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Abstract

With the promotion of woody biomass power generation in Japan, wood fuel imports have increased yearly.
However, the environmental impact of the transportation process is expected to increase compared to procuring
the fuel domestically. Therefore, this study aimed to evaluate the environmental impact of biomass power
generation using imported woody fuel. Human health, ecosystem, and global warming were evaluated using the
life cycle assessment (LCA) method under four scenarios: three scenarios for importing woody fuel and one
scenario for procuring woody fuel domestically. The results reveal that replacing heavy oil with liquefied natural
gas (LNG) or ammonia as ship fuel at the time of importation could reduce the environmental impact to the same
level or up to 86% compared to the case wherein wood fuel is procured domestically. Thus, using next-generation
vessels to import wood fuel and generate biomass power effectively reduces environmental impact. Furthermore,
the use of wood fuel—a renewable energy source whose generation can be adjusted—should be promoted toward
achieving carbon neutrality.
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1. Introduction

The introduction of power generation from renewable energy sources is being promoted to achieve carbon
neutrality by 2050. While the ratio of renewable energy in the power source composition was 19.8% in 2020,
Japan’s Sixth Basic Energy Plan set an ambitious target of 36%—38% in 2030.

Among the various kinds of renewable energy sources, woody biomass power generation is considered carbon
neutral—even if it is used as fuel and emits carbon dioxide—because forests absorb carbon dioxide through
photosynthesis. However, unlike solar, wind, and other natural energy sources, woody biomass power generation
requires the procurement of fuel. Thus, it requires environmental assessment throughout its life cycle, including
the environmental impacts of logging the forests and transporting the fuel by truck.

According to Japan’s Forestry Agency (2021), in recent years, Japan’s imports of woody fuel have been increasing
yearly to procure large quantities of fuel stably in line with the increase in biomass power generation. Imports from
Vietnam, the number one importer, have increased 12.5-fold in the five years from 2017 to 2021, and are expected
to continue to increase. Therefore, the environmental impact of the fuel transportation process is expected to
increase compared to the use of domestic wood resources. In a previous study, Hitoe and Hattori (2011) conducted
a life cycle assessment (LCA) of a scenario wherein sawmill residues are used as fuel for woody biomass power
generation and evaluated the impact on global warming (Hitoe & Hattori, 2011). Komata et al, (2017) compared
the environmental performance of wood biomass-based power generation and heat and power supply systems with
fossil fuel-based power generation as well as heat and power supply systms, and then verified their superiority by
comparing external costs (Komata, Ishikawa & Hondo, 2017). Heller et al, (2004) compared willow-fueled and
coal-fired power generation and assessed their greenhouse and air pollution impacts (Heller, Keoleian, Mann &
Volk, 2004). Roder et al, (2015) generated electricity by burning wood pellets from forest residues and examined
the uncertainties associated with greenhouse gas (GHG) emissions, which are defined as the gas that works to trap
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heat emitted from the sun and warm the earth’s surface (Rdder, Whittaker & Thornley, 2015). Pieratti et al, (2020)
performed an LCA on the use of forest and sawmill residues in a district heating plant and evaluated GHG
emissions (Pieratti et al, 2020). However, few of the previous studies have conducted LCAs under the condition
that wood fuel is sourced from abroad. In addition, few of them mention anything other than GHG emissions in
their evaluation indicators. As imports of wood fuel increase, environmental assessment from a life cycle
perspective becomes more important.

Based on the above, the objective of the present study is to conduct an environmental impact assessment of biomass
power generation using imported woody fuels. In doing so, we will not only quantitatively evaluate the GHG
reduction effect, but also compare three impact items, namely, global warming, human health, and ecosystems, in
order to calculate the environmental impacts that occur in certain stages of the life cycle process and identify the
appropriate measures that should be taken. The results of this study can provide guidelines for the spread of wood
biomass power generation, in line with Japan’s policy toward carbon neutrality, as well as inform proposals of
future measures that can be used as a reference in countries similar to Japan.

2. Methods
2.1LCA

This study used the LCA method for environmental impact assessment, which is a method to calculate and evaluate
the environmental impacts of a product or service throughout its life cycle—from the procurement of materials to
the manufacture and use of the final product. For the LCA calculations in this study, we used the software SimaPro,
developed by the Dutch environmental consultant PReConsultants. We also used the Ecoinvent 3 inventory
database and IDEA, a Japanese inventory database. The functional unit was defined as the environmental impact
per kWh electricity generated. The system boundary was assumed to be from wood procurement to power
generation.

2.2 Impact assessment

Various countries have developed impact assessment methods, and there are differences in how the methodologies
are constructed, including the impact items to be calculated and the calculation methods. In this study, we used
IMPACT 2002+ (Jolliet et al., 2003) developed in Switzerland, which consists of 14 midpoints and 4 damage areas.
It can assess human health, ecosystem quality, and climate change, which correspond to the objectives of the
present study.

2.3 Damage category

The calculation of the evaluation indicators used in this study is described below. The units for the three indicators
are listed in Table 1.

Table 1. Unit of damage category

Category Unit
Human health DALY (Disability Adjusted Life Years)
Ecosystem PDF - m? - yr (Potentially disappeared fraction of species over a certain amount of m? during
quality a certain amount of year)
Climate
kg-CO; eq
change

To assess human health risk, we used the indicator DALY, which is calculated by adding the number of years lost
due to premature death and the number of years lost due to disability; according to WHO (2020), it is expressed
in Equation (1).
DALY =YLL+ YLD (1)
YLL=N XL
YLD =1 xDW xC
where YLL = the years of life lost, YLD = the years lost due to disability, N = the number of deaths, L = a
standard loss function specifying years of life lost for death, I = a number of incident cases, DW = disability
weight, and C = average duration of the case until remission or death.

According to Ii (2008), the indicator PDF is used to assess ecosystems, representing the lost species percentage,
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and is expressed in Equation (2).

Sref_ Suse (2)
Sref

PDF =

where S,..r= the number of species in the reference state, and S,,5,= the number of species after modification

or in occupation.

Climate change was evaluated based on GHG emissions. The global warming potential (GWP) was used to convert
GHG emissions into CO, emissions in the atmosphere. The calculated coefficients for DALY and PDF in
IMPACT2002+ are shown in Table 2.

Table 2. IMPACT2002+ midpoints and damage area units

Midpoint category Factor Unit

Carcinogens + Non-carcinogens 2.80x10% DALY / kgeq CoH3Cl into air
Respiratory (inorganics) 7.00x10* DALY / kgeq PM2 5 into air

Tonizing radiations 2.10x10!® DALY / Bgeq C-14 into air

Ozone layer depletion 1.05x103 DALY / kgeq CFC-11 into air
Respiratory organics 2.13x10°% DALY / kgeq CoHy into air

Aquatic ecotoxicity 5.02x10°5 PDF = m? - yr/ kgeq TEG into water
Terrestrial ecotoxicity 7.91x10% PDF - m? - yr/kge TEG into water
Terrestrial acidification/ nitrification 1.04x10° PDF - m? - yr/ kgeq SO into air
Land occupation 1.09%10° PDF * m® * yr/ m® eq organic arable land year

2.4 Scenario

This study created four scenarios, and LCA was performed, focusing on wood fuel procurement and marine fuel.
The overall flow is shown in Figure 1.

Logging [¢— inVietnamor Japan

4

Wood transport |[€+—— by truck

4

Pellet production

4

Pellet transport

4

Power generation

by ship (fuel: C oil or
LNG or NH3) or truck

Figure 1. Flow of life cycle

Scenario 1: Wood fuel is imported from Vietnam. The fuel used for the transport vessel is C fuel oil, which is
commonly used as marine fuel.

Scenario 2: Wood fuel is produced domestically. In the transportation process, we compare the case wherein fuel
is imported with the case wherein fuel is procured domestically.

Scenario 3-1: Wood fuel is imported from Vietnam, and natural gas is used for marine fuel. In order to achieve
decarbonization, the shipping industry plans to introduce a new fuel to replace C fuel oil. Depending on the size
of the ship, small ships are segregated into electric, medium-sized ships into hydrogen fuel (fuel cell) and large
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ships into ammonia fuel (direct combustion). In addition, natural gas is planned to be used during the transitional
period until hydrogen- and ammonia-fueled vessels are put into service.

Scenario 3-2: Wood fuel is imported from Vietnam and ammonia is used as fuel for ships. Given that vessels for
import are classified as large, it is assumed that ammonia is substituted for marine fuel. Transportation from
Vietnam to Japan is set to be from Ho Chi Minh City to Tokyo, the respective capitals of each country. The
characteristics of the four scenarios are shown in Table 3.

Table 3. Characteristics of each scenario

Process Scenario 1 Scenario 2 Scenario 3-1 Scenario 3-2
Logging location Vietnam Japan Vietnam Vietnam
Pellet transport means ship truck ship ship
fuel Coil diesel oil LNG NH3
2.5 Background Data

Background data are inventory data that cannot be manipulated by the LCA performer. In this study, the calorific
value and consumption of fuels are obtained from existing publicly available data from the government and other
sources. Details are given in the next and in subsequent sections.

2.5.1 Logging Process

In this study, assuming that wood pellets, whose importation is increasing year by year, are used as fuel for power
generation, the weight of logs to be harvested is determined from the weight of pellets required to generate 1 kWh
of electricity. Wood pellets are individual fuel particles made of dried logs, bark, and other wood materials that are
compressed and formed into cylindrical shapes 6—8 mm in diameter and 5-40 mm in length. The weight of logs to
be cut to generate 1 kWh of electricity is calculated using Equation (3) given by:

(100 - Mpellet)
100
where W,,50q4 = weight of logs [kg/kWh], Wee:= weight of pellets [kg/kWh], M= moisture content of

Wlog = Wpellet X - Mlog+Ct A3)

pellets [%)], M,,,0q: = moisture content of logs [%], and C= combustion efficiency [%].

The characteristics of the pellets are determined to be 10% moisture content and 15.5 MJ/kg calorific value, based
on data published by the Japan Wood Pellet Association. According to Japan Woody Bioenergy Association (2021),
as the moisture content of raw wood chips that have not undergone the drying process ranges between 45% and
55%, the moisture content of the logs is taken as 50% on average. In the case of power generation, according to
Tokyo University of Agriculture (2015), the combustion efficiency of wood fuel is said to be 10%—-30%. Given
that this study assumes large-scale power generation, the combustion efficiency is set to 30%, which is at the upper
end of the range of this existing data (cited above).

2.5.2 Transport Process

The distance to transport logs from the forest to the wood fuel plant is set at 100 km, based on data published by
Japan’s Ministry of Internal Affairs and Communications. A truck with a 10-ton payload capacity is used as the
means of transportation.

The distance from Vietnam to Japan for the fuel produced at the wood fuel plant is assumed to be 4,500 km, using
the “Searoutes” route calculation website. The data from Ecoinvent3 are used for a 50,000 DWT transoceanic
vessel, which is close to the size of the vessels used for the marine transport of pellets. The transport distance of
wood fuel produced in Japan to the power plant is assumed to be 70 km, citing data published by the Japan Woody
Biomass Energy Association.

2.5.3 Wood Fuel Manufacturing Process

The inventory data for wood pellet production are taken from Ecoinvent v3. However, in this study, the “wood”
entry in the pellet production dataset is excluded because wood collection is calculated as a harvesting process.
The inventory data table for wood pellet production are shown in Table 4.
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Table 4. Inventory data for wood pellet production

Category Product name Quantity Unit
Water 3.0x10° m3
Starch 5.0x10°° kg
Wood Pellet Mill 4.0x10"°  machine
Display 1.6x10®  machine
Lubricants 8.4x10° kg
Dust Collectors 2.0x10° kg
Input Pointing Devices 8.0x10” kg
Keyboards 8.0x10” kg
Computers 8.0x10” kg
Wood* 1.0x10° kg
Packing film 2.3x1073 kg
‘Het 28x100  MJ
Electric Power 9.1x1072 kWh
Output Water 3.0x10° m3
Pellets 1.0x10° kg

* It was excluded from the pellet production process in this study.

2.5.4 Generation Process

The inventory database for woody biomass power generation is available from IDEA, which has data on woody
fuels and equipment required per MJ of power generation and associated emissions. However, given that
combustion efficiency is not considered, they are converted to the weight of woody fuel set in this study. The
inventory data generated per MJ of woody biomass generated are shown in Table 5.

Table 5. Inventory data for wood biomass power generation

Category Product name Quantity Unit
Wood chips 5.86x10 kg
Input . . s o
Construction of electric power facilities 4.48x1013 facility
CH,4 2.90x107 kg
CO, 1.09x10! kg
Output
N,O 3.80x10°¢ kg
Energy for power generation 1.00x10° MJ

2.6 Next Generation Ships
2.6.1 Fuel Consumption and Emissions

The inventory data for the next-generation vessels are created based on the default data (Table 6) for transport by
ocean-crossing vessels in SimaPro. Changes are made to the fuel used and the corresponding emissions. In the
default data, heavy oil C is used as fuel for ocean crossing vessels. For the next-generation ships, Fuel Oil C is
replaced with liquefied natural gas (LNG) and ammonia. The fuel substitution also changes the emissions from
fuel combustion. The emissions are taken from IDEA and IMO regulations, while the consumption rates of LNG
and ammonia are calculated from the calorific value of each fuel (Table 7).
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Table 6. Inventory data for transoceanic vessels on board SimaPro

Items Value Unit
Ship Maintenance 1.54x10° time/tkm
Cargo Vessels 1.54x10° ship/tkm
Port Facilities 1.2x1014 place/tkm
C heavy oil 2.49x107 Kg/tkm

Table 7. Heat value of each fuel

Items Value Unit
C heavy oil 43.5 MlJ/kg

LNG 54.7 MlJ/kg
Ammonia 22.4 MlJ/kg

The consumption of LNG or ammonia is determined using Equation (4) as follows: For heat generation, we cited
data published by Japan's Ministry of Economy, Trade and Industry (2020) and New Energy and Industrial
Technology Development Organization (2020).
UnG or ni; = Uruet ot ¢ X Hpuet ot ¢ = Hing or nHg “4)
where Upng or nu; = LNG or ammonia usage [kg/tkm], Ugyer ou ¢= C fuel oil consumption [kg/tkm],
Hpyer it ¢ = calorific value of C fuel oil [MJ/kg], and Hyng or nu, = calorific value of LNG or ammonia

[MJ/kg].
Data on the emissions released during LNG combustion are taken from data provided in IDEA (Table 8).

Table 8. Inventory data from IDEA’s LNG combustion (per 1 MJ burned)

Category Product name Quantity Unit
Input LNG 1.82x1072 kg
""""""""""""""""""" CH,  230x107 kg

COs 5.13x1072 kg

N>O 1.70x107 kg

Output

NO« 1.52x107 kg

PM; s 7.82x107 kg

Combustion energy 1.00x10° M]J

Data regarding the NOx emissions to the atmosphere during ammonia combustion are taken from NOx limits
published by the International Maritime Organization (2016). Ammonia emits NOy during combustion, so control
technologies are currently being developed. In this study, we assumed that the IMO regulation values are met and
are obtained from Equation (5), which is expressed as:

Eno, = Unny; X Hyuy X Ryo,. (5)
where Eyo = NOx emissions [kg], Uyy,= ammonia usage [kg/tkm], Hyy,= ammonia calorific value
[kWh/kg], and Ry, = regulation value of NOx [g/kWh]. Here, 1.96 NOx g/kWh is used for Ryox.

2.6.2 Green Ammonia

The inventory data on ammonia production in SimaPro are created assuming that they will be produced by
conventional methods that consume large amounts of fossil fuels. However, the ammonia to be utilized in the
future will replace green ammonia, which is made of green hydrogen. Therefore, among the inventory data on
ammonia production in SimaPro, the fossil fuels consumed for hydrogen production are converted to solar and
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wind power generation to create the inventory data for future ammonia production.

As the amount of electricity consumed to produce green hydrogen ranges from 4.5 to 6.5 kWh/Nm3, this study
takes an average of 5.5 [kWh/Nm3]. Liquid ammonia’s hydrogen content (weight %) was assumed to be 17.8%.

Table 9. Inventory data for green ammonia production

Category Product name Quantity Unit
Chemical plant 4.0x10°1° plant
Water 1.4x10! m3
Solvent 3.0x107 kg
Input .
Nickel 3.5x10* kg
Wind power generation 5.4x10° kWh
Solar power generation 5.4x10° kWh
Output Ammonia 1.0x10° kg

3. Results
3.1 Calculation Results

The results calculated from Equations (3)—(5) are shown in Table 10.

Table 10 Calculation results

Process Values Unit

amount of logging 1.38x10° kg/kWh*
fuel consumption (LNG) 4.28%106 kg/tkm**
fuel consumption (NH3) 4.78%103 kg/tkm**
NOy emissions from NHs 5.83x10°° kg/tkm**

* The mass of logs required to generate 1 kWh of electricity

** The mass of material consumed or emitted when 1 ton of material is transported 1 km.

3.2 Human Health

The impact of each process on human health is shown in Figure 1. As can be seen, Scenario 3-1 has the smallest
impact of 2.22 x 107 DALY/kWh compared with the other four scenarios. The reason for the larger impact for
ammonia vessels is that ammonia emits NOy during combustion. Compared with DALY/kWh from coal-fired
power generation, woody biomass power generation is 48%—61% smaller. Thus, replacing coal-fired power with
woody biomass can lead to a reduction in health risks.

Comparing Scenarios 2 and 3, the environmental impact is the same or about 10% higher in the former. Therefore,
if marine fuels are replaced by LNG and ammonia, the impact on human health will not change much, regardless
of whether wood fuel is procured domestically or imported. Furthermore, when the pellet transport distance
exceeds 19,300 km, the human health impact is greater than that in Scenario 2, even if LNG vessels are used. Thus,
although Northern Europe and South America are large wood producers, importing wood fuel may increase human
health impacts more than sourcing it domestically.

In addition, the impacts of the logging and pellet production processes on the life cycle are relatively large at 40%
each. Dust from wood and PM; 5 emitted during fuel processing are also thought to have an impact. Thus, it is
necessary to establish emission regulations and other measures to protect forestry workers, pellet mill employees,
and residents living near the mills.

56



jsd.ccsenet.org Journal of Sustainable Development Vol. 16, No. 2; 2023

35
=
237 mm
Bas | — — _ .
P m Power Generation
s 2 Pellet Transportation
= L5 m Pellet Production
2 ] .
g m Log transportation
205 i
= m Loggin,
2 i gEIng

Scenario 1 Scenario 2 Scenario 3-1Scenario 3-2

Figure 2. Human health effects from each process per 1kWh

3.3 Ecosystem Quality

The degree of impact of each process on ecosystem quality is shown in Figure 2. As can be seen, Scenario 3-1 has
the smallest impact at 0.721 PDF - m? + yr/kWh. About 90% of the impact in all cases come from the logging
process, with 0.624 PDF - m? - yr/kWh. Thus, by importing wood fuel, instead of avoiding the impact on the
Japanese ecosystem, Japan is affecting the ecosystems of the countries from which we procure the fuel. In addition,
in comparing this with the ecological impact of coal-fired power generation at 0.0788 PDF + m? - yr/kWh, the
former is about nine times higher, indicating that the ecological impact increases when coal is replaced by woody
biomass.

— 08
> 07 |
E 06 |
'a 05 F m Power Generation
& 04 | Pellet Transportation
% 03 | m Pellet Production
§ 02 } B Log transportation
% 01 | m Logging
g 0
= Scenario 1  Scenario 2 Scenario 3-1 Scenario 3-2
Figure 3. Impacts from each process on ecosystem quality per 1kWh
3.4 Climate Change

The impact of each process on climate change is shown in Figure 3. Upon comparing the five scenarios, we can
see that, on the one hand, Scenario 3-2 has the smallest impact of 0.201 kg CO, eq/kWh. Using LNG and ammonia
as marine fuel for wood fuel imports results in lower GHG emissions than domestic wood fuel procurement. On
the other hand, when the transport distance exceeds 7,850 km, the value of Scenario 2 is exceeded even if ammonia
ships are used. Thus, even if woody biomass power generation is promoted for GHG reduction, it may not be
effective as a measure against global warming if the woody fuel is imported from a country farther away than
Canada, the second largest importer of woody fuel.

Compared to fossil fuel power generation, the result is a reduction of about 0.9 CO, kg/kWh, and because the
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target annual power generation from woody biomass in 2030 is about 9.9 billion kWh, replacing coal-fired power
generation would result in a reduction of about 9 million tons per year. This is 0.87% of the GHG reduction target
for 2030 based on 2013. In addition, the logging and pellet production processes account for about 40% and 30%
of the total, respectively. This can be attributed to light oil being consumed in the logging process for agricultural
vehicles, among others.

m Power Generation

Pellet Transportation

0.1 r ‘ ’ ‘ Pellet Production
005 = Log transportation
[ ogging
0

Scenario 1 Scenario 2 Scenario 3-1 Scenario 3-2

Climate change [kg CO2 eq]

Figure 4. Impacts from each process of climate change per 1kWh

4. Discussion
4.1 Procurement of Wood Fuel

In all three damage areas, it can be seen that, on the one hand, the impact of the logging process accounts for a
relatively large proportion of the damage. This may be because the wood procurement method used in this study
is harvesting from forests. If wood fuel is produced from forest residues, sawmill residues, or construction waste,
the logging process can be removed from the life cycle system boundary, thus reducing the total environmental
impact. In Japan, as 0of 2018, 98% of sawmill residues and 96% of construction waste are being utilized, while 26%
of forestland residues are unutilized. These figures highlight the importance of the maximization of unutilized
wood.

On the other hand, the amount of carbon dioxide absorbed by trees decreases with age. In Japan, 50% of planted
forests are over 50 years old, and the amount of carbon dioxide absorbed is less than half of the peak level.
Therefore, GHG reductions can increase if older trees are actively harvested and forests are regenerated.

4.1.1 Unused Materials

In 2018, the amount of wood left over from forest lands was about 9.8 million tons, of which unused wood
comprised 7.25 million tons. The Japanese government has set a goal of increasing the amount of electricity
generated from woody biomass by about 15 billion kWh between 2020 and 2030. Based on the calculation results
of this study, the amount of wood needed to generate 1 kWh of electricity is 1.38 kg. This means that 5.2 billion
kWh of electricity can be generated from 7.25 million tons of unused wood, which covers about 30% of the
increase in electricity generation. Thus, to reduce the potential environmental impact, it is important to use wood
from unutilized materials that exist in Japan.

4.1.2 Reforestation

The amount of forest stock in Japan is increasing at a rate of about 52.3 million tons per year, which can be
converted into 38 billion kWh of power generation in terms of pellets. Therefore, almost all of these can be covered
by the increase in Japan’s forest stock. Theoretically, if trees are harvested from older trees, reforestation will be
possible without reducing the amount of forest stock. The reasons for the increase in wood fuel imports despite
the abundance of forest resources in Japan can be attributed to the decline of the Japanese forestry industry and
the high cost of wood itself. We believe that among others, the government must work on the restoration of the
forestry industry as a countermeasure against global warming.

4.2 Other Renewable Energy

A comparison of this study’s Scenario 3-2, power generation fueled by forest residues in Japan, wind power, and
solar power, is shown in Figures 5-7. As can be seen, woody biomass power generation has a larger environmental
impact than other renewable energy sources because of the need to procure and produce fuel. Even with the use of
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forest residues, the environmental impact is two to three times larger than that of solar power generation. However,
we believe that the differences in environmental impacts between wood biomass and other renewable energies can
be narrowed by promoting the use of electric vehicles in transportation trucks. Woody biomass power generation
has the advantage of stable power generation that is not affected by climate. Thus, renewable energies must be
promoted in consideration of the need to balance between environmental impact and electricity supply and demand.
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Figure 5. Impacts on human health of renewable energy generation
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Figure 6. Ecological impacts of renewable energy generation
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Climate change [kg CO, eq]

Figure 7. Impacts of renewable energy generation on climate change

5. Conclusions

In this study, we conducted LCA by creating four scenarios: three scenarios of biomass power generation using
imported woody fuels and a scenario of power generation using domestically procured woody fuels. The results
of the assessment in terms of three indicators, namely, human health, ecosystem quality, and climate change, show
that the use of LNG/ammonia as marine fuel for imports reduced the environmental impact by about the same or
15% as that of domestically procured wood fuel. In terms of GHG emission reductions, the amount of GHG
emission reductions reached 5% of the targeted reductions by 2030. Therefore, biomass power generation, even
with the importation of wood fuel, is an effective way to achieve carbon neutrality.

Furthermore, looking at each process of the life cycle, the environmental impacts of logging and pellet
manufacturing processes account for 30%—40% of the human health and climate change items, and 90% of the
ecological quality is accounted for by the logging process alone. Thus, leftover wood must be used as material for
pellets, and measures should be taken to address increased health risks for people living near manufacturing plants.
Unlike other renewable energy sources, woody biomass power generation requires the procurement of fuel and
thus has a greater environmental impact than wind and solar power generation. However, this type of power can
be adjusted in terms of generation and has a smaller impact on human health and climate change than coal-fired
power generation. Thus, by substituting hydrogen and ammonia as fuels for transportation and by limiting the
transportation distance to approximately 8,000 km, this power source should be promoted while considering the
balance between environmental impact and power supply and demand.
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