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ABSTRACT

The principal objectives of this thesis are to assess the value to Nepal of developing
the use of mini-micro-hydro as a modern energy source in the rural areas and, at the
same time, of promoting the domestic manufacture of mini-micro-hydro turbines and
associated equipment as a means of creating a modern engineering sector within the

country.

Development of the mini-micro-hydro sector is viewed as a possible solution to two
of the country’s urgent economic problems. A sustainable and efficient means must
be found of supplying the energy needs of areas remote from the national grid and, at
the same time, it is important for the country to develop a nucleus of modern
engineering capability in capital goods manufacture: the existence of a capital goods
sector is widely understood to be a necessary condition of technological progress and
a key to the achievement of on-going economic growth.

Thus study investigates the potential of mini-micro-hydro development as a means of
providing complementary solutions to these two problems. Mini-micro-hydro plants
installed in the rural areas generate energy in an environmentally-friendly manner, but

what, it may be asked, are the returns in commercial and in social terms on such
installations? The manufacture of mini-micro-hydro equipment is already being
undertaken in Nepal: does this activity offer the prospect of technology transfer and
the development of enhanced technological capability?

A third, subordinate, objective of the study is to determine whether, if a case is made
for promoting the installation and manufacture of mini-micro-hydro units, the stance
of the government, and of other institutions, is as helpful as it could be to achieving
these ends.

The conclusions of the study - from investigation of mini-micro-hydro operations in
rural areas, and from examination of the technological capabilities developed by the
turbine manufacturing firms - are that a positive case can indeed be made for
encouraging in Nepal both the use of mini-micro-hydro units and their manufacture.

It would however appear that certain changes in government policy and more active
involvement by research institutions would be of assistance for the advancement of

the mini-micro-hydro sector.
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NEPAL AT A GLANCE

Area: 147181 sq. km.
Length: 885 km. (East to West)
Width: 193 km. (av. From North to South)

Population
Census (1991): 18,491,097

Census (1981): 15,022,839
Annual growthrate:  2.08 %

Urban Population: 920 %
Rural Population: 90.80%

Land Coverage Population
Mountains: 35 % 7.8 %
Hills: 42 % 45.5 %
Tarai: 23 % 46.7 %
Electricity Major Hydro 250,450 kW
Small Hydro 1,110 kW
Diesel Power 57,056 kW
Solar 130 kW

Mini-Micro-Hydro 8940 kW

Economy
GDP at current price (1995/96) : NRs. 249,896 million
Contribution to GDP: Agricultural Sector  40.22%

Non - Agricultural Sector 59.78%
(Manufacturing Sector: 8.91%)
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Administrative and Physical Division

The country is administratively divided into 5 development regions and 75 districts.
Village Development Committee (VDC)/Municipality is the lowest local level
administrative unit in each district. Number of VDCs and Municipalities in the country
amounts to 3995 and 36 respectively. Each VDC consists of several wards and each
ward has few villages.

Ecological Regions

Ecologically the country can be divided into three ecological regions, Mountain, Hill
and Tarai (Plain). They are the Mountain, the Hill and Tarai (Plains) and the

characteristics of these regions are as follows:

Mountains

The mountains are at an altitude varying from 4877 m to 8848 m above sea

level. This region comprises one third of the total land area of the country and
about 2% of this land is suitable for cultivation. Due to the cold weather and the

high altitude this area is sparsely populated. The population residing in this
region is 7.8 % of the total population (1991 Census).

Hills

It lies between 610 m to 4877 m above sea level. It i1s sandwiched between the
mountains and the Tarai and runs from east to west. There i1s about 45.5 % of

the total population residing in this area (1991 Census).

Tarai (Plain Area)

This region extends from east to west along the southern side of the country. It
forms the low flat land and includes most of the fertile and forest area of the
country. About 40% of the land is suitable for cultivation. This region is home

for about 46.7 % of the total population of the country (census 1991).

Climate:

Nepal has a great variety of topography, which is reflected in the diversity of weather
and climate. The country experiences tropical, mesothermal, microthermal, taiga and
tundra types of climate. 60 to 80 percent of annual rainfall falls during the monsoon
season (June to September). The highest mean rainfall was 4216.7 mm in Pokhara in
1993. The maximum temperature of 43.7 C was recorded in Bhairahawa Airport
(1989) and minimum temperature of -6.1 C was recorded at Jiri in 1992 among the
listed stations.



River System:

There are more than 6000 rivers totalling more than 45000 km in length. There are
four major river system in Nepal are:

Name of River System Course

1. Koshi Eastern Nepal;

2. Narayani (Gandaki) Central Nepal

3. Kamali Mid-Western Nepal
4. Mahakali Far-Western Nepal

Ethnic Composition:

Nepal is a multiracial and multilingual country. Various linguistic and ethnic groups
live together in nationalism and cultural harmony. While the tropical and sub-tropical
regions are largely inhabited by the people of Indo-Aryan ongin, people of Mongoloid
features are predominant in the temperate highlands. The national language is Nepali,
understood and the script is Devnagari. There are more than 30 ethnic groups and as
many languages and different types of scripts.

Population, Area, Airport Facility in Various Districts of Nepal (Census 1991)

sg.km__| Densi

Manang 5363
Dolpa 25013
Mustang 14292

Humla 34383
Mugu 36364

Rasuwa 36744

Solukhumbhu 97200
Jumla 75964

Taplejung 120053

Bajhang

Bajura
Myagdi

Kalikot
Jajarkot
Rukum

Gorkha

Doti

Surkhet

Sankhuwasabha

Darchula

Dadeldhura

Dolakha

Sindhuli
Lamjung

3363
25013
14292
34383
36364
36744
97200
75964

120053

139092

141903

92012

100552

101683

88805

113958

155554

104647

252524

173236

167168 12360
223900

153697
225768 22973

139092
141503

92012
100552
101683

88805
113958
155554
104647
252524
173236
154808
223900
153697
202795




Population, Area, Airport Facility in Various Districts of Nepal (Census 1991)
[ contmued ]

District Population | Area Airport
sqg. km__| _Densi __Urban_| Rural
96

Rolpa 179621 1879 1 179621
Sindhupalchok 261025 2542 103 1 261025
Udayapur 221256 2063 107 221256
Achham 198188 1680 118 | 198188
Dang 354413 29535 120 1 51704 302709
Ramechhap 188064 1546 122 1 188064
Banke 285604 2337 122 1 47819 237785
Salyan 181785 1462 124 181785
Dailekh 187400 1502 125 187400
Kailali 417891 3235 129 2 44753 373138
Makwanpur 314599 2426 130 53836 260763
Okhaldhunga 139457 1074 130 | 139457
Baglung 232486 1784 130 | 232486
Bhojpur 198784 1507 132 | 198784
Baitadi 200716 1519 132 | 200716
Pyuthan 175469 1309 134 175469
Ilam 229214 1703 135 13197 216017
Khotang 215965 1591 136 1 215965
Panchthar 175206 1241 141 175206
Bardiya 290313 2025 143 290313
Dhading 278068 1926 144 278068
Kaski 292945 2017 145 | 05286 197659
Tehrathum 102870 679 152 102870
Arghakhanchi 180884 1193 152 180884
Chitawan 354488 2218 160 2 54670 299818
Kanchanpur 257906 1610 160 1 62050 195856
Dhankuta 146386 891 164 17073 129313
Palpa 236313 1373 172 13599 222714
Tanahu 268073 1546 173 20124 247949
Nawalparasi 436217 2162 202 436217
Kapilvastu 371778 1738 214 17126 354652
Nuwakot 245260 1121 219 18694 226566
Gulmi 266331 1149 232 266331
Kavre 324329 1396 232 22349 301980
Syangja 293526 1164 252 293526
Parsa 372524 1353 275 69005 303519
Parbat 143547 494 291 1 143547
Saptari 465668 1363 342 43245 422423
Bara 415718 1190 349 | 18498 397220
Morang 674823 1855 364 1 170709 504114
Rauthat 414005 1126 368 20434 393571
Sunsari 463481 1257 369 85004 3784717
Jhapa 593737 1606 370 1 15210 578527
Rupandehi 522150 1360 384 1 83745 438405
Siraha 460746 1188 388 1 460746
Sarlahi 492798 1259 391 14142 478656
Mabhottari 440146 1002 439 18088 422058
Dhanusa 543672 1180 461 1 54710 488962
Lalitpur 257086 385 668 115864 141222
Bhaktapur 172952 119 1453 61405 111547
Kathmandu 675341 395 1710 421258 254083

-II_-E-
Source: Statlstlcal Pocketbook 1996, Nepal Year Book 1991
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CHAPTER -1

SCOPE AND OBJECTIVES OF THE STUDY

1.1 INTRODUCTION

Nepal, situated in the lap of the great Himalayan range, is sandwiched between China

and India. It is a unique country endowed with Mount Everest and other eight
mountain peaks in the north, which are higher than 8000 meters and form the
perennial source of the country’s rich water resources. Within a span of about 180
kilometers, this terrain changes into fertile plains in the south with an elevation as low
as 200 meters above sea-level. The mid-belt comprising of hills and valleys is home to
nearly 45.5 percent of population, whereas the major population, 46.7 percent live 1n

the southern plains and 7.8 percent are settled in the mountains.

Nepal is rich in culture, heritage and traditional arts and crafts. But its highly
scattered settlement pattern and difficult terrain have challenged development efforts.

It is therefore not surprising that Nepal has been categorised in the World

Development Report (World Bank, 1997) as the ninth poorest 'least developed
country' (LDC). Of a total population of 21 million, 89 percent lives in the rural

areas. As is characteristic of an LDC, the country's economic performance is limited
by various constraints which reflect the lack of energy resources and the low level of
industrialisation; both of these deficiencies are particularly severe in rural areas. Given
the rural energy problem and the country's lack of advanced technological
manufacturing capability, a principal purpose of this study 1s to assess the benefits to
Nepal of promoting mini-micro-hydro power technology (MMHP) - promoting not
only its use as an energy source in rural areas, but promoting also the domestic
production of MMHP equipment as a means of developing a manufacturing capability
in engineering. The present study investigates whether this double-pronged strategy,

focusing on MMHP, is a promising one - and if it looks to be so - seeks to identify



the difficulties and obstacles that may have to be overcome, and what part the

government should play, in order to advance successfully in this direction.

In the following section (1.2) of this introductory chapter, we sketch in the

background to the study, examining key elements of the economic and of the

intellectual context in which the development of MMHP is being considered. In 1.2.1
the rural energy situation in Nepal is reviewed and in 1.2.2 an introduction is given to
current thinking on the importance of encouraging machinery manufacture in a

developing economy as a means of building up technological capability. In the light of

the scene-setting discussion of section 1.2, section 1.3 returns to the objectives of the
study - to the questions being asked about the potential of MMHP development in
Nepal to contribute both to meeting energy needs and to the establishment of a
technologically competent manufacturing sector. Subsequent sections of the chapter

(1.4 and 1.5) deal with matters of methodology and data sources. The chapter

concludes (1.6) with a general outline of the format of the study as a whole.

1.2 THE BACKGROUND TO THE STUDY

1.2.1 The Rural Energy Problem and the Possible Role of Mini-
Micro-Hydro Energy

In the beginning ......
“and God said * Let there be light’ and there was light. God saw that the

light was good and he separated light from darkness. God called the

light ‘day’ and the darkness he called ‘night’. And there was evening and

there was morning - the first day. ..... (Genesis 1: 3-5)

For the past several decades .....
“ and the Utility said, ‘Let there be electricity’ and there was electricity.

The utility saw that the electricity was good and it separated electrified
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areas from the non-electrified areas. The Utility called the electrified

areas ‘urban’ and the unelectrified areas it called ‘'rural’. And there was

”»”

industry and there was affluence - development......
(Ramani et al, 1995)

Rural Energy

Irreverent as the analogy may be, it is uncomfortably close to the reality experienced
by most developing countries. For example, even 100 years after the establishment
of the first power plants in Sri-Lanka and India, 82 percent of rural households in Sri
Lanka and 75 percent in India still remain without access to electricity (Foley, 1990).
The picture is just as dismal in Nepal and Bangladesh: about 89 percent of the people
in Nepal (CBS, 1998) and 90 percent in Bangladesh (Ramani, et al, 1993) are still
without electricity.

The role of rural energy has in recent years received much attention from academics
as well as policy-makers as the critical means of achieving the target - sustainable
development. Energy has been described (Smil and Knowland 1980) as the prime
mover of economic development. It is well recognised that energy is a factor central
to the well-being of both the developed and the developing countries. Observers such
as Rosenberg (1994) state that the central feature of industrialisation has been the

utilisation of increasing quantities of energy. Further, historical as well as cross-
sectional inter-country studies have indicated a close and long-term correlation

between energy consumption and economic growth as measured by national accounts
(Erik, B. 1990; Bhaktavalsalam, 1991; Naidu, 1997). Foley (1992, p145) states that
electricity is the key which opens the door into the modern world. Without it
communities and individuals are denied access to a high proportion of the benefits
and amenities which people in the industrial countries take completely for granted.

The classic reason for taking electricity to rural areas is that its availability promotes

rural development (Foley, 1992, p 145). The Zambian Third National Development
Plan put it thus:



The direct and indirect benefits of a rural electrification programme can
be summed up as increasing agricultural production, promoting rural
industries, effecting improvements in the field of health, education,
training and the standard of living in general and generating
employment opportunities which will reduce migration from the

countryside to the town (Quoted in Foley 1992, p.1460).

Likewise, a review of a programme which brought an electricity supply to villages in

Bangladesh concluded :

These results show a clear correlation between the supply of electricity
and significant growth of commercial enterprises in rural markets.
Though other factors such as population, construction of roads,
improvement in communication, accessibility to market, proximity to
larger cities etc. may also contribute to this growth, there is no doubt
that electrification of these markets is the most important intervention
that has stimulated this growth in economic activity with a concomitant

increase in employment, (Rahman et al,1983)’

Though the focus in these passages is on electricity alone, the argument can be

extended to the provision of energy in general when considering the rural areas of

Nepal. The argument for the utilisation of renewable sources of energy has gathered
new impetus due to two global trends (Ramani et al, 1995). One consideration is that
the oil price shocks of the 1970s have raised the costs of generating electricity from
large thermal power plants and made diesel fuel too expensive to use in providing
power supplies to rural communities. Another influence is the growing concern with

conservation of resources and the increasing emphasis being laid on the use of
renewable sources of energy. As a result small communities are beginning to turn to
the possibility of providing at least part of their electricity requirements from

renewable resources. Small hydro power stations can make an important contribution

1. Quoted in Foley, G. (1992)



in this area; their success, however, hinges on the availability of technically and
economically viable decentralised energy-generating technologies (Bhadra and

Ramani, 1995).

Energy Availability and Usage in Nepal

Nepal as a whole and the countryside in particular are still heavily reliant on
traditional sources of energy. It is estimated that total energy consumption in 1995/96
was about 292 million GJ (Table 1.1). Per capita energy consumption in 1995/96,
estimated to have been about 13.7 GJ, comprised of 12.3 GJ (90 percent) of bio-mass
fuels such as fuelwood, agriculture residue and dung and 1.4 GJ (10 percent) of
commercial fuels such as fossil fuels and electricity. Fuelwood is the major source of
energy in Nepal which accounts for over 80 percent of total energy generated. The
predominance of fuelwood stems from its overwhelming usage in the residential
sector - the sector which is responsible for over 91 percent of the total energy

consumption. As mentioned commercial sources of energy accounted for a little less
than 10 percent in 1995/96. The contributions of some of the major commercial

sources towards the total energy consumed in 1995/96 are as follows: diesel - 3.4
percent; kerosene - 2.6 percent; coal - 1.1 percent; electricity - 1 percent; petrol - 0.5

percent and aviation turbine fuel - 0.4 percent.

National-grid electricity reaches only 11 percent of the total population. The rural
people who comprise 89 percent of the population have Limited access to grid
electricity - no more than 4 percent enjoying that benefit (JCIMOD, 1997). The
rural/urban energy consumption split of the residential sector (the largest consumer of
energy) 1s presented in Table 1.2. It is evident that the rural areas are highly
dependent on traditional animal and bio-mass sources of energy; in fact only 22

percent of the national-grid electricity consumers are in these areas.



Table 1. 1: Energy Consumption in Nepal for the Year 1995/96 ('000 GJ)
Description @ -
Comm. Agricul. | Transport| Total

Traditional 246503 12524 259027 973 3635 263635
Fuel-wood 220682 10427 231109 956 3430 .. 235495
Agro-Residue 8064 1385 10349 17 205 10571
Animal Dung 16857 711 17568 17568
Conventional 582 28084
Coal/coke 3084
Kerosene 7563
LPG 909
Diesel 577 9857
A. T. Fuel 1287
Petrol 1454
Other Qil Prod. 89 930
Gnd Electrici 274 058 1232 467 5 19 3000
Non-Conventional| 563 563 -- 563
Gaseous Fuel 563 563 563
Total 251431 16280 267710  3110[ 12169] 582  8710| 292282
% 860 5.6 916 100.0

Note: Comm.- Commercial Sector; Indust. - Industrial Sector;  Agricul. -

Agricultural Sector; A. T. - Aviation Turbine Fuel
Source: WECS, 1997
Table 1. 2: Rural/Urban Split of Residential Energy Consumption, Nepal,
1995/96 (000 GJ)
Description | Rual | Utban ____| Toul
Traditional 246503 4.8 259027
Fuel-wood 220682 4.5 231109
Agro-Residue 8964 13.4 10349
Animal Dung 16857 4.0 17568
Conventional Energy 8120
Coal/coke 15
Kerosene 6083
LPG 790
Grid Electrici 1232
Non-Conventional Energy 563 100.0 563
Gaseous Fuel 563 100.0 563
Total 251431 93.9 267710

Source: WECS, 1997

Against this background the country is presently applying the remedial measure of

promoting decentralised energy sources. Of the several renewable technologies,

MMHP has been used in Nepal since the 1960s and is today a major source of energy




in the rural and remote areas of the country. Currently more than 1000 MMHP
installations exist in the private sector; these operate in 59 of the country's 75 districts

(See Map 1.1). The total capacity of installed MMHP is about 9 MW.

For most the rural areas alternative sources of energy appear to be the answer to
their energy problem, a problem characterised, on one hand, by the rapid depletion of
the forests and, on the other, by the absence of national grid connection. (See Map
1.2) Of the various alternative/renewable sources of energy mini-micro-hydro scores
well in terms of capacity already installed and existence of domestic manufacturing
facilities. Furthermore, it is dependent on one of the widely available resources of the
country. Nepal possesses about 2.27 percent of the world’s water resources, most of
which yet remain unexploited (WECS, 1994/95). There are over 6000 streams, rivers,
rivulets and lakes which cover more than 4000 sq. km; 93 percent of such areas fall
under the four big river basins Kosi, Gandaki, Karnali and Mahakali. (See Map 1.3) It
is estimated that Nepal possesses a theoretical hydropower potential of 83,000 MW,
out of which 42,000 MW seems economically viable. The large scale’ hydro plants are
responsible for about 95 percent of the national production of electricity, with 1.58
percent coming from small-scale plants, 2.72 percent from mini plants.and 1.15
percent from micro-scale operation. However the development of this resource is

inhibited by the heavy initial cost of large hydro plants and also by the high cost of
transmission and distribution’ in the hilly regions. The comparative costs of the hydro-

projects of varying scales will be discussed in Chapter 4.

Mini-micro-hydro has been used in Nepal for many centuries in the form of "water-
wheels" commonly known as "Pani-Ghattas". Currently, several modern forms of
mini-micro-hydro turbines - cross-flow, multi-purpose power unit (improved “Pani-
Ghattas”), modified pelton and propeller - which have been used in the country since

the 1960s constitute a major source of energy in the rural and remote areas.

2 Classification of Hydro Plants: Large and Medium Scale - above 10 MW; Small Scale - upto 10
MW; Mini Scale - 101 kW to 1000 kW; Micro Scale - upto 100 kW

3 studies carried out for the hilly regions in India indicate a rise in transmission and distribution
cost by 40 percent as compared to that in the flat land (TERI, 1994)



Renewable energy sources derived from bio-mass is also widely utilised in the low-
lying areas favourable to anaerobic digestion. Solar photovoltaic (354 kW) and wind
energy (20 kW) are so far being employed mainly for experimental and demonstration
purposes (WECS, 1994/95).

1.2.2 Escaping Technological Backwardness

Presently, there are more than 4000 industrial units in Nepal employing about
2,25,000 persons (CBS, 1991/92). Capital goods production is extremely limited. The
industrial sector is comprised 90 percent of consumer- goods producers®, 7 percent of
intermediate-goods producers® and only 3 percent of capital- goods producers’. The
contribution of the industrial sector (excluding mining and electricity) to national GDP

has increased from a mere 3.84 percent in 1980/81 to 9.3 in 1995/96. Detailed
statistical information on the machinery manufacturing sector is not however

available.

The Key Role of Machinery Manufacturing in Development °

MMHP turbine manufacturing is the principal machinery producing sector in the
country. The argument for promoting this sector stems from the fact that the activity
of machinery production is recognised to be of key importance in the process of

technology transfer and diffusion (See e.g. Fransman and King, 1984, Huq and
Pendergast, 1983, Huq et al, 1993). Forsyth (1987) argues the case for promoting
local production of plant and machinery, emphasising that the development of this
sector 1S imperative in gaining mastery over new technology. A capital goods industry
can play a dynamic role in building up indigenous technological capability, in respect

both of products and processes, through absorption of technological know-how and

4 The consumer goods industries represent industries producing processed and canned food, oil,
bakery, grain mills, confectioneries beverage and textile

Intermediate industries producing jute, paper and printing, rubber and plastics

Capital goods sector represents industries producing non-metallic goods, cement and lime, metal
works, iron and steel and electrical goods
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by raising of the engineering skills of the workforce. Local technological effort
directed to the adaptation of imported technology to local conditions is another

important element in the process of developing indigenous technological capability.

Governments of newly industrialised and semi-industrialised countries such as South
Korea, China, Argentina, Taiwan and India have made it a priority to promote the
growth of the machinery producing sector. Home production of machinery and
equipment not only serves to advance domestic technological capability; it also helps

to offset the import constraint on the availability of such producer goods.

The MMHP equipment manufacturers of Nepal not only constitute a machinery
manufacturing sector - being for the past several years the main suppliers of MMH
turbines for domestic installation - but are the suppliers also of most of the end-use
equipment and other ancillary parts, as well as being involved in turbine site feasibility
studies, plant installation and the training of the plant operators. From this it is evident
that the MMHP turbine manufacturers play a pivotal role in the rural energy
programmes. Judging by the experiences of other developing countries, development
of this sector will go a along way in fostering the growth of technological capability in
the country, not only as regards urban manufacturing activity, but also with respect to

the transfer of new energy technology to rural operators and users.

A Question of Capabilities

A departure from the analytical tradition of relegating the sources of technical
progress to an unexplained ‘black box’, a ‘residual factor’ or ‘exogenous factor’ has
occurred in the development literature since the 1980s’. Questions on achievement of
technical progress and 'why growth rates differ' have been addressed in recent
empirical studies in terms of ‘catching-up', ‘overtaking', 'falling behind' and the
convergence or otherwise of levels of competence in the countries considered

(Bhalla, 1995). Recent investigations are no longer based on the neo-classical

7 See Rosenberg, 1976, Solow, 1957, Malecki, 1997, Lall 1987



approach which neglects all historical dimensions, concentrating only on the
investment and labour requirements and completely ignoring other aspects such as
scale of output, nature of product, skilled labour requirements, inputs, infrastructural
requirements etc. The new analysis moves away from this static approach focuses
more on dynamic issues of adaptation, assimilation, mastery and diffusion of imported

technology (Dahlman, 1987; Lall, 1987; Rosenberg and Fristak, 1985) - on matters,
that is to say, of technological capability (TC).

LDCs use imported technologies rather than being initial innovators. Taking into
account the peculiarities of their technological development, the concept of TCs has
been used in the development literature to analyse both how such imported
technologies are used at different levels of technological assimlation, adaptation and
improvement, and whether these stages progress into a more independent
technological competence. The path towards achieving TCs comes only through
continuous learning for developing technological capability at firm-level and at
national level (Lall 1990; Bell, 1984; Stiglitz, 1987).

At the firm level, empirical evidence reveals that a common characteristic in the
process of assimilation, adaptation and minor innovation 1s the explicit effort to carry
out technological changes. In doing so, some firms (See Park, 1983; Katz, 1984, Katz
et al, 1987 and Teitel 1984) - initially dependent on imported technology - develop
enhanced capabilities with time and effort, and achieve higher standards of efficiency
‘and international competitiveness. In cases of LDC firms that have developed
technologies transcending technological frontiers, it has been found that the progress
they have achieved does not involve major breakthroughs. The changes that have
occurred are manifested in increases in productivity brought about by product-
modification, process-modification and changes in inputs (Lall, 1984). In the analysis
of the ways 1n which TCs are developed, Katz (1984) indicates the possibilities of the
exposure of the firms to general science and technological developments in

universities, R&D organisations and consultancies working in related technologies.
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At national-level these capabilities have been perceived in various ways. Lall (/990)
uses a combination of measures - such as industrial growth, competitiveness, total

factor productivity change and export diversification - to assess the relative levels of

national technological capabilities. From a study of ten nations,® Lall concludes that:

It is evident that TCs at the national level vary significantly, not only
between developed and developing countries, but also within each group.

Even if the motivations and determinants of firm-level behaviour were
essentially similar between developing countries, the end result in terms
of national capabilities would differ. Firms could be starting from
different levels of development and working with different endowments of
skill and within different market and demand structures. The structure of
incentives, factor-markets, policies, institutions and infrastructure would
differ. And of course, social, economic, political and cultural traditions
would be different, each casting its own influence on the direction and

pace of capability development. (Lall 1990, p. 15)

A number of economic and non-economic variables influence the development of

national technological capability. Case studies which concentrate on single countries
can take into consideration country-specific circumstances contributing to TC
development. The present study, focusing on one country, examines TCs in a

particular capital-goods industry.,

For skill formation, education becomes important as it helps in imparting technical
knowledge, thus allowing more workers to enter the labour market. Scholars such as
Meir (1970), Mincer (1962), Becker (1962), and among others, the World Bank
(1987) have underlined the importance of investment in education and suggested that,
along with the lack of physical assets, lack of education is also a great obstacle to
industrialisation. The importance of technical skill - and the constraint imposed by
want of skill - is evident when making decisions on the selection and import of

technology intended to be suitable to local conditions.

8 Korea, Taiwan, Brazil, Mexico, India, Hong Kong, Singapore, Malaysia, Thailand and Kenya
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If choices are made efficiently, taking local conditions into consideration, the gains
from imported technology will be much greater. Together with these varables
affecting the development of TCs, the role of government has received special
consideration from authors like Amsden (1989), Chang (1993), Huff (1995) and
Shapiro and Taylor (1990). Evidence from these studies postulate the need for

supportive government intervention. These aspects of skill development will be

discussed in more detail in Chapter 5.

Basic Education and Technical Training in Nepal

Table 1.3 presents data on enrolment in primary and secondary education in Nepal.
Primary education figures reveal that in 1991 only 88 percent of the school-age
population was receiving basic education - the education which provides the

fundamental skills which a country needs to establish a modern manufacturing sector.

In considering the determinants of technological capability it is relevant to take into
account the technical orientation of students as indicated by the proportion studying
science and technology subjects at the higher education level. Data available for 1995
indicate the following percentage of enrolment in science and technology: 15.70
percent of Nepalese students were engaged in technical studies, 15.50 percent were
on vocational courses and 68.80 percent were in general education (CSB, 1998).

These figures postulate the need to strengthen and build up a technically skilled
workforce for Nepal.

Table 1. 3: Education Enrolment in Nepal (Number Enrolled in Schools as
Percentage of Age Group)

Education Level 1981 1991

Primary 52.20% 88.70%
Lower Secondary 37.90% 44.90%
Secondary 37.85% 37.50%

Note: Primary -Ages 5 to 10; Lower Secondary - Ages 11-12;
Higher Secondary - Ages 13-15
Source: CBS, 1991, 1994 &1996; Ministry of Education, 1993,
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Table 1.4 presents a scenario of the growth of science and technology manpower over
the period, with data for selected years (1977-1995). The figures computed with 1977
as base-year actually indicate a slowing down of the rate of growth of numbers of
S&T personnel. The yearly growth rate for the whole period (1977-1995) was only
7.15 percent - as compared to 11.69 percent for (1977-1982) and 10.86 percent in
(1982-1987); over the later years 1987-95 the rate was no more than 3.5 percent. For
the period 1985-90 a shortage of 7, 000 technical personnel was estimated to exist

(NPC, 1985, Shakya, 1993).

Table 1. 4: Numbers and Growth Rate of Science and Technology Personnel
(1977-1995)

Discipline 1977 1987 1995
(base -
vear)

Number | Number Yearly | Number  Yearly Number Yearly

Growth Growth Growth
Rate Rate Rate
% % %
Agriculture 1395 5.56
Engineering 2554 6.64
Forestry 718 8.84
Medicine 1663 7.64
N. Science 1906 . 8.35
Total 8236 7.15

Source: RONAST, 1987; Adhikari et.al 1995 (Draft)

1.3

OBJECTIVES OF THE STUDY

Having reviewed the context in which this study is set, we now return to the
objectives of the study, which concern the contribution - actual and possible - of the
MMHP sector. (the term “MMHP sector” has been used in this study to denote both
MMHP energy generation in rural areas and the manufacture of the required
generating equipment). The two principal purposes of the exercise, given the existing
situation in Nepal as regards to rural energy and manufacttiring capability are to
assess (1) the potential of the MMHP sector to supply a solution to the rural energy
problem and to assess 2) its potential to form, at the same time through the

manufacture of generating equipment, a vehicle for the transmission of technical
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expertise to Nepal. In fact, with respect to technology transfer, there is a dual
objective: to find out not only if producing MMHP equipment can -develop
manufacturing capabilities but also to see whether thetr installation, operation and
maintenance of generating units is leading to a transfer of skills and knowledge to the
rural areas - a transfer of technology which not only permits the efficient operation of

the MMHP units but also facilitates the introduction of new, technology-based

activities to these areas.

The MMHP sector was chosen for study for two reasons: 1) with a considerable
amount of MMHP development having already taken place in Nepal, MMHP has been
credited with the potential to provide a solution to the rural energy problem; 2) the
manufacture of turbines and other related equipment has already found a firm foothold
in Nepal, and 1s the only existing manufacturing activity in the country which may
perhaps form the nucleus of a more highly-developed machinery manufacturing

SCCtor.

A further, third objective of the study is to assess the effectiveness of the support
given by the government and other institutions both to potential users and to the
manufacturers of MMHP equipment. We wish to identify the nature of the difficulties
or problems faced by both sets of parties and consider whether, if it should emerge
that the promotion of MMHP is a desirable strategy for Nepal, any improvement in

policies or in the existing institutional structure can be recommended.

As the proximate means of achieving the study’s objectives, information has been

sought on the following issues:

1) Problems and Profitability in the Use of MMHP Installations:
The aim here 1s to identify factors inducing or deterring the establishment and
affecting the operation of MMHP units. An attempt is made to estimate returns

on MMHP investments. For the successful promotion of MMHP installations

therr financial profitability is essential to induce investment by possible
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entrepreneurs; as degree of plant utilisation determines the profitability of an
energy project, the type and volume of end-use are critical. Such matters are
investigated. The operations of the MMHP plants are also appraised with
respect to their wider economic and social efficiency in terms of generating
benefits to the rural communities. Finally, an analysis is made of how the

MMHP installations compare in terms of private and social costs and benefits

with solar photovoltaic and diesel-powered installations.

2) The Technological Capabilities of the MMH Turbine Manufacturing Firms:
We investigate, with reference to the literature on developing technological
capability, the progress of the MMHP manufacturing sector in Nepal, and seek
to determine the potential of the sector to provide a core centre of technological

expertise and technical experience within Nepal. Various indicators and

measures of technological capability are applied to the operations of the mini-

micro-hydro turbine manufacturers. Strengths and weaknesses of the
manufacturers are then identified on the basis of these criteria. Furthermore,
mvestigation of the operation of MMHP units in the field should yield

information on the extent of technology transfer to the rural areas.

3) The Policy and Institutional Environment in Nepal as It Affects the MMHP

Sector

Various measures have been introduced in order to promote MMHP in Nepal;

direct and indirect policy enactments have sought to nurture technological
progress in the country. In appraising these efforts, the study attempts to

evaluate:

a) overall industrial policies with specific emphasis on policies related to

technology transfer;

b) policies intended to promote the use of the technology in the rural areas

of the country;

c) the financial incentives offered for the purpose of promoting technological

progress;

15




d) the contribution of the various institutions, governmental and otherwise,

involved in the areas of technology transfer and development

To summarise regarding the aims of this study; the probing questions are - does the
promotion of MMHP turbine production as a manufacturing activity, and, the use of
MMHP installations as an energy source, constitute an effective way, at one and the
same time, of meeting a need (demand) in the rural areas for access to an alternative
energy source, and of filling a technological gap on the production (supply) side
within the economy? The study therefore seeks to identify the outcome of MMHP
installation and the possible impediments to exploitation of this energy source by
potential users. The study also seeks to identify the actual capabilities of the
manufacturers and the path by which they may be able to advance, with appropriate
support, to higher technological competence. Finally, it seeks to reach a verdict on the
strengths and weaknesses of the policy/institutional context in which MMHP
development is taking place. It is hoped that this study will generate clues as to
critical factors involved in the successful transfer of technology in the case of a small-
scale industry manufacturing equipment principally to meet the demands of domestic

investors.

14 METHODOLOGY

14.1 Methods Employed

The study is exploratory as well as analytical. Two sets of surveys were carried out
for this study: one of the manufacturers of the MMHP equipment, and the other of the
operators and users of the MMHP installations.

A. The Survey of Users - Rural Enterprises

The survey of users was conducted using a set of questionnaires which was used to

guide the enumerators in collecting the data. Information was sought under two

headings:
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1) with respect to the general environment under which the technology was
operating;
2) as regards the financial and the economic viability of the plants.

Under the first heading information was collected on technical matters relating to
operation, end-use and constraints encountered in the efficient performance of the
plants. Under the second, financial and other information was gathered in order to
estimate the commercial and social returns deriving from investment in MMHP plants.

This allowed comparison of the MMHP technology with other energy sources - solar

and diesel - and enabled assessment of the appropriateness of the technology choice.

The survey sample consists of 90 MMHP plants installed in the hilly and mountainous
regions of 17 districts in Nepal. The sample consists of plants whose installed capacity
ranges between 1kW and 50 kW and which are used for agro-processing as well as
for electricity generation. The turbines for all the sample plants had been supplied and

installed by the Nepalese manufacturers.

B. The Survey of Manufacturers

The survey was independently carried out by the author for the purpose of assessing
technological capabilities of the firms engaged in the production of MMHP
equipment. Eleven manufacturers were identified as having recently operated in this

field. However, as three had diverted to other lines of production, only eight firms
were included in the survey. These eight firms comprise the total currently engaged in
the manufacture of MMHP turbines. Attempts were also made to contact the other
three firms, with the objective of determining the reasons for their giving up MMHP

activities; only one of the three proved difficult to contact.

The field survey was complemented by interviews with experts in this technology -
research organisations as well as national and international organisations involved in

the promotion of the technology. The interviews focused on the measures of

technological capability. (These measures are discussed in detail in Chapter 5).
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1.4.2 Data Sources

The data for the micro-hydro turbine manufacturers are derived from primary as well

as secondary sources. Several micro-hydro plants in different parts of the country as
well as the manufacturers, were also visited for first-hand information. Micro-hydro

plants were visited in order to get an experience of the environment under which these

plants thrive,

Amongst the secondary sources used were: Census of Manufacturing Establishments
(CME) of various years, published by Central Bureau of Statistics and National
Planning Commission, Government of Nepal. The coverage of the census is restricted
to manufacturing establishments engaging ten or more persons. These censuses
provide information about organised manufacturing units only; no reliable data for
unorganised, small scale manufacturing firms are available. The Annual Survey of

Manufacturing Establishments (ASME), which was published for the first time in

‘ 1987-1988 has also been used. The CME is however, the most exhaustive source of

industrial statistics in Nepal; its coverage extends to the entire factory sector and
provides disaggregated data at the individual firm level. The Census is . generally
undertaken every five years. Data regarding the energy scenario in Nepal have been
extracted exclusively from the Energy Synopsis Reports published by the Water and

Energy Commission Secretariat.

The World Development Report, World Bank Reports, various UNESCO reports and
publications, and books by experts in the field of S&T were consulted and used.

Similarly, data pertinent to Human Resource Development (HRD) and Human
Development Capital have also been used.

1.4.3 Limitations

The MMHP sector is a ‘non-organised’ sector, and hence, is not listed in the CME
and ASME. This has made it essential to visit the manufacturers individually to collect
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data related to investment, output and employment, thus making the exercise time

consuming and also limiting the sample size. Further, the owners had reservations
about providing certain information with respect to profit and actual investment
details, indicators which could have helped in determining the output-efficiency with
respect to resources. The production of multiple products by all the firms creates

difficulties in estimating value of the profits made through the manufacture of the

mini-micro-hydro turbines alone.

1.5 STUDY PRESENTATION

The study is presented in eight chapters. A brief outline of their content is given

below:

Following this initial chapter, Chapter 2 focuses on mini-micro-hydro technologies

used in Nepal and other developing countries. This chapter provides an insight into
the comparable advantages and disadvantages of various types of turbine
technologies. The discussion extends to some essential civil constructions as well as
electricity generating components in a MMHP installation. Comparison between
mini-micro- hydro technologies and selected renewable energy technologies with
respect to applicability and efficiency, the status of MMHP technology as used in

selected developing countries and the measures adopted by some of these countries

for promoting this technology are also discussed here. A description of the
commonly-used production process in the manufacture of turbines provides the
background necessary for understanding the nature of technological capabilities
required n this area and for appreciating the reasons for selecting this technology in

the Nepali context.

In Chapters 3 and 4 the MMHP technology is examined from the perspective of the
users. These chapters report on operational matters in the rural context, and on the
viability of the MMHP installations in financial and in wider socio-economic terms.

Chapter 3 presents the findings of the MMHP users survey, giving attention to the

nature of the environment in which MMHP plants are required to operate. Light is
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shed on the factors which make for successful operation, or otherwise, of these plants.
Chapter 4 reports on the assessment made of the financial and economic viability of
MMHP plants. It is noted that while investment in MMHP installations by potential
entrepreneurs will depend on the prospects of the profit that they foresee, wider
considerations of economic benefits - benefits both tangible and intangible - are
appropriate for the justification of such investment as a mode of national resource
allocation. Chapters 3 and 4 jointly provide a picture of the effectiveness of MMHP as
a provider of energy in the rural context. If MMHP was not a viable performer in the

rural areas, the case for promoting in the country the manufacture of MMHP turbines

and other equipment would be gravely - indeed fatally - weakened.

In Chapters 5 and 6 the focus changes and the study concentrates on the production
side - on MMHP manufacturing as a vehicle of technological capability building in

Nepal. Chapter 5 reviews the theoretical background, examining relevant ideas in the

current literature on development which emphasise the importance for a country's
economic progress of building up technological capability, thereby enabling advanced
technologies from abroad to be successfully absorbed and mastered. The part which
the government may play in promoting technology transfer and absorption is
considered. Criteria by which a country's degree of technological capability may be
judged are highlighted: these criteria or indicators provide a basis for the analysis in
the following chapter of the technological status of the mini-micro-hydro

manufacturing sector in Nepal.

Chapter 6 reviews the current status of the Nepali manufacturers against the
technological capability indicators outlined in Chapter 5 and identifies the major
strengths and weaknesses of the firms. This chapter addresses the hypothesis that

experience in the use of imported technology alone does not automatically lead to

higher levels of technological capability.

Chapter 7 1s devoted to the role of the government and other institutions in promoting
MMHP development. The policies that have been applied in Nepal are reviewed to

determine whether there exist any major gaps such as may inhibit the development of
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MMHP. The existing institutional arrangements for the promotion of this sector are
also analysed with due acknowledgement of the role played by various international
organisations. The institutional arrangements in selected countries of the region are

also assessed in order to asses the strengths and weaknesses of the situation in Nepal.

Finally Chapter 8 presents the findings of the study and addresses some issues of
policy which emerge. Concern is with the development of a dynamic process of
building up technological capability in manufacturing and for the development of

sustainable rural energy supplies through the use of mini-micro-hydro.
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CHAPTER -2

MINI-MICRO-HYDRO TURBINES USED IN
DEVELOPING COUNTRIES

2.1 INTRODUCTION

The aim of this chapter is to highlight the mini-micro-hydro power (MMHP)
technology as used in developing countries. The second part following this
introductory section describes the various types of mini-micro-hydro technology in
use and the technology upgrading that has taken place over the years. The third
section compares the features of the different turbine technologies with respect to
their advantages, disadvantages, performance and efficiency. The fourth section

discusses the various accessories used in MMHP. The fifth section deals with the

several components of MMHP turbine installations. The sixth section focuses on plant
costs, the end-uses of MMHP and future prospects. The seventh section compares the
status of the technology in selected countries with respect to manufacturing capability,

and use of the technology. The eighth and the last section draws some conclusions

regarding the MMHP technology used in the developing countries at large.

2.2 TURBINE TECHNOLOGIES USED IN MMHP
APPLICATIONS

Hydro-power technology is a mature technology which has been well applied world-
wide at a large number of sites. Mini-micro-hydro turbines are turbines of lesser
capacity but not necessarily scaled-down versions of the larger turbines. They are

widely used for providing decentralised energy sources and are one of the most
environmentally benign energy conversion options available. Compared to large scale

hydro power, MMHP can be much more easily implemented without significantly
interfering the natural flow of the river (SEI, 1991).
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In most developing countries the mini and micro hydro turbines locally produced are

based on the concept of using simple equipment and reducing capital costs as far as

possible, rather than scaling down large-scale hydro-technology for small installations.
Harnessing of small hydro resources lends itself to decentralised utilisation and local
implementation and management. This supports rural development based on self-
reliance and local natural resources (Meier, 1981). The energy of micro-hydro units is
best used when the larger part is consumed on the spot as mechanical energy, without
the intermediary of electricity. Such units are called mechanical drive units. They can
be used for decentralised agro-processing like grinding, rice-hulling and oil-pressing,
sawing and water-lifting for irrigation. Micro units solely for electricity generation are

often not economical because of high unit costs (Blankenberg and Hulscher, 1990).

These MMHP plants, unlike the large plants, do not require elaborate construction
works m remforced concrete, nor expensive power houses and highly optimised
electro-mechanical equipment. Thus high safety standards associated with large-scale
construction works are often not necessary. The standards of voltage and frequency
of regeneration of electricity are modest, thus implying considerable savings, without
substantially reducing the benefits of a small hydro-scheme.(Meier, 1981). Over the
years several innovative developments have taken place to arrive at the present day

technical-status. Chart 2.1 presents the upgrade path of the mini-micro-hydro

technology since the use of water-wheel or the traditional water-mill - "Pani-Ghatta".

Diffefept'_t_e'ng_s have been used for different sizes of hydropower plants in various
 countries. UNIDO has categorised the sizes in the following manner: micro-hydro
(MHP) up to 100kW capacity, mini-hydro between 101- 1000 kW capacity, and small
hydro between 1001 - 10,000 kW capacity. Other countries have allocated other size
ranges to each of these categories. In India, for example, plant sizes between 101-
2,000 kW are defined as mini-hydro and those between 2,001 to 15,000 kW are

designated as small, whereas in China mini plants have a size range of 101-500 kW
and small have a range of 501-25,000 kW. For this study, the UNIDO definitions

have been followed, unless otherwise stated.
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Chart 2. 1: Technology Upgrading Path

WATER - MILLS UPGRADATION IMPROVEMENT IN GRINDING

CAPACITY
Traditional Corm - 20kg/hr
Pani-Ghattas Millet - 33kg/r
Wheat - 25 kg/hr
New ImProved'Pani;Ghvc‘zfuas Corn 30 kg/hr
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Wheat 36 kg/hr
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Source: IT,1997; Survey of Manufacturers
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2.2.1 Hydro Turbines Manufactured in Developing Countries

A turbine converts energy in the form of falling water into rotating shaft power.
Turbines run most efficiently at a particular speed, head and flow. Turbines can be
crudely classified as high-head, medium-head or low head machines. There are two
distinct types of turbines, the impulse and the reaction turbine. The impulse turbine is
driven by jets of water impinging onto the runner whereas the reaction turbine is
submerged in water and is driven by the angular and linear movement of the water.
Several other characteristics of the two types of turbines are compared in Table 2.1.
Impulse turbines are easier to manufacture and hence most often attempted by new
ventures in turbine production. The main difficulty encountered in the manufacture of
reaction turbines is achieving the accuracy of machining required in order to produce
the appropriate casing profile to accommodate the turbine runner; hence this
production is seldom undertaken in developing countries. Furthermore, as reaction
turbines rely more upon a uniform supply of water, their part-flow efficiencies are
lower. This makes them less suitable for rural areas where there are large variations in
the seasonal flow of the streams. Such areas would require a water storage system

thus escalating the cost of the project.

Table 2. 1: Comparison of Various Types of Turbines

Reaction Turbine Impulse Turbine
Tailrace Submerged Open
Specific speed High Low
Speed efficiencies High Low
Part-flow efficiencies Poor Better
Runaway speed High Lower
Cavitation Difficult to reduce Reduction possible
Effect of sand and particles in the water Higher Greater tolerance
Maintenance requirements more complex Complex Easier
Casings required Requires stronger and more Less critical
accurately cast
Suitabilit Low-head schemes High-head schemes

Source: Frankeil, 1991; SEI 1991 and various Editions of Hydronet

Although there are several differences in the efficiency and applicability of turbines,
the selection of a turbine remains to be determined by the project site, available head

of the water resource and the expected power output.
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2.2.2 Water wheels and ""Pani-Ghattas"’

Traditional waterwheels are made of wood and are quite heavy. They are constructed
with several flat paddles which are powered by a swift-flowing stream. Also known as
under-shot, over-shot or breast-shot wheels, they can be made more efficient when
built in combination with weirs. The water is banked behind the wheel and is admitted
through a control gate at a fair velocity. The life span of water-wheels can be anything
between 6 and 30 years (Blankenberg and Hulscher, 1990). In Nepal the most
popularly used traditional mills have vertical shafts and are commonly known as
"Pani-Ghattas". The vertical shaft of the mill is fixed to the upper grinding stone, and
the mill is used for grinding grain (See Fig.2.1).

2.2.3 Multi Purpose Power Units (MPPU)

Fitting in somewhere in between the Pelton wheel and the traditional "Pani-Ghatta",

is a design from Nepal called MPPU (See Fig.2.2). Like the Pelton turbine, it has a
runner with spoon-shaped buckets and a penstock pipe with a nozzle. The whole
construction 1S simple and cheap; it consists of large hammered steel buckets,
standardised welded steel supports, and a non-adjustable nozzle. The design is also

cheap because no painstaking efforts are made for optimisation. Nevertheless,

compared to waterwheels, efficiency and speed are doubled.

The MPPU 1s a small unit designed for local agro-processing. The shaft is vertical
which 1s directly fit into one of the mill-stones. Pulley drives are included for power

take-off to agro-processing machinery. Likewise a generator or dynamo can be

connected to produce electricity.

MPPUs are of modular construction, and are assembled on the site of the installation
(Blankenberg and Hulscher, 1990). As the MPPU is a modern version of the
traditional "Pani-Ghatta", a technology well understood by the local people, it is

relatively easy for them to adopt this technology.
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Fig. 2.1: Traditional Water Mill - “Pant Ghatta”
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Fig. 2.2: Multi-Purpose Power Unit ( MPPU )
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