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1. Historical  Progress  of In-
volvement of China’s SHP Sector in
the International Community

          The rapid growth and enor-
mous  development of SHP in China
took place in an historic period of glo-
bal revitalization of SHP.  The boom-
bus t  cycle o f SHP development
shows that in the early 20th  century,
after several decades of SHP boom-
ing as an embryonic form of hydro-
power in  industrialized  coun tries , a
tendency of building  large projects
to replace SHP emerged.  Up to the
late 1970s, SHP worldwide was greatly
reduced and even almost eliminated.
However, in the mid  1970s , drast ic
inflation  of petroleum prices (by  10
times) occurred, and SHP became at-
tractive in many developed countries.
Revitalization of SHP was set to surge
in countries with rich resources, while
s ome develop ing coun tries  jus t
started to  construct SHP plants to
replace diesel generation in ru ral ar-
eas to save foreign currency from im-
port ing dies el oil.  At this historical
stage, the tremendous development
of SHP in China from the 1960s to the
1970s astonished SHP peers through-
out the world right after China’s open-
ing  up to the world.  Upon  request
from numerous countries to promote
exchange of in formation, a series of
international meetings have been or-
ganized by UN organizations  and
other international institutes since the
1970s.  China started to get directly
invo lved in  the in ternational SHP
community, and  from the unfamiliar
role it used to have before opening-
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up , China has g radually g rown to
become one of the most active mem-
ber countries.  During the past two
decades s ince the early 1980s , the
most influential events and meetings
that effect ively drew China’s SHP
sector into the world arena should be
mentioned as follows:

      (1) The UNIDO Seminar-
Workshop on the Exchange of Expe-
riences and Technology Transfer of
Mini-hydro Electric Generation Units,
held in Nepal’s capital, Kathmandu
in September 1979, was the first inter-
national meeting after the oil crisis in
the 1970s.  It was attended by 68 rep-
resentatives from 23 developing coun-
tries,10 developed countries and sev-
eral UN organizations.  Knowing that
great interest  for SHP development
was set to develop in the near future
in a number of countries, consensus
was reached that strengthen ing of
international cooperation would be of
increasing importance.  An important
res u lt  o f th is  meet ing  was  the
“Kathmandu Declarat ion”, which
stated:

  -Exchange of info rmat ion ,
knowledge and experience is felt  to
be of basic importance for promotion
of this technology, not only between
developed countries and developing
countries, but also among the devel-
oping countries themselves.

  -Government and officials and
private ins titutions, as  well as UN
agencies and other international and
bilateral organizat ions are inv ited to
increase their supporting efforts  to

accelerate the elect rification o f rural
areas by means of small-scale power
production  within  the framework of
rural development plans.

  -The participants of the Semi-
nar-Workshop therefore decide to
underline the need for strengthening
international cooperation in a system-
atic, efficient and effective manner.

  This statement indicated the
earliest concept o f South-South co-
operation in the SHP arena, which has
since been extended in a very broad
and meaningful way during  the past
2 decades.

  (2) Another very  important
meeting, the United Nations Confer-
ence on New and Renewable Sources
of Energy  (UNCNRSE), held  in
Nairobi, Kenya in 1981, was  directly
organized  by the UN secretariat and
attended by 124 countries with 1400
delegates, of whom 98 were leaders
at ministerial level or higher. During
th is meeting, significan t messages
and decisions were made with respect
to SHP development:

 -In the report of the Hydropower
Technical Panel of the UNCNRSE, it
was written, “Perhaps the greatest ex-
perience with small-scale hydropower
development is in China, where 88,000
hydropower plants have been con-
structed in the last 2 decades with an
average capacity of about 70kW.”

  This is the earliest recognition
of the role o f China’s  SHP develop-
ment by the international community
through an official document from the
United Nations.
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  -Accord ing to the o fficially
adopted “Program of Action” of the
Conference, it was anticipated that a
series of centers of excellence for new
and renewable energy s ources in-
cluding SHP be set up to carry out
activities in the fields o f R+D, dem-
onstration, diss emination, training
and information.

  (3) Clos ely fo llowing  the
Kathmandu Meeting, a second Semi-
nar-Workshop/Study Tour on  the
Development and Application  o f
Technology for Mini-hydro Power
Generation was further organized by
UNIDO in Hangzhou, China and Ma-
nila, the Philippines during October
17-November 8, 1980, showing the
great importance and earnest expec-
tation for strengthening international
cooperation in the SHP field (which
was called  Mini-hydro generation
then).  In this meeting, in-depth stud-
ies on the different  approaches of
SHP development and significant so-
lut ions  and recommendations were
delivered as follows:

- Th e S emin a r- Wo r ks ho p
adopted the Kathmandu Declaration,
which emphas ized , among  o ther
things, the need to intensify act ion
and international cooperation in this
important endeavor.

 -One of the major objectives of
the Seminar-Workshop was the direct
comparison  of the SHP approaches
in  China and the Philipp ines . Bo th
had made success fu l p rogress  al-
though the methods used seemed to
be entirely different. It was stressed
that the SHP programs were at differ-
ent stages of implementation and that
the s ys tems  were crea ted  and
adopted under different political, eco-
nomic, cultural and ecological condi-

tions .  In-depth study  and compari-
son were carried out in nine specific
aspects of the systems approach: or-
ganization and p lanning , local in-
volvement in the implementation, lo-
cal involvement in the production of
equipment, multi-purpose/socio-eco-
nomic aspects, technology, involve-
ment of research institutions and uni-
vers ities, national/foreign techn ical
performance, financing and mini-hy-
dro  versus o ther electric  energy
sources.

  The scientific concept of com-
parison used in the early 1980s  has
proved to be correct and important,
even two decades later in the 21st cen-
tu ry.  Chief Economis t and  Senior
Pres iden t of the World  Bank, Mr.
Nicholas Steven said in the APEC Fi-
nance and Program Development
2002 Annual Forum held in Beijing,
China on May 26, 2002 that, “One of
the mos t importan t th ings we have
learned from past experience is that
there is  no  s ing le development
model.”  Up to the present, there are
diversified models of SHP develop-
ment around the world, in which the
Chinese approach is only one of the
s ucces sful models that cou ld  be
adopted and of valuable reference to
other develop ing coun tries in  some
aspects.

 -The possibility of establishing
a regional/inter-regional development
and training center in China proposed
by UNIDO was vigorously and seri-
ously discussed during the meeting.
The concep t of UNIDO in creating
Centers of Excellence in selected de-
veloping countries, which could func-
t ion as  regional and global focal
points o f internat ional cooperat ion
on the selected subject such as SHP
was explained by  UNIDO represen-

tatives.  It was als o felt that the pro-
posed Cen ter in China cou ld be one
of a series of similar centers in other
regions of the world, which altogether
could form the backbone of a global
network in  the field o f SHP.  In the
summary recommendation , it  was
st ress ed that  the meeting st rong ly
recommended the establishment of a
Center of Excellence in Training, Re-
search and Development related  to
MHG (SHP) technology.  It als o
pointed out that at the initial stages,
the major activities would be mainly
for the Asia and Pacific regions.

 (4) Under the extensive and in-
tensive influence of the above three
meet ings and strong support  and
subs tantial follow-up work of the
Uni ted  Nat io ns  o rgan izat ions
UNIDO, UNDP and  UN-ESCAP, the
Chines e government authorized the
Ministry of Water Resources (MWR)
and the Minist ry  o f Foreign Eco-
n omic  Re la t io n s  a n d  T r ad e
(MOFERT) to take actual steps for
es tablish ing  the center.  Thus, the
Hangzhou Regional Center (Asia-Pa-
cific) fo r Small Hydropower (HRC)
was officially estab lis hed in 1981.
The designated objectives of HRC as
per relevant documents are to offer
and promote international coopera-
tion for SHP development in the field
of R+D, training, information  and
consu ltancy for the As ia-Pacific
member countries.  It  also acts as a
window on China’s international co-
operation for SHP.  Domestically HRC
is called the National Research Insti-
tute for Rural Electrification (NRIRE)
with  the ob jective of providing ser-
vices of planning and consultancy for
construction of electrified counties in
rural areas in China.

 In the meantime, an Asia-Pacific
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Regional Network for SHP (RN-SHP)
was set up with its  secretariat based
succes sively at HRC and in NEA of
the Philippines.

The number of member coun-
tries  of the RN-SHP was  initially 24,
and then expanded to 40.

Both  HRC and RN-SHP have
successfu lly  achieved their objec-
tives as designated in the beginning
and mandated by a series of Steering
Commit tees of Renewable Energy
Program and Technical Advis ory
Groups of the RN-SHP

 (5) South-South Cooperation
 The earliest official program for

South-South Cooperation was raised
at the UN Conference for Techn ical
Cooperat ion  among  Develop ing
Countries (TCDC) held  in  Buenos
Aires, Argentina between August 30-
September 12, 1978.  The Buenos
Aires Action  Plan  was  adop ted for
promoting and  implementing action
on technical cooperation among de-
velop ing  coun tries .  The idea o f
TCDC indicates it is a measure or tool
fo r p romot ing  dis s eminat ion o f
knowledge or experience in the field
of human activities among  develop-
ing  countries with the capability  of
mutual sharing.

Up  to 1990, the transition  o f
TCDC to ECDC (Economic Coopera-
tion among  Develop ing Countries)
was advocated although the bound-
ary between them is  no t clear, and
mutual s upport  and co-exis tence
should be encouraged.

At the South-South Cooperation
Conference held in Santiago, Chile in
November 1997, 23 pivotal countries
(PC) were determined by the Depart-
ment o f South-South Cooperation,
UNDP, including China and  o ther
Asia-Pacific countries such as Korea,

India, Indonesia, Malaysia, Pakistan
and  Thailand.  The aims o f the PCs
are to promote developing countries
to effectively participate in the grow-
ing sys tem of globalization  of the
world economy and to use trade and
investment as the major elements of
promoting growth and development.

China has actively part icipated
in TCDC/ECDC activities carried out
in the past  20 years or more.  In  the
area of SHP, HRC has also made great
efforts in performing TCDC activities
organ ized by UN organ izations  and
the Chinese government, especially
in organizing training workshops for
SHP.  At the turn of the century, HRC
was given  the award  of “Model of
South-South Cooperation” by the
Chinese Ministry of Foreign Trade
a n d  Ec o n omic  Coo p e r a t io n
(MOFTEC-formerly MOFERT).

 (6) The 2nd International Confer-
ence on SHP jointly held  by the In-
ternational <Water Power and Dam
Const ruction> of UK and HRC on
April 1-4, 1986, in Hangzhou, China.

The conference was attended by
181 delegates  from 38 coun tries
(mostly  from developed coun tries)
and  relevant institutional o rganiza-
tions, together with 96 senior Chinese
experts.  It was the largest high-level
meeting in SHP sector that had been
held at that time in China.

The conference provided exten-
sive opportunities for the participants
in the following aspects:

-Wide exchange of situation and
experience o f SHP development
around  the world, offering a broad
opportunity  for mutual learning  be-
tween foreign and Chinese experts;

-Systematic and vivid introduc-
tion of achievements and experience
of SHP development in China;

-Creation of opportunities for bi-
lateral cooperation between China
and foreign countries th rough con-
crete mutual understanding of capa-
bility, demand  and the market s itua-
tion in  China and in western coun-
tries;

-Promotion of extensive under-
standing  and  friends hip between
China and western delegates.

The even t also ind icated  that
China was  con tinu ing  its  progress
towards full integration with the in-
ternational SHP community and was
set to be capable of organizing glo-
bal conferences and other important
events for SHP.

 (7) After continuous efforts and
numerous activ ities of internat ional
cooperation  in the SHP sectors for
more than 20 years, China has become
more active and capable of joining co-
operative act ivities worldwide.  On
the basis of the regional center, an
International Center for SHP was set
up on 1994 in addition to the existing
HRC, as anticipated by UNIDO in the
early 1980s.

Stepping  into  the 21st century,
China is furthering its contribution in
promoting internat ional cooperation
in the SHP sector.  For example, at the
First Regional Workshop on “Renew-
ab le Energy Sources  in  Southeast
Asia-Current  Stage, Market  Condi-
tions and Outlook” organized by the
Center fo r Energy Environment Re-
sources Development and held on 24-
25 October, 2002 in Bangkok, Thai-
land, HRC was authorized to prepare
and present a paper entitled “Market
Conditions, Barriers and Outlook for
Small and Mini-hydro in Southeast
As ia”.  This  s hows HRC’s  under-
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standing and capability of coordinat-
ing SHP activities in the Asian region.

Wrapping up  the h is to rical
progress of the entry of China’s SHP
sector into the in ternational commu-
nity, it is evident that great progress
and  ach ievements  have been made
during  the past two decades.  Fo l-
lowing globalization of the economy
and China’s accession into WTO, not
only will TCDC activ ities  transit  to
ECDC/TCDC, but market-oriented ac-
tivities in the SHP sector will boom in
the near future.  China’s recent stra-
tegic policies of “go global” will also
be implemented in the SHP sector to-
gether with importing advanced tech-
nology and  equipment.  It could be
anticipated that the prospects for in-
ternational cooperation in China’s
SHP business will be very promising
for developing in  even b roader and
deeper way.

2. China Contributes  to and
Learns from the World in the SHP
Area

Although  China ranks as No. 1
in the world with respect to number
of SHP stations in operation with its
huge ins talled capacity, the overall
technical level and  performance as
well as management capability are still
far from advanced.  With  it s great
ach ievement and rich experience in
SHP construction, China should con-
tribute as much as possible towards
promoting SHP development in de-
veloping countries.  As a window on
the SHP secto r in China, HRC has
made great efforts during the past two
decades in fulfilling the commitments
both from the Chines e government
and the UN organizations .  In  the

meantime, some advanced technol-
ogy which is necessary for overcom-
ing  the prevailing flaws  in the SHP
secto r in China such as technology
for automating the SHP stations has
been fruitfu lly  imported, abs orbed
and indigenized under a specific R+D
pr og ram ca rr ied  o u t  in  HRC.
Summarising the major contributions
from HRC and learning from the re-
sults from our international technical
peers , the fo llowing items present
some concrete ideas to our readers.

(1) Training

Over the past 20 years, HRC has
successfu lly  organized  37 interna-
tional SHP training workshops, with
the participation of 615 engineers from
about 70 countries in the world.  Ev-
ery  works hop  was completed  as
scheduled, and the participants were
very satisfied with the training.

-Objectives  and con tents.  For
each workshop, definite ob jectives
were defined either for a specific topic
such as civil, electro-mechanical, fea-
sibility study, etc., or for comprehen-
sive learning of the whole SHP busi-
ness.  Basic knowledge and theories
were avoided  as much as possib le.
Substantial experiences and valuable
lessons as well as practical case stud-
ies were presented  in class and then
s upp lemented by  on-s ite  s tudy
tours.  In addition to a micro-view of
techno logy fo r SHP development
such as design, construction, equip-
ment, procedures o f development,
etc., macro-view policy study and the
overall situation of SHP development
in China have been also in troduced.
These are of fundamental importance
for the success of the training.

- Teaching materials.  Detailed

materials have been carefully  pre-
pared and success ively up-dated so
that part icipants can study  in-depth
in addition to listening in class, and
to take back for their long-term use.
The total amount of various lectur-
ing  materials adds up to around  20
million words.

- Lecturers.  Selected senior en-
gineers in HRC usually gave lectures
as basic courses.  For s ome special
top ics, well-known professors and
acknowledged experts from around
the country were invited to give pre-
sentat ions in the workshop with ex-
cellent results.

-Study Tour.  To instill a deeper
understanding of the concept of vari-
ous types of SHP construction to the
participants, several tours were orga-
nized during each workshop.  Almost
all types of SHP engineering  exist in
China, with respect to powerhouse,
penstock, headworks and conduit,
dams  (earth  dam, concrete dam,
rockfill dam, masonry dam, RCC dam
and rubber dams etc.), turbines (any
type) as well as head range (3-1000m).
The abundance and versatility of de-
sign o f SHP development  in  China
could provide opportunity for partici-
pants  to  get a  personal feeling for
most of the engineering approaches
described in textbooks all over the
world.

-Facilit ies and accommodation.
HRC’s  class room for in ternat ional
t ra in in g  wo rks ho ps  h as  b een
equ ipped with modern  facilit ies in-
cluding microcomputer based  audio
video  facilities and o ther necessary
electronic devices.  To enable partici-
pants  to keep in touch  with the rest
of the world and their home countries,
a “net bar” equipped with s ufficient
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pers onal computers has  been made
available throughout the day  time.
Participants were very satisfied with
these measures, which to a large de-
gree relieve them of their homesick-
ness during a 1 to 2 months ’ stay in
China.

-Country report.  Before the con-
clusion of the workshop, participants
were as ked to deliver a coun try re-
port  to the class, which  was mostly
prepared upon HRC’s request before
they left their home country.  Most of
the presentations were well-prepared
and  conscient ious ly  written , and
helpful for exchange of in format ion
and experience as well as publicizing
the requirements of each country.  All
the papers have then been  included
in  HRC’s  Internet webs ite, which
greatly enhances its information con-
tent.

- Feedback discussion.  A t the
end of every workshop, informal dis-
cussions were usually conducted for
different group of participants.  Ma-
jor topics included the demand for in-
ternational cooperation in their coun-
t ries  with  res pect  to  techn ical
consu ltancy and equipment import.
After understanding  the capability
and advantages of SHP development
in HRC and China, the part icipants
focused on ideas for and  needs of
cooperation..  “Seeing is believing”,
so qu ite a lot of possib ilities fo r co-
operative items were thus identified.

- Response from participants and
relevant authorities.

Participan ts of all workshops
have expressed their satisfaction with
the works hops in various ways, but
with the same voice.  For example, at
the end of the TCDC training work-
shop held  in 2002, the clas s monitor
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(representative of the participan ts),
Mr. Wongsavas di from Thailand
stated: “We all learnt a  lot from the
workshop.  The s ub jects covered
were just  appropriate for our coun-
try.  We’ll apply what we have learnt
here into our work back home.”

Positive apprais al for the work-
shops often came from the authori-
ties both of the Chinese government
through MOFERT/MOFTEC and of
UN organizations including UNIDO/
UNDP.  The continuous sponsorship
and financial support from MOFTEC
and  the UN for more than 20 years
clearly shows their confidence in the
training work.

- Promotion of participants.  So
far as we know, mos t participan ts
have been promoted or placed in key
positions in the SHP sector after their
graduation and with a diploma from
China.  A lot of them also actively act
as the bridge to enhance cooperative
relations between our two countries.
Mos t of them keep in contact with
HRC, which is conducive to exchange
of information.

 (2) Information

HRC has continuously edited
and publis hed the quarterly《SHP
News》 (English version) under the
sponsorsh ip of UNDP/UN-ESCAP-
REDP in association with UNIDO for
about 20 years.  The journal is being
disseminated to more than 90 coun-
tries around the world.  It  aims for
constant exchange of information and
experience in the SHP sector among
Asia-Pacific countries and worldwide.
The Chines e Minis try of Water Re-
sources also gives  financial support
to the publicat ion of the journal.
During the past two decades, 《SHP

News》has maintained  clos e rela-
tions with numerous well-known tech-
nical and profes sional magazines
such as 《International Water Power
& Dam Cons t ruction》, 《HRW》,

《As ian  Power》, 《In ternat ional
Electricity》, 《Renewable Energy
World》, 《Energy International》 and

《Modern Power Systems》, who are
also  interested in  being involved in
and contributing to the SHP industry
around the world.

An  international SHP website
has been set up since the beginning
of 2003, and put into initial operation.
After its full completion  by the end
of 2003, it  can  prov ide overall SHP
information to developing countries
bring relief from the problems of “in-
fo rmat ion  poverty” and b ridge the
“dig ital divide” in  the SHP field  un-
der a South-South cooperation frame-
work.

(3) Organization o f and par-
ticipation in international meetings

HRC has hosted a lot of interna-
tional meetings fo r SHP profession-
als, among which the 2nd International
Conference on SHP jointly organized
with  UK’s《In ternat ional Water
Power and  Dam Cons truct ion》in
1986, Hangzhou attended by 180 in-
ternational and 100 Chinese special-
is ts  was  the larges t event  ever in
China’s SHP sector at that time(refer
to Section 1, Point 6 of this Chapter).
At the invitation of the UN and other
international organization, HRC has
als o  o rgan ized  and  s ent  several
scores of experts to join meetings in
many coun tries all over the world.
Paper presen tations includ ing key-
note papers were usually o ffered by
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List of the SHP Training Workshops held by HRC
(1983-2003)
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No. Name of Workshop Countries Trainees Time
1 83 TCDC SHP Training Workshop 8 14 May-June
2 84 SHP Hydrology Training Workshop 9 11 Sep
3 85 Training on Electric Engineering 1 1 Jun-Aug
4 86 Training on Water Turbine Pump 7 16 Apr-May
5 86 Training on SHP Feasibility Study 11 19 June
6 86 Training on Low-cost Civil Works 11 18 Aug
7 86 SHP Training for Arabian Countries 6 16 Sep
8 86 Training on SHP Plant Management 8 16 Nov
9      87 SHP Electric & Mechanical Equipment

         Training Workshop 8 16 Jan
10 87 Training on Water Turbine Pump 1 4 Oct-Nov
11 87 Training on Water Turbine Pump 1 3 Nov-Dec
12 87 Training Workshop on SHP Civil Works 12 20 Oct-Nov
13    87 TCDC SHP Training Workshop for Latin

        American Countries 3 8 Oct-Nov
14 88 Training Workshop on RE’s Soc ial and

        Economic Impact 10 40 Nov
15 88 Training on SHP Site Selection 12 21 Dec
16 89 Training on SHP Plant Operation 1 2 Aug-Sep
17 90 Training on SHP 1 1 Oct-Nov
18 91 Training Workshop on Civil Works 5 12 Nov
19 93 TCDC SHP Training Workshop 13 24 May-June
20 94 TCDC SHP Training Workshop 17 37 Apr-May
21 95 TCDC SHP Training Workshop 19 35 Apr-May
22 96 SHP Training Course 1 6 Feb-Mar
23 96 Training Workshop on SHP Equipment 8 15 May
24 96 TCDC SHP Training Workshop 18 28 Apr-May
25 97 TCDC SHP Training Workshop 12 19 Apr-May
26 97 SHP Equipment Training Workshop 9 13 June
27 98 TCDC SHP Training Workshop 16 31 Apr-May
28 98 SHP Equipment Training Workshop 4 8 June
29 99 Seminar on SHP in Turkey 1 28 May
30 99 Seminar on SHP in Greece 1 28  June
31 99 SHP Workshop for DPR Korea Participants 1 3  Oct
32 2000 SHP Training Workshop 22 35 Oct-Nov
33 2001 SHP Training Workshop 15 25 May-June
34 2001 SHP Training Workshop

        for African Countries 5 9 Oct-Nov
35 2002 SHP Training Workshop for

        African Countries 5 9 May-June
36 2002 TCDC SHP Training Workshop 14 23 Oct-Nov

37 2003 TCDC SHP Training Workshop 21 35+ Oct-Nov
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our experts.  In some cases, HRC
helped  some developing  countries
organize and chair international meet-
ings, such as ’90 International Con-
ference on Medium and Small Hydro,
jo intly organized by the Elect ricity
Administ rative Committee o f Sao
Paulo  State, Brazil and HRC, held in
Sao Paulo in March 1990.  The con-
ference was attended by  more than
420 participants from over nine coun-
tries includ ing UK, USA, France,
Aus tria  and  Ind ia.  HRC and  Brazil
jointly hosted and presided over the
conference with full success.

(4) Res earch and  Develop-
ment

Since the early 1980s, HRC has
undertaken a number of cooperative
projects on R+D (including “soft tech-
nology”), such as compilation of nu-
merous  SHP norms and standards,
joint research and application for dif-
feren t types o f ELC (electronic load
con tro ller) with  ITDG, UK and
Auckland University of New Zealand.

Continuous efforts have been
made on extensive and in-depth study
of automating the SHP s tation and
its grid.  Starting from the 1980s, with
equipment and technology imported
from Advanced Computer Solution,
USA, a pilot project of automating
cascade SHP stations was set up and
t rial operat ion  and  experiment
launched by HRC.  Although due to
various reasons, it only provided ex-
perimental and trail operational results
to the researchers and was not finally
put into commercial operation, it did
train and transfer basic know-how to
our people.  Starting from the 1990s,
based on technical cooperation with

Canada, a computerized automat ic
con trol and protection sys tem was
eventually  developed by HRC and
put  into  commercial operat ion with
remarkable effect .  This  unmanned
system fit s the most important crite-
ria of automation equipment for de-
veloping countries, i.e., simple struc-
ture, ease of operation and  main te-
nance, reliability and cost-effective-
ness.  In addition, its pract ical func-
tion and  optimized  operational fea-
tures enable it to meet the actual re-
quirements of small hydropower
plants, which are d ifferent from that
of large plants.  A typical illustration
of commercial operation of this sys-
tem is the Anti Cascade No.1 Station
in  Jinhua, Zhejiang p rov ince.  The
station  was  built in  1965 and reno-
vated in November 2000 fo r upgrad-
ing the capacity to 4×1500kW from
the orig inal 1,250kW.  During reha-
bilitation of the plant, the automation
system was  installed and put in to
operat ion in March 2001.  The own-
ers and operators of the station  are
sat isfied with the equipment  in the
following aspects:

-easy maintenance and low cost
(with small addition of initial invest-
ment of 40,000 Yuan (RMB) versus
conven tional equ ipment, it  s aved
240,000 Yuan per year in operation);

- increased reliability of opera-
tion;

-h igh performance of automa-
tion: first reduction of attendants from
24 to 12 and later unmanned opera-
tion could be realized;

- quick start and integration with
the grid within 2 minutes versus the
original 8 minutes;

 -versatility of technical require-
ment;

 - sound and safe services;

 With the success of the pioneer-
ing  equ ipment, extension occurred
very often.  The prospects for this
opt imised au tomat ion  equ ipment
both  at home and abroad are there-
fore very promising.  HRC is enthusi-
as tic to o ffer ass istance to the up-
grading  of technology for the SHP
sector in  developing countries both
in the Asia-Pacific region and world-
wide.

(5) Consu ltancy and trans i-
tion from TCDC to ECDC/TCDC

Entering into the 1990s, HRC has
been making every effort to make the
t rans it ion from TCDC to  ECDC/
TCDC.  A large amount of hard work
has been conducted with fru itful re-
sults in the field of international con-
su ltat ion  s ervices  includ ing  p lan-
ning, feasibility study and design as
well as equipment supply for dozens
of SHP projects.  Friend ly and sub-
stantial cooperative relations have
been  set up between  HRC and  its
coun terparts in more than 30 coun-
tries in the Asia-Pacific region, as well
as North and Central America, and
Africa.  For example, consultation re-
garding on site selection for turbine-
pump projects in Nepal, des ign for
Kota hydropower station (4,000kW)
in Malaysia (commissioned in 1997),
design for Moco-Moco hydropower
s tat ion  (2 × 250kW ) in  Guyana
(commissioned in 1997), consultation
and equipment supp ly for 3,000 sets
of micro hydropower units in Vietnam,
feasibility study for 5 SHP stations in
Brazil, and  complete package o f
equipment supply for 2 SHP stations
(2 × 1000kW ) to  Cuba.  These not
only brought technical cooperation
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on to the road of economic coopera-
tion, but also provided us the appro-
priate approaches on how SHP should
be launched during the present situ-
ation of globalization of the economy.

In the beginning of the new cen-
tu ry, we are facing critical new op-
portunities and challenges in the fol-
lowing respects:

-globalization of the economy
-the strategy of “go global” re-

cently set by the central government
-de-regulation of the power sec-

tor and encouragement of construc-
tion of privately invested independent
power p roducers (IPPs ) in the SHP
sector both at home and abroad.

-China’s accession to WTO and
its impact on economic cooperation
and trade relations in the SHP arena
between China and other parts of the
world.

HRC is making its best efforts to
offer its contribution during this new
histo rical stage.  Discussions and
negotiat ions  have taken place with
owners and developers in more than
ten countries for commitment of EPC
contracts (Engineering, Procurement
and Construction, equivalent to turn-
key projects) for SHP projects.  Pri-
vate investment in SHP construction
in developing countries has been ex-
plored since last year.  One example
is  a  pumped-s torage p ro ject  in
People’s Republic of Mongolia, with
feasibility study and engineering de-
sign prepared by HRC and capital in-
vestment from a Chinese private en-
terprise.  It is estimated that the pros-
pect of Chinese private investors to
“go global” in to  the SHP secto r
abroad is also promising.  This pre-
diction derives from the fact that the
interest of Chinese entrepreneurs in
investing in the SHP business is now

set to boom.  For example, in Zhejiang
province only, there are 25 privately
inves ted SHP stations  each over 10
MW, accounting for 66% of the ma-
jor stations constructed in the prov-
ince during  1994-2001.  By now, the
annual inflow of capital to  the SHP
construction market in several cities
rich in hydro resources in the prov-
ince has  reached  1 b illion  Yuan
(RMB).

Although  investors  are inter-
ested in putting money into the inter-
national market of SHP development,
t h e y  la c k  in f o r ma t io n  a n d
consultancy.  Therefore intermediar-
ies are urgen tly  needed in this re-
spect.  HRC is identifying how to fully
realize its potential and what contri-
butions it can make in this field.  Al-
though  th is  work has  on ly  jus t
started , the prospects for the future
are bright.   ■

 On 11th of August, a group of 6
Indian members paid a visit to HRC.
After the briefing on HRC and SHP in
China, the Ind ian guests expres sed
keen interest in SHP training that HRC

Indian Guests visited HRC
conducts every year for international
participan ts and  micro packaged
units that Chinese manufacturers pro-
duce. Inqu iries  were address ed
around the supply of micro packaged

units and the related expenses on SHP
training . The 6 members  were at
Hangzhou attending 2003 Bamboo
Cultivation, Processing and Produc-
tion Seminar organized by  UNIDO.
    India is a county badly in need of
energy. In 2001-2002 there was a short-
age of energy by 7.5%. So, the Indian
government has formulated preferen-
tial policies to encourage private and
foreign inves tors for SHP projects.
The long-term target o f the govern-
ment  is to  increase the hydropower
proportion in  the national total in-
stalled capacity  from the pres en t
24.95% to 40%.   ■

(Source: SHP NEWS Editorial of-
fice  http://www.hrcshp.org)
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The 2003 In ternat ional SHP
Training Workshop was opened on
13th October at Hangzhou Regional
Center for Small Hydro Power(HRC).
Over 30 participants from Micronesia,
Sri Lanka, Columbia, Romania, Egypt,
etc., of 21 Asian, African, Latin Ameri-
can, East European and Oceanic coun-
tries attended the t raining with the
duration of some 40 days.

This training workshop is spon-
sored by Chinese Minist ry of Com-
merce. A ll the lodging , boarding ,
training, pocket money and the do-
mestic transportation fees are borne
by the Chinese government. This is
part of the Chines e contribution  to
South-South cooperation.

Participants are required to mas-
ter the basic theory and principles of
SHP development, feasibility study,
engineering management, operation,
maintenance etc. and  increase their
ability to solve the concrete problems
concerning SHP exp loitation. The
subjects include procedures of SHP
development, feasibility study, hydro-
logical analysis, low-cost civil struc-
ture, turbo-generator units and auxil-
iary, electric equipment design , eco-
nomic evaluation, operation, mainte-

nance, SHP policy and legal aspects
etc.

Lectures are combined with dis-
cussions, SHP forum and case study
plus study tours, so  as to conso li-
date the theoretical knowledge ac-
quired and get practical experience.
Study  tour will be arranged  to
Sha oxing ,  Shen gzhou , Linh ai,
Yueqing, Ningbo, Xiaoshan, Deqing,
where the participan ts are to v is it
some SHP stations of various devel-
opment types , combining the tech-
niques  of low-cost civil s tructures
and appropriate au tomation control-
ling s ystem as well as s ome hydro
power equipment  manufactu rers .
Study tour will also be conducted to
Nanjing  and Shanghai so as  to see
the fast economic development of the
China’s eastern coastal areas.

HRC was joint ly set up by the
UN and the Chinese government in
1981. Entrusted by Chinese Ministry
of Water Resources, Ministry of Com-
merce (previously called Ministry of
Foreign Trade & Economic Coopera-
tion), Ministry of Science & Technol-
ogy, UNDP, UNIDO, ILO, FAO etc.,
HRC has successfully hosted over 50
various training workshops with over

2000 participants, including many in-
ternational meetings and 36 SHP train-
ing workshops with over 600 partici-
pants from 70 countries in Asia, Af-
rica, Latin America, East Europe and
Oceania.

Due to the outstanding achieve-
ment in international SHP exchange
and cooperation s cored, the Center
was awarded as the “Model of South-
South Cooperation” by MOFTEC at
the turning the century. In the speech
delivered at Zhejiang University  in
mid October 2002, the United Nations
Secretary  General K. Annan men-
tioned that “right at Hangzhou China
you have made use of the Regional
(Asia-Pacific) Center where you have
shared your valuable rich experience
in the field of renewable energy with
those from the numerous developing
countries in the world. China is play-
ing a pioneering role in the reg ional
technical cooperation with the devel-
oping countries. You developed a lot
of cooperative pro jects not  only  in
foreign countries, but also you have
generously implemented.”   ■

(Source: SHP NEWS Editorial of-
fice  http://www.hrcshp.org)

The 2003 International SHP Training Workshop openedThe 2003 International SHP Training Workshop opened

SHP in China
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In recent days, a Chinese delega-
tion composed of Ms. Cheng Xialei,
Deputy  Director o f HRC, Mr. Xu
Jincai, Chief of the New-Tech R&D
Center of HRC, and some other ex-
perts from the Zhejiang Provincial De-
partment of Water Resources, paid a
visit to Canadian partner Powerbase
Automation System Inc., for discuss-
ing further cooperation on Automatic
Control System for SHP.

The kind cooperation between
HRC and Powerbase dates back to
1996, when the advanced technology
on the Unmanned Control System for
SHP was introduced from Powerbase,
as the implementat ion of one of the
“948” projects consigned by the Chi-
nes e Ministry of Water Res ources.
The system was mainly developed for
the hydropower stations connected
to power grids. Being demonstrated,

Further Cooperation between
HRC and Powerbase

studied and indigenized, the technol-
ogy  has been applied and popular-
ized in dozens of SHP stations na-
tionwide with fruit ful results. More-
over, with  joint efforts, an  upgraded
simple automatic control system for

the isolated SHP stations is devel-
oped successfully, with competitive
advantages  both in function and
price.

In o rder to further improve the
SHP au tomation in China, in th is
year, HRC and the Zhejiang Provin-
cial Department of Water Resources
apply together for carrying out the
“948” project entrusted by the Min-
ist ry  o f Water Resource, which
plans to introduce the simple auto-
matic control system from Canada,
an d  d emo ns t rate  in  Jinhu a,
Zhejiang province. It is expected
that the pilot project will be installed
and commissioned in the end of this

year and  put into operation  earlier
next year.     ■

(Source: SHP NEWS Editorial
office  http://www.hrcshp.org)

SHP in China
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A Chinese Magazine
“Small Hydropower” by HRC

he Chines e “Small Hydro-
power”, a magazine that Na-

tional Research Institute for  Rural
Elec t r if ic at io n  (NRI RE) an d
Hangzhou Regional Centre (Asia-Pa-
cific) for Small Hydro Power has ed-
ited and published for 113 issues (bi-
monthly), was allocated with the In-
ternational Standard Serial Number
ISSN 1007-7642, and China Standard
Serial Number CN33-1204/TV. It was
published in Chinese attached with
title of articles in English. Its special
features are techn ical experience of

SHP development in China. In forma-
tion of international SHP activities and
important  events in the field of SHP
have also been widely included.

This  magazine carries  news ,
views and articles  on all aspects of
small hydro power. It is useful to those
who are in tersted in technical experi-
ence of SHP development in China.

“Small Hydropower” is the only
professional publication on small hy-
dropower in China, which  is issued
domestically and abroad. It is widely
circled in all corners of China concern-

ing SHP, and getting more and more
popular in  over 600 rural counties
which is primarily hydro-electrified,
more than 2,300 counties with hydro-
power resources , more than 50,000
s mall-s ized  hydropower stat ions ,
thousands of colleges or universities,
research institutes and other admin-
istrative authorities on SHP. Adver-
tising is  welcome for any equipment
manufactu rer to target Chinese mar-
ket on SHP construction, equipment
purchasing or other businesses.
Subscription rates (1 year):USD40.00

T

The main contents of  issue No.111 (2003 No 3) read as follow.
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Published by Small Hydro Power Editorial Office, Add.: P.O.BOX1206, Hangzhou, China
The National Rural Electrification Institute, Zip code:310012
Hangzhou Regional (Asia-Pacific) Tel.:86-571-56729282    Fax.:86-571-88062934
Center for Small Hydro Power E-mail:shpnews@hrcshp.org
ISSN 1007-7642              hrcshp@hotmail.com
CN33-1204/TV http://www.hrcshp.org/shp

Strategy and Policy
Guidelines of modernized technology for rural hydropowwer in China
Planning and Design
Analysis of resource exploitation and utilization of Niyang river in T ibet
Selection of general layout of Boyunling SHP station
Design of stone masonry hard shell dam in Nanxi reservoir
A simplified equidischarge method for hydraulic energy calculation for SHP station
Discussion on generation volume calculation for SHP station
Computer Application
A collaborating computer-based remote dispatch system in Shafan cascade stations
Renovation of electric secondary circuit  in Nanshan SHP station
Application of computer monitoring system in Longshou SHP station
Project Construction
Temperature control for concrete placement in summer in Bincun SHP station
A sample of roller compacted concrete placing under complicated condition
Renovation
Capacity increase and benefit  analysis from decreasing vibration of unit NO.3 of Dongjiang hydro power station
Analysis of deflector’s impact on output of a Turgo turbine and its treatment
Technical renovation of governor in Dagang SHP station
Technical renovation of excitation system in Panjiakou SHP station
Service and Maintenance
Anti-corrosive treatmet of hydraulic gate by metal spraying of zinc
Analysis and repairing of collector ring ablation of low voltage generator
Measures for oil leakage prevention for transformer
Analysis and treatment of reductions of insulation resistance of hydro generator
Detection of grounding point for generator stators
International Exchange
Role of hydropower in sustainable development
Hydropower development in Tajikistan
Electrification of Lao P.D.R.
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Published by Small Hydro Power Editorial Office, Add.: P.O.BOX1206, Hangzhou, China
The National Rural Electrification Institute, Zip code:310012
Hangzhou Regional (Asia-Pacific) Tel.:86-571-56729282    Fax.:86-571-88062934
Center for Small Hydro Power E-mail:shpnews@hrcshp.org
ISSN 1007-7642              hrcshp@hotmail.com
CN33-1204/TV http://www.hrcshp.org/shp

The main contents of  issue  No.112 (2003 No 4) read as follow.
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

SHP in ChinaSHP in China

S

Rural Electrification
The planning and practice of SHP exploitation in Maoming city
Technology Exchange
Analysing the selection of installed capacity  of water p ower p lant t hrough  the case of  capacity
increase in Human Province
Discussion on SHP cascade exploitation in small river basin
Application of micro hydro power in ecological protecting engineering
Programme design of short circuit  electricity calculation
Management
Discussion on management of SHP investment project
Computer Application
Application analysis of computer monitoring system in Wanglong SHP station
The combined and intellectualized system of generation and transformation SHP
Project Construction
Treatment of fault  zone in bending section of water conveyance system in Huilong pumped storage
power station
Chemical grouting technology applied to hollow dam of Guanyang reservior in Yongding county
Renovation
Technical renovation of drainage system in Dagang  SHP station
Renovation of control circuit  in air cooling ventilator of generator
Application of elastic metal-plastic bearing in SHP station
Operation and Maintenance
Common Faults and their treatments for hydraulic system of turbine governor
Treatment of vibration caused by looseness of key in magnetic pole
Introduction of trash disposal in Tangyu SHP station of Shitou reservoir
International Exchange
Role of hydropower in sustainable development(2)
Cost-effective and practical technology for automating the small hydropower
Getting its house in order-US deregulation structural concerns under review
Funding private hydropower:Allocating the risk

 ince the beginn ing of las t

1980s, HRC (Hangzhou  Re-

gional Center (Asia-Pacific) for Small

Hydro Power) started to research and

develop SHP (small hydropower) un-

manned  au tomatic contro l s ystem,

and also learned some successful ex-

perience from those developed coun-

tries. With supports from the “Fund

Program” and the “948 Program” of

The 3rd-class 2003 Dayu Award goes to “SHP (small hydropower)
Unmanned Control System” Project in Water Science Field

Ministry of Water Resources, this au-

tomatic control system gradually ma-

tured and ach ieved  reliable quality,

eas y maintenance and high perfor-

mance/cost  rate, and was  widely

popularized at small hydropower sta-

tions . Until now it has already  been

applied at almost 100 stations in over

10 China’s provinces and cities, and

meanwhile, exported to some devel-

oping countries such as Vietnam etc.

This  award is really a great encour-

age given to HRC for continuing its

contribution into water resources sci-

ence. HRC staffs would also further

spare no effort to contribu ting more

to  the rural hydro elect rificat ion in

China.                   ■

(Source: SHP NEWS Editorial
office  http://www.hrcshp.org)
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Indian Small Hydro-history
The development of small-scale

hydropower in India started with the
130 kW installations in Sidrapong
(Darijeeling) in the year 1897 and was
almos t in the pace of world’s first
hydroelectric installation in 1882 (at
Appleton USA).

Few o ther ins tallations  e.g .
Sh ivasamundram in Mysore (2000
kW ) and Chamba (40 kW in  1902,
Galog i in Mus soorie) (3000 kW)in
1907 and Jubbal (50kW) (1911) and
Chhaba (1750 kW) in Shimla in 1913
are the known SHP stations working
still in full might.
        These plants were used prima-
rily for ligh ting purpos es in  the im-
portant towns.

After independence s everal
small hydropower stations  were in-
stalled in different parts of the coun-
try but  to serve in  majority cases as
stand alone for isolated remote areas.

Since seventies rural electrifica-
tion based on  grid extensions was
launched.
International status

Out of world’s total primary en-
ergy  supply of about 9376 Millions
of Tonnes Oil equivalent, about 2.3%
only comes out of hydro sources. Out
of a total 13652 TW h of elect ricity
production only 18.4% of electricity
is generated through hydro sources
(see Table 1).

It is expected by 2050 electricity
cons umption  is likely to go  up to
about 45,000 TWh.

Status for global regional hydro
and small hydro (10 MW or less ) is
given in table 2.

SHP Development and Programme Worldwide

SHP-Potential, Technology and Environment
Arun Kumar

Inventories of Small Hydro Sites
have not been updated for many ar-
eas throughout the world nor the ca-
pacity range of individual sites are
assessed in any reliable way. Various
definitions of “small” exist  and this
dep icts the problem of determin ing
the pres en t capacities  and  future
prospects.

One of major impediment in es-
tab lis h ing  an  inven tory  is  the
nonavailability of hydrological data
as mos t of the small schemes  where
SHP potential exist  are ungauged.
AHEC in collaboration with CEH, UK
& HimUrja, HP Govt. have developed
the software to assess the hydrology

Table 1:hydro Composition VS total
Electricity Generation
Source Share in %

1975 1996 India
 (2000)

Hydro 21.0 18.4 24.8
Nuclear 3.3 17.7 2.1
Gas 12.1 18.4
Oil 24.6 9.3 71.8
Coal 38.3 38.4
Others* 0.7 1.4 1.2
Total 6118 13652 242
Electricity
(TWh)

* Other includes geothermal, solar, wind,
combustable, renewable & waste (source:
Key World Energy Statistics IEA, 1998)

Table 2: Capacity and production of global regional hydropower

Region Large Small Percentage of small

w.r.t. large hydro

Capacity Production CapacityProduction Capacity Production

(GW) (TWh) (GW)    (TWh)   (GW)      (TWh)

North America 133.7 576.8 4.302 19.738 3.20 3.42

Latin America 94.0 390.0 1.113 4.607 1.18 1.18

Western Europe 136.7 405.3 7.231 30.239 5.29 7.46

E Europe and CIS 82.3 260.2 2.296 9.438 2.79 3.63

Mid East and N Africa 13.1 40.2 0.045 0.118 0.34 0.29

Sub-Saharan Africa 16.5 45.1 0.181 0.476 1.10 1.05

Pacific 12.1 38.7 0.102 0.407 0.84 1.05

China 37.9 124.8 3.890 15.334 10.26 12.28

China (2002) 79.35 243 24.58 80 32 30%

Asia 100.7 397.4 0.343 1.353 0.34 0.34

Total 627.0 2,281.2 19.503 81.709 3.10 3.6%

Indian 20.00 70.5 0.250 N.A. 1.31 N.A.

India (2002) 25.5 74.5 1.45 N.A. 5.68 N.A.

(Source: Water Power Dam Construction (1992) and World Energy Council (1994))
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of the sites in Himachal Pradesh. This
is  known as  HYDRA-HP. It  is  pro-
posed to carry out similar exercise for
find ing out  the hydrology for o ther
states also.

There is a general tendency all
over the world to define Small Hydro
by installed capacity output. Differ-
ent countries follow different norms,
the upper limit ranges between 5 to
50MW.
Potential
Formulation

Bas ic Equation for Power es ti-
mation

Power in kW =Q×H×9.81 η
Where,
Q Discharge in cumecs
H Head in metres
η Overall efficiency o f tu r-

bine, gear-box & generator
The head  is relatively constant

in  run-of-river schemes excep t for
variation in friction losses with the
varying discharge. In irrigation canal
or dam toe based scheme head also
vary depending on water releases and
seas on  o f releas e. Head duration
curve is then plotted to find out the
design head of tu rbine. The design
head is so  selected  that tu rbine is
operated to the maximum time giving
optimum energy generation.
Classification

In India, small hydro schemes
are classified by the Central Electric-
ity Authority (CEA) and is as  given
in table 3.
Potential

In India, out of 150,000 MW hy-
dropower potential, a 15,000 MW po-
tential is  est imated as small hydro.
State wise SHP potential sites identi-
fied are given in table 4.
Implementation efforts
● There has  been a revival of inter-

est in SHP schemes in recent years
in a totally  different  con text and
India also has taken this up in ear-
nest. This is in the context of pool-
ing all sources of energy, New and
Renewable Energy, to fill in the
expected  gap. Thes e include so-
lar, wind, ocean  and  biomass re-
sources.

● India has  set up specific  ministry
departments  at  the Central and
State government levels to give
concerted technical and adminis-
trative support in developing new

Table 4: Identified Small Hydro Projects (upto 25 MW Capacity) *
Sl. State                Total
No. No. Capacity (MW)
1 Andhra Pradesh 377 250.50
2 Arunachal Pradesh 452 1243.47
3 Assam 40 119.54
4 Bihar 74 149.35
5 Chhattisgarh 47 57.90
6 Goa 4 4.60
7 Gujarat 287 186.37
8 Haryana 23 36.55
9 Himachal Pradesh 288 1418.68
10 Jammu & Kashmir 208 1294.43
11 Jharkhand 89 170.05
12 Karnataka 221 534.76
13 Kerala 207 455.53
14 Madhya Pradesh 85 336.33
15 Maharashtra 221 484.50
16 Manipur 99 91.75
17 Meghalaya 90 197.32
18 Mizoram 53 135.93
19 Nagaland 84 149.31
20 Orissa 206 217.99
21 Punjab 122 124.22
22 Rajasthan 55 27.82
23 Sikkim 70 214.33
24 Tamil Nadu 155 373.46
25 Tripura 10 30.85
26 UT (A & N Islands) 5 1.15
27 Uttarpradesh 211 267.06
28 Uttaranchal 354 1478.24
29 West Bengal 141 213.52

Total 4278.00 10265.45
* State Govt. Departments are requested to provide update/verify the data.

and renewable sources of energy.
● The Government of India, through

the Ministry of Non-Conventional
Energy Sources (MNES) is extend-
ing multi dimens ional support to
the development o f s mall hydro

Table 3:
Classification of micro,mini& Small
Hydro Schemes in India

Class Station Capacity in kW
Micro up to 100
Mini 101 to 2000

Small 2001 to 25000
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(up to 25MW) among other renew-
able energy sources. Small Hydro
Power Pro jects up to  25MW has
been transferred to MNES to pro-
vide greater thrust for its develop-
ment.

● With the policy decision of 10%
contributions to come from renew-
able energy in the future 100000
MW by the year 2012, small hydro
ins tallat ion is expected to play a
major role.

● Specialis ed organizations  like Al-
ternate Hydro  Energy Centre
(AHEC) at  Ind ian  Ins titute o f
Technology Roorkee (formerly
University of Roorkee) were set up
to devote attention to appropriate
technology for th is purpos e, to
render ass istance to indiv iduals
and  to departments  in various
ways and to carry out research and
training activities.

● The Central and State Govern-
ments of India have implemented
a host of policies and made regu-

Table 5: Comparative  features  of  low, medium  and  high  head  hydro  plants
SL. Features HEAD
No. Low ＜ 30 m Medium 30-75m High above 75m
1. Topography Flat land Hilly Mountainous
2. hydraulic Characteristics Run of River Pondage/Run-of-River Storage/Run-of-River
3. Discharge Large Medium Small
4. Foundation Conditions Soil Sand & Gravel Rock
5. Diversion Structures Barrage/weir Barrage/dam High dam/weir
6. Water Conductor System Combination of Power Power Channel and Penstock/power

House/intake Penstock tunnel
7. Arrangement for PH Intake Channel, Machine Arrangement as for Separate Power

structure hall and substructures in low and high head house structure
one unit

8. Turbine Axial Flow, Kaplan, Kaplan, Francis Pelton, Francis
Propeller, Tubular, Bulb

9.  Size of Equipment Large Medium Small
10.  Machine Layout Vertical/inclined Vertical Vertical/horizontal
11. Electric Load Base Base/Low Peaks High Peaks
12. Construction Penstock                                Short Moderate Long

(Source: Nigam PS, “Handbook of Hydro Electric Engg.”)

Table 6 :List  of  Manufacturers  in  India
S.No Manufacturers Collaboration Type

1 BHEL Fuji, Japan Technical

2 Boving Fouress, Kvarnaener Boving, now GE UK JV

Bangalore /Norway

3 HPP, Delhi HPP France JV

4 Jyoti, Vadodra Gilks, UK (now expired) Turbo Technical

Institute of Slovenia

5 Kirloskar, Pune Ebara Corp, Japan Technical

6 PPMLG, Chandigarh Voest Alpine, Austria;

Koessler Austria; Technical

Bouvier Hydro France

7 VA Tech Escher Wyss VA Tech, Austria                                     JV

             Flovel, Faridabad

8 Triveni Engg Ltd, Delhi Esac, France; Litostroj, Slovenia Technical

9 DLF Industries, Faridabad Ckd blansko, Czech Technical

10 Technica Ganz, Delhi Ganj, Hungary Technical

11 Steel Industries, Thissur Koessler, Austria Technical

(Source: Indian Manufacturers)

latory and programmatic changes
to promote and develop renewable
energy resources.

Technology
Layout

A typical layout of small hydro-
power (SHP) station comprises of

● Diversion weir/barrage
● Power channel
● Desilting devices
● Forebay tank/balancing reservoir
● Penstock
● Bypass arrangements/spillways
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● Power House Building
● Equipment
● Power evacuation arrangements
Electro Mechanical equipments

Major equipments are listed be-
low.
Electrical Equipment
● Generator (Synchronous and In-

duction)
● Control and Protections
● Transformers
● HT Switchgear
● LT switchgear
Mechanical Equipment
● Hydraulic Turbine
● Governor
● Inlet control (valve/gate)
● Spe ed  I ncre as er  (lo w he ad

aplication)
The advances in governor tech-

nology paved  the way for completely
computerized, automated plan t con-
trols, operated by computer keybord
rather than switches&data displayed
on video display terminals rather than
meters. The operating and  control
systems are based on microcomput-
ers and p rogrammable logic control-
lers fo r generator load sharing and
turb ine opt imization. Th is  will im-
prove water management as well as
reduce overall personnel operat ing
costs.It is recommended that the sta-
tion should be operated bas ed on
today’s technology.

Comparative features of di fferent
schemes

The same is given in table 5.

Comments on Desilting
Desilting device is necessary

where the water contains large quan-
tit ies o f coarse silt to  minimise ero-
sion damage to the turbine runner etc.
specially in  Himalayan  areas where

most o f  the SHP potential lie. The
exten t o f desilting requ irements
would depend on  the quantum and
type of silt carried by the stream and
the runner material. Abrasion effects
become more pronounced with in-
creasing  head. The des ilting cham-
ber may be designed to exclude the
particles coarser than the sized men-
tioned below for various heads of
water to achieve a power draft free of
abrasion effects.
Head              Size of silt particles

-----------------------to be removed
Low head 0.2 to 0.5mm
Medium/
High head 0.1 to 0.2 mm

India  Equipment  Manufacturers
In India there is good  base for

the s mall hydropower equipment
manufactu ring . There are several
manufactu res who have one kind or
other collaboration for manufacturing
and supply  of equipment as s hown
in Table 6.

Environment
Water cours es are respons ible

for s ustenance of life  of various
forms. Any interference with its natu-
ral flow sign ificant ly threatens the
land and life in its vicinity and imper-
ils the balance in the ecosystem irre-
spective of the size of the stream. The
small hydro power development has
some impact though may be little and
should not be ignored. It is therefore
expedient to analyse the environmen-
tal impacts of any propos ed scheme
and provide suitable measures to miti-
gate any advers e effects  to the ex-
tent possible.

The environment concerns per-
tains to SHP are:
● Effects of construction on the area

● Effects  on fis heries and o ther
aquatic life
● Effects of storage of water in bar-

rage on water quality
● Effects  on  d ivers ion o f water

through channels downs tream of
the diversion point in terms of its
existing utilizat ion and impact on
irrigation and common man

● Effects on recreational facilities
● Effects  on excavation  and filling

of wetlands
Environmental impacts should

not be a detracting factor against the
SHP development as thes e can be
avoided and mitigated by changes in
the project design and operation. En-
vironmental impacts of SHP are site
specific and hence need to the inves-
tigated for possib le adverse impacts
to be caused . The run of river SHP
schemes which  will be the most of
the cases will be having the least im-
pact.

For environment clearance,
Government of India vide its Notifi-
cations dated  June 13,2002 in con-
tinuation dated Jan 27,1994 mentions
that the new SHP projects of up to Rs
100 crore investment do not need any
environmental clearance. However
the project costing more than Rs. 100
crore need environment clearances in
the prescribed manner after carrying
ou t the detail env ironment  impact
assessment studies.

Conclusions
India provides very good vari-

ety of small hydropower sites for de-
velopment  either as commercial en-
terp rises o r as green power genera-
tion. Liberisation of procedure is go-
ing on and it is expected in near fu-
ture that SHP potential will be devel-
oped in a big way.
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In  June 2003, one o f the Mongolian Parliament members,

Mr.Gundalai paid a visit to HRC, with the hope that HRC could help
the construction of SHP stations in Mongolia. After going back, he
sent invitation to HRC and HRC dispatched Deputy Chief of Interna-
tional Cooperation, Sr. Engineer Mr.Li Zhiwu fo r the miss ion to
Mongolia from 10 to 17 Ju ly. Site visits were conducted for SHP

resources, load demand, mode of SHP exploitation, installed capac-
ity and development arrangement at the two villages in the north-
western part of Mongolia. Preliminary suggestions have been pre-
sented to the Mongolian side in regard to SHP resources, load de-
mand, mode of SHP exploitation, installed capacity and development

arrangement. The Mongolian side expressed that  survey work and
collection of data concerning topography, geology, discharge, tem-
perature, construction materials etc could be completed within two
months, and the related data will be sent to HRC. Based on that, HRC
will complete the feasibility study work. Meanwhile, the Mongolian

side would seek to settle the funds concerned and try to start the
construction in 2004. ■

(Source: SHP NEWS Editorial office  http://www.hrcshp.org)

HRC expert completed a SHP

site investigation in Mongolia

Talk on Cooperation with
the World Bank Officials

On 12 Sep tember 2003, the talk on
SHP cooperat ion was conducted be-
tween HRC and  Manager of Energy  &
Mining Sector Unit, Eas t As ia and Pa-
cific  Region o f the World Bank, Ms.Wu
and Energy expert, official from the World
Bank office in Beijing, Mr.Zhao.

Ms. Wu evaluated highly the efforts
taken by HRC in promoting the global
SHP cooperation and development in the
recent years. She took keen interest  to
learn the latest SHP development in China
includ ing the changes in  inves tment
modes. Both sides explored the potential
of cooperation in jointly  conducting in-
ternational SHP conference, compilation
of international SHP norms and standards,
SHP automatic technology and etc. ■

(Source: SHP NEWS Editorial

office  http://www.hrcshp.org)
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1. INTRODUCTION
1.1 Location and natural conditions

The mainland part of Norway is
located  between  approximately 58º
and 71ºN and between 5º and 31ºE. In
addition, the Svalbard archipelago
and the Arctic island Jan Mayen are
parts  of Norway. In the national en-
ergy context, the Svalbard group of
islands is importan t as a location for
coal mining. The area o f main land
Norway  is  324,000 km2 , and  o f the
Svalbard archipelago, 61,000 km2.

The geographic location of Nor-
way, on the western side of the Euro-
pean continent, means that there is a
high level of precipitation. The long
coas tline is  in the pathway  of the
polar low-press ure systems, which
bring along moist  air and abundant
precipitation. The rain and snowfall
is great ly increas ed becaus e of the
orographic effect of the mountain
range runn ing along the coast. An-
nual maxima of measured precipita-
tion exceed 3500 mm in  places, and
indirect evidence from runoff data and
glacier mass balance shows that some
areas receive more than 5000 mm on
average. On  the eastern, lee side of
the mountain range, however, annual
precipitation may be 300 mm or less.

The annual runoff from mainland
Norway was 369 km3 in the 1961- 1990
standard normal period, correspond-
ing to about 1140 mm. The glacial his-
tory of Scandinavia means  that the
soil cover is very sparse in the Nor-
wegian mountains, but that till and
fluvial depos its  along  rivers often
provide local possibilities for ground-

water resources.
Norway is well endowed for de-

veloping its hydropower resources
also from a geological point  of view.
The steep western side of the moun-
tain range provides high heads over
short  distances from the mountains
to the fjords. Glacial erosion has cre-
ated both steep valleys and a multi-
tude of lakes, providing many excel-
lent locations for storing water. More
than 5% of the area comprises lakes,
and about 100,000 lakes are more than
1 ha (0.01 km2) in size. The total vol-
ume of storage res ervoirs for hydro-
power is close to  62 km3 (62 b illion
m3).
1.2 Industrialisation and population

The development o f much of
Norway’s industry has been strongly
influenced by the availability of cheap
hydropower. The main examples are
the pulp and paper industry and the
metal smelting sector, in particular the
aluminium and ferro-alloy branches.
Several industrial towns serving these
industries grew up clos e to  hydro-
power plants. This  was typically the
cas e for the paper industry  early  in
the 20th Century, and the metal-based
and chemical industries mainly in the
period  of rap id economic develop-
ment after the Second World  War.
Other major sectors of Norwegian in-
dustry are less dependent on energy
supply and  more o riented to con-
sumer markets, such as the food and
beverage industry. Not surprisingly,
most of Norway’s industry is located
close to  the coas t (becaus e o f the
proximity to  import /export  facilit ies,

hydropower plants, and population
centres).

Since 1970, the production of oil,
and later gas from offshore fields
has become a major component in the
national economy. This industrial sec-
tor has its particu lar problems of en-
suring water and electricity supply to
the platforms.

The population of Norway is 4.5
million (in 2001), which means an av-
erage population density of 15 inhab-
itants per km2. However, the popula-
tion  is strongly concent rated along
the coast and fjords, as well as major
lowland lakes and valleys, where ag-
ricu lture has been  possib le. The in-
ner, mountainous parts of Norway are
practically uninhabited. 70% of Nor-
wegians live in urban centres, and the
proportion is growing.
1.3 Trends
1 .3 .1  P opula t ion and  priva te
economy: status and trends

The life expectancy  is  now
above 81 years for women and close
to 75 years for men, that is an increase
of about 3 years since 1975 for both
genders. The g rowth  rate has been
steady since the 1920s. In fant mor-
tality estimated for those younger
than 1 year old, is very low and stable,
about 4 per 1000 live births.

The fertility o f the Norwegian
populat ion is now 1.78, and quite
stable. Since about 1985 there has in
general been a marked increase in net
immigration, but with strong fluctua-
tions between the years. Immigrants
now constitute 6.6% of the popula-
tion.

Report contributed by:
Norwegian Water Resources and Energy Directorate (NVE),

and Ministry of Petroleum and Energy

NORWAY
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The average gross personal in-
come was 237 300 NOK in  2000,
equivalent to about US$32 500. The
normal standard of housing is a self-
owned  (78%) hous e or apartment.
Sing le hous es dominate (1.1 million
of 2 million housing units). Close to
100% of houses and apartments have
separate kitchens , bathrooms  and
toilets.
1.3.2 Access to public services

The to tal annual water con-
sumption in Norway, exclud ing hy-
dropower, is 2400 million m3. That is
less than 600 m3 per capita and  only
0.7% of available water resources,
estimated  as annual runoff. Most of
the consumption is used by indus-
try, and 400 million m3 is for domestic
use.

The whole population has regu-
lar access to tap drinking water, ei-
ther from major water works (89%), or
from smaller water works and private
sources (11%). About one third of the
potab le water p roduced in  water
works  is  lost through leakage. A l-
though drinking water quality is gen-
erally very good, some water works
st ill have problems with infections
from bacteria.

The capacity for purification of
sewage before d ischarge to the re-
cipients is in general su fficien t. In
2000, 80% of the population was con-
nected to  public purification plants
with a capacity above 50 person units,
and the remainder to smaller separate
installations. Since the 1970s, public
investments in the sanitation sector
have focused on advanced chemical/
biological treatment, which today ac-
counts for 30% of the purification
capacity.

In 1945, 20% of the population
st ill had no electricity, and in  the

1950-1980 period there was a highly
concentrated effort to develop hydro-
power res ources and  transmission
lines. The distribution network now
extends over more than 320,000 km.
Electric energy is available for every-
body today.
1.3.3 Per capita water, energy and
electricity use

The average daily water con-
sumption, including leakage, is cal-
culated at 498 litres per cap ita. The
figure is  bas ed  on  est imates from
water works, and is thus rather un-
certain. On  the same bas is, average
daily household consumption is es-
timated to be 184 litres per capita.

The per capita use of energy in
general and electricity in particular,
is quite typ ical of a  country rich  in
natural resources and  with  a high
standard of liv ing . The 2001 con-
sumption of electricity in Norway was
125,000 GWh, including the domes-
tic hydropower production of 121,000
GWh, the difference being  covered
mainly by imports. The per capita use
was  therefore close to 27,800 kWh.
Only Iceland, other Nordic countries
and  Canada come close to th is per
capita figure. However, energy inten-
sive industry, and other small indus-
tries and the service sector represent
more than  70% of elect ricity con-
sumption. The remaining 30% is ac-
counted for by households and agri-
cu ltu re. Th is gives a figure on per
capita use of approximately 8000 kWh.
Close to 50% of this, however, is used
for heating , which  saves  the us e of
petroleum products . Since Norway
does not have thermal powerplants,
there are also few district heating sys-
tems, which is normal for countries
with thermal plants  and a need for
heating.

The electricity consumption is
50% of all the national energy use
based on energy conten t, but 65%
based on utilised energy.

2. WATER TRENDS
2.1 Trends and issues in relation to
the use of water
2.1.1 Principal uses

The national water resources are
so abundant that competition over
availability between water use s ec-
tors  seldom arises . The major water
us er s ecto r is  indust ry, using 1700
million m3 water for coo ling and pro-
cessing. A substantial portion of the
cooling water is p rovided by seawa-
ter. The agricultural sector is a minor
water consumer in Norway, as most
of the farmland, which  covers only
3% of the area, needs only occasional
irrigation. Both industry and agricul-
ture contribute to specific water pol-
lution problems, bu t the situat ion is
in general well under control.

Implementation of the EU frame-
work direct ive for water in  Norway
will pose important challenges for in-
tegrated water management, but will
hardly change the present  patterns
of water consumption.
2.1.2 Water quality and health

In  s pite of ample supplies of
good quality raw water, there are still
water works, mostly small ones, which
have difficulties in meet ing public
hygiene requirements. It is also a com-
mon problem that Norwegian raw wa-
ter has h igh contents  of natural or-
gan ic matter. New legis lation fo r
drinking water quality (2001) requires
that two hygienic “barriers” shall pro-
tect the quality  of the water on its
way from the water source to the con-
sumer.

Water quality problems  in Nor-

3rd World Water Forum: Country Report — NORWAY
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way als o  exis t  becaus e o f the
longrange transport  of air pollution.
Acid ification leading to loss of fish
and o ther aquatic life  is , however,
showing signs of improvement.
2.1.3 Water supply and sanitation

The curren t prob lems  in th is
sector are mainly associated with leak-
ing pipes. The water lost in this way
amounts in many instances to 30 or
40%.

Privatisat ion of the water s up-
ply and sanitation sector is not a big
iss ue in  Norway, where municipali-
ties, often jointly, generally own and
operate water works and purification
plants.
2.1.4 Legislation

The Water Resources Act came
into fo rce in 2001, replacing similar
legis lation from 1940. The new act
provides better protection of environ-
mental values, and has improved the
legal pro tection and sound manage-
ment of groundwater. Modern s ec-
ondary legislation has recently been
adopted for drinking water purposes.
Implementation of the EU framework
direct ive for water in Norway will
pose important challenges including
whole-basin management, and im-
proved planning and monitoring pro-
cedures.
2.1.5 Public opinion

The public is probably not con-
cerned enough about technical wa-
ter issues, taking the plentiful supply
of water of good quality for granted.
Investments in the management and
operation of water infrastructu re of-
ten involve a tough fight  for public
budgets.
          Public opinion is, however, very
conscious about the recreational as-
sets of Norwegian natural water and
water landscapes. For decades this

has been a source of complaints and
protests against new hydropower de-
velopment, even minor additions to
exis t ing s t ructu res  to  op t imis e
utilisation of the resources. Po litical
consensus has now in reality barred
further development  of new large
hydropower p rojects, and s ees the
national energy future in terms of light
of small and medium-sized hydro, the
upgrading  and extension of existing
hydropower plants, new renewables,
imports, and poss ibly gas-powered
plants if developed without CO2 emis-
sions.
2.1.6 Water security

Floods are a menace to life and
property in Norway. A major flood in
1995, which was the larges t s ince
1789, gave further impetus to efforts
for improving flood awareness and
preparedness. The central water au-
thority, the Norwegian  Water Re-
s ources  and  Energy  Directo rate
(NVE), operates a nation-wide and
continuous forecasting system, and
issues flood warnings. Work is  well
advanced on a nat ional flood zone-
mapping programme. Droughts also
occur, even in Norway, creating eco-
nomic stress in districts where private
water supp ly is widespread, mostly
in farming districts. Dam safety is the
responsibility of the dam owners, and
their competence and operational
maintenance is supervised by NVE.
2.1.7 Climate change

Hydrological research indicates
that with standard climate scenarios
coming true, Norway will experience
a wetter and milder climate. Winter
seasons will be shorter, spring floods
lower and autumn and winter rainfall
more abundant. For hydropower com-
panies  th is may well trans late in to
higher production . For many years

already, precipitation and runoff data
from western Norway have shown in-
creasing trends.

The official statistics for normal
hydropower production  were ad-
justed  in 2001. The previous normal
period of 1931-1990 was replaced by
the 1970-1999 period, and  average
annual production with  the existing
power system was consequently ad-
justed from 113.4 TWh to 118 TWh.
2.2 Links between water and energy

Hydropower has a rather unique
position in Norwegian water manage-
ment. Water legislation gives the elec-
tricity producer strong tools for man-
aging rivers for economic purposes.
Pract ically  every  reservo ir built in
Norway serves hydropower purposes
alone, and  licences are g ranted for
long periods. Normally, private com-
panies obtain a licence for 60 years,
and public companies are given a li-
cence without a time limit.

Other interests in the water re-
sources of a river basin and their use
are taken  in to  account during  the
evaluation of the application and the
accompanying Environmental Impact
Assessment. In the process of licens-
ing, there is a strong element of local
hearings  and  pres entat ion of other
sector user interests. The operating
rules developed for a particular regu-
lation  scheme usually takes in to ac-
count both dates for filling and emp-
ty ing  reservoirs, minimum flow re-
quirements, and a host of other regu-
lations to meet env ironmental and
social concerns (see section 4). There
is a general requirement that  res er-
voirs should be operated so as not to
increase the natural flood magnitude.

The legal pos it ion of the lic-
ensee is strong and long lasting. Be-
cause land use, economic activity,

3rd World Water Forum: Country Report — NORWAY
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population, and therefore water use
patterns, may change considerably in
a river bas in during  the licence pe-
riod, conflicting interests may  arise,
calling for multi-use operation of the
installat ions . Moreover, since the
liberalisation of the electricity market
in  Norway, and  g radually  als o
neighbouring countries during the
1990s, the incentive may have become
stronger to utilise fully the possibili-
ties for economic optimisation, avail-
able within the legal limits.

The future may s ee more con-
flicts between water user interests. In
the Norwegian  context, s uch  con-
flicts might be expected concerning
flood damage reduction, nature pro-
tection, and occasionally local water
supply during  drought periods. Cli-
mate change will possibly aggravate
the s ituat ion . Multipurpose reser-
voirs are one tool for s olving s uch
conflicts, but one which  has hardly
been fully explored in Norway.
3. ENERGY   TRENDS
3.1  His torical energy sources and

cooking and heating, and st ill Nor-
way has a high focus on the us e of
bio-energy for heating. Candles and
oil/kerosene lamps replaced wood for
light  as soon  as these technologies
were available in the world market. The
need for development of the country
and the obvious large hydropower re-
sources res ulted in constant act ivi-
ties to map these resources.

Hydropower development trig-
gered  techno logy  improvements .
This, together with the high focus on
understand ing  hydrology and the
too ls  and  techno logy to  des ign
plants according to geological knowl-
edge, led to a need to upgrade the
resource picture continuously. This
resulted in resource studies in every
decade after the Second World War.
A countrywide study on large hydro
was carried out between 1965 and
1975, a similar study on small hydro
was carried out between 1978 and
1981,  and  in  1982 the modern
Mas terp lan on  hydropower com-
menced , which included no t on ly

technical and economic is-
sues, but als o environmen-
tal iss ues. The work on this
Masterplan is  ongoing  and
the plan gives guidelines for
schemes, which can be put
forward for licence app lica-
tions. The Masterplan has
also provided knowledge on
watercours e  p ro tect ion
plans against hydropower,
and to  two  large research

and development projects. These
pro jects , not  only  including hydro,
focused  on security  of power sup-
ply, market constraints and  technol-
ogy improvements for uprating  and
refurbishing old powerplants.

In parallel with maintaining the
Masterplan, Norway is now also em-
barking  on a coun trywide resource
study for mapping hydropower re-
sources with a capacity of less than 1
MW. Development o f these local re-
sources will enhance economic life in
the rural areas of Norway.

NVE carried out a resource study
on wind in land along the 25 000 km
long Norwegian coast  (includ ing
fjords) in 2000-2001, and is now busy
with a similar study on the potential
offshore. The physical windpower
potential on land, at sites with wind
speeds higher than 6 m/s,is  approxi-
mately 1100 TWh/year according to
the study. The potential offshore is
also large. Economic and environmen-
tal constraints will significan tly re-
duce the po tent ial, so the possible
exploitable resource may only be 10%
of the physical res ource. In 2003 in-
novative GIS and  cost technology
will be used to map the economics of
this potential which is among the larg-
est in Europe.

NVE als o carries ou t resource
studies on  Bio-energy  for efficient
heating purposes. This  potential is
approximately 30 TWh with  today’s
cost for energy, and already approxi-
mately 50% of this resource is used.

The wave power potential has
been assessed , and there is  now a
focus on potent ial for other renew-
able energy. The o il and  gas po ten-
tial is among the largest in Europe (Fig.
1) , an d  the  c oa l res er ve s  in
Spitsbergen amount to approximately

Fig. 1. Norwegian hydro, oil and gas potential.

uses
Bio-energy was the

main s ource for energy
consumption before the
hydropower develop-
ment  period  s tarted .
Wood was used for light,

Fig. 2. Norway’s energy situation.
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60 million ton. The knowledge of the
resource base is used for producing
a strategy on Norway’s future energy
generation and use.
3.2 Current energy mix and uses

Norway is very special in its en-
ergy use, since 50% of the total en-
ergy consumption is based on  elec-
tricity. The reason for this is the abun-
dant cheap  hydropower po ten tial,
which for many practical reasons has
been considered more applicable than
other traditional energy  carriers . Oil
and coal account for 36% and 7% of
the total energy cons umption, re-
spectively. Despite very large gas re-
sources in the North Sea, Norway has
only a marginal use of gas (less than
3%).

Norway’s energy  situation is
shown in Fig. 2, which shows the
great importance of electricity (“El”
in Fig. 2). It  shou ld be recalled that
the source of electricity generation is
99.5% hydro. Norway’s total energy
consumpt ion is approximately 250
TWh/year.
3.3 Forecast changes and drivers for
change

Norway s till has a large hydro-
power potential which could be har-
nessed. However, even with four con-
servation plans for watercourses and
many small and large National Parks
comprising  approximately 40% of
Norway’s area, the resistance against
further development is strong, espe-
cially in thos e rivers  where no  com-
mercial activity is going on.

There is s ometimes  disagree-
ment between polit icians in the par-
liament and the politicians in the mu-
nicipalities. The local communities
want to have the option o f hydro-
power development to enhance eco-
nomic life in rural Norway. There will

probably be more focus on small hy-
dro and other power generation tech-
no log ies  withou t  undue cons e-
quences for Norway’s obligations
according to the signed Kyoto  pro-
tocol.

To meet this challenge, Norway
has embarked on new development
strategies:
•     Harness ing of the large wind
power potential, with a target  of at
least  3 TWh/year of wind power by
2010.
• Focus on research and develop-
ment to enhance gas thermal genera-
tion plants with no emissions of CO2

and NOX.
• Support for a district  heating
system, to reduce dependence on oil
and electricity for heating.
• Support for the increased use of
bioenergy for heating by additional
4 TWh/year by 2010.
• Continued support for energy
cons ervat ion  techno log ies  and
schemes.
3.3.1 Role of renewable energy tech-
nologies

Hydropower is a  renewable en-
ergy resource, and additional use of
b io -energy  in  Norway  depends
heavily on renewable resources for
its  total energy consumpt ion (more
than 50%). For electricity, the renew-
able part is 99.5%. The harnessing of
other renewable resources like wind,
wave, solar power and so on, has been
modest in Norway.

Up to 1994 there was a focus on
wave power technology, bu t the so-
lutions proved to  be expensive and
technically complicated with high
main tenance costs . Today the main
activity in this field is research at the
Norwegian University of Science and
Technology in Trondheim. However,

a group of Norwegian and  fo reign
companies have joined forces to de-
velop technology for harnessing the
energy  in sea currents, and are now
busy with a p ilot scheme clos e to
Hammerfest City in Norway.

Because of the very large wind
potent ial, Norwegian and Swedish
companies have now formed a com-
pany to develop large wind genera-
tion p lants based on previous  tech-
no logy  from the Kvaerner Group.
These will be schemes of up to 5 MW
each. A  pilot s cheme is  planned  to
go ahead this year (2003).

Bio-energy has a very long tra-
dition in Norway, and the large forest
industry has used waste from wood
processing  for decades. A lot more
bio-energy could be us ed for heat-
ing. The techno logy  is  well devel-
oped, but st ill there is room for im-
provement, which has led to a grow-
ing focus on the us e o f wood  for
heating. Economic support s ystems
may be developed to use efficiently
the wood waste resource from indus-
try, and waste from households and
industry. Energy forests are still not
an issue in Norway.

Beyond the reach of the coun-
trywide transmission and distribution
network, Norway has  fo r decades
used solar panels for light ing/radio
and TV in the thousands of cottages
in mountainous and rural areas. Also,
beacon  lights are now powered by
electricity from solar panels. This mar-
ket , together with abundant renew-
able electric energy from hydropower,
has also led to the production of the
crystalline wafer, which is the impor-
tant component in solar cells. A con-
siderable proportion o f the world’s
supply of wafers for solar cells is pro-
duced in Norway.
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3.3 .2 Interrela tionship  with other
countries

There are transmission lines to
Sweden, Denmark and Finland for the
exchange of power to improve the
ut ilis ation o f the d ifferent  national
power systems. The transmission ca-
pacity to Sweden is about 3 GW, to
Denmark 1 GW and  to Finland only
0.1 GW. Depending on the inflow to
the hydropower s tations , the ex-
change with neighbouring countries
can vary a lot from year to year.

In accordance with the Energy
Act, a concession is required for for-
eign trade in electric power. The Min-
istry of Petroleum and Energy is  re-
sponsible for issuing such conces-
sions. The requirement for a conces-
sion provides the authorities with the
control they need, for reasons of pub-
lic interest. Statnett SF and Nord Pool
Spot AS hold concessions  fo r the

organisat ion of trade in power with
the other Nordic countries. Statnett,
as the Transmission System Opera-
tor (TSO), is responsible for arrang-
ing  for the physical flow and Nord
Pool Spot administers the capacity on
the interconnectors.
4 . HYDROPOWER DEVELOP-
MENT
4.1 Historical review
4.1.1 General

Hydropower is one of Norway’s
major natural resources, and has come
to mean more to Norway than possi-
bly  any o ther country in the world.
When the technologies  for produc-
ing  and  using electricity  on a large
scale emerged in the second half of
the 19th century, Norway was in a pro-
ces s of rap id indust rialisation, and
with no coal of its own, it took quickly
to harnessing the power of its rivers.
Hydropower powered the country

both economically and with energy.
When the technologies for the

practical use of electricity were intro-
duced in the 1880s, Norway was still
a poor country, not only by today’s
measure, bu t also  relat ive to her
southern neighbours in continental
Europe at  the t ime. In  Norway, the
shipping and forest industries led the
growth , followed by the mechanical
industry and an expansion in found-
ries. Technologies  for making  paper
from wood pulp provided new strong
markets for the forest industries, and
Norway’s first wood grinding mill was
installed in 1866 at a waterfall in the
middle of the capital, Oslo , powered
by water turbines. Then came elec-
t ricity, and  the innovations  were
grasped by Norwegian business and
engineering communities. Already in
1885 the outskirts of the town of Skien
enjoyed a supp ly of electricity  from
hydropower at  the nearby Laugstol
wood-processing p lant on the Skien
River.

The most famous start, however
is the electrification of Hammerfest
City in 1890. Hammerfest is located at
70°N. The idea was  launched  by  a
teacher in  1881 who  promoted the
advantages of electricity for lighting,
arousing the town’s  interest. The
construction started in 1890, and the
result was one turbine of 15 hp pow-Fig. 5. Different tunnelling technologies.
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ering  a DC generator of 1.1 kV for
street lighting by arc lamps in series.
Another tu rb in e o f 60 hp  was
equipped with an AC generator, pro-
viding 1.05 kV for general supp ly in
town.
        Demand  for electric power was
to  come from the already booming
wood processing, pulp and paper in-
dustries, but only after practical mo-
to rs for industrial use had become
availab le in the early 1890s. Foreign
investors were keenly aware of the
opportunities which lay in Norway’s
h yd r op o we r  r e s o u rc e s .  Th e
Borregaard company, a subsidiary of
the British Kellner Partington Group,
acquired rights to the western side of
th e Sar ps fos s e n  wat er fal l in
Norway’s largest river, the Glomma,
and built a dam and power station for
what was to be Norway’s largest pulp
and paper plant. Two units of 800 kW
each were commissioned in 1898, fol-
lowed by expansions through to 1908
to a total of 9 MW.

In parallel with the introduction
of large indus try, small indust ries
based  on  saw mills and flour mills
started the development from water
wheels to turbines and electricity. The
history of various Norwegian hydro-
power companies  and techno logy
developments  orig inated from th is,
and this includes the development of
micro and  mini hydroelectric plants
to serve local small industry. The use
of innovat ive new technology  for
electric transmission, reaching new
electricity  markets , allowed  larger
power plants to be constructed. The
history of Tafjord  Power Company
and the Sykkylven Municipality Com-
pany illustrate this development.
4.1.2 Tafjord Company
Hydropower utilisation to power small

flour mills and local saw mills in  the
Tafjord area took an innovative step
in 1883 when the first electric  light
from hydropower was introduced in
a factory p roducing clothes in a re-
mote valley on the Norwegian west
coas t.Over the next 20 years similar
developments took place in  o ther
valleys. The local municipalit ies
joined forces early and created a com-
pany to harness the rich  hydro re-
sources for the benefit of indust rial
development  and improved living
standards for the inhabitants. In 1896
the city of Alesund had electric light
in the st reets, produced by  a hydro-
electric powerplant.
        The development in Tafjord was
based on experiences from the imple-
mentation of large hydro such as the
powerplants in the Rjukan area, where
the 108 MW Saaheim power s tation
was  put  into operation in 1916, be-
coming one of the largest powerplants
in the world. In these first years, most
powerplants
were small, having either small reser-
voirs  or none at all. Penstocks  were
made of wood stave or steel, and tur-
bines and  generators were imported
from abroad.

The construction of transmis-
sion lines and hydro plants are closely
linked with the Tafjord development
history. The first large hydro station
was completed  in  1923, p roducing
15,000 hp. The implementat ion o f a
110 kV and 20 kV line to transmit the
power to surrounding small villages,
however, was even more impressive
than the power station  with a reser-
voir, horizontal tunnel, penstock and
turbine-generator units. A represen-
tative of the German company  re-
sponsible for the equipment claimed
the transmission line, crossing high

mountains  and deep valleys, repre-
sen ted a new trend in power trans-
mission.

During the years to the Second
World War, the regulation of new
lakes and the installation of new tur-
bines increased the output  of the
power station. After the Second
World War, the underground sit ing
of large powerplants was technically
and economically more feasible than
the old  solu tions, as  a result  of im-
proved knowledge on rock construc-
tion and new equipment for blasting
and excavating of large caverns and
tunnels.

The various  tunnelling  tech-
nologies are shown in Fig. 5, where
the latest one with an  unlined h igh
pres sure tunnel and clos ed unlined
surge chamber with an  air cus hions
give a flexible option for harnessing
the hydropower res ource in a water-
course. Unlined pressure shafts have
been operated successfully at  pres-
sure heads close to 1000 m (the Nyset-
Steggje hydro plant, 965 m, 1987).

In this same period, the Kvaerner
Company  (today GE Hydro) devel-
oped a Francis unit to operate under
higher heads , replacing the use of
Pelton  turbines . Th is  so lu tion  in-
creased efficiency and enhanced the
use of tailrace tunnels in an economi-
cally optimum way. This development
is still going on, and today the Francis
unit has a higher efficiency  than
Pelton units and can be used up to a
600 m head , depending on  the flow.
The latest hydroelectric development
is the Svartisen powerplant, having a
120 m high rockfill dam and exploit-
ing 585 m from its high water level to
the sea level. One Francis unit of 350
MW is ins talled in the underground
power station.
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By 1980, the hydropower re-
sources of the Tafjord mountains were
considered fully utilised. However,
already in 1985, it was  decided to
close down the first plant and replace
it with a new one. This decision was
taken because improved electro-me-
chanical equipment and new technol-
ogy for the construction  of tunnels
(reducing head losses) would make it
possible to produce additional power,
which could justify the investment.

The idea of scrutinising systems
like Tafjord to increase power produc-
tion by enlarging tunnels, redesign-
ing the turbines and introducing in-
novative technology for s ystem op-
eration has led to the conclusion that
there still is energy to be developed
in Tafjord.

The hydropower s ys tem of
Tafjord today includes six power sta-
tions with a capacity of 261 MW, and
an annual production capacity of ap-
proximately 1000 GWh. 15 reservoirs
at different altitudes give flexibility to
the sys tem to meet peak power de-
mand and variation of consumption

throughout the year. The highest res-
ervoir is 1319 m above sea level.
4.1.3 Sykkylven Municipality Com-
pany

The Riksheim powerp lan t is  a
small hydro stat ion in  Sykkylven
municipality on the western coast of
Norway. This part of the country is
characteris ed by  high and  s teep
mountains and deep fjords. On the
flatlands  between the fjords and the
mountains, people started to cultiva-
te the land centuries ago. Their daily
income was based on agriculture and
fishing.

The community  in  Sykkylven
derived export revenue from the ex-
p lo itation o f the local t imber re-
sources. These were rapidly depleted,
but the community accumulated both
mercantile knowledge as well as  ex-
perience in the exploitation of hydro-
power resources during this period.
A large number of water powered
sawmills were in use. At the beg in-
ning  of this Century, the increasing
population made it necessary to find
other sources of income if the people

were to continue living and working
there. In  1915 there were a to tal of
2800 inhabitants in Sykkylven and 20
people were employed in the indus-
try.

The experience gained in the tim-
ber industry, in the saw-mills and in
the various s mall workshops, led to
the idea of u tilising the rich hydro-
power resources for the development
of brick production , textile mills and
furn iture factories . In  1910, a  few
workshops  located near river rapids
already had  electricity  from micro
hydro p lants . The new technology
was brought to the community  and
high voltage transmission lines be-
came poss ible. In 1912 local people
carried out pre-feasibility studies for
s e v e n  s ma l l  r iv e r s  in  t h e
neighbourhood, including the rivers
Aura (150 kW) and Riks heim (2000
kW). The municipal council elected a
group to investigate the possibility
of purchasing one or more waterfalls,
how to construct power stations and
how to run them. The group decided
to  work on  more detailed  plans for
the Aura and Riksheim rivers.

This committee had to find the
answer to three major questions:
• the electricity demand (current and

in 10 years);
• output and investment costs of the

two alternatives; and,
• the income possibilities.

Investigations of public electric-
ity demand and discussions with rep-
resentatives of the small but growing
industry, especially the furniture in-
dus try, concluded  that the demand
10 years ahead would be 600 kW. The
current demand was found to be 120
kW.

The commit tee found that the
Aura River could scarcely cover the
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present demand  and that this so lu-
tion would not  lead to  increased in-
dustrial development. The output and
investment cost was half the s ize of
phase one of the Riksheim River. To
find the possible income the commit-
tee had a yearly fixed price per Watt
on lamps and a fixed price per horse-
power (hp) for motors and heating. A
slogan urged everybody to join, and
they worked hard to persuade people
to  order electricity. From the local
tradesmen they go t the yearly con-
sumption of oil and spare parts for
oil-lamps and this was compared with
the calculated price of electricity.

Most people, however, were sat-
isfied with kerosene lamps. The power
companies, having s urplus elect ric
power, had to compare prices and ex-
plain the benefits  of the new ligh t.
Peop le cou ld understand that farm-
ers living downstream from the power
stat ion  could have electricity, but
farmers living at an  altitude higher
than the plant, how could they receive
the electricity? Electricity go ing up-
hill was unbelievable!

 In October 1915, the community
municipality decided to u tilis e the
power resources  of the 254 m-high
Riksheim waterfall by constructing a
power station, pipeline, in take pond
and a reservoir, sufficient to produce
450 kW.

The construction of the power-

hous e, includ ing the 1100 m-long
pipeline with  a d iameter of 400 mm
and the intake pond, lasted two years.
During the construction local in ter-
est was high, and there was never any
prob lem to  find willing hands when
the heavy equ ipment  arrived . One
hundred men pulled the tu rbine and
generator on snow from the harbour
to the power s tation on  the hillside,
and the pipes were rolled up the steep
hill with ropes. It was also necessary
to find local solutions for the t rans-
miss ion lines. Since the First World
War, the price of copper had increased
by 500% and they were forced to use
mostly iron wires purchased for agri-
cultural purposes.

Towards the end  of 1917 there
was excitement  in the community.
Many people s till could not believe
that the Riksheim waterfall could bring
light to their homes, especially to the
farms h igh on the steep h ills ide. In
January  1918 the firs t houses  got
their elect ricityand  the iron wire
worked as hoped, because the power
product ion from Riks heim far ex-
ceeded the actual demand.

The investment  cos t had in -
creased by  350%, and although  the
consumption of electricity increased
rapidly, the income could not cover
the repayment of the loans. The defi-
cit had to be paid by the community.
After th ree years o f operat ion , in-

creased consumption made it neces-
sary to replace the iron wires by cop-
per ones, to reduce the losses. Three
years after that a  second  turbine of
750 kW had to be o rdered. The tariff
was increased and  many people had
problems paying for the power they
used. The municipality also wanted
to develop industrially, and this new
growing industry could not s urvive
without access to  enough power at
reas onable prices. Finally the p rob-
lems were solved by cheap loans ob-
tained from the national bank.

During the first 30 years of elec-
tricity production, the Riksheim plant
was regarded as the heart of the com-
munity, providing light for people and
creating industrial growth. From 1930
to 1987 the number of employees in
the indust ry increased from 140 to
more than 1600, which is a quarter of
t h e  t o t a l  p o p u la t io n  i n
Sykkylven.The furniture industry has
been the most expansive, and today
it exports  to several countries in Eu-
rope as  well as  the USA, Australia
and the Middle East.

The history of industrial devel-
opment in  Sykkylven , based on ex-
ploitation of water res ources , may
give insp iration to others . Much  of
the technology applied  and  experi-
ence gained here is highly appropri-
ate for small-scale hydropower devel-
opment in developing countries.

Fig. 7. Sykkylven municipality, deep in a west coast fjord..  Fig. 8. Saaheim power station (108 MW in 1916, 189 MW in 2002).
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The continuous ly  increasing
energy demand, new and less expen-
sive technology and possibilities for
mixing  low quality  energy with high
quality energy by high voltage trans-
mission systems, have led to the idea
of upgrading a lot of the older hydro
plan ts  in Norway. A coun trywide
programme to examine the resources
was carried out between 1988 and
1992. The Riksheim watercourse is an
example of the small watercourses in
this study, which includes schemes
from 1 MW to 2000 MW.

The Sykkylven Power Company
has now applied to upgrade the old
Riksheim powerstation to 3.8 MW.
4.2 Economy and legal framework

The story of Norwegian hydro-
power development is not only a story
of technical innovations. Economy
was a matter of deep concern and
frustration. The Power Company had
a surplus of power, but people could
not afford to buy at the prices neces-
sary to pay back loans and interest.
The Norwegian State had  to give
guarantees for loans. To electrify ar-
eas with or without an adequate sup-
ply, the Government introduced State
s upport . The firs t  allocat ion was
made in the budget for the fiscal year
1938/39. The fu ll effect  o f the
programme was only to come, how-
ever, after the wartime occupation of
1940-45.

The prospect of profitable hy-
droelectric development gave water
rights a  new value and made them
s uddenly the ob ject  o f trade and
speculation. The “Panic Law” was
introduced in 1906 to make the acqui-
sit ion of rights dependent  on royal
licence. Only municipal bodies and
the State would be exempt from the
need for a licence. The licence could

be made conditional on certain obli-
gations from the holder. After the ter-
mination of the licence, in 80 years at
mos t, the rights, together with any
ins tallation, would  revert  free o f
charge to the State.

The Water Course Regulation
Act of 1917 came to be the most im-
portant Act concerning  large scale
hydroelect ric  power development.
Without the right to regulate water
flow by s easonal sto rage, develop-
ment for regular power is  not  pos-
sible. The main core of the legislation
was established during the first quar-
ter of the 20th Century. This legisla-
tion  still regulates the legal con text
of hydropower development today.

Experiences from this legislation
and  later improvements fo rm the
background for NVE’s assistance to
other countries in a similar position
to Norway’s some time ago.
4.3 Hydropower  and  the environ-
ment

Hydropower development  has
the potent ial to  upset  the existing
balance between man and  his envi-
ronment, s ometimes on qu ite a dra-
mat ic scale. Agriculture and  sett le-
ments tend to be concentrated along
the course of rivers. Outside settled
areas, water is still the basis for wild-
life, and an important element of the
landscape.

In the early days of hydropower
development any negative impacts on
the environment tended to be over-
looked and regarded as less impor-
tan t compared with the benefits of-
fered by development.Research and
development on landscape, river flow
and b iod iversity has p roduced re-
sult s offering the designer a too l to
work together with the environment,
rather than against it. However, large-

scale dams, dry riverbeds, roads and
t rans mis s ion lines  b ring  v is ual
changes to the environment which are
not always acceptable.

During the period 1970 to 1990,
NVE introduced  high  standards for
lands cape design  in hydropower
p lann ing . It  was recognis ed  that
some of the visible negative environ-
mental impacts  caus ed  by hydro-
power development could be greatly
reduced without  undue economic
consequences for the owner of the
powerplant. The photographs below
show two examples.

Because of the existence of natu-
ral lakes in the mountains, implemen-
tations of Norwegian reservoirs have
seldom led to resettlement of people.
Negative impacts on wildlife, fish and
poss ibilities for recreation have be-
come more important for NGOs (Non
Governmental Organisat ions) and
their resistance to hydropower devel-
opment. This  res is tance started
around 1970 with demonstrations in
the h igh mountain  p lateau  o f the
Mardoela river. The resu lt was a
strong focus, and growing awareness
by the population, which has led to
many res earch  and development
programmes, and to a lengthy licenc-
ing procedure for any company wish-
ing to apply for a licence for hydro-
power development in Norway.

NVE is the executive body con-
cerned  with electric power develop-
ment, and energy resources manage-
ment. The knowhow of NVE is used
by the Norwegian Agency for Inter-
national Development (NORAD) for
its activities on institutional building
in other countries. This knowhow was
also available for IEA’s hydropower
and technologies programme, which
dis tribu ted guidelines  on the is sue
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“Hydropower and the Environment”
in May 2000.
4.3.1 Summary history

Hydropower development  in
Norway  was  triggered by the need
for small and  large-scale industrial
development, and the availability of
cheap hydropower and timber for for-
est industry stimulated the develop-
ment . However, as  learned from the
Tafjord  and  Sykkylven h isto ry, the
need to electrify towns and villages
also promoted hydropower develop-
ment, and especially trans mis sion
development. The Rjukan example,
with the Saaheim power station, com-
mis sioned in 1916, is an example of
the development of an energy inten-
sive indust ry close to large hydro-
power resources. In 1916 the Saaheim
power station was among the largest
in the world with its nine Pelton tur-
bines of 12 MW each.

The peak of hydro construction
was between  1960-1985.From th is
early development , the technology
has continuously  been improved.
Examples are:
• in construction: tunnelling technol-
ogy and rockfill dams;
• elect ro -mechan ical equ ipment :
Francis and  Pelton  units , and, more
recently, X-blade runners for Francis
units.

The typical large hydropower
plant in Norway today is a highhead

u n de r g r ou n d
powerplant, and
a typial small hy-
dro is tailored to
the local envi-
ronment  with a
powerhouse and
a penstock.

M o s t
powerplants are
publicly owned, and the system to-
day has been developed by munici-
pal companies  (large, medium and
small hydro) ~50%, the State power
company (large and medium hydro)
~30%, and private companies (large
and medium hydro) ~20%.
4.4 Current situation
4.4 .1 Value of the production sys-
tem

For the purpose of taxation, the
re-purchas e value (that is, today’s
construction cost) of all the existing
Norwegian powerplan ts was calcu-
lated a few years  ago . The to tal
amounted to approximately NOK 200
billion, which is equivalent to US$ 27
billion.
4.4.2 Number of plants

At present 575 powerplants ex-
ceeding 1 MW of installed capacity
are in operation in Norway. In addi-
tion there are some 400 plants smaller
than 1 MW.

4.4.3 Capacity and production
The total capacity o f the 575

powerplants is approximately 28 000
MW, and the mean annual produc-
tion is estimated at 118.2 TWh.
4.4.4 Other energy sources

About  63% of the energy  con-
sumption in Norway (referred to net
end consumption by energy carrier),
is electricity. Of this, one third is used
in energy-intensive industries . Fos-
sil fuels contribute about 27% and re-
newable heat 10%. Hydroelect ric
power constitutes about 99.5% of the
electrical production, and the rest is

Fig. 9. Hydropower potential in Norway.
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thermal and wind energy.
4.4.5 Types of plants

A large number o f the Norwe-
gian powerplants, especially the larg-
est  ones , are high-head  sto rage
plants. Conditions for the develop-
ment o f this  type o f plant  are very
favourable in the western part of the
country, with steep mountains and
natural lakes created by glaciers thou-
sands of years ago. By damming or
lowering (for example, by the tailrace
tunnel) s uch  lakes, one can create
very cheap reservoirs. In addition to
these topographical conditions, high
precip itation prov ides for abundant
water to the plants.

In the larges t rivers , located in
the eastern  and central part o f the
country, low-head run-of-river plants
des igned for the dis charge of more
than 1000 m3/s have been developed.
         Over the last few years there has
been an increasing interest  among
private property owners to develop
mini and micro powerplants.These are
usually run-of-river schemes located
in the tributaries of larger rivers, typi-
cally with a modest discharge in rela-
tion to the available head.
4.4.6 Electricity market

Norway was the first of the Nor-
dic countries to deregulate its power
market. The new Energy Act of 1990
formed  the basis for deregulat ion in
Norway, and was als o a model for
other Nordic countries. The main ob-
jective of the Energy Act is economic
efficiency, security of supply and na-
tional equalisation /levelling o f elec-
tricity prices. The Norwegian electric-
ity market is today the most open elec-
tricity market in the world:
• All customers have access  to  a

compet it ive market  and  retail
wheeling has been implemented to

cover all cus tomers g roups , in-
cluding small households.

• An entry-exit t rans miss ion tariff
system based on nodal pricing has
been s et up. Transmission tariffs
are completely  independent  o f
trading systems.

• The Nord ic electricity exchange,
Nord Pool, organises a spotmarket
and a financial settled futures mar-
ket where it  is  possible to trade
weekly contracts up to three years
ahead.

• Dispatching of the system is based
on  commercial bids from sellers
and buyers of electricity in the mar-
ket. Also for short-term operation
of the network, the system-opera-
tors are obliged to use market op-
erations as far as possible.

• Everyone is free to  negot iate bi-
lateral phys ical cont racts . Bu t
trade in the fu ture market  is  in-
creasing rap id ly. An increasing
portion of long-term contracts are
now financial, with physical elec-
tricity being traded in  the spot
market.

• Prices in all markets, including bi-
lateral contracts and the retail mar-
ket, relate to the spot-market, and
are to a great extent  reflect ing
changes in supply and demand.

4.4.7 Role in rural electrification
From the very beginning hydro-

power in the form of mini hydro plants
powered  s mall mills and  farms  in
Norway’s rural areas. Most of them
were closed down in the decade after
the Second World War. The intercon-
nection  of most of the rural areas to
the main grid was the main reason for
this, together with time-consuming
operat ion and  expens ive main te-
nance of the small units. Modern tech-
nology, which includes remote con-

trolled operation by cell phones, has
resulted in an upsurge of interest in
mini hydro development in Norway.
Most of the sites are linked to farms,
allowing the farmer to have a neces-
sary extra income from his local re-
sources. Fig. 12 shows the number of
plants with output less than 1 MW in
different years.
4.4.8 Grid system

To s upply the consumers with
electric power from the plants, a trans-
miss ion  grid  was needed. The na-
tional transmis sion  grid in  Norway
was gradually developed during the
last century in line with the increased
demand of electricity. Transmission
lines have also been built to Sweden,
Denmark and Finland to exchange
power and thus to  improve the
ut ilisation  of the various  national
power systems.

There are different voltage lev-
els on the transmission grid depend-
ing on the quantity of power and dis-
tances the power is transmitted. The
larger the quantity and the longer the
distance the power is to be transmit-
ted, the higher the voltage level used.
This is to avoid the electricity losses
which  could o therwise occur. The
total annual losses in the transmis-
sion g rid are abou t 8% of the total
gross consumption.
      In the last 15 years, investments in
the transmission grid have decreased
significantly. In spite of this, the total
line length has increased from 282,000
km in 1987 to 321,000 km in 2000. The
local grid (<22 kV) is about 91%, the
regional grid (22-132 kV) is about 6%,
and the central grid (>132 kV) is about
3% of the total line length. In the local
grid the share of cables are about 37%,
while in the regional and central grid it
is about 3%.
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4.4.9 Pumped-storage
There are a few pumped-storage

plants in Norway. They are designed
for seasonal pumping, and typically
operate in the pumping mode during
the s now-melt ing  s eas on in  the
springtime. Water is then pumped to
large res ervo irs  fo r us e in  the
powerplants in winter.

The larges t pumped-storage
plants are:
•  Saurdal: (640/320 MW)
•  Aurland III (270/270 MW)
•  Duge (200/200 MW)

(Figures show plant capacity in
the turbine and pumping modes).
4.4.10 Main power companies

There are approximately 160 hy-
dropower producers in Norway, most
of them very small with only  a few
GWh/year of p roduct ion. The main
companies are, as per January 2002:
• Statkraft SF: 36.2 TWh, 30.7%
• Norsk Hydro: 8.6 TWh, 7.3%
• E-CO Vannkraft AS: 6.9 TWh, 5.9%
• Agder Energi AS: 6.5 TWh, 5.5%
• BKK AS: 5.9 TWh, 5.0%

(The figures show annual pro-
duction and % of national total).

There are also several hundred
distribu tion companies. There is  a
historical reason for this. Before the
country had a national grid, almost
every municipality had to provide for
its own electricity  supply, and  small
local, municipality-owned companies
were established.

Today Statnett SF has a special
role as operator of the main  national
grid. There are also a number of rela-
tively large regional distribution com-
panies.
4.4.11 Private/public ownership

Approximately 87% of the elec-
tricity is produced by public compa-
nies, and the rest (13%) by private

companies. The State-owned com-
pany Statkraft  SF p roduces around
35%, and the rest of the public pro-
duction is div ided between compa-
nies  owned either by municipalities
or count ies. The privately  owned
powerplants are mainly for industrial
purposes (metal smelting industries,
wood processing industries, and so
on). Concerning distribution, in real-
ity all companies are public.
4.4.12 Sources of finance

Finance sources for hydropower
development are mainly bank loans
and the issuing of bonds. Financing
of hydropower projects has tradition-
ally not been difficult in Norway, since
they have been considered low risk
projects.
4.4.13 Current changes in the sec-
tor

A clear secto r tendency, since
the deregulation of the power market
took place in 1991, has been a con-
centration of ownership, especially in
power distribution. Small local distri-
bution companies, without their own
power production, are being sold to
larger and more professional compa-
nies . Th is  development  will most
likely continue in the coming years.
4.4.14 Refurbishment projects

About one-third of the remain-
ing po tential for hydropower devel-
opment  is in the form of refu rbis h-
ment and enlargement projects, which
amounts to about 11 TWh/year. Of
th is potential, refurbishment- on ly
pro jects constitute 5 – 10%, but  in
most of the projects refurbishment is
combined at  the same time with an
enlargement o f the s cheme. The
uprating of the project cont ribu tes
mos tly to  the increased p roduct ion
and thus makes the project economi-
cally viable.

At present, the Bjoelvo and Tyin
hy drop ower  p la n ts  are  being
modern is ed  and  uprated. Bjoelvo
hydropower plant was commissioned
in 1918 and expanded later with more
turbines by 1971. The penstock has
forge-welded pipes and the Govern-
ment has decided that  th is type of
pipe will be dis mantled  in  the near
future. The owner decided to build a
new underground hydro station and
at the same time to transfer more wa-
ter into the hydropower system. The
installed capacity will increase by 15
MW to 95 MW and the mean annual
production will increase by 65 GWh
to 387 GWh.

The Tyin hydropower plant was
commissioned in the mid-1940s, and
was the basis for location of the alu-
minium industry in  the area. To keep
in line with safety and technical stan-
dards, it was necessary to modernise
the plant as well as the headrace tun-
nel and shaft to maintain the produc-
tion at the presen t level and to s e-
cure the supply to the aluminium in-
dustry. The new plant will utilise a
larger head following the construc-
tion of a headrace pressure tunnel and
shaft between the in let at about el.
1050 and the fjord. The installed ca-
pacity  will increase by 168 MW to
360 MW and the mean annual p ro-
duction will increase by 218 GWh to
1398 GWh. Fig. 13 shows the age of
electro-mechanical equipment in Nor-
wegian  hydropower plan ts today.
Many plants have been modernised,
and this development will continue.
4.4.15 Environmental management

Hydropower development  in
Norway is sub ject to s trong regula-
tions , mainly for environmental rea-
sons.
       The mos t serious impacts are
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usually  related  to estab lishment  of
water reservoirs and removal of wa-
ter from the rivers  fo r us e in the
powerplants.

A l l p lan ne d  hy dr op ower
projects in Norway have to be con-
s id er ed  wi th in  th e Nat io na l
Masterplan for remaining hydropower
res ources .The mos t  favourab le
projects, taking in to account project
economy and environmental impacts,
can be submitted for a licence.
         The licensing process may seem
elaborate and time consuming. The
inten tion is  that  all stakeho lders
should have the possibility to express
their views, and this ensures a very
transparent process.
        Ranges of differen t acts and
regulations have to be dealt with. The
most important ones, and relevant for
hydropower projects, are:
• The Industrial Concession Act;
• The Water Resources Act;
• The Watercourse Regulat ion Act;

and,
• The Energy Act.
         The outcome of a licensing pro-

cess will be that either:
•1) a licence is obtained according to

the application;
 •2) a licence is obtained with project

modifications compared with  the
application; or,

•3) the application is refused.
An important part of a licence is

the set o f cond itions. The most im-
portant ones might be the rules of op-
eration, which regulate the water lev-
els  in the reservoirs and when and
where to release water in the affected
river sections.
4.4.16 Degree of public acceptance

The development  of hydro-
power, especially large projects, can
be sensitive and subject to conflicts.

However, after a  development has
been carried out, the p roject is  usu-
ally accepted. Probable reasons for
public acceptance are that  hydro-
power is considered environmentally
favourable to other electricity genera-
tion plants, and also that hydropower
development today is more carefully
carried out than ever before.

The attitude towards the devel-
opment is  normally pos itive in the
affected areas. The reason for this is
often increased activity and economic
benefits for the local area.
4.4.17 Main challenges and issues
affecting future development

There is still a considerable hy-
dropower potential in Norway. How-
ever, there seems to be a political view
that most of the remaining untouched
rivers should remain untouched . A
future challenge will be to find a bal-
ance between hydropower produc-

tion  and other utilisation  of the riv-
ers. Careful hydropower development
does  no t mean devastat ion  of the
river, and  planned  in  co-operation
with other stakeholders it could bring
solutions which are positive, for ex-
ample flood control and low flow con-
trol.

Another aspect is the ageing of
the hydropower production system.
With a deregulated and open power
market, there might be a  tendency to
postpone the necessary maintenance
and modernisation of the powerplants
beyond what is technically  advised.
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Table 1 – 20 Major hydro schemes in  Norway (see map on previous page).

Number Name of Powerplants Name of Capacity of Mean Other Year of Owner Relationship
on scheme  river  power annual services commiss- to subject in
map scheme production (flood control, ioning text of this

 (MW)  (GWh) water supply,                                   article
[1970-1999] irrigation etc.)

1 Ulla-Førre Hylen, Kvilldal, Suldalslågen 2057 5762 1980-1986 Statkraft
Saurdal and Stølsdal

2 Sira-Kvina Duge, Roskrepp, Sira and 1760 6829 1973-1981 Sira-Kvina
Solhom, Tjørhom, Kvina Kraftselskap

Tonstad, Åna-Sira
and Kvinen

3 Aurland Aurland I-III, Aurlandselva 1119 3241 1973-1983 E-Co Vannkraft
Vangen and Reppa

4 Sima Lang-Sima and Austdøla and 1120 3404 1980/1981 Statkraft
Sy-Sima Sima

5 Tokke Tokke Skien 430 2221 1961 Statkraft
6 Røssåga Upper and lower Røssåga 410 2533 1955-1961 Statkraft

Røssåga
7 Svartisen Svartisen Fykanåga 350 1996 1992 Statkraft P lanning

modification
8 Tjodan Tjodan Stølselva 329 110 1985 Lyse                       Unlined high

Produksjon pressure
tunnel

9 Tafjord Tafjord I-VI Tafjord 261 967 1923-1995 Tafjord Development

Kraftproduksjon of hydro-
power

10 Vemork Vemork Skien 204 841 1911-1971 Norsk Hydro One of the
old “large”
plants in
Norway

11 Tyin Tyin Ardal 192 1137 1945 Norsk Hydro Finishing
upgrading
in 2004

12 Såheim Såheim Skien 189 909 Partly combined 1916/upgraded Norsk Hydro One of the
with water for  old “large”
industrial plants in
purposes Norway

13 Solbergfoss Glomma 185 902 1924/1985 E-Co Vannkraft
14 Alta Alta 150 709 1987 Statkraft

15 Meråker Meråker and Tevla Stjørdalselva 128 572 Planned with 1994 Nord-Trønderlag
environmental Elektrisitetsverk
base flow

16 Bjølvo Bjølvo Bjølvo 54 367 Will be combined 1918 Statkraft Finishing
with water for upgrading
industrial in 2003
purposes and
potable water

17 Riksheim Riksheim Riksheim 3,3 16,8 1928/upgraded Sykkylven Energy
18 Svabo Svabo Andfiskåga 3,2 21,6 Combined with 1996 Mo Industripark

cooling water
for industrial
purposes

19 Strielva Strielva Djupfjordelva 1,7 7,3 1984 Vesterålskraft AS Small under
ground

hydro
-power plant.
First with
drilled shaft
(North Sea
Technology)

20 Taraldsvik Taraldsvik Taraldvikelva 1,5 10,5 Combined with 1986 Narvik
potable water municipality
supply

3rd World Water Forum: Country Report — NORWAY



34                                                                                                                                                   SHP NEWS, Autumn, 2003

The reason is that the plan t owner
does not find it economically viable
to make such  investments with the
current electricity prices and the cur-
rent cost level. A consequence is in-
creased ris k of plant failure or even
breakdown. Actions should be taken
to find possible measures within the
free market  system to secure a reli-
able and well functioning production
system.
4.4 .18 Examples of some exist ing
plants

The Table lists 20 hydropower
schemes in Norway including some
basic data. Among these are the larg-
est plants in operation, and some with
special technology, like the “North
Sea drilled” shaft fo r s mall hydro
(St rielva), water supply and energy
generation (Taraldsvik), environmen-
tal, indigenous peop le and salmon
constraints (Alta), water management
and  local economy iss ues (Stjør-
dalselva).
4.5 Future Aspects
4.5.1 Demand forecasts

The electricity demand has been
growing by approximately 1.5% each
year fo r the last 10 years, and  in the
forecast for the next 10 years, we ex-

pect  a  growth  o f
a p p r o xima t e ly
1.2%. The g rowth
depends on the cli-
mate, and  activity
in  indust ry, espe-
cially the energy in-
tensive indus t ry.
T he  g r o wt h  in
househo ld electricity  cons umpt ion
over the last two years has been close
to zero. Fig. 15 gives the scenario for
consumption to 2015, based on nor-
mal weather conditions.
4 .5 .2  Po tent ia l for demand-side
management and cost-efficiency
improvements

Norway uses a lo t of electricity
fo r heating, and there is a political
goal to reduce the dependence on
electricity and substitute this energy
carrier with other carriers which utilise
renewable energy resources, or by
energy conservation. Electricity con-
sumption in Norway is quite efficient.
However, there is still a large poten-
tial for energy efficiency, especially
in the buildings sector. Mos t of this
is linked to better energy management
and better use of energy management
technology and systems.

The Norwegian Government has
established a new agency to promote
more efficient use of energy as well
as  production of energy from new
and renewable sources. Hydropower
is the tas k of NVE. This  Agency
(ENOVA) has an annual budget of
about NOK 500 million (about US$ 68
million). ENOVA is respons ible for
obtaining 11 TWh by 2010. Of this, 4
TWh should come from district heat-
ing bas ed on  renewable energy, 3
TWh from wind  power, and 4 TWh
from energy efficiency. There is also
focus on the use of heat pumps. The
po tent ial for energy efficiency has
been estimated at 14.2 TWh in build-
ings  (hous eholds and non-residen-
tial buildings).

Approximately 10.8 of those are
electricity savings. A potential of 5.3
TW h energy  (3.5 TWh electricity)
savings within  indust ry  has been
identified. 2.5 TWh (1.4 TW h elec-
tricity) of this is estimated to be prof-
itable for the business.

4 .5 .3  Future e nergy mi x  and
changes in the electricity sector

The pres ent pictu re of energy
use as presented will not change dra-
matically in the fores eeab le future.
Elect ricity generation, however, will
probab ly  include windpower to a
larger scale than today. The prospect
of solutions for CO2 from gas thermal
plants will result in the use of gas for

3rd World Water Forum: Country Report — NORWAY



 SHP NEWS, Autumn, 2003                                                                                                                                                    35

electricity production in Norway, but
the development of this technology
may  take more than ten years. The
use of wood will increase for direct
heating or to power water heating
systems. In the rural areas  we will
probably see use of innovative new
solutions for mixing gas, solar and
wood resources.Some of them will use
fuel cell technology. Norway already
has examples of these schemes in ar-
eas  where a farm is too far from the
main grid system, and where the new
technology  is the least cost  alterna-
tive compared with maintaining and
operating a distribution line.
        Fig. 15 shows that Norway  will
have to rely on electricity imports from
the other Nordic countries  in years
with  normal precip itation  if we con-
tinue with low hydropower activity,
no gas generation plants, and a mod-
est  activity in developing the wind
energy resources. This may not be a
sus tainable future, because the im-
ported electricity is generated in coal-
fired thermal plants, which is no t in
line with Norway’s ob ligations ac-
cording to the Kyoto agreement.

4.5.4  Po tentia l for further hydro-

power development

Fig. 16 gives the type of hydro-
power schemes that we expect will be
developed in the next ten years. Al-
though  the remaining hydropower
potential in Norway  is large, and the
focus on renewable energy  is grow-
ing, we expect only modest act ivity.
This might change, however, as a re-
su lt o f higher prices  for renewable
energy in the European electricity
market. This could result in the imple-
mentation of many upgrad ing and
refurb ishment  p rojects , which  are
considered to be too expensive with
the present prices in the market.

         Norway has a focus on small hy-
dro, and is giv ing this technology
special at ten tion  through research
and development, and by giving pri-
ority in the licensing procedure. The
new trend of using  fixed prices for
special renewable generation plants
will also be discussed in Norway.

4.5.5 Overall trends in hydro devel-

opment

Modern hydropower develop-
ment is very different from the devel-
opment 20-40 years ago. By using the
experiences from more than 100 years
of hydropower development, hydro
can today be the heart  of a power
sys tem, the con trol p lant for flood-
ing and low flow constraints in river-
beds, the source for municipality in-
come and the means  of fulfilment of
the Kyoto agreement.

The case of Stjørdal river is  a
Norwegian example of successful co-
operation between a hydropower de-
veloper, the municipality and the pub-
lic control sector like NVE and the
Directorate for Nature Conservation.
The Stjørdal river is a salmon river. A
s ta temen t  fr om th e loc al f is h
organisation this summer was: “This
year with drought  we saw the posi-
tive impacts of hydropower develop-
ment. Thanks to the release o f com-
pensation water, and good co-opera-
tion by the owner Nord Trøndelag
Energy Utility, which  resulted  in  a
river flow of 10 m3/s instead of less
than 2 m3/s, the river still carried large
salmon.” Other unregulated rivers in
the vicinity had low flows, which se-
riously hampered salmon migration.
The upper part of the catchment area
has been used for hydropower gen-
erat ion in three different  power sta-
tions  with a total output of approxi-
mately 135 MW, and generation  ca-

pacity approximately 650 GWh/year.
The res ervoir capacity  is  approxi-
mately 320 million m3 and the annual
inflow is approximately 795 million m3.
Downstream tributaries of the main
river are pro tected against  hydro-
power development, and the tributar-
ies that are heavily modified have a
release o f compensat ion water, and
are subject to bio logical adjustment
programmes.

The large reservoir capacity en-
hances  the control o f the river, for
example in periods with the need for
extensive river training works, where
a flood  could cause unacceptab le
damage to agricultu ral activities and
destab ilise the riverbeds, which in
turn could cause unsafe living  con-
dit ions for people. For example this
summer there was a need  for emer-
gency act ions to prevent landslides
along the riverbed, which could cause
serious disasters for infrastructu re
and houses. By us ing the Water Re-
sources Act, NVE in  co-operation
with the hydropower owner, was able
to  reduce flow in the river fo r long
enough to carry out the most critical
river training work in a safe and con-
trolled matter.
         The Meråker Municipality ac-
cepted the development becaus e it
found the positive impacts greater than
the negative ones. For example, the
added value created by the develop-
ment is also shared with the municipal-
ity. This improves its capacity to attract
small industry, maintain and develop a
high standard in schools, and support
adult programmes. The statement from
the municipality is that the river pow-
ers the transmission system in Norway,
and at the same time powers the local
economy. This enables people to con-
tinue living in this remote village.
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