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The Current State and Significance of
Small Hydropower and Institutional Issues

Concerning its Popularization 5

Since the accident at the Fukushima No. 1 nuclear power plant operated by
Tokyo Electric Power Co. caused by the Great East Japan Earthquake, the spread
and promotion of power generation via renewable energies and distributed energy
resources have become more important policy issues than ever for Japan. Solar
and wind power get most of the attention in discussions of generating power with
renewable energies, but small hydropower certainly has an important role to play.
Small hydropower has less potential for development (i.e. scale of facility capacity)
compared to solar and wind power, but compared to other means of power
generation with renewable energy it enjoys many advantages such as an extremely
high equipment utilization ratio, small load variation and fairly sound technology.
We could say that the development of this is type of renewable energy generation is
one that Japan should also prioritize. The first step should be to build distributed
energy resource (DER) systems, particularly in mountainous areas, to generate
power for consumption in nearby areas. Furthermore, local communities depend
on the water resources in their area, so it is essential to take another look at local
resources in the development process and contribute to stimulating local economies.
While a variety of initiatives are underway across Japan, we may not have an
adequate understanding of sites with the potential to generate small amounts of
power through small hydropower. Thus, this warrants more detailed research.

But generally speaking, popularizing and promoting renewable energy, which has
higher generating costs than existing power sources, needs policy means to support
it. In August 2011, the Japanese government passed into law the Act on Special
Measures Concerning Renewable Energy and the fixed-tariff system for renewable
energy will come into effect in July 2012. This will impose a long-term obligation
on electric utilities to buy power generated by renewable energy at a certain price for
the purpose of spreading and encouraging the adoption of these power generation
methods. The tariffs and other matters will be decided by the Minister of Economy,
Trade and Industry, who will do so based on the deliberations of the Procurement
Cost Estimation Committee. On April 27, 2012, the committee released its
proposals concerning tariffs for each type of renewable energy generation, including
small hydropower.

Traditionally, one reason why coordinating among “water rights” and other such
matters has been a hindrance to the spread of small hydropower is the extremely
complex administrative procedures. In recent years, Japan has seen a gradual
relaxation of regulations and simplification of procedures while the direction the
technology is heading in has become clearer since the Great Hast Japan Earthquake,
but the government still has a number of matters under consideration. Although
small hydropower still has room for technological development and cost reduction,
it is a power-generating technology that could grow significantly with the relaxation
of various systemic/institutional constraints, even without any technological
breakthroughs. Considering the power situation in Japan today, the country needs
further regulatory relaxation and procedural simplification.

(Original Japanese version: published in May/June 2012)
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The Need to Change the Concept of
Water-related Disaster Prevention

1 Introduction

Since the 1990s, we have known of the grave
necessity, in terms of combating global warming,
for power generation by renewable energies that do
not directly produce CO7 emissions. However, the
spread of such technologies has been slow due to
the high cost of using renewable energies; the fact
that many of them have difficulty providing a stable
energy supply because of how they generate it and
fluctuations caused by the natural environment; as
well as—particularly in Japan—the weak support
these technologies receive from government. On
the other hand, it is well known that the disaster at
the Fukushima No. 1 nuclear power plant operated
by Tokyo Electric Power Co. (TEPCO), which was
caused by the tsunami spawned by the Great East
Japan Earthquake, has made the rapid spread of
renewable energy an extremely important policy issue
in Japan.

One reason why we need to spread and expand our
use of renewable energies is their small environmental
impact. However, that is not all. Another big reason
garnering attention is their compatibility with
“distributed” energy resource (DER) systems. Until
now, Japan’s power supply systems have mainly
focused on setting up large power stations in remote
locations and transmitting the power to where it is
consumed. This is the “large-scale, concentrated
model.” But the Great East Japan Earthquake showed
that with this approach, an accident at a large power
station has a huge effect over a widespread area. A
system that depends on a certain amount of distributed
energy resources to generate power with relatively
small facilities located near where it is consumed can
mitigate these kinds of supply risks. In March 2012,
the National Policy Unit’s Energy and Environmental
Council released the Energy Regulation and Reform
Action Plan: Implementation of 28 Important Points

Yasushi ITo
Visiting Fellow

for Green Growth (Draft), which also cites “the use
and expansion of distributed energy resources” as a
part of power system reforms.”"! Of course, distributed
energy resources also come with supply risks, so a
balance between “concentrated” and “distributed” is
needed.

Now when one mentions generating power with
renewable energy, one often imagines doing so by
conventional means such as solar, wind and biomass.
Meanwhile, small hydropower has received relatively
little attention. This is because hydropower is a fully
developed, mature technology that is not seen as
so much of a new frontier like solar power and the
like. It may also be due to the impact of criticism
directed at hydropower for causing environmental
destruction with large dams, which is accompanied
by criticism of public works projects. However, small
hydropower generates more electricity in Japan
today than any other method defined as “renewable
energy generation,” and it has yet to live up to its full
potential to develop and expand. Furthermore, while
solar and wind power planning is done on a large
scale, by definition small hydropower is not so large,
thus making it compatible with future DER systems.
Among all renewable energies, small hydropower fits
the requirements for low environmental impact and
compatibility with distributed systems extremely well.

This report will outline the state of small hydropower
(primarily in Japan) and the significance of its
expansion, followed by an examination focusing on
the systemic/institutional issues related to further
spreading and developing this technology. For
information about the technical aspects of hydropower,
please refer to the March 2010 issue of Science &
Technology Trends Quarterly Review, which took up
this topic.”
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2 The Current State of Small
Hydropower and its Growth
Potential

2-1 Definition of Small Hydropower

As is evident from its name, small hydropower is
a form of hydroelectric power that generates small
amounts of electricity output, but there is no precise
definition regarding the exact scale. For example,
the European Small Hydropower Association
(ESHA) defines it as hydropower with an output of
10,000 kW or less.”’ In Japan, the New Energy and
Industrial Technology Development Organization
(NEDO) classifies hydropower according to output in
the following manner : 1,000 to 10,000 kW is small
hydropower, 100 to 1,000 kW is mini hydropower, and
output below 100 kW is micro hydropower.” However,
these definitions are not necessarily in general use.
As addressed later in this report, the Act on Special
Measures Concerning New Energy Use by Operators
of Electric Utilities that went into effect in 2003 to
promote “new energy’” supports hydropower with an
output of less than 1,000 kW, while the Act on Special
Measures Concerning Renewable Energy enacted in
August 2011 aims to promote hydropower with an
output of less than 30,000 kW, which it terms “small-
to medium-sized hydropower.” This report examines
small hydropower by defining it with the standard of
10,000 kW of output or less—which is often adopted
internationally.

While hydropower generally makes use of hydraulic
head, there are four forms in which the water is used:
flowing water, reservoirs, storage tanks and pumping.
As for ensuring hydraulic head used to generate
power, there are three methods: conduits, dams, and
a dam/conduit combination.” Since in many cases
small hydropower uses relatively small flows and
hydraulic head, it generally generates power by either
using flowing water as is (instead of damming a river
or employing storage tanks) or by placing a weir over
a river upstream to collect water and direct it into
a channel to create hydraulic head.”” However, an
extremely small-scale project may employ a dam.

2-2 Where Small Hydropower is Used

Until now, small hydropower has mainly been used
on rivers and channels such as agricultural waterways,
catering to power demand by local communities

(rural villages, etc.), with the surplus being sold off in
many cases. In principle, small hydropower is possible
anywhere there is hydraulic head, so it has also been
used inside water utility facilities as well as buildings
and other structures. We are gradually seeing more
and more small hydropower inside water utility
facilities and general buildings, where setup mostly
requires no complicated procedures.

2-3 The State of Small Hydropower Thus Far and
Future Growth Potential

According to estimates of “areas with long-lasting
energy” by Chiba University’s Research Center on
Public Affairs for a Sustainable Welfare Society and
the Institute for Sustainable Energy Policies (ISEP),
an NPO, hydropower with an output of 10,000 kW
or less accounted for 61.05% of power generated by
renewable energies in 2008, while hydropower with
output of less than 1,000 kW accounted for 5.04%,
more than the 4.17% share generated by biomass."”
However, this is not the result of a recent proactive
push to develop small hydropower. Rather, the rate of
growth for small hydropower has long been slower
than that for solar and wind power. This shows that
small-scale hydropower plants built in the past are still
operating today.

There are a number of estimates concerning small
hydropower’s future growth potential. Table 1 shows
the potential scope for development that hydropower
has according to the Water Power Resource Survey
(March 2004) conducted by the Agency for Natural
Resources and Energy. According to this, there is
still room to develop a total of 6 million kW or more
from hydropower with an output of 10,000 kW or
less per power generation facility.””) On the other
hand, there is little room for development of power
generation facilities with an output of 1,000 kW or
less. Generally, the smaller the output category, the
more undeveloped sites, but only the output category
of less than 1,000 kW has an extremely low estimated
number of undeveloped sites. Normally, the smaller
the output level, the easier it is to install equipment
and the more sites are available. From its outset, the
above-mentioned Water Power Resource Survey has
not considered mountain streams and small rivers
thought not to be very economical in its estimates,”’
so the author believes it highly likely that the potential
for small-scale sites has been underestimated.

The Survey on the Potential for Adding Renewable
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Table 1 : Water Power Resource Estimates by the Agency for Natural Resources and Energy

Power Developed Under Construction Undeveloped
(kW) . Output Generation . Output | Generation . Output Generation
Sites (kW) (MWh) Sites (kW) (MWh) Sites (kW) (MWh)

%%%r 474| 203462 1268665 8 1297 29578 371| 242190 1218611
150830— 417| 744930 4,181,420 of 17570] 95715 1232|  2262500] 9193048
3‘;30330' 166|  625415| 3312857 2 6700 30846 523|  1961,900| 7.887.463
51'3%%6 287 1.941550| 10,028,377 sl 20500] 147897 340| 2287.800| 9,174,150
19?60880_ 363| 6,036,800 27,939,264 6| 90500] 367,799 20| 3313000| 12:331,126
30,000 -
o000 91| 3466800 15238149 21| 801,900 2610500
50,000 —

64| 4189990 16,398,316 61800 521,726 14| s79.100] 2353400
100,000
100,000+ 26| 4643300 13,628,309 2| 543000 850,077 a|  378000] 1109000
Total 1.888| 21.852.247| 91.095.357 750,367 2,043.638 2.713] 12.128.390] 45.877.298
Average 11574 48726 23.449] 63,864 4.470 16,910

Source: Compiled by the Science & Technology Foresight Center based on materials from the Agency for Natural Resources
and Energy website (http://www.enecho.meti.go.jp/hydraulic/index.html).
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Figure 1 : Small Hydropower Potential (MOE Survey)
Source: Compiled by the Science & Technology Foresight Center based on materials

from Reference #10.

Energy published by the Ministry of the Environment
(MOE) in March 2011 contains estimates for small
hydropower’s potential. Figure 1 compiles these
estimates. Here, the potential for adding hydropower
with an output of 10,000 kW or less per power
generation facility (on rivers) is approximately
13 million kW."” Because the potential here is a
theoretically estimated amount that does not consider
the stricter constraints that would accompany it, the
actual potential is that which subtracts unusable sites
due to natural or social constraints. However, this
figure does not subtract the portion that is already
in use. According to the Water Power Resource
Survey in Table 1, approximately 3.5 million kW of
hydropower with an output of 10,000 kW or less per

power generation facility has already been developed,
so some simple math (13 mil kW - 3.5 mil kW) would
put the unused potential at around 9.5 million kW.
This amount produced by this simple subtraction
is not precise since each survey employed different
calculation methods, but it does allow us to understand
the general situation.

The MOE estimates that there are 18,229 sites that
could produce less than 1,000 kW each and that they
have the potential to generate around 5.3 million kW
of power hydropower. This is larger than the amount
estimated by the Water Power Resource Survey in
Table 1, but some experts have indicated that this is
still an underestimate.""’ The ministry estimates that
there are 593 locations conducive to small hydropower
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Table 2 : Characteristics of Major Renewable Energy Generation

Type Small Hydro Solar Wind
Utilization approx. 70% approx. 12% approx. 20%
Cost 8-25 yen/kWh 37—46.yen/.kWh 10-14 yen/kWh
(Residential) (Land, 4.5+ MW)
Only generates
Little temporal during the day. Generation
T Generation fluctuates
Notes variation in . .
eneration fluctuates according to wind
& ' according to strength.
amount of sunlight.

Source: Compiled by the Science & Technology Foresight Center based on materials

from the MOE website

(http://www.env.go.jp/earth/ondanka/shg/page02.html).
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Figure 2 : Small Hydropower Max Output and Output Ratio Change (Visualization)
Source: Cited from the MOE website (http://www.env.go.jp/earth/ondanka/shg/page02.html).

on agricultural waterways, with a potential output
of roughly 258,000 kW. Kobayashi (2011) studied
agricultural waterways on alluvial soil where small
hydropower facilities have already been installed.
He calculated an estimate of the scope for potential
development on a main waterway (approximately 18
km in length) and a lateral canal (12 km in length).
Considering that small hydropower is feasible where
this is a certain amount of hydraulic head, he found
100 suitable locations along a total of roughly 30 km
of agricultural waterways. Japan is said to have 40,000
km of lateral canals for agricultural water. Even if
there are few agricultural waterways to be found that
are suitable because their water flows over flat ground,
Kobayashi argues that the MOE’s estimate of only
593 locations along 40,000 km is too low a figure.
More detailed research is warranted, especially on the
potential to produce output of less than 1,000 kW per
generating facility.

3 | The Significance of Promoting
Small Hydropower and Problems

3-1 Small Hydropower's Advantages™
Small hydropower’s advantages when compared to

other forms of renewable energy are:

1. Equipment utilization is around 60% to 70%, much
higher than generating power with other renewable
energies.

2. Relatively small output fluctuation makes it unlikely
to destabilize the power grid.

3. Preliminary surveys and construction are relatively
simple.

4. The basic technology for hydropower has already
matured, so the technology itself is fairly sound.

On the other hand, small hydropower experiences the
following problems:

1. Other parties have interests in using water
resources, and legal procedures to start up a new
power station are complex.

2. In general, producing many of the same pieces
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of equipment is best to keep down power
generation costs, but because each site has its own
characteristics (hydraulic head and discharge)
that vary greatly, equipment specifications must
accommodate, thus making mass production of
equipment relatively ineffective compared to other
power generation equipment.

3-2 What is the Significance of Promoting Small
Hydropower?

When compared to solar, wind and other such
forms of generating power with renewable energy,
the potential to add small hydropower is small. This
may be why some people question the significance of
promoting the growth of this technology.

First, a look at small hydropower’s potential shows
us that it cannot become Japan’s primary source of
power. However, Japan has been forced to reduce its
reliance on nuclear energy since the accident at the
Fukushima No. 1 nuclear power plant caused by the
Great East Japan Earthquake, but at the same time we
need to cut down on carbon dioxide emissions in order
to stop global warming. Under such circumstances,
increasing power output by renewable energies even a
little bit would be significant so long as the costs are not
too great. For example, if the MOE’s estimate that there
is a potential to add approximately 10.5 million kW of
small hydropower generating capacity with facilities
producing 10,000 kW of electricity or less is correct,
then developing all of these sites would be equivalent
to around 4% of the 237.15 million kW generated by
all general electric utilities in 2009 This is no small
amount in a time when we are asked to maximize our
energy conservation efforts. While some have said that
the potential to add small hydropower is comparatively
small, one could counter that its potential can be
projected to a certain extent—more accurately than
what we can project for solar and wind power. In other
words, small hydropower is a renewable energy we
could develop that has relatively low technical and
economic risks and it is a renewable energy source
that we should prioritize for development.

Additionally, the significance of promoting the
growth of small hydropower is not only limited to
increasing the overall amount of power supplied from
renewable energy. The above-mentioned estimates
for renewable energy power output in the Areas with
Long-lasting Energy includes estimates for “natural
energy power self-sufficiency,” which shows to what

extent renewable energy meets an area’s residential
and farming/fisheries sector power demand. As of
2008, more than 30 municipalities had 100% “power
self-sufficiency” and the number with 50% or better
reached 67.

Most of these municipalities are small communities
located in mountainous areas suitable for small
hydropower. Even at present, small hydropower meets
a hefty share of power demand in these municipalities
(and nearby areas). If untapped small hydropower
potential were developed, it would be a significant
boost for communities with high amounts of latent
“energy (i.e. power) self-sufficiency.”

Providing power, which the Great East Japan
Earthquake turned into a pressing issue, reconfirmed
the importance of adopting systems based to a certain
extent on distributed energy resources. However,
transitioning a power supply system to a distributed
model requires sufficient preparation and time.
Spreading the use of small hydropower, which has
high equipment utilization and a relatively low load
variation compared to other renewable energies,
would be the first step to demonstrating the feasibility
of a system based on distributed energy resources
that generates power close to where it is consumed,
especially in mountainous areas suitable for small
hydropower and their surrounding areas.

4 | Growing Small Hydropower as a
Community Development Model

Small hydropower’s generating capacity is
constrained by a site’s unique natural features
(discharge, hydraulic head, etc.) as well as social
constraints (water rights, etc.; discussed in further
detail below). In order to generate small hydropower,
one must look at the area’s water resources, coordinate
with the local interests and engage in sufficient
discussion, but this is also an essential process for
stimulating local economies. In fact, there are places
throughout Japan that are adopting and using small
hydropower to try and create sustainable communities.
One could say that these small hydropower projects are
“community development models” for rural areas."”
Let us look at some examples below.

A local NPO in Omachi, Nagano Prefecture
(population about 30,000) used small hydropower on
some of the agricultural waterways running through
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Table 3 : Municipalities with 50%+ Small Hydro Self-Sufficiency (2008)

Self- Self- Self-
Prefecture | Municipality| Sufficiency | Prefecture [ Municipality| Sufficiency | Prefecture | Municipality | Sufficiency
(0 (9 (5

Sobetsu 181.68 Itoigawa 72.95 Kyoto Minamiyamashiro 97.01
. Niseko 177.27 " Tsunami 65.26 Kasagi 62.88

Hokkaido - Niigata —
Rankoshi 141.31 Myoko 58.03 Nara Kamikitayama 249.93
Aibetsu 119.46 Aga 57.28 Yoshino 60.17
Aomori |Fukaura 99.61 Asahi 95.76 Wakasa 98.1
Kawai 96.89 Tateyama 77.54 . |Haku 82.03

Iwate - - Toyama Tottori

Iwaizumi 74.28 Uozu 53.5 Kofu 51.88
Miyagi Shichikashuku 131.22 Kamiichi 52.13 Yazu 50.08
Akita Kazuno 55.77) Yamanashi |Hayakawa 347.18] Shimane |Tsuwano 53.45
Higashinaruse 50.25 Oshika 788.81] Okuyama |Kagamino 103.02
Nishikawa 17413 Hiraya 542.93] Tokushima [Miyoshi 68.54
Yamagata [Okura 68.65 Sakae 604.87 Ehime Kumakogen 126.06
Asahi 66.25 Komi 191.91 Kochi Niyodogawa 157.18
Shimogo 169.29 Nagano Yasuoka 138.16 Otoyo 137.83
Fukushima |Furudono 152.19 Anan 137.28 Itsuki 1594.61
Kawauchi 75.43 Nagiso 130.79 Mizukami 844.32
Kuni 608.88 Achi 129.18] Kumamoto |Sagara 142.21
Gunma Katashina 298.21 Otari 109.71 Oguni 114.34
Tsumagoi 87.03 Agematsu 97.64 Yamato 107.42
Naganohara 58.64 Shizuoka Shibakawa 106.72 Nishimera 528.08
Kanagawa |Yamakita 199.55 Oyama 83.2] Miyazaki |Hinokage 99.78
Mie Odai 77.36 Gokase 74.67
Kagoshima [Minamiosumi 64.18

Source: Compiled by the Science & Technology Foresight Center based on "Areas with Long-Lasting Energy (2008)"
from the Institute for Sustainable Energy Policies, Chiba University.

the city to produce energy for local use. The NPO also
used the sites to reduce the environmental impact of
tourist facilities and for producing local specialties, as
well as to teach visitors about the environment, in an
attempt to revitalize the community."”’ After the small
hydropower facility took shape, the NPO encountered
the systemic/institutional barrier posed by water rights
(discussed in further detail below) and the technical
issue of whether it was actually possible to generate
power on agricultural waterways. The NPO secured
three test sites, appended a consent form from each
land improvement district (LID) and submitted water
usage applications in accordance with the River Act.
Then, they started small hydropower performance
testing while at the same time organizing events
such as a symposium on natural energy and local
history and a study group on mini hydropower. Later,
after the small hydroelectric power stations began
operating, the NPO has conducted eco tours of them
(three locations with maximum output of 800 W, 300
W and 700 W) and used the sites for studying the
environment.

In the Itoshiro district of Kujo, Gifu Prefecture,
home to around 300 residents, another local NPO
is working on a small hydropower project."” The
NPO hoped to revitalize the local community as its

population has failed to halt its decline. The district
had had a small hydroelectric power station until 1955,
so the NPO began working on small hydropower as
a way to “discover new things by studying the past.”
The project got underway in 2007. The local economy
was stimulated in line with the small hydropower
project’s progress and efforts were started up to
encourage people from outside the district to settle
there. There were some new residents who decided to
move to Itoshiro after coming there to tour the small
hydropower facilities. Recently, in June 2011, a 2.2
kW small hydropower facility began operating on an
agricultural waterway, and there are plans to transmit
the power generated to an adjacent agricultural
produce processing facility.

Of course, in the future small hydropower will
need to transform from a symbol of community
development into a means of meeting a certain
amount of local power demand.

5  Policy Means to Further Promote
Small Hydropower

Because generating power with renewable
energies is typically expensive at present—with
some exceptions—it will be difficult to spread
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these technologies without some sort of supportive
government policies, whether in Japan or other
countries. Below is an outline of policy means to
promote the spread of small hydropower in Japan.

5-1 Act on Special Measures Concerning New
Energy Use by Operators of Electric Ulilities
(the Renewable Portfolio Standard [RPS]
Law)

Japan’s RPS law enacted in April 2003 obliges
electric utilities to use new energies and such to
generate at least a certain percentage of their power.
As for hydropower,the law initially only applies to
hydroelectric stations on waterways, with output of
less than 1,000 kw, but an amendment to the law in
April 2007 expands the scope to include waterways
with small dams. The amount of renewable energy that
each electric utility is required to use is determined
according to the “Use Target for Electricity from New
Energy, etc. by Electric Utilities” that are formulated
every four years by the Minister of Economy, Trade
and Industry (MET]) for the forthcoming eight years.
The total use target for FY 2010 was set at 12.2 billion
kWh (1.35% of electricity sold in Japan).

The most important feature of the RPS law is that
it allows the trading of “New Energy Certificates.”
Thus, when a party produces electricity with
renewable energy, the new energy certificates are
issued. Utilities can also purchase certificates to
fulfill their obligations. For example, an electric
utility operating in an area with no sites suitable for
small hydropower can fulfill its obligations relatively
cheaply by purchasing New Energy Certificates from
another party that has set up small hydroelectric power
stations, instead of having to build its own such power
stations at great cost.

5-2 Act on Special Measures Concerning
Renewable Energy (the Feed-In Tariff Law)

While the RPS law is a policy means that should
soundly achieve the targets in the obligations it
imposes on electric utilities, they will not generate
more power with renewable energy than obliged
to unless given an incentive to do so. This thus
risks setting a veritable “ceiling” on the spread of
renewable energies if the obligated amounts are
low. Furthermore, the term “renewable energy”
encompasses a range of technologies at significantly
varying stages of development, so of course the cost of

generating power with them varies as well. If electric
utilities are only required to use a certain amount of
renewable energy of any sort, then they will focus
on the relatively cheaper power generation methods
and the policy will not end up encouraging the
spread of diverse types of power generation. In fact,
according to research that used national panel data to
quantitatively analyze the effect of policy means and
such on patent applications concerning renewable
energy-related technology, RPSs increase the number
of patent applications for wind power technology,
which at present is relatively lucrative cost-wise
compared to other forms of renewable energy, but
they do not result in more patent applications for solar
power and other forms of renewable energy that are
not as cost-efficient."”

Europe, where renewable energy is spreading, is
encouraging this by introducing “feed-in tariffs” that
oblige electric utilities to buy electricity generated
by renewable energy at a high enough price to allow
the producers to recover their costs over the long
term. More people are calling for the introduction
of this system in Japan. By guaranteeing renewable
energy producers long-term electricity sales at a price
sufficient to recover the cost of their investment, feed-
in tariffs provide renewable energy companies with
a high level of predictability to create a system that
promotes generation with renewable energy. Japan
first introduced a feed-in tariff system in November
2009 that was limited to surplus energy generated
with solar power. The initial purchase price was set
at 48 yen/kWh for residences and 24 yen/kWh for
non-residences over a period of 10 years. Thereafter,
the system was expanded to include all renewable
energies via the Act on Special Measures Concerning
Renewable Energy that passed the Diet on August
26, 2011, but it only comes into effect on July 1,
2012. Specifically, the law requires electric utilities to
purchase all power generated with solar, wind, hydro
(small- to medium-sized hydropower with output
of less than 30,000 kW), geothermal and biomass
(though only surplus power in the case of residential
solar power), the cost of which utilities incur will be
transferred to entire customers as a “Surcharge for
renewable energy” added to customers’ electricity
bills that is proportionate to the power they consume.
In other words, power consumers will bear the burden
in the form of higher electricity bills. The higher the
tariffs, the greater the cost borne by power consumers.
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Figure 3 : Feed-in Tariff Syustem Structure
Source : Compiled by the Science and Technology Foresight Center, based on materials
from the Agency for Natural Resources and Energy

Table 4 : Procurement Cost Estimation Committee Proposal (as of April 27, 2012)

Price (Yen) Purchase
Source Output incl. tax base Period

Solar 10+ kW 42.00 40 25
Under 10 kW (purchase of surplus) 42.00 42 10

Wind 20+ kW 23.10 22 20
Under 20 kW 53.75 55 20

Geotherma 15,000+ kW 27.30 26 15
Under 15,000 kW 42.00 40 15

Small/ 1,000 kW — 29,999 kW 25.20 24 20
Medium 200 kW — 999 kW 30.45 29 20
Hydropowe|Under 200 kW 35.70 34 20
Gasification 40.95 39 20

Direct Unused Wood 33.60 32 20

Biomass  |Fuel Regular Wood 25.20 24 20
Combustio |General Waste/Sewage] 17.85 17 20

n Recycled Wood 13.65 13 20

Source: Compiled by the Science & Technology Foresight Center based on
materials from the Procurement Cost Estimation Committee.

However, enterprises whose expenses from purchasing
power exceed a certain proportion of their sales will
be granted reduced surcharges. In addition, due to
the possibility that the speed at which renewable
energies spread may vary by area, the law will set up
a body to coordinate the size of the cost burden for
power consumers. This cost burden coordinator will
temporarily collect the surcharges levied by electric
utilities and then give each power company the money
in the form of a grant according to the actual cost of
tariffs (see Figure 3). It should be noted that the RPS
law will be nullified when the feed-in tariff system
goes into effect.

The degree to which renewable energy will spread

is determined by tariff rates, their expiration dates
and the like. The MET]I, while respecting the opinion
of the Procurement Cost Estimation Committee (an
impartial third-party committee of five members
formed by the upper and lower houses of the Diet),
decides these matters for each type of renewable
energy, installation, size and so forth. After the
committee’s first meeting on March 6, 2012, it
continued debate while hearing comments from many
renewable energy-related enterprises, then announced
its proposal on tariffs and expiration dates on April 27
(see Table 4). As for small hydropower, it was divided
into three categories of generation facilities according
to installed capacity: less than 200 kW; 200 to 999
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kW; and 1,000 to 29,999 kW. Tariffs were set at 35.70,
30.45 and 25.20 yen, respectively, while expiration
dates were set at 20 years following commencement
for all three categories.

For three years after the law takes effect, tariffs will
be set with particular consideration given to the profits
of parties that generate power with renewable energy,
in order to expand the concentrated use of renewable
energy, thus reflecting the committee’s proposal on
this point. Tariffs and expiration dates will be revised
every fiscal year, taking into consideration the cost
of generating each kind of energy and other relevant
matters.

5-3 Subsidies for Capital Investment

Subsidies for capital investments in renewable
energy are a subsidization policy that has been
carried out since a relatively early period. The METI,
the Ministry of Agriculture, Forestry and Fisheries
(MAFF) and other government agencies have set up
subsidies for construction and other costs associated
with hydroelectric power stations.

At present, the METI offers various subsidies
for small- and medium-sized hydroelectric power
stations: a subsidy for the construction costs other than
the introduction of new technology (20% for power
stations with an output of 1,000 to 4,999 kW, 10%
for an output of 5,000 to 29,999 kW) and a subsidy
for the cost of introducing new technology (50% for
an output of 1,000 to 29,999 kW). In FY 2011, the
ministry granted subsidies to 14 small- and medium-
sized hydroelectric power stations. Together with
geothermal power utility subsidies, they amounted to
approximately 2 billion yen.

MAFF subsidies are managed as part of land
improvement projects (irrigation drainage, etc.),
rural development projects and the like. It used to
be that one-off maintenance confined only to power
generation facilities was not covered by MAFF
subsidies, but new installations and renovations to
single pieces of generating equipment have been
allowed for some projects since FY 2009. Many of the
MAFF’s subsidies cover 50% of expenses, relatively
high compared to the METT’s.

6 | The Water Rights Problem

Water rights are an especially high hurdle to
surmount when operating small hydropower. When

using river water for hydropower, one must obtain
a “water usage permit.” Even if one were to use
water for hydropower that is already permitted
for agricultural, industrial or other use, a new
permit is required because the purpose is different.
Furthermore, getting a permit even for small-scale
hydropower generally requires going through the
same procedures as those for large-scale hydropower
produced by a dam. In the cases of the municipalities
discussed earlier in this report, for its application to
use the water, the organization generating the power (in
this case a local NPO) had to obtain consent from the
LID as well as from the organization permitted to use
the water for agriculture. A water usage application
takes a year-and-a-half from the prior consultations
to obtaining the official permit. It has also been
reported that when a single small hydroelectric power
facility exceeded the scale of the initial plan that was
originally discussed during the application process, it
incurred a backlash from the local LID and the water
wheel eventually had to be removed."” This is how
operating even a small-scale generation project of less
than 1,000 kW of output requires negotiating among
various water rights.

However, the RPS law relaxed the procedural
requirements for permits and water rights as they
concern small hydropower by targeting the technology
for promotion."” In 2005, the amount of paperwork
for using water that is subordinate to other water usage
was reduced. That has, for example, simplified the
permit procedures if one were to take water already
permitted for agricultural use and draw it from a field
to generate small hydroelectric power (subordinate
power generation). In the following year, 2006, it was
made known that if one were to use water for small
hydropower after it has already been completely
used for its permitted purpose, then no new permit is
required. As an example, no new permit is needed if
one were to generate small hydroelectric power on a
channel that is currently used only as a drainage ditch.

This is how government can simplify some of the
many procedures required when water rights for
agricultural and other use have already been assigned,
but problems still remain. Regarding the use of water
for agriculture, water can be drawn from waters for
agricultural use during paddy cultivation, but only a
limited amount can be drawn during winter, when no
farming occurs. Thus, power generation that depends

. . . . . 20
on agricultural water becomes impossible in winter.””
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If one wants to secure access to an amount of water
in winter as well in order to generate power, then the
purpose of the water right becomes power generation,
thus requiring the power producer to obtain another
new permit.

A power producer that takes water directly from
a river has to obtain a new water right for power
generation. Furthermore, the procedures become
incredibly complex because the consent of any
persons or entities affected by taking the water is also
required.

Even after obtaining a permit to use water for power
generation, operation is still made difficult. The
maximum amount of water that the power producer
can take per second is prescribed by the water usage
permit, so the electric utility must never take more
than this amount of water. However, from the time
the Great East Japan Earthquake struck until April
30, 2011, when power supplies had difficulty meeting
demand, power producers were temporarily allowed
to exceed the volume-per-second rule so long as
their 24-hour average of water taken did not surpass
the amount permitted. This measure allowed power
producers to take less water from rivers at night
while taking more during the day to help cope with
peak daytime electricity demand by generating more
power at that time.”" Since it is extremely difficult
for a power producer required to comply with a
volume-per-second rule to manage operations while
responding every second to a natural flow of water
that is constantly changing, power producers typically
take only around 95% of the permitted volume so that
they do not exceed it due to some sort of disturbance.
However, a requirement to comply with a one-day
average allows a power producer to adjust even if it takes
a somewhat larger amount of water earlier in the day,
thus reaching nearly 100% of the permitted amount and
generating around 5% more power.”” Although there
have been urgent calls to make this measure more
than temporary, the government did not do so. Instead,
it relaxed the regulation only somewhat, requiring
power producers not to take more than the permitted
amount of water each hour.””

The labyrinthine procedures associated with
obtaining water rights and other regulations that
hinder the spread of small hydropower are gradually
being relaxed and improved. For example, the Great
East Japan Earthquake Special Reconstruction Zone Act
and the General Special Zone Act that came into effect

in 2011 have simplified subordinate power generation-
related procedures and shortened the standard amount
of time for processing paperwork.”" Furthermore,
in March 2012 the government announced that
environmental impact assessments for rivers and
other requirements had been waived for certain small
hydropower projects. The government also established
a consultation desk for procedures relating to water
rights for power generation. However, many matters
concerning procedural simplification are still in the

review phase.””

7 Conclusions: The Significance
of Small Hydropower and
Related Issues

Compared to solar and wind power, small
hydropower does not have great growth potential in
terms of quantitative power output. However, it does
compare favorably to other means of generating power
with renewable energies because of its high equipment
utilization, low load fluctuation and the mature
technologies it employs. Another advantage of small
hydropower is its compatibility with a power supply
system employing a “distributed model” that generates
power for consumption in nearby areas. In addition,
it is essential to examine the local area's resources
and environment during the process of developing
small hydropower because it depends on local water
resources. Thus, it can contribute to stimulating the
local economy. This is in fact happening in many
places in Japan. While small hydropower receives less
attention than other means of generating power with
renewable energies, such as solar and wind power, it is
very significant for us to encourage the growth of this
technology.

With regards to quantitative estimates of the potential
to add new small hydropower, especially for small-
scale projects generating less than 1,000 kW, we may
not have an adequate understanding. More detailed
research is needed. While small hydropower still has
room to develop cost-cutting techniques, it is a power
generation technology that could expand greatly if
various infrastructure restraints were relaxed, even
without any technical breakthroughs. Although
the complex procedures for water rights and other
impediments to the technology’s spread are gradually
being relaxed, we are not yet encouraging small
hydropower enough. While it goes without saying
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that there are historical reasons for the difficult water
rights procedures and that we will need to thoroughly
examine the effects of further regulatory relaxation,
when we consider the state of the power supply in
Japan today, we see that we need to urgently examine
problems such as specific benefits as well as the costs
and other problems associated with the spread of small
hydropower, and also take another look at the various
regulations, including an examination of the effect of

relaxing regulations such as water usage procedures
that the government has required thus far.
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