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Abstract: This paper presents a new and improved method of hybrid input-output (I-O) to evaluate
the economic impact of a biomass power plant’s resource production and consumption. The effect of
resource consumption induces a change in an economy’s production structure and alters the technical
coefficient of the hybrid I-O table, which should not be changed. Our study examines this problem
based on two cases: a small cut-off ratio from the existing industry, in which the change in the
technical coefficient can be ignored, and a large cut-off ratio from the existing industry, in which the
technical coefficient is amended using the pre-adjustment method. Consequently, the biomass power
plant using the large cut-off ratio from the existing industry case contributes about 1114 million yen to
the local economy. A comparison of these two cases shows that the error caused by ignorance of the
technical coefficient adjustment could result in 291.78 million yen less in total economic production,
which is about 36% of the total additional production using the small cut-off ratio from the existing
industry case. The losses in total economic production clearly increase in economic sectors that are
related to the resource consumption of the biomass power plant.

Keywords: hybrid input-output analysis; biomass power plant; technical coefficient; cut-off

1. Introduction

The introduction of a new industry directly impacts the allocation of resources in a local economy.
New consumption and production patterns are added to the local resource supply chain. If all the
resources in a local economy are limited, the new industry consumes the resources, which already
belong to or are used by some of the existing economic sectors, resulting in decreased production in
those sectors. This phenomenon can be described, and its impact on the economy can be evaluated,
using a hybrid input-output (I-O) analysis, where the relationship between the new industry and
the local economy is presented as a matrix. The resource that is transferred from the current local
economy to the new industry is defined as the cut-off resource. Cut-off resources are the inputs that
are required by the new industry in order to produce its product. These inputs are obtained from
the existing products in the market. In our case, the cut-off resources refer to consumable resources
(mainly timber resources) that are required for biomass power plant operation in order to generate
electricity. By reallocating these resources with the cut-off, the technical coefficient from one sector
to another is inevitably changed. The technical coefficient represents the resource consumption ratio
or resource distribution pattern for each industry or sector, which illustrates the structure of the
local economy in a matrix formation, and this ratio should remain constant at any given period of
time. Previous hybrid I-O studies have overlooked the fact that using the cut-off function could
coincidentally induce the modification of the technical coefficient and might result in an inaccurate
calculation. The modification of the technical coefficient could be neglected if the resource consumption
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of new technology is much smaller than the current economy, where the cut-off does not significantly
modify the technical coefficient of each sector (small cut-off ratio from the existing industry case).
However, in cases where the resource consumption of the new industry is large and has a significant
impact on the local economy, this change of technical coefficient cannot be ignored (large cut-off ratio
from the existing industry case). In our case study, Kochi Prefecture is at the bottom of Japan’s gross
domestic product (GDP) ranking [1], so the biomass power plant industry could have a significant
effect on the modification of the technical coefficient in this prefecture’s local economy. Therefore,
the technical coefficient should be adjusted in order to properly investigate the biomass power plant
industry’s economic impact on the local economy:.

In this paper, we propose a technical coefficient pre-adjustment method to optimize the evaluation
of the hybrid I-O analysis of the large cut-off ratio from the existing industry case in order to identify
the magnitude of the impact on the local economy. The results from the large cut-off ratio from the
existing industry case and the small cut-off ratio from the existing industry case are compared in order
to determine how the adjustment of the technical coefficient affects the evaluation of the hybrid I-O
analysis. Finally, we sought to determine if using the technical coefficient pre-adjustment method
enhances the calculation accuracy of the hybrid I-O analysis.

2. Calculation Results and Discussion

In this section, we present first the results of the economic impacts of the biomass power plant
after the pre-adjustment in the large cut-off ratio from the existing industry case. We then identify
variations in the economic impacts by comparing the large cut-off ratio from the existing industry case
with the small cut-off ratio from the existing industry case.

2.1. Economic Value of the Large Cut-Off Ratio from the Existing Industry Case

Based on the assumption that the cut-off resource of a biomass power plant is significantly
different from the technical coefficient among the economic sectors, the resource allocation in the local
economy must be adjusted in advance.

Tables 1 and 2 show the main economic sectors that have a significant impact on the total
production caused by the intervention of the biomass power plant’s resource consumption. The total
economic production value of each sector is the value difference between the large cut-off ratio from
the existing industry case and the base case (Kochi Prefecture’s I-O table) presented in Japanese Yen (¥).
The result shows that the economic contribution from the lumber, wood product and furniture sectors
is large (almost 22% of the additional total economic production). The economic production in the
transportation sector is about 12% while the economic production of the forestry, mining, petroleum
and coal sectors is less than 2%. In order to satisfy the electricity demand of a biomass power plant,
the economic production of the electricity, gas and heat sectors decreases to about 809 million ¥.
This reduction is substituted by the electricity sales of the biomass power plant, at 813 million ¥.
This price is calculated based on the average conventional power generation at 16 ¥/kWh; however,
the actual price for renewable energy, including the Feed-in-Tariff, is 32 ¥/kWh. Thus, the biomass
power plant contributes 1626 million ¥ to the local economy from selling its electricity. Moreover, the
power plant also produces by-products, such as ash, which is sold at 2000 ¥/ton to the forestry and
construction sectors, and CO,, which is sold at 100 ¥/ton to the agricultural sector. All the losses in
unrelated sectors are initiated by the coefficient adjustment process due to the cut-off resources, where
the economic sectors allocate their resources to the biomass power plant.
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Table 1. Variation in total production for the large cut-off ratio from the existing industry case and the
base case.

Economic Sectors Additional Total Production (¥)
Forestry 22,097,114
Mining 7,636,581
Lumber, Wood Product and Furniture 239,777,150
Chemical Product —14,287,967
Petroleum and Coal 4,181,482
Iron, Steel and Non-Ferrous —3,431,955
Metal Product —4,081,460
General Machinery —421,572
Construction —1,411,288
Electricity, Gas and Heat —809,250,000
Trading —19,144,996
Financial and Insurance —10,721,416
Transportation 133,256,207
Private Transport —9,003,699
Business Services —18,719,199

Table 2. Total production for the local economic sectors and the biomass power plant.

Economic Sectors Additional Total Production (¥)
Wood 0
Woodchip 0
Electricity 1,625,856,000
Ash 3,600,000
Carbondioxide 1,981,512
Total Economic Sectors * —517,464,846
Additional Total Production 1,113,972,666

* The additional economic value of Large Cut-Off Ration from the Existing Industry Case compared to the ordinary
I-O table.

2.2. A Comparison of the Large Cut-Off Ratio from the Existing Industry Case and the Small Cut-Off Ratio
from the Existing Industry Case

As seen for the large and small cut-off ratio, respectively, the economic impacts from biomass
power plant are evaluated based on different points of view. The small cut-off ratio from the existing
industry case shows the impact that the biomass power plant has on small-scale industry, while
the large cut-off ratio from the existing industry case illustrates the effect that the biomass power
plant has on large-scale industry, where the resource cut-off could affect the resource exchange in the
local economy. Table 3 presents the total production of the biomass power plant and some related
sectors in Japanese yen. Certainly, the biomass power plant produces and sells its products, including
electricity, ash and CO,, evenly in both cases, accounting for 1631 million ¥ or 0.04% of the total
economic production in Kochi Prefecture. From the pre-adjustment process, the loss caused by the
cut-off resources is allocated to all the economic sectors. In total, the large cut-off ratio from the existing
industry case could subsidize the loss by 291.78 million ¥, in comparison to the small cut-off ratio from
the existing industry case. Moreover, the economic gains from their profits account for 36% of the
additional total production. Consequently, the results show that the pre-adjustment of the technical
coefficient could optimize the resource allocation in the local economy.
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Table 3. Comparison of the total production of the large cut-off ratio from the existing industry case
and the small cut-off ratio from the existing industry case.

Economic Sectors Large Cut-Off Ratio Case (¥) Small Cut-Off Ratio Case (¥)
Electricity 1,625,856,000 1,625,856,000
Ash 3,600,000 3,600,000
CO, 1,981,512 1,981,512
Forestry 22,097,114 0
Lumber, Wood Product and Furniture 239,777,150 0
Petroleum and Coal 4,181,482 0
General Machinery —421,572 0
Construction —1,411,288 0
Electricity, Gas and Heat —809,250,000 —809,250,000
Transportation 133,256,207 0
Other —105,693,938 0
Additional Total Production 1,113,972,666 822,187,512

3. Input-Output (I-O) Analysis

I-O analysis was first developed by Wassily Leontief, and it became known as a crucial economic
tool [2,3]. I-O analysis is a system of linear equations that describes the distribution of each industry’s
products to the other industries or sectors in an economy. The purchase transactions among the economic
sectors are recorded in one matrix table where the economic structure of one area is summarized. In brief,
the fundamental I-O analysis is expressed using the following algebraic equations:

Ay =Zy/X
XA +f=X 1
I-A)1f=X

where the technical coefficient (A) is derived by the transaction from the production sector (i) to the
consumption sector (j) Z; divided by the total production X; [4]. The technical coefficient is a ratio that
presents the exact requirements of each sector. Total production (X) is the summation of the transaction
from sector-to-sector (Z) in the inter-industry and the other non-sector consumption. The final demand
(f) includes the consumption of households, private investments, the government, exports and imports.
Additionally, the value-added factor, including employee compensation and business owner and
capital, is also required for each sector to produce goods and services.

3.1. Development of I-O Analysis

Over the course of several decades, a variety of extensions and improvements of the model have
been implemented for I-O analysis [5]. One important factor in the development of I-O analysis is the
use of a multiplier coefficient. Bullard et al. utilized the multiplier coefficient to identify the energy
embodied in each economic sector [6]. With a similar energy intensity purpose, Casler and Wilbur
proposed the patterns of I-O coefficients in a matrix, which is likely to be the hybrid of physical and
monetary units [7]. From there on, many studies have been conducted based on the energy embodied in
the coefficient method [8-11]. When approaching environmental issues, I-O analysis plays an important
role in determining carbon dioxide (CO,) and greenhouse gas emissions. The carbon footprint, water
footprint and ecological footprint are integrated into a multi-regional I-O analysis to indicate the effect
on global warming [12]. Moreover, embodied emissions could be modeled based on the consumption
of goods and services [13-17]. Recently, Garrett-Peltier created new synthetic industries of energy
efficiency and renewable energy in order to analyze the increasing job opportunities from renewable
technology [18]. The multiplier coefficient raises the idea of whether it is possible to convert the I-O
analysis of monetary value to a specific itemized physical value. Thus far, some problems have arisen



Energies 2018, 11, 598 50f11

that cannot be identified by using I-O analysis. First, the influence of the process inside the individual
industry on the local economy cannot be analyzed. Second, the effect of resource unit price fluctuation
cannot be verified and modeled because I-O analysis only presents a summation of the monetary value.
Lastly, the resource allocation utilization in relation to a new industry is not traceable.

3.2. Development of Hybrid I-O Analysis

While new I-O analysis methodologies are gradually being developed, our interest is in the hybrid
method of physical and monetary I-O analysis. The hybrid I-O analysis methodology is inspired by the
idea of life-cycle assessment (LCA) associated with the I-O analysis. LCA is usually used to identify the
environmental impacts of materials and products through different stages ranging from production,
usage and disposal [19-22]. A number of studies have shown how the hybrid I-O analysis identifies
useful directions by applying LCA [23]. In 2004, Suh presented a model integrating LCA and I-O
analysis, and defined upstream and downstream cut-offs as functions of unit operation time [24-26].
Furthermore, Hawkins et al. addressed the technical coefficient of a mixed unit as direct requirements,
which is illustrated by the calculation of lead flows and cadmium flows [27]. Recently, Nakashima et al.
(2016) evaluated the economic effects of constructing a wind power generation system [28]. The hybrid
I-O analysis represents the integration of physical units and monetary units in one hybrid table.
This integration designates the transfer of resources from the local economy to the new industry
production process and from the new industry production process back to the economy in equilibrium.
These transferred resources are defined as the cut-off. The resources from the local economy consumed
by the process are denoted by the upstream cut-off, while the products of the production process
consumed by the local economy are denoted by the downstream cut-off. Therefore, the new industry
and the entirety of economic production can be demonstrated in the hybrid I-O analysis.

Unlike other models, this study aims to identify a problem of the change in the technical coefficient
due to the cut-off, which has never been identified before. As discussed earlier, if the industry is large
enough that the amount of cut-off resources is significant, the sector-to-sector technical coefficients
are inevitably modified. In this case, these coefficients must be pre-adjusted to ensure that the
technical coefficient remains constant. This coefficient pre-adjustment method will be comprehensively
discussed in the next section.

4. Structure of the Hybrid I-O Analysis

In this paper, hybrid I-O analysis is used to evaluate the resource transfer among sectors
for physical and monetary units. The hybrid I-O analysis consists of four main submatrices:
the physical (P) submatrix, the monetary (M) submatrix, the upstream cut-off (Cu) submatrix and the
downstream cut-off (Cd) submatrix. The relationships between these submatrices are presented in the
following equation:

r ] @

fm

Xp
Xm

P Cd

CuM+

where X is the total production and f is the final demand of the physical unit () and the monetary
unit (M).

e P submatrix is the commodity-to-commodity matrix addressed in the mixed physical units. In this
case, it presents each resource utilization process of a biomass power plant in a 5 x 5 matrix.
The data were collected from the existing operation of a biomass power plant in Sukumo in the
Kochi Prefecture, Japan.

e M submatrix is the monetary-to-monetary matrix addressed in the monetary unit. The I-O table
for Kochi Prefecture is a 40 x 40 matrix where the biomass power plant is used in the hybrid I-O
model [29].

e  Cu submatrix is the monetary-to-commodity matrix that represents the monetary value. This
submatrix is the resource requirement of a biomass power plant (40 x 5 matrix), including
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wood resources from the forestry sector, wood products and furniture sectors, as well as the
transportation sector and trading sector.

e  (Cd submatrix is the commodity-to-monetary matrix that represents the physical value in 5 x 40
matrix. For a biomass power plant, the electricity, ash and CO; produced from the electricity
generation process are recorded in this submatrix. It is important to note that electricity demand
does not increase, although the biomass power plant has recently been introduced to the local
community. Therefore, this electricity represents a cut-off demand from conventional electricity
generation to the biomass power plant.

Due to the assumption that resources in the local economy are limited, the resources required by
the biomass power plant are obtained from the demands experienced by the other sectors. The cut-off
demands of each economic sector are equal to the cut-off portion (Cp) derived by:

Cp=Aj x G ®)

where Ajj is the technical coefficient of each economic sector and C:; is the total cut-off resource.
It could be implied that each economic sector gives away its own demanded resource to the biomass
power plant equivalent to its own consumption ratio (technical coefficient). This is the best possible
explanation of the scenario, because it is very difficult to address all production and consumption
activities in the real market. Therefore, we let the market determine the resource distribution by using
the existing consumption ratio.

Cu and Cd are achieved using the same principal. A material cut-off basis is introduced to
overcome the boundary of different units, in which Cu represents the monetary unit and Cd represents
the physical unit. The material cut-off is created based on each unit of material without regard to price;
for example, the cut-off electricity demands of each economic sector is determined by the demand from
the conventional electricity sector in relation to the electricity generation process of a biomass power
plant. If the total electricity demand of Kochi Prefecture is about 100 times greater than the demand of
the biomass power plant, then the electricity demand is cut-off at a ratio of 1:100. Thus, each sector’s
electricity demand is reduced to conform to the cut-off portion of each sector.

In addition, it is important to address the characteristic of the P submatrix, which determines each
of the process resource uses of the biomass power plant, as seen in Figure 1. The P submatrix presents
the transfer of resources from one process to another, where positive and negative indicators are used
to specify the provider and the receiver. The biomass power plant gathers 46,000 tons in form of wood
or lumber and another 46,000 tons in form of woodchip. The wood is reformed into woodchip by the
production of woodchip process. Therefore, —46,000 tons of wood in production of wood process
acts as the provider and 46,000 tons of wood presented in the production of woodchip is the receiver.
In total, 92,000 tons of woodchip is fed to the production of electricity process by the same principal.
The biomass power plant generates a total of 50,808 MW of electricity, of which 6132 MW is used to
operate the machines and the site office, and 44,676 MW of the remaining electricity is supplied to
the other economic sectors. Moreover, 1800 tons of ash and 19,815 tons of CO, are produced from
the electricity generation process. It is inevitable that the electricity could be generated without these
by-products; so in the production of electricity process, they are assigned in positive indicator. Instead
of disposal of the by-products, they can be sold to the designated economic sectors.

4.1. Small Cut-Off Ratio from the Existing Industry

This case exhibits how the small cut-off ratio could influence the economic effects on the local
economy. When the resources in the economy are cut in accordance with the biomass power plant’s
consumption, some specific products are subsequently deducted from the consumption of the economic
sectors. Once the products distributed to each economic sector are deducted, the technical coefficient
is certainly changed. If these changes in technical coefficient are relatively minimal, such that they do
not affect the resource distribution pattern in the economy, such changes can be ignored. Therefore,
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the cut-off resource can be achieved directly through each economic sector cut-off portion as shown in
Table 4. The green up arrow presents the transferred resources in relation to the biomass power plant
consumption, while the red down arrow indicates the reduction of those resources in the economy.
Both changes in resource allocation are induced by the cut-off. Additionally, the cut-off electricity from

existing electricity sector to be the product of the biomass power plant is highlighted by the yellow
square border.

Physical Submatrix Production of ~ Production of  Production of Disposal of Emission of E
Y Wood Woodchip Electricity Ash o, conomy
'Wood (ton) -46,000 46,000
. . Remaining 44,676 MW of electricity is
Woodchip (ton) -92,000 92,000 distributed to the economic sectors in
Electricity (kWh) 6,132,000 accordance with their consumption ratio.
¥ e Ashissold to forestry and construction sector
Ash (ton) 1,800 -1,800 e CO,is sold to agricultural sector
CO, (ton) 19,815 -19,815
Economy Power plant’s consumable resources Kochi prefecture’s economy

Figure 1. Resource utilization of biomass power plant in relation to the economy.

Table 4. Small cut-off ratio from the existing industry case.

. . Production Production . .
Hybrid I-0 Production Disposal | Disposal ) i Petroleum i . .
i of of Agricultural Forestry Furniture Construction Electricity | Transportation
Analysis of Wood . . of Ash of CO: and Coal
Woodchip | Electricity
Wood (ton) —46,000 46,000
Woodchip
-92,000 92,000
(ton)
Electricit
(E:V;ll:; Y 6,132,000 - —> 180,526 44,717 126,975 8281 272,169 1,180,319 741,426
Ash (ton) - - 1800 -1800 - - 1500 - - 300
COz (ton) - - 19,815 —19,815 9908 9908 - - -
Agricultural - - 2,080,000,000 18,000,000 0 1,000,000 99,000,000 0 6,000,000
Forestry 77,280,000 10,120,000 - N N 23,868,538 2,613,604,964 3,086,997,644 0 8,950,702 0 0
Furniture 77,280,000 203,320,000 - - - 1,967,416 128,865,726 2,391,393,741 0 14,009,966,951 112,142,693 190,839,320
Petroleum and
Coal - 18,000,000 - - - 1,369,223,575 181,177,089 65,342,557 205,928,058 637,584,947 3,850,260,653 11,053,782,512
oal
Construction - - - - - 390,000,000 14,000,000 30,000,000 6,000,000 205,000,000 2,216,000,000 738,000,000
Electricity - - - - o 323,730,000 80,190,000 227,700,000 14,850,000 488,070,000 2,116,620,000 1,329,570,000
Transportation 82,800,000 82,800,000 - - - 1,299,436,421 385,536,094 553,334,187 58,929,092 5,430,465,656 1,154,610,686 17,844,528,125

4.2. Large Cut-Off Ratio from the Existing Industry

In contrast, the large cut-off ratio presents the economic effect from a different view point,
whereby the cut-off resources are considerably large compared to the total economic production.
The technical coefficient or the resource distribution pattern is significantly changed by the cut-off
resources. In reality, the additional consumption of the biomass power plant alone could not change
the ratio of resource distribution. Thus, the deduction of products distributed to the economic sector
should be reallocated according to the existing market distribution ratio. Table 5 shows an example of
the change in the product distribution regarding to the technical coefficient pre-adjustment method,
the procedure for which will be demonstrated in the next section.
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Table 5. Large cut-off ratio from the existing industry case with technical coefficient pre-adjustment method.

X . Production | Production . .
Hybrid -0 Production Disposal | Disposal . . Petroleum . . .
) of of Agricultural Forestry Furniture Construction Electricity Transportation
Analysis of Wood . . of Ash of COz and Coal
Woodchip | Electricity
Wood (ton) -46,000 46,000
Woodchip
-92,000 92,000
(ton)
Electricit
(e:v[\;:) Y - - 6,132,000 - —> 180,526 44,717 126,975 8281 272,169 1,180,319 741,426
Ash (ton) - - 1800 -1800 - - 1500 - - 300
CO: (ton) - - 19,815 - -19,815 9908 9908 - - -
Agricultural - - - - - 2,080,000,000 17,901,404 0 1,008,646 99,000,000 0 5,992,728
Forestry 77,280,000 10,120,000 - - - 24,000,000 2,613,604964 | 3,053,092,150 0 9,000,000 0 0

Furniture 77,280,000 203,320,000 - - - 2,000,000 130,282,439 2,391,129,838 0 14,242,000,000 114,000,000 190,764,873

Petroleum and
Coal 18,000,000 - - - 1,383,000,000 181,997,606 64,917,552 209,798,271 644,000,000 3,889,000,000 11,151,468,053
oal
Construction - - - - - 390,000,000 13,923,314 29,507,978 6,051,873 205,000,000 2,216,000,000 737,105,546

Electricity - - - - o 323,730,000 80,190,000 227,700,000 14,850,000 488,070,000 2,116,620,000 1,329,570,000

Transportation | 82,800,000 82,800,000 - - - 1,301,000,000 | 383,885,661 544,913,998 59,510,086 | 5,437,000,000 | 1,156,000,000 | 17,844,528,125

5. Technical Coefficient Pre-Adjustment Method

The economic structure of one area can be illustrated by its technical coefficient using I-O analysis
because all the transactions purchased from one economic sector to another are recorded in one matrix.
Typically, the technical coefficient that represents the economic structure does not change suddenly.
This coefficient might be slightly changed over a period of time in accordance with advancements in
technology. However, if we prefer to cautiously evaluate the economic impacts of a new industry, the
introduction of one industry cannot notably change the local economic structure. For example, the
furniture industry requires 10 kg of wood to produce one chair. Although the biomass power plant
takes half of the wood consumption away from the furniture industry, this does not change the fact
that 10 kg of wood is still required to produce one chair. Therefore, the technical coefficient should be
unchanged; the ratio should be the same before and after the cut-off is introduced.

Once the cut-off is applied to create the hybrid I-O matrix consisting of P, M, Cu and Cd
submatrices, it is obvious that the cut-off of related sectors is lost; each sector’s own resource demands
are funneled to the biomass power plant production process. Consequently, the technical coefficient
presented in the M are dissimilar from those presented in the I-O table. The method proposed in
this study is to temporarily separate the M submatrix from the hybrid I-O matrix. Additionally, the
electricity sector should remain constant, because the electricity demand is not changed by the influence
of the biomass power plant. Therefore, we attempted to eliminate the presence of the electricity sector
from the M submatrix (Figure 2), as follows

Xon = XM - E
XCUTon = Xon - CTP

(4)

where Xy is the total production of M, Xy, is the total production without the electricity sector, Eis
the vector of the electricity sector and Crp is the total cut-off portion. Noticeably, there are two total
productions: Xyop and Xcutwor. In this case, the technical coefficient (Ayog) is calculated by dividing
the M submatrix without the electricity sector (Zy,g) with Xyyop. Then, the recalculation of the new
value of the M submatrix without the electricity sector (ZcyTwor) can be expressed as:

ZcUTwoE = XCUTwoE X AwoE ()

Consequently, the transaction from sector-to-sector (ZcyTwok) is now responsible for the influence
of the biomass power plant’s resource consumption without the involvement of the electricity sector.
Hereafter, reattaching E to the ZcutwoE gives the adjusted M submatrix. By all these pre-adjustment
processes, the adjusted M submatrix is ready to be combined with the rest of the submatrices shown in
the hybrid I-O table.
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Hybrid I-O Table Separate M Detach
Electricity Sector .
WO
P Cd P Cd
M
Cu T > Cu N >
A :
v Xon
Reattach M Muvor
Electricity Sector
A :
v XCUTon
XCUTon = Xon = CTP ZCUTWOE < Awor

ZCUTon = XCUTon X Aon

Figure 2. The technical co-efficient pre-adjustment process.

6. Conclusions

The present study determined the effect of pre-adjusting the technical coefficient to evaluate
the positive and negative economic impacts of a biomass power plant’s resource production and
consumption on the total economic production of the local economy in Kochi Prefecture, Japan.
There are two reasons why the pre-adjustment process has been proven to be necessary to the hybrid
I-O analysis. First, it is a fact that when the economic sectors lose their supply of resources to the
biomass power plant, these losses affect their production process. Second, the technical coefficient
should be constant at one period of time so that the pre-adjustment method could preserve the
economic structure of the local economy. Therefore, the technical coefficient should be pre-adjusted in
order to improve the precision of the resulting calculation.

Input-output analysis is an extensive and remarkable method that is widely used in many
countries to indicate the actual and theoretical economic effects on their economy. The method is
able to address a wide range of economies, from very small-scale economies (city or province) up
to the multi-regional scale. Our findings could serve as an inspiration for the extension of using
hybrid I-O analysis in future. The extension of this model could result in the new application of
hybrid I-O analysis for verifying the economic effect of other type of individual industries, groups of
similar industries, or larger industrial estates. Moreover, not limited to industrial issues, the extension
could also mean the economic impacts from non-industrial issues such as environmental issues and
natural disaster issues. If data is made available and the structure of an issue can be established, the
hybrid I-O analysis will be able to analyze cross-disciplinary issues in the areas of science, technology,
and economics.

Author Contributions: C.J. and S.N. conceived and designed the experiment; C.J. performed the data collection;
C.J. and S.N. analyzed the data and results; C.]. wrote the paper.
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