SHP in China

| nter national Cooper ation of SHP in China

Hanzhou Regional Centre (Asia-Pacific) for Small Hydro Power (HRC), Hangzhou, China.

1. Historical Progress of In-
volvement of China's SHP Sector in
the Inter national Community

The rapid growth and enor-
mous development of SHPin China
tookplace inan historic period of glo-
bal revitalization of SHP. The boom-
bust cycle of SHP development
shows that in the early 20" century,
after several decades of SHP boom-
ing as an embryonic form of hy dro-
power in industrialized countries, a
tendency of building large projects
to replace SHP emerged. Up to the
late 1970s, SHPworldwidewas greatly
reduced and even almost eliminated.
However, in the mid 1970s, drastic
inflation of petroleumprices (by 10
times) occurred, and SHP became at-
tractivein meny developed countries.
Revitalization of SHPwasset to surge
in countries with rich resources, while
some developing countries just
started to construct SHP plants to
replace diesel generation in rural ar-
eas to save foreign currency fromim-
porting diesel oil. At this historical
stage, the tremendous devel opment
of SHPin Chinafromthe 1960sto the
1970sastonished SHP peers through-
outtheworld right after China's open-
ing up to the world. Upon request
from numerous countries to promote
exchange of information, a series of
international meetings have been or-
ganized by UN organizations and
otherinternational institutes sincethe
1970s. Chinastarted to get directly
involved in the international SHP
community, and from the unfamiliar
role it used to have before opening-

up, China has gradually grown to
become one of the most active mem-
ber countries. During the past two
decades sincethe early 1980s, the
most influential events and meetings
that effectively drew China' s SHP
sector into theworld arenashould be
mentioned as follows:

(1) The UNIDO Seminar-
Workshop on the Exchange of BExpe-
riences and Technology Transfer of
Mini-hydro Hlectric Generation Units,
held in Nepal’ s capital, Kathmandu
in September 1979, was thefirst inter-
national meeting after the oil crisis in
the 1970s. It was attendedby 68 rep-
resentativesfrom23developing coun-
tries,10developedcountries and sev-
eral UN organizations. Knowing that
great interest for SHP development
was set to developin the near future
in anumber of countries, consensus
was reached that strengthening of
intemational cooperation would be of
increasing importance. Animportant
result of this meeting was the
“Kathmandu Declaration”, which
stated:

-Exchange of information,
knowledge and experience is felt to
be of basic importancefor promotion
of thistechnology, not only between
developed countries and developing
countries, but also among the devel-
oping countries themselves.

-Government and officials and
private institutions, as well as UN
agencies and other international and
bilateral organizations are invited to
increase their supporting efforts to

accelerate the electrification of 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 theneed for strengthening
internationd cooperationin asystem-
atic, efficient and effective manner.

This statement indicated the
earliest concept of South-South co-
operation in the SHParena whichhas
since been extended in avery broad
and meaningful way during the past
2 decades.

(2) Another very important
meeting, the United Nations Confer-
enceon New and Renewable Sources
of Energy (UNCNRSE), held in
Nairobi, Kenyain 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
this meeting, significant messages
anddecisions weremade with respect
to SHP development:

-Inthereport of the Hydropower
Technical Panel of the UNCNRSE, it
was written, “Perhaps the greatest ex-
periencewith small-scalehydropower
devdopmentisin China, where 88000
hydropower plants have been con-
structed inthe last 2 decades with an
average capacity of about 70kW.”

Thisis the earliest recognition
of therole of China's SHP dev elop-
ment by the intemational community
through an officid document fromthe
United Nations.
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-A ccording to the officially
adopted “ Program of Action” of the
Conference, it was anticipated that a
series of centers of excellence for new
and renewable energy sources in-
cluding SHP be set up to carry out
activities in thefields of R+D, dem-
onstration, dissemination, training
and information.

(3) Closely following the
Kathmandu M eeting, asecond Semi-
nar-Workshop/Study Tour on the
Development and Application of
Technology for Mini-hydro Power
Generation was further organized by
UNIDO in Hangzhou, Chinaand M a-
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). Inthis meeting, in-depth stud-
ies onthe different approaches of
SHPdevelopment and significant so-
lutions and recommendations were
delivered as follows:

-The Seminar-Workshop
adopted the Kathmandu Declaration,
which emphasized, among other
things, the need to intensify action
and international cooperation in this
important endeavor.

-One of the major objectives of
the Seminar-Workshop was thedirect
comparison of the SHP approaches
in Chinaand the Philippines. Both
had made successful progress al-
though the methods used seemed to
be entirely different. It was stressed
that the SHP programs wereat differ-
ent stages ofimplementation andthat
the systems were created 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 planning, local in-
volvement in the implementation, lo-
cal involverment in the production of
equipment, multi-purpose/socio-eco-
nomic aspects, technology, involve-
ment of research institutions and uni-
versities, national/foreign technical
performance, financing and mini-hy-
dro versus other electric energy
sources.

Thescientific concept of com-
parison used in the early 1980s has
proved to be correct and important,
even two decadeslater in the 21% cen-
tury. Chief Economist and Senior
President of the World Bank, Mr.
Nicholas Steven said in theA PEC Fi-
nance and Program Development
2002 Annual Forum held in Beijing,
Chinaon May 26, 2002 that, “ One of
the most important things we have
learned frompast experienceis that
there is no single 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
successful models that could be
adopted and of valuablereference to
other developing countries in some
aspects.

-The possibility of establishing
aregional/inter-regional development
andtraining centerin Chinaproposed
by UNIDO was vigorously and seri-
ously discussed during the meeting.
The concept of UNIDO in creating
Centers of Excellence in selected de-
veloping countries, which could func-
tion as regiona and global focal
points of international cooperation
on the selected subject such as SHP
was explained by UNIDO represen-

tatives. It was also felt that the pro-
posed Center in China could be one
of aseries of similar centers in other
regions of the world, which altogether
could formthe backbone of a global
network in the field of SHP. Inthe
summary recommendation, it was
stressed that the meeting strongly
recommended theestablishment of a
Center of Excellencein Training, Re-
search and Development related to
MHG (SHP) technology. It also
pointed out that at the initial stages,
the mgjor activities would be mainly
for the Asiaand Pacific regions.

(4) Under the extensive and in-
tensive influence of the above three
meetings and strong support and
substantial follow-up work of the
United Nations organizations
UNIDO, UNDP and UN-ESCAP, the
Chinese government authorized the
Ministry of Water Resources (MWR)
and the Ministry of Foreign Eco-
nomic Relations and Trade
(M OFERT) to take actual stepsfor
establishing the center. Thus, the
Hangzhou Regional Center (A sia-Pa-
cific) for Small Hydropower (HRC)
was officially established in 1981.
Thedesignated objectivesof HRCas
per relevant documents are to offer
and promote international coopera-
tion for SHP development in the field
of R+D, training, information and
consultancy for the Asia-Pacific
member countries. It also acts as a
window on China's international co-
operaion for SHP. Domestically HRC
is called the National Research Insti-
tute for Rural Hectrification (NRIRE)
with the objective of providing ser-
vices of planning and consultancy for
construction of electrified countiesin
rural areas in China.

Inthe meantime, anA sia-Pecific
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Regional Network for SHP (RN-SHP)
was set up with its secretariat based
successively at HRC and in NEA of
the Philippines.

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

Both HRC and RN-SHP have
successfully achieved their objec-
tives as designated in the beginning
and mandated by aseries of Steering
Committees of Renewable Energy
Program and Technical A dvisory
Groups of the RN-SHP

(5) South-South Cooperation

Theearliest official programfor
South-South Cooperation was raised
at the UN Conference for Technical
Cooperation among Developing
Countries (TCDC) held in Buenos
Aires, Argentinabetween August 30-
September 12, 1978. The Buenos
Aires A ction Plan was adopted for
promoting and implementing action
on technical cooperation among de-
veloping countries. The idea of
TCDCindicatesit is a measureor tool
for promoting dissemination of
knowledge or experience in thefield
of human activities among develop-
ing countries with the capability of
mutual sharing.

Up to 1990, the transition of
TCDCto ECDC (Economic Coopera-
tion among Dev eloping Countries)
was advocated although the bound-
ary between themis not clear, and
mutual support and co-existence
should be encouraged.

Atthe South-South Cooperation
Conference held in Santiago, Chilein
November 1997, 23 pivotal countries
(PC) were determined by the Depart-
ment of South-South Cooperation,
UNDP, including China and other
Asia-Pacific countries such asKorea,

India, Indonesia, Malaysia, Pakistan
and Thailand. Theaims of the PCs
are to promote developing countries
to effectively participate inthe grow-
ing systemof globalization of the
world economy andto use trade and
investment as the mgjor elements of
promoting growth and development.

China has actively participated
in TCDC/ECDC activities carried out
in the past 20years or more. In the
areaof SHP, HRChas dso madegreat
effortsin perfornming TCDC activities
organized by UN organizations and
the Chinese government, especially
in organizing training workshops for
SHP. Attheturn of the century, HRC
was given the award of “Model of
South-South Cooperation” by the
Chinese Ministry of Foreign Trade
and Economic Cooperation
(MOFTEC-formerly M OFERT).

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

Theconferencewas attended by
181 delegates from 38 countries
(mostly fromdeveloped countries)
and relevant institutional organiza-
tions, together with 96 senior Chinese
experts. Itwas the largest high-level
meeting in SHP sector that had been
held at that time in China.

Theconferenceprovided exten-
siveopportunitiesfor theparticipants
in the following aspects:

-Wideexchangeof situation and
experience of 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 Ching;

-Creation of opportunities for bi-
lateral cooperation between China
and foreign countries through con-
crete mutual understanding of capa-
bility, demand and the market situa-
tionin Chinaand in western coun-
tries;

-Promotion of extensiv e under-
standing and friendship between
China and western delegates.

Theevent also indicated that
China was continuing 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 effortsand
numerous activities of international
cooperation in the SHP sectors for
morethan 20years, Chinahas become
moreactive and capable of joining co-
operativ e activities worldwide. On
the basis of theregional center, an
International Center for SHP was set
up on 1994 in addition to the existing
HRC, as anticipated by UNIDOin the
early 1980s.

Stepping into the 21% century,
Chinais furthering its contribution in
promoting international cooperation
in theSHP sector. For example, at the
First Regional Workshop on “Renew-
able Energy Sources in Southeast
Asia-Current Stage, M arket Condi-
tions and Outlook” organized by the
Center for 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
Asia”. This shows HRC's under-
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standingand capability of coordinat-
ing SHP activitiesin the Asian region.

Wrapping up the historical
progress of the entry of China's SHP
sector into the international commu-
nity, it is evident that great progress
and achievements hav e been made
during the past two decades. Fol-
lowing globalization of the economy
and China's accession into WTQO, not
only will TCDC activities transit to
ECDC/TCDC, but merket-oriented ac-
tivities in the SHPsector will boomin
the near future. China's recent stra-
tegic policies of “go global” will also
be implemented in the SHPsector to-
getherwithimporting advancedtech-
nology and equipment. It could be
anticipated that the prospects for in-
ternational cooperationin China’'s
SHP business will be very promising
for developing in even broader and

deeper way.

2. China Contributes to and
Lear ns fromthe World in the SHP
Area

Although Chinaranks as No. 1
in the world with respect to number
of SHP stations in operation with its
huge installed capacity, the overall
technical level and performance as
wellas management capability are till
far fromadvanced. With its great
achievement and rich experience in
SHPconstruction, Chinashould con-
tribute as much as possibl e towards
promoting SHP development in de-
veloping countries. As awindow on
the SHP sector in China, HRC has
madegreat efforts during the pasttwo
decadesin fulfilling the commitments
both fromthe Chinese government
and the UN organizations. In the

meantime, some advanced technol-
ogy whichis necessary for overcom:
ing the prevailing flaws in the SHP
sector in China such as technology
for automating the SHP stations has
been fruitfully imported, absorbed
and indigenized under aspecific R+D
program carried out in HRC.
Summarising themgjor contributions
fromHRC and learning from the re-
sults fromour international technical
peers, the following items present
some concrete ideas to our readers.

(1) Training

Overthe past 20 years, HRC has
successfully organized 37 interna-
tional SHP training workshops, with
theparticipation of 615engineers from
about 70 countries in the world. Ev-
ery workshop was completed as
scheduled, and the participants were
very satisfied with the training.

-Objectives and contents. For
each workshop, definite objectives
weredefined eitherfor 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 possible.
Substantial experiences and valuable
lessons as wellas practical casestud-
ies were presented in class and then
supplemented by on-site study
tours. In addition to amicro-view of
technology for SHP development
such as design, construction, equip-
ment, procedures of development,
etc.,macro-view policy study and the
overall situation of SHP development
in China have been also introduced.
Theseare of fundamental importance
for the success of the training.

- Teaching materials. Detailed

materials have been carefully pre-
pared and successively up-dated so
that participants 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 some special
topics, well-known professors and
acknowledged experts fromaround
the country wereinvited to give pre-
sentations in the workshop with ex-
cellent results.

-Study Tour. To instill adeeper
understanding of the concept of vari-
oustypes of SHP constructionto the
participants, several tourswere orga-
nized during each workshop. Almost
al 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 wellas head range (3-1000m)).
The abundanceand versatility of de-
sign of SHPdevelopment in China
could provide opportunity for partici-
pants to get a personal feeling for
most of the engineering approaches
described in textbooks all overthe
world.

-Facilities and accommodation.
HRC's classroomfor international
training workshops has been
equipped with modern facilities in-
cluding microcomputer based audio
video facilities and other necessary
electronic devices. To enable partici-
pants to keep in touch with the rest
of the worldand their hore countries,
a‘“net bar” equipped with sufficient
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personal computers has been made
available throughout the day time.
Participants were very satisfied with
these measures, which to alarge de-
gree relieve them of their homesick-
ness during alto 2 months’ stay in
China.

-Country report. Beforethecon-
clusion of theworkshop, participants
were asked to deliver a country re-
port to the class, which was mostly
prepared upon HRC srequest before
they left their homecountry. Most of
thepresentations werewell-prepared
and conscientiously written, and
hel pful for exchange of information
and experience aswell as publicizing
therequirements of each country. All
the papers have then been included
in HRC's Internet website, which
greatly enhances itsinformation con-
tent.

- Feedback discussion. At the
end of every workshop, informal dis-
cussions were usually conducted for
different group of participants. Ma-
jortopics includedthe demandfor in-
ternational cooperation intheir coun-
tries with respect to technical
consultancy and equipment import.
After understanding the capability
and advantages of SHP development
in HRC and China, the participants
focused on ideas for and needs of
cooperation.. “Seeing is believing”,
so quitealot of possibilities for co-
operative items were thus identified.

- Responsefromparticipantsand
relevant authorities.

Participants of all workshops
haveexpressedtheir satisfactionwith
the workshops in various ways, but
with the same voice. For example, at
the end of the TCDC training work-
shop held in 2002, the class monitor

(representative of the participants),
Mr. Wongsavasdi from Thailand
stated: “We all learnt a lot from the
workshop. The subjects covered
were just appropriate for our coun-
try. We'll apply what we have learnt
here into our work back home.”

Positive appraisal for the work-
shops often came from the authori-
ties both of the Chinese government
through MOFERT/M OFTEC and of
UN organizations including UNIDO/
UNDP. Thecontinuous sponsorship
and financial support fromMOFTEC
and the UN for more than 20 years
clearly showstheir confidencein the
training work.

- Promotion of participants. So
far as we know, most participants
have been promoted or placed in key
positionsin the SHP sector after their
graduation and with a diploma from
China. A lot of themalso actively act
as thebridge to enhance cooperative
relations between our two countries.
Most of themkeep in contact with
HRC,whichis conduciveto exchange
of information.

(2 Information

HRC has continuously edited
and published the quarterly SHP
News (English version) under the
sponsorship of UNDP/UN-ESCAP-
REDP in association with UNIDO for
about 20years. The journal is being
disseminated to more than 90 coun-
tries around the world. It aims for
constant exchangeof informationand
experience in the SHP sector among
AsiaPacific countries andworldwide.
The Chinese Ministry of Water Re-
sources also gives financial support
to the publication of the journal.
During the past two decades, SHP

News has maintained close rela-
tions with numerous well-known tech-
nical and professiona magazines
such as International Water Power
& Dam Construction , HRW ,
Asian Power , International
Hectricity , Renewable Energy
World , Energy International and

Modern Power Systems , who are
aso interested in being involved in
and contributing to the SHPindustry
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 provide overall SHP
information to developing countries
bring relief fromthe problems of “in-
formation poverty” and bridge the
“digital divide” in the SHPfield un-
der aSouth-South cooperation frame-
work.

(3) Organization of and par-
ticipation in international meetings

HRChas hosted a lot of interna-
tional meetings for SHP profession-
als, anong whichthe 2 International
Conference on SHPjointly organized
with UK’s International Water
Power and Dam Construction in
1986, Hangzhou attended by 180in-
ternational and 100 Chinese special-
ists was the largest event ever in
China's SHP sector at that time(refer
to Section 1, Point 6 of this Chapter).
At theinvitation of the UNand other
international organization, HRC has
also organized and sent several
scores of experts to join meetings in
many countries all over the world.
Paper presentations including key-
note papers were usually offered by

6
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List of the SHP Training Workshops held by HRC
(1983-2003)

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 Social 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
organizand chair internationd meet-
ings, such as "90 International Con-
ference on Mediumand Smdl Hydro,
jointly organized by the Electricity
Administrative Committee of Sao
Paulo State, Brazil and HRC, held in
Sao Paulo in March 1990. The con-
ference was attended by more than
420 paticipants fromover nine coun-
tries including UK, USA, France,
Austria and India HRC and Brazl
jointly hosted and presided over the
conference with full success.

(4 Research and Develop-
ment

Since the early 1980s, HRC has
undertaken anumber of cooperative
projectson R+D (including “ soft tech-
nology”), such as compilation of nu-
merous SHP norms and standards,
joint research and application for dif-
ferent types of ELC (electronic load
controller) with ITDG, UK and
Auckand University of New Zealand.

Continuous efforts have been
made on edensive andin-depth study
of automating the SHP station and
its grid. Starting fromthe 1980s, with
equipment and technology imported
from A dvanced Computer Solution,
USA, a pilot project of automating
cascade SHP stations was set up and
trial operation and experiment
launched by HRC. Although dueto
various reasons, it only provided ex-
perimental and trail operational results
totheresearchersand was not finally
put into commercial operation, it did
train and transfer basic know-how to
our people. Starting fromthe 1990s,
based on technical cooperation with

Canada, acomputerized automatic
control and protection system was
eventually developed by HRC and
put into commercial operation with
remarkable effect. This unmanned
systemfits the most important crite-
ria of automation equipment for de-
veloping countries, i.e., simple struc-
ture, ease of operation and mainte-
nance, reliability and cost-eff ective-
ness. In addition, its practical func-
tion and optimized operational fea-
tures enableit to meet the actual re-
quirements of small hydropower
plants, which are different fromthat
of large plants. A typical illustration
of commercial operation of this sys-
temisthe Anti CascadeNo.1 Station
in Jinhua, Zhejiang province. The
station was built in 1965 and reno-
vated in November 2000 for upgrad-
ing the capacity to 4x 1500kW from
the original 1,250kW. During reha-
bilitation of the plant, the automation
system was installed and put into
operation in March 2001. The own-
ers and operators of the station are
satisfied with the equipment in the
following aspects:

-easy meintenance andlow cost
(with small addition of initial invest-
ment of 40,000 Yuan (RMB) versus
conventional equipment, it saved
240,000 Yuan per year in operation);

- increased reliability of opera-
tion;

-high performance of automa-
tion: first reduction of attendantsfrom
24t0 12 and later unmanned opera-
tion could be realized;

- quick startand integrationwith
the grid within 2 minutes v ersus the
original 8 minutes;

-versatility oftechnical require-
ment;

- sound and safe services;

With thesuccess of the pioneer-
ing equipment, extension occurred
very often. The prospects for this
optimised automation equipment
both at home and abroad arethere-
fore very promising. HRCis enthusi-
astic to offer assistance to the up-
grading of technology for the SHP
sector in developing countries both
in the A sia-Pacific region and world-
wide.

(5) Consultancy and transi-
tion fromTCDCto ECDC/TCDC

Entering into the 1990s, HRChas
been making every effort to make the
transition from TCDC to ECDC/
TCDC. A largeamount of hard work
has been conducted with fruitful re-
sults inthe field of international con-
sultation services including plan-
ning, feasibility study and design as
well as equipment supply for dozens
of SHP projects. Friendly and sub-
stantial cooperative relations have
been set up between HRC and its
counterparts in more than 30 coun-
triesin theA sia-Pecific region, aswell
as North and Central America, and
Africa. For example, consultation re-
garding on siteselection for turbine-
pump projects in Nepal, design for
Kota hydropower station (4,000kW)
in Malaysia (commissioned in 1997),
design for Moco-Moco hydropower
station (2 x 250kW) in Guyana
(commissioned in 1997), consultation
and equipment supply for 3,000 sets
of micro hydropower unitsin Vietnam,
feasibility study for 5 SHPstations in
Brazil, and conmplete package of
equipment supply for 2SHP stations
(2x 1000kW)to Cuba Thesenot
only brought technical cooperation
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on to the road of economic coopera-
tion, but also provided usthe appro-
priate approaches onhow SHPshould
be launched during the present situ-
ationof globdization of theeconomy.

In the beginning of thenew cen-
tury, we arefacing critical new op-
portunities and challenges in the fol-
lowing respects:

-globalization of the economy

-the strategy of “go global” re-
cently set by thecentral government

-de-regulation of the power sec-
tor and encouragement of construc-
tion of privately invested independent
power producers (IPPs) in the SHP
sector both at home and abroad.

-China’ s accession toWTO and
its impact on econormic cooperation
and trade relations in the SHP arena
between Chinaand other parts of the
world.

HRCis making its best efforts to
offer its contribution during this new
historical stage. Discussions and
negotiations 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-storage project in
People’'s Republic of Mongolia, with
feasibility study and engineering de-
sign prepared by HRC and capital in-
vestment froma Chinese private en-
terprise. It is estimated that the pros-
pect of Chinese private investors to
“go global” into the SHP sector
abroad is also promising. This pre-
diction derives fromthe fact that the
interest of Chinese entrepreneurs in
investingin the SHP businessis now

set to boom. For example, in Zhgiang
province only, there are 25 privately
invested 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 billion Yuan
(RMB).

Although investors are inter-
ested in putting money intothe inter-
national market of SHP development,
they lack information and
consultancy. Therefore intermediar-
ies are urgently needed in this re-
spect. HRCis identifying how to fully
realize its potential and what contri-
butions it can make in this field. Al-
though this work has only just
started, the prospects for the future
are bright. |

Indian Guestsvisited HRC

On 11th of August, agroup of 6
Indian members paid a visit to HRC.
Afterthebriefingon HRC andSHPin
China, the Indian guests expressed
keeninterest inSHPtraining that HRC

conductsevery yearfor international
participants and micro packaged
units that Chinese manufacturerspro-
duce. Inquiries were addressed
around the supply of micropackaged

units andtherelated expenses on SHP
training. The 6 members were at
Hangzhou attending 2003 Bamboo
Cultivation, Processing and Produc-
tion Seminar organized by UNIDO.
India is acounty badly in need of
energy. In 2001-2002there wasashort-
age of energy by 7.5%. So, thelndian
government has formulated preferen-
tial policiesto encourageprivate and
foreign investors for SHP projects.
Thelong-term target of the govern-
ment is to increase the hydropower
proportion in the national total in-
stalled capacity from the present
24.95% to 40%. [

(Source: SHP NEWS Editorial of-
fice http://mww.hrcshp.org)
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SHP in China

The 2003 International SHP Training Workshop opened

MOFCOM/HRC

oA e

The 2003 International SHP
Training Workshop was opened on
13th October at Hangzhou Regional
Center for Small Hydro Power(HRC).
Over30particpants fromMicronesia,
Sri Lanka, Columbia, Romania, Egypt,
etc, of 2LAsian, African, Latin A meri-
can, East Europeanand Oceanic coun-
tries attended thetraining with the
duration of some 40 days.

This training workshop is spon-
sored by Chinese Ministry of Com
merce. All the lodging, boarding,
training, pocket money and the do-
mestic transportation fees are borne
by the Chinese government. Thisis
part of the Chinese contribution to
South-South cooperation.

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

DG

nance, SHP policy and legal aspects
etc.

Lectures are combined with dis-
cussions, SHPforumand case study
plus study tours, so as to consoli-
datethe theoretical knowledge ac-
quired and get practical experience.
Study tour will be arranged to
Shaoxing, Shengzhou, Linhai,
Yueging, Ningbo, Xiaoshan, Deqging,
where the participants areto visit
some SHP stations of various devel-
opment types, combining thetech-
niques of low-cost civil structures
and appropriate automation control-
ling system as well as some hydro
power equipment manufacturers.
Study tour will also be conducted to
Nanjing and Shanghai so as to see
thefast economic devdopment of the
China's eastern coastal areas.

HRCwas jointly 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, FAOetc.,
HRChas successfully hosted over 50
various training workshops with over

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

Dueto theoutstanding achieve-
ment in international SHP exchange
and cooperation scored, the Center
was awvarded asthe* M odel of South-
South Cooperation” by M OFTEC at
theturning thecentury. Inthe 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 whereyou have
shared your valuable rich experience
in the field of renewable energy with
thosefromthenumerous developing
countries inthe world. Chinais play-
ing a pioneering role in the regional
technical cooperation withthe devel-
oping countries. You developed alot
of cooperative projects not only in
foreign countries, but also you have
generously implemented.” [

(Source: SHP NEWS Editorial of-
fice http://mww.hrcshp.org)
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SHP in China

Further Cooperation between
HRC and Powerbase

Inrecent days,a Chinesedelega-
tion composed of Ms. Cheng Xialei,
Deputy Director of HRC, Mr. Xu
Jincai, Chief of the New-Tech R&D
Center of HRC, and some other ex-
perts fromthe Zhejiang Provincial De-
partment of Water Resources, paid a
visit to Canadian partner Powerbase
Automaion Systemlnc., for discuss-
ing further cooperation on Automatic
Control Systemfor SHP.

Thekind cooperation between
HRC and Powerbase dates back to
1996, when the advanced technology
on the Unmanned Control Systemfor
SHPwas introduced fromPowerbase,
as theimplementation of one of the
“948" projects consigned by the Chi-
nese Ministry of Water Resources.
Thesystemwas mainly developed for
the hy dropower stations connected
to power grids. Being demonstrated,

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

theisolated SHP stations is devel-
opedsuccessfully, with competitive
advantages both in function and
price.

In order to further improve the
SHPautomation in China, in this
year, HRCand the Zhejiang Provin-
cial Department of Water Resources
apply together for carrying out the
“948" project entrusted by theMin-
istry of Water Resource, which
plans tointroduce the simple auto-
matic control systemfrom Canada,
and demonstrate in Jinhua,
Zhejiang province. It is expected
thatthe pilot projectwill beinstaled
andcommissioned intheend ofthis

year and put into operation earlier
next year. [ ]

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

SHP NEWS, Autumn, 2003

11



SHP in China

A Chinese Magazine
“Small Hydropower” by HRC

he Chinese “Small Hydro-

power”, amagazine that Na-
tional Research Institute for Rural
Electrification (NRIRE) and
Hangzhou Regional Centre(A sia-Pa-
cific) for Small Hydro Power has ed-
itedand publishedfor 113issues(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 technical experience of

SHP development in China. Informa-
tionof internationd SHP activitiesand
important events in thefield 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 intersted 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 alcorners of China concern-

ing SHP, and getting more and more
popular in over 600rural counties
which is primarily hydro-electrified,
more than 2,300 counties with hydro-
power resources, more than 50,000
small-sized hydropower stations,
thousands of colleges oruniversities,
research institutes and other admin-
istrative authorities on SHP. A dver-
tising is welcome for any equipment
manufacturer to target Chinese mar-
ket on SHP construction, equipment
purchasing or other businesses.
Subscriptionraes (1 year ): USD40.00

The main contentsof issue No.111 (2003 No 3) read asfollow.

Strategy and Policy

Guidelines of modernized technology for rural hydropowwer in China

Planning and Design

Analysis of resource exploitation and utilization of Niyangriver in Tibet
Slection of general layout of Boyunling HP station

Design of stone masonry hard shell dam in Nanxi reservoir

A smplified 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 HP station
A sample of roller compacted concrete placing under complicated condition

Renovation
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Capacity increase and benefit analysisfrom decreasing vibration of unit NO.3 of Dongjiang hydro power station
Analysisof deflector’simpact on output of a T urgo turbine and itstreatment
Technical renovation of governor in Dagang SHP sation

Technical renovation of excitation system in Panjiakou SHP station

Service and Maintenance

Anti-corrosive treatmet of hydraulic gate by metal spraying of zinc
Analysisand repairing of collector ring ablation of low voltage generator
Measures for oil leakage prevention for transformer

Analysisand treatment of reductions of insulation resstance 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.

Published by Small Hydro Power Editorid Office,
The Nationa Rurd Electrification Institute,

Hangzhou Regiona (AsiaPacific)
Center for Small Hydro Power
ISSN 1007-7642
CN33-1204/TV

Add.: P.O.BOX 1206, Hangzhou, China
Zip code:310012

Td.:86-571-56729282 Fax.:86-571-88062934
E-mail:shpnews@hrcshp.org

hrcshp@hotmail .com

http:/mww.hrcshp.org/shp
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SHP in China

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

ince the beginning of last

1980s, HRC (Hangzhou Re-
gional Center (A siaPacific) for Small
HydroPower) started to research and
develop SHP (small hydropower) un-
manned automatic control system,
and also learned some successful ex-
periencefromthosedeveloped coun-
tries. With supports from the “Fund
Program’” and the “ 948 Program” of

Themain contents of issue No.112 (2003 No 4) read asfollow.

Ministry of Water Resources, this au-
tomatic control systemgradually ma-
tured and achieved reliable quality,
easy maintenance and high perfor-
mance/cost rate, and was widely
popularized at smdl hydropower sta-
tions. Until now it has already been
applied atalmost 100 stationsin over
10 China's provinces and cities, and
meanwhile, exported to some devel-

oping countries such as Viethametc.
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 contributing more
to the rural hydro electrification in
China. ]

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

Rural Electrification

The planning and practice of SHP exploitation in Maoming city

Technology Exchange

Analysing the selection of ingtalled capacity of water power plant through 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
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Chemical grouting technology applied to hollow dam of Guanyang reservior in Yongding county

Renovation

Technical renovation of drainage syssem in Dagang SHP station
Renovation of control circuit in air cooling ventilator of generator
Application of elastic metal-plastic bearingin HP gtation

Operation and Maintenance

Common Faults and their treatmentsfor hydraulic system of turbine governor
Treatment of vibration caused by looseness of key in magnetic pole
Introduction of trash digposal in Tangyu SHP station of Shitou reservoir

International Exchange

Role of hydropower in sustainable development(2)

Cogt-effective and practical technology for automating the small hydropower
Getting itshouse in order-USderegulation structural concerns under review
Funding private hydropower:Allocating the risk

Published by Small Hydro Power Editoria Office,
The National Rurd Electrification Institute,

Hangzhou Regona (Asia-Pacific)
Center for Smdl Hydro Power
ISSN 1007-7642
CN33-1204/TV

Add.: P.O.BOX 1206, Hangzhou, China
Zip code:310012

Td.:86-571-56729282 Fax.:86-571-88062934
E-mail:shpnews@hrcshp.org

hrcshp@hotmail .com

http:/Ammww.hrcshp.org/shp
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SHP Dewelopment and Programme Worldwide

SHP-Potential, Technology and Environment

Indian Small Hydr o-history

The development of smell-scale
hydropower in Indiastarted with the
130 kW installations in Sidrapong
(Darijeeling) in theyear 1897 and was
amost in the pace of world’s first
hydroel ectric installation in 1882 (at
Appleton USA).

Few other installations e.g.
Shivasamundram in My sore (2000
kw) and Chamba (40 KW in 1902,
Galogi in Mussoorie) (3000 kW)in
1907 and Jubbal (50kW) (1911) and
Chhaba (1750 kW) in Shimlain 1913
are the known SHP stations working
still in full might.

These plants were used prima-
rily for lighting purposesin the im
portant towns.

After independence several
small hydropower stations were in-
stalled in different parts of the coun-
try but to serve in mgjority cases as
stand donefor isolated remote areas.

Since seventies rural electrifica-
tion based on grid exensions was
launched.

Inter national status

Out of world’stotal primary en-
ergy supply of about 9376 Millions
of TonnesOil equivalent, about 2.3%
only comes out of hydro sources.Out
of atotal 13652 TWh of electricity
production only 18.4% of el ectricity
is generated through hydro sources
(see Table 1).

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

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

Inventories of Small Hydro Sites
have not been updated for many ar-
eas throughout the world northe ca-
pacity range of individual sites are
assessed inany rdiableway. Various
definitions of “ small” exist and this
depicts the problem of determining
the present capacities and future
prospects.

One of major impediment in es-
tablishing an inventory is the
nonavailability of hydrological data
as most of the small schemes where
SHP potential exist are ungauged.
AHEC in collaboration with CEH, UK
& HimUrja, HPGovt. havedeveloped
the softwareto assessthe hydrology

Arun Kumar

Table 1:hydro Composition VS total
Hectricity Gener ation

Source Sharein %
1975 1996 India
(2000)
Hydro 210 184 248
Nuclear 3.3 177 21
Gas 121 184
Qil 24.6 93 718
Coal 383 384
Others* 0.7 14 12
Total 6118 13652 242
Hectricity
(TWh)

* Other includes geathermd, solar, wind,
combustable, reneweble & waste (source:
Key World Energy Satistics IEA, 1998)

Table 2: Capacity and production of global regional hydropower

Regon Large Small Percentageof smd
w.r.t. large hydrg
Capadty Produdion Capadty Produdion Capadty Produdion
(GW) (Twh)  (GW) (Twh) (GW) (TWh)
North America 1337 5768 4302 19.738 320 342
Latin America 94.0 390.0 1113 4.607 1.18 1.18
Western Europe 136.7 405.3 7.231 30.239 5.29 7.46
E Europeand CIS 82.3 260.2 2206 9438 279 3.63
Mid East and N Africa 13.1 40.2 0.045 0118 034 0.29
Sub-Saharan Africa 16.5 45.1 0.181 0476 110 1.05
Pacific 12.1 38.7 0.102 0407 084 1.05
China 379 124.8 3.800 15334 1026 1228
China (2002) 79.35 243 2458 80 32 30%
Asia 100.7 3974 0.343 1353 034 0.34
Tota 6270 2,281.2 19.503 81.709 3.10 3.6%
Indian 20.00 70.5 0250 N.A. 131 N.A.
India (2002) 255 74.5 145 N.A. 568 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
finding out the hydrology for other
states also.

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

Potential
Formulation

Basic Equation for Power esti-
mation

Power in kW

Where,

Q Dischargein cumecs

H  Headin metres

n Overdl efficiency of tur-
bine, gear-box & generator

The head is relatively constant
in run-of-river schemes except for
variation in friction losses with the
varying discharge.In irrigation canal
or damtoe based scheme head also
vary depending on water releasesand
season of release. Head duration
curveisthen plotted to find out the
design head of turbine. The design
head is so selected that turbine is
operated to themaximumtime giving
optimumenergy 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 150,000MW hy-
dropowerpotential, 215,000 MW po-
tential is estimated as small hydro.
State wise SHP potential sites identi-
fied are given in table 4.
Implementation efforts
« There has been arevival of inter-

=QxHx9.81n

estin SHPschemes inrecent years
in atotally different context and
India also has taken this upin ear-
nest. Thisisin the context of pool-
ing all sources of energy, New and
Renewable Energy, to fill in the
expected gap. These include so-

and renewable sources of energy.
« TheGovernment of India, through
theMinistry of Non-Conventional
Energy Sources (M NES) is exend-
ing multi dimensional support to
the development of small hydro

lar, wind, ocean and biomass re- TabIeFS_: ) ) o
SOUrces. Classification Of.ml cr q,ml ni& Small
« Indiahas set up specific ministry Hydro Sche.mes n In(.j|a-
departments at the Central and Cléss Station Capacity in kW
State government levelsto give M!cro up to 100
concerted technical and adminis- Mini 101 to 2000
trative support in developing new Sl 2001 to 25000
Table 4: 1dentified Small Hydr o Pr gjects (upto 25 MW Capacity) *

S. State Total

No. No. Capacity (MW)

1 Andhra Pradesh 377 250.50

2 Arunachal Pradesh 452 124347

3 Assam 40 119.54

4 Bihar 74 149.35

5 Chhattisgarh a7 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

1 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 9 91.75

17 Meghalaya R0 197.32

18 Mizoram 53 135.93

19 Nagaland 34 149.31

20 Orissa 206 217.99

21 Punjab 122 124.22

2 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) 5 115

27 Uttarpradesh 211 267.06

28 Uttaranchal 34 1478.24

29 West Bengal 141 21352

Total 4278.00 10265.45

* State Govt. Departments are requested to provide update/verify the data.
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Table 5: Compar ative features of low, medium and high head hydro plants

able energy sources. Small Hydro

to promoteand develop renewable

SL. Features HEAD

No. Low 30m M edium 30-75m High above 75m

1. Topography Flat land Hilly M ountainous

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. Hectric Load Base Base/Low Peaks High Peaks

12, Construction Penstock Short M oderate Long

(Source: Nigam PS, “Handbook of Hydro Hectric Engg.”)
(upto 25MW)among other renew- latory and programmatic changes Diversion weir/barrage

Power channel

Power Projects up to 25MW has energy resources. « Desilting devices
been transferred to MNESto pro-  Technology « Forebay tank/balancing reservoir
vide greaerthrust foritsdevelop-  Layout « Penstock

ment.
« Withthe policy decision of 10%
contributions to comefromrenew-

A typical layout of small hydro-  «

power (SHP) station comprises of
Table 6:List of Manufacturers in Inda

Bypass arrangements/spillways

able energy in the future 100000 SNo [ Manufacture's Colleboration Type
MW by theyear 2012, smdl hydro 1 BHEL Fui, Japan Technical
installation is expected to play a 2 BovingFouess, Kvarnaener Boving nowGE UK [ v
major role. Bangelore /Norway
« Specialised organizations like Al- 3 HPP, Delhi HPP France N
ternate Hydro Energy Centre 4 Jyoti, Vedodra Gilks UK (nowexpired) T urbo Technical
(AHEC) at Indian Institute of Ingtitute of Sovenia
Technology Roorkee (formerly Kirloskar, Pine Ebera Corp, Japan Technical
University of Roorkee) were set up PPMLG Chandgah Voest Alpine, Audtria;
to devote attention to appropriate Koesder Audria; Technical
technology for this purpose, to Bouwvier Hydro France
render assistance to individuals 7 VA Tech Escher Wyss VA Tech, Austria NV
and to departments in various Flovd, Faridated
waysand to carry out researchand Triveni Engg Ltd, Delhi Esac, France; Litogroj, Sovenia Technical
training activities. DLF Indwstries Faridabad Ckd Hansko, Czech Technical
« The Central and State Govern- 10 | TechnicaGanz, Delhi Ganj, Huingary Technical
ments of India have implemented 11 | Seel Indudries, T hissur Koesder, Awstria Technical

ahost of policies and made regu- (Source: Indian M anufacturers)
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« Power House Building

« Equipment

« Power evacuation arrangements
Hectro Mechanical equipments

M ajor equipments arelisted be-

low.

Hectrical Equipment

« GCenerator (Synchronous and In-
duction)

« Control and Protections

« Transformers

« HT Switchgear

« LT switchgear

M echanical Equipment

« Hydraulic Turbine

. Governor

« Inlet control (valve/gate)

« Speed Increaser (low head
aplication)

Theadvances in governor tech-
nology paved theway for completely
computerized, automated plant con-
trols, operated by computer keybord
rather than switches& datadisplayed
onvideo display terminals ratherthan
meters. The operating and control
systems are based on microcomput-
ers and programmable logic control-
lers for generator load sharing and
turbine optimization. This will im
prov e water management as well as
reduce overall personnel operating
costs.It isrecomnended that the sta-
tion should be operated based on
today’stechnology.

Compar ative featur es of different
schemes
The sameis given in table 5.

Comments on Desilting

Desilting deviceis necessary
where thewater contains large quan-
tities of coarse silt to minimise ero-
siondamageto theturbinerunneretc.
specialy in Himalayan areas where

most of the SHP potential lie. The
extent of desilting requirements
would depend on the quantumand
type of silt carried by the streamand
the runner material. Abrasion effects
become more pronounced with in-
creasing head. The desilting 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 ofsilt particles
to be removed

Low head 0.2to 0.5mMm

M ediumy

High head 0.1to 0.2mm

India Equipment Manufacturers

In Indiathereis good base for
the small hydropower eguipment
manufacturing. There are several
manufactures who have one kind or
othercollaboration formanufacturing
and supply of equipment as shown
in Table 6.

Environment

Water courses are responsible
for sustenance of life of various
forms.Any interferencewith its natu-
ral flow significantly threatens the
land and lifein its vicinity and imper-
ils the balance in the ecosystemirre-
spectiveof thesize ofthe stream The
small hydro power development has
someimpact though may belittle and
should not be ignored. Itis therefore
expedient to analyse theenvironmen-
tal impacts of any proposed scheme
andprovidesuitable measures to niti-
gate any adverse effects to the ex-
tent possible.

The environment concerns per-
tains to SHP are:
« Effects of construction onthe area

. Effects on fisheries and other

aquatic life

« FEffects of storage of water in bar-
rage on water quality

. Effects on diversion of water
through channels downstream of
the diversion point in terms of its
existing utilization and impact on
irrigation and common man

« Effects on recreational facilities

. Efects on excavation and filling
of wetlands

Environmental impacts should
not bea detracting factor against the
SHP development as these can be
avoided and mitigated by changes in
the project design and operation. En-
vironmental impacts of SHP are site
specificand henceneed tothe inves-
tigated for possible adverse impacts
to be caused. The run of river SHP
schemes which will be the most of
the cases will behaving 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 upto Rs
100crore investment do not need any
environmental clearance. However
the project costing more than Rs. 100
croreneed environment clearances in
the prescribed manner after carrying
out the detail environment impact
assessment studies.

Conclusions

India provides very good vari-
ety of small hydropower sitesfor de-
velopment either as commercial en-
terprises or as green power genera-
tion. Liberisation of procedure is go-
ing on and it is expected in near fu-
ture that SHPpotential will be devel-
oped in abig way.
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HRC expert completed a SHP
site investigation in Mongolia

In June 2003, one of the Mongolian Parliament members,
Mr.Gundalai paid avisit to HRC, with the hopethat HRC could help
the construction of SHP stations in Mongolia. After going back, he
sent invitation to HRCand HRC dispatched Deputy Chief of Interna-
tional Cooperation, Sr. Engineer Mr.Li Zhiwu for the mission to
Mongoliafrom 10 to 17 July. 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 hav e been pre-
sented to the Mongolian sidein regard to SHP resources, load de-
mand, mode of SHPexploitation, installed capacity and devdopment
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 therelateddata will be sent to HRC. Based on that, HRC
will completethe feasibility study work. M eanwhile, the M ongolian
side would seek to settle the funds concerned and try to start the
construction in 2004. ]

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

Talk on Cooperation with
the World Bank Officials

On 12 September 2003, thetalk on
SHP cooperation was conducted be-
tween HRC and Manager of Energy &
Mining Sector Unit, East Asiaand Pa-
cific Region of the World Bank, Ms.Wu
and Energy expert, officid fromtheWorld
Bank office in Beijing, Mr.Zhao.

Ms. Wu evaluated highly the efforts
taken by HRC in promoting the global
SHP cooperation and developnent in the
recent years. Shetook keen interest to
leam the laest SHPdevelopment inChina
including the changes in investment
modes. Both sides explored the potential
of cooperation in jointly conducting in-
ternational SHP conference, compilation
ofinternational SHPnormsand standards,
SHP automatic technology and etc. =

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

Report contributed by:

Norwegian Water Resources and Energy Directorate (NVE),

1. INTRODUCTION
1.1 Location and natur al conditions
The mainland part of Norway is
located between approximately 58°
and 71°Nand between 5° and 31°E. 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 important as alocation for
coa mining. The area of mainland
Norway is 324,000 kn?, and of the
Svalbard archipelago, 61,000 kn?.
Thegeographiclocation of Nor-
way, onthe western side ofthe Euro-
pean continent, means that thereis a
high level of precipitation. Thelong
coastline is in the pathway of the
polar low-pressure systems, which
bring along moist air and abundant
precipitation. Therain and snowfall
is greatly increased because of the
orographic effect of the mountain
range running along the coast. An-
nual maxima of measured precipita-
tion exceed 3500 mmin places, and
indirect evidence fromrunoff dataand
glader mass balance shows that some
areas receive more than 5000 mmon
average. On the eastern, lee side of
themountain range, however, annual
precipitation may be 300 mmor less.
Theannud runoff frommainiand
Norway was 369 kn*in the 1961- 1990
standard normal period, correspond-
ing to about 1140mm. Theglacial his-
tory of Scandinavia means that the
soil coveris very sparseinthe Nor-
wegian mountains, but that till and
fluvial deposits along rivers often
providelocal possibilities for ground-

and Ministry of Petroleum and Energy

water resources.

Norway iswell endowed for de-
veloping its hydropower resources
also from ageological point of view.
The steep western side of the moun-
tain range provides high heads over
short distances from the mountains
to the fjords. Gacial 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 ebout 100,0001akesare morethan
1ha(0.01kn?) in size. Thetotal vol-
ume of storage reservoirs for hydro-
power is closeto 62 kn¥ (62 billion
ne).

1.2 Industrialisation and popul ation

The development of much of
Norway’ s industry has been strongly
influencedby the availability of cheap
hydropower. The main exanples are
the pulp and paper industry and the
metal smelting sector, in particular the
aluminiumand ferro-alloy branches.
Several industrial towns serving these
industries grew up close to hydro-
power plants. This was typically the
casefor the paper industry early in
the20th Century,and themetal-based
and chemical industries mainly in the
period of rapid economic develop-
ment after the Second World War.
Other mgjor sectors of Norwegian in-
dustry areless dependent on energy
supply and more oriented to con-
sumer markets, such as the food and
beverage industry. Not surprisingly,
most of Norway’s industry is located
close to the coast (because of the
proximity to import/export facilities,

hydropower plants, and population
centres).

Since1970, the production of all,
and later gas fromoffshore fields
has become amagjor corrponent in the
national economy. Thisindustrial sec-
tor has its particular problems of en-
suring water and electricity supply to
the platforms.

Thepopulation of Norway is4.5
million (in 2001), which means an av-
eragepopulation density of 15inhab-
itants per kn?. However, the popula-
tion is strongly concentrated along
the coast and fjords, as well as mgjor
lowland lakes and valleys, where ag-
riculture has been possible. The in-
ner,mountainous partsof Norway are
practically uninhabited. 70% of Nor-
wegians live in urban centres, and the
proportion is growing.

1.3 Trends
1.3.1 Population and private
economy: status and trends

The life expectancy is now
above 81 years for women and close
to /5 yearsfor men, that is an increase
of about 3years since 1975 for both
genders. The growth rate has been
steady since the 1920s. Infant mor-
tality estimated for those younger
thanlyearold,is very low and stable,
about 4 per 1000 live births.

The fertility of the Norwegian
population is now 1.78, and quite
stable. Since about 1985 there has in
general been amarked increasein net
immigration, but with strong fluctua-
tions between the years. Immigrants
now constitute 6.6% of the popula-
tion.
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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%) house or apartment.
Single houses dominate (1.1 million
of 2million housing units). Closeto
100% of houses and apartments have
separate kitchens, bathrooms and
toilets.

1.3.2 Accessto public services

The total annual water con-
sumption in Norway, excluding hy-
dropower, is 2400 million n?. That is
less than 600 n* 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 n? is for domestic
use.

Thewhole population has regu-
lar access to tap drinking water, ei-
ther frommgjor water works(89%), or
from smeller water works and private
sources (11%). A bout onethird ofthe
potable water produced in water
works is lost through leakage. Al-
though drinking water quality is gen-
eraly very good, some water works
still have problems with infections
from bacteria.

The capacity for purification of
sewage before discharge to the re-
cipients is in general sufficient. In
2000,80% of the population was con-
nected to public purification plants
withacapacity above 50 person units,
and theremainder to smaller separate
installations. Since the 1970s, public
investments in the sanitation sector
havefocused on advanced chemical/
biological treatment, which today ac-
counts for 30% of the purification
capacity.

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

1950-1980 period there was a highly
concentrated effort to develop hydro-
power resources and transmission
lines. Thedistribution network now
extends ov er more than 320,000 km.
Blectric energy is availablefor every-
body today.
1.3.3 Per capita water, energy and
electricity use

Theaverage daily water con-
sumption, including leakage, is cal-
culated at 498 litres per capita. The
figure is based on estimates from
water works, and is thus rather un-
certain. On the same basis, average
daily household consunmption is es-
timated to be 184 litres per capita.

The per capitause of energy in
general and electricity in particular,
is quite typical of a country rich in
natural resources and with a high
standard of living. 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 this per
capitafigure. However, energy inten-
siveindustry, and other small indus-
tries and the service sector represent
more than 70% of electricity con-
sumption. The remaining 30% is ac-
counted for by households and agri-
culture. This gives a figureon per
capitause of approximately 8000KWh.
Closeto 50%o0f this, however, isused
for heating, which saves the use of
petroleum products. Since Norway
does not have thermal powerplants,
thereare also few district heatingsys-
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 content, but 65%
based on utilised energy.

2. WATER TRENDS
2.1 Trends andissuesinrelation to
the use of water
2.1.1 Principal uses

Thenational water resourcesare
so abundant that competition over
availability between water use sec-
tors seldom arises. The mgjor water
user sector is industry, using 1700
million m? water for cooling and pro-
cessing. A substantial portion of the
cooling water is provided by seawa-
ter. The agricultural sector is aminor
water consumer in Norway, as most
of the farmland, which covers only
3% of thearea needs only occasional
irrigation. Both industry and agricul-
ture contribute to specific water pol-
lution problems, but the situation is
in general well under control.

Implementationof the EU frame-
work directive for water in Norway
will poseimportant challenges for in-
tegrated water management, but will
hardly change the present patterns
of water consumption.
2.1.2 Water quality and health

In spite of anple supplies of
good quality raw water, there are still
water works, mostly small ones, which
have difficulties in meeting public
hygienerequirenents. It is dso acom-
mon problemthat Norwegian raw wa-
ter has high contents of natural or-
ganic matter. New legislation for
drinking water quality (2001) requires
thattwo hygienic“barriers’ shallpro-
tect the quality of the water on its
way fromthewater sourceto thecon-
Surmer.

Water quality problems in Nor-
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way also exist because of the
longrange transport of air pollution.
Acidification leading to loss of fish
and other aguatic life is, however,
showing signs of improvement.
2.1.3 Water supply and sanitation

The current problems in this
sector aremainly associaed with leak-
ing pipes. The water lost in this way
amounts in many instances to 30 or
40%.

Privatisation of the water sup-
ply and sanitation sectoris not a big
issuein Norway, where municipali-
ties, often jointly, generally own and
operate water works and purification
plants.

2.14 Legidation

The Water Resources Act came
into force in 2001, replacing similar
legislation from1940. The new act
provides better protection of environ-
mental values, and has improved the
legal protection and sound manage-
ment of groundwater. Modern sec-
ondary legislation has recently been
adopted for drinking water purposes.
Implementation of the EU framework
directive for waterin Norway will
pose important challenges including
whole-basin management, and im-
proved planning and monitoring pro-
cedures.

2.1.5 Public opinion

The publicis 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 infrastructure of-
ten involve atough 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 asource of complaints and
protests against new hydropower de-
velopment, even minor additions to
existing structures to optimise
utilisation of the resources. Political
consensus has now in reality barred
further development of new large
hydropower projects, and sees the
national energy futurein terns of light
of smalland medium-sized hydro, the
upgrading and extension of existing
hydropower plants, new renewables,
imports, and possibly gas-powered
plantsif developedwithout CO, emis-
sions.
2.1.6 Water security

Floods are amenace to life and
property in Norway. A mgjor flood in
1995, which was the largest since
1789, gave further impetus to efforts
for improving flood awareness and
preparedness. The central water au-
thority, the Norwegian Water Re-
sources and Energy Directorate
(NVE), operates a nation-wide and
continuous forecasting sy stem, and
issues flood warnings. Work is well
advanced on a national flood zone-
mapping programme. Droughts also
occur, even in Norway, creating eco-
nomic stressin districts whereprivate
water supply is widespread, mostly
in farmingdistricts. Damsafety 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
moreabundant. For hydropowercont
panies this may well translate into
higher production. For many years

aready, precipitation and runoff data
fromwestern Norway have shownin-
creasing trends.

Theofficial statistics for normel
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 systemwas consequently ad-
justed from113.4 TWhto 118 TWh.
2.2 Link s between water and ener gy

Hydropower hasa rather unique
positionin Norwegian water manage-
ment. Waterlegislaion givestheedec-
tricity producer strong tools for man-
aging rivers for economic purposes.
Practically every reservoir built in
Norway serves hydropower purposes
alone, and licences are granted for
long periods. Normally, private com-
panies obtain alicence for 60 years,
and public companies are given ali-
cence without atime limit.

Other interests in the water re-
sources of ariver basin and their use
are taken into account during the
evaluation of the application and the
accompanying Environmental Impact
Assessment. Intheprocess of licens-
ing, thereis a strong element of local
hearings and presentation of other
sector user interests. The operating
rules developed for aparticular regu-
lation scheme usually takes into ac-
count both datesfor filling and emp-
tying reservoirs, mnimum flow re-
quirements, and a host of other regu-
lations to meet environmental and
socid concerns (seesection 4). There
is a general requirement that reser-
voirs should be operated so asnot to
increasethe natural flood magnitude.

The legal position of the lic-
enseeis strong and long lasting. Be-
cause land use, economic activity,
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Fig. 1. Norwegian hydro, oil and gas potential.

population, and therefore water use
pattems, may change considerably in
ariver basin during the licence pe-
riod, conflicting interests may arise,
calling for multi-use operation of the
installations. M oreover, since the
liberalisation of the electricity market
in Norway, and gradually also
neighbouring countries during the
1990s, theincentive may have become
stronger to utilise fully the possibili-
ties for economic optimisation, avail-
able within the legal limits.

The future may see more con-
flicts between water user interests. In
the Norwegian context, such 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 situation. M ultipurpose reser-
voirs are onetool for solving such
conflicts, but one which has hardly
been fully explored in Norway.
3.ENERGY TRENDS
3.1 Historical energy sour ces and

consumption beforethe
hydropower develop-
ment period started.
Wood was used forlight,
cooking and heating, and still Nor-
way has a high focus on the use of
bio-energy for heating. Candles and
oil/kerosenelamps replaced wood for
light as soon as these technologies
wereavalableintheworld market. The
need for development of the country
andthe obviouslarge hydropowerre-
sources resulted in constant activi-
ties to map these resources.
Hydropower development trig-
gered technology improvements.
This, together with the high focus on
understanding hydrology and the
tools and technology to design
plants according to geological knowl-
edge, led to a need to upgradethe
resource picture continuously. This
resulted in resource studies in every
decade after the Second World War.
A countrywidestudy on large hydro
was carried out between 1965 and
1975, asimilar study on small hydro
was carried out between 1978 and
1981, and in 1982 the modern
M asterplan on hydropower com-
menced, which included not only
technical and economic is-

El sues, but also environmen-
48 % tal issues. The work on this
B 0il Masterplan is ongoing and
B (as theplan givesguidelines for
schemes, which can be put
Coal Bio B Coal ) X
6% 6% forward for licence applica-
b WEl tions. The Masterplan has
H Bio

Gas
3%

0il
M %
Fig. 2. Norway’'s energy situation.

also provided knowledgeon
watercourse protection
plans against hydropower,
and to two large research

and development projects. These
projects, 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 countrywide resource
study for mapping hydropower re-
sources with a capecity of lessthan 1
MW. Development of these local re-
sources will enhance econorriclifein
the rural areas of Norway.

NVEcarried out aresource study
on wind inland along the 25 000 km
long Norwegian coast (including
fjords) in 2000-2001, and is now busy
with asimilar study on the potential
offshore. The physical windpower
potential on land, at sites with wind
speeds higher than 6 n/s,is approxi-
mately 1100 TWh/year according to
the study. The potential offshoreis
also large. Economic and environmen-
tal constraints will significantly re-
ducethe potential, so the possible
exploitable resource may only be 10%
of the physical resource. In 2003 in-
novative GS and cost technology
will beused to mgp theeconomics of
thispotential whichisamong thelarg-
est in Europe.

NVE also carries out 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 potential for other renew-
able energy. The oil and gas poten-
tid isamongthelargest inEurope (Hg.
1), and the coal reserves in
Spitshergen amount to approximately
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60 million ton. The knowledge of the
resource baseis used for producing
astrategy onNorway’sfutureenergy
generation and use.

3.2 Current energy mix and uses

Norway isvery special inits en-
ergy use, since 50% of the total en-
ergy consumption is based on elec-
tricity. The reason for thisis the abun-
dant cheap hydropower potential,
which formany practical reasons has
been considered more applicablethan
other traditional energy carriers. Qil
and coal account for 36% and 7% of
the total energy consumption, re-
spectively. Despitevery largegas re-
sourcesin theNorth Sea, Norway has
only amarginal useof gas (less than
3%).

Norway’s energy situation is
shown in Fig. 2, which shows the
great importance of electricity (“H”
in Fig. 2). It should be recalled that
the sourceof electricity generation is
99.5% hydro. Norway’s total energy
consunmption is approximately 250
TWhlyear.

3.3 Farecast changes anddrivers for
change

Norway still has alarge hydro-
power potential which could be har-
nessed. However, even with fourcon-
servationplans for watercourses and
many small and large National Parks
comprising approximately 40% of
Norway’s area, theresistanceagainst
further development is strong, espe-
cialy inthoserivers where no com
mercial activity is going on.

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

probably be morefocus on small hy-
dro and other power generation tech-
nologies without undue conse-
quences for Norway's obligations
according to the signed Kyoto pro-
tocol.

To meet this challenge, Norway
has embarked on new development
strategies:
¢ Harnessing of the large wind
power potential, with atarget of at
least 3TWh/year of wind power by
2010.

e Focuson research and develop-
ment to enhance gasthermal genera-
tion plants with no emissions of CO,
and NO,.

e Support for a district heating
system, to reduce dependenceon oil
and electricity for heating.

e Supportfor theincreased use of
bioenergy for heating by additional
4 TWhlyear by 2010.

«  Continued support for energy
conservation technologies and
schemes.

3.3.1Role ofrenewable energytech-
nologies

Hydropower is a renewable en-
ergy resource, and additional use of
bio-energy in Norway depends
heavily on renewable resources for
its total energy consumption (more
than 50%). For electricity, the renew-
able partis 99.5%. The harnessing of
other renewable resources like wind,
wave, solar powerand soon,has been
modest in Norway.

Up to 1994 there was afocus on
wave power technology, but the so-
lutions proved to be expensive and
technically complicated with high
maintenance costs. Today the main
activity inthis field is research at the
Norwegian University of Science and
Technology in Trondheim. However,

a group of Norwegian and foreign
companies have joined forces to de-
velop technology for harnessing the
energy in seacurrents, and are now
busy with a pilot schemeclose to
Hammerfest City in Norway.

Because of the very large wind
potential, Norwegian and Swedish
companies have now formed a com
pany to develop large wind genera-
tion plants based on previous tech-
nology fromthe Kvaerner Group.
Thesewill beschemes of up to5 MW
each. A pilot schemeis planned to
go ahead this year (2003).

Bio-energy has a very long tra-
dition inNorway, and thelarge forest
industry has used waste fromwood
processing for decades. A lot more
bio-energy could beused for heat-
ing. The technology is well devel-
oped, but still there is room for im
provement, which has led to a grow-
ing focus on the use of wood for
heating. Economic support systems
may be developed to use efficiently
the woodwaste resourcefromindus-
try, and waste from households and
industry. Energy forests are still not
an issuein Norway.

Beyond thereach of the coun-
trywidetransnission and distribution
network, Norway has for decades
used solar panels for lighting/radio
and TVin the thousands of cottages
in mountainous andrural areas. Also,
beacon lights are now powered by
electricity fromsolar panels. Thismar-
ket, together with abundant renew-
ableelectricenergy fromhydropower,
has also led to the production of the
crystalline wafer, which is the impor-
tant component in solar cells. A con-
siderable proportion of the world’s
supply of wafers for solar cellsis pro-
duced in Norway.
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3.3.2 Interrelationship with other
countries

There are transmission lines to
Sweden, Denmark and Finland for the
exchange of power to improve the
utilisation of the different national
power systems. Thetransmission 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 stations, the ex-
change with neighbouring countries
can vary alot fromyear to year.

In accordance with the Energy
Act, aconcession is required for for-
eigntradein electric power. The Min-
istry of Petroleum and Energy is re-
sponsible for issuing such conces-
sions. The requirement for a conces-
sion provides theauthorities withthe
control they need,for reasons of pub-
licinterest. Satnett I~ and Nord Pool
Spot AS hold concessions for the

organisation of trade in power with
the other Nordic countries. Statnett,
as the Transmission SystemOpera-
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 hascome
to mean more to Norway than possi-
bly any other country in the world.
When the technologies for produc-
ing and using electricity on alarge
scale emerged in the second half of
the19th century, Norway was in apro-
cess of rapid industrialisation, and
withno coal of its own, it took quickly
to harnessing the power of its rivers.
Hy dropower powered the country
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Fig. 5. Different tunnelling technologies.

both economically and with energy.

When the technologies for the
practical useof electricity were intro-
duced in the 1880s, Norway was still
apoor country, not only by today’s
measure, but also relative to her
southern neighbours in continental
Europeat thetime. In Norway, the
shipping and forestindustriesled the
growth, followed by the mechanical
industry and an expansion in found-
ries. Technologies for making paper
fromwood pulp provided new strong
markets for the forest industries, and
Norway’ s first wood grinding millwas
installed in 1866 at awaterfall in the
middle of the capital, Oslo, powered
by water turbines. Then came elec-
tricity, and the innovations were
grasped by Norwegian business and
engineering communities. Already in
1885the outskirts of thetown of Skien
enjoy ed asupply of electricity from
hydropower at the nearby Laugstol
wood-processing plant on the Skien
River.

Thenost famousstart, however
is the electrification of Hammerfest
City in 1890. Hammerfest islocated 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 turbineof 15 hp pow-

24

SHP NEWS, Autumn, 2003



3rd World Water Forum: Country Report — NORWAY

ering a DC generator of 1.1kV for
street lighting by arc lamps in series.
Another turbine of 60 hp was
equipped with an AC generator, pro-
viding 1.05kV for general supply 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-
tors for industrial use had become
availablein the early 1890s. Foreign
inv estors were keenly aware of the
opportunities whichlay in Norway’s
hydropower resources. The
Borregaard company, a subsidiary of
the British Kellner Partington Group,
acquired rights to the western side of
the Sarpsfossen waterfall in
Norway'’s largest river, the domma,
and builta damand power station for
whatwas to beNorway’s largest pulp
and pgoer plant. Two units of 800 kW
each werecommissioned in 1898, fol-
lowedby expansionsthrough to 1908
to atotal of 9IMW.

In parallel with the introduction
of large industry, small industries
based on saw mills and flour mills
started the development from water
whedsto turbines and electricity. The
history of various Norwegian hydro-
power companies and technology
developments originated fromthis,
and thisincludes thedevelopment of
micro and mini hydroelectric plants
to servelocal small industry. The use
of innovative new technology for
electric transmission, reaching new
electricity markets, allowed larger
power plants to be constructed. The
history of Tafjord Power Company
andthe Sykkylven M unicipality Com-
pany illustrate this development.
4.1.2 Tafjord Company
Hydropower utilisation to power small

flour mills and local saw mills in the
Tafjord areatook an innovative step
in 1883 when the first electric light
fromhydropower was introduced in
afactory producing clothesin are-
mote valley on the Norwegian west
coast.Over the next 20 years similar
developments took place in other
valleys. The local municipalities
joined forces early andcreated acom-
pany to harness the rich hydro re-
sources for the benefit of industrial
development and improved living
standards for the inhabitants.In 1896
the city of Alesund had electric light
in the streets, produced by ahydro-
electric powerplant.
Thedevelopment in Tafjord was
based on experiences fromthe imple-
mentation of large hydro such as the
powerplantsin the Rjukanarea, where
the 108 MW Saaheim power station
was put into operation in 1916, be-
coming oneof thelargest powerplants
in theworld. Inthese 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 andhydro plants are closely
linked with the Tafjord development
history. Thefirst large hydro station
was completed in 1923, producing
15,000 hp. Theimplementation of a
110kV and 20 kV line to transmit the
power to surrounding small villages,
however, was even more impressive
than the power station with areser-
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-
sented 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 siting
of large powerplants was technically
and economically more feasible than
the old solutions, as aresult of im-
proved knowledge on rock construc-
tion and new equipment for blasting
and excav ating of large caverns and
tunnels.

The various tunnelling tech-
nologies are shown in Fig. 5 where
the latest onewith an unlined high
pressure tunnel and closed unlined
surge chamber with an air cushions
give aflexible option for harnessing
the hydropower resource in awater-
course Unlined pressure shafts have
been operated successfully at pres-
sureheads closeto1000m (the Ny set-
Steggje hydro plant, 965 m, 1987).

Inthissame period, theKvaemer
Company (today GEHydro) devel-
oped a Francis unit to operate under
higher heads, replacing the use of
Pelton turbines. This solution in-
creased efficiency and enhanced the
useof tailracetunnels in an economi-
cally optimumway. This development
is still going on, andtoday the Francis
unit has a higher efficiency than
Pelton units and canbe used up to a
600 mhead, depending on the flow.
Thelaest hydroelectric development
is the Svartisen powerplant, having a
120 m high rockfill dam and expl oit-
ing 585 mfromits high water level to
the sealevel. One Francis unit of 350
MW is installed in the underground
power station.
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By 1980, the hydropower re-
sourcesof the Tafjord nountans were
considered fully utilised. However,
aready in 1985, it was decided to
closedown thefirst plant and replace
it with anew one. This decision was
taken because improved el ectro-me-
chanical equipment and new technol-
ogy for the construction of tunnels
(reducing head losses) would make it
possibleto produce additional power,
which could justify the investment.

Theideaof scrutinising systems
likeTafjord to increase power produc-
tion by enlarging tunnels, redesign-
ing the turbines and introducing in-
novative technology for systemop-
eration has led to theconclusion that
there still is energy to be developed
in Tafjord.

The hydropower system of
Tafjord today includes sixpower sta-
tions with a capacity of 26lMW, and
an annual production capacity of ap-
proximately 1000 GWh. 15 reservoirs
at different altitudes giveflexbility to
the system to meet peak power de-
mand and variation of consumption
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4

throughout the yea. The highest res-
ervoiris 1319 mabove sealevel.
4.1.3 Sykkylven Municipality Com-
pany

The Riksheim powerplant is a
small hydro station in Sykkylven
municipality on the western coast of
Norway. This part of the country is
characterised by high and steep
mountains and deep fjords. On the
flatlands between the fjords and the
mountains, peoplestarted to cultiva-
te the land centuries ago. Their daily
income was based on agriculture and
fishing.

The community in Sykkylven
derived export revenue fromthe ex-
ploitation of the local timber re-
sources. Thesewere rapidly depleted,
but the community accumulated both
mercantile knowledge as well as ex-
perience inthe exploitation of hydro-
power resources during this period.
A large number of water powered
sawmills were in use. At the begin-
ning of this Century, the increasing
population made it necessary to find
other sources of income ifthe people

were to continue living and working
there. In 1915 there were a total of
2800 inhabitantsin Sykkylven and 20
people were employed in the indus-
try.
Theexperiencegained inthetim-
ber industry, in the saw-mills and in
the various small workshops, led to
the idea of utilising the rich hydro-
powerresources for the development
of brick production, textile mills and
furniture factories. In 1910, a few
workshops located near river rapids
already had electricity from micro
hydro plants. The new technology
was brought to the community and
high voltage transmission lines be-
came possible. In 1912 local people
carried out pre-feasibility studies for
seven small rivers in the
neighbourhood, including therivers
Aura (150 kW) and Riksheim (2000
kW). Themunicipal 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 Auraand Riksheimrivers.
This committee had to find the
answer to three mgjor questions:
 thedectricity demand (current and
in 10years);

* output and investment costs of the
two alternatives; and,

» theincome possibilities.

Investigations of public electric-
ity demand and discussions with rep-
resentatives of the small but growing
industry, especialy the furniturein-
dustry, concluded that the demand
10 years ahead would be 600kW. The
current demand was found to be 120
kw.

The committee found that the
AuraRiver could scarcely cover the
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present demand and that this solu-
tion would not lead to increased in-
dustrial development. The outputand
investment cost was half the size of
phase one of the Riksheim River. To
find the possible incomethe commit-
tee had a yearly fixed price per Watt
on lamps and afixed 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. Fromthe local
tradesmen they got the yearly con-
sumption of oil and spare parts for
oil-lamps and thiswas compared with
the calculated price of electricity.

M ost people,however, weresat-
isfied with kerosenelamps. The power
companies, having surplus electric
power, had to compare prices and ex-
plain the benefits of the new light.
People could understand that farm:
ers living downstreamfromthepower
station could have electricity, but
farmers living at an altitude higher
thanthe plant,how could they receive
the electricity? B ectricity going up-
hill was unbelievable!

In Cctober 1915, the conmunity
municipality decided to utilise the
power resources of the 254 mhigh
Riksheimwaterfall by constructing a
power station, pipeline, intake pond
and areservoir, sufficient to produce
450 kKW.

The construction of the power-

“___:5.!}95‘\-‘:“

Fig. 7. Sykkylven municipality, deep in a west coast fjord..

house, including the 1100 m-long
pipelinewith adiameter of 400 mm
andthe intake pond, lasted two years.
During the construction local inter-
estwas high, andtherewas neverany
problemto find willing hands when
theheavy equipment arrived. One
hundred men pulled the turbine and
generator on snow fromthe harbour
to the power station on the hillside,
andthe pipes wererolledup the steep
hill with ropes. It was also necessary
to find local solutions for the trans-
mission lines. Since the First World
War,the price of copper hadincreased
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 still could not believe
tha theRiksheimwaterfal could bring
light to their homes, especially to the
farms high on the steep hillside. In
January 1918 the first houses got
their electricityand the iron wire
worked ashoped, becausethe power
production from Riksheim far ex-
ceeded the actual demand.

The investment cost 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 threeyears of operation, in-

-r

Fig. 8. Saaheim power station (108 MW in 1916, 189 MW in 2002).

creased consumption made it neces-
sary to replace the iron wires by cop-
per ones, to reduce thelosses. Three
years after that a second turbine of
750 kW had to be ordered. 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 survive
without access to enough power at
reasonable prices. Finally the prob-
lems were solved by cheap loans ob-
tained fromthe national bank.

During thefirst 30 yearsof elec-
tricity production, the Riksheim plant
was regarded as the heart of the com+
munity, providing light for peopleand
creatingindustrial growth.From 1930
to 1987 the number of employees in
the industry increased from 140 to
more than 1600, whichis a quarter of
the total population in
Sykkylven.Thefurniture industry has
been the most expansive, and today
it exports to several countries in Eu-
ropeas well as the USA, Australia
and the Middle East.

The history of industrial devel-
opment in Sykkylven, based on ex-
ploitation of water resources, may
giveinspiration to others. Much of
the technology applied and experi-
ence gained hereis highly appropri-
atefor small-scale hydropowerdevel-
opment in developing countries.
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The continuously increasing
energy demand, new and less expen-
sive technology and possibilities for
mixing low quality energy with high
quality energy by high voltagetrans-
mission systems, haveled tothe idea
of upgrading alot of the older hydro
plants in Norway. A countrywide
programme to examine the resources
was carried out between 1988 and
1992. The Riksheimwatercourseis an
example of the small watercourses in
this study, which includes schemes
from1 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 framewor k

The story of Norwegian hydro-
power developmentis not only astory
of technical innovations. Economy
was a matter of deep concern and
frustration. The Power Company had
asurplus of power, but people could
not affordto buy at theprices neces-
sary to pay back loans and interest.
The Norwegian State had to give
guarantees for loans. To electrify ar-
eas withor without an adequate sup-
ply, the Government introduced State
support. The first allocation was
made inthe budget for thefiscal year
1938/39. The full effect of 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
suddenly the object of trade and
speculation. The “Panic Law” was
introduced in 1906to makethe acqui-
sition of rights dependent on royal
licence. Only municipal bodies and
the State would be exempt from the
need for alicence. The licence could

be made conditional on certain obli-
gations fromthe holder. Afterthe ter-
mination of the licence, in 80years at
most, the rights, together with any
installation, would revert free of
chargeto the State.

TheWater Course Regulation
Act of 1917 cameto bethe most im-
portant Act concerning large scale
hydroelectric power development.
Without the right to regulate water
flow by seasonal storage, develop-
ment for regular power is not pos-
sible. Themain core of the legislation
was established during thefirst quar-
ter of the 20th Century. This legisla-
tion still regulates the legal context
of hydropower development today.

Bxperiences fromthis legidation
and later improvements form the
background for NVE's assistance to
other countries in asimilar position
to Norway’s some time ago.

4.3 Hydropower and the environ-
ment

Hydropower development has
the potential to upset the existing
balance between man and his envi-
ronment, sometimes on quite a dra-
matic scale. Agricultureand settle-
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.

Inthe early days of hydropower
development any negative impactson
the environment tended to be over-
looked and regarded as less impor-
tant compared with the benefits of-
fered by development.Research and
development on landscape, river flow
and biodiversity has produced re-
sults offering the designer atool to
work together with the environment,
ratherthan againstit. However, large-

scale dams, dry riverbeds, roads and
transmission lines bring visual
changesto theenvironmentwhichare
not always acceptable.

During the period 1970to 1990,
NVE introduced high standards for
landscape design in hydropower
planning. It was recognised that
some of the visiblenegative environ-
mental impacts caused by hydro-
power development could be greatly
reduced without undue economic
consequences for the owner of the
powerplant. The photographs below
show two examples.

Becauseof the existenceof natu-
ral lakesin themountains, implemen-
tations of Norwegian reservoirs have
seldomled to resettlement of people.
Negativeimpacts onwildlife, fish and
possibilities for recreation have be-
come more important for NGOs (Non
Governmental Organisations) and
theirresistanceto hydropowerdevel-
opment. This resistance started
around 1970 with demonstrations in
the high mountain plateau of the
Mardoela river. The result was a
strong focus,and growing awareness
by the population, which has led to
many research and development
programmes, and to alengthy licenc-
ing procedure forany company wish-
ing to apply for alicence for hydro-
power development in Norway.

NVE s theexecutive 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
inothercountries. This knowhowwas
also available for IEA’s hydropower
and technologies programme, which
distributed guidelines on the issue
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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
cheaphydropower and timber for for-
est industry stimulated the develop-
ment. However, as learned from the
Tafjord and Sykkylven history, the
need to electrify towns and villages
also promoted hydropower develop-
ment, and especially transmission
development. The Rjukan example,
with the Saaheim power station, com-
missioned in 1916, is an example of
the development of an energy inten-
siveindustry close to large hydro-
powerresources. In 1916 the Saaheim
power station was among the largest
in the world with its nine Pelton tur-
bines of 12 MW each.

Thepeak of hydro construction
was between 1960-1985.From this
early development, the technology
has continuously been improved.
Bxamples are:

« in construction: tunnelling technol-
ogy and rockfill dams;

« electro-mechanical equipment:
Francis and Pelton units, and, more
recently, X-bladerunners for Francis
units.

The typical large hydropower
plant in Norway today is a highhead

underground
powerplant, and
atypial small hy-
dro is tailored to
the local envi-
ronment with a
powerhouseand
apenstock.
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M o st
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 mediumhy dro)
~30%, and private companies (large
and medium hydro) ~20%.

4.4 Current situation
4.4.1 Value of the production sys
tem

For the purposeof taxation, the
re-purchasevalue (thatis, today’s
construction cost) of all the existing
Norwegian powerplants was cal cu-
lated a few years ago. The total
amounted to approximately NOK 200
billion, whichis equivalent to US$ 27
billion.

4.4.2 Number of plants

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

4.4.3 Capacity and production

The total capacity of 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-intensiv e industries. Fos-
sil fuds contribute about 27%and re-
newable heat 10%. Hydroelectric
powerconstitutes about 99.5% of the
electrical production, and therest is
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Fig. 9. Hydropower potential in Norway.
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thermal and wind energy.
4.4.5 Types of plants

A large number of the Norwe-
gian powerplants, especially the larg-
est ones, are high-head storage
plants. Conditions for the develop-
ment of this type of plant arevery
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) such lakes, one can create
very cheap reservoirs. In addition to
thesetopographicd conditions, high
precipitation provides for abundant
water to the plants.

Inthelargest rivers, located in
the eastern and central part of the
country, low-head run-of-river plants
designed for the discharge of more
than 1000 nm¥/s have been devdoped.

Overthe last fewyearsthere has
been an increasing interest among
private property owners to develop
miniand micro powerplants.Theseare
usually run-of-river schemes located
inthe tributaries of largerrivers, typi-
cally with amodest dischargein rela-
tion to the available head.

4.4.6 Electricity market

Norway was thefirst ofthe Nor-
dic countries to deregulate its power
market. The new Energy Act of 1990
formed the basis for deregulation in
Norway, and was also a model for
other Nordic countries. Themain ob-
jectiveof the Energy Actis economic
efficiency, security of supply and na-
tional equalisation/levelling of elec-
tricity prices. The Norwegian electric-
ity market istoday the most open elec-
tricity market in the world:

» All customers have access to a
competitive market and retail
wheeling has beenimplemented to

cover all customers groups, in-
cluding small households.

* An entry-exit transmission tariff
systembased on nodd pricing has
been set up. Transmission tariffs
are conpletely independent of
trading systems.

< The Nordic electricity exchange,
Nord Pool, organises a spotmarket
and afinancial settled futures mar-
ket where it is possible to trade
weekly contracts up to threeyears
ahead.

 Dispatching of the systemis based
on commercial bids from sellers
andbuyers of dectricity in themar-
ket. Also for short-termoperation
of the network, the system-opera-
tors are obliged to use market op-
erations as far as possible.

« Everyoneis freeto negotiate bi-
lateral physical contracts. But
trade in the future market is in-
creasing rapidly. An increasing
portion of long-term contracts are
now financial, with physical elec-
tricity being traded in the spot
market.

e Pricesin al markets, including bi-
laterd contractsand theretal mar-
ket, relate to the spot-market, and
are to a great extent reflecting
changes in supply and demand.

4.4.7 Roleinrural electrification

Fromthevery beginning hydro-
power in theformof nini hydro plants
powered small mills and farms in

Norway'’s rural areas. Most of them

were closed down in the decade after

the Second World War. Theintercon-
nection of most of the rural areas to
the maingrid was the mainreason for
this, together with time-consuming
operation and expensive mainte-
nance of the small units. M odern tech-
nology, which includes remote con-

trolled operation by cell phones, has
resulted in an upsurge of interest in
mini hydro development in Norway.
M ost of the sites are linked to farms,
allowing the farmer to have aneces-
sary extra income fromhis local re-
sources. Fig. 12shows thenumber of
plantswith output lessthan IMW in
different years.

4.4.8 Grid system

To supply the consumers with
electric power fromtheplants, atrans-
mission grid was needed. The na-
tional transmission grid in Norway
was gradually developed during the
last century in line with theincreased
demand of electricity. Transmission
lines havealso been builtto Sweden,
Denmark and Finland to exchange
power and thus to inprove the
utilisation of the various national
power systems.

There are different voltage lev-
els on thetransmission grid depend-
ing on the quantity of power and dis-
tances the power is transmitted. The
larger the quantity and thelonger the
distance the power is to be transmit-
ted,the higherthe voltagelevel used.
This isto avoid theelectricity losses
which could otherwise occur. The
total annual losses in the transmis-
sion grid are about 8% of the total
gross consumption.

In thelast 15 years,investmentsin
thetransmission grid have decreased
significantly. In spite of this, thetotal
linelength hasincreased from 282,000
kmin 1987 to 321,000 kmin 2000 The
local grid (<22 kV) is about 91%, the
regional grid (22-132 kV) is about 6%,
and thecentrd grid (>13 kV)is about
3% of thetotal linelength. In the local
grid the shareof cablesare about 37%,
whileinthe regiond and centrd grid it
isabout 3%.
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4.4.9 Pumped-storage

Thereare afew pumped-storage
plants in Norway. They are designed
for seasonal pumping, and typically
operate in the pumping mode during
the snow-melting season in the
springtime. Water is then pumped to
large reservoirs for use in the
powerplants in winter.

The largest pumped-storage
plants are:

* Saurdal: (640/320 MW)
 Aurland Il (270/270 MW)
» Duge (200/200 MW)

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

Thereare approximately 160 hy-
dropowerproducers in Norway, most
of them very small with only afew
GWh/year of production. 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, 55%
*BKK AS: 59 TWh, 5.0%

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

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

Today Statnett SFhas a special
role as operator of the main national
grid. There are also a number of rela-
tively largeregional distribution com-
panies.

4.4.11 Private/public ownership

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

companies. The State-owned com
pany Statkraft SF produces around
35%, and therest of the public pro-
duction is divided between compa-
nies owned either by municipalities
or counties. The privately owned
powerplants aremainly 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 forhydropower
development are mainly bank loans
and theissuing of bonds. Financing
of hydropower projects has tradition-
aly not been difficult in Norway, since
they have been considered low risk
projects.
4.4.13 Current changesin the sec-
tor

A clear sector tendency, since
the deregulation of the power market
took place in 1991, has been acon-
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. This development will most
likely continue in the coming years.
4.4.14 Refurbishment projects

About one-third of the remain-
ing potential for hydropower devel-
opment is in the form of refurbish-
mentand enlargement projects, which
amounts to about 11 TWh/year. Of
this potential, refurbishment- only
projects constitute 5— 10%, but in
most of the projects refurbishment is
combined at the same time with an
enlargement of the scheme. The
uprating of the project contributes
mostly to the increased production
and thus makes the project economi-
cally viable.

At present,the Bjodvo and Tyin
hydropower plants are being
modernised and uprated. Bjoelvo
hydropower plant was commissioned
in 1918and expanded later with more
turbines by 1971. The penstock has
forge-welded pipes and the Govern-
ment has decided that thistype of
pipewill be dismantled in the near
future. The owner decided to build a
new underground hydro station and
at the same timeto 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.

TheTyin hydropower plant was
commissioned in the mid-1940s, and
was the basis for location of the alu-
miniumindustry in the area. To keep
inline with safety and technical stan-
dards, it was necessary to modernise
the plantas well as the headrace tun-
nel and shaft to meintain the produc-
tion at the present level and to se-
cure the supply to the aluminiumin-
dustry. The new plant will utilise a
larger head following the construc-
tionof aheadrace pressuretunneland
shaft between theinlet at about el.
1050 and thefjord. Theinstalled ca-
pacity will increase by 168 MW to
360 MW and the mean annual pro-
duction will increase by 218 GWh to
1398 GWh. Fig. 13 shows the age of
electro-mechanical equipment in Nor-
wegian hydropower plants today.
Many plants have been modernised,
and this development will continue.
4.4.15 Environmental management

Hydropower development in
Norway is subject to strong regula-
tions, mainly for environmental rea-
sons.

The most serious impacts are
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usually related to establishment of

water reservoirs and removal of wa-

ter from the rivers for use in the
powerplants.

All planned hydropower
projects in Norway have to be con-
sidered within the National
M asterplan forremaining hy dropower
resources.The most favourable
projects, taking into account project
econory and environmental inpacts,
can be submitted for alicence.

The licensing process may seem
elaborate and time consuming. The
intention is that all stakeholders
should havethe possibility to express
their views, and this ensures a very
transparent process.

Ranges of different acts and
regulations have to bedealt with. The
most important ones, and relevant for
hydropower projects, are:

* The Industrial Concession Act;

» The Water Resources Act;

» The Watercourse Regulation A ct;
and,

* The Energy Act.

The outcomeof alicensing pro-

cess will be that either:

1) alicence is obtained according to
the application;

«2) alicenceis obtainedwith project
modifications compared with the
application; or,

«3) the application is refused.

An important part of alicenceis
the set of conditions. The most im-
portant ones right be therules of op-
eration, which regulate thewater 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 sensitiveand subject to conflicts.

Howev er, after a development has
been carried out, the project is usu-
ally accepted. Probable reasons for
public acceptance are that hydro-
power is considered environmentally
favourableto other electricity genera-
tionplants, and also that hydropower
development today is more carefully
carried out than ever before.

The attitudetowards the devel-
opment is normally positivein 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 devel opment

Thereis still aconsiderable hy-
dropower potential in Norway. How-
ever, there seemsto bea 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 hydropowerdevelopment
does not mean devastation of the
river, and planned in co-operation
with other stakeholdersit could bring
solutions which are positive, for ex
ampleflood control andlow flowcon-
trol.

Another aspect is theageing of
the hydropower production system.
With a deregulated and open power
market, theremight be a tendency to
postponethe necessary meintenance
andmodemisation of the powerplants
beyond what is technically advised.
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Table1 —20 Major hydro schemesin 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 commi ss- tosubjectin
mep scheme production (flood control, |ioning text of this
(MW) (GWh) water supply, larticle
[1970-1999] | irrigation etc.)
1 Ulla-Farre [Hylen, Kvilldal, Suldal sl dgen 2057 5762 1980-1986 Statkraft
Saurdal and Stelsdal
2 Sira-Kvina [Duge, Roskrepp, Siraand 1760 6829 1973-1981 SiraKvina
Solhom Tjgrhom,  |Kvina Kraftsel skap
Tonstad, Ana-Sira
and Kvinen
3 Aurland Aurland I-111, Aurlandselva  [1119 3241 1973-1983 E-Co Vannkraft
Vangen and Reppa
4 Sima Lang-Simaand Austdelaand 1120 3404 1980/1981 Statkraft
Sy-Sima Sima
5 Tokke Tokke Skien 430 2221 1961 Statkraft
6 Rossdga |Upperand lower  |Rasséga 410 2533 1955-1961 Statkraft
Rgssiga
7 Svartisen  [Svartisen Fykandga 350 1996 1992 Statkraft Planning
modification
8 Tjodan Tjodan Stelselva 329 110 1985 Lyse nlined high
Produksjon pressure
tunnel
9 Tafjord Tafjord 1-VI Tafjord 261 967 1923-1995 Tafjord Devel opment;
Kraftproduksjon | of hydro-
power
10 Vemork Vemork Skien 204 841 1911-1971 Norsk Hydro Oneofthe
old“ large’
plantsin
Norway
11 Tyin Tyin Ardal 192 1137 1945 Norsk Hydro Finishing
upgrading
in 2004
12 Shem Shem Kien 189 909 Partly conbined | 1916/upgraded | Norsk Hydro Oneofthe
with water for old“ large’
industrial plantsin
purposes Norway
13 Sol bergfoss Glomma 185 902 1924/1985 E-Co Vannkraft
14 Alta Alta 150 709 1987 Statkraft
15 Merdker Merdker and Tevla [Stjgrdalselva 128 572 Planned with [1994 Nord-Trenderlag
environmental Elektrisitetsverk
base flow
16 Bjelvo Bjelvo Bjglvo 54 367 Will beconbined| 1918 Statkraft Finishing
with water for upgrading
industrial in 2003
purposes and
potablewater
17 Riksheim [Riksheim Riksheim 3,3 16,8 1928/upgraded [Sykkylven Energy
18 Svabo Svabo Andfiskaga 32 216 Combined with| 1996 Mo Industripark
cooling water
forindustrial
purposes
19 Strielva Strielva Djupfiordelva |1,7 73 1984 Vesterdl skraft AS| Small under
ground
hydro
-power plant,
First with
drilled shaft
(North Sea
Technology)
20 Taraldsvik |Taraldsvik Taraldvikelva |15 105 Comrbined with| 1986 Narvik
potablewater municipality
supply
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The reason isthat the plant owner
does not find it economically viable
to make such investments with the
current electricity prices and the cur-
rent cost level. A consequenceis in-
creased risk of plant failure or even
breakdown. Actions should be taken
to find possible measures within the
free market systemto secure areli-
ableand well functioning production
system.
4.4.18 Examples of some existing
plants

The Table lists 20 hydropower
schemes in Norway including some
basic data. Among these arethe larg-
estplants in operation, and somewith
special technology, likethe “North
Sea drilled” shaft for small hydro
(Strielva), water supply and energy
generation (Taraldsvik), environmen-
tal, indigenous peopleand salmon
constraints (Alta), water management
and local economy issues (Stjar-
dalselva).
4.5 Futur e Aspects
4.5.1 Demand forecasts

Thedectricity demand has been
growing by approximately 1.5% each
year for thelast 10 years, and in the
forecast for the next 10 years, we ex-
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The growth in
household electricity consumption
overthe last two years has been dose
to zero. Fig. 15 gives thescenario for
consumption to 2015, based on nor-
mal weather conditions.
4.5.2 Potential for demand-side
management and cost-efficiency
improvements

Norway uses alot of electricity
for heating, and there is a political
goal to reduce the dependence on
electricity and substitute this energy
carrier withother carrierswhich utilise
renewable energy resources, or by
energy conservation. Hectricity con-
sumption in Norway is quiteefficient.
However, there is still alarge poten-
tial for energy efficiency, especially
in the buildings sector. Most of this
islinked to better energy management
and better use of energy management
technology and systerms.
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TheNorwegian Governmenthas
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 task of NVE. This Agency
(ENOVA) has an annual budget of
about NOK 500 million (about US$ 63
million). ENOVA is responsible for
obtaining 11 TWh by 2010. Of this, 4
TWh should come fromdistrict heat-
ing based on renewable energy, 3
TWh from wind power, and 4 TWh
fromenergy efficiency. Thereis also
focus onthe use of heat pumps. The
potential for energy efficiency has
been estimated at 14.2 TWhin build-
ings (households and non-residen-
tial buildings).

Approximately 10.8 of those are
electricity savings. A potential of 5.3
TWh energy (3.5 TWh electricity)
savings within industry has been
identified. 25 TWh (1.4 TWh elec-
tricity) of this is estimated to be prof-
itable for the business.

4.5.3 Future energy mix and
changesin the electricity sector
The present picture of energy
useas presented will not change dra-
matically in the foreseeable future.
Hectricity generation, however, will
probably include windpower to a
larger scalethan today. The prospect
of solutions for CO, fromgas thermal
plants will result in the useof gas for
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electricity productionin Norway, but
the devel opment of this technology
may take morethan 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 themwilluse
fuel cell technology. Norway already
has examples of these schemesin ar-
eas where a farmis too far fromthe
main grid system, and wherethe new
technology is the least cost alterna-
tive compared with maintaining and
operating a distribution line.

Fig. 15 shows that Norway will
haveto rely on electricity imports from
the other Nordic countries in years
with normal precipitation if we con-
tinue with low hydropower activity,
no gas generation plants, and a mod-
est activity in developing thewind
energy resources. This may not be a
sustainable future, because the im-
ported electridty is generated incoal-
fired thermal plants, which is not in
linewith Norway’s obligations ac-
cording to the Kyoto agreement.
4.5.4 Potential for further hydro-
power devel opment

Fig. 16 givesthe 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 activity.
This might change, however, as are-
sult of higher prices for renewable
energy in the European electricity
market. This couldresult intheimple-
mentation of many upgrading and
refurbishment projects, which are
considered to be too expensive with
the present prices in the market.

Norway has afocus on small hy-
dro, and is giving this technology
special attention 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 trendsin hydro devel -
opment

Modern hydropower develop-
ment isvery different fromthe devel-
opment 20-40 years ago. By using the
experiences fromnore than 100years
of hydropower development, hydro
can today be the heart of a power
system, the control plant for flood-
ing and low flow constraintsin river-
beds, the source for municipality in-
come and the means of fulfilment of
the Kyoto agreement.

The case of Stjgrdal river is a
Norwegianexample of successful co-
operation between ahydropower de-
veloper, themunicipality and thepub-
lic control sector like NVEand the
Directorate for Nature Conservation.
The Stjerdal river is a salmonriver. A
statement from the local fish
organisation this summer was: “ This
year with drought we saw the posi-
tiveimpacts of hydropower develop-
ment. Thanks to the release of com-
pensation water,and good co-opera-
tion by the owner Nord Trgndelag
Energy Utility, which resulted in a
river flow of 10 m¥/s instead of less
than 2 m#/s, the river still carriedlarge
salmon.” Other unregulated riversin
the vicinity had low flows, which se-
riously hampered salmon migration.
The upper part of thecatchment area
has been used for hydropower gen-
eration in three different power sta-
tions with atotal output of approx-
mately 135 MW, and generation ca-

pacity approximately 650 GWh/year.
The reservoir capacity is approxi-
metely 320 million n¥ and the annual
inflowis approximetely 795 million n+.
Downstreamtributaries of the main
river are protected against hydro-
power development, and thetributar-
ies that are heavily modified have a
release of compensation water, and
are subject to biological adjustment
programmes.

Thelarge reservoir capacity en-
hances the control of theriver, for
example in periods with the need for
extensive river training works, where
a flood could cause unacceptable
damage to agricultural activities and
destabilise the riverbeds, which in
turn could cause unsafe living con-
ditions for people. For example this
summer there was a need for emer-
gency actions to prevent landslides
along theriverbed, whichcould cause
serious disasters for infrastructure
and houses. By using the Water Re-
sources Act, NVE in co-operation
with the hydropower owner, was able
to reduce flow in the river forlong
enough to carry out the most critical
river training work in a safe and con-
trolled metter.

The Meraker Municipality ac-
cepted the development because it
foundthe positiveimpacts greaerthan
the negative ones. For example, the
added value created by the develop-
ment is dso shared with the nunicipd-
ity. This improves its cgpadity to attract
smallindustry, maintain and develop a
high standard in schoadls, and support
adult progranmes. The statement from
themunicipality is that theriver pow-
ers thetransmission systemin Norway,
and at the same time powersthe local
eoonony. This enables people to con-
tinueliving in this remote village.

SHP NEWS, Autumn, 2003

35



3rd World Water Forum: Country Report — NORWAY

Bibliogr aphy

Ministry of Oil and Energy
(2002): Facts 2002, Energy and Wa:
ter Resources Activities in Norway,
132 p. (in Norwegan).

SatisticsNorway (2002): Offi-
cid statistics of Norway, 2002.

Satistics Norway (2002): Sta
tistica anay ses. Nat urd resources
and environment 2002. Tollan, Arne
(2002): Water resources.
Universitetsforlaget, 227 p. (in Nor-
wegan).

Hy dropower Development,
Seriesno 4, LandscapeDesign inHy -
dropower Planning, Knut Ove
Hillestad.

Hy dropower D evelopment ,
Seriesno 1, Hydropower Develop-

ment in Norway, Vidkunn Hveding

Klaus Iversen 1990, 100 & med lys
ogvarme, Hammerfest

Elektrisitetsverk 1891-1991, ISBN
82-992318-0-9.

Jensen, Torodd (1995): An over-
view of hydropower development in
Norway, emphasisontheTafjord Deve-
opment.

Aspen, Béard/Jensen, Torodd
(1988): Hy dropower in the Riksheim
River,Presentation in Third internationa
Conferenceon Smadl Hydro,“ Hy dro-88".

Knut Hofstad, M onicaHavskjold,
Seming H skau, Torodd Jensen
(2002),Power baancein Norway 2002-
2015, ISBN 82-4100464-8.

Jon Hole, The Industry in
Sykkylven, Sykkylven Industry Group

1981.

NOU 1998:11 Energi- og
kraftbalansen mot 2010. (Norwegian
publicreview, Theenergy andpower
balance towards 2010).

KjeforeningenNorsk Energ og
Institutt for energiteknikk.
2002;Potensidefor mer miljgeffektiv
energibruk og produksjon i norsk
prosessindustri. T he report was or-
dered by Enoval PIL.

Report prepared by:

Torodd Jensen, Section M anager, Re-
source Section in Energy and Regu-
lation Department, NVE

Also: Arne Tollan, Halvard Senby,
Seming Skau and contributions from
other resource personne in NVE.

36

SHP NEWS, Autumn, 2003



