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Abstract

Recently climate change is one of the serious issues nowadays. Generating energy is
considered to be one of the contributors to it. Therefore, renewable energy could be one
solution to tackle the problem. Finland and Japan are similar in terms of its high forest rate.
Bioenergy business is advanced in Finland, however, bioenergy business in Japan has not
been spread yet unlike Finland. But still, there are woody biomass power stations in
operation.

The thesis was dedicated to find out what woody bioenergy and renewable energy
situation, how woody bioenergy is produced, emissions level and reduction methods are
available in Japan. To do the research, literature review and interviews were conducted,
and case studies were analyzed.

In this study, the woody bioenergy situation in Japan revealed how woody bioenergy
business could be a part of local business to revitalize local society and Japanese forestry.
However, there are still conflicts between citizens and local administrations. They should
be satisfied with the decisions. In this way, the sustainable business could be built. In the
future, it would be recommended to raise awareness of the importance of woody bioenergy
and spread throughout Japan.
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1 INTRODUCTION

Human activities are the main cause of global environmental problems. To name
a few, these are overpopulation, pollution, and waste disposal. (Singh 2016). In
addition, climate change is one of the most urgent problems which we should
tackle. It contributes not only to rising temperature globally, but also to ecosystem
and climate system (National Geographic 2020). According to the Paris
Agreement, putting efforts to limit the temperature increase below 1.5 centigrade
compared to the time before industrial revolution is mentioned. It also states the
amount of greenhouse gas emission is aimed to be reduced by 80 % by 2050.
One of the major contributions to climate change is generation and the use of
energy. If we continue burning fossil fuel as we have been done, it naturally
means we emit greenhouse gases and are not able to pursue the goals given in
The Paris Agreement. However, fossil fuel is not the only one being able to
generate energy, but also renewable energy. Japan is not the only one where
renewable energy has been introduced. The major types of renewable energy
include hydropower, solar, wind, geothermal, and biomass (EIA 2019). We
should reduce the amount of energy consumption, make the effective use of

energy, and use renewable energy (Somewrite 2019).

Burning biomass is regarded as carbon neutral. It is because biomass absorbs
and fixes carbon dioxide when it grows, and such carbon dioxide would be
emitted when it is burnt. However, such carbon dioxide would be absorbed again
by it if planted. Therefore, burning biomass instead of fossil fuel to generate
electricity and heat enables to control the emission of carbon dioxide and
contributes to the prevention of climate change. In addition, woody biomass
coming from sawing industries and demolished timber would be waste unless
they are utilized. If they are used as bioenergy, it is possible to reduce waste and

contributes to the circular economy. (IEA Bioenergy 2018.)

Biomass includes waste from agriculture, animal husbandry, households, sewage
waste, and wood (NEDO 2018). In this thesis, woody biomass is focused on
because bioenergy derived from wood is dominant in Finland. In fact, it accounts

for about 27 % of the total energy consumption in 2018 in Finland (Ministry of
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Agriculture and Forestry of Finland no date). Therefore, it would be better to

gather the related information from Japan and compare the two countries.

This study was part of the “NOxOpti - Monitoring and management of the

emissions form energy production” project. The NOxOpti project is funded by the

ELY Centre for South Savo via European Regional Development Fund, the Tiina

ja Antti Herlin Foundation and Etela-Savon Energia Oy. The thesis aims to find

out the followings:

a) To find out the renewable energy and woody bioenergy situation in Japan,
and how it is produced;

b) To find out what the emission levels in bioenergy, what reduction methods are

available.

2 BACKGROUND

Nowadays, investors tend to evaluate the enterprises contributing to sustainable
society development. For example, Apple and Google aim to change their
electricity to renewable energy 100 % and they even require their supply chains
to their electricity to renewable one. Therefore, there is a possibility that a
company would be removed from a major company’s supply chain, if it does not

comply with it. (Somewrite 2019.)

The above is about the world trend surrounding renewable energy. On the
contrary, Japanese trend is somewhat different. Before finding the information on
the aforementioned points in the introduction, it is essential to provide the
information regarding a brief history and the system of Japanese forestry,

because woody bioenergy cannot be separated from it.

2.1 The brief history of Japanese forestry

The description in this chapter about a brief history of Japanese forestry is based
on Food and Agriculture Organization of the United Nations (2010), Ohno (2014)
and Kinoshita (2019).
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Japan is rich in wood, approximately 66 % of the land is covered with forests, the
total forest area is 25.1 million hectares (Kinoshita 2015). This is similar to
Finnish forests which cover approximately 73 % of the land and the total forest
covered area have 26.2 million hectares (IRENA et al. 2018). However, the
forests in Japan has not been utilized greatly due to decline in forestry for a

variety of reasons. The history gives hints about them.

In the Edo period, forests were controlled under Shogunate. But deforestation
was proceeded because forest policy was not defined in Meiji era and excessive
cutting of fuelwood. To deal with the problem, River Act was established in 1896,
Erosion Control Act and Forest Act were established in 1897. Deforested area

was changed to forests.

After The Second World War, the demand for wood increased to revive the
Japanese economy. However, since deforestation proceeded again during the
war and natural disaster, there were not enough supplies. As a result, there was
wood shortage and the price got higher. Therefore, the government adopted
Afforestation Policy which was started in the latter half of the 1950s (Ouchi 1987).
Conifers grow faster and have more economical value. Hence, what had been
done was planting conifers on the felling site and cutting broadleaf trees to plant
conifers. The government convinced that wood is necessary resource for the
future, and it would contribute to the economic growth. To improve wood
production rate and obtain a large quantity of wood, afforestation went ahead with

the policy.

However, Afforestation Policy was carried out exactly at the same time when the
energy revolution started. At this time, the fuel was changed from charcoal and
firewood to electricity and fossil fuel. Charcoal and firewood used to be cut from
copse which is grown around Satoyama. Satoyama is woodland close to the
living area and used to be a part of traditional village life. But because of the
energy revolution, charcoal and firewood were regarded as not suitable for the

current way of living. In addition, as the demand increased, the timber cost also
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increased. These accelerated the replacement for broadleaf trees, so conifers

were planted more than ever.

In order to meet the need for wood demand, liberalization of tree got started step
by step, and importing wood became fully liberalized in 1964. Imported wood was
inexpensive compared to domestic ones and fairly large quantity of wood could

be imported stably every time. The demand increased further, and the import rate

had been increased year by year.

As a result, forest management in Japan has been getting difficult. Although
wood self-sufficiency rate was more than 90 % in 1955, it has been decreased to
20 % nowadays. Currently, more than 80 % of the supplied wood are imported

though Japan is rich in wood as mentioned before.

Moreover, when Afforestation Policy was adopted, actively building practical
logging roads should have been built. However, making artificial forest roads for
sightseeing and the promotion of industries except for forestry were focused on.
Due to lack of enough budget assignment, building such required roads for

forestry were not proceeded. (Forest Management Association of Japan 2010).

Presently, if maintaining forests including thinning and felling trees for sale have
been made, there would be a deficit. Because of this, the motivation among
forestry managers get lower and younger generation goes to urban districts to
seek jobs. Also, as forestry declining, regional vitality decreases. Being away
from forestry leads to lack of successor, the employed gets older, problems and
marginally viable community in the mountain villages where there are no other

characteristic industries arise.

For those which had been planted during afforestation reached their cutting

season. We need to cut them, plant new ones, let them grow, and then cut. We
need such a cycle of forest. It is time to utilize grown forests. However, many of
them are abandoned due to the above reasons. To revitalize Japanese forestry,

Green Employment Project begun in 2003 (The Japan times 2019). In this
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project, the people who would like to engage in forestry learn the necessary
technologies, skills, and the project enables to promote obtaining new workers
and their training. Actually, newly employed workers in the forestry field were
about only 2000 per annum before 2002, but more than 3000 people have come

into the field after the project begun (Kinoshita 2015).

2.2 The forestry system and wood utilization in Japan

In Finland, there are powerful companies in woody bioenergy industry (Saila &
Hagstrdm 2017). Finnish and Japanese forestry systems are different. Figure 3

shows how timber supply chain works in Japan.
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Figure 1. Timber supply chain in Japan (NEDO 2018)
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In Japanese timber supply chain, there are more people involved compared to
European and American countries, so it makes the system complicated.
Therefore, the structure is not the one where wood resource suppliers change the
amount of felling as the amount of need changes. The resources used as fuel are
carried out from forests when better quality timber is carried out. It is
recommended to simplify the supply chain system more, in order to stabilize the

amount, quality, and price of wood resource. (NEDO 2018.)

In Japan, cascading use of wood is not structured enough. It is strongly related to
the aforementioned system. Better quality timber is carried out for building timber
and woody products. It means that the ones which are not worthy of them are left
in mountains or forests. But this kind of conventional way is not suitable recently,
therefore, the introduction of whole tree logging system has started. However,
this system requires skids, tower yarders, processors, and grapple loaders.

These cannot be used if there are no logging roads. (Kumazaki 2013.)

Wasteful system has also been found at sawmills. Although bark and sawdust
were generated even in small-scale sawmills, energy utilization could not be
done. It is because there are only a few kinds of materials, boilers cannot accept
them. The disposal fee is required when bark is wasted, and heavy oil was used
to dry timber. If sawdust fired boilers could be used, it would be possible to cover
the cost for drying timber at own expense. The advantages of sawmills were not
utilized. (Kumazaki 2013.)

As Figure 3 shows, defining owners is one of the facing problems. Since April
2012, it is obliged to submit who the owner of each forest is to head of
municipalities to understand how ownerships had been changed before
Geographic Information System (GIS) was introduced and manage them.
However, finding the true owners of certain forests is hard sometimes. It is
because even if they know they are owners but do not know where the owned
forests are. Thus, the use of standardized data is urgently required. (Iwashita
2013.)
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It seems that wood is wastefully used in Japan. Yet, here is one example utilizing
wood material, that is disposable wooden chopsticks. They are made from mill
ends which is otherwise going to be disposed. The origin is from mill ends of
Japanese cedar, which was generated when barrels were made in Yoshino,
Nara. Still, Japanese disposable wooden chopsticks are made of mill ends, there
is no wood cutting for making the chopsticks solely. In short, Japanese
disposable wooden chopsticks are one of creative products, utilization of mill
ends. If thinned wood besides mill ends could be used to make them, it

contributes to a growth of healthy forests. (Kinoshita 2009.)

Another example is the wood used at the ceremony is going to be used as
biofuel. The last year, Japanese former emperor was changed to the new
emperor, so the era name was changed from Heisei to Reiwa. Daijosai (Great
Thanksgiving Ceremony) is regarded as one of the most important ceremony that
the succession to the emperor. The total construction fee for Daijokyu Halls
(temporary halls for Daijosai) cost about 2.4 billion, and it would have been used
as a part of facilities at parks or so. However, it was changed, it will be consumed
as biofuel after the demolition of Daijokyu Halls. (The Sankei News 2019.)
(Fukuishimbun online 2019.)

3 MATERIALS AND METHODS

In order to proceed the research, literature review and interviews were

conducted, case studies were analyzed.

3.1 Literature review

The Book FRIEHUE AN kLN~ % St & 13175 (Woody biomass business, what is
the successful conditions for forestry regions?) written by Aikawa was used to
understand the overall woody bioenergy situation in Japan. It reveals how weak
Japanese forestry and woody bioenergy business are. The author writes the
suggestions how successful wooden bioenergy business as a local business can

be built to revitalize society.
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The web pages listed as follows are mostly used to get the information related to
air pollution control law, emission levels, renewable energy and woody bioenergy
situation in Japan. The main sources are: Ministry of the Environment, Bureau of
Environment, Learning Museum of the Forest and Forestry (the site is developed
by Kinoshita), Japan Woody Bioenergy Association (JWBA), New Energy and
Industrial Technology Development Organization (NEDO). To get technology
related issues, the reports published from MHPS (Mitsubishi Hitachi Power
Systems) and HITACHI were referred. In order to reach these articles, Google

Scholar was used.

3.2 Interviews

The interviews were done by face-to-face and email. The face-to-face interview
was organized at Kiko Network Kyoto office in 26" December 2019. The
interviewee was Toyota Y. who is the chief researcher at the organization. This
aimed to make sure Japanese woody bioenergy business is far behind the one in
Europe. The aforementioned book and the case-studies were also recommended

by him.

The email interview was made with the help of Kiko Network in January. The
interviewees were Sakamoto and Ozeki working at Meiken Lamwood corporation.
The company is one of the leading ones operating woody bioenergy power plants
in Japan. It is dealing with laminated wood and cross laminated timber (CLT) for
buildings. It uses the wooden materials which is otherwise going to be discarded
as materials for bioenergy. The main question was what kind of emission

reduction methods are available in Japan. The answer is shown in chapter 4.3.

3.3 Case-studies

The case studies including seminars held at Kiko Network were analyzed. The
seminars were about the relationships between forestry, woody bioenergy and
municipality given by Mori H. (2019) and Nakano K. (2019). The given materials

were used as reference. Although there are a great number of case studies, this
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thesis covers case studies including Maniwa city, Shiwa town, and Shimokawa
town as succeeded examples. The case study of Nankan town is from the report
written by New Energy and Industrial Technology Development Organization

(NEDO) and Bamboo Energy Corporation.

4 RESULTS

The following chapters demonstrate the findings on what the thesis was
dedicated to. Renewable energy situation and bioenergy situation in Japan is
shown at first, then the laws and emission levels, reduction methods of

emissions, and case studies are demonstrated.

4.1 Renewable energy situation and bioenergy situation in Japan
4.1.1 Renewable energy situation in Japan

Figure 1 indicates the composition of power supply in 2016 in Japan. As it shows,
the energy generated from fossil fuel is still dominant. bioenergy contributes to
only 1.7% of the total energy supply (ISEP 2017). On the other hand, fossil fuel
accounts for 41 % and bioenergy accounts for 26.4% of the total primary energy

supply in Finland in the same year (IEA Bioenergy 2018).

The composition of power supply in 2016

Biomass, 1.7% Wind, 0.6%
0,
Solar, 4.8% ——s |/_G90the"ma|: o2

Hydro, 7.5%

Nuclear, 1.7%

Other thermal
power, 8.5%

—

Figure 2. The composition of power supply in 2016 (According to: ISEP 2017)
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According to Agency for Natural Resources and Energy, introduction of
renewable energy has been accelerated after Feed-in Tariff (FIT) applied in July
2012 in Japan (2018). As the following Figure 2 and Table 2 show, solar energy
has been spread greatly compared with other renewable energy. It was because
the established procurement cost and restrictions on technologies related to the
equipment installation were small compared to other renewable energy (JWBA
2018).

The change of generated renewable energy production rate (TWh)

— — — | — f— — — ]
80
60
40
20
0

2010 2011 2012 2013 2014 2015 2016 2017 2018

Generaged renewable energy (TWh)
=
(=]
S

Year

m Hydropower ® Geothermal Bioenergy m Wind Solar

Figure 3. The change of generated renewable energy production rate in Japan (According to:
Renewable Energy Institute 2019)

Table 1. The generated renewable energy production (TWh) in Japan (According to: Renewable
Energy institute 2019)

2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016 | 2017 | 2018

Solar 3.5 4.8 6.6 13.1 |234 |34.8 (458 |55.0 |62.7

Wind 4.0 4.7 4.8 5.2 5.2 5.6 6.2 6.5 7.5

Bioenergy 152 (159 (168 [ 178 |18.2 | 188 |19.7 |21.5 |23.6

Geothermal | 2.6 2.7 2.6 2.6 2.7 2.6 2.5 2.5 2.5

Hydropower | 83.8 | 84.9 |76.5 |79.4 |83.5 |87.1 [79.5 [849 |81.0
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Generated and purchased electric power from bioenergy has increased after the
year. This bioenergy consists of not only the energy generated from wood but

also waste, however, wood-based bioenergy has also increased. (JWBA 2018).

There was Renewables Portfolio Standard (RPS) which imposes an obligation on
retail electricity suppliers to sell the energy including the fixed renewable energy
came into force before Feed-in Tariff (FIT) had been applied in order to spread
the introduction of renewable energy. In Japan, RPS was in effect from April 2003
for nine years. However, three main problems were left because of its
characteristics. The first was the goal setting. Although it would have been better
to be set the goal high and strict, the level was not strict as soon as RPS had
started. The second problem was lack of ways to promote investment due to
putting a high priority on economics in the introduction of renewable energy.
Finally, there were no clear rules how the society as a whole pays for the
electricity procurement and increasing a cost to customer of electricity. As a
result, thought it seems the system achieved its goal of spreading the renewable
energy, it burdened renewable energy producers with the profitability risk. (Ito
2015.)

It is obvious that renewable energy is not introduced extensively in Japan
compared to Finland. However, there are companies participating in RE100. This
is the campaign to achieve the use of renewable energy 100 % in their
production. Moreover, there is another campaign called “Japan Climate Initiative”,
started by Renewable energy institute, WWF Japan and CDP Japan. It is the
network to support the achievement of The Paris Agreement. In July 2018, only
about 100 companies were involved in it, but the number of participated
companies increased to more than 340 in February 2019. It means that Japanese
companies have also noticed the importance of renewable energy and

decarbonized society. (Somewrite 2019.)

Optimal energy mix targets to reach 44% of zero-emission powers including
renewable energy and nuclear power in total energy supply in 2030, and the

introduction of renewable energy more than 24% is required. Furthermore, more



17

bioenergy should be introduced, if the government considers global trend towards
decarbonized society. The introduction of bioenergy should reach 7.28 GW as
the indispensable goal in the optimal energy mix in 2030. It is required to seek
the promotion of bioenergy further, when we take other renewable energy into

account. (Sawa 2019.)

4.1.2 Current bioenergy situation in Japan

The number of Feed-in Tariff (FIT) - authorized big-scale woody bioenergy plants
using imported biomass dramatically increased between 2016 and 2017. The
imported biomass which can be used as ordinal woody biomass and biomass
liquid fuel are wood, palm kernel shells (PKS), palm trunk, and palm oil. As of
March 2018, 23 % of them uses the one containing palm oil, and the rest 77 % of
them uses wood and PKS as fuel. (Agency for Natural Resources and Energy
2018.) Such imported biomass are the products certified by Forest Stewardship
Council (FSC) and Roundtable on Sustainable Palm Oil (RSPO) as security for
sustainability. However, FSC and RSPO certifications are not supposed to be for
fuel, but for wood, food and industrial use. These cannot be as security for
reduction of greenhouse gases. In addition, although the amount of greenhouse
gases emitted during the production stage cannot be ignored, the import rate of
PKS included in FIT is rapidly increasing. PKS grows up in the farms which have
been exploited from peat land discharges a quantity of greenhouse gases. It
reaches 112 times higher amount of emission compared to the case if there are

no any land use changes. Therefore, it is not suitable for FIT. (ISEP et al. 2019.)

It seems that a large number of bioenergy power plants consume PKS. However,
it is better to note that woody bioenergy could be one of the solutions to revitalize
local areas and mountainous villages in Japan. It may not be a good idea to just
rely on it as generating energy solely, although FIT exists. It is recommended to
support local business including local industries dealing with heat and energy
demand. In this way, woody bioenergy could be a sustainable business. In
addition, it is also possible to create different level of business as “existent
business as the main occupation and new business. The development of local

society” by making more valuable products from wood resources can also be
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made. It is important to discuss among the parties concerned to rank woody
bioenergy business within local business and society to realize the sustainable
bioenergy. (NEDO 2018.) In short, woody bioenergy can be a part of a
community development. The five important points for this are: involved people
should participate in the community as a whole, there should be the active role,
everyone should be satisfied, business is manageable, and business risk is
appropriate. (Mori 2019.) In chapter 4.4 and 4.5.5, there are local examples

showing how locals activate their society with woody bioenergy business.

Another use for bioenergy is cogeneration. It is the system enabling the utilization
of waste heat generated from power generation. This system was already applied
in Europe at the end of 19" century. From this moment, cogeneration spread
throughout Europe. It was because of cold European climate, heat demand was
high. Unlike Europe, the spread of the introduction just started in Japan from the
latter half of the 1980s because the awareness of energy efficiency was raised. It
accounted for five percent of the total power in 2013. (NIES 2019.) One more
reason that cogeneration has not been introduced yet in Japan is that Organic
Rankin Cycle (ORC) system is not defined in Electricity Business Act. Therefore,
ORC should be ranked as a steam turbine and a boiler for power generation to
follow the Act, when it is introduced. (Hisagi 2014.)

All'in all, according to Japan Woody Bioenergy Association, as of March 2017,
the number of authorized woody bioenergy power plants is 491 places and
approximately 12 GW of generation capacity is authorized. Among these, about
84 % of authorized places and about 95 % of authorized generation capacity are
the electricity generation from ordinal wood and agricultural residues. (JWBA
2018.) The below Figure 4 indicates where woody bioenergy power plants are
located with their scale from 500 kW to 20000 kw. The figure indicates how much
each scale power plant is whether in operation, under development, or at design
stage. For those where the power plants are co-firing system with coal and
woody biomass are calculated based on how much woody biomass is burnt as

fuel. For those where electrical output is less than 500 kW or more than 20000
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kW, they are regarded as 500 kW and 20000 kW respectively. (Forest energy

research institution corporation 2020.)

Operation situation

In operation
Construction is planned

At design stage

Electrical output
20, 000(kW)

Figure 4. Woody bioenergy power plants location in Japan with their scale from 500 kW to 20000
kW (According to: Forest energy research institution corporation 2020)

4.2 The Laws and emission levels

It seems that burning biomass for energy use is clean, however, it emits
pollutants, such as NOx, SOx, and dusts. The EU, Directive (EU) 2015/2193
indicates the limitation of emission levels (Directive (EU) 2015/2193). Similarly,
the air pollution control law exists in Japan. However, these two have different
criteria. (Regulatory measures against air pollutants emitted from factories and
business sites and the outline of regulation — emissions standards for soot and
dust, and NOx.) In addition to concerning air quality, comparing environmental
quality standards in Japan and air quality standards in the EU cannot be done

directly. It is because the former one is the criteria which is desirable for
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sustaining health, on the other hand, the criteria in the EU is not to give any
harmful effects to health and the environment. (Tomita and Hayazaki 2019.) The
below chapters describe how each emission is calculated and considered to be

safe.

4.2.1 Air pollution control law

There are differences on the renewable energy and bioenergy situation in Finland
and Japan. The laws on permitted emission levels are also different from each

other. The following paragraph explains what the air pollution control law defines.

According to the air pollution control law, combustion of fuel should follow the

regulations updated on 10" April 1998.

a) NOx: The allowed amount of NOx depends on each facility type. The following
formula (1) is used to compare the allowed amount of NOx. (Bureau of

Environment 2019).

21 —-0n
= . 1
21—0s 5 ™M
where C The amount of NOx [ppm]
On The standard concentration of O2  [%]
Os The concentration of Oz in exhaust gas [%]
Cs The measured amount of NOXx [ppm]

Regarding the value of Os, if the concentration of O in exhaust gas is
more than 20%, Os = 20 %. The measurement of the amount of NOx
should be according to JISK0104 (Tokyo environmental measurement

center no date).
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b) SOa2: There are mainly two kinds of restrictions: Amount system (K value

system) and area-wide total emission control.

+ Amount system (K value system)
The following formula (2) is how amount system is calculated. The
permitted limitation which should be based on the effective stack
height (He) and the value of the constant K which is defined by each
area, and the restriction becomes stricter if the value of the constant
K gets smaller. The allowed emission amount is under 0 °C and the

pressure of 1 atmosphere.

q =K -1073 - He? (2)
where q Allowed emission amount [NmM3/h]
K 1.17~2.34,3.0~17.5 [-]
He The effective stack height [m]

The value of the constant K varies depending on each area. K for
general emission standard and special emission standard are

between 1.17 ~ 2.34 and 3.0 ~ 17.5 respectively.



22

If a facility is equipped with outlets, He should be calculated as

follows. If the shape of a tower is H- and T-shape or so, the below

calculation is not required, thus He = Ho.

He = Ho + 0.65(Hm + Ht) (3)
_0.795,/Q

T2 58 (4)

+ Vv

Ht = 2.01-103-Q -(T-288) - (2.30log] + % -1) (5)
- —

] = m(1460 296 - 288) +1 (6)

where He The effective stack height [m]

Ho Height from the ground level to the stack [m]

Q Wet base exhaust gas at 15 °C [m3/s]

4 Speed of exhaust gas [m/s]

T Absolute temperature of exhaust gas K]

The figure shows where Ho is.

F|gure 5. The he|ght of Ho (According to: Bureau of Environment 2017)
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+ Area-wide total emission control
If the place is concentrated with factories and offices, and seems to
be difficult to follow the above-mentioned amount system, the country
specifies where the area is and each governor makes a total
emission reduction plan based on the following calculation. Currently,

there are 24 areas where this control is applied.

Q=a-w ()
where Q Allowed emission amount [NmM3/h]
w Total amount of fuel used [klI/h]

a is the constant value which the area is able to follow the restriction
amount defined by each governor, and b is the constant value which
should be 0.8 =b < 1.0.

In addition, the stricter total amount restriction can be applied for new

specific factories and extended facilities.

Q =a - Wh+4r-a{(W+W;)b-Wb} (8)
where Wi Total amount of fuel used after defined [KI]
r 03=r=0.7 [-]

In addition, in order to deal with the air pollution caused by heating, governors
define the amount of fuel usage in the areas such as inner-city areas where the
concentration of the facilities emitting SOx is rather high and seasonal changes
occur. The sulfur content in fuel should be below 0.5 ~ 1.2 %. (Ministry of the

Environment 2012.)
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c) Dust: Each facility and scale’s emission criteria (concentration)
General emission standards: 0.04 ~ 0.7 g/Nm?

Special emission standards: 0.03 ~ 0.2 g/Nm?3

The allowed amount of dust emission is defined under the condition that
the amount of dust is in the 1 m3 of exhaust gas at 0 °C and the pressure
of 1 atmosphere. In order to prevent not to meet the limited amount by

diluting the exhaust gas with the air, the below calculation (9) is applied.

21 —-0n
= . 9
21—0s 5 ®)
where C The amount of dust [s]
On The standard concentration of O2  [%]
Os The concentration of Oz in exhaust gas [%]
Cs The measured amount of dust (9]

Regarding the value of Os, if the concentration of O in exhaust gas is
more than 20%, Os = 20 %. The measurement of the amount of dust
should be according to JISZ8808 (Ministry of the Environment 2012).

As the air pollution control law defines, the emission standards vary in each area.
However, they should follow the aforementioned law as the basis. General
emission standards mean the standard which the country defines for each facility
emitting smoke. Special emission standards are the severer ones which can be
applied for those areas where air pollution is a serious problem and new facilities
emitting smoke are going to be built. The allowed amounts of emission standards
for dust and NOx are shown in Appendix 1. In other words, the above formulas
are for the comparison whether those calculated values meet the values shown in

Appendix 1.
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It is also necessary to know how often measurements should be done. The Table

2 indicates the frequency of the measurements related to the facility emitting

smoke.

Table 2.Frequency of the measurement related to the facility which emits smoke (According to:
Air Pollution Control Law 1971)

SOx NOx
Th? plants QOutside of Th? plants Outside of
SOx Amount of |Inside of the Inside of the
. e - the total the total Dust
Facility type |emission emission |total . total .
s . restricted . restricted
level (m3N/h)  |restricted restricted
area area
area area
More than More .than
More than |Always once in two
More than |40000 .
10meN/h Always once in two months
Single gas Under months More than two times in a
. * More than
boiler, gas 40000 year (*) )
turbine, gas More than once in five
; More than . years
engine Always once in two
Under 10m? |40000
N/h months
Under More than two times in a
40000 year (*)

*The amount of the emission is less than 40000 m3N/h, the facility which suspend

for more than six months without interruption, NOx measurement frequency can

be more than once in a year.

4.2.2 Comparison of the EU Directive and air pollution control law

In the EU, the Directive (EU) 2015/2193 defines the emission limit values for
S02, NOx, and dust. There are some differences between the Directive (EU)
2015/2193 and Air Pollution Control Law in Japan. They are about the

classification of fuels and sizes of facilities.

In the Directive (EU) 2015/2193, the emission limit values are classified by fuel

types: solid biomass, other solid fuels, gas oil, liquid fuels other than gas ail,

natural gas, and gaseous fuels other than natural gas. Air Pollution Control Law

does not provide the emission limit value for each fuel type, but facility types

which what kind of fuel they burn as Appendix 1 shows. Unlike the directive,

although it defines in accordance with facility types, there are no restrictions for

solid biomass specifically. Thus, when biomass boilers are installed, we need to



26

refer the numbers written in solid fuel boiler type section (Japan wood energy
Co., Ltd. no date).

- SO2: Because the emission limit values vary at each area, it is not possible to

directly compare between the Directive and the Law.

+ NOx: To find out whether there are any differences between the emission limit

values, the unit conversion is required. The unit is mg/Nm?3in the Directive (EU)
2015/2193, on the other hand, it is ppm in Air Pollution Control Law. The formula

(10) shows how to convert the unit.

22.4

P (10)
where P The amount of NOx [mg/Nm?3]
Mw The molecular weight of NO> [g/mol]

According to the Directive, the emission limit values for existing medium
combustion plants (more than 1 MW thermal input) is 650 mg/Nm?3, and for new
medium combustion plants is 300 mg/Nm3. When convert them into ppm, they
are 317 ppm and 146 ppm respectively. Based on the emission standards shown
in Appendix 1, the emission limit value is 200 ppm ~ 350 ppm regardless of

whether the facilities were built or are going to be built.

+ Dust: The directive defines the emission limit values for the existing medium
combustion plants with a rated thermal input 1 ~ 5 MW thermal input, more than 5
MW, and new ones, and are 50, 30, and 20 mg/Nm?3 respectively. Also, based on

the emission standards in Appendix 1, the emission limit value is 150 ~ 300

mg/Nm?.

4.2.3 The current emission levels in Japan

Although there is the emissions data separated by fuel including biomass in

Finland, there is no such data in Japan. However, it was possible to find the data
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giving the overall amount of SOx, NOx, and dust emissions provided by the
Ministry of the Environment. Figure 6 shows the results from 1978 to 2017. The
result of each emission in 2017 is a prompt number, meaning that it excludes any

data answered later than the end of August 2019.

SOx, NOx (1000 m3®N/year)

Dust (ton/year)
500000

The changes of the amount of SOx, NOx, and dust
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8
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Figure 6. The changes of the amount of SOx, NOx, and dust (According to: Ministry of the
Environment 2019)

According to the Ministry of the Environment, the electric power industry accounts
for 44 % of SOx emission, 36 % of NOx emission, and 16 % of dusts (2019).

There are 1873 general environment air monitoring stations and 409 vehicle

exhaust monitoring stations, which monitor six substances including PM2.5, Ox,
NO2, SO,, CO, and SPM set in the environmental criteria. How much each SO
and NO: achieves its limitation of the emission level as of 2016 fiscal year is the

followings.

- SO2: 99.8 % was achieved at general environment air monitoring stations, and

100 % was achieved at vehicle exhaust monitoring stations.
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+ NO2: 100 % was achieved at general environment air monitoring stations, and

99.7 % was achieved at vehicle exhaust monitoring stations.

4.3 Reduction methods of emissions

Whether reduction methods for particular emission is developed and applied in
Japan was uncertain, therefore, the interview done by email was made.
According to Sakamoto and Ozeki, since wood contains sulfur a few, SOx is
considered hardly and desulfurization equipment is not necessary for 100 %
wood biomass-fired power plants. Likewise, NOx is not contained much in wood,
therefore, NOx coming from the fuel is not considered. However, thermal NOx
could be generated, if the temperature gets high when wood is burnt. To not to
generate it, manufactures design combustion chambers not to have high-
temperature combustion. Thus, NOx removal equipment is not established. In
short, reduction equipment is not necessary to reduce NOx and SOx. Dissimilar
to former two substances, bag filters or electrostatic precipitator is required to
remove dusts at general biomass power plants. Majorities are equipped with bag
filters. (Sakamoto & Ozeki 2020.)

The above reduction methods are for wood biomass-fired power plants. It would
be welcomed if such power plants are promoted. But biomass co-firing in coal
power plants are also promoted in Japan since Japan will rely on 26 % of total
energy from thermal power plants in 2030 fiscal year. (Agency for Natural
Resources and Energy 2018.) The below technology developed by Mitsubishi
Hitachi Power Systems (MHPS) can also be applied to not only wood biomass-
fired power plants but also thermal power plants as well. The following
explanations are based on the article “Efforts toward steam power plant utilized
pulverized biomass exclusive firing technology” published by MHPS in 2019.
MHPS developed the pulverized biomass fired boiler. The noteworthy
developments are the pulverized biomass firing system and the ash removal

technology.
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a) Pulverized biomass firing system

This system can do biomass exclusive firing without any substantial changes of
equipment. If the particle size of woody pellet is about 75 um, the same as
pulverized coal, the differential pressure and required power of mills substantially
increase. It is because fibers remain in biofuel and is inferior to grindability,
smaller than 1 mm is economically feasible and appropriate. However, the
ground pellet particle is rougher than the conventional pulverized coal. The
decrease in the emission rate of biomass particles from mills, ignition stability of

biomass, and obtaining effective combustion were huge issues.

The amount of primary air was increased compared to the conventional coal mills
in order to improve the emission rate of biomass particles from mills. The velocity
of conveying was also increased for the same reason. To solve the problems on
ignition stability of biomass and obtaining effective combustion, circular ultra firing
system was applied. Injecting pulverized particles and the air from a burner to the
center of a furnace make a whirl flame. This formation creates the condition of
the mixture of fuel and the air satisfy to proceed the highly efficient biomass

combustion. Figure 7 shows how the system looks like.

Circular Ultra Firing (CUF)

A,
=5
3\ e

| Ly

Primary air

Vertical mill

L4y

r+—M-PM burner

-
M-PM :Multiple-Pollution Minimum
AA Additional Air

Figure 7. Pulverized biomass firing system (lkeda et al. 2019)

M-PM burner
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The applied burner is M-PM (Multiple Pollution Minimum) burner which reduces
the amount of NOx emission and developed by MHPS. The below Figure 8

shows the mechanism of M-PM.

Burner body

(3) Auxiliary air input from an optimal
. position to optimize the oxygen
Auxiliary nozzle concentration at the outer cone flame,
as well as to narrow the hot
high—oxygen zone
(3) = Low NOx

Secondary air

Primary air + pulverized coal

Coal burner

Auxiliary nozzle
(1) Good mixture of pulverized Secondary
coal and primary air + spacious .
. air
ignition surface
= Good ignition/low unburned content

(2) Inside flame stabilization + low—0; combustion

= In—flame effective reduction of NOx by reducing
material (volatile matter/char)

= Low NOx

Figure 8. The mechanism of M-PM burner (Matsumoto et al. 2015)

MHPS applied this burner to 4t/h furnace as an experiment. The combustion level
was as good as the former conventional NOx A-PM burner or better. It was
possible to reduce NOx by 20 ~ 40 %, and unburned content by 25 ~ 50 %
compared to A-PM in coal with the intermediate fuel ratio. These reduction rates
would vary depending on operating conditions and boiler sizes, but MHPS
confirmed that the amount of NOx and unburned content are decreased with
using actual-scale burner. NOx was reduced from 158 ppm to 110 ppm
compared with the same facility equipped with A-PM in actual operation (600 MW
output, 6 burner stages, variable pressure operating once-through boiler, 4 corner
turning combustion), it means that changing the burner from A-PM to M-PM
enables to decrease the amount of NOx by 30 % using the coal with the
intermediate fuel ratio of 10 ~ 15 % ash content. Not only NOx reduction but also
the amount of unburnt content was decreased from 4.6 % to 3.0 %. (Matsumoto
et al. 2015.)
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b) Ash removal technology

Generally, woody biomass contains more alkali metals than coal. Such alkali
metals volatilize and NaCl gas and KCI gas are generated in a furnace. The
amount of these gases increases as the temperature in a furnace gets higher.
These gases are cooled down and condensed, then cause ash deposition. The
pulverized biomass exclusive firing technology requires higher temperature in a
furnace compared to other combustion systems. The ash removal technology

was needed to be improved.

To decrease the ash deposition, MHPS injected coal ash into a furnace and
made it chemically react with NaCl and KCI gases, reduced the amount of
volatilization of alkali metals. The system enabled to control ash deposition as

Figure 9 indicates.
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By injecting the appropriate amount of coal ash based on the characteristics of
biomass and coal ash, it is possible to apply the system for biomass-fired boilers
as equivalent to conventional pulverized coal-fired boilers with the same heating

surface design.

This system has already been applied in some places including Denmark,
England, and Canada. In Denmark, the power plants work as coal-fired in
summer and as biomass-fired power plants in winter. The applied power plant
works as a biomass-fired power plant throughout the year in England, and one-
third of a year in Canada. (Ikeda et al. 2019)

4.4 Utilizing Bamboo for Bioenergy with new technology

It would be useful that providing another Japanese characteristic bioenergy
technology trying to solve the ongoing problems. Here are examples being under

development.

4.4.1 Bamboo

Bamboo has been used for years in Japan. For example, there are baskets,
colanders, and rakes made of bamboo. Some Japanese traditional tools, such as
tea things, flower arrangements, martial arts, and some instruments are also
made of bamboo. Bamboo charcoal contains a lot of minerals including
potassium and sodium, and is porous compared to charcoal. It can be used for
the effective improvement of soil and deodorization. Bamboo is a part of

Japanese lifestyle. (Forest Agency 2018.)

However, the circumstances surrounding bamboo in Japan is similar to what

Japanese forestry faces. The following chapter explains what is happening.

4.4.2 Problems related to bamboo in Japan

In 2012, 0.6 % out of the area covered with forest is covered with bamboo, and

the rate is slightly increasing in a long period. Bamboo used to be managed by
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daily goods and food production. But Japanese bamboo came into bloom all
together around 1965, it means that such bamboo was going to die. Once it
blooms, it ends its live. Therefore, a large amount of bamboo died around 1965. It
triggers the increase of the amount of imported bamboo, the original Japanese
bamboo was not utilized anymore, and bamboo grove started to be abandoned.
These were also because of the spread of plastic goods. There are still some
areas where bamboo is managed appropriately, however, it is also true that there

are some forests where bamboo invades. (Forest Agency 2018.)

Once bamboo grove gets abandoned, the dead bamboo is left and the area gets
darker and darker, people eventually cannot go in. Bamboo’s underground stem
can grow two to three meters in a year, and it can even grow eight meters at the
maximum. It saves nutrition in its underground stem. This enables bamboo to
grow even in gloomy forests. If they grow taller than the lower trees which
originally growing there, those trees cannot grow, bamboo invades and
dominates the area. In short, the forests dominated by bamboo would face the
risks of lacking plant diversity and hindrance of the potential for public interests.
(Forest Agency 2018.)

In order to restore abandoned bamboo groves, felling and using herbicide are
possible ways to reduce the number of bamboos. In fact, the latter method is
more effective than the former one. Because underground stems save nutrients,
the new bamboo would grow even if bamboo is cut down. However, there is
another way to manage bamboo groves recently, that is the utilization of bamboo

for bioenergy. (Forest Agency 2018.)

4.4.3 Bamboo as bioenergy

The utilization of bamboo for bioenergy was regarded as unsuitable for years.
Because burning bamboo in a large-scale boiler causes the melt of ash and
forms clinker. This results in occurring corrosion of fire-resistant materials and
heat transfer tubes. Clinker is formed because the initial deformation temperature
of bamboo is between 680 and 900 °C, which is lower than the one of woody

biomass, 1100 °C. In addition, if bamboo is burnt at low temperature, dioxins are
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generated, and dioxins are synthesized again at the temperature between 200
and 500 °C due to its high concentration of chlorine. (HITACHI 2017.)

In order to make bamboo possible to use as bioenergy fuel, HITACHI developed

the new technology.

4.4.4 The technology developed by HITACHI

To solve the creation of clinker, Hitachi got rid of potassium and chlorines from
bamboo. It had been proceeding the development of the improvement of bamboo
as biofuel. The company focused on bamboo’s porous structure. They found
water-soluble potassium and chlorines can be easily eluted, when bamboo is
atomized and let the particles into water. Based on this, lowering the
concentrations of chlorines and potassium was achieved by atomizing bamboo
smaller than six-millimeter particle size, soaking them to elute potassium and
chlorines, and dehydrating them. As a result, the initial deformation temperature
of the ash rose to more than 1100 °C and the concentration of chorines lowered
as almost the same level as what woody biomass pellet fuel standard is. This
technology can also be applied to other kind of bamboos, weeds, and unused

cedar bark, giving the similar effects. Appendix 2 shows the overall results.

This technology is not only for biofuel, but also produces fertilizer. When defining
whether extracted material contains any toxic materials, a little amount of three
main macronutrients, nitrogen and phosphorus besides potassium were found. In
fact, there were no toxic materials found. To make sure if the highly concentrated
extracted material is usable as a plant growth-promoting agent, the company
experimented it by growing komatsuna, a kind of colza. The result shows that
komatsuna grew 1 ~ 2 cm taller than the additive-free komatsuna, and the weight
is 1.24 ~ 1.44 heavier than the additive-free komatsuna. In addition, the

komatsuna has less color changes compared to the additive-free komatsuna.
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Figure 10. Growth condition with the specific concentration of the concentrated extracted material
taken on 2" of December (According to: HITACHI 2017)

The above Figure 10 shows the differences on each growth condition among
them. From the left, additive-free komatsuna, the standard, two times
concentrated added, three times concentrated added, and four times

concentrated added.

These findings seem to be useful, however, it has not yet been decided when it
would be commercially applied (HITACHI 2017).

4.4.5 The demonstrative example

There is the biomass plant which is equipped with ORC co-generation system
completed by Bamboo Energy corporation in Nankan town, Kumamoto on 29
August 2019. According to the plan, it utilizes 8750 tons of bamboo per a year,
and electrical output is 995 kW and heat output is 6795 kW. The generated
electricity and heat would be used at the adjoining factory. The amount of heat
meets the demand for a drying process at the adjoining bamboo manufacturing
factory. The system uses bamboo and bark in the ratio of three to seven to avoid
generating clinker. The ash generated from burning bamboo and from bark work
as antibacterial deodorizers. Therefore, the company aims to sell them as
products. (Bamboo Energy Corporation & NEDO 2019.)
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The system is now on the validation phase. The company proceeds the project
towards the commercialization around 2023. After the commercialization, it plans
to employ more than 120 people as a whole. In other words, creation of jobs at
the local and preservation of the local bamboo resources are considered. In
addition, it thinks contributing to the disaster-resistant and sustainable community
development by cooperating with the local and improves abandoned bamboo
groves. Moreover, it aims to spread this type of community or society to the

whole country. (Bamboo Energy Corporation & NEDO 2019.)

4.5 Local societies’ developments with woody bioenergy business

It is important to note each local example including the local society’s
development because as already mentioned in the chapter 4.1.2. Each has
characteristic points, and the following examples are succeeded ones in terms of

the point that woody bioenergy business is socially involved.

4.5.1 Maniwa city

This chapter is based on Ishida (2017) report at Renewable Energy Institute.

Maniwa city is located in northern part of Okayama prefecture, middle part of
Japan. About 80 % of the city is covered with forests. The city is famous for
prosperous forestry and dairy farming and is especially known as Japanese
cypress district. There are approximately 30 wood manufacturing companies. To
use up abandoned wood in forests and mill ends generated from sawmills, woody
bioenergy business has started since April 2015. The Maniwa biomass power
plant can generate the power equivalent to the enough amount for 22000

households in a year.

The city has been working on the utilization of woody biomass for 20 years to
activate forestry and spread renewable energy. As a part of it, wood industry

arranged “Maniwa biomass collection base” in 2009. In this way, it made the
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system that being able to sell chips which is manufactured from the collected

unused timbers and bark as fuel.

Then, to use those collected local wood materials effectively, the plan of woody
bioenergy business has started. At the same time, Feed-in Tariff (FIT) was also

started in 2012 fiscal year.

All the operators working at the power station are from the city. It means that the
gained profit is returned to the city, therefore, the business contributes to the local
economy. It is better to mention that there are still operators at the power plant.
According to Sakamoto, changing the operation system based on the internal
boiler temperature automatically is possible. However, it is hard to continue
generating electricity under the condition which various kinds of chips are mixed.
Therefore, it is required to adjust the type of fuel and the amount of fuel carefully
based on the flame condition in the boiler and the constituents of the exhaust

gas.

Although the profit is returned to the city, it is not possible to do so without profit.
The business will not be applicable to FIT in 2035 because FIT guarantees
buying and selling of renewable energy for 20 years. Fuel costs almost 1.3 billion
yen (= 10.8 euros) in a year. Hence, the current concerning point is what could

be involved in the business besides generating electricity to get earnings.

Woody biomass power generation generates a large amount of heat at the same
time. It would be highly beneficial if the company could also sell it. At present, the
surplus steam is provided to the adjoining cross laminated timber (CLT) industry
which is owned by Meiken Lamwood Corp. The steam is used for drying wood
and heating there, but there are no other ways to use. The power station is
located in the place where only some industries are located, and there are no

such infrastructures being able to provide heat to the surrounding areas.

It might not be seemed the business involves the society, the city organizes

biomass tour to tell the business model. The tour includes not only the woody
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biomass power station visit, but also a stroll in traditional rows of houses.
Participants would learn how wood is related to their daily lives and local

business through the tour. (Biomass Tour Maniwa no date.)

4.5.2 Shiwa town

Shiwa town is located in Iwate prefecture, northern part of Japan. 57.8 % of the
town, 13821 ha is covered with forests, however, such forests are abandoned
due to the long-lasting price weakness of domestically produced timber.
Therefore, the town works on forest resources circulation as a promotion policy,
and when new public buildings are going to be built, the use of town-made timber
is promoted. Ordinary houses which use town-made timber are exempt for
property tax since 2003 fiscal year, and subsidy institution has been applied to
the same kind of houses since 2006 fiscal year. From 2010 fiscal year, “Shiwa
eco bee coupons” are given to the forest owners who has afforested, and
townspeople carried out lumber. The coupons can be used at the certain
authorized shop “Eco shop Shiwa”. These projects aim to encourage activation of

forestry and reduction of carbon emission. (Shiwa 2012.)

Needless to say, not only the projects as part of local business, but also putting
declaration into effect is significant. “The future declaration of new century” was
announced in June 2000 to declare preservation, creation, and handing over the
Shiwa’s environment to the future generations. With this declaration, the town
has been proceeding the business development related to resource circulation

aiming at building the circular economy. (Shiwa 2012.)

To revitalize forestry and forestry resource circulation, Shiwa town, Iwate central
forestry association, and town’s sawmill corporate together and work on securing
pulverized charcoal, pellet, chip, and utilizing timber originally from the town. In
addition, foresters, forest owners, forest managers, and construction workers,
such residents deeply related to forest resources corporate with each other.
Shiwa future institution named “mountain and forest club” which was organized to
work on the utilization and conservation of forest and townspeople hold forest

studies together. By circular utilization of unused forest resources and active
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utilization of town-made timber, it is expected the activation of forestry business
and the conservation of publicly beneficial function that forest has. As the result,
96.2 % of wood residues are used as fuel and compost in 2012 fiscal year.
(Shiwa 2012.)

4.5.3 Shimokawa town

This chapter is based on biomass business strategy in Shimokawa town forest

comprehensive business promotion section (2017).

Shiomokawa town is located in Hokkaido prefecture, northernmost of Japan. In
2004 fiscal year, the woody biomass boiler was introduced to Gomi hot spring
firstly in this town in Hokkaido. The reason why Gomi hot spring is the first place
in Hokkaido is because it emitted a lot of carbon dioxide among public facilities.
In March 2005, 180 kW woody biomass boiler was introduced there, implemented
carbon dioxide emission and cost reduction, the local energy fund flow.
(Shimokawa town hall 2020.) There are 11 boilers providing heat to 30 public
facilities and covering 64 % of total heat demand from public facilities for now.
Each boiler's output is 165 kW, the total power generation is 1815 kW (if the
amount which is consumed at the power station is deduced, it is 1727 kW) which
is able to provide approximately 2000 households. This co-generation business
has mainly four purposes: improvement of fundamental infrastructures for local
sustainable development, activation of forestry (increase in production and
employment), activation of local economy (ripple effect on local economy,
increase in tax revenue), and improvement of local security and comfortable
living environment (realization of comfortable living environment by heating
without using fire inside buildings and inexpensive heating system). To achieve
these four points, the town set the target that the town is going to be able to be

self-sufficient in energy which forest biomass energy would be central.

The town introduced wooden pellet gasification co-generation system because
we can utilize heat even if the scale is small and feasibility is expected due to its
high total efficiency. Therefore, the town produces wooden pellets, sells

generated electricity to electric power companies, and heat makes warm water



41

which is used as district heating. In addition, the material for wooden pellets is
collected at the town. Approximately 15000 m? of raw lumber is consumed to

produce 10000 tons of wooden pellets in a year.

By introducing woody biomass boilers, there are several advantages. First of all,
the saved fuel cost which otherwise would have been paid for fossil fuel reached
19 million yen (= 158 euros) in 2014 fiscal year. The half of it is allotted to child
raising support. The rest of it is allotted to accumulated reserves for the future
boiler facilities and the investment for the future Shimokawa town. Three were
newly employed at a woody material production facility, and two were also
employed additionally at a transportation company for transportation of wooden

chips.

The fourth-generation district heating system is planned to be adopted. This
system is introduced in Denmark where most developed district heating
technology is possessed. With the system, it is possible to utilize hot water (50 ~
70 °C) compared to the former generation systems. In this case, controlled
sufficient amount of supply of hot water would be supplied at the time when
heating and hot water are needed by using high thermal insulation performance
heat supply pipelines. It can reduce heat loss and the power required to move
pumps. This is not yet in operation, but the town has started to discuss the size of

thermal storage tank for efficient use of heat and the buying cost of heat.

5 DISCUSSION

Both technologies and local examples in Japan follow developed cases in
Europe. According to Toyota working at Kiko Network, Japanese woody
bioenergy business is behind the European ones for about five to ten years
(2019). One of the reasons could be the meteorological reason, the climate in
Japan is not as cold as European climate. It might have not been necessary to
develop the bioenergy related technologies and systems. Because of this, the
appropriate and effective system were not developed. In addition, the energy

revolution happened, the main source of energy was changed to fossil fuel.
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However, the time has changed. Climate change becomes a major problem
nowadays, and we have started to be concerned about it. Generating energy is
one of the contributors to climate change, meaning that changing energy sources
which do not emit greenhouse gases could control and reduce them. People
realized that renewable energy can be a business, and bioenergy could also be a

part of local business.

If bioenergy is carried out as a local business, local administrators have to be
skilled at implementation of the plans. Without agreements between local
administrators and citizens, it is not possible to accomplish business. Local
business is built based on cooperation and involvement of every citizen living in
the area. Without the both sides’ satisfaction, local business would have potential
to go wrong. Thus, building steady relationships between local administrations

and citizens is crucial.

When good relationships are built, bioenergy business could begin. In order to
cut and sort parts of woods, certain types of machineries are required.
Geographic Information System (GIS) is not only for management of ownerships
as Iwashita (2013) mentions, but also examinations of logging roads (Yamazaki
et al. 2019). Even though it is hard to make roads for transportation, this is one of
the urgent issues that should be solved. When we talk about local business,
building roads also creates jobs and increases workers. If the workers live in the
area where the roads are built, they would pay living expenses to the area. Thus,

making roads is the prior matter.

At sawmills, mill ends and dust are generated. These should be utilized as biofuel
instead of disposal. In this way, we could reduce the amount of waste, and

become part of local business, too.

The circular flow within the area through bioenergy is encouraged to activate the
region. When it seems to be successful, the next step would be globalization.

Localization should be kept going at the same time. In other words, woody
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bioenergy has potential to grow from small scale business to even international

scale.

6 SUGGESTIONS FOR THE FUTURE IMPROVEMENTS

There are woody biomass power plants and they are in operation. However, the
amount of how much they generate is not enough for the amount of the demand
yet. In this chapter, several kinds of thoughts on woody bioenergy business

toward the future are discussed.

6.1 The necessity of sawmills getting involved in woody bioenergy
business

Cascading use of wood is not structured well as chapter 2.2 mentions, the energy
generation is not involved in it. Therefore, the fundamental of sawmill industry is
unstable. But the sawmill scale gets bigger recently at the same time. Thus,
building concrete cooperation relationships between the use of material and
sawmill industry on this occasion would be better to be considered. (Kumazaki
2016.)

6.2 Satoyama capitalism

For Aikawa (2014), the ideal picture is coexistence of the set of large-scale
sawmills and bioenergy power stations, and the set of local sawmills and biomass
boilers. In other words, balancing nationwide and local needs would work. This
has something in common with Satoyama. If there are skilled residents, they may
be able to make roads for the transportation of timber by themselves. If there are
not such people living in, they may ask JForest, cooperate together, and proceed
the business consolidation. Once road networks are built, working at forests by

themselves is possible.

6.3 Design of how people can get involved

This chapter is based on what Mr. Nakano gave the presentation at Kiko Network
on 9™ July 2019. He worked at Ministry of the Environment from 2006 to 2010,
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then worked at Shimokawa town hall from 2010 to 2018. After that, he became
independent and set up the community self-reliance support center (general
incorporated association). He was a part of the development of woody biomass

power generation business in Shimokawa town.

Woody biomass power generation is spreading gradually in Japan after FIT was
in effect in 2012. Woody biomass power generation business is getting accepted

as a part of local business. However, there are still conflicts.

For example, if the business is a part of local ones, it would be better that people
engaged in politics understand and agree the advantages of the business.
However, they likely to think it would be better to start other business instead of it
at first, and may not even understand the importance of it. Of course, the people
who did not use to take woody biomass power generation business into account
start to consider about it is welcomed. At the same time, it also depends on what
each governor intends to shape local industrial policies. If they focus on
renewable energy, such policies would be related to it. If they do not consider
about it carefully, they may focus on other business. In fact, there are a few
people willing to change or make revolution at local administrations. They most

likely lack a sense of crisis.

Even if woody bioenergy business is decided to be carried out, it is not possible
to realize it without agreement with residents. Explanatory meetings are held to

explain what kind of benefits could be brought to the area and how the possible

negative effects could be overcome. However, the majority of participants would
be those who disagree with the business and they would not get the

comprehensive explanation well at the meetings.

Although it seems hard to realize woody bioenergy business as a local business,
improving design, planning, and breakthrough skills would help for it. First of all,

one of the reasons why local administration personnel tend to refuse is because
their horizons may not be broad. Therefore, imagining and having ideas,

broadening mind, changing viewpoints, varying the information resources, and
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getting to know unknown fields and people are recommended to develop.
Secondly, it is recommended to know the basics of informational, regulative, and
applicable economical techniques. Finally, they should clearly define what the
plan is. Without trust, plans never start. Getting supports from surroundings as
much as possible, being positive, preparing materials which someone who
received the information can explain to the others with confidence are required.
Fundamentally, it is important to make plans by the ones who implement them in

practice.

The example of Shimokawa town is the one which above mentioned points were
satisfied. The organizational and comprehensive governance, each planning,
ranking visions, and effective use of subsidy were the succeeded reasons. The

following Figure 11 shows what the ideal governance is.

Governmental governance
at local government

Cooperated

Systematic N
organizations

governance

Key man

*

Figure 11. The ideal governance (According to: Nakano 2019)

The town ranked the bioenergy business as a strategy, this also contributes to
the project with success, too. In addition, the power of local media cannot be
ignored. If the majority of readers are opposition forces, the trend would be on
that side.



46

7 CONCLUSION

The bioenergy business as a local business has just started. Noteworthy SOx
reduction methods applied to woody biomass power stations could not be found.
However, Japan finds Japanese characteristic problems, such as decline in
Japanese forestry, regional vitality, bamboo, and invented the utilization of it as
fuel. Solving these problems and everything related to nature take long time. It is
better to consider about bioenergy related issues on a long-term basis. Woody
bioenergy in Japan has potential for growth with supports from other developed

countries in terms of bioenergy sector.

Finally, some of the wood used at the Daijosai is going to be used as biofuel as
already mentioned. This phenomenon is a good start that such timber can be
used as biofuel because the emperor who is the Japanese symbol decided to do
so. Japanese citizens would also follow the idea and realize the importance of

biofuel.
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Appendix 1

The allowed amount of Dust and NOx emission by facility type

‘anoge
3¢0 301" oeuuny Suizes
€00 01’0 4 SURESH 10 m*:\._ 06 :91eJ UOIISNQUIOD Jduing seg |0 Jo
wdd ST ‘anoqe Jo Aep/3 0z | ses 1o1em 3uiresauasd 4oy pasn adeuuny
3€00 8500 9oeuJny Suijesauas seo :Audeded Sulwnsuos|  Sulesy pue adeulny Suijessusd sen
(59302 40 |eOD) S|EIIBIRW MY
wdd 08T £W 0000T ~
8020 80€0 <W 00007 ~
wdd 05T <4 00000S ~ 0000T (s43410) ,,S131108
wdd ST ~ (W 000005 8510 30€0 ~ (W 00001
(wot
wdd pse 8020 80€0 G
uey) ssa| si eale Suileay) 4a|loq [any p1joS
wdd pog <W 00007 ~ 8020 80€0 <W 00007 ~
(enoqe Jo W 0T sl eale
wdd 05z W 00000Z ~ 0000t
3510 300 W 0000¥ 8uiieay asoym siay3o) ,4a]1oq [an4 pljos
wdd ooz <W 000000£
(,w ot ueyy
wdd 09z 8510 30€0 v
ss9| 51 ease Suneay) Jajloq [any pinbi]
wdd 08T <W 0000T ~ 8570 80€0 <W 00007 ~
w «49[10q
wdd QST ¢W 000005 ~ 0000T 3610 8sz0 € v
000002 ~ 0000 19Ny Jonbi| 3e|q 4o J3)10q Jonbi| 3oe|g #43li08
wdd ogT ~ ¢W 000005 8010 8510 ~ ¢4 000002
wdd 08T <W 0000T ~ 8510 80€0 <W 0000T ~
mE
8510 8570
0000% ~ 0000T
wdd osT <4 000005 ~ 0000T ,+43110q pInbi| pue ses 1o s3jioq pinbr
w
8500 8510 ¢
000002 ~ 00001
wdd ogT ~ W 000005 300 8500 ~ ¢4 000007
wdd ST <W 0000T ~
8500 8010 <W 0000 ~
wdd ogT <W 0000% ~ 0000T
,+1210q se9 anoqe
wdd 0ot <W 000005 ~ 0000Y .
3¢€00 3500 ~ (W 0000¥ Jo m*c\._ 06 :91eJ UOoIISNQWIOD Jauing
wdd o9 - ¢W 00000S '9/0qe JO W 0T :,4Bale Suneay
Jepuel 2|ed ejad eJaua 9|ed
PASPUBIS 182 |erads ! 9 182 adAL uoleayads adAL
XON sna




59

Appendix 2
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The comparison of several raw material and reform
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