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Abstract: There was an unprecedented growth of SHP (small hydropower) in Japan during recent
years because the government has provided a high FIT (USD 0.32/kWh) for SHP development
projects of less than 200 kW. The public and private sectors are committed to harnessing this natural
energy to achieve the renewable energy goal as well as to improve local communities social and
economic conditions. This paper will discuss about renewable energy initiatives by a food corporation
enterprise (FCOOP) based in Fukuoka prefecture of Japan to reduce their net carbon emissions. A
detailed approach for social enterprises-based SHP development has been discussed which will
be a role model concept for other social enterprises in Japan and in the world that are willing to
reduce CO, emissions. Also, this kind of project connects urban stake holders with local community
where resources are available and it leads to development of the local community living standards.
As a demonstrated example, a case study of a 20 kW SHP installed in Japan by a FCOOP has
been discussed.

Keywords: small hydropower; SHP; renewable energy; FIT; social enterprise; food cooperative;
limited liability partnership; LLP; community business; community-based resource management;
sustainable development; SDGs

1. Introduction

In modern life, electricity intervention has become one of the basic needs and a driving
force. However, in some remote areas, this facility is inaccessible, and according to an
estimation about 1.3 billion rural residents do not have access to electricity in the world [1].
There are many difficulties which must be endured by the community due to energy crises,
e.g., lack of employment opportunities, hindered access to healthcare and education [2,3].
In addition, current sources of electricity generation cause high CO, and greenhouse gas
emissions (GHG). Climate change is the other challenge the world faces; it involves extreme
weather, drought, and irregular rainfall patterns. Thermal power generation using fossil
fuels has a significant impact on global warming [4]. To mitigate this problem, it was
recommended that fossil fuels be replaced by renewable energy sources.

Among renewable energy options, small hydropower (SHP) is gaining more prefer-
ence as its construction has small effects on water bodies. SHP provides high potential,
while requiring less investment, and their speedy construction and low cost generates
quick revenue as well as clean energy [5,6]. The United Nations Industrial Development
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Organization (UNIDO) has been publishing its “World Small Hydropower Development Re-
port” since 2013, and analyzed case studies on the economic benefit and social contribution
of SHP development in the 2019 report. Under this case study, a good representation of
SHP development in the world has been discussed. According to WSHPDR 2019, SHP
development in the world can categorized as follows:

(a) SHP for productive use (this kind of SHP can create new opportunities for local
businesses by providing power infrastructure; the Sarhad Rural Support Programme in
Pakistan and the Gura SHP development in Kenya and the Oitake SHP development
in Japan are the demonstrated examples). (b) Incentive policies for SHP development
(this framework would encourage the use of SHP and make the sector more attractive for
investment. SHP in Panama is a demonstrated example). (c) Green SHP (this model is
based on ecological sustainability; this kind of SHP development has been demonstrated
in China and Australia) [7].

Furthermore, many studies focused on SHPs as important renewable energy sources
have been done, such as SHP for social and community development (this initiative of SHP
can create conditions for communities to improve their quality of life and create employ-
ment. A model case of a community-owned SHP in Japan is a demonstrated example [8].
However SHP projects often faced ignorance that results in a lack of investment. Local
community organizations play important roles in the development of distributed local
energy [9,10]. These kinds of organization should be involved in the planning, fundraising,
design, implementation, and governance of energy related projects to make them economi-
cally, ecologically and energy efficient [11]. For example, in Europe, Community Energy
Systems (CES) has been formed which is responsible for providing the energy requirement
of local community from renewable energy sources. In this effort, CES comes forward for
planning, design, implementation, and governance of integrated energy systems at the
community level [12]. Similarly, in Japan some cooperatives (especially food cooperatives
or FCOOPs) buy energy either from a 100% renewable source or a “30% renewable and
70% others” sources and sell it to the consumer at discounted rates to promote renewable
energy. Many other communities have started implementing sustainable energy develop-
ments around the world due to favorable and subsidized policies devised by the respective
governments [13]. These kinds of social enterprises made many efforts to reduce green-
house gas emissions and support renewable society. It provides energy access to rural
communities and helps to identify the stakeholders and agency, resource dependency and
ecology. These attributes construct the typology of stakeholders, propositions concerning
their salience to firm managers, and research and management implications [14].

In this paper, a detailed case study of a social enterprises-based SHP development
model will be discussed from the points of view on “net zero emission” of a cooperative
business and “clean environment for the next generation”.

The remainder of the article is divided as follows; Section 2 will discuss social enter-
prises’ initiatives to develop SHP through a limited liability business partnership (LLP) and
the details of a case study concerning the Shiraito (Step3) SHP development. Section 3 will
discussed the installation process of the Shiraito (Step3) SHP by the LLP as a social busi-
ness. In the discussion and conclusions section (Sections 4 and 5), a brief discussion about
social enterprises’ cause and motives toward SHP (or renewable energy development) is
presented, and the case report concluded.

2. Business Model: Social Enterprises Initiatives for the Shiraito SHP Development
2.1. Location and Outline

This case report focuses on the Shiraito community in the Shiraito district of Itoshima
city on Kyushu Island of the south part in Japan. The population of this district is approxi-
mately 111 people (49 males, 62 females) living in 39 houses. The main source of income in
the district is agriculture. The “Shiraito Falls 1, 2 and 3 Dream Project” was started in 2011
as a collaborative project between Itoshima City and Kyushu University.
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Figure 1 presents the location of these three projects. Step 1 was to restore the wooden
water wheel at Shiraito Falls and handcraft a power generation system with students
from Kyushu University. The power plant in Step 2 was developed by Kyushu University
professors and the Itoshima City Office. It was started in 2012 and completed in 2014. Two
turbines have been installed which produce a total of 15 kW. It is located about 200 m
downstream of Shiraito Falls [15].
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Figure 1. Location of the Shiraito Falls 1, 2 and 3 Dream Projects in Itoshima city (Source:
Google Maps).

The Step3 is the newest power plant, located near the entrance to the Shiraito prom-
enade. This project was developed by the collaboration of FCOOP and a social venture
company from Kyushu University, called River Village (Rivi). The plant’s generation
capacity is 12 kW (FIT qualification: 19.9 kW) and it started generation in June 2019. It is
estimated to generate a total of 66 MWh/year.

2.2. Business Model

Many private investors are looking to invest in the renewable energy sector to get
carbon credits. If a company is involved in a business where GHG emissions occur, they
need to buy carbon credits to achieve net zero emissions [16]. These companies are investing
directly in renewable energy business, it helps to neutralize their CO, emissions and at the
same time investors get the benefit of a high FIT on renewable energy by selling electricity.

In this case report of Shiraito SHP also, a similar model has been adopted where a
food cooperative (FCOOP) based in Fukuoka prefecture of Japan has invested in SHP
development. The food corporation company uses LPG, gasoline and electricity to run
its business. It emits a large amount of CO, to the environment. To neutralize these CO,
emissions, the FCOOP is working on a number of initiatives such as waste food recycling,
eco-friendly product production, and renewable energy investment, etc. To reduce the
burden of its activities on the environment, it has invested in SHP for the first time with the
aim of reducing CO, emissions to the environment and provide a green, sustainable and
pollution free environment for the next generation. The income earned by selling electricity
will be partly used to develop the energy production area.

Shiraito SHP was developed by a new social business enterprise called “Seeds of
energy”, which is a Limited Liability Partnership (LLP) between the FCOOP and Rivi. Both
entities came together and each invested 50%.
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Figure 2 presents the business model for the development of the Shiraito SHP. This
LLP will develop Shiraito (Step3) SHP and the other sources of energy that will aim to
improve the local community lifestyle.

FCOOP
LLP Shiraito
»l Seedsof ——+«p (Step 3)
E
River village i SHP

Co. Ltd

Figure 2. Social business model for the Shiraito (Step3) SHP.

The next challenge in Shiraito (Step3) SHP was to execute the project, to select the
suitable turbine and other machines. Nowadays, it is hard to find turbine makers in Japan
especially companies which make micro hydroturbines [17]. The reason for this is the
high cost of manufacturing and the lack of business opportunities. In the previous project,
Nakayama Iron Works Co Ltd. which is located in Takeo City, Saga, provided the electro-
mechanical equipment, and installation of the machines for Shiraito (Step2) SHP [15]. The
consultant and civil works activities had also been provided by Itoshima city for Shiraito
(Step2) SHP [12].

3. Technical Details of Shiraito (Step3) SHP

Figure 3 shows the SABO dam. For the Shiraito (Step3) SHP, it works as a forebay
tank. The purpose of the forebay tank is to stabilize the gross head of water available at the
site and provide a specific amount of flow for power generation. Figure 3b presents the
powerhouse which is made up of cheap and locally available material. Figure 3¢ presents
the equipment installed inside the powerhouse. Some electrical and control equipment
has been installed in a hut beside the powerhouse. A cross flow turbine connected to a
generator, control panel, resistor, AC reactor and transformer has been installed inside a
hut beside the powerhouse.

Based on the site data in Table 1, a crossflow turbine has been selected and a cost-
effective hydropower system has been proposed. The installed turbine is a Swiss designed
cross flow T-15 turbine manufactured in Indonesia, and the other electric and control
equipment are made in Japan.

Table 1. Site details.

Location: Shiraito District, Itoshima City, Fukuoka Prefecture, Japan
—8,191,154 (coordinate: 33.486652, 130.178755)

Installation date: June 2019
Design flow (Qd): 0.1 m3/s
Design net head (Hn): 25.2 m

Table 2 lists technical information about Shiraito (Step3) SHP. The total output of
system design is 12 kW (FIT qualification: 19.9 kW). A yearly energy generation was
estimated as 66 MWh when the turbine runs for 350 days in a year with a 70% utilization
factor. The total construction cost was approximately USD 206,200 and yearly revenue was
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estimated at USD 21132 /year, which is calculated as total energy generation in year (in
kWh) multiplied by the prevailing FIT (USD 0.32).

Figure 3. An illustration of the Shiraito (Step3) SHP site.

Table 2. Technical details of Shiraito (Step3) SHP.

S.no Items Values Remarks
Cross-flow(T-15)
1 Turbine output 18.5 Kw Asociasi Hidro
Bandung, Indonesia
. FIT qualification:
2. Design output 12 kW 19.9 KW
3. Energy generation 66 MWh Estimated
per year
4. Total investment USD 206,200 Approximately
5. FIT USD 0.32/kWh Japan
6. Expected income USD 21,132/ Year Roughly
per year
7. Present output 12.7 kW 8 April 2021

4. Economic Analysis

The total construction cost of this project was USD 206,200, which is approximately
USD 17,180/kW. Figure 4 shows the investment model of Shiraito (Step3) SHP. The FCOOP
and Rivi had each invested 50% of the funding of the LLP. The FCOOP invested its own
money and Rivi borrowed the money from a bank for the period of 10 years at an interest
rate of 0.7%.
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Figure 4. Investment Model of the Shiraito (Step3) SHP.

Table 3 gives a brief summary of the construction and operation costs of the Shi-
raito (Step3) SHP. The total construction cost was USD 209,520(17,460 USD/kW) and the
running/operation cost was USD 56,380 (2,820 USD/ Year).

Table 3. Construction cost and Running cost of Shiraito (Step3) SHP.
Facility Name Unit Cost (USD) No. of Unit Sub Total
1. CONSTRUCTION COST
@ Mechanical equipment cost 1 Set
@ Electrical equipment’s cost 1 Set
©) Control panel cost $109,500 1 Set $109,500
) IoT cost 1 Set
® Civil engineering cost $47,500 1 Set $47,500
® Project management cost $36,200 1 Set $36,200
@ Others (architect, electric works etc.) $13,000 1 Set $13,000
Subtotal $206,200 USD
2. RUNNING COST (for 20 years period)
©) Equipment replacement cost (in 20 years) $950 20 Times $19,000
@ Inspection cost Times
@ Yearly inspection cost $1150 16 Times $18,400
® 5 yearly inspection cost $2400 4 Times $9600
® Miscellaneous $475 20 Times $9500
Subtotal $56,500
Total Investment (20 years) $262,700 USD

During the planning of this case, a cash flow analysis was done to check the project’s
economic viability. The result of cash flow analysis is shown in below and in Figure 5. In
Japan, if the IRR of a SHP project is greater than 5%, it is assumed that it will be beneficial.
Since, an IRR of 6% was calculated for Shiraito (Step3) SHP, it was assumed to be beneficial.
It is found from the cumulative cash flow graph that the breakeven point will be achieved

in approximately 11.5 years.
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Figure 5. Cumulative cash flow vs. year graph.

5. Discussion

As the article mentioned before, the installation of the Shiraito (Step3) SHP was an
initiative by the FCOOP to reduce the CO; burden of the environment by introducing
renewable energy in the grid. Also, a part of the income will be used to develop the local
community nearby the powerhouse. The benefits of installing this kind of SHP can be
categorized as follows:

5.1. Environment Perspective

From an environmental perspective point of view, the Shiraito (Step3) SHP initiative
contributes to the FCOOP’s efforts to promote clean energy sources and to achieve its
wider sustainable development goals (SDGs), as the project promotes renewable energy
generation by converting unused available water into a useful product without consuming
or affecting it [18-20].

In case of particular SDGs, the Shiraito (Step3) SHP contributes to the targets of SDGs
7,8 and 13. With respect to CO, reduction, since, per kWh of electricity generated from
SHP reduces 0.480 kg CO,, the 66 MWh of electricity generated annually by the Shiraito
(Step3) SHP will lead to a reduction of approximately 32 tons of CO, per year.

5.2. Social Perspective and Community Contribution

From a social perspective point of view, this kind of project uses local resources during
the construction period which helps grow local companies (civil works and consultants).
In this case, the civil engineering was done by a local company and local resources and
laborers were used to build the powerhouse. A small amount of land has been loaned to
install the equipment [21].

The other social contribution of Shiraito (Step3) SHP was for the purpose of childrens’
education and as a demonstration site for the community to learn about SHP (Figure 6).
Also, a part of income earned by selling electricity will be used to develop the Shiraito
community which is one of the most prominent targets of the SHP in the future.

As seen in the Figure 6, local people and children of Shiraito (Step3) SHP helped
during the construction of the powerhouse. During the planning period, a workshop has
been organized where children made a small model of a water turbine and generator set,
and demonstrated the actual power generation by flowing a small steam of water.
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Figure 6. Local people and children during the construction of the Shiraito (Step3) SHP.

5.3. Economic Perspective

Since the Japanese government is paying a high FIT for micro hydropower projects
(USD 0.32/kWh for SHP projects of less than 200 kW), this kind of SHP project provides
a high return on investment. Shiraito (Step3) SHP was installed and started operating in
June 2019. It continues to run well until now without any major hurdle.

Figure 7 shows the instantaneous real time data of the plant. This picture was taken on
8 April 2021. The output during the rainy season or rich water period was approximately
12 kW, and during the lean period it is about 8 kW. The total energy generated per the
data taken on 8 April 2021 is 145.8 MWh. The real time out at that time was 8.06 kW in the
grid side and 8.8 kW after generator. The other important parameters are also shown in
the real time monitoring panel. The generated energy is sold to the National Grid Power
Company in the Kyushu area at the rate of USD 0.32/ kWh according to the FIT scheme.
The gross income as per the above data is USD 46,783, which is approximately 22.5% of the
total construction cost.

I Shiraito Step3 iwnicrng pane

NIW LIVE MACHINE CENTER ADMIN CONTROL PANEL NEXT DATA IN [JS§T):00:03:48 TIME [J$T]:2021-04-08 10:46:12

(B] (Al

[F4] [F3] [F2] [F1]

Guide vane = 45.70%

Total energy generated: Mwh USS 46783

Today's energy : AWh Today's earning: USS 28
Site data Generator parameters [A] Grid connection [B]
Water pipe pressure 0.280 MPa Generator RPM 1150.000 rpm Grid side output 8.060 KW
Effective head 28571 m Generator power 8.800 kW Grid side voltage 207.200 V
Instantanecus flowrate  |0.000 L/min Generator current 30.800 A Grid side current 22600 A
Axle temperature [1] null Generator voltage [Vac] [174.300 V Today 3@ Energy 88.368 kWh
Power factor 0.994 Converter voltage [vde]  [331.000 V Frequency 60.000 Hz

SUSTAINABLE (S&8w A LS  Today's 48.96 L kg-Cop,  Total 80803.06 . kg-Cop

Figure 7. Data monitoring display of the Shiraito (Step3) SHP.
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As the paper discussed before (Figure 5), initially the breakeven period of this SHP
was estimated to be about 11.5 years, but due to the high efficiency system and water
availability throughout the year, the plant produced 145 MWh in just a 1 year and 9 month
period. The plant thus produced 25% more income than expected. If it continues running
as in the past 2 years, it will shorten the project return period to approximately 9 years and
the IRR will be increased to 9.5%.

6. Conclusions

In this case study; it is concluded that SHP development projects can benefit the local
community, investors, a country’s renewable energy target to reduce carbon footprint and
enterprises to achieve their net carbon emission targets. This kind of SHP project helps to
integrate local communities with urban stakeholders (like FCOOP) and form a network of
investors, manufacturers and users. This network can harness not only hydropower in the
community, but also the other renewable energy sources such as solar, biomass, etc.

The paper has discussed social enterprises’ (such as food corporations) renewable en-
ergy promotion initiatives that emphasize ties with the local community, such as reducing
the environmental burden of its activities and supporting the local community. The food
corporation enterprise discussed in this paper are also putting efforts into creating and
spreading renewable energy use and environmentally friendly products. The environmen-
tal activities that the FCOOP undertook are “low-carbon living community that does not
rely on nuclear power plants”, “promotion of products aiming for a sustainable society
that coexists with nature” and “recycling-type living and community that makes the best
use of resources”.

It also forms a relationship bridge between urban consumers and the energy pro-
duction area. This also provides a learning opportunity for community people, children
and staff so that they can feel closer to renewable energy and its usage in the community
(Rivi’s action).

This project helped to boost the local community development and helped to grow
the local employment and provide new business opportunity for a local civil engineering
company and consultant.

Installing an SHP helps economically, socially and environmentally. This case report
has given a practical SHP demonstration by social enterprises for the purpose of carbon
reduction and net zero emission targets. It can be a model for the other enterprises and
similar enterprises worldwide to reduce their net carbon emissions and provide a clean
environment for the next generation.
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