 

3.3. Economic Impact on Cost Reduction 

In terms of the impact on the hospital’s heating cost (Question 3), it annually budgets 5.30 
million JPY for wood chips. Since 1442 m3 of wood chips equals 13.5 m3 calories of heavy oil, the 
hospital would have consumed this amount of fossil fuel if it had installed a fossil fuel boiler. At 
2012 prices (88.1 JPY/m3 [16]), the annual heating cost of fossil fuel would be 11.91 million JPY. The 
difference between the heating cost of the wood chips and the fossil fuel is 6.61 million JPY. 
Therefore, concerning cost effectiveness, wood chips have an advantage over fossil fuel. The price 
applied for the calculation of fossil fuel costs in 2012 was relatively high, and, currently, the price is 
much lower. However, even if the cost is calculated by the lower fossil fuel price (72.5 JPY/m3: 
average price from March 2014 to February 2015 [16]), the annual fossil fuel cost is 9.8 million JPY, 
and wood chips still have an advantage. The fossil fuel cost equals the wood chips when fossil fuel 
prices fall to 39.2 JPY/m3, which is 45% lower than the 2014 price. Therefore, to answer Question 3, 
the hospital reduced its heating costs by 6.61 million JPY by installing a wood-chip boiler instead of 
a fossil fuel one. However, note that this calculation does not consider the initial cost to install each 
boiler. This is because the cost of the wood-chip boiler was subsidized by the national government, 
and the fossil fuel boiler received no subsidy at all, complicating comparisons of initial cost. 

3.4. Economic Impact on Local Economies 

Regarding the economic impact on local economies, the results are shown in Figure 7. Since all 
of the wood chips are produced within the town, most of the expenditures spent on them remain in 
the town. According to our estimation, the remaining expenditures account for 4.96 million out of 
5.30 million JPY of total expenditures, meaning that 93.6% remain in the town. The remaining 
wood-chip expenditures consist of domestic production and retail, wholesale, and transportation 
margins. All of these items were considered to be spent by the sectors within the town. On the other 

Figure 6. Estimated forest area thinning from 2012 to 2030: green bars show area where thinning
must be done to satisfy the demand; orange bars show area where thinning will be needed from
the viewpoint of forest maintenance; blue bars show area that must additionally be thinned to meet
demand; and red bars show the area where no thinning will be done because the demand will have
already been satisfied.

3.3. Economic Impact on Cost Reduction

In terms of the impact on the hospital’s heating cost (Question 3), it annually budgets 5.30 million
JPY for wood chips. Since 1442 m3 of wood chips equals 13.5 m3 calories of heavy oil, the hospital
would have consumed this amount of fossil fuel if it had installed a fossil fuel boiler. At 2012 prices
(88.1 JPY/m3 [16]), the annual heating cost of fossil fuel would be 11.91 million JPY. The difference
between the heating cost of the wood chips and the fossil fuel is 6.61 million JPY. Therefore, concerning
cost effectiveness, wood chips have an advantage over fossil fuel. The price applied for the calculation
of fossil fuel costs in 2012 was relatively high, and, currently, the price is much lower. However, even
if the cost is calculated by the lower fossil fuel price (72.5 JPY/m3: average price from March 2014
to February 2015 [16]), the annual fossil fuel cost is 9.8 million JPY, and wood chips still have an
advantage. The fossil fuel cost equals the wood chips when fossil fuel prices fall to 39.2 JPY/m3, which
is 45% lower than the 2014 price. Therefore, to answer Question 3, the hospital reduced its heating
costs by 6.61 million JPY by installing a wood-chip boiler instead of a fossil fuel one. However, note
that this calculation does not consider the initial cost to install each boiler. This is because the cost of
the wood-chip boiler was subsidized by the national government, and the fossil fuel boiler received no
subsidy at all, complicating comparisons of initial cost.

3.4. Economic Impact on Local Economies

Regarding the economic impact on local economies, the results are shown in Figure 7. Since all
of the wood chips are produced within the town, most of the expenditures spent on them remain
in the town. According to our estimation, the remaining expenditures account for 4.96 million out
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of 5.30 million JPY of total expenditures, meaning that 93.6% remain in the town. The remaining
wood-chip expenditures consist of domestic production and retail, wholesale, and transportation
margins. All of these items were considered to be spent by the sectors within the town. On the other
hand, since fossil fuel is imported, most of its expenditures, such as wholesale and transportation
margins, flow out, and only 0.73 of the 11.91 million JPY of total expenditures (6.1%) remain in
the town.
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The estimation results of the induced economic impacts are also shown in Figure 7. The induced
economic impacts were calculated based on increases in the wood-chip demand of 5.30 million JPY
and in the fossil fuel demand of 11.91 million JPY, assuming these expenditures were newly created by
the additional demand of wood chips and fossil fuel in the hospital. The induced economic impacts
brought by wood chips and fossil fuel, respectively, account for 6.57 and 0.97 million JPY, indicating
that, even if the fossil fuel expenditures are much larger than those on wood chips, most of the
former flow to other regions because fossil fuel is imported. On the other hand, since wood chips are
produced domestically, most of the expenditures on them remain in the town and produce a larger
induced economic impact on the local economy. Therefore, concerning the economic impact and the
answer to Question 4, wood-chip consumption has a higher positive impact on the local economy than
fossil fuels.

4. Discussions

Many studies on the assessment of wood energy supply and demand exist from various
viewpoints, for example, the supply–demand balance [21], the optimal location of an energy facility [22],
such multiple aspects as environmental and socio-economic impacts [23–26], cost and environmental
impacts [27,28], sustainable logistics flow [29], and resource potential and economic feasibility [30].
Cambero and Sowlati [31] reviewed studies on the assessment of forest biomass supply chains
from the economic, social, and environmental perspectives. However, as mentioned in Section 1,
the impact assessment of wood energy to ease underutilized condition must also be related to FMPs.
To the best of our knowledge, no previous study has assessed wood energy from this viewpoint.
In addition, most previous studies that assessed the wood energy potential first estimated the
availability of wood biomass for energy as a result of logging [23–35] in supply-oriented studies.
However, from the viewpoint of mitigating underutilization, the information required is quite the
opposite; how much forest area will be maintained by implementing a new wood energy project.
In this context, the assessment should start from the demand of wood energy and estimate the forest
area that can be maintained; this is demand-oriented analysis.
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The overall framework is illustrated in Figure 8. First, after obtaining the data of the demand
of wood chips, we estimated from the forest registration data and the GIS data the expected amount
of the thinned trees in each forest compartment and the supply cost, including the thinning and
transportation cost of the thinned trees from the forest to the hospital via NFOC’s factory where trees
are processed into wood chips, according to cost estimation equations in a previous study [15]. Next,
using the supply cost, the expected amount of thinned trees, and the annual wood-chip demand of the
hospital, we identified which forest compartments should be thinned to minimize the total supply
cost by LP and estimated the amount of wood-chip supply and the forest area to be thinned to answer
Questions 1 and 2 posed in Section 2.1.
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The next step assessed the economic impacts on both wood energy users and the local economy.
Due to the introduction of wood energy, the economic impacts affect two different aspects: a reduction
in user’s heating costs, and a more vibrant local economy due to the increase in wood energy
production. The former was analyzed by Question 3 and the latter by Question 4. The economic
assessments for Questions 3 and 4 were based on comparisons with fossil fuel, because when
policymakers consider the installation of wood energy, they generally compare economic efficiency
with fossil energy. However, if a user cuts costs by choosing wood energy instead of fossil fuel,
this might reduce the cash flow in the local economy and negatively impact its economy. Since an
inverse impact may be brought between a bioenergy user (micro) and local economic (macro) levels,
we simultaneously analyzed these two different impacts. In the model, based on the wood-chip
demand, the value of the replaced fossil fuel is estimated to assess the hospital’s economic benefit.
The value of the wood chips consumed by the hospital is used for the IO analysis to estimate the
economic impact on the local economy.

In our case study, although the creation of wood energy demand promoted FMPs, the increase in
the wood energy supply caused by such practices did not fully cover the new demand. This means that
new demand has further potential to promote FMPs. The supply–demand balance results show that,
in most years, FMPs can be performed not only in town-owned forests but also in other types of forests.
Implementing them can increase the domestic wood supply in the short run by raising the thinned
woods supply. As mentioned in Section 1, wood chips are also supplied from private forests, but
that amount is relatively unsubstantial. Actually, local and national policymakers in Japan expect the
promotion of FMPs in private forests. They believe that FMPs in town- or national-owned forests and a
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creation of new demand would accelerate FMPs and the use of privately owned forests. Governments
should pave the way for the sustainable demand of thinned wood by promoting wood energy.

From an economic assessment, wood energy consumption brings co-benefits in terms of reduced
heating costs for users (micro benefit) and a larger economic impact on local economies than fossil
fuel (macro benefit). This means that these local initiatives not only impact on FMP promotion but
also impact on both economies for users and localities. These economic impact results are interesting.
On the one hand, users receive a benefit by reducing their heating expenditures compared to using
fossil fuel, and local economies simultaneously receive a larger economic impact than fossil fuel,
despite the reduction in user expenditures. Den Herder et al. [7] also conducted similar analysis on
production cost and local value added. Their results are mostly consistent with ours, although some
assumptions are different: they assume wood chips are processed outside the study site, while we
assume that wood chips are processed in the locality.

As global business competition becomes more severe, cost reductions are required for efficient
and effective firm management, even in small enterprises [36]. In some cases, local economies are
beset by negative impacts, for instance, by replacing domestic products with mass produced ones and
nationally or globally standardized products. However, our case suggests that cost reductions are not
necessarily incompatible with positive economic impacts on local economies. Therefore, to achieve
local sustainability, policymakers must seek co-benefits that accommodate both micro and macro
benefits, as illustrated in our case.

One of the originality of the assessment in this study is that it focuses on underutilization issue.
Although this study deals with a case in Japan, and the underutilized and overstocked condition of
forest resources is observed in some other countries [37,38]. Another point is the multi-viewpoint
assessment: impact on resource use, and economy including both micro and micro impacts. The other
originality is that our analysis is demand-oriented. It starts from how much forest area will be
maintained by implementing a new wood energy project. On the other hand, regarding weakness, our
study has several limitations. For example, determining the better scenario in terms of the ecosystem
services offered for the local communities by conducting the different scenarios on wood resource
use is left for the future research. There is a challenge in an assumption for resource assessment:
we assume the increase in the volume of trees is to be constant from 2012. This should be improved
to achieve more precise results. In the analysis, no social factors were incorporated into it. Cambero
and Sowlati [31] concluded that no studies have incorporated social factors into their assessments,
implying that incorporating them is quite challenging. Nonetheless, social factors are indeed critical to
ensure sustainable wood energy, particularly in rural areas where various factors other than economic
ones play relatively important roles [39,40]. We recognize the need to include them in our assessment
in the future and believe such an updated assessment can help achieve sustainability of wood resource.

5. Conclusions

Our overall findings demonstrated that the use of wood energy in underutilized situations can
lead to an increase of FMP implementations and of domestic wood resource supplies from a short-term
perspective that comes from residues of FMPs. At the same time, the use of local wood energy can
benefit both a user and the local economy. These effects can contribute to promote local economy
and to achieve sustainability both globally and locally. Although the underutilization issue has not
received much attention in sustainability discussions, it remains important. Underutilized issue is
crucial as well as overutilization for sustainability of forest resources.
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