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ABSTRACT

The purpose of the paper is to introduce UNIDO's work and
experience in the field of SHP with specific reference tc

the industrialization process in developing countries. 1In
particular, the author of this paper considers

the relationship between energy and industrialization, high-
lighting the SHP component, its potential for rural development,
agro and small scale industry. The paper illustrates UNIDO
activities in the field of SHP, i.e. the scope, areas, project
related activities and relevant experience. Engineering aspects
of SHP projects are being discussed such as the state-of-the-art,
local design and manufacture, standardization, technical
requirements for mechanical, electrical and civil engineering
components, repair and maintenance. Finally, it refers to the
transfer/adaptation of technology and collaboration with
developing countries, explaining among others, requirements,
mechanisms and procedures for technical assistance and presents
appropriate conclusions. On the basis of this paper a
presentation was mace by the author at the International

Conference Small Hydro '88 in Toronto, Canada, 1988.
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Introduction:

The introduction and application of SHP in developing countries is an
integral part of UNIDO's energy related technical assistance activities
and contributes to the process of industrialization.

The importance of energy and energy-related technologies to the industrial
development of developing countries emerged in the context of the Lima
Declaration and Plan of Action on Industrial Development and Co-operation
resalting from the Second General Conference of the United Nations
Industrial Dewvelopment Organization held in 1975.

The Third General Conference of UNIDO, held at New Delhi in 1980, referred
specifically to energy in the process of industrialization. It stressed
that the development of new and renewable sources was required in addition
to the contimued utilization of conventional sources of energy. Attention
was also called to the need to rationalize the consumption of energy at
the global level, particularly by dewveloped countries. The New Delhi
Declaration and Plan of Action on Industrialization of Developing Countries
and Intemational Co-operation for their industrial development contains
a mmber of recommendations specifically related to energv.

Asafollow-uptothemmzferencemm in Nairobi in 1981 and UNIDO's
4th General Conference in Vienna (1984), growing attention has been given
to the development of technical co-operation projects in hydro-power,
biomass, solar and wind including the support for regional co-operation and
exchange of information particularly among developing countries and the
pronotion of local design and mamifacture of equipment. However, compared
with the requirements and possible application of SHP technologies for

the a:plon:at.wn of the world's hydxo—electrm power capacity the utilization
of SHP is not predominent, specifically in dewveloping countries. This
shows the great potential and need for joint efforts to accelerate the
transfer of know-how and to pronote the development of technological
capabilities and human resources in the field of SHP in line with local
priorities using the system of internmational co-operation.

Energy, SHP and Industrialization:

Considerations on Energy/SHP Resources and Requirements and
Interrelation with Indu

The major purpose of UNIDO is to promote and accelerate the industrialization
of developing countries. In support of that role, UNIDO performs its
mandate as the 16th specialized agency of the United Nations System on

the basis of its cor..titution which came into force in June 1985 and through
the realization of appropriate programmes and technical assistance
activities, which are due to facilitate the fulfilment of its functions.

Energy is of crucial importance to the industrialization process and the
efficiency, scope and technolojical level of industrial development with
its economic, technical consequences and social implications depends to a
large extent on the effective introduction and application of related
technologies.
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Despite of the slow-down of the economic growth, if compared with previous
years, and the efforts towards a more rational and sparing use of energy,

it 1S assumed that the demand for energy during the forthcaming decades

will contimie to grow on a worldwide basis although differing among countries
according to specific conditions and policies. The share of developing
caantries in the world's energ ' consumption needs was nearly 15 § in 1980
and is expected to grow up to 27 § in the year 2000 and 40 § in 2020 according
to the World Energy Conference held in 1980. Following these figures and
assessments of the 13th Congress of the World Energy Conference in 1986 it
can be stated that the developing countries will have an above-proportional
growth rate of their demand for energy in future.

. In the light of the increasing dimension of energy consumption and the
limitation and unequal distribution of the most effective conventional
energy resources it is necessary to diversify energy sources mobilizing
altermative sources on a substantive scale.

Projections on the future share of renewable energy sources in the tntal
balance of energy supply vary from each other. The share, however, is growing
and shall reach 10 - 15 % in the year 2000 following the predictions of

the UN Conference on NRSE (Nairobi, 1981).

Amgm,aboveallhydro-pmer; biagmass and solar energy are likely
to make significant contributions to the overall demand for energy from the
industrial sector of developing countries on short and medium terms.

The estimated world's potential hydro-electric power capacity is about

2.2 x 106 MA. Approximately 60 & of this potential exists in the less developed
ocountries of Latin America, Africa, Asia and the Pacific Islands. However,
campared with the requirements and potential resources the utilization of
hydro-power, especially that portion below 5 MW capacity is largely under-
developed. Only about 16 § of the total technically usable hydro potential in
Asia and abaut 13 % of the corresponding rate of utilization in South America
have so far been harmessed. For Africa, the corresponding proportion is

only 4 $ compared to 94 § in Europe. Mini-hydro projects (under 1 MY) might
camprise 5 - 10 § of the world's total hydro resources.

For effective and sustained industrial develpoment, energy production and
utilization must be planned with other factors, such as technology, human
resaurces, raw materials and finance.

The interdependence of energy and the industrial sector is of major concern for
govermments of developing countries in formulating both energy and industrial
policies. Industry is a major market for energy, and developments in industry
clcsely affect the energy sector, just as developments in the energy sector
affect industry. The size and structure of the industrial sector determines
the amount and type or form of energy needed. Similarly, the availability and
cost of energy supplies has a major influence on industrial development.

The Lima target, namely that developing countries should achieve a minimum of
25 § of world industrial cutput by the year 2000, renuires for its achievement
correspondingly massive inputs of energy.

As an indication of the energy irplications of industrialization in the near
future, estimates made by UNIDO of the energy needed to achieve the Lima target
show that the encrgy requirements of the developing countries would have to
increase fram 1,600 mln tonnes oil equivalent (mtoe) in 1975 to some 6,500 mtoe
by the year 2000.




-3 -

The energy reserves and resources necessary for this increase are available
if all sources of energy, and not only oil, are considered. In fact, it
was proposed at the United Nations Conference in New and Renewable Sources
of Energy held at Nairobi that up to 50 ¢ of the increased energy require-
ments of the developing countries be covered by new and renewable sources

of energy. Achieving this calls for a major effort covering all forms of
energy, conventional and otherwise new and renewable, and requires, in

turn, both financial and technological support at all lewvels and co-operation
in all fomms, including trade.

Industry is a major consumer of commercial energy in the developing
ocountries. It has been estimated that the average for all developing
countries is around 35 § hut there is, of course, wide variation between
cauntries. The mamfacturing sector is the major user of industrial
energy, accounting for between 20 and 45 § of total energy consumption.
Currently the developing countries have to import some 60 % of their
comrercial energy. This has an cbvious and seriocus effect on their balance

of payments.

In view of the above, small-scale hydro-power plants in the range from

10 KW to more than 5000 KW can increasingly become an economically viable
and reliable source of energy specifically for rural and isolated areas
and there are quite a lot of countries, including those from the third
world where the availability of SHP and its application has prouved to be
an effective means to pramote industrialization, rural electrification and
mechanization, economic and social development.

A survey of SHP capacities in some dewveloping countries is given in Table 1
overleaf.




Table 1:

Survey of exploitable capabilities, operational and planned

capacities of small hydropower schames (installed capacity
less than 1 MW) in some developing countries.

Country name Year of Exploitable Capacity Pla.ned
Refer. Capability* Overational (M)
(Grh) (M)
Argentina 1984 38 7 11
Burundi 1984 U 3 0.86
China 1984 210,000 9,060 71.300**
Cyprus 1982 23,500 0,65 0.9
Indonesia 1984 U 15.64 U
Jamaica 1984 U c 2.5
Jordan 1984 14 U U
Korea (Republic of) 1984 U 1.85 17.85
Malaysia Sarawak 1984 U 3.22 27.11
Mexico 1984 U 69.4 U
Nepal 1983 U U 1.27
Philippines 1984 U 1.2 U
Portugal 1984 15,000 - 6,000
Sri Lanka 1984 263 1 3.5
Taiwan 1984 U 3.3 10.6
Thailand 1984 U 2,846 20.893
Venezuela 1984 U 23.31 0.415
Zambia 1984 8.76 0.75 0

Saurce: World Energy Conference, Survey of Energy Resources 1986.

Note*:

Exploitable capability for small hydro power schemes is the

total anmual energy which could be exploited for small-scale
hydro plants within the limits of current technology and under
present and expected local economic conditions.

Note **: Exploitable capacity

U: Denotes unavailability of information




2.2 SHP in Raral Areas

Developing countries are faced with growing problems of energy deficiency,

particularly commercial energy resources for rural development accompanied
by a depletion of mon-commercial/traditional sources and negative effects

on the environment (deforestation, soil erosion) and the country's social

and economic status.

This situation calls for an integrated and long-sighted approach to the
use of all promising forms of energy specifically NRSE and SHP as a major
camponent with a great potential for agriculture, rural and small-scale
industry.

amcanbeusedforﬂeprod:cnmofelectncalarﬂmdamcalamgy
required for commnity electricity supply, water pumping for domestic use,
livestock and irrigation, for crop processing, threshing, grinding, milling,
etc. and agro-industry. SHP units are very well suited to replace diesel
generators, to complement existing grid supply or to provide electricity
for remote decentralized installations.

The relatively large capital requirements at the initial stage and the
low load factor in rural areas (which may vary fram 0.10 to 0.25 compared
to perhaps 0.50 in urban areas of developing countries) are of crucial
importance to the economic viability of SHP schemes since a high
utilization factor can keep the unit costs down and vice versa.

Table 2 (Ref. No. 25) is reflecting this accordingly.
Table 2: Total electricity generating costs of smll hydroelectric plants

Load Discount Total .cost ($/kWh).
factor (8) | rate (%) $ 1,000/kw [$ 2,000/kW |$S 3,000 kW
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For camparison a 1.000 kW diesel generator with $ 700/kW capital cost,

15 years life time, 45 § load factor and § 0.5 fuel cost per litre

would have generating cost of around $ 0.14/kW at 10 § discount rate.
The need to provide electricity from SHP at reasonable costs must not be
underestimated. Rural electrification, however, remains a prerequisite
for development and SHP should play a growing role. Energy plamning, SHP
and potential other renewable scurces of energy like biogas and solar
nust, therefore, be integrated into rural development plans bearing in
mind economic, technological and financial consequences, as well as
social implications.




3. Technical Assistance Activities:
3.1 Energy/NRSE related TA activities and SHP

Statistical data on UNIDO's dishursements on energy, NRSE, SHP are given
in Annex 1 and 2. UNIDO delivers yearly abaut US$ 100 mln of technical
assistance. 10 % of this assistarce is related to energy. In the year
1980 it was only 5 % (Annex 3). The increase of the NRSE share is even
wore impressive as reflected in Annex 5. In the year 1980 the NRSE
share amounted 0.5 § of UINIDO's technical assistance. By the end of
1987 an almost constant NRSE share of 3 § can be recorded. Amnex 5
illustrates this development comparing NRSE with the total energy
. dishursement in UNIDO's TA programme.

A breakdown of UNIDO's NRSE disbursements by region and source is given
in Amnex 6 covering the period 1980 - 1987.

The development of UNIDO's technical co-operation programme on SHP since
1980 is shown in Amex 7 with a total of 27 caonmpleted or ongoing projects
with a total expenditure of around US$ 4,042,000 between 1980 and 1987.
Increasing attention is paid to the least developed and the African
cauntries. Priority areas of the SHP programme are:

- Plamning and integration of small hydropower into rural
industrial development;

- Pre-feasibility and feasibility studies;

- Designing of small hydropower plants, including civil

~ Technological development, technology unpackaging and
standardization of camponents and systems for local
mamfacturing;

- Support of regional co-operation and exchange of
technical information;

- Investment promotion;

- Training, organization of workshops and sem.nars, fellowships,
studytours and on-the-job training.

At an earlier stage the main scope of UNIDO's assistance was aimed at
encouraging developing cauntries in the application and local mamfacture
of small hycropower for rural industrial development by creating

regional networks for co-operation in research and devleopment and
organizing workshops, training courses, seminars and study tours.

As a consequence of the growing interest in developing countries on active
programmes, UNIDO's assistance is now concentrated on the implementation
of small hydropower schemes in individual countries.

Technical co-operation in SHP must, indee , be focussed on strengthening
the developing cauntries own technological capabilities and resocurces.
Reviewing, however, technical assistance activities from the contents
point of view and with regard to the objectives to be achieved even more
official requests for technical assistance in SHP development and more
projects with real implications to the upgrading of the quality of

life and econamic well-being of people in developing cauntries and
concermed comunities seem to be needed. Conferences like this can
contribute to the process of creating a greater awarrness of the

need and possibility for more practical projects or ideas and

concepts which may lead to viable project proposals.




3.2 Selected SHP Projects:

3.2.1 The Asia-Pacific Regional Network for Small Hydropower (RN-SHP) and
the Regional Centre for SHP at Hangzha (HRC)

UNIDO has been actively involved in project activities related to the
establishment of the "Regional Research, Development and Training Centre
for Mini-Small Hydro Power Gereration" in Hangzhou, China, to function as
the focal point of a network of mational Mini-Hydro Power generation
cu:gamzatm/msumt:.msdetumnedbythe individual member countries
of the region. This project (DP/RAS/80/033) covers a total UNDP component
of approximately US$ 700,000 with roughly USS 95,000 for expertise,

US$ 190,000 for training and US$ 305,000 for equipment and is being carried
aat in conjunction with two other projects subocontracted to UNIDO by
ESCAP/REDP* namely DU/RAS/84/001 and DU/RAS/86/136 totalizing US$ 370,000
and DP/CPR/81/004 with a UNDP input of US$ 352,000 respectively. The
total sum of these projects is about 1.5 mln US dollars, in vwhich approx-
imately 31t was used for equipment, 29% for training/workshops and the
remainder for other activities (expertise, etc.).

The Chinese Government has also paid great importance and has given substantial
support to the establishment of the Regional Centre for SHP at Hangzhou. The
total amount of funds allocated fram the Ministry of Water Resources and
Electric Power to the HRC wes equivalent to US$ 2.4 mln for capital invest-
ments of the buildings and salaries and overhezds.

A l4 ﬂoorhnldmgofthemt:mthSOOOmzxsquteweueqnmedmclndmg
video-aundio equipment, language laboratory, similtanecus interpretation
systems and other equipment and can be used for varicus activities in the
Regional Network Projects particularly in the fields of training, information
and consultancy.

The RN-SHP work programme for the period 1987-1991 which was prepared during
the Second Technical Advisory Group (TAG) Meeting held in October 1986 in
Penang, Malaysia, includes, for instance, five training workshops, five
research and development (R + D) projects, four expert group meetings to
assess the R + D projects, two consultation missions, four missions of the
TAG and the RN-SHP newsletter.

R + D projects will cover areas of socio-economic impact studies of SHP,
plamning and design quidelines, standardization of civil and electro-
mechanical equigment, local mamifacturing of SHP equipment and unmanned and
remote operation of SHP stations and grad systems.

There will be training workshops on socio-economic aspects of SHP develop-
ment, construction management of SHP development, and watershed management
and environmenta_ impact assessments.

In addition to this work programme, the Network plans to undertake other
activities. One of the projects of the Network is to compile a roster of
SHP experts, research organizations and equipment mamufacturers. Research
and development and training activities can be conducted by countries
vhich meet the required facilities.

The RV-SHP also plans to establish linkages with other networks and
organizations that are engaged in activities related to SHP.

* Regional Energy Development Programme
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In summary, both the facilities and experience gained at the HRC has been
and will be further increased to a higher lewvel so that the Regional Centre
for SHP can fulfil its function as a Centre of excellence for training,
co-operative research and development, information and advisory services
in SHP.

3.2.2 Hoha Mini Hydropower Project in Africa

The Hoha Mini Hydropower project SI/ETH/85/803 refers to the development of
a MHP plant in Ethiopia. The project site is located about 750 km to the
sauthwest of Addis Ababa. The rlant shall provide the regional centre and
border town of Asosa with energy prodiced by hydropower. Due to its remote
location the Asosa region is not integrated in the national electrical
grid. The MHP plant is basically a run-off-the-river scheme, located on
the right bank of Hoha river, near the waterfalls, consisting of a
diversion weir with intake, about 2.4 km nf open head race canmal, forebay,
265 m of penstock route and a powerhouse for two units with an installed
capacity totalling 650 kW. The project includes 6.5 km of new access roads,
housing for staff and about 10 km f transmission line. Hydrological
data indicate that a flow of 0.3 m /s is guaranteed 90 % of the time to be
translated into electricity under a head of 135 m. The main characteristics
of the Hoha K dropower Plant are reflected in Annex 8.

The objectives of the project are:

- to encourage rural industrialization using local manpower and
marufacturing resources through the development of mini-hydropower;

- to analyse available studies on mini-hydropower generation with the
aim to identify ways in which they can be implemented at low cost,
utilizing local mamufacturing capacity to the fullest possible extent;

- to prepare engineering plans for the project including the
rehabilitation of existing turbine generator set fram a shut-down
MHG plant;

- to identify small-scale rural industries that could utilize the
energy made available by the project.

It was further considered to base the power glant technology as far as
possible on the level of technology prevailing in local industries and to
stimilate the local mamfacturing sector to improve their technology and
participate in the production/adaptation/rehabilitation of MHP equipment.
After installation of the first set with a capacity of 300 kW which is
scheduled to be camissioned in 1988 in Phase 1, a second unit of 350 kW
is required in 1989 in Phase 2, in order to cope with the forecast
increase in demand. In Phase 3, a dam may be added to increase availability
of the plant. The economies expected from the dam may also benefit fram
irrigation, which could be implemented downstream of the power plant,
making use of the regulated flow, especially during the dry season.

The technical work during the design phase was condicted as teamwork
involving in all disciplines local experts and their counterparts in a way,
that a full technology transfer would occur.

The training on-the-job aspect was observed and use was made of the planning
capabilities inherent in the team. Also, during conception of the structures,
efforts were made to utilize local mamufacturing capacity to the fullest
possible extent,
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Thus, the hydro-mechanical equipment was provided for local mamfacture,
including part of the penstock. The civil structures will be executed
in mesonry frcm patural stone available in the area. Reinforced concrete
will only be used vhere unavoidable. The whole head-race camal is fore-
seen to be built w. :h local manpower and marmal labour. All repair and
erection work for the various components of the project will be executed
using local skill, iacluding the rehabili*ation of the existing turbine-
generator ard its accessories.

The results of the economic analysis have shown that the energy to be
expected from the mini-hydropower plant can easily be absorbed in Asosa
and that hydropower would be less expensive than. diesel power which in
addition to its high price is import-dependant. It can also be deduced
from the economic analysis that all three project phases should be imple-
mented in the shortest possible time.

HRowever, the project budget available at the time of review work in 1986
did not allow to cover all engineering services required for the implement-
ation of the project specifically with regard to detailed engineering
related to the construction work and the irrigation aspect including the
dam design and the layout of the irrigation scheme so that further assist-
ance is needed to canplete the project as scheduled.

With respect to the development of local mamfacturing capacities it was,

amony other things, recommended to:

- Establish a range of cross-flow tun.‘nes adequate to the most frequent
applicar-ons in the country for local mamfacture and start a turbine
product:on with small and simple units using exirting experience and
facilities;

- Mamufacture locally hydro-mechanical camponents like gates, trashrack,
part of thepenstod< and develop a suitable type of governor which can
be produced in series inwolving, if necessary, an experienced mamufact-
urer abroad during the initial production phase;

- Extenc gradually the range of turbines into bigger size and higher
heads in parallel with the increase of prodiction capabilities;

- Start at a later stage, probably after the prodiction of electric
motors has been taken up in the country the mamfacture of small
generators for the combination with the cross-flow turbines locally
produced.

It was estimated that a local mamufacturing capacity for a limited range of
cross-flow turbine units could be set up in less than five years on the
basis of coordinated efforts. Cross-flow turbines were recamme ded because
they are quite suitable for local production as generally knowr. since the
rotor and casing can be made from sheet steel and the requiremkents for
welding, turning, grinding, etc. are moderate whereas Kaplan, Francis and
Pelton turbines require relatively highly developed casting, forging and
welding techniques.

3.2.3 Small-scale hydropower in Island Countries

As an exanple, reference is made to hydropower projects in the Solomon
Islands. Studies have shown that this country has a great potential for
the development of small, micro and mini hydropower capacities. The amrual
rainfall in most land areas is 3,000 - 5,000 rm distributed throughout the
area. The present installed power capacity in the country is only abaut
8,000 kiv, almost all of which is generated by diesel plants and at present
only 11% of the total popultation have access to electricity.




In 198€¢ under the project SI1/S0XI/85/802 assistance was given in formilating
a development programme on MHP projects. A technical report was prepared
recomrending, among others, four projects for immediate development. Three
of them are in the range of 100 kW and one of 6 MW capacity. It was also
proposed that the three 100 kW plants be developad as pilot mini-hydro
schemes with top priority for one of them, thus providing an opportunity
for the Solomon Islanders to gain experience and training in engineering
design, oonstruction and operation of MHG plants. The report also advised
on future work to get the projects implemented.

However, a micro-hydro-electric pilot plant was installed in 1983 under

the project US/S0I/83/076 sponsored by the Mistralian Govermment through
ﬂ\especnlwrposecmtrlh:tmwmamifoumxpacuvxtmm

arranged in 1985/86,mainly in repair, maintenance and training.

The purpose of the project was to initiate the construction of a micro-
hydro-electric power generating plant in the village of Iriri on the island
of Kolombangara in the province of the Western Solomons and to implement
it as a pilot project for future applications throughout the Solamon
Islands Republic, thus encouraging rural industrialization using inherent
skills and local rescurces. In the course of project implementation local
people had to be trained in planning, constructing, installing, operating
and maintaining such power generation systems to that the hydro scheme

can be used in line with the needs of the Iriri commnity.

The main components of the system consisted of:

-~ the village reticulation, i.e. housing wiring for lighting, and
selected power points in community structures for cottage and light
industry;

- the electrical transmission of electricity from turbine to the
village by a 1.3 km underground double-insulated cable;

- the civil hydraulic construction (dam, penstock etc.). The pipeline
of approximately 1 km for conveying the water to the turbine was
constructed of high-grade UPWC, treated for an indefinite lifetime
in tropical environments and supported by a timber structure from
the damsite;

- the turbo-generator unit consisting of a lulton wheel turbine
attached by a belt-drive to a 12 kVA Dunlite self-excited brushless

single-phase alternator.

The use of brushless alternator was considered mandatory to meet the
low-maintenance requirements set by the design criteria.

The Pelton vheel design for the turbine was selected with the long-term
objective of local mamfacture.

Although fully up-to-date figures on Iriri's returns fram its
electrification are not available, several econamically measurable
sources of returns related to wood-processing, craft production, guest
accommodation and fuel replacement battery charginyg, indicate the
scheme's numerous benefits. Following the figures of the final report
the annual economic return attributable to the hydro scheme is at
least $ 7,500.
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The scheme would, if repeated, justify itself on a standard bank-loan
basis, in that yearly income exceeds loan repayments fram the outset.
The so-called payback period, 1fdef1nedasthetmetakenfor1male
to exceed capital costs, should be less than faur years.

The project has proved to be a justified initiative in the field of
micro hydropower development. It has indicated the right approach

to design of the Iriri scheme, verified its pilot character and has shown
its demonstrative effect. However, subsequent decisions for a more wide-
interested governments and should take into account basic lessons fram the
Iriri pilot project and conclusions as cutlined in the Final Report.

4. PEngineering Aspects of SHP Projects
4.1 Advantages and limitations of SHP

As a matter of fact, on a world-wide basis, both the need and the
market exist for large numbers of mini and even micro hydropower plants.
Bydropower is, howewer, site specific and beside all endeavours towards
standardization each type of project, depending on the power range
requires a different approach, its own design philosophy and different
standards for constrction. Plants with a capacity of more than 1 MW
require, as a rule, full studies, expert design. and experienced contractors,
vhereas micro-hydro schemes mostly follow simplified construction

iques with a maximum of local input. Small mini-hydro plants in the
range of 100 to 1,000 kW are often a compromise between both extremes
with a tendency towards the simplified design and construction techniques
of micro~hydro.
In any case a realistic approach is required to make the best use of the
specific advantages of SHP plants. Today SHP is generally based on a
well developed technology adaptable to local conditions. MHG plants can
quickly be built, compared to large hydropower installations, have low
operating costs, long service life, if properly designed, mamufactured and
oonstructed, have little adverse environmental impact and require cheap
and simple maintenance. SHP opens up increasing possibilities for the use
of indigencus materials, equipment, local skill and manpower.

However, although well developed there is still room to improve the

state of the art of small-scale hydro technology. Mechanical and electrical
equipment must often be individually designed to overcame the unique
problems of each site and to optimize the available potential.

Turbine technology is mature. Many of the newly designed turbines have
seldom substantial advantages over traditional turbines.

Nevertheless, SHP is still a challenge to its designers. It offers a

wide range of options, imnovative ideas and new concepts for systems of low
costs and high efficiency by a combination of furctions from different
designs.

As far as standardization is concerned it is generally recognized

that standard turbines, i.e. the production of a range of units of
identical design is specifically applicable to mini and micro turbines
vhere cost is important and wher: the efficiency might be considered of
lower priority.
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Electrical systems should also be standardized wherever possible to ease
the load on maintenance, to minimize spares holdings and to emxourage
local mamfacture. Because even a large variety in the ratings of electrical
equipment will not lead to excessive costs or deterioration of efficiency,
it is not so diffioult to design a limited range of standard control and
protection systems, switchgear and transformers which are suitable for
autputs from a few hndred kilowatts or even less and up to several
megavatts.

SHP has also disadvantages like (a) mghumtmv&stnmtcostspermstalled
kW which varics considerably (US $ 1,000 - 5,000 per kW) depending on head-,
site -, and other local conditions, (b) high study costs in relation to
merallimtualtsand(c)ﬁ\epmspectsforﬂ:ecmtjmedoperatimof
the plants depending, for example, on hydraulic resources, meteorological
and seasonal conditions, etc.

Several attempts have been made to redice these limitations. New ideas are
mainly aimed at changing the traditional concepts of preparing and implementing
SHP plants awoiding, if possible, or minimizing the necessity for detailed
analyses and optimization procedures to ensure availability of power at the
earliest possible date. Economic analysis, for instance, can sometimes be
limited to direct comparisons with diesel generation. Other approaches are
oriented towards the application of standardized equipment, the utilization
of pre-fabricated and/or pre-assembled units and components, the development
and introduction of low-cost designs and simple technology to ensure a
maximum local participation in equipment production, plant construction,
reliable operation and an easy maintenance and repair.

In order to follow simplified approaches it is essential for the design of
the installation to have sufficient and reliable input data cn the water
flow, topography, technical specificiation etc. since site, loading and
operating conditions determine the engineering design and application of
MHG plants.

4.2 local mamfacture and technical requirements

Considerable savings are possible if locally fabricated equipment is used.
However, this requires the availability of local know-how and appropriate
production capacities, adequate workshops or at least multi purpose production
units which may also be considered for mmutacturing components or sets of
hydropower equipment.

local mamfacturing capabilities should be developed gradually and in line
with national programmes and pnont:es by mobilising indigencus resources
and intensifying internmational assistance including technical co-operation
awong developing countries.

Problems of local mamufacturing shauld in no way be underestimated. A poten-
tial market, viable SHP sites, engin -ing plans, machinery and funds are
necessary but not sufficient prerequisites for the production of SHP equip-
ment. In order to prodice and install SHP plants up to the i~t-mational
staxdard very well-trained engineers and technicians with practical experience
in SHP technology as well as skilled persomel at the shop level, such as
machine operators, welders, mechanics, fitters, plumbers, electricians and
carpenters are reqiired. In addition, a gradual involvement of local organ-
izations and companies in production processes of SHP is necessary and more
pilot plants nust be materialized to enable developing cauntries to get their
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owr: experience and to develop their local know-how in the design, mamufacture,
operation, repair and maintenance of complete SHP sets or components and to
establish their national engineering resources and consulting services.

The practice has already shown that in countries with large SHP potential
engineering capabilities can successf:lly be developed by utilizing local
resources. On the whole, however, the establishment of local design and
mamfacturing capacities is still rather slow.

The conventional approach of wutilizing deliveries and services from indus-
trialized countries which includes, for instance turn-key delivery of eguipment
remains probably dominating in countries with limited potential of viable

SHP sites. It may also be applied to countries which enter the SHPscene, so
to say as an intermediate stage to bridge the gap until domestic mamfact-
uring capability exists. This would enable practical training of national
experts in SHP development including planning, design and construction work,
operation, repair and maintenance of SHP plants thus encouraging the involve-
ment of indigenous resources in follow-up projects.

As far as technical requirements are concerned, machinery, i.e. machine tools
and instruments for the local production of SHP component parts, has to be
specified in line with the type of SHP equipment needed. As a general approx-
imation well-equipped workshop facilities are required consisting of a
cambination of different types of machines including lathes, drilling, cutting
bending, grmdmg milling, shaping machines and special ecp:.pnent for welding
winding, casting, forging, balancing, lifting, testing and measuring.
Furthemore, appropriate materials and semi-manufactured goods are needed like
sheet metal, steel bars of various profiles, welding rods, non-ferrous metals,
msxlatmgmtenalsmﬂsbmﬂardsmllercmpma\tpartsforauedmucal

or elec:romechanical workshop.

The capacity of SHP plants are mainly determined by the stream flow and head.
Unit costs rise rapidly as power ratings decrease and plants with low heads
are nore costly than those with high heads (in the proportion of 3:1 for
heads of 5 amd 200 respectively). Real costs of SHP plants have to be
analysed in each individual case. However, referring to figures fram a well
established mamfacturer of small scale hydraulic turbines and related equip-
ment the following breakdown of cost may be given to characterize the overall
cost factors for SHP plants:

- Production and installation of metal component parts (including the
pipeline and related metal parts) : 10 - 20 §%.
(This part of the work can be executed by a conpany experienced in
the production of metal hardware, e.g. steel structure, pipework,
if supported by . company experienced in the construction of SHP).

- Production and installation of turbine: 20 - 30%.
(Experience in the construction of SHP is necessary, or at least
a close co-operation in a process of gradual transfer of know-how
from a conpany experienced in SHP plant construction) .
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- Production and installation of electrical parts:
15 - 30s.
(This part of the work can be executed by a company
experienced in the production of medium-sized
electric rotors and switch gears, if supported -
at least for some time - by a company experienced
in the installation of SHP plants).

- Local civil works: 30 - 60 %.
(This part of the work can be executed by a local
company experienced in the setting up of SHP
stations) .

From the same source it is indicated that the overall cost of maintenance
of an SHP plant during its life-span of about 30 - 40 years and even longer
if properly mmintained, amounts to approximately 10 to 20 per cent of the
construction and installation cost of the respective SHP plant.

Repair and maintenance, spare parts supply and/or production of spare parts
should be considered as an integral part of each SHP project. Effective
repair and maintenance services can be considered as a means of the entry
into the mamufacturing sector and to build up local skills. Major equip-
persomnel. Preventive maintenance, minor emergency and general eguipment
repairs or general repairs to the civil engineering structures may be
handled by qualified operators with the support of the commnity or utility.

There are general recommendations or maintenance procedures from the
mamfacturers side on the cycle of necessary repair and maintenance work.
nmeremeﬂatmammlatedmﬁenmmmttsofmplants

civil constructions and electromechanical equipment and should be
followed thoroughly.

Technology Transfer and Co-operation with Developing Countries

5.1 Transfer of Technology and Procedures for Technical Assistance:

INIDO in its endeavours to assist dewveloping countries in SHP application
and to facilitate the flow of know-how pronotes the transfer of technology
through:

- studies and publications on SHP technologies;

- the exchange and publications on SHP technologies;

- the exchange of experience using expert group meetings, study tours,
regional networks;

-~ training in variocus aspects of SHP;

- advisory services by consultants, experts, etc;

- co-operative programmes of applied R + D of SHP between countries
regions;

- the establishment of prototypes and demonstration units;

One of the most effective ways to acquire up-to-date technologies is the
practical implementation of SHP schemes and the development of appropriate
design, production and training capacities stimulating iocal participation
and inherent skills.
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The scope of the local content of SHP projects and the respective technology
package to be transferred depend on the availability of indigenous engineer-
ing and consultancy capabilities.

SHP technologies to be introduced to developing countries should be mature,
as simple as possible, reliable and s~fe in operation with low investment
requirenents and adopted or adoptable to the local needs using, whenever
possible, indigencus equipment, raw materials and human resour ces.

However, a defined policy for the implementation of SHP plants is needed as
part of a national strategy in NRSE, national experts with appropriate
qualifications, financial resources and, of course, the know-how are required
to accelerate SHP application in developing countries. International
co-operation and technical assistance can effectively contribute to the
transfer and adaptation of technologies concermed.

mnpmo?iﬂstednicalassistmnem]atedmﬂeﬁnleqcleofsm
projects including:

-~ the preparatory phase (hydrological studies, feasibility studies, project
design and engineering, etc.)

- the implementation phase (off-site activity like design and production
of equipment, quality control/testing and on-site activity including
civil works, construction work, installation/assembly of equipment, etc.)

- the exploitation phase (operation of SHP equipment, spare parts
production, maintenance and repair)

and the transfer of camplete technology packages or specific parts to be
acquired by the respective project.

In order to get technical assistance fram UNIDO some procedures should be
followed.

Technical co-operation is based on the concept of a tripartite partnership
between a participating Goverrmment, UNDP and UNIDO, UNDP is represented in
most developing countries by a Resident Representative who is responsible
for the co-ordination of all UNDP activities in the country. In some
countries, a UNIDO representative (Senior Industrial Development Field
Adviser/SIDFA) is assigned to the office of the NDP. The SIDFA is respons-
ible for UINIDO matters in that country, in particular to generate new
projects and follow-up on existing ones bea-ing in mind Goverrment prior-
ities.

The recipient Government is a full partner in the tripartite arrangement.
As a rule, recipient Govermments designate one of their central authorities
to co-ordinate Govermment participation in UNDP/UNIDO technical co-operation
programres; this authority is usually referred to as "Goverrment
Co-ordinating Unit".

UNIDO, as an executing agency, is the third partner in this arrangement.
With ONDP providing the financial inputs under the "Country Programme”,
UNIPO, in cv-operation with the host Govermment, is the executing agency
responsible for programming, formulating and carrying cut the project
activities. The executing agency, UNDP and the Government may undertake a
tripartite evaluation of activities in particular sectors, sub-sectors or
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areas With a view to identifying specific problem areas which require a
reformalation of the project and preparing new programmes.

The following steps are usually required te initiate a technical assistance
co—operation project:

The first step is for the requesting department or ministry in the
Governmment to contact the UNIDO Senior Industrial Development Field Adviser
(SIDFA) or the INDP Resident Representative (RR) in the country, explaining
as detailed as possible the technical assistance required. The requesting
Government should identify the entity responsible for the project
(Government Implementing Agency), the local services and facilities which
provided to the project (cost-sharing).

Following these preliminary steps, a draft project concept shauld be pre-
pared jointly with the local SIDFA and forwarded to the UNIDO secretariat
for technical review and elaboration into a full-fledged project document
according to the established quidelines using the expertise available with
UNIDO or/and intsrnational experts or intermational firms depending on the
nature of the p.oject. The project document will then be forwarded to the
Govermment and UNDP for approval and signature.

After the approval the project will be implemented by UNIDO in co-operation
with the Governsent Implementing Agency in accordance with an established
work plan.

5.2 Prawtion of Technology and Information Exchange:

UNIOD's pramotional activities include the publication and dissemination of
documents related to SHP including country papers, technical reports and
documents of general interest, such as:

- Mini Hydropower Stations / A Mamal for Decision Makers (Ref.No.7)

- Chinese Experience in Minji Hydropower Generation (Ref.No.12)

- Guidelines for the Application of Small Hydrailic Turbines (REf.No.15)

- Report on Standardization for Indigenous Manufacturing of Small Rydro-
electric Power Plants (Ref.No.24)

UNIDO has quite good experience in the field of industrial information and

has, for over 20 years, been active in providing computerized information

packages and in establishing information networks on specific topics includ-
ing NRSE and SHP as a major component.

The excharge of techmological information plays a quite important role and
UNIDO is aware of the necessity to avoid duplication of responsibilities
and efforts. Therefore, the UNIDO's Energy Information System (EIS) has
been created, in order to provide support for the Organization's energy
programme and to record its energy activities.

The system's key components are:

- PRAD DATABASE
This necessity for reporting on UNIDO's own activities in the energy sector
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led to the creation of a corputerized information system covering project
and other energy-related activities, which has been expanded with the pas-
sing years and gained in camplexity and coverage. Almost five hundred

. energy projects have been under implementation since 1980 and form a part
of the PRAD computer programme (one camponent of the EIS). This database
provides information on project activities, giving standard data on project
mumber, title, financial aspects, counterpart agencies, as well as an
abstract on each project's scope and coverage.

~ IDA DATABASE

The IDA (Industrial Development Abstracts) database records, inter alia,
technical and final reports which stem from projects, thereby providing a
complementary source of information on enercy project activities. This
existing database is also utilized for providing information on what UNIDO
has been doing in the energy sector including SHP.

= ENER DATABASE

This system primarily provides support for INBCA (Industrial Energy
Conservation Abstracts) which covers information on several activities
related to energy conservation in industry, i.e. abstracts of technical
papers, energy efficient technologies/equipment, training opportunities,
research and development, meetings and consultants/experts. This database
will also be available in micro form by mid 1988. The INBCA data base is
the core of an initiative for creating an information network on industrial

Resulting from a UNDP supported project in the Buropean region, the net-
work concept has found an echo in other regions - initially ASEAN and the
Caribbean - and with other organizations. Activities will include utiliz-
ation of electronic mail for information exchange and the initiation of
information exchange modalities between interested parties/nodes within each
region and between regions. Envisaged output of the INBCA network inform-
ation structure are mamals/guides on energy technologies and activities
related to them, e.g. solar enexrgy and energy conservation in specific
sectors; information on UNIDO's energy activities; newsletter INECA and
information packages on selected aspects of energy/industry.

6. Conclusions

(1) The acceleration of the industrialization process, the increase of
agricultural production and the improvement of living conditions in
developirg countries requires a well balanced development of the energy
sector and their own technological capabilities and human rescurces in
line with national priorities. The mobilization of the indigenous
resources and a close international co-operation on the basis of
equality and mitual benefit are key factors in this respect.

(2) The demand for energy, particularly electricity will further increase
in the future. The developing countries will have an above-propor-
tional growth rate in their energy demand. The share of NRSE in the
total balance of energy is growing and hydropower, specifically SHP
can make a significant contribution to the energy supply of the
industrial sector and agro-industry of developing countries on short
and medium terms.
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(4)

(5)

(6)
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Small-scale hydropower has become an increasingly viable and reliable
saurce of energy with great potential for rural and isolated areas.

The developing countries® growing prablems of enercy deficiency require
however, a long-sighted approach to the use of all mdlgamsly
exploitable forms of eneryy including NRSE and SHP as a major camponent
for the pramotion of rural development and small-scale industry. SHP
must, therefore, be integrated into national development plans taking
into account econamic, technical and social implications.

The described projects on small-scale hydropower, i.e. the Asia-Pacific
RN-SHP and the Regional Centre for SHP at Bangzhou, the Hoha Mini-
Hydropower Project in Africa and the Iriri Micro-Hydroelectric Pilot
Plant in the Solomon Islands can be regarded as examples several ele-
ments of which could be applicable to projects in other regions and
cauntries of the third world particularly with regard to:

- the set-up of regional networks for SHP (RN-SHP/HRC),

- the approach of establishing local mamifacturing capacities (HOHA),

- the introduction and application of microelectric development
schemes (IRIRI), ,

prawoting the process of industrialization and rural development.

Mature SHP technologies of simple design, reliable operation, low
costs, high local content of equipment and materials and adaptable to
localcaﬂlumshaveﬂxemstprmusngpotentmltobeapphedm
developing countries particularly in cases where a whole spectrum of
indigenous labaur is involved. Local mamifacture requires, depending
ontheSiPcaxpamtstobepm&cedspec:alhmledgemgeneral
mechanical engineering (casting, forging, welding, metal-cutting) and
special mechanical engineering with regard to hydraulic systems,
governors, penstock, shut-off devices and special electrical engineer-
ing (generator, switchgear etc.). Most of these engineering fields
are, however, not SHP specific but of multipurpose nature and must be
seen in the general context of industrialization. This facilitates
the process of entering the mamifacturing sector in SHP, using among
others, existing workshops or production units and extending available
facilities up to the reguired standard.

Technical assistance activities in SHP should be focussed on the
practical implementation of SHP schemes (pilot and demonstration plants)
in developing countries and the development of appropriate capacities
for local design, mamfacture/assenbly, R + M, rehabilitation of SHP
plantsandrelatedeqluptmtthm:ghmepramtimofmetransferarﬂ
adaptation of technology, training, exchange of experience and inform-
ation, co-operative programmes between industrialized and developing
countries as well as among developirg countiies. The involvement of
intermational organizations like UNIDO can racilitate the process of
introducing SHP technologies using existing mechanisms and established
procedures.
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1315.000 §50.000 256.000
1746.000 083.000 31317.000
15.000 0.000 0.000
3447.000 1929.000 1956. 000
6277.000 $447.000 6720.000

TOTAL WRSE DISEURSENENT

by region
sJo winp T0%4L
639.000 67.000 3099.000
$260.000 9406.053
827.000 31240.000
$60.000 §70.000
376. 000 §56.000
1093.000 SRA? ann

[3:3:  M{1]3]

1905 1906 1087 TOoTAL
785.008 200.000 92.000 1637.000
139.000 309.000 157.000 1420.000

e.000 0.000 9.000 166.000
0.000 0.000 2.008 2.000
0.000 143.000 23.008 166.000
35.000 6E.000 243.000 £43.000
9259.000 7185.008 €17.000 4042.000
198S 1906 1987 TOTAL
103.000 $6.000 £69.000 736.000
35.000 92.000 )134.000 2787.000
22.000 7.000 50.000 176.000
09.000 0.900 0.000 0.900
9.000 32.000 56.000 306.000
0.900 1o.00e 0.008 126.000
160.000 217.000 1305.000 4131.000

1985 1986 1987 T0%AL
220.000 79.000 37.000 €39.000
J154.000 593.0080 4)15.000 5260.000
185.000 119.000 109.000 427.000

€7.000 145.000 920.000 568.000
34.000 63.000 )56.000 2376.000
137.000 341.000 29.000 1093.000
1797.000 1360.000 839.000 8763.000
1985 1984, 1987 TOTAL
.000 231.000 87.000
11.000 0.000 13.053
0.000 71.000 71.900
0.000 .00 9.000 0.000
0.000 e.000 8.000 8.000
9.000 0.000 9.900 9.000
11.000 0.053 100.000 177.053

1985 1986 1907 T0%7Al
959.000 718.000 617.000 4042.000
160.000 217.000 1309.000 433).000
1797.000 L[] 87632.000

13.000 0.053 180.000 177.0%)
2927.000 2295.853 2065.000 17313.053
7293.000 $754.000 9910.000

Annex 2
Saurce: Ref: No.32
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by year and socurce
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USS thousands

UNIDO's Technical Co-operation programme on hydropower 1980-1987 -

total expenditures;

percentage share of reglons.
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HOMA Hydro Power Plant

#ain Characteristics

Rydrology

Weir

fntake

Head-race

Canal

Forebay

Penstock

Power Plant

Turbines

Generators

Transformer

Transmission
line

Catchment area
Rainfall
Average flows

Spillway design
flood

Type

Head

Type
Discharge
Gate

Features

Type

Cross-section
Gradient

Type

Cross-section
Features

Type

Diameter x length

Installed capacity

Type
No. of Units
Gross Head

Rated Speed

Type
Capacity

Power Factor
Yoltage

Type
fFrequency
Rated Capacity

Rated Voltage
Type

Voltage
Lengt

Annex 8

184 m?
1280 ]
Annual discharge 1.63 m*/s
Vet season flow 3.38 m/s
Ory season flow 0.74 m /s
0.0 m/s
Fixed sill, masonry
approx. 1.5 =
Lateral, Diversion
0.6 m*/s
Stiding gate (manual
operation)
Skiming wall, flushing
channel
Open channel, length 2.4 m
Trapezoidal, lined 0.88 m?
1 per mill
Open bay, volume 2500 m®
Trapezoidal, lined
Spillway, desilting
pipe, intake structure
Double steel pipe
2 x 0.40 x 265 "
Phase 1 300 kW
Phase 2 350 kW
Total 650 kW
Horizontal Francis
- 2
135 [
1500 RPM
Horizontal 50 Hz
Phase 1 525 kVA
Phase 2 475 kVA
0.8
400 v
Star-Delta
S0 Hz
Phase 1 500 kVA
Phase 2 1000 kVA
0.4/15 kv
' Wood-poles
o &
approx. L0 km

Saurce: Ref No.2?






