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HRC's Annual Report for 2005 and the Working Plan for 2006

n 2005, the international coop-
eration on SHP by HRC has

scored a great deal. Two International
Training Workshops on Small Hydro-
power respectively for African coun-
tries (French) and Asia-Pacific coun-
tries (English), sponsored by Chinese
Ministry of Commerce, were imple-
mented with success. The interna-
tional cooperation has been intensi-
fied with the successful exportation
of the equipment to Sri Lanka, Turkey,
Japan, Vietnam etc.  Visits in and out
have promoted the mutual understand-
ing and further expanded the external
influence of HRC.

I  International SHP training
workshop

1 SHP training workshop for
African countries

The 2005 International Training
Workshop on Small Hydropower for
African countries was held from 2nd
Sep. to 26th Sep. at HRC. Totally 24
participants from 13 countries (such
as  Morocco ,  Burundi ,  Mal i ,
Mauritius, etc.) attended this training.
This training workshop has the fol-
lowing features:

1) Keep advancing in spite of
difficulties and unceasingly improve
our work

It is a challenge to adopt French
in conducting the SHP training work-
shop for French-speaking countries.
Staffs of HRC Secretariat actively
learn French in their spare time and
try every way to organize it well. HRC
has organized to translate various
specialized teaching materials of the
SHP, and have been striving to seek
the teachers who can directly present

in French. In this training, teaching
rate in French reached 30%. The sat-
isfactory interpretation by the spe-
cially invited foreign interpreter who
is proficient in French, English and
Chinese promoted the quality of the
whole training workshop.

2) Discuss to cooperate

According to the call of the Chi-
nese central government "Water sec-
tor needs going global" and the rel-
evant document by the Ministry of
Commerce, one of the purposes to
conduct the technical training is to
push forward the transfer and expor-
tation of the hydropower technology
and equipment to the developing
countries. In order to achieve this
goal, during the period of training
workshop, a series of SHP technical-
cooperation discussions were con-
ducted respectively with the partici-
pants from Rwanda, Congo, Mail,
Niger,  Guinea,  etc. .  In these
discussions, their demand and sug-
gestions have been explored related
to the SHP development in their own
countries, and HRC expressed the will-
ingness to participate in or provide
the SHP technical assistance. Many
participants offered their national fu-
ture development plan on SHP to HRC
for cooperative reference, and ex-
pressed that they would actively
stimulate the cooperation between
HRC and their home countries, dis-
seminating China's SHP technology
and experience. At present several
cooperative agreements have already
been reached.

2 SHP training workshop for
Asia-Pacific Countries

The 2005 TCDC Training Work-

shop on SHP for Asia-Pacific Coun-
tries was held from 20 Oct. to 28 Nov.
by HRC, and altogether 30 partici-
pants from around 16 Asia, Africa,
Eastern Europe and Latin American
countries attended the training. This
training workshop has three features
as follows:

1) More study tours were
arranged, including the visits to
Hangzhou Dalu Electric Equipment
Co.Ltd.and Hangzhou Sanhe Electric-
control Equipment Co.Ltd., both the
fast developing and vigorous private
enterprises in Zhejiang province, as
well as the HRC Laboratory, etc..  Af-
ter the visits, especially in the meet-
ing on SHP international cooperation,
many participants expressed their in-
tension to order the governors, the
turbines or the TC operators.

2) In the view of the specific con-
ditions on SHP exploration in devel-
oping countries, we made correspond-
ing adjustment to the teaching mate-
rial and the curriculum in time, ensur-
ing HRC's presentations more appro-
priate to the situation of developing
countries. Meanwhile, due to the en-
vironment issues, the international
society pays more and more attention
to environment protection currently,
so we offered a topic on "Environ-
ment vs Energy", which was highly
appreciated by the participants and
they were extremely active in inquiry
and discussion on environmental pro-
tection issues. Considering that most
participants were also interested in
items related to SHP investment and
financing, we specially arranged a
topic on “SHP Financing”.

3) In order to meet the partici-
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pants' demands to understand China
more, we specially organized them to
visit Zhejiang Gongshang University
and to participate in the discussion
with the graduate students and uni-
versity students. At this discussion,
the representatives from four conti-
nents were asked to talk about the
different impression or feelings be-
fore coming to China and staying
China for more than one month.
What they felt surprised all those
present. As before they came they
thought China was a country with-
out any freedom, laying an embargo
on free speech about the religion and
politics; the police were patrolling on
the street everywhere, and the com-
mon people were living in the plight
of lacking food and clothing. The par-
ticipants indicated that after return-
ing to their own countries they would
tell their colleagues, relatives and
friends what was the real China like.
Then after listening to the introduc-
tion by the University and walking
around the new campus, many par-
ticipants inquired the entrance con-
dition for international students with
the strong interest. The quick devel-
opment of this university left a deep
impression to those participants who

excitedly indicated several times that
this double exchange was surely es-
sential and they enjoyed the great
benefit from it.

II Information exchange of
international SHP

The book “Status Quo and
Problems of Small Hydro Develop-
ment in Asia Pacific Region”, writ-
ten by HRC, was completed and pub-
lished in November 2005. The study
scope of this book focuses on the
developing countries of Asia-Pacific
region, as well as some developed
countries in the area. The main pur-
poses of the report are to provide
the comparatively overall, objective,
foresighted and independent refer-
ence material with full and accurate
content for the decision-making de-
partments of SHP in our country;
also to put forward the demands of
some developing countries to inter-
national society from our country
and other relevant countries, and to
supply the support for conducting
the international cooperation and ex-
change better; at the same time, to
provide a comprehensive research
material about the world SHP for the

SHP in China

international society.

HRC has arranged the transla-
tion and publication of many books,
such as “Research on European
Small Hydropower”, “The Third
World Water Forum Thesis Collec-
tion” and so on.

As invited by Chinese Ministry
of Water Resources, Acting Secretary
General of HRC Secretariat Mr.Pan
presented a brief introduction of SHP
in China to Rwandan ambassador in
Beijing in June 2005. Friendly discus-
sion was followed by both sides on
SHP cooperation and other related
issues of mutual concern.

In 2005, invited by the organi-
zations such as ESCAP, our center
dispatched two groups of people to
participate in the international semi-
nars and make the conference
presentations. See table 1.

III International SHP Co-
operation

In 2005, HRC dispatched experts
to participate in the Asian Develop-
ment Bank Gansu project of “Renew-
able Energy Sources Technology
Aid”. At present, this project is be-
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ing carried out.

In 2005, HRC cooperated with
IT Power of U.K to carry on the de-
velopment of SHP Clean Develop-
ment Mechanism CDM project.
Now, three projects have begun to
be compiled the project development
document (PDD) and made the agree-
ment negotiation of reduction pur-
chase in Hunan and Hainan.

In 2005, through the support by
the Ministry of Water Resources
“948”project, HRC made the coopera-
tion with Australia TYCO FLOW
CONTROL TAMAR CO. to import the
technology of containerized SHP sta-
tion to fill in domestic gaps in this
field. Then after owned by the state,
the technology will have a good mar-
ket prospect.

Aided by the Chinese govern-
ment in 2005, the equipment comple-
ment for two SHP stations in Cuba,

and the operation training workshop
with duration of nearly 40 days for
five skilled staff dispatched by the
Cuban side have ended in satisfac-
tory ways.

2005 is a year in which we have
opened up some new path for further
development. Promoting the exporta-
tion of electro-mechanical equipment
is always the one of HRC’s missions,
but over the years the real achieve-
ment has been scored a little. In
2005 through the efforts from dif-
ferent divisions, many export projects
of electromechanical equipment have
been completed to several countries
(such as Sri Lanka, Japan, Vietnam,
Turkey, etc.). Meanwhile, the SHP
a u t o m a t i c  t e c h n o l o g y  a n d
equipment, self-developed by our
center, have been pushed toward the
international market.

In the first half year of 2005

our center has successfully com-
pleted the SHP consultation project
to Rwanda, laying a foundation for
the further bilateral cooperation. Our
center also actively launches the
technical cooperation with Australia,
Pakistan, Indonesia, India, Vietnam,
Korea, etc., and is always striving to
contract, promote or implement the
cooperation projects.

IV Visiting abroad and re-
ception of foreign guests

1. In 2005, there have been total
7 groups of delegations sent abroad
with 16 people succeeded in the
declaration, including Rwandan,
Mongolian (twice), Cambodian,
Indian, Swedish delegations and so
on, and relevant foreign projects have
been guaranteed to smoothly carry

out. See the following table2

SHP in China
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2. In 2005, altogether 16 groups
of foreign delegations with more than
100 people have been accorded the
cordial receptions by our center (the
participants of the international train-
ing workshops included), including
the water-and-electricity experts or
technicians from the World Bank,
Sudan, India, South Africa, Indonesia,
Japan, Pakistan, Germany, Chile,
Thailand, etc. and more than twenty
2005 International Water Science

Summer Campers from 13 countries.
The visits of the foreign guests, on
the one hand promoted the mutual
understanding, on the other hand
expanded the influence and raised
the international standing of our
center, powerfully impelling the in-
ternational cooperation. (See the
following table 3)

V Working plan in 2006

In 2006, the staff in HRC will re-

double its efforts, striving for climb-
ing up a new step in the aspect of the
SHP international cooperation. Deter-
mined to do the following well:

1. To apply and conduct well the
two 2006 international SHP training
workshops sponsored by Chinese
Ministry of Commerce. At the con-
ference to celebrate the 60th anniver-
sary of the founding of the UN,
China’s President Hu Jingtao an-
nounced that this country must en-
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large the long-term scope of human
resources development to African
countries, and also indicated that this
country would offer the training work-
shops for about 30,000 African par-
ticipants in three years. We will imple-
ment the international training work-
shops better and adopt the measures
duly according to the demands and
suggest ions  proposed by the
participants.

2. To strengthen the relation
with the relevant international orga-
nizations from which we will try to
have fund for running more interna-
tional SHP training workshops to meet
the demand.

3. To complete the work of con-
structing two SHP stations in Cuba
sponsored by Chinese Ministry of
Commerce and guarantee the electric-
ity generation on time.

4. To continue to do the SHP
follow-up cooperation well with
Vietnam, Cuba , Mongolia, Rwanda,
Australia and etc.

5. To further promote the sub-
stantive international SHP coopera-
tion and develop the SHP engineer-
ing cooperation with Turkey, India
and African countries. To strive to
make the export volume of electro-
mechanical equipment increase with

a large scale on the basic of 2005.

6. To make full use of Internet
and open HRC’s homepage in French
version in due time.

7. To publish the book “Status
Quo and Problems of Small Hydro
Development in Asia Pacific Region”
in english edition.

8. To dispatch more SHP pro-
fessionals to participant in the inter-
national activities (such as attending
SHP seminars, conferences or forums)
to exchange SHP technology and
experience, and to make the new con-
tribution for promoting the global
SHP development. 
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n International Training Work-
shop on Small Hydropower for

African countries was held at
Hangzhou Regional Center For Small
Hydro Power (HRC) in 2-28 Sept 2005,
as sponsored by Chinese Ministry
of Commerce. Totally 24 participants
attended this training workshop from
13 African countries (such as
Morocco, Burundi, Mali, Rwanda,
Mali, Niger, Mauritius and etc.).

There are many African coun-
tries where French language is widely
employed, including Algeria, Benin,
Burundi, Cameroon, Central Africa,
Chad, Congo, Cote d’Ivoire, D. R.
Congo, Dogo, Gabon, Guinea,
Madagascar, Mali, Mauritania,
Morocco, Niger, Rwanda, Senegal,
Tunisia and etc. As the SHP poten-
tial in those countries is huge but a
large population has no access to
electricity so far, there is a severe lack-
ing of SHP technicians for SHP
development. Mali participant intro-
duced that the electricity coverage in
the country is only 12% and in the
rural area less than 1%. The situation
in other countries is more or less
similar. After visits to SHP stations
and manufacturers in China, partici-
pants felt that SHP technology in
China is proven, equipment reliable
and price reasonable. Class monitor
and the participant from Mali com-
mented in his speech at the closing
ceremony, “The small hydropower
technology in China is just appropri-
ate to the technical level of our Africa
countries. HRC has strong expertise
in SHP training, design, consultation
and complete equipment supply. I
sincerely hope that HRC will con-
tinue to hold the small hydropower

A training workshop to help the devel-
opment of the SHP resources in Afri-
can countries.”

In the past, around 40 interna-
tional SHP training workshops have
been conducted by HRC and all con-
ducted in English. Obviously there is
an urgent need to conduct SHP train-
ing workshops in French so that the
African francophones could benefit.

It is a challenge for HRC to adopt
French in conducting this SHP train-
ing workshop for the African
francophones, the first kind since the
establishment of HRC in 1981. Staff
of HRC Secretariat has actively learnt
French since the time of the mission
assigned by the Chinese Ministry to
HRC and tried every way to organize
it well. We have been striving to seek
the teachers who can directly present
in French. In the 2005 SHP Training
Workshop for African Countries,
around 25% of the teachers presented
their lectures in French. The rest was
presented in English through the in-
terpretation by an African interpreter
who was proficient in English, French
and Chinese.

During the period of training
workshop, a series of SHP technical-
cooperation discussions have been
conducted with the participants from
Rwanda, Congo, RD Congo, Mali,
Niger ,  Guinea,  e tc .  In  these
discussions, their demand and sug-
gestions have been explored related
to the SHP development in their own
countries, and HRC expressed the
willingness to provide assistance to
the SHP exploitation in these coun-
tries in terms of either SHP planning,
training, designing or equipment

supply. Many participants provided
their national future development
plan on SHP to HRC for cooperative
reference, and expressed that they
would push forward the cooperation
between HRC and their home
countries, disseminating China’s SHP
technology and experience.

The year 2005 of rooster accord-
ing to China’s lunar calendar was
marked with harvest in relation to the
international SHP training run by
HRC, with the implementation of the
International Training Workshop on
Small Hydropower for African
countries. The number of international
participants increased dramatically as
demonstrated in the bar diagram
below:

SHP in China

A New Approach for SHP International Training

Number of international participants increase by
year since 2002 for HRC’s SHP training workshops

2005 Training Workshop on
SHP for Asia-Pacific countries imple-
mented by HRC was also a success,
as monitor, the Indian participant Mr.
Yeptho pointed out at the closing
ceremony, “We really appreciate and
highly impressed not only for the
fabulous facilities provided to us, but
also for your sincere efforts to make
all of us feel at home during our stay.
The training program was definitely
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the world class with highly custom-
ized subject methods fitting each and
every participant from different
background.  The training program
was professionally managed with well
balanced course materials, time dis-
tributions and other curricular
activities.”

Under the powerful support of
C h i n e s e  M i n i s t r y  o f  Wa t e r
Resources, HRC upgraded its hotel

SHP in China

and training facilities in 2004. Nearly
all the participants of 2005 SHP train-
ing workshops were satisfied in
terms of lodging and boarding.

For 2006 HRC is planning to
conduct two international training
workshops on SHP including one in
French for participants from African
countries. With its technical service
and experience for decades, HRC is
committed to participating in more

SHP development for African coun-
tries and elsewhere in the world. The
announcement for the SHP training
workshops in 2006 will be issued at
the first half of 2006 on HRC’s home
page. Those interested in the upcom-
ing SHP training workshops may
browse HRC’s home page and are
welcome to contact with us.            

(By D.Pan, HRC training coordi-

nator Email: dqpan@hrcshp.org)

The Independent Power Pro-
ducer (IPP) generally have option to
sale electricity to (i) state owned dis-
tribution company (Discoms) formerly
known as State Electricity Board (SEB)
before unbundling (ii) third party or a
bulk consumer power intensive indus-
try and (iii) Power Trading companies.

 The Power Purchase Agreement
(PPA) is entered between the IPP and
the offtakers/power purchaser(s)
based on the mutual agreed terms &
conditions. However, the tariff for the
electricity is governed by the broad
terms and conditions of power tariff
determination laid down by the Elec-
tricity Regulatory Commission of the
concerned state (province) or Central
Electricity Regulatory Commission.

The PPA is one of the most im-
portant documents for lender to de-
cide the terms and conditions of loan
and the risk mitigation. Apart from the
credibi l i ty  of  the IPP or  the
stakeholders, the credibility &
strength of the purchaser(s) also de-
cides the degree of comfort level to
lender while funding any IPP project.

The above arrangement is
mainly entered between the seller &
purchaser(s) or parties concerned, it
is some time difficult to ascertain the

Power Sale & Purchase Arrangement under Independent Power Producer (IPP) SHP

Projects funded by Indian Renewable Energy Development Agency Limited (IREDA)

transactions or in other words check
the power sale proceed arrangement
between two parties, particularly if
they intend to divert the fund/revenue
generated from the project. To keep a
check on the cash flow of the IPP and
mitigate the risk of recovery, tool for
monitoring mechanism is introduce
through third party bank called
Trustee and Retention Account
Banker. A tri-partite agreement is en-
tered between the lender, IPP and
Trustee Bank with detailed terms &
conditions clearly stipulating the re-
sponsibility of each party. While it is
a compulsion for the IPP as condi-
tioned by lender to open separate
special account called Trust and Re-
tention Account(TRA), the trustee
bank is a direct beneficiary by way of
earning substantial amount as trustee
bank services charges from the IPP
apart from corporate account of power
sale proceed. It is therefore an attrac-
tive proposition for any bank to pro-
vide the services of trustee bank un-
der such arrangement.

Depending on the requirement
of the lender for mitigating its risk,
some of the important conditions gen-
erally covered under the TRA agree-
ments are (i) right of receivables of
designated accounts vests with

lender (ii) Style and method of op-
eration of various designated ac-
counts under TRA as stipulated by
lender (iii) conditions of advance in-
structions to IPP for depositing all
the receivables including equity, in-
vestment income, revenue out of
general compensations, insurance
proceeds, damages under various
agreement  /  con t rac t s ,  loan
disbursment etc. to the designated
accounts (iv) irrevocable instructions
by IPP to the offtaker(s) for remitting
the power sale proceeds to TRA.(iv)
appropriation of receivable credit in
the various designated accounts
under TRA conditions etc.

While there are various inno-
vative mechanisms to keeping the
check on the power sale proceeds
under IPP power sale arrangement,
the above arrangement is definitely
one of the most effective tool for
lenders. It also signals the lenders
for any shortcoming of IPP or short-
fall in the revenue due to any reasons,
so that immediate measures are taken
on time.                                             

 (By Kkekiho Yeptho G Dy.
Manager ,IREDA,Core 4A, India
Habitat Centre)
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ime passed so quickly during
the training in Hangzhou,

which only covered a period of 40
days.  However, to all the partici-
pants for the international training
on SHP held in HRC, it was really a
nice beautiful time, not only mak-
ing them feel at home, but also giv-
ing them the happiest moment and
the most unforgettable memories.
Highly appreciating and deeply im-
pressed by the real China and the
picturesque city, the friends from
various countries all over the world
paid a charming compliment—
Hangzhou, our dream city forever!

During the Chinese Spring
Festival, far away from China, Mr.
Yeptho, an official with Indian Renew-
able Energy Development Agency
Ltd., was kept extremely busy, but
he’d like to send the best wishes for
a new year to all HRC staff and his
friends in Hangzhou.

“Hangzhou, our dream city
forever!” — Mr. Yeptho, the monitor
of the class from India, together with
the other 29 participants from other
15 countries, inclusive of Angola,
Mexico, Belarus, Turkey, etc., came
all the way to Hangzhou last year for
attending 2005 International Training
Course on Small Hydropower, held
by Hangzhou Regional Center (Asia-
Pacific) for Small Hydropower (HRC).
However, so far, all of them have kept
thinking fondly of Hangzhou.  The
stay of 40 days in Hangzhou, was
“the happiest moment” and gave
them “the most unforgettable
memories”.

“The training program was defi-
nitely the world class with highly cus-

tomized subject methods fitting ev-
ery participant from different
background. The training program
was professionally managed with
well balanced course materials, time
distributions and other curricular
activities”, Mr. Yeptho addressed at
the closing ceremony on behalf of all
the participants.

What Mr. Yeptho mentioned
was true in fact.  In order to make the
training course more characteristic,
HRC has spare no effort to well orga-
nize it.  The perfect combination of
theory and practice brought fruitful
results to the participants.

During the period of studying
in a “Paradise on Earth”, the partici-
pants also enjoyed very much the ex-
perience for strolling in the city at
their leisure time, appreciating the
exotic scenery and getting to know
more about the long history and the
profound culture of the country.
They never felt tired of sightseeing
around the pretty West Lake and were
always amazed at the picturesque
sceneries, the green hills and the crys-
tal serene waters.  They also had a lot
of fun to left happy footprints in an-
cient Qinghefang Street, Meijiawu
Tea Village and the Silk Museum, etc.
In addition, at the invitation of Mr.
Zhao Jianda, one of HRC staff, some
of the participants like Yeptho from
India, Camilo from Ecuador, spent a
delighting time in Mr. Zhao’s house.
On that day, they took dinner and had
chats together with the Chinese fam-
ily with great pleasure.  Mr. Zhao also
presented some pieces of the tradi-
tional “Chinese Knot” to the foreign
friends as souvenir, in the center of

which, the Chinese character
 was of extreme inter-

est to the visitors.  Meanwhile, a de-
tailed introduction on the marriage
ceremony in China was thus made to
the foreign friends who kept listen-
ing with rapture.

“All of us felt at home during
our stay in Hangzhou” — in the clos-
ing ceremony of the training course,
Mr. Yeptho spoke all his impression
of Hangzhou in one breath:

It is a city of
         — Happiness,
         — Prosperity,
         — Love and caring,
         — Greeneries and flowers,
         — Tea,
         —- Silk,
         — Heritage,
         — Good health,
         — Young people,
         — Romance,
         — Pride and proud,
         — Education,
         — Business and Trading,
         — Shopping ,
         — Electronic,
         — Culture,
         — Joy,
         — Ever young,
         — Beautiful people.
and so on.

“In Hangzhou, we see with our
own eyes a miniature of the real
China”, said the participants, “when
we return to our countries, we will tell
the realities and development of
China to all the colleagues and
relatives!”                                          

(Translated from Hangzhou
Daily of 7 Feb 2006, Written By
D. Pan ,translated by X. Shen)

T

SHP in China
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While the growth of small hydro has
slowed in Europe, things look very
different in Asia. The region ac-
counts for two-thirds of the world’s
hydro capacity, and far from slow-
ing down, it is enjoying robust
growth. Simon Taylor, Drona
Upadhyay and Maria Laguna write
this review.

ccess to electricity is one of
t h e  k e y s  t o  e c o n o m i c

development, as it provides light,
heat, and power for productive uses
and communication. Today, around
1.7 billion people in developing coun-
tries do not have access to electricity,
most of them living in rural areas.
Despite worldwide rural electrifica-
tion programmes this number is
increasing, largely because these
schemes are not sufficient to cope
with unsustainable population
growth. Despite the fact that 80% of
the world’s population lives in de-
veloping countries, these countries
consume only 20% of global commer-
cial energy.

According to the World Bank,
the world’s poor people spend more
than 12% of their total income on
energy, more than four times what a
middle-income family in the devel-
oped world spends. Achieving the

United Nations’‘Millennium Devel-
opment Goals’,will require signifi-
cantly expanded access to energy in
developing countries.

Flowing to the East  Small Hydro in Developing Countries

A

be used as a key tool in the contribu-
tion towards sustainable develop-
ment in the less developed regions
of the world. Small hydropower (SHP)
is a renewable energy source which
is suitable for rural electrification in
developing countries. It is a proven
technology that can be connected to
the main grid, used as a stand-alone
option or combined with irrigation
systems. Thanks to its versatility it
can significantly contribute to the
electricity needs of the developing
world.

The substitution of conven-
tional sources of energy (traditional
biomass  for  cooking,  d iesel
generators, kerosene lamps and bio-
mass stoves) with renewable ener-
gies like SHP can help decrease CO

2

emissions and also contribute to
poverty alleviation and economic de-
velopment by supplying electricity
needs for lighting, water pumping
and operating small workshops.

The emphasis of this article is
on seeking sustainable markets for
SHP in developing countries, with the
implementation of schemes that con-
sider sustainable development of the
communities concerned and tapping
into mechanisms that build a strong
and long-term market for SHP in key
developing countries.We take China
as a case study as it is a country
where there is currently a strong SHP
market.

SHP IN THE DEVELOPING
WORLD

ydropower throughout the
world currently  provides 17%

of our electricity from an installed ca-
pacity of some 730 GW, with another

1 0 0  G W  c u r r e n t l y  u n d e r
construction. This makes hydropower
by far the most important renewable
energy  fo r  e lec t r i ca l  power
production.In 2002 the contribution
of SHP to the worldwide electrical
capacity was on a similar scale to the
other renewable energy sources (1%-
2% of total capacity), amounting to
about 47 GW. 25 GW (53%) of this
capacity was in developing countries
(Table 1).

In the global SHP sector China
is the major player, driven by long-
standing rural  electr if icat ion
programmes from the government.
2005 figures, from the International
Network on Small Hydropower, show
SHP capacity has grown to 31,200
MW in 43,000 stations,meaning that
China alone has more than half of the
world’s small hydro capacity and rep-
resents the bulk of installed capacity
in developing countries. Growth in
the Chinese SHP sector remains
strong at 9% per year and there are
plans to develop a further 10,000 MW
in the next decade.

Other developing countries
with significant SHP capacity are In-
dia (1694 MW), Brazil (859 MW),Peru
(215 MW), Malaysia and Pakistan
(both 107 MW),Bolivia (104 MW),
Vietnam (70 MW),the DR Congo (65
MW), Sri Lanka (35 MW) and Papua
New Guinea (20 MW),while Russia

SHP Development and Programme Worldwide

H

China alone has more than half
of the world’s small hydro capacity
and represents the bulk of installed
capacity in developing countries

Accepting that  energy is
necessary, renewable energies must
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and the Central Asian states also
have large amounts installed (totalling
639 MW)(2005 figures).

In the last 30 years China, Nepal,
Vietnam and many South American
countries have seen the development
of a large number of micro- and pico-
hydro projects which are providing
electrification to many thousands of
households. Chinese villages have
developed the most micro-hydro,
with 100,000 very small capacity units
installed, amounting to 188.5 MW.
Similarly, rural families in Vietnam
have installed 130,000 pico-hydro
systems (usually 200 Watts) in the
last 15 years on a purely commercial
basis. Yet although the cumulative ca-
pacity of such smaller hydro plants
does not show up in the data, these
projects are providing essential ser-
vices to large numbers of populations
in a wide range of countries and local
topographies and conditions.

But despite these enormous ef-
forts to improve energy services to
rural populations through the exten-
sion of  gr ids and the use of
renewables such as SHP in the past
thirty to forty years, the un-served
population has not decreased signifi-
cantly in absolute numbers - about
1.7 billion have yet to achieve any
electrification. This amounts to
roughly 400 million households,or
40% of the population of the devel-
oping countries, who remain a sub-
stantial market.

HOW SMALL IS SMALL
HYDRO?

lthough there is still no inter-
nationally agreed definition of

‘small’ hydro - the upper limit is usu-
ally taken as 10 MW (SHP definition
supported by ESHA and the Euro-
pean Commission) although this rises
to 25 MW and 50 MW respectively
in India and China - in general SHP

has minimal environmental impacts
through the use of ‘run of river’
schemes.Also within the range of
small hydro power, mini-hydro typi-
cally refers to schemes below 1 MW,
micro-hydro below 100 kW and pico-
hydro below 5 kW. Although all of
these technologies could be regarded
as small hydro power, they have spe-
cific technical characteristics that
warrant their own definition. Gener-
ally speaking, micro- and pico-hydro
technologies are used in developing
countries to provide electricity to iso-
lated communities where the electric-
ity grid is not available, whereas mini-
hydro tends to be grid connected. In
most of the cases, no dam or reser-
voir storage is involved in pico-,
microand mini-hydro schemes.

APPLICATIONS OF SHP IN
DEVELOPING COUNTRIES

he World Energy Assessment
estimates that between 1970

and 1990, rural electrification
programmes reached about 800 mil-
lion people. Most of the rural electri-
fication programmes were achieved
by extending grid connection, but a
significant number of the projects in
the developing world are provided by
renewable energy (Table 2).

Of the electrification schemes
using renewables, the majority in-
volve SHP, largely because of its suit-
ability for powering minigrids and
deployment in remote, and often
mountainous, areas. It has also been
used widely for grid-based power
generation, and has been a mainstay
of rural energy development for many
years.Village-scale minigrids can
serve hundreds of households in set-
tings where there are sufficiently clus-
tered end-users. Most village-scale
minigrids have been developed in
Asia on the basis of small hydro, par-
ticularly in China,Nepal,India,Vietnam
and Sri Lanka where they are often
also powering small industries that
provide substantial local income and
jobs.

BENEFITS OF SHP

sing small hydro power for
electrification in rural areas has

many potential benefits.Apart from
the environmental, health and social
burdens of traditional fuels which are
avoided by switching to electricity,
direct economic benefits flow from the
use of electricity in economically pro-
ductive applications,  such as
irrigation, crop processing and food
preservation. Employment opportu-
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In the past thirty to forty years,
the un-served population has not
decreased significantly in absolute
numbers - about 1.7 billion have yet
to achieve any electrification

nities have increased as a result of
the encouragement of these produc-
tive applications and electrification
has given increased potential for the
development of business enterprises.

U
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For users who previously depended
on traditional energy sources, the
greater efficiency of electricity pro-
vides direct financial savings. At a
national level, where electricity sub-
stitutes paraffin or diesel, it is also
possible that there will be foreign ex-
change savings on imported fuel.

INVESTMENT PATTERNS

enewable energy is currently
undergoing a shift in invest-

ment patterns - moving away from tra-
ditional government and donor
sources to greater reliance on private
firms - meaning that it is now more
important to think about markets for
renewable energy rather than simply
about the technologies themselves.
The old technology-oriented para-
digm focused on technology demon-
strations and economic viability is
being replaced by a new focus on
market assessment, policy and insti-
tutional issues, and demonstrations
of sustainable business models. On-
going power sector restructuring in
many developing countries is open-
ing up competitive wholesale power
markets and even encouraging self-
generation by end-users using
smaller-scale technologies.A growing
share of the power generation field is
being handed to private power de-
velopers and this is affecting the pros-
p e c t s  ( b o t h  p o s i t i v e l y  a n d
negatively) for grid-connected renew-
able energy, where SHP is or can be a
major player.

These shifts are ones that new
SHP developments have to consider.
As well as the shift in investment
patterns, changes in national policy
are also important considerations for
potential developers. Countries such
as India and Brazil have policies to
facilitate renewable power generation,
such as ‘wheeling’ electricity to end-
users via the utility’s transmission

lines, from which SHP is well placed
to benefit. The SHP sector must also
tap into local-level capabilities (as
has been demonstrated in Nepal, the
Philippines and Peru), involving the
lower tiers of government, rural elec-
tric utilities, people’s organizations,
NGOs,  small  IPPs and most
importantly, local sources of financ-
ing such as rural banks and credit
co-operatives and even local
entrepreneurs.

S H P  P O L I C Y  F R A M E -
WORKS - THE CHINESE
EXAMPLE

he development of good
policy frameworks - for

example, national policies for rural
access to electricity including
institutional, legal and financial
frames;planning of target areas; ca-
pacity building for users and for lo-
cal private sector; communication of
the benefits for SHP as a sustainable
tool for social and economic devel-
opment - is key for the success of
rural electrification by renewable
sources.The history of SHP devel-
opment in China is taken as an ex-
ample of a number of economic and
policy dimensions that have encour-
aged the rapid expansion of SHP
technology, which could be emulated
in other countries. The following
three factors were found to be the
major contributors. 

Preferential government poli-
cies

The Chinese government has
given numerous preferential policies
and measures to encourage SHP
development.These include tax
reductions, soft loans and grants, the
promotion of private firms to invest
in SHP stations, and policies to pro-
tect supply areas and private
property.

Indigenous manufacturing ca-

pability

Since the 1970s, when SHP in
China saw huge growth rates of 20%
per year and there was not enough
manufacturing capability to develop
the required 200 - 300 MW total in-
stalled capacity annually, the Chi-
nese government mandated certain
counties and provinces to develop
their own SHP equipment and then
continued to promote local manufac-
turing to reduce overall costs.Local
industry was eventually able to
manufacture equipment for a capac-
ity addition of more than 3000 MW
per year and today China is able to
satisfy its domestic needs and ex-
ports hydro equipment to other
countries.

Recognizing the advantages of
small hydro power over large
hydropower

China has long realized that
SHP has benefits that cannot be
achieved through large or mega hy-
dro stations. For example SHP con-
struction results in fewer environ-
mental impacts and does not require
the displacement of people. In
addition, SHP technology is not com-
plex and can be easily understood
and transferred to a variety of
communities. Since most SHP sta-
tions have their own supply areas
and local grids, they can supply elec-
tricity to local people as well as con-
nect to larger grids. This enables
these stations to maximize profits by
purchasing electricity from the large
grid in times of low generation and
sell it back when there is excess gen-
eration capacity.

ROUND-UP OF THE SITUA-
TION IN CHINA

hina has 17% of the earth’s
hydropower resource and has

installed over half of the world’s SHP

R
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capacity (31,200 MW).The total eco-
nomically viable SHP resource is es-
timated to exceed 70,000 MW. 90%
of the number of stations and 30% of
this total capacity is in the mini-hy-
dro and micro-hydro range (Table 3).

The use of small-scale hydro-
power to achieve rural electrification
is a major characteristic of renewable
energy development in China,and
was begun in the 1950s with strong
central government lead. At present,
there  a re  over  600 count ies
(accounting for 30% of all of China’s
counties) that rely mainly on small-
scale hydropower for electricity
(serving over 300 million people) and
there is a programme for rolling this
out to 400 more counties.

Since 2000, the rate of commis-
sioning of new small hydro capacity
has been increasing to an average of
2000 MW per year and posting
healthy annual average growth of
over 7%.The country has built up
such an experience in SHP that it now
has a strategy of ‘going-out’ to other
developing countries to help develop
projects (usually with Chinese
technology).

Financing SHP

Each year, the Chinese Govern-
ment invests •30 million in the devel-
opment of small-scale hydropower,
attracting additional substantial in-
vestments from local governments,
enterprises, and individuals to the
tune of a further •10 billion. However
with declining government invest-
ment in the sector, other sources are
often required to bring targeted

projects to development, and the
Clean Development Mechanism
(CDM) is one avenue that Chinese
developers are now considering. The
financing of hydropower in China is
currently stable.The 4 major Chinese
(state) banks lend to hydro projects
as they are considered low risk and
their loan terms are usually 3 - 5 years
and financing negotiations take only
3 months. Some companies already
have credit ratings up to fixed amount
of capital which enables them to bor-
row up to this ceiling in one month.
Meanwhile small hydro power is at-
tractive to commercial Chinese banks,
which are very active in the sector.
The Ministry for Water Resources
also continues to provide low inter-
est loans for SHP development,worth
about RMB300 million (•29.9 million)
per year.

New renewables policy

A new ‘Renewable Energy Pro-
motion Law’was approved by the Na-
tional People’s Council in February
2005 which set the target of 10% of
the country’s electricity generation
being supplied by renewables by
2020. This is ambitious given that
China’s GDP may quadruple in the
next 15 years, perhaps requiring the
total grid installed capacity to per-
haps have reached 1000 GW.
Nevertheless, experts have sug-
gested that 60,000 MW of SHP ca-
pacity be developed from the yet un-
tapped small hydro resources and
certainly, with the coming into force
of this law at the beginning of this
year, faster SHP development can be
expected.

SHP industry

China has a wide range of do-
mestic SHP turbine manufacturers
(about 80 in total), as well as con-
struction companies that specialize in
SHP infrastructure, and these have
been supported since the early 1960s
to deliver the technology to the
sector. However there is still scope
for technology transfer to improve
performance and bring quality up to
European standards, and to intro-
duce more advanced systems - par-
ticularly in the area of automated
control.

In April 2003, the Ministry of
Water Resources (MWR) released
guidelines for the modernization of

Y
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THE CASE OF YUNNAN
PROVINCE

unnan province in the south-
west of China provides an ex-

ample of an opportunity for foreign
companies wanting to enter the Chi-
nese SHP market. The province has
abundant hydro power resources
and an excellent track record of
high annual operating hours for
existing plants. The installed hydro
capacity in Yunnan is currently 11,
710 MW, of which 2250 MW is SHP
(19%). The economically exploit-
able hydropower resource is very
large at 97.95 GW, however the per-
centage of hydropower exploited is
still low at 7.5%. Yunnan’s hydro-
power targets are 18,800 MW by
2010 and 62,000 MW by 2020
(although admittedly much of this
is large hydro). This is in order to
strengthen the grid in the south of
China and transmit power from the
west to load centres in Yunnan and
for export to Guangdong, which has

suffered power shortages in recent
years. There is only one major manu-
facturer of SHP equipment in
Yunnan, so equipment is imported
from other provinces. For SHP
projects less than 25 MW, approval
is handled at prefecture level, mak-
ing the project process fairly
straight-forward.
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hydropower systems in rural China,
which provide further direction and
standards for small hydropower
development. Its overall objective is
to modernize 50% rural hydropower
plants by 2010,and modernize 100%
of the rural hydro sector by 2015.

CONCLUSIONS

mall hydro power has already
proved itself as a major con-

tributor to electrification in develop-
ing countries with over 50 million
households and 60,000 small enter-
prises served by small hydro at the
village-level, as well as by projects
feeding power into grid networks.
More than anywhere, China has inte-
grated SHP into a large percentage of
the country (1000 out of 2300
‘counties’) and hundreds of millions
rely on minigrids powered by small
hydro plants. India and Brazil have
also been major players in SHP and
many Asian countries now have many
megawatts of plant installed.

Much of this activity has taken
place with the involvement of Euro-
pean companies already, as the EU
has long occupied a leading position
in the world SHP market. But with a
stagnation of development within the

EU, there is a renewed emphasis for
EU companies that offer SHP prod-
ucts and services to aim at emerging
opportunities in new developing
countries, and at a market that has
shifted in terms of investment pat-
terns (away from donor sources to
greater reliance on private firms) and
power sector restructuring that is
opening up competitive power
markets. The SHP sector players
must also consider more local-level
stakeholders and local sources of
financing, as a main condition for
success.

Overall, SHP can help in achiev-
ing the ‘Millennium Development
Goals’, but there are key conditions
that are needed in order to succeed
in SHP electrification in developing
countries:

 national institutional, legal
and financial frameworks for rural
electrification,

 willingness to identify target
areas and define SHP electrification
programmes,

 the strengthening of local
technical capacities,

 the establishment of a high

SHP Development and Programme Worldwide
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level of expertise in the local agen-
cies of funding institutions,

 the expansion of support for
local networking between stakehold-
ers (rural developers, bankers, insti-
tutional and private sectors, etc.),

 the development of tools for
local private sector development.   

By Simon Taylor ,  Drona
Upadhyay and Maria Laguna.

Simon Taylor and Dr Drona
Upadhyay are from engineering
consultancy ITpower.

Maria Laguna is Project Man-
ager at ESHA.

This article is based on a pub-
lication developed by Thematic Net-
work on Small Hydropower (TNSHP)
Project.The Thematic Network on
Small Hydropower (TNSHP) is a Eu-
ropean Commission - DG TREN
(Transport & Energy) and the Swiss
Government.- funded project in the
framework of the EU’s FP5 (Fifth
F r a m e w o r k  P r o g r a m m e  f o r
Research, Technological Develop-
ment and Demonstration).

(Source: Renewable Energy
World, January-February 2006 Vol-
ume 9 Number 1)

China's hydroelectric power capac-

ity reached 115 million kilowatts at the

end of 2005, reports the National Devel-

opment and Reform Commission

(NDRC).

Between 2000 and 2005, China in-

creased its hydroelectric power capacity

by 36 million kW with construction un-

derway on a batch of major hydroelectric

power stations and many other facilities

starting operations.

The construction of the Three

Gorges Project progressed well during the

period and is expected to be completed in

Hydroelectric Power Capacity on the Rise
the new Five-Year Program period (2006-

2010), according to the NDRC.

The development of substantial

hydroelectric power projects capable of

producing 70 million kW of power began

during the five-year period, including

some in west China as well as the major

project linking the power-rich West to

the energy-thirsty East.

To encourage the development of

hydroelectric power, the Chinese govern-

ment carried out a census of the country's

water resources. It strengthened the pre-

liminary work on hydroelectric power de-

velopment and worked on designs for

strategic projects.

To meet the rising energy demand

of the country's booming economy, China

is paying more and more attention to the

development of renewable energies.

China promulgated a new law on

renewable energy in February 2005. The

law, which took effect from January 1,

2006, is considered to be of great signifi-

cance to the development of China's re-

newable energy industry.

The medium (Continued on P.18)
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1  Introduction

India has a history of 100 years
in small hydro power. However the
country upon independence in 1947
has switched over to exploiting larger
hydropower projects, and thermal
power projects (mainly coal) to meet
massive requirements of power. Of
late since 1991, environment driven
awareness over large hydro projects,
and entry of private sector entrepre-
neurs into SHP Sector have given tre-
mendous impetuous to SHP Sector
growth in the last decade of 20th
century.

Small Hydro is environmentally
benign, operationally flexible, suitable
for peaking support to the local grid
as-well-as for stand alone applica-
tions in isolated remote areas. Even if
we ignore the CO

2
 abatement costs

and 'acid rain' abatement costs of
conventional thermal route, small
hydro is benevolent on known hard
facts of economics like short gesta-
tion and limited investments on small
hydro are affordable by the private
sector, enabling quicker electricity
generation and economic returns.

2  Indian Potential of Small Hy-
dro Power

India has one of the world's larg-
est irrigation canal networks with
numerous dams. It has monsoon fed,
double monsoon fed as well as snow
fed rivers and streams with perennial
flows. An estimated potential of
15,000 MW of small hydro exists in

SHP Development and Programme Worldwide

Small Hydro Power Development in India Private Sector Participation
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India. The database created by Min-
istry of Non-Conventional Energy
Sources (MNES) of Government of
India includes 4,233 potential sites
with an aggregate capacity of 10,324
MW. Out of this, about 1693 MW
potential has already been tapped.
Annually about 100 MW new capac-
ity of SHP projects is added to the
grid.

3  Small Hydro Development
in India

The first small hydro project of
130 kW commissioned in the hills of
Darjeeling in 1897 marked the devel-
opment of hydro power in India. The
Sivasamudram Project of 4500 kW
was the next to come up in Mysore
district of Karnataka in 1902 for sup-
ply of power to the Kolar Gold Mines
at 25 Hz frequency. The pace of
power development including hydro
was rather tardy. The planned devel-
opment of Hydro Projects in India
was taken up in the post indepen-
dence era (i.e. after 1947). This means
tha t  the  1362 MW capac i ty
(including 508 MW hydro) installed
in the country before independence
was mainly coming from Small and
Medium size projects.

4  Government Support to
Small Hydro

Government of India, through
its full-fledged Ministry of Non-Con-
ventional Energy Sources (MNES)
formed in the year 1992 - the year of
Rio Summit on Environment and

Development, is extending multi-di-
mensional support to the develop-
ment of mini hydels (upto 25 MW) as
one of the environmentally benign
renewable energy technologies, keep-
ing in tune with the Government's
overall thrust on liberalisation of
economy and private sector partici-
pation in power development. Fiscal
incentives available for 'Small Hydro'
sector are given in the follows:

FISCAL  INCENTIVE FOR
SMALL  HYDRO   SCHEMES

Schemes involving capital
up to Rs 1 Billion (i.e, Approx. US$
22 million) need no Environmental
Clearance from Ministry of Environ-
ment & Forests (MoE&F).

Ten years Tax holiday on
grid interactive power generation
projects.

Term loans through IREDA
for schemes up to 25 MW.

 Customs duty exemption for
Electro-mechanical Equipment
(WB).

Excise duty exemption for
Electro-mechanical Equipment
(WB).

ADDITIONAL   INCENTIVES
OFFERED   BY MNES

Promotional  incentive
Scheme to carry out Detailed Sur-
vey & Investigation (DSI) and
preparation of Detailed Project Re-
port (DPR).
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In addition to the above fiscal
incentives, MNES has issued guide-
lines for off-take of power from
renewables on concessional terms by
the State Electricity Boards in respect
of power wheeling, banking and buy-
back. Several states of India have
announced their Private Sector
Policy, based on MNES guidelines.

5  Private Sector Participation

The States where small hydro
potential is available have come out
with attractive policies for private
sector participation, in line with
MNES guidelines. The pioneering
efforts of the Karnataka State Gov-
ernment in establishing a Single Win-
dow Agency for clearance of SHP
projects to private sector and the
Karnataka Power Corporation (KPCL)
as the nodal agency has sparked the
growth of the sector and has become
an example for other States to follow.
Some of the success stories of pri-
vate sector projects in the new era in
the State are 18 MW. Shivapur
p r o j e c t  o f  B h o r u k a  P o w e r
Corporation, Bangalore and 1 MW
Gokak Falls Scheme of Gokak Mills,
Belgaum and 3.9 MW Shahpur
Branch Canal project of Bhoruka
Power Corporation, Bangalore and
2.8 MW Dhupdal Hydro Scheme of

Gokak Mi l l s ,  Belgaum.  The
neighbouring States like Kerala and
Andhra Pradesh followed the ex-
ample and many SHP sites were allot-
ted to private sector companies
mainly to meet  their  captive
requirements. The first private sector
project in Kerala namely, Maniyar 12
MW SHP, was completed in a record
time of two years. The northern States
of Himachal Pradesh, Punjab,
Uttaranchal, and Uttar Pradesh,
which have tremendous potential of
hilly hydel schemes also announced
their policies and their projects are
under allotment / implementation for
captive as well as power sale options.

6  World Bank Initiative
through IREDA

A pre-investment study was
carried out under the auspices of the
Energy Sector Management Assis-
tance Programme (ESMAP) jointly
supported by UNDP and World Bank
during 1989-1990 in association with
the Indian Govt. agencies. The prin-
cipal objective of this study was to
apply techno-economic criteria to
improve the design and economic vi-
ability of irrigation based mini-hydro
schemes in India, and to identify and
prepare a medium term investment
programme to develop a series of irri-
gation based hydro schemes in India.
This study covered more than fifty
prospective small hydro sites in five
states namely Punjab, Andhra
Pradesh, Karnataka, Kerala, and Tamil
Nadu. Detailed techno-economic
analysis and cost-effective designs
were made for some of these sites.

Consequent to the ESMAP
study, World Bank (WB) offered a line
of credit worth US $ 70 million to be
utilized during 1993-1997 with a tar-
get capacity sanction of 100 MW.

The credit line has moved fast
enough and IREDA could sanction

47 projects with an aggregate capac-
ity of 145.16 MW, exceeding the tar-
get one year ahead of schedule. The
enthusiasm shown by the private
promoters as well as their understand-
ing that the small hydro is the most
attractive long term option not only
for their captive needs but also as a
business opportunity by way of sell-
ing power at commercial rates have
given a fillip to the sector and there is
going to be a steady growth in the
small hydro sector.

7  Second Line of Credit from
the World Bank

Satisfied by the progress made
in implementation of the first line of
credit, the World Bank has extended
an additional line of credit amount-
ing to US $ 110 million to IREDA for
development of 200 MW small hydro
power capacity. Under this line of
credits 51 number of SHP projects
have been sanctioned, and many of
them are under implementation stage,
and some of them have been
commissioned.

8  UNDP-GEF Initiative on Hi-
malayan Small Hydro

Against the background of de-
pleting forest resources of Himalayas,
the UNDP-GEF India Hilly Hydel
Project was initiated in the year 1994
as the first Indian Project from GEF
portfolio in order to develop a na-
tional strategy and master plan for
optimum utilization of small hydro
resources of Himalayan and sub-Hi-
malayan regions with an outlay of US
$15 million. The scheme also envis-
ages implementation of 20 demonstra-
tion schemes, upgradation of 100
water mills for electricity generation.
A revolving fund of US $ 1.4 million
has been created at IREDA to finance
commercial schemes under the
project. This initiative has created
massive awareness amongst Private
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Subsidy scheme for setting
up of commercial small hydropower
projects especially in the private sec-
tor .

Capital subsidy scheme for
setting up of small hydro power
projects in the State sector.

Scheme for Renovation,
Modernization and capacity uprating
of small hydro power projects.

Promot ional  incent ive
scheme for development and
upgradation of water mills.
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sector entrepreneurs to invest in hilly
hydro SHP Project. As a result, cur-
rently there are several hilly hydro
p r o j e c t s  w h i c h  a r e  u n d e r
implementation.

9  IREDA's Lending Activities

IREDA's Mission is to be a
pioneering, participant friendly and
competitive institution for financing
and promoting self-sustaining in-
vestment in energy generation from
renewable sources and energy effi-
ciency for Sustainable Development.

IREDA's main objectives are:

energy conservation and energy
efficiency. At present, IREDA's lend-
ing is mainly in the following areas:

Hydro Energy

Wind Energy

Bio-Energy

Solar Energy

Developmental Activities /
New Initiatives

New & Emerging Technolo-
gies

Energy Efficiency & Con-
servation

10  Emerging Scenario &
Strategies for Future SHP
Growth in India

From the foregoing discussions,
it is apparent that in India, it is an
opportune time that small hydro
should get a strategic thrust, as envi-
ronment driven awareness has redis-
covered 'small hydro' as a principal
renewable energy source for sustain-
able development.

For a multi-dimensional strate-
gic thrust, identification of weak ar-
eas and threat perceptions need to
be visualised carefully and appropri-

ate steps need to be taken. In this
connection, following is being
addressed:

Data Bank for hydrological
data and pre-investment study re-
ports of newly identified sites.

Single window clearance
facility in all the States.

Uniformity of Wheeling &
Banking facility.

Uniformity of buy-back and
third party sale.

Uniformity in water royalty
c h a r g e d  f r o m  P r i v a t e
Entrepreneurs.

Consistent & conducive
Government Policies.

11  Concluding Remarks

With the dawn of liberalisation
policy in India, power sector is at-
tracting private participation in a big
way. A technically sound programme
with entrepreneur’s friendly environ-
ment conducive power policies are
likely to spin off an entirely new
techno commercial scenario paving
the way for attractive business op-
portunities in Small Hydro Power
sector.                                              
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To promote Renewable
Sources of Energy.

To provide Financial sup-
port to Manufacturers and Users.

A c t  a s  a  F i n a n c i a l
Intermediary.

A s s i s t  i n  R a p i d
Commercialization.

To Promote Energy Effi-
ciency & Conservation, and

To Provide Consultancy.

IREDA's mandate covers a wide
spectrum of financing activities in-
cluding the activities   connected to

(from P.15)and long-term development

projects for renewable energies designed

by the NDRC and other related depart-

ments are expected to fulfill China's en-

ergy objectives up to 2020 and meet the

government's emphasis on renewable

energy.

Furthermore, the Chinese govern-

ment has announced incentives in financ-

ing and taxation to encourage the devel-

opment of renewable energies such as

wind power, methane and bio-energy.

According to the NDRC, China's

wind power has entered a large-scale de-

velopment phase. By the end of 2005,

China's wind power capacity had reached

nearly two million kW.

Over the last five years, the Chi-

nese government has set out a program

for wind power development, which has

laid firm foundations for China's wind

power ambitions. China has also seen

progress in the development and use of

bio-energy, solar power and geothermal

heat in the past five years.

At the end of 2005, nearly 17

million Chinese rural families were us-

ing methane and the number of major

methane projects exceeded 2,000.

According to latest statistics,

China's annual methane consumption has

reached eight billion cubic meters. Experi-

mental bio-power projects involving

burning stalks have been started in North

China's Hebei, Northeast China's

Heilongjiang, and East China's Shandong

and Jiangsu provinces.

By the end of 2005, the absorbable

capacity of China's solar water heaters

had reached 80 million square meters. The

energy it produced is equivalent to burn-

ing 10 million tons of standard coal.

China's consumption of renewable

energies in the year 2005 was equal to

160 million tons of standard coal, ac-

counting for seven percent of the total

energy consumption volume of the

country, said the NDRC.  (Xinhua )



 SHP NEWS   Spring  2006                                                                                          www.hrcshp.org    19

Introduction

he alteration of watercourses
has been extensive in Swe-

den as well as in other industrialised
countries. Since the end of the last
century the water table of about 2500
lakes have been lowered in order to
reclaim farmland. More than 600 of
these have been completely drained.
This particular activity came to a halt
at the end of the 1950s whereas the
ditching of wetlands and dredging
and channelisation of watercourses
for the benefit of forestry are still
ongoing activities. The regulation of
rivers for the purpose of meeting dif-
ferential needs of hydroelectric
power commenced in the beginning
of this century. At that time, the
floating of timber constituted the
economically most important profit
from exploitation of northern Swed-
ish rivers.

Freshwater once also contrib-
uted to a significant share of the food
requirement of people, but this ser-
vice has steadily declined. Today the
per capita consumption of protein
amounts to 90 g per day, of which
6% derives from fish. Less than 1 g is
protein from freshwater fish or
salmon caught or cultured at sea. Al-
though the uncertainty regarding the
contribution from recreational fish-
ery is considerable, it is clear that har-
vesting of freshwater food resources
is unessential for the sustenance of
riparian settlements in Sweden
nowadays. On the other hand, an-
gling has turned out to be a strong
advocate for maintaining free-flow-

ing rivers and restoring the already
harnessed ones. Together with
ecologists, one seeks additional ar-
guments for the redirection of using
rivers to enhance sport fishery. Most
of these arguments emanate from
studies that demonstrate differences
between aquatic and riparian biotic
communities in regulated and non-
regulated rivers, respectively. It might
be that species protection and nature
conservation will constitute strong
arguments for modifying future res-
ervoir operation in Sweden. However,
recent experience points to the pos-
sibility of both improving environ-
mental conditions and maintaining the
power output. The purpose of this
presentation is to provide the back-
ground information for such a way of
reasoning based on the situation in
Sweden. I will use fish to represent

biodiversity and biological produc-
tion because fish and fishery are of-
ten used as symbols for pristine and
highly rated natural environments.

River Regulation in Sweden

egulated Swedish rivers typi-
cally consist of one or a few

major storage reservoirs followed by
a series of river impoundments in the
downstream direction. Power sta-
tions are either located in the dam
itself or underground between the
dam and the adjacent downstream
impoundment (Fig. 1).

The major regulated rivers are
generally fully harnessed between
the uppermost dam and the sea, and
consequently look like staircases
when seen side-face (Fig. 2).

Large storage reservoirs are

SHP Development and Programme Worldwide

Environmentally Adapted Hydropower in Sweden

Bj rn Svensson, SwedPower AB, Sweden

T

R

Figure 1. General outline of a large Swedish river used for hydropower generation.
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mainly situated in the mountain ridge
of northern Sweden. There, the an-
nual specific runoff (precipitation mi-
nus evapotranspiration) exceeds
1000 mm as compared to less than
250 mm in the south-eastern part of
the country. The natural seasonal
variation in discharge also differs be-
tween different parts of the country,
the hydrograph being comparatively
smooth in the south and having a
conspicuous spring peak caused by
snowmelt in the north. This also
means that the natural river flow in
northern Sweden is more or less in-
versely related to the demand for
electricity. Consequently, deviations
from the natural hydrograph tend to
be larger when northern Swedish riv-
ers are regulated as compared to
those at lower latitudes. In addition,
hydroelectric power stations in
southern Sweden are comparatively
small and mainly of the run-of-river
type.

As can be seen in Fig. 1, the
regulated river mainly consists of
three kinds of aquatic habitats:

(1) Reservoirs that are used to
store water from the summer to the

winter or sometimes even from years
with high precipitation to compara-
tively dry years. The maximum water
level fluctuation in a Swedish reser-
voir amounts to 35 m (Tr ngsel dam
in the Dal lven river), whereas in natu-
ral lakes it is only about one meter. In
the Lule lven river, which has the
highest hydroelectricity generation in
Sweden, the total length of the regu-
lated branches is about 670 km of
which reservoirs constitute approx.
146 km (covering a total area of 467
km2 when completely filled).

(2) River impoundments are cre-
ated between two adjacent dams and
appendant power stations. The inlet
to the impoundment constitutes the
tailwater of an upstream power
station. This reach is usually dredged
or deepened in order to gain height
of delivery. The other end of the im-
poundment is the dammed intake to
the next power plant. Consequently,
river impoundments are usually
deeper than natural rivers. This also
means that the available space for fish
is larger in these impoundments com-
pared to unregulated stretches. On
the other hand, river impoundments

are often used to store water for peak-
ing power generation, which means
that the water level fluctuates over
the day and week (the amplitude is
usually 1-2 m), thereby exerting a
strong disturbance on the biota. In
Lule lven, the total length of the im-
poundments amounts to about 430
km, at most covering an area of 500
km2.

(3) River channels below diver-
sion dams. Such reaches often used
to be waterfalls or steep rapids. The
water to the turbines goes through
tunnels, and the former river channel
is used as spillway only. Sometimes,
a certain minimum flow is required,
but often only locally generated run-
off flows through the channel. In the
Lul lven river, a total of 65 km belongs
to this category. Two former rapids
used to receive a certain minimum flow
release, but the Water Rights Court
(WRC), following a decade of evalu-
ation of the possible benefits of this
flow, later removed the requirements.
One of the rapids, the 3-km-long
Lullekjetjeforsen, has a bed material
consisting of rocks and boulders in a
wide and shallow channel. It would
therefore be too costly (about SEK
0.3 mill.m-3.yr-1) to release a flow high
enough to create a significant amount
of habitats for brown trout (Salmo
trutta) that once used to inhabit this
part of the watershed. The other
reach, Suorkejokk , is a 25 km-long-
tributary to Lule lven. It is situated
in the subarctic region. In the winter
it is mostly dry or frozen, whereas in
the summer it is fed by melting snow
from the surrounding mountains, in-
cluding one glacier. Following the
diversion, the discharge decreased to
about one tenth of the natural. An
additional release of 2 m3.s-1 from the
reservoir during the winter had insig-
nificant effects on fish production
and only minor influences on ecologi-

Figure 2. In the Lule lven river as well as in most other Swedish rivers, the total

hydraulic head between the uppermost reservoir and the sea has been harnessed for

hydroelectric purpose. This river consists of two main branches, i.e. Stora and Lilla

Lule lven rivers (left and right profiles, respectively). Thick line denotes former river

reaches below diversion points.
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cal processes so it was finally agreed
to cut off this minimum release, which
saved the equivalent of SEK 3.5 mill.
annually.

The inundation of practically all
main-stem spawning habitats of mi-
gratory sea trout (S. trutta) and Bal-
tic salmon (Salmo salar) in the regu-
lated Swedish rivers was accompa-
nied by artificial rearing of these spe-
cies in hatcheries and subsequent
releases of smolts at the mouths of
the actual rivers. Consequently, the
maintenance of a base-flow to keep
up natural populations of anadro-
mous species is only meaningful in
exceptional cases, i.e. where spawn-
ing grounds are still available down-
stream from the lowermost dam or in
tributaries close to that dam. This is
the case in, for example, the Dal lven
and Ume lven rivers, respectively.

It is obvious that the potential
for increasing the natural production
of stream fish in the regulated part of
Lule lven is rather small. The watered
area at the highest water level is about
1000 km2 as compared to about 600
km2 before regulation of this river.
Less than 10 km2 of former riffle habi-
tat is possible to restore at all unless
the dams are removed or their func-
tion drastically altered. Given the an-
ticipated low biological production in
this nutrient-poor and cold river, it
must be concluded that any increase
in the release of water will probably
be extremely expensive in relation to
the additional fish yield it will
generate.

Legislation

egislation guiding the hydro-
electric use of riverine re-

sources is usually formulated to limit
the potential impacts of the new con-
structions and their operation, and to
handle competitive uses of these
aquatic resources. Consequently,

aspects of instream flow needs are
influenced by two or more opposing
needs. In a sense it is probably com-
paratively easy to handle questions
related to instream flow needs if two
similar uses in terms of economical
benefits are competing for the same
resource, since traditional economic
methods can then be applied. It is
much more difficult if one interest can
be accurately quantified in economic
terms while the others cannot. Such
is the case in areas where either rec-
reational fisheries or biodiversity is-
sues are considered to be the main
counterbalances to hydroelectricity
generation. This situation nowadays
applies to Sweden. However, when
most of the regulation dams and
power plants were built, competing
economic interests were mainly
considered.

Once a licence to build and op-
erate a dam or hydroelectric power
plant is issued, it is valid for all time.
However, the conditions governing
the project may be reviewed in accor-
dance with certain regulations. Such
a review means that the WRC deter-
mines whether there is cause to im-
pose new or changed conditions for
the project. The possibility of review-
ing a license depends on what inter-
ests such a review should satisfy.
Only conditions that are of common
interest can be considered. The law
identifies common fishery, environ-
mental protection, human health, navi-
gation and floating of timber as
stakeholders. In practice, only the
first two reasons are currently valid.
Private owners who have experienced
decreasing fishery yields as a result
of a hydroelectric project are sup-
posed to have been compensated (in
the form of mitigation measures,
complementary fishery opportunities,
or economically) when review pro-
cesses commence.

Applications to change the use
of water are raised by a particular ju-
dicial body (Kammarkollegiet) who
co-ordinates and pursues the future
court process. This means that the
two authorities responsible for fish-
ery and nature conservation, viz. the
National Board of Fisheries and the
Environmental Protection Agency,
are only indirectly addressed by the
WRC.

As a result of the review
process, the licence-holder must en-
dure a maximal loss amounting to be-
tween one fifth and one twentieth of
the tota l  product ion without
compensation. The WRC decided on
the exact figure already when the li-
cence was first given. However, the
old Water Law maximised this loss to
5%. Since most licenses were issued
at that time, deviations from the lower
limit of the above range are rare.

Sweden has adopted a fairly
comprehensive change of its envi-
ronmental legislation. Although the
potential losses of power generation
as a result of review processes will
probably remain the same, the final
outcome of such processes may be
altered in one important aspect in re-
lation to the instream flow issue.
Today, it is only possible to force a
licence-holder to release water as a
compensatory measure. Alternative
means of achieving the same result, i.
e. by undertaking so-called biotope
adjustments or stocking of fish, must
be paid by common funding. Since
the latter kinds of measures are usu-
ally comparatively cheap, it has so
far been common practice to make
voluntary agreements between the
power utility and other stakeholders,
agreements that are later confirmed
by the WRC. In the future, it will be a
full reciprocity between different miti-
gative options in this respect, no mat-
ter whether these are entirely related

L
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to reservoir operation or alternative
means of producing the same goods.

A Holistic Perspective

he average annual generation
of hydroelectricity in Sweden

amounts to about 65 TWh. This is
roughly half of the total consump-
tion of electricity in the country. A
5% reduction of the hydroelectric
output as a hypothetical outcome of
the review process just mentioned
thus represents a rather significant
amount of power as well as money, i.
e. about SEK 0.5 billion annually.
That is half the value of the current
Swedish commercial  f ishery.
However, since the most recent li-
cences have already been consider-
ate towards opposing interests by
prescribing a certain minimum flow,
the total possible loss will be smaller,
perhaps 2 TWh at the most.

Since the hydraulic heads of di-
version dams are comparatively high
and the resulting dry river channels
rather steep (Fig. 2), large amounts
of water need to be released in order
to reinstate fish habitats. The eco-
nomic values that are then at stake
constitute strong reasons for devel-
oping alternative methods that can
improve fishery. Given the fact that
Sweden has protected catchments
corresponding to one third of the to-
tal land surface area against exploi-
tation for hydroelectric purpose, it is
reasonable to assume that increased
discharges will only be reinforced to
protect threatened and genetically
distinct populations. It is doubtful
whether this situation prevails in any
of the regulated rivers today. Regu-
lation has often resulted in a com-
plete loss of local populations, and
restorations per se of such fish
stocks are of course no longer pos-
sible by any means. With respect to
fish, the interest has previously been

focused on the fishery yield, with
conservational aspects being kept
out of the planning. Mitigation mea-
sures have centred on strengthening
the remaining populations or on in-
troduction of breeds that have been
considered to be better adapted to
the altered environment. If such in-
t roduct ions have been at  a l l
successful, it is no longer possible to
restore the original populations.

The fact that fishery rather than
protection of the native fish popula-
tions has been the most important
cause for concern facilitates the adop-
tion of cost-benefit analyses. It also
means that one can consider alterna-
tive means of producing the same
goods. Hence, Swedish legislation
now allows the replacement of fish-
ery opportunities lost due to river
regulation, by enhancing fisheries in
nearby rivers or lakes. The economic
benefits of such interchanges are
obvious.

In recent years, instream flow
needs in Sweden have been dis-
cussed in connection with the pro-
tection of biodiversity. It is usually
stated that natural flow conditions are
prerequisites for the maintenance of
high richness of species. However,
preliminary observations indicate that
the macroinvertebrate fauna in dry,
but temporarily flushed river
channels, is similar to that found in
the lowland riparian zone of free-flow-
ing rivers. This zone is considered to
be particularly sensitive to river regu-
lation in Sweden. Consequently, dry
river channels, although they are ar-
tificial structures in the landscape,
constitute refuges for species that
have become scarce or lost locally
along harnessed watercourses.

Even if the sometimes strong de-
mands in Sweden to increase instream
flow releases also refer to general eco-

logical amenities, the aesthetic as-
pects still appear to be the second
most important argument for such
claims. These aspects are also most
difficult to describe in economic
terms.

Something must also be men-
tioned about the costs of replacing
hydroelectric power with other
sources of electricity. Today and in
the near future, shortage of domestic
supply of electricity is covered by
import from Denmark. Such electric-
ity is generated in coal-fired power
plants with little removal of acidify-
ing substances. An average of 4% of
the sulphur thus emitted is deposited
in Sweden. There is enough knowl-
edge to express the impact of this
deposition in quantitative terms and
to make comparisons with the impact
of maintaining the hydroelectric
output. Thus, in the particularly dry
autumn in 1996, 3 TWh of electricity
was imported from Denmark. The re-
sulting sulphur emissions were large
enough to exceed the critical load
within an area that was larger than
the total inundated area in the
Lule lven river, i.e. 360 km2 vs. 324
km2, respectively.

Instream Flow

 number of methods have been
developed in order to facilitate

the optimisation of trade-offs be-
tween fish production and hydroelec-
tric output. There seems to be three
basic approaches that have been
adopted so far.

The simplest methods are based
on hydrological features and the as-
sumption that there is a relationship
be tween  d i scha rge  and  f i sh
abundance. One anticipates that the
size of a fish population is regulated
by low flow rather than high flow
conditions, and let instream flow
needs equal the average low flow or

T
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a fraction thereof. The requested dis-
charge is simply read off from the
hydrograph or the duration curve.
This or similar methods have been
used in Switzerland, for example. The
main objection to this method is that
it does not consider the local
topography. Although there might be
a relationship between water flow and
fish yield on a large scale, it is per-
haps only valid as long as the natural
proportion between flowing and still
water reaches is maintained. Dams
and power stations are often located
in the steep reaches of rivers. Above
such structures, a raised flow would
naturally have led mainly to an in-
creased water volume. In the regu-
lated river this or an even larger vol-
ume is kept up by artificial means, so
that alterations of the discharge will
add very little to the available space
for fish. In the rapid water, on the
other hand, an increased discharge
would naturally have added to the
water velocity while providing about

a constant water volume to fish.
Consequently, since it is mostly the
last-mentioned kind of river reaches
that are considered when dimension-
ing instream flow needs, there is an ob-
vious risk of sub-optimising the use of
the water resource by applying this par-
ticular method. Other things being
equal, for many species of fish an in-
crease in water depth seems to influ-
ence population density more than an
increase in water velocity does (Fig. 3).

The use of relationships be-
tween discharge and the wetted pe-
rimeter takes the topographical con-
ditions into consideration. This
method requires measurements of the
shape of the river channel. In order
to determine suitable instream flow
levels with this method, one usually
tries to find plateaus or inflections on
the curves describing the above-men-
tioned relationship, i.e. levels above
which additional amounts of water
add comparatively little to the size of

the water-covered area. A relationship
of this kind, based on measurements
of a large number of regulated and
non-regulated river reaches, is given
in Fig. 4. It has not been used in
Sweden, but reasoning taking in the
above-mentioned relationship is usu-
ally part of the decision-making
processes. Unfortunately, it has
proven difficult to establish relation-
ships between the wetted perimeter
and variables related to fish.

Since it is now possible to pre-
dict fairly accurately the hydrologi-
cal features of river reaches by math-
ematical modelling, it seems possible
to combine hydrological data and in-
formation on the habitat requirement
of individual species in order to ar-
rive at more accurate estimates of
instream flows. As a matter of fact,
that is what the frequently-adopted
IFIM method aims at. Although this
method has also been difficult to
verify it satisfies the logic and repeat-
ability required in juridical processes.

Biotope Adjustments

From what has just  been
described, one must conclude that
discharge is one of several factors
that influence fish productivity. Dis-
charge consists of two components,
viz. volume and rate. Provided the lat-
ter is of lesser importance than
volume, it would be possible to
achieve an increased fish production
by manipulating volume only. This is
brought about in the most cost-ef-
fective way by so-called biotope
adjustments, i.e. artificial alterations
of the channel morphology.

Biotope adjustments are often
accepted as successful substitutes
for increased releases of water in
Sweden, both in connection with the
issuing of new licenses and as out-
comes of relicensing procedures.
Since the water in the northern part

Figure 3. Daytime observations of preferences for water velocity and depth of different size
categories of brown trout (Salmo trutta). Figures above or below bars denote number of observed
individuals in each resource interval. Preferences calculated according to Jacobs' formula
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of the country is of good quality, flow
reductions will normally not cause
significant changes in the concentra-
tion of dissolved oxygen. Also, sedi-
ment transport is generally low, so
that the generation of flush flows to
remove silt from the spawning redds
is rarely needed.

It is difficult to provide a gen-
eral cost-benefit analysis of biotope
adjustments. Based on the most re-
cent projects, the costs of construct-
ing weirs to raise the water table typi-
cally amounts to about SEK 7000 per
m cross-section. Weirs nowadays
consist of boulders and stones that
are loosely arranged in order to give
an impression of naturalness. Al-
though occasional flooding might
damage such structures, the natural
appearance is highly appreciated.
However, it is necessary to include
cost estimates of future repairs even
in the planning phase in this case.
Costs for biotope adjustments that
more broadly aims at enhancing the
habitat for fish and other biota by di-
versifying the bottom topography
and increasing the wetted perimeter
vary considerably. Total amounts
expended, including planning and
field-working, range between SEK
15,000-50,000 SEK per km river reach.

Since biotope adjustments have

long been established as common
practice in Sweden, there has been
little need to evaluate the outcome
of such undertakings in scientifically
satisfying ways. However, several of
the more recent projects are now be-
ing studied in detail. Additional in-
formation on this matter also derives
from Norway, where the effects of
weir construction have been thor-
oughly documented.

Conclusions

iver regulation creates artificial
environments. Some of these

environments are poor in terms of
the  number  o f  spec i e s  and
productivity, but there seems to be
good prospects of improving the situ-
ation in some of the impacted areas
at least. In order to optimise the use
of natural and economic resources,
it is necessary to accept the fruit-
lessness of trying to combine gen-

R

Figure 4. Relationship between remaining flow and width below some diversion dams in

northern Sweden. Remaining flow is expressed as the percentage of mean unreduced flow.

eration of hydroelectricity and main-
tenance of pristine river ecosystems.
The acceptance of hydropower as a
legitimate resource use comparable
with forestry and agriculture makes it
possible to adopt a whole array of
methods to improve its environmen-
tal performance.

Evaluations of different means
of improving fishery in regulated riv-
ers are difficult because it is not pos-
sible to close rivers or even reaches
of rivers to fishery. Inter- and in-
traspecific interactions between fish
have also turned out to be difficult to
predict. Because vast amounts of
money are at stake when dealing with
instream flow issues, quantitative re-
lationships between hydrological/to-
pographical parameters and fish pro-
duction are highly requested. For the
sake of reciprocity it is advisable to
accept methodological shortcomings
for the time being, while continuing
to improve these methods, rather than
to untie the apparently loose cou-
pling between hydrology and biol-
ogy completely in favour of simply
hydrological considerations.

Loss of power generation as a
result of increased instream flows, is
replaced by other means of generat-
ing electricity. Consequently,
instream flow methodologies should
be supplemented with methods that
provide so-called full-chain-cost
analyses of alternative electricity
generation.                                        

SHP Development and Programme Worldwide

Mr.Zhao, Executive Editor-in-Chief of SHP

NEWS visiting  Mr.Bj rn Svensson at author's

office in Sweden in Oct. 2005

Office Building of SwedPower Internatonal AB

in Stockholm



 SHP NEWS   Spring  2006                                                                                          www.hrcshp.org    25

SHP Development and Programme Worldwide

ABSTRACT

l v k a r l e b y  h y d r o p o w e r
station, with five old Francis and one
new Kaplan turbines, draws water
from the natural river through a 250-
m long artificial headrace. Autumn
1995 a hole, caused obviously by
sand abrasion, was discovered in the
headcover of one Francis unit (G1),
followed by new holes found in 1997
and 1998. Investigations are made,
with the purpose of identifying the
origin of the sediment and under-
s tanding i ts  behavior  in  the
headrace. Several locations along
the river are examined through field
observations, echo sounding and
diving, aiming at locating the source
of the sediment. This ends without
definite conclusion, therefore
whether the sediment transport will
cease can not be answered. Assum-
ing the sediment transport will
continue, hydraulic model tests are
made to examine the behavior of
sand transport in the headrace. The
results show that irrespective of how
the old Francis units are operated,
the sediment is transported along the
right side of the old canal, not along
the left as expected before the model
was built. Strong bottom currents to-
wards the Francis unit G1 carry sand
with it, which accounts for the wear
of its headcover. Efforts are now
made to study potential measures for
sediment removal from the headrace.

lvkarleby Hydropower Sta-
tion

lvkarleby Power Station is lo-

Sediment Problem at lvkarleby Power Station

James Yang, Vattenfall Utveckling AB, lvkarleby, Sweden

Nils Johansson, SwedPower AB, lvkarleby, Sweden

cated on the river Dal lven and is one
of the three pioneer stations built by
Vattenfall in early 1900s and still kept
in operation. Figure 1 shows the
bird's eye view of the scheme. The
power station was put in operation
in 1915 and comprises five identical
units, denoted  as G1 to G5 from left
to right. It is of a design typical of
that period, each having a horizontal
shaft with two double Francis tur-
bines and one generator. The nomi-
nal installed effect of each unit is
14.5 MW at a gross head of 22 m and
a turbine discharge of 90 m3/s. Fig-
ure 2 illustrates the typical cross-sec-
tion through the units.

The power station was rebuilt
and extended in 1988-1991. The origi-
nal station was refurbished and a new
Kaplan unit, denoted as G6, was
added on the right side of the
headrace canal. The installed effect
is about 50 MW at a design turbine
flow of 250 m3/s. After the extension,
the total discharge in the headrace
increases from 450 to 700 m3/s.

The water to the units is con-
veyed from the natural river course
in a 250 m long headrace. The normal
water stage in the headrace +22.5 m.
In connection with the extension, the
headrace was widened and a sepa-
rate canal was excavated from the
headrace to unit G6. The bottom of
the old part of the headrace corre-
sponds to +9 m, the new, extended
part leading to unit G6 has a higher
bottom elevation of +13 m and the
transition between the old and new

parts has an almost vertical face.

The canal is blasted out of rock
and is enclosed by walls on the sides.
The wall height has been determined
by model tests to ensure that over-
flow will not occur in the event of
emergency closure of the power
station. The left canal wall was sealed
and stabilized. The right wall, new in
its entirety, is of concrete and
founded on rock. A roadway bridge
with one pier runs over the canal and
is included in the general road system.

Headcover Abrasion of Francis
Turbine

Autumn 1995 a hole was discov-
ered in the turbine headcover of the
Francis unit G1, situated at the very
left of the old power station. The hole
was repaired and the problem was
considered as temporary. March 1997
saw a new hole  in  the same
headcover, the diameter was about
15 mm. Another hole was found in
November 1998. Figure 3 shows the
damage of the headcover.

The new damages show that the
wear of the headcover continues and
the problem is not temporary. To find
the reason to the damages and to take
proper measures, investigations are
made. The sand particles found in the
canal have a diameter ranging from 1
to 10 mm; the majority falls within 1 -
3 mm, with a median of 2 mm.

The gap opening between the
runner and the turbine housing
(casing) is approximately 3 mm (Figure
4). The damages are contributed to
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the sediment-laden water
that comes through the gap
with high velocity. Sand
particles less than 3 mm
pass through the gap and
are found in water samples
from the site. The entrapped
sand particles rotate also
with the runner and wear the
headcover.

Abrasion caused by
sand is also found in units
G2-G5, but the damages are
not as extensive and seri-
ous as in unit G1.

Sediment Transport
and Handling Strategy

The power plant has
been in satisfactory opera-
tion since 1915, without in-
dication or experience of
any problem with sediment.
One question people natu-
rally ask is that why sedi-
ment transport occurs now
and whether it cease or not.
The answer to this can be
sought in two aspects - in
the flow conditions and in
the river bed.

Before the Kaplan unit
(G6) was commissioned in
1991, the discharge in the
river corresponded nor-
mally to the turbine flow,
450 m3/s. The spillway was
used only in excess of
water. After the extension
the river flow increases to
700 m3/s.  Due to this
change, the sediment trans-
port capacity of the flow in
form of the bed shearing
stress increases by about
140%, as it is a function of
the square of the velocity.
Such an increase might be
enough to put in motion

the sediment previously deposited in
the river.

The headrace to the power
plant is entirely blasted in rock and
the sediment originates therefore in
the natural course and not in the
headrace. It is considered necessary
to locate the sediment source. Where
the sand comes and if it ceases to
come govern the measures to be
taken. If the sediment amount in the
river is found limited, the best strat-
egy might be to operate the power
station as usual and repair the dam-
age in the headcover in case of need.
If the sediment source is endless and
the sand will continue to be trans-
ported in the future, it is advisable to
take engineering measures to remove
the sand from the headrace and pre-
vent it from entering the power
station. Field investigations are nec-
essary to locate the origin of the sand
and to determine its amount.

Field Investigations along the
River

The river Dal lven flows in
lvkarleby through an area with

glaciofluvial origin characterised by
material from fine sand to boulders.
The river has through the years
formed a stable riverbed with stones
sizes adapted to the flow situation.
Sediment problems have never be-
fore occurred in lvkarleby power
station since it started its operation
in 1915 or in Lanforsen power sta-
tion situated about three km upstream
of lvkarleby.

When the sediment problems
started in 1990's two sources of the
sediment was possible. Depending
on the source different actions could
be taken at the power station as de-
scribed earlier in this paper.

The first possible source was a
cofferdam that was built across the
entire river during the refurbishment

Figure 1: lvkarleby hydropower station - a bird's eye view

Figure 2: Typical cross-section through old Francis turbines

Figure 3: Damage in headcover of old Francis turbines

Figure 4: Sediment-laden water passes through the

gap (3 mm) between runner and turbine casing
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of the power station and dams. This
cofferdam contained a lot of sand and
some parts of this cofferdam were not
removed. If the source was this cof-
ferdam the supply of sand should stop
after a while.

The second possible source of
sand was from the riverbed from
Lanfo r sen  power  s t a t i on  to

lvkarleby power station. During
1980's excavation took place in the
riverbed to minimize the head losses
from Lanforsen to lvkarleby power
station. The natural erosion protec-
tion was damaged and never restored.
If the source of sediment was from
the riverbed the supply could be
endless.

A dive investigation summer
1998 showed sandbanks in the river-
bed upstream of the headrace canal
intake.

In 1998 and 1999 two consecu-
tive echo soundings were made of
this area. The echo sounded area was
upstream of and in front of one of the
three spillway dams and exposed to
high flows during spill. The echo
sounded area was also mostly up-
stream of the former coffer dam.

The results from the echo
sounding showed that the bottom
topography changed and the change
was also upstream of the cofferdam.
The net sediment inflow volume of
the 5100 m2 echo sounded area was
1748 m3 or an average of 0.34 m sand.
The only possible conclusion is that
the sediment source must be up-
stream of the former cofferdam and
we can not expect the sediment trans-
port to stop.

Sediment samples were taken
from different parts along the river and
compared to the sediment found in
the turbine. No conclusive evidence
can be found from where the sedi-
ment originates. Assumptions are
therefore made that sand will con-

tinue to come and measures must
be taken, so that the plant can op-
erate normally.

Laboratory Studies - Fixed-
Bed Sediment Model

Hydraulic model studies were
made at Vattenfall Utveckling AB,
the purpose of which is to under-
stand the behavior of sediment
transport in the headrace and to
provide a basis for suitable sedi-
ment control measures (Yang 2000).
The model, in scale 1:50, consisted
of the headrace between the natu-
ral river course to the power
station. The model length was 12
m, the width was 3.6 m in the upper
part and 2.4 m in the lower. The
bridge pier was included in the
model.

The model was used as a
fixed-bed model, not as a movable
bed one. Sediment particles were
transported as bed-load, not as
suspended load or wash load.
Deposition of suspended load and
re-suspension were neither inves-
tigated in the model. The model
sand used was polypropylene. The
particles were rather uniform and
their shape was not exactly
spherical. The diameter was on an
average 3.8 mm. The sand density
was 1075 kg/m3.

The  tu rb ine  d i scharge
through each unit was calibrated
and simulated accurately in the
model. After trial and error and with
the selected model sediment, the
flow rate used in the model corre-
sponded to about twice the Froude-
number based flow rate. Sensitiv-
ity tests were also made so as to
guarantee flow independent test
results.

Unit G6 is a new Kaplan tur-
bine with higher efficiency and in
practice it is usually put in opera-

tion before other units. Different op-
eration combinations of Francis units
G1-G5 were therefore tested in the
model to identify sediment pattern in
the headrace. With unit G6 in
operation, these combinations in-
cluded 2 units, 3 units, shift from 3 to
another 3 units, 4 units, shift from 4
to another 4 units, shift from 4 to 5
units and running of all 5 units. The
following conclusions can be drawn
from the model tests.

General sediment pattern  ir-
respective of how the five units are
combined and run, the sediment is
always transported along the right
side of the old headrace (el. +9 m),
not along the left side as expected
before the model was built. The rea-
son for this can be sought in the flow

 the sediment follows the bottom
current conditioned by the headrace
geometry.

Change in operating condi-
tions  when several Francis units
are running with constant flow rate, a
somewhat stable sediment pattern is
usually obtained in the headrace.
Closing one of them and at the same
time putting another one into opera-
tion will immediately change the near-
bed current in front of the power sta-
tion and disrupt the already estab-
lished stable sediment pattern. As a
result, sand particles start to move
into the units. The shift from
G2+G3+G4+G5 to G1+G2+G3+G4 is a
typical example.

To put one more unit into op-
eration without closing any unit al-
ready running gives the same
conclusion. An example can be the
running of units G2+G3+G4+G5 with
an addition of G1, corresponding to
which the deposition pattern and
sand particle movement in front of the
units.

Sediment into unit G1  when

SHP Development and Programme Worldwide



28    www.hrcshp.org                                                                                                                      SHP NEWS   Spring  2006

units G1+G2+G3 are in operation
(G4+G5 closed), about 90% of the
sand is transported into unit G1 and
almost no sand into unit G3. Another
similar case is the shift from units
G2+G3+G4 to G1+G2+G3. When a
stable sediment pattern is obtained
with G2+G3+G4 in operation, closing
G4 and at the same time opening G1
leads to the fact that about 85% of
the sand moves into G1.

Sediment into other units 
with different running combinations,
sand can be transported into other
Francis units, G2 to G5. The amount
into them is different and but it is
usually much less than that into unit
G1. No sediment is found in the new
part of the headrace with a higher el-
evation (+13 m), meaning that the
water conveyed to unit G6 does not
contain any sand in bed load.

With the model tests, the sedi-
ment behavior in the headrace is iden-
tified and the sediment transport into
the Francis units can be reasonably
explained.

Field measurement of sedi-
ment pattern in headrace

To verify laboratory results,
field measurement in the headrace
was made after completion of the
model tests. A x-y coordinate system
was established for the headrace.

The sediment deposition pat-
tern in the headrace from the diving
agrees fairly well with what is found
in the model. In other words, the
model provides reliable results as to
where the sediment deposits in the
headrace.

There exists a stone trap imme-
diately in front of the intake to the
turbines. Dive inspection at another
occasion shows that, in  front of unit
G1 and G2, the trap was full of sand
up to the headrace bottom level, the
amount of sand in front of G4 and G5

is however very limited. This con-
firms from another aspect the find-
ings from in the model tests.

Sediment  Removal  from
Headrace

To prevent the sand from being
transported to the power station, it is
not practical to take any control mea-
sures in the natural river course as it
is wide. To stop the sediment some-
where in the headrace is considered
as an advisable approach.

Downstream the new canal lead-
ing to unit G6, the velocity of the bot-
tom current becomes lower. It is suit-
able to have a barrier on the bottom
of the old part of the headrace and
trap the sand. In the left wall of the
headrace close to the power house,
there exits an opening sealed by a
safety valve. It is possible to have a
self-suction system through this
opening to remove the sand accumu-
lated in the trap and discharge it to
downstream the power station. This
is however not dealt with herein due
to the limit in paper length.

Conclusions

Following the discovery of the
damages in the headcover of one
Francis unit ,  caused by sand
abrasion, field investigations were
first made. The main purpose was to
locate the source of the sand and to
determine whether the sediment trans-
port will cease or not. When the ef-
forts to locate the sediment source
failed, laboratory model studies were
made, so that the sediment pattern in
the headrace under different opera-
tion conditions and transport into the
power plant can be explained. Efforts
are now made to design the sediment
removal system from the headrace.
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