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Smalsl'decentralized hydropower p;dgram ‘
sy : Th;s pubhcatxon is one oPa series that fosters the effective’ use of small deeentrahzed
hydropower systems. This series is published by ‘the Small Decentrahzed Hydropower
(SDH) Program, International Programs Division, National Rural Electric Cooperatx\re
. Association (NRECA). NRECA operates the SDH Program under the terms of )
+ Cooperative Agreement AID/DSAN=-CA-0226 with the Office of Energy, Scaence and
Technology Bureau, U.S. Agency for I.nternat:onal Development. )

_‘_.s

Under the agreement, begun in May 1980, NRECA prov1cles a broad range of technical~ "~

- assmtance to developmg countrles. N RECA provides a551sta.nce by . , o

B ) de51gn1ng a.nd 1mplement1ng reglonal Wo"tkshops in Afrlca, A31a, and Latin Amerlca \
o ) ,developmg ‘and condu;tln»g'ln-country resource surveys and site asséssments
* wwdmg engmeermg, supervision, a.nd spec1ahzed assistance -

e developmg speaahzed pubhcatmns such as state-of—the-art reports, mventones of
: manufacturers, and asVsessment methoclologles
\' - ) LS . . -
e conducting spec1al stud1es on idgsues pertammg to fmance, management, evaluatlon, :
T a.nd. other subJects - S S v

- 4
‘

\;.; '
° provnhng trammg serv1ces in such tO“lCS as operatxon and mamtenance, resource. S
assessment equ1pment fabncatlon, and,qnstltutlon bu1ldmg
e carrying out specialized services such as tours of U.S. manufacturing. plants and
' small hydro sites-and seminars gn- private sector 1nvolvement

. . creatmg spec1ahzecl proclucts ‘U!.h as productlve-use plans for energy ftom small
‘ decenttalized hydropower.

~— -\

For more information.on &’e SDH Program, please contact:’

B Trammg,and Info_rma mn Coordmator R = B
" Small Decentralized Rydropower Program . o -
International Progi-jams, ivision - ' - :

National Rural Electnc C00perat1ve Assocxatmn - &
o 1800 Massachusetts Averue N.W. - :
- . ‘Washington, D.Cs 20036 \

A_‘,», 'I:eleplmne ‘202“857-9622 o e Dty _ i
S Telex:” 64260 - o ; . . K .
" Cable: NATRECA N - . .
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, v . . % ) L u‘lstalling sma_u hydropower plants,in Nepal mamfests
NEPAL ! ’ some of the same charactehstxcs encountered by-other
" ' . nations, charac teristics which discourage replication on
a broader scale. Among these characteristics are the k

. . . . s . '
D. Natziger .. )

Introduction T bureaucratic delays which result in long gestatmn~ ) .
. ® ) L Y os periods before a plant is operational, the high cost of ™~ 5
Since the turn of the century, numerous small schemes, and the growing dependency on external T -
.. decentralized hydropower plants have been installed in finadncing to cover these costs. W T
the generally ‘more temote areas of developing . : . -
< . “countyies. These often have been_mstalled on an But in the 1960's, Baléju Yantra Shala (BYS), a private
- individual basis to.provide power to' mxssxon hospxtals, machine shop in Kathmandu established under a Swiss
govemment outposts, mining operatxons, plantations, * aid program, undertdok to design, fabricate, and install *
and others with a specific need for power. ,The several propeller turbines to drive grain~-milling o .
turbogenerating £quipment was often expenswe and - machines, This efforf provided a catalyst for another
usAually required the skuls of expatriates to'ipstall, group, the United Mission to Nepal (UMN), through its,
mamtam, and operate on & contmu.mg basis, - ° Butwal Eng'meermg Works Private Lirmhited (BEW) and. N
. . F Development and Consulting Sewzlces (DCS), to become T
More recently, governments of some ﬁevelopi‘ng ) involved not only in designing, fabricating, and testing . .
countries have attempted to install hydropower schemes turbines and associated hardware but also in developing
on a larger scale, as part of an overall energy supply a viable, virtually non-subsidized approach to field ¢
program. Indonesia, Pakistan, India, China, Peru, and implementation of small water-powered mill '
Papua New Guinea are among these countries. In the - installations. This private sector approach to the
« 1970's, the increasing cost of il gave such programs implementation of a micro-hydro program- illustrates an
‘added impetus. Leavmg asitde t.be Chinese experience encouraging alternative to the generally more costly, *
o because of the unique circumstances under which the «bureaucratiec governmental approach It s an approa.ch
: exjensiye implementation of small hydropower schemes which lends itself to replication m other countries . '.
. occurred there, many of the efforts pursued by other ' where sufficient interest and motlvatmn can be found
nations proved costly and frequenfly discouraged further and where appropriate end-uses exlst to take advantage
undertakmgs. i of the power generated.
Nepzf’ls another couniry whose government has The effectxveness of the approach used by BEW ahd DCS
undertaken a small hydropower program. Faced with a ~ “in implementing their micro-hydropower, installations is
difficult situation—few roaa.s, a scattered-but dense apparent in the fact that, since the mid-1970's, over
population in certain parts'gf. the cauntry, rugged. .- sixty mills have been installed, most in very remote
terrain, major’ deforestation, and no indigenous oil areas. And, as existing hydropower mills provide those
reserves—~the Nepalese see decentralized hydropower as living in the rural areas with verifiable evidence of their
a promising option. But the government approach to usefulness, viability, and profitability, the pace of
co . AR , J , ,
4

Fig. 1. A two-story mill house

with the turbine and milling = . -
equipment on ground level and T
living quarters above is visible on '
the right. The penstock can be -

seen emerging from the f orebay in

the upper center of. the figure.
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: and Consulting Services (DCS), now carries out most of

" Except where specific reference is made to DCS or

implementation is increasing. ’I'hls case study ik ’ . o
documents in some detail both the evolution and
characteristics of the BEW and DCS approach in or
to provide ideas to those interested in igitia,tinga/ N
‘micro-hydro program on a broad scale and' to proyide a
possible framework within which,such a’ program could
evolve. ’

BYS is also involved in a similar program in Nepal but
its ezpenences are not described here. Further

. information on their experiences can be found in the ,
publication, Local Experience with Micro-Hydro o
Technologz, which is available from the Swiss Center ’
for Appropriate Technology (SKAT), Varnbflelstrasse
14, CH-9000 St. Gallen, Switzerland. '
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Butwal = 3. 5 ) *{Fig. 2. The lanto is a stone mill used by each household

The United Mission to Nepal (UMN), the organization at \.‘for grmdmg com wheat. and mittet.

the root of these developments, is a private voluntary o o : T o ‘ . N
organization, headquartered in Nepal, comprised of : i N ) 1
nearly forty Protestant mission groups dnd church- SR - ;;‘A ot

related aid agencies. In addition to work in the heaith - : o

‘and education fields, rural and industrial development Is -Fig. 3. The dhiki, a foot-poweredmortar and pestle has

carried out under its Economic Development Board. tradltlonally Been used by women to hull paddy {rice). <

The Butwal Technical Institute (BTI), begun in 1963, was
the first such undertaking. As this project grew beyomd- =’
the functlon of')apprentxceshxp training with its machine
shops, new orgamzatlons were created. BTI was
‘subsequently redefined as the holding organizdtion for

the various worksholis which were formed into private
limited companies. Among these were the Butwal
Plywood Factory, the Butwal Power, Compa.ny, the

Gobar Gas and Agricultural Equipmént Company, the

. Butwal Wood Industries, and the Himal Hydro .
* Construction Company. The mechapical workshop
became the Butwal Engineering Works Private Limited
(BEW). Another organizational structure, Development

R. Yoder

" the non-workshop-oriented consulting and field work.
The private limited companies and DCS are located in
Butwal, a small Nepalese town on the northern edge of
the flat rice-growing plains spreading up from India, at’
the base of the foothills of the Himalayan range. This
town is situated on the road from Gorakpur, India, m_; .
Pokhara, Nepal. . ’

.

BEW, the term "Butwal" is used to indicate the overall
grouping gf individuals and orgamzatiqns involved in .
designing, fabricating, and installing small hydropower
plants.

Program histary .

Harnessing its water resources is not new to the
Nepalese. For centuries, its streams and rivers have
been tapped for itrigation, and canals, oftefi kilometers
long, crisscross the hill and valleys, perched on steep
maountain slopes and occasionally tunneled: through -

é
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Fig. 4. 'The kol is used f or extracting oﬂ from séed. A
heavy timber s rotated within a hollowed out boulder

cqntaining the seed. The process is'arduous and time-
cogsuming and the yield {s relatively low.

. rock. Rice, corn, wheat, and other crops are grown on
irrigated plots. The  processing of. some of the produce—
the hulling of rice, milling of grain, and the expelling of .
oil from seed—are tasks which traditionally have been
performed largely by hand using rudimentarytools. One
of these tasks had also Been mechanized centuries ago
with the development of the vertical-axis water wheel’
to directly drive millstones for milling. grain. Thousands
of these water-powered mxllsﬂot the cou.ntrysxde.

More recently, diesel-powered mxlls which perform all
three of these tasks were iniroduced in the mountains.
Despite the higher cost for processing grain and oil seed
because of the capital cost of diesel-powered mills and

e~ the high cost of diesel fuel in remote areas, these mills

2

have proved popu.lar. Thercan be found thoughout the
country in greas distart from the main roads and
populatian centers,’_ It was to provide an alterpative
source o :‘1inotive power for these.mills that BY:§ first
fabricated "and mstalled propeller, and later
turbines. ‘

A "'

::“ BTI occp.s:onally Lmdertook repair jobs on t.he \BYS
turbm‘etm its workshop facilities. An increasing
,number ‘6f people who had:seen these few turbines o
gperaturgsuccessfully in txl\":e hills.went to Butwal +

requesting assistance in instaliing simllat@lants in’ their
-own villages. Initially, because of BTTs Timited
capacity, its involvement with other work (including
fabncation of fnbt suspension bridges, ropeways; and

2 Tinau Hydro' Pro)ect which evtually supplied 1 MW ‘
of electrical power to.Butwal and the sifrounding area), * i

and its ma.Bxhty to dedicate sufficient time and staff to
the design of* turbines, se potential customers went
elsewhere. But as BTI's workshop capacity mcrea.sed
there was increasing pradsure to look-for new ’
manufacturing ventures, Following considerable
discussion with Potential customers, loca] staff, and

‘ employees on existing needs which might bé met by the -

workshop, the board of directors of both BTI and; DCs
dpproved a proposal for a pﬂot hyd.ropower pru]ec,t.

<

P
Y
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T'hough elec lnczty for lighting is frequently sought by .
* both vzllagers ard the government, this is not a primary
need,’ Some kerosene is used for lighting, but, aside
from firewood use@nmanly for cooking, d:esel fuel for
milling is more essential to the rural population. The

. proposed pilot project, therefore, focused on providing .
energy for milling, By plaging emphasis on this need, it
was possible ta develop,and perfect des1gns for a turbine
and associated hardware to directly dfive agro-’
processing machinery without being encumbered by the °
need to iftroduce the more expensiye and )
LechnolOgically complex electrical components, *' =
Based on B’I‘I's experience with the ﬁYS turb,mes and on -
observations of existin, hydroppwfer installations, it was
apparent that there was a need for a broad, well-
coordinated program. This program needed n8tonly to . .
include the design and fabrication of rellable, low-cost
turbines but also to fleld teams of individugls with a
‘. broad range of ex'pertlse to ealuate mtes, discuss

* “options for technical designs and financing with .
prgspective customers, design the necessary civil and
mechanical works, install machinery, -and-undertake the

" necessary follow-up maintenance work,

n 19§75 the UMN recexvéd a grant for $24,009 to
/establish such a program, ‘In addition, BTI funded the
cost ‘0f both the turbine devéldpment and part of the -
test site facility. Two fu)j-time, and several part-time, -
expatriate engineers and staff Miembers. -were iul'ly *
supported by their sponsoring organizations: Smce- the
program_was envisioned tp be imancia.].ly seli- -
supporting, with income, ffom sales covering overhead -
and develepment costs, ‘the grant reflected only werhmg

rox'a

capital and ‘start-up costs . P “ -
* v q .
D@GS took primary responsibility for field work This
inclilded customer cz&ntact site survey, plant Jayout,
oréermg and assernblmg al.l machinery and materials for
delivery, instaﬂatwn, and follow~-up repairs. “BTI (and
later BEW) became the contractor for the‘fabncgted

4

Fig. 5. Diesel mgtnemhsed to diive muung and ou-
expelling equipmeht are f ound scattered throughout T
Nepal. . :

&




grain hoﬁpé&-

raised or lowered
to adjust clearance
between millstones

F_‘g\r’;‘. 6 Croés-sectional view of a traditional mi’ll.

~

“parts. In addltmn, BTI retained respcmaxbxlxty for ~ Fig..7. One of-the thousands of traditional water-
‘tutbine résearch, development, and testing since these powered mills found in Nepal.

i contribyted to.its manufactiiring and marketmg - ' CT

‘ activxtieﬁ ¥

Orga.nizatjonally:, it might have ueemed more
straightforwarg tf the entire’ program Bad been kept
within BTI. However, its previous experience with a
footbridge program indicated that sending workshop
personne] into the fjeld’ disrupted imtal}atwn work; .
workshop plarhing, and production, In addition, salaries
- for workers'in the field were also neceuadly higher =
than those for workshop staff; creating conflict between «
workers. Since this program had potential for growth it
* was decided to make it a separate program within the
- DCS framework f:om the beginning. ‘.

During the initial pha.ses of the prdject, progress was
slow. The self-imposed limitation of using only

. materials avaxlable in Nepal and the Indian subtontinent

° required that many items be designed and mapufactured
in Nepal instead of regorting to the far easiex ethod of
importing. In 1977, the first three water turbine- )
powered mflls were inatalled in the hills of Nepal. This

was followed:by 11 installations in 1978 and increasing - - th 8. Water falling several meters through an open
numbers in subseqyent years., A.total of 65 mills have wooden channel (seen emerging to the right of the shaf;)
been installed to date. . provides power+o drnie the grindstones. * BEAN
. 3 s 0 - el
A N -3 ¢
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Technical designs
': K i
Selection of. turbine type oo

Innumerable small styedms with steep gradients are
located in the centrgl hill region of Nepal which
supports most of thdt country's population. Peaks rise
to a height of 3,000 meters. But, unlike the Himalayas
to the north with their perennial snow-fed streains,
streams in the central region are entu-ely rain~ and
spring-fed. Whereas monsoon rains lead to heavy floods,
stream flows are extremely low by the end of the dry
season in April and May. These conditions are not
wicommon to many tropical countries with hydro

-patential. Under those circumstances, it appeared that

@ Pelton turbine which operates under a high head and
requires relatively low-flows would be most .
appropriate. However, even the single Pelton turbine
fabricated by Butwal has never.been installed and is still
in its workshop.

There aJ':e several reasons why turbines operating under
high heads have proved less appropriate in Nepal than

.those operating under lower heads:

Fig. 9. Inside a traditional mill. Grain placed in the
rectangular tin i{s qutomatically fed through the center”
of the grindstone which (s rotated by the waterwheel
underneath the building. The woodenpole through the
floor in the foreground is used to adjust j.he clearance
between the stones. .

k]

" was not pursued by elther BYS or Butwal. Both BYS and |

e conflict with irrigation—In the hills covered with
texraces for growing rice and other crops, use of
water for irrigation assumes primary importance.
Water rights are carefully protected. If any.water
found in the streams were to be used for hydropower
generation, it would bypass all the land located
between the eleyation of the intake to a hydropower
scheme and the elevation of the powerhouse and
would no longer be available for irrigation. For high-
head units, the extent of this land may be
considerable. The chIbihty of the owner of a water—

powered mill deprivingdarmers of their water is -
inconceivablg. Even several cases where exceds
water for power gehérafion would have been .
.available, the farmers anticipated eventual loss of
control and blocked further d.evelopments. Bt soon -
became apparent that the best sites to develop were
those where the potential mill owner controlled or
could purchase the land beétween the intake and
powerhouse. This implied that, to minimize conflict,
sites with low heads wopld have to be develaped. Of
course, another alternative might have been to .
exploit hxgh-head sites as a cooperative venture
among all the-affected farmers. However, gwen the
social setting, it initially proved easier to deal with
individual entrepreneurs than to initiate such
ventures,

. ® ERropnate locatxon of potentxal sites—Another |

critical factor turned out to be that high-head sites,
though numerous, were usually at’ 1mpract1cal
locations—either on steep slopes Drone to landslides
or too far from a village to be convenient.
Observation and understanding of traditional. mill
locations and water control rights would have’

" revealedcthis problem earfier.

e cost of Eenstock;—High-_head sites generally require a
longer and usually costlier penstock pipe. In several
locations where a lilghehead site was technically and
socially acceptable, the-cost of the penstock alone
was twice as much as that for the turbine.

. As a result of a review of thege and oﬁherr factors, it

was decided to develop low-head sites. In the mid-
1960's, BYS had initiated'their hydropower work with
the design, fabrication, and-installation of pvopeller .
turbines. However, because of the complexity of the
design and the manufacturing requu'ements, this work

Butwal decided that their work wquld center on the
fabrication and use of the (Michell-Banki) cross-flow
turbine. This type of turbine seemed more appropnate

" because it is relatwely easier to fabricate. It was also’

possible to accomodate a wide range of flows and Keads
-with only minor design modifications. The same jigs
could be utilized in fabricating turbines of dlffe:ent

. capacity‘ . T -

~

B .

By ‘focusing their effort on turbines for low-head sites
with nearly identical operating conditions, it Wwas
possible to develop a single basic design and then to

Nepal 5
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Fig. 10. A cross-flow turpine fabricated bx BEW. This
w200 mun gurner-s 560 mm long, the ongest runner
; JDV‘"%’I}H\ 'narmf'umr()d by BE . When in use,-the

[ e

e e
.« - learn from ensuing experiences in order to improve
subgequentjunits. Most mills'operate under heads of
. " from 5 to 13 meters. To date, about 65 units have been ,,
Ve . fabricated and installed and tﬂe experience gained has
e been incorporated in what is now a well-engineered
/ turbine design. .

. The design which evolved uses a cross-flow runner
- ) either 200 mm or 400 mm in diameter and is
manwfactured in 10 standardized widths to suit a range
of flows. The flow is controlled manually by means of a
single guide:vane with the same width as the rumner.

-

* The runner, housing, transition piece between the Fig. }2. One Of the f”‘S[ turbines fabricated by BE“
penstock and turbine, and the draft tube are fabricated; bemq installed at Dobilln. ‘ :
of stee] plate. A hydraulic press is used to form the : ¢ ,
_runner blades, guide vanes, flanges of the housing, and ’ i’ - .
© other components formed by bending. Initially, : to support the shaft of the runner. The limited life of
difficulty was encountered in locating suitable bearings imported bearings bough«tym India proved a problem until o
# . it was discovered that théde were actually old imported ot

bearings, reconditioned, and sometimes resold as

originals. A source of new, sealed, self-aligning

bearings made in Japan was later located in India.
A complete set of mechanical'drawings, a list of
required THACEATY; E HESEHPTAH BT the teCRMTAL ™ it e

aspects of the design, and a description of the jigs and

techniques utilized in the fabrication of its cross-flow
*turbipe are included in Small Water Turbine by Helinut

Scheurer, Reinhold Metzler, and Robert Yoder ’

(September 1980). This is available from the German

Appropriate Technology Exchange (GATE), Postfach

5180, D-6236 Eschborn 1, Federal Republic of

Germany. Because that publication clearly documents

the design, technical details will not be répeated here.

o
z
E
w
®
]
3

. /
After fabncanon the turbine anﬁ all sections of the b

penstock are tested at the test site adjoining BEW. Any

¥ Fig. 11.-"The test site located at the workshop of BEW. misalignment, poor threads, or leaks can then be
. Sections of penstock pipe in the foreground are ready - repaired easily in the workshop. After the unit is sent—
for pressure testing. . to the field, only hand-crafted repairs can be made. .
: ; / Lo : e b . - ‘
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before entry into the penstock. Incorporatinga large
forebay when it is unnecessary results in additional _

Design of a typical mill installation g _ costs due to the concrete and labor requirements for
. ’ o such a structure: .
. The civil works necessary to convey water from a .
stream to the area of the powerhouse aré¥irtually : The penstock pipe is made by Butwal of 2.5 mm mild
identical to the those used with®irrigation schemes - stée¥plate in two-meter lengths. Flanges are made by —
throughout Nepal. A row of stones, sometimes < 'hand-forgmg strips of flat jron, and a proove for an 0=~
interwoven with branches, forms a temporary diversion ring j8 machined in one of the two flanges welded to
structure across either part, or the entire width, of the - each penstock pipe segment. An O-ring-has pfoven to
¥ i stream, and an unlined earth canal conveys water to the be’'much better than flat gaskets in providing a leak-
. - intake of the penstock. On occ&smn, water from an proof seal. No provision has been made f,or thermal .
.+ existing irrigation canal itself 19 used, though this capal expansion of ‘the pergtock pipe used with its low-head
= might have to be widened t¢ ingure an adequate flow of _  ‘installations. Leakage from the connection of the .
"2 . water. Irrigation canals are c%éa.ned once before dhe ' ° penstock to the forebay structure, althbugh expected,
¥ rice planting season each yearfand then after each flood has never been a problem. An attempt is made to select
: durlng the monsoon season. . E d penstock alignment wpich avoids any deviations from
" . a straight line except for the portion immediately
Generauy, water from the canal enter§-the penstock before the turbine. But if bends are required, the size.
‘ 'directly. A trashrack before the penstock intake retains of these bends is detirmmed using rudimentary field
. the larger floating debris. The forebay is often simply a measurements. . -
transition structure between the canal and penstock, -
pipe and does not serve as a significant séttling area. In existing mills, it was also observed that all the
¥ Usually, most of the water-borne sediment which would  machinéry was independently mounted on the mil]
prove injurious to the turpin} settles in the canal itself floor. Careless installation of the machinery frequently
»
¢ .
4" v
D, Natziger i . . S . D. Rafaiger
' Fig. 13. A mason completing work on a forebay The : « Fig. 14. The penstock descends fram the farebay to a
: : trashrack is located behind him. , mill under construction.
‘ i
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- resulted in misalignment of shafts and pulleys. To-
minimize the occurrence of this problem, Butwal
deyeloped a single frame on which all the machinéry
required in,an average mill, that §§, a turbine, rice
huller, flour mill, and oil expeller,«could be mounted. In-
this way, the machina-y rould be fitted and aligned in
the workshop under proper supervision. Machinery could ~
also be secured on site with a minimum of concrete.~It
was Butwal's policy that, ynless a customer owned
processing machinery in an earlier.mill (diesel- or
water-powered), machinery for a new mill had to be
pﬁa‘sed through. Butwal. This helped to ensure that
e processing machmer%would be properly
- integrated into the overall mill design.

-

Fig. 16. A mill Yayout using one
of the new turbines mounted on a
common frame with th
processing equipment. An
intermediate drive shaft (s not a
usual compenent of the new
layout. It has been included in
this installation because the miil .
owner {s consitlering adding other -
mgchinery later, . 4 -

b

D. Nafsiger .

8 -Nepal

Fig,'15. At Ampchaur, the
turbine is placed below floor
level.

\.‘ '3
P

" Initially, the turbine with a 400 mm runner was placed

in a recess below floor level so that additional head <
could be gained with minimum additional excavation
(Fig.15). The higher resultant level of the mill house
floor made possible by this arrangement also mednt-that
the possibility of flood waters peaching the floor was
reduced, In additjon, Jowering the turbine also ‘
overcame hé proflefn of wetting of the mill floor
caused by water dripping from the seals. On the other
‘hand, it madé the turbine somewhat less accessible. At
present, the newér, higher speed turbine with the
smaller, 200 mm runner is more popular and is mounted

half a meter above the mill floor on a four-legged stand

(Fig. 16 and 17). L.

e

-

e
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> the installation team {s shown

Fig. 17. The new turbines are |
mounted above the mill floor on a
common mourting-framg which (s’ -
éventually set in concregte. Here

using a string to align the pulleys.

Butwal also incérporated a change in the layout of the
machinery in the fill. One probiem which had been
observed at ‘the first water-powered ‘mills installed by
"BYS was:that the turbine’ essentially replaced the diesel
engi.ne in the typical installation but left the basic -
layout of the mill, with its long intermediate drive
shaft, unchanged-(Fig. 19). This drive shaft, up to six
méters long, was supported by three or four bearings .
(Fig. 20). These long shafts were rarely straight and

" this resulted in rapid bearing fajlure. An initial solution

was to introduce a new layout for the machinery which
permitted the low-speed oil expeller to be driven
directly off one side of. the turbine and the two smaller

 machines to be dri¢en’off a short intermediate drive

shaft qffthe other side of the turbine (Fig. 30). At .
Present, by using a 200 mm diameter rinnér at most
sites, the speed is high enough for all machines to be

driven directly off the turbine shaft. The intermediate’

Fig. 18. At this new mill, no
intermediate drive shaft i3 used -~
between the turbine and agro-
processtng equipment

Q
N
-

drive shaft has now been discontinued altogether and
the turbine shaft extented to accept two pulleys on one
side (Fig. 17'and 18).” A third bearing is necessary along

" : the turbine shaft to suppm:t the pulley load. This results

in an even ‘more compact layout. However, misalign-
ment of the third bearing may account for some of the

- recent probléems with fracture of th¢ runner shaft.

Anothé problem in existing mills involvéd the use of
flat belts. The shafts and pulleys were. rarely aligned
‘and poles implanted in the floor, or otherwisé secured, -
were frequently used to prevent the belts, from running -
off the pulleys (Fig. 20). This resulted in loss of power
and rapid wear of the belts. To avercome this problem,
Batwal turned to the use of V-belts throughout its

mills. These belts transmit | er more efficiently than
commonly available flat belts, require no connectors
w}uch are necessary Wwith flat heltn, and reduce the



I

“;v‘

"’-

o

() Conventional layout ¢
ﬂnt belt,__, ' B G flat pulley
: l V-belt {I: V-puney (c) Butwd,s presenf laycut )
- - T e .

Fig. 19." These drawings, illuatrate the evolution of the standard equ!pment “layout, in-a mill. Note that ?ioor area
. I8P ced as ure the number of beartngs and the overau compler(ty h :
duunce required between puIleys. From the dnve .
lhe,!t, a flatfuiley to V-pulley is used to permjt eny I
: belf removal. Individual machines'can theibe =

" disengaged while the turbine Js ruming. To' hcllitate
the replacement of belts, & lingle-l-gth D—eection -~
V-belf is used th:ou.ghout the mi,ll.

k3

was a lkuled mecblnictl tredelmln (to date, ‘each had
- had BTT apprenticeship tra.i.ning), & mason, and a

" people: This reduces the cost oi the installation’ to the
- ' .customer; Thfm\ly time a third person m:companiea
B the teem ia when he is a new- employee being tremed.
M A ; S e s .Ifithpoufhle, the teemleaderispreuntdur
= - . : "_', © . * discussions with a new customer dedring toinst
. water-powered mill. When the team then goes to the :

An expatnnte DCS director serves as project leede: for
tods -field; it acts independently. "It i§ responsible£or the’
 the Sinall Turkine and Miil Prject, but the day-t ¥ o ‘survey, site selection with the customér, dnd price

‘running of the project is the reeponnbﬂlty of the .
Business Chief. A Technical ‘Supervisor, acco\mtant,
and storekeeper cdmplete the permme:nt ofhce staff.

t‘la.l

visit, thé leader prepares the slayaut. de-ign and order
. list for the sifes. surveyed. He'
.in the workshop assembly and ln ‘chétking and packing

'l'he heut of the jnltlluﬂon ‘ !"'m comiste OFﬂ“ ee Al the'machfnery for-an-instailation n preparetion for-.

or four teams which undertake wark, in the Hield, R
i Initially, elch .tem? was cqmgr?gd»of ‘ te?'leer.le:-~?vho ' is then'responsible for installing the michinery:and far-

helpar. More retiently, most teams consist of only: two -

*Guotationi. When the'team returns fram its initial field "

supervises his:team-

.handmgltrover to the customer-for transport. The teem

N
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~Par txcxpating in decmonmakmg has o)

‘of -:uf‘f'nenfnl w:fnr-nnwnra(l maﬂe’ there iano need now

des:gn

A nornmal charge of Rs. 200 is now charged. for each

ahyﬁnecessary follow-up repair work, To minimize .
confumon, it would be best if one team dealt with a
customer from initial contact to final installation.
However, practicalities make this impossible. By
insisting on uniform infor mahon-recordmg procedures,

i+ has hnnv\ noagihle to have one f‘a

survav and a
it hasg Deen pessitie [0 have one s

urvey and a

second team complete the installdtiony.
ared. each team

to set up its own independent instatlation operation
should DCS decide to discontinue its gperation.

Installation of a mill .

Site selection

Due td' the growing reputation of an increasing number

to promote small turbmes in order to get business. Ever '
since BYS installed the first modern water-powered
mills fn' the 1960's, they have promoted themselves. »
Villagers familiar with traditional water-powered mills
and, more recently, diesel mills, are quick fo see the
merits of this compact, trouble-free source of power
with its low recurring costs. After becoming aware of
the operation of mills and of their potential, individuals
with likely sites make their interest known to Butwal ’
either by visiting the office in Butwal, by contacting

one of the DCS teams installing a new water-powered

mill in the areW, or by notifying an ‘officer of the
Agricultural Development Bank of Nepal (ADB-N) which
has branches throughout the country.

In the dry season, after as many requests as pessib'le )
have been gathered from a certain geographical area or
when there is reason for a team to’ go near that area for

- installation or repair work, they take the necessary

information for contactmg the new potential |
customers. The loan oihcer from the nearest ADB-N

‘office is also notified and invited to join in the survey. =
* The"team travels by public transport to as near to the

site as possible and then they continue on foot for up to
a week jn somie cases.” The team restricts its surveying .

_ equipment to the mifimum required fot the tagk—a

bhand-held sighting level or inclinometer, a vinyl ribbon k
staff, a 30-meter fiberglass measuring tape, and several

:square meters. of-plastic sheet to assist in making flow .

measurements. These provide adequate accuracy for
determining the parameters necessary for layout and

site survey to insurg more commitment on the part of
the customer to !ollowmg through with the project,

- With the increasing number of small local workshops

which are beginning to fabricate cross-flo® turbines, R
there i3 alse an increasing risk that perspective mill
owners will take the results of the survey to another

- workshop to have the machmery fabricated. This initial

nogmal charge therefore also covers, in part, the cost
of the initial survey. in addition to Rs. ZOO if a site is
found feaslhle, an addjtional Rs. 1600 is charged as part
of the final ‘quote for “the installation. ‘I’hls is to cover

¢

. anade using a temporary weir, w

Fig. 20. A common sight in mills using flat belts—a
metal or wooden stake i3 used to prevent the flat belt .
from slipping of misaligned pulleys. This mill Has a
.conventional layout with a long intermediate drive .
shaft. ,The shaft was also bent, f orcing the removal of
the f ourth bearmg

- i

expenses incurred during prehmma.ry surveys of both
‘feasible and infeasible sites. .

In every case, site select:on requires that the potential
customer find a location where he either owns or can
purchase land for the mill and obtam rights to the
‘required water. For this reason, St is extremely
important that the customer understand-the
requirements of head and flow, 8o that he can chogse.
likely spots before the survey téam arrives, The ideal
situation is for a new customer to visit-an operating
water-powered mill to understand the-principles
involved. Due to their experience with irrigation,

prospective location and size of a:canal necessary to
carry sufficientwwater from the stream to the area

.selected for the forebay.; This usually enabjes them to
‘ select a site with adequate water if one exxsts.

However, the concept that the head is theé elevation

" difference and not the slope dlsfa:nce has often been

dxffu:ult to explam. And because of theu- interest in
mstalhng a mill, there is frequently overly optimmtxc

~estimate 6f the available flow in the tream to be:

Barnessed

" If stream flows are small, even areful flow B
” measurements made at one pofnt in time dre of Tittles

use, “But since irrigation is often practiced in the same
area, the local populatio ssually has a very good idea
of how small the flow in a stréam gets in an average dry
season- and what, happens during drought years. During
their visit to the site, the team therefore measur®s the

* stream flow and, from interviewing the local farmers,

determines what proportion of the average and drought
year flows this represents. Flow measurements are
with a plastic sheet used
to seal around the weir, and vu-tu‘ally never using the
float method. Frequen_tly, it is clear that, for at least

P
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" Nepalese farmers have an good eye for determining the «
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Fig. 21. A mill house with the owner's house in the
background. The forebay and penstock can be seen at

the left.

’ : : . : .
several mcm?s, there will not be enough water to run’
even one machine but that, for, most of the year,, two

_can be operated nimuitaneously. This is ca.refully 5

" explained to the customer. Sometimes, a second, more -~
suitable stream can be, located 'in the area:r A4-other ’
times, the solution ha.s been to look for a site with a a
higher head, but frequently, in such.cases, Butwal will
recommend that the site be rejected. Gatheringall
available informatmlr tgzestimate flows and clearly
explaining to the cistomer the implications of less-

, than-expected flows has avoided misunderstandings.

k.

L

With the experienceigained in selecting dozens of sxtes,
- the field team can usually tell at a glance if the site is
!eas;ble. Since approximately three kilowatts of
mechanical power required Yor each of the typical .
milling machines, and three*machines are customary.in
every mill, three Kilowatts is the minimum desirabie and
nine kilowatt is the mnfmum operating power which
.wbuld be necessary. ‘Depending on the available sites,
the customer thust decide:if he, will be. satisﬁed with the
output that can be expected’.

Site “layont S . : -
V}gglter the customer ind.icates his preferred sitey the
“exact location of ‘the mill is determined by carefully

establishing the maximum flood level of any nearby
streams and by checking the stability of the ground
~ above the ‘mill to ensure safety frori landslides,
' Minimizing the length of the penstock by selecting a .
point where the slope is steep or where the ‘millhouse
can be dug back into the ground must be balanced
.against the stability of the ground and the difficulty of

&gmg a cana) to.the desired point. In many cases, an

s

. existing irrigation canal can be.used.” This simplifies

develaping the site and reduces the cost of the )
installation although it also reduces the number of

K ﬁcﬁs for site location. It may also limit the power
potential at the site since the avdilable head might be
lower than could have been developed by digging a new .
canal %th a more gr%dual .slope.

12 Nepal
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At most sites, a spillway is included in the forebay wall
30 that any excess water can be led away in a controlled
manner. When choosing a site for a miill, the location of
both the spillway and the course followed by any of the
excess water as it returns to the stream must be
considered. Otherwise, this water might cause erosion
and undermine the pgnstock or mill. -
@ 7

The next step is to establish the canal alignment. If an
existing irrigation canal cannot be used and a new canal
has to be dug, a hand-held 3ighting lével is used to run a
level from the intake of the penstock to a point on the
stream which is to be tapped. The actual intake to the
power canal'would then be slightly upstream of this
point, the exact locatjon being a function-of both the.
length of the canal and the nature of the terrain,

Di g the canal is entirely the customer's
respons:bxhty The villagers'-experience with irngatwn
makes them more gqualified than outsiders to determine
the cost and fea.sxbihty of the alignment. The cistomer
“also consultg with nilagers who specialize in canal
digging and frequently hires them to excavate sections
requiring rock—cutting. In almoat ‘every case, ‘indicating .
.the fractign of the stream that needs"to be-conveyed by °
a canil is mifficient for the customer to determine the

, dimensions and slope necessary for that canal.. ¢

., required’td design the p

_ a.bamboo-or other suitable

G ' ' , ) v

After the site ia seletted and the canal elevation

. determined, the-elevation of the mill floor to keep it
safe from ﬂood.mg must be establishied. This choice:js -

~ best left up to the customer since he has the best:
- knowledge of the ‘sjte and must live with the

consequences of the choice. The desired area to“be

excavated for the. mill floor and tailrace capal can then ;

" be-marked.out. The head and other information

'tock are obtained by makmg “,
a series of measurements, y-usjng the hand-held *
sxg’Tlting ievel and‘the ribbon fape which is supported on
e (Fig. 22).” An elevation
profile is then run along the expected penstock
_alignment from the proposed turbine locdtion up to the

end of theproposed or existing canal elevation. All the I

information i recorded on assketch of the site in thé .
field Aotebogk. A permapent markon the root ofa tree
‘or large stone is ‘made and its position recorded i
the field notes for future referénce.. Direét
measurémenl;s of the iength and profile of the penstock -
can séldom be made without. excavation, but by making
several simple linear u{d angulat theasurements, these
can be calculated. o

It is also important to examine and note the soil a.ndr
rock formations for possible poténtial problems.in

" . excavating for the m@ ‘house, d:at't tube, tailrace cdnal,

or penstock pipe. Shifting- the site slightly ¢an usually
avoid -the necessity for a bend in the penstock pipe; but,

if a bend is required ‘more carefui measurements must .
be taken. ; .

If there is adequate flow in the stream 80 that only part
of it will nieed to be diverted for use by the mill, the '
design flow will only depend on the head avaﬂable and
the power required. The maximum flow easﬂy canveyed
in a traditional unlined m-igation canal i3 about

’ . T



’ 200 liters per second. "The flow for the most convenient

canal design is from 80 to 120 liters per second.

lefe for the installation

. .
After all the mformanonhaa been recorded in the field
notes, the Technical Supervisor completes a price

- quotation Based on the survey. The cost of most items

remains approximately the same from site to site, with
the notable exception of the penstock pip€ which vdries
the most in price. The choice of the kinds of processing
machinery also comes into play but most customers
.want all tl_i"ree—a flour mill, rice huller, and oil &
expeller. The quotations are valid foronly three \
months, after which time a new quote must be obtained
for the loan procedure. If the customer does not take
delivery of the machinery within a certain period after
he has been told it is ready, Butwal may sell it to
another customer. In such cases, Butwal is no longer
bound by the quotation given the original customer. °
BEW gives a six-month guarantee on {ts machinery and _
DCS gives a gne-year guarantee against errors in
ingtallation, provided the work was done according to
the instructions from the leader of the installation team

"

Fig. 22. The team surveys using a hand-held levél and a
vinyl surveying tape suspended from a pole.

* Rs. 12 = US §1 (gpproximate)

. -

from Butwal. For the Indian processing machmery, no
gua.rantee is given.

The terms of .the quotation, as well as the details of the

guarantee, are explained to the customer. He must be
.aware of exactly what-DCS will provide and undertake

- ‘and precisely what his responsibilities are (Table 1). He

must understand that he must first receive frem the
Department of Cottage Industries a license to build and
then another to operate the mill. He must place a firm
order with the required advance before any further

) action can be taken by DCS. Formerly, a customer had :
to include an advance, Rs. 2,500% in "earnest money”
with his order before I:?CS would take any ac tion.
However, customers of ten waited until the last tyinute
to make arrangements for a loan and this led to cash-

. flow problems. Since mid-1981, an advance of 50% of

the DCS quotation along with a letter of guarantee from
the ADB-N has been required: This places more
" pressure on the customer to get things moving.

For financing, most customers turn to the ADB-N
which, with an interest rate of 11% and a loan
repayment period of seven years, offers better financial
terms than commercial banks. To date, only four mills

have been paid for without loards. The ADB-N has
officers and personnel at every level whigh actively
promote a loan program for water-powefed mill  ~

development, having,withdrawn a similar program for
diesel mills. Once an application has been received, a -
loan officer would gather information about the
economic feasibility of a specific project before
approving such a Joan. This loan would also:require
physical property as collateral.-A-typical Toan covers
all the machinery ani installation costs, 85% of th- land
purchase, and 65% of the cost of the labor necessary to
undertake the excavation and to install the machinery.
A typical ADB-N loan covers about 80% of the entire.

project cost. Once approved, a customer who secures a

loan from the ADB-N receives a coupon which he then -
submits to DCS. With this guarant&e of payment, DCS
will deliver and install the mill, collecting payment

cdirectly ﬁ-om the ADB-N upon submission of ge bill
sxgned by “the customer.

Generally, nearly a year elapse;between the time a
team from Butwal visits the proposed site and the time
the customer places his order. During this time, the
customer has the land for his proposed site surveyed,
gains clear title to that land, and arrapges for water
rights and necess(ary fina.ncing.

Detngn, fabrication, and delivery

After the customer places his order, the Technical
Supervisor fills out an order form. From the field notes
and sketches, any necessary modifications are made to
. the standard designs. Only-items which require a
spectal design, such as a penstock bend, require a new

- drawing. Items from India, such as grain-milling

machines, beits, pulleys, a.éd bearings, are kept in stock

‘due to Lmrehablg delivery times. Items such as penstock

pipe, mtermed:ate drive shaft, and mounting frames are
~
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Fig. 23. A recently recewed stock of oil expelhers from
India at Butwul .

usually ordered in quantity.for stock. Orders for items

not already in stock, including the turbine and penstock

bends, are placed with BEW wh:dh undertakes their

fabncanon. s

A year's supply.of grease and a ‘tool fcit, adequate for
complete maintenance, are supplied to the customer.
This solves the problem of a customer buying inferior

__quality grease and the wrong tools. It also allows a field

team to go to a site and perform maintenance work

even if it does not happen to bring along its own tool

kit, ] .0
W :

—

Before packing begins, all thé machinety, parts, and
supplies are gathered together and checked against the
order list. Paft are assembled and checked by one of

-the field teams. They are theh packaged in loads wh‘ich‘ ”

can be carried by porters. The order is then ready to
hand over to the dwner who is responsible for arranging
for porters to carry the materials to the site. Full
payment is required hefore thewrder is handed over.
Formerly, the per-day installation charges were paid ~
after completing the installation o‘( the mill to give the
customer some leverage and to, ensure his satisfaction
with the work., Because there has been seme difficulty
in collecting this sum after completion' of the work,
pPayment is now required in advanc¢e. This sum is based
on an installation time estimated at 30 days and any

" extra is refunded after completing the work. . .

Installation T . -
After ‘the customer has seen to it that all the machinery
is at the site,; that all materials noted on'the project -
cost form have been stockpiled neaf the sﬁe, and that

all necessary excavation work has been co
not:fles t.he mstauatmn team to co

and the seasonal d1if1culty of locating poi

*usually underestimated by the owner, The gear box for

the oil expeller, weighing 110 kilograms, is the single
heaviest fart. This requires an exceptionally strong
porter. If the load can be supported on a sling, two

Jporters can be used to carry the load. However, since

‘the trails are narrow and steep, a load that needs to be

" carried by more than one person is often passed up in

favor of more convenient weights and sxzes.

“

\

Tasks undertaken by Butwal
~ e perform initial sux"vey -

e design a.nd fabncate ‘turbine, penstock and :
other requu-ed ha.rdwa.re ’ "

. pu.rcha.se, mspect and pack the milling, "~ %
hulling, and oil expelling machinery for
tra.naport as needed ~y

e provide techmcal guxdanee and assistance in
installing and cornmsﬂomng of the plant

* @ train one of the local peraons designated as:
mill operator how to operate and maintain
the machinery

. Respongibilities of the mill owner

» obtain the necessary hcense to build and
operate a mill -

° purchase the land and right-of-way for the
power canal and tailrace (as needed)
® arrange for water rights

o locate sufficient cash to cover at least a*
Pportion of total cost of the installation and -
apply for a loan for the balance necessary

® organize local labor to undertake the
necessary work

e underfake the necessary excavation and = -~
collection of locally avmlablefmatenals
(sand, stone, gravel)- :

¢ transport‘all the hardware and matenals from
Butwal to the site

,Tal;le 1. Division of responsibilities for the installation of a water-poweredsmill
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The team takes any special equipment, such as ropes,
mason's tools, and a level, for the installation. All of
this, however, easily fits into their backpacks.

A per-day installation fee of Rs. 180 is charged for the
work performed by the installation team. This rate,
which is considered extremely high for these remote
areas, encourages the custofmer to do as much of the
~work as possible in advance and to supply labor to
reduce the installation time. Since the masonry

requires curing time, it takes priority over other jobs. -

The tailrace canal is prepared first, using stone masonry
for the floor and dry stone [Jr the sidewalls and top.

Butwal utilizes a unique approach to install the
penstock, turbine, and draft tube which eliminates the
need for detailed and cost]y site surveys. These
components are first assembled and bolfed together
" near their final location and then temporarily braced by
wooden cross-frames or piles of stones {Fig. 29). The
empty pipe is strong enough to be self-supporting. The
entire assembly is then maneuvered around slightly until
a suitable alignment is found. Though this may be the
most difficult part of the installation, this approach
makes it possible to circumyent boulders or other
obstacles which might have been encountered during the
-excavation. [t also makes it possible to make up for
small discrepancies between the configuration of the
penstock-turbine—draft tube assembly designed .-
according to data gathered during the initial survey and
the layout of the area actually excavated. To further
facilitate this task when penstock bends are used, the
bolt holes in one flange of the bend are slotted to

.

permit another degree of freedom. In additioH, an extra-

meter-length of penstock is supplied should it be
needed. Amy excess length can be cut off using a
hacksaw blade. By this method, any minor deviations
can be easily accomodated. There is, therefore, no need
to interrupt work for several weeks in order to return to
the workshop in Butwal to fabricate or modify the bends
for the penstock. After the turbine shaft has been
leveled, bath to reduce bearing loads and to simplify
alignment of the other machines, the turbine and draft
tube aré secured in a foundation and the penstock
supports built up. P
The m’achmes are all assembled on a mounting frame
and set in place. Correct spacing is assured by placing
the belts on the pulleys. Alighnments must be carefully
done using a string and level to asgure that the shafts
are parallel and the pulleys in line. The string is
stretched parallel to the turbine shaft and the line shaft
is adjusted parallel to it, The string is also used to line
up the V-pulleys from their machined outer surface
(Fig. 17). The mounting frame is supported on rocks,
allowing sufficient space around.-the anchor bolts for
_blacing the concrete without disturbing the frame.

The mill owner and whomever he has designated to help
operate the mill are encouraged to participate in fitting
and mounting of the milling machines agd transmission
system to understand how the parts fit together! The -
team leader uses thls opportunity to explam the need

~Fig. 24. The mill, whose construction is shown in the
following figures (Fig. 26-31), is open for business.

for *propér belt tension, adjustment of the machines, and
clean and adequate lubrication.

Usually the team spends from three to four weeks at a
site to complete the installation. Since a few days must
be a.llowed for the magsnry to cure before testing, there
are often a few free days between completing the
installation and testing.  This time is used to undertake

surveys of new nearby sites or to follow-up on already
 operating mills that may be in the area.

After completing the installation, the team makes all
final adjustments and operates each of the machines,
under full load for several hours. The owyner or operator
is also required to run the mill under the-bupervision of
the team until they are satisfied that he understands the
operating procedures and safety requirements.

removable

foreba
¥ pipe section

penstock

Fig.'25. A removable standpipe recently incbrpov‘ated in
the forebay design facmtates removmg the sediment It
also serves as an overflow.

s
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. x:ig‘ 26. a(or responsibility of the mill ownrer

is to under‘ta!% ;ﬁh? necessary excavation, Here
the excavatio r the.tailrace is underway and

G

excavation for the mill house has been o
completed. . .

S

A

Fig. 27.

the site.

a8
After the site excavation has been

completed and,the equipment fabricuted at
‘Butwal, porters carry the necessary materials to

The two sections of penstock shown

weigh about 100 Kilograms. -

12poi Y

s

Yo, "

" Fig. 28. Before the installation tearn arrives from Butwhl, all. the
R necessary materials have been transported to the sma
o .

= oo,

L




Flgo 240 The penstoci, turbine, and draft tube
are all assembled and properiy, aligned before set
meennerete. A portion of tne tailrace canal has
Areacy Hoon completerd,

Fig. 30.. The tailrace and. forebay have been C

ceompleted and the progessing equinment i« heing

installed.

w



. Design modiﬁatmns «

improve their designs, DCS initiated a policy that tgam
smembers wéuld visit;mills, free of charge, for follow-up:
adjustments, re_pau', possible-replacement of bearings,
"and observatloﬂ—g{ operating problems; whenever’
passing through or working in an area. Even though thm
sometimes has required an extra day of walking,
_valuable information which has led to demgn
. improvements has been gathered. - N

For example, one of the earliest turbine designs
. developed a problem with the operation of the turbine
R “intake valve. Careful examination detéfmined that the
‘ RS _valve shaft had been twisted, preventmg the valve from
- - closing cemptetely. While -observing ‘the operator in
: action, it became: clear that when the valve was ina
closed position, he had forgotten in which direction'to -
- " turn the.spindle.to open it again and applied-a /

$lution was to paint arrows to indicate .the directions
for opening and closing. The final solution, however,
was to provide biocks limiting the valve arm travel,
reducing all posnbnhty of damage due to operator error.
Lo R
: . The clean-out openmg above the tur'bme runner was
another design n:nprovement which resu.lted from a i
service call. A stick that a boy had floatqd down the
" canal had lodged in the runner. Without this opening,
- the complete turbine had to be duanembled to gain .
access to theqrun.ner .
(.

-

r. To obtain contmumg Eeedback from the field in order to -

substantial force in the wrong direttion, The‘initial « -

.
s N N [

on the. order‘ of US$8, 000' or about USSI 000 per. kW' RS
The actual cost is influepced hy the length of the- ca.nal
req\urgd' thedYength and size ‘of the penstock; the
capacity of the tu.rbme, and the size of the agro-
processing | machinery used., Had, the mills been built for
the purpose of generating electrical power, the costs
per installed kilowatt would amount to approxlmately
the same value, with the cost of the generator replacing
the cost of t.hg agro-processing machinery. This, of
course, assumes that ne govgrnor is necessary, either -
becaise direct current is generated or because the plant
is manually controlled, as in the case of the Pakistani
schemes implemented-by the ATDO (see Pakistan; .

‘Vxnager-lmplemented Micro-Hydropower Schemes A ”
. /Case Study a.lso_av';)‘l%ble from NRECA).

5

Ogher d.evelopmeut;

.

Hardware o

. The introduction’of modern water-powered mills in the

mountains of Nepal has permitted more efficient
explo:tation of an indigenous resource to process grains
and ,pxl seed on a village scalg, “This ha.s’ led to a
decreased reliance’on increasingly expens:ve desel fuel
which has to be carried by porters long distances over
mountain trails. Though clearly a pontlve development,

° . a more.pressing problem for Nepal is not the increasing
- cost of diesel fuel but ‘the depletion of ita Torests. Food
'requirements for Nepal's ex'pandmg populasien ‘hkve

Table 2. Cost hreakdown, forﬁl typical water—powered

; "mill (presented {n 1981 U.S. déllars) .
. Though thé ioreba is small, sediment still evegtually ) —
oo accugzhu.lates on thz bottom. With no sluice gate, its nMachmery an \Jervices, roqded b? ‘Bultwal

removal proved a problem. Incorporating a removable 200 -
" standpipe in the )floor of the forebay area resolved tct;e . 1100 |
prpblem (Fig. 25). When the forebay is to be‘cleane -
the pipe is removed and the sediment is flushed: out1 . Mou.nﬁng frame, pu]leys, be}ts, ’ -
Durmg normal operation this standplpe serves as 4 drop ‘and misc. hardwgre . 800
1w iy ’ " Agro-processing ma.chinery (fldur ; R
Cfl v . A mijlly'rice huller, and oi.l < T
bservmg mills in operation ‘has al$o fesulted in the Pex'peller) : 1,700
enstock 1,000
elocatlon of the turbine valve control handle, changes J . oInntallation (est 30 WS) 500
! the machine dxsengagement mechanisms, and other * . —_—.
¢hanges fof the convenience ard sdfety of.if.he ) ' Sub-total, o f'? - $5’3.,0.‘6
R erators. v o K . l} PRI
. . P Ju e " H .
ts ' Additmnal costs mcurred by mﬂl owner
e cost of implementing a watef-powered mill is Land and ca.nal right-of-Wa.y 400

) early site=specific, Table 2 presents the costs of 'a' - ,, ‘License 40 °

- ical mill installed with the assistance of Butwal. ' 'l‘ransporta.tmn of machméry

o . ‘I'hough the total cost might seem high, the owner of a _ and materials. 600

water-powered mill generally still charges only shghtly ‘Canal excavation . 700
les3 than the diesel mill owner.- With his low recurrmg N . Mill house : . 700
. costs of operation, he can repay his loan in four to seven . . Workers (£1tte‘rs, masons, etc ) 500
LE yea.rs depending on the terms of his contract. Cement ($14/bagl™ 400
Sand, stones, and other
\dost m:lla installed. by Butwal range from 8.to 12 kW. materials 100
- The total cost of the entire water-powered mill = . -
» installation, including:the agro-précessing machinery, ist Sub-total i $3,4;46 -

€

T
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iqrced farmers to t:lga.r iorests and cultivate ewen
marginal land areas: Once deforestation reaches‘a
critical point, fuelwood extraction becomes &n | v
additional factor in deiorestatlon. Fuelwood is used T
both for cooking food as well as for- ‘a‘ number of village
industries including drying ginger, tea, ahd tobaFco,
making piaper, soap, and cheese, a.lcohol production, and
dyeins yarn. % [

) - b e
. s

Individuals presently working at Butwa.l and othbrs w)eo
‘-worked ‘there previously have been undertaking research
directed toward finding means of using hydropgwer to
reduce firewood consumption. Two, areas of research
are the development of a mechanical heat geneérator for
village industries and a heat storage cooker f
housefold' cooking. These are examples of ne
approaches to addressing an increasinglypressing
problem.. The technical feasibility of these approaches
Zaa been demonstrated, but a critical question remajns—
ill vlllagerq adopt them and:will they meet the need
-'they set out to address? Numerous cultural, social, a.nd
economic factors come mto play and the answer is,
yet, unknown. N -

* Hechanicll hulggeratur. An obvious approach ~
drying agricultural produce using hydropower would jbe

- first to generate electﬂcifv and then to use this to § Fig. 33. Schematic of the heat gengrator developed at
- ) Butwal :
Fig. 32. A.graphic representaum of the breakdown of - - Lt
the total cost. : operate a fan to force air past electnca.l resista.nce
heaters. However, this approach has several R
g : Equipmeng and services »ﬂ s disadvantages. -The primary disadvantage is the ~ T
- ~ provided by Butwal ’ - additional cost and complexity of the generator and .
. S & ! J\‘ i, associated, elecu'xcal hardware in a situation where
¥ r . [N simplicity has a number of distinct virtues. Secoéndly,
. - converting mechanical into electrical energy introduces #

inefficiencies and, at mast, only 70-80%-of the powei-“
available at the turbipe shaft can be convert1d into !

, high-grade heat. . , )

. q- “

, . penstock An alwmative, whlch virtually converts 100% of the

| . . oo L avatlable shaft péwer into heat, is based on original © 1

‘ : reséarch work.on the eqt.quence of mechasical and

thefmal epergy undertaken by James J oule in the mid- -
19th century. Though seyeral individuals haver -+ - .
undertaken further research on various aspects of this

~ effect,.it is only recently that there has been an.
increased interest in the practical‘applicatmn of this
process for gene'rating usable heat.

'agro-pracessing

&pipd:ent B

.surv.ey, design,
and mtauatxon

-

At Butwal, work to date on this a.lternative has ce.ntened
.on a heat generator which can be coupled to a turbine to
heat air through viscous fnctmn. Fig. 33 presents the
layout of this design. ‘Air is drawn through the' inlet*by
~ |- . the fan and part of it leaves through the outl®f into the
g drying racks. The other portion aw’/back over the * . ¢
baffles which uWy. The kinetic-énergy -
. t . ~ imparted to the changed into hea By the .creation
_ _ o T “ of eddies. ~This hot air passes the val mixes fth the -
U - o . ) incoming cooler air,( and is drawn in ag in by the fan. .,
S . ' Thé amount of air lea.ving the generator and its s
Additiona] costs incurred o temperaturé depend fhainly on thé position of the o
by mill owner - : - - valve. When it i§ clbsed, the generator is simply a fan
D : ‘blowmg air at pdar-ambient’ tempgrature throug_h. ‘the
e, S ' RN e

- . BN oo

and misc. ~

\

"&“

Y
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- temperatures above 100 °C have been obtained.

. @ testing the presefit design to gather reliable data n -

. conventional hot plates range from 750-1500 W, micro=
. hydropower plants can only provide electnc power to’ a

P

generator. If the valve is fully opened, nearly ail the alr

 leaving the fan is drawn back throughthe ‘baffles,

thereby heating it to the maxifmum temperature, Any
temperature between these two 1irhits can be obtamed
by varying the openihg of the _fal\)e. . .

IS

The geﬁerator is driven at about '2’000 r.p‘!mﬁa.nd -

v

However, for crop—drymg purposes,.temperatures
ranging from 60-80 °C. are su!ﬂc!ent. _Tests have shown
that the temperature stays constaht after an fnitial .
heating up period provided that the ambient ’

. temperature does not ¢hange. - . "8

After successful test runs, Bﬁtwal has fabricated two %

generators. ‘A 10 kW unit has beef mstalled at.a trade

" school in Jumla, in the far western region of Nepal. It

is planned that the school will use this unit to-dry apples

. and vegetables, seasonably available in this area, to

cover its annual needs. Another unit hras been installed
at a cooperatively run mill in Arkhala in mid-west Nepal
(see p. 22). It has already been used to dry a large

_quantity of ginges and it is planned to use this unit to

determine the influence of artificially drying crops on
post-ha.rvest losses durmg storage.

Both projects are still under UMN management &ndh
therefore there is enough freedom for tests and
modifications without putting the farmers to'risk., One
example of such a risk was the experience in drying
600 kg of ginger. Whereas the. drying was successful, -
the final product-did not have thé appearance of ginger
which is traditionally dried-over a fire. As a result, the
product fai-ed poorly on the market.

Whlle field work is contmuing in Nepal, Reinhold*
Metzler, former product development engineer.in

Butwal, is continuing research work at Furtwangen -
Techmca.l University, Gernfany, in several areas: -

its performa.nce

‘e 1mprovmg the desxgn thh a view tow,ards a sim ler

- and more e£i1c1ent design ; . ¥

] -developmg a system to"provide heat for boihng for
rural industries—Tem eratures up to 200°C are

. required. The first t “intended for a small soap
factory.in Nepal and is" esently undergoing tests in
Fuftwabgen. "I,'houjh the umit operates satisfactorily,
improvements to redlice heat lossas are still

- requifed. Field tests bf the unit are expected in

. January 1983’

. designing and testing methods of storing heat g
" produced h’yL the heat gen;erator when the mill is not
otherwise in use, e

= . \ - e 6 * .

Heat siarage cookey. An argument. oft‘en advanced in

favor 6f small hydropower plants in deforested rural

areas is their use as an dlternative source of energy for.

o household cook.mg But ‘this poses several problems.. In

the. first place, since power requirements of _

!" E . A

B A E

o - e L am g pro
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hot plates.

very limited numher of homes. Secondly, cooking .
evening meals Coincides with the peak lighting load, a

fact which does aodt contribute to ameliorating the two -

problems ‘of low load factor and high peak loads which °
tend to characterize small decentralized electritity.
schemes. And, fidally, there are also additional costs
incurred in purchasing cooking pots and kettles with flat -
bottoms which would be required for cooking on.hot.
plates and in purchasing and repairing or replacmg these

) —

: For micro-hydroelectric power to be a techrrically and
. economically viable source of energy for cooking ‘-

" réquires a storage device that will allow energy that is

generated between the ndrmal cooking times to be used
d\irmg these. times. The full capacitysof the genérating

equipment could then be ytilized by deliveriig energy to
the storage system continuously. This would resultin a’

higher load factor as well as in . a reduced peak load

~ requirement.

a

Aﬁ hydroelectric power use ‘expanded in the United

_ -States and Europe during the first half oﬂth:ls century,
" commercial heat storage cookers,which met this

requirement were developed and marketed. These were
essentially electrical elements embedded in well-

-insulated cast iron blocks that stored heat until

needed. These became popular because of a tariff
structure which encouraged the consumer to use, at a

-fixed tariff, all the power to a'maxiffum limit. The lasj

company known to have ma.qufactured storage cookers
discontinued ma.rketmg i Norway in the early 1950’s. -

"Robert Yoder has recently completed research on Heat
‘storage cookers at Cornell -Universit 7, Prior to this

! work,.he had been. imrol!ed&erzei t years in a number .
Lof aytf;lttes with DC’S ranging from prOJect engmeer on
wal's 1,000 kW Tinau Hydroelectric Power Project to
project leadér for Butwal's water-powered mill {projecta’
described in this study. The research at Cornell
University focused ord design incorporating stones
rather than an ex’pensiveﬁheavy cast iron mass in which
to, store heat. Because of the low conduction of heat
both within a bed of stones'dnd betweex the stones and -

the cookﬁng vessel, heat transfer from the stones'to the .
cooking vessel is accomplished by drxppmg water into-

. the hot stone bed to generate steam at atmospheric
pressure. The steam then conveys Leat to the cooking

vessel where it condenses, drops bagk into the stone

’

“bed and is recycled. - - . S

%

The laboratory unit, with a power input of 275 Wwas ' |

used for eight consecutive days to cook a ty'pical
Nepalese meal on a twice-daily basis as is dome in
Nepal. ‘These trials confirmed that heat storage in‘a

- ‘bed.of stones would wol-k for water-based cooking.

The stage has now been reached where the viability a.nd
social acceptability of a locally-built unit must be -

‘determined. Fig. 34 illustrates a possible storage

cooker-design utilizing local materials, - Whereas . == ’.
constructmg and operating such.a design is competitive:

with using iuelwdod with the current-pnces of
eIectncity and fuelwood #y urban area.s, Lfs i

r

"
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Tired clay mud plaster machinery, there has been continuing interest among
. components C p - mill owders in generating electricity for lighting. As a
, . / result, a dc mill-lighting system has been developed. .

In designing a system for use in the hills of Nepal, where
most mill installations are several day's walk from the
road-and an understanding of electricity is a rarity,
‘several basic design criteria were established. First,
Butwdl decided to design a system with sufficient power
to light a minimum of six bulbs. It was further decided
water i : ’ * that since a lead-acid battery is both heavy and r'equires
= maintenance, it should not be part of the system. Other
crit€rja included the requirements that the voltage
output’of the alternator remain constant over the wide
range of speeds at which the turbine actually runs’and
supply that the system be designed for reliable operation. b
The system which evolved-utilizes an automobile
alternator and a DCS-designed voltage regulator. An

insulating material alternator manufactured in Bombay and costing about ..
(rice husk ash or , * $100 was initially used but_ a source of $40 U.S.
powered dry clay). alternators has since beerndound. This 12 V alternator is -
connected in such a way as to generate 24 V, thereby
Fig:-34. Schematic of the heat storage cooker based on . permitting twice the powér from the same unit as would N
research undertaken at Cormell University. e :

" acceptability‘ by villagers is not assured. One of the
- problems is that, to conserve heat, it would not be
possible to observe or stir the food while it is cooking.
Perhapsgof greater significance would be the loss of
space heating and social value traditionally associated
with an open fireplace. It is interesting to note that
even among those who can easily afford it in
¥athmandu, eléctricity is used rarely.for cooking. It
might well be that no change in cooking habits will
N ‘occur until firewood becomes essentially unavailable.
) DCS is continuing with experiments, but there is aTked
i to gather hard field data on the appropriateness and
A » acceptabxhty of this device under chfferm"g conditions.

Mlll hgét_mg. Though most work to date has involved
hy,topower plants used to pawer food-proce,psmg N

d

D. Nafsigar

F‘ ig. 35. As evening approaches, the llghts at a still ',0 Flg 3. An altemator i: unted at one end of a blaice * - -

- Ingompiete mill are alread‘y working. - ’ . gsﬁ;r; will provide lighn f or milling du.rmg evemng -

.- * : :




. alternator
installation

voltage
regulator

guarantee,
handling charges,
and profit

27
F Ly ai.

) installation

otherwise be avaﬂable. Incandescent bulbs running at
24 V are widely used on the Indian railway system and
‘are easily available. -

The voltage regu.lato‘r'w,as de 'gned to ma.intﬁin the

range of speeda to which it is exposed
components are mounted on a lamingfed printed circuit
board designed by DCS and man%ured in India. The
present design incorporates a plug-in circuit hoard

rather than a permanent circu'rt'bo:u:d used in earlier
versions. The difficulty of performing good quality

soldering in the hills of Nepal, away from any source of

electricity, necessitated this’ cha:nge.

The alternator is mou.nted on a balarice arm, with-the

L.UUJAI.CI'UG.‘IGIIJL.!: rcs\.untmg the d.?i'\ﬁﬁg belt tension. Itis

driven off the same pulley that powers the rice huller
(Fig. 36). The alternator pulley is selected to drive the
alternator at 3,000 rpm when the turbme is mnnmg at
design speed. A} .

ai e~

As of the beginning of 1982, seven mill-lighting units
were installed. A standard installation with a total of
eight incande&cent lights costs about $420. In addition
to the basic ins\tallation, optional items are now also
available. These include wiring additional areas (with a
maximum total &f 12 bulbs), electric fans, fluorescent
tube lighting, andan electric horn. This horn is ’
necessary to notxfy\h;wﬂlagers in the area that the
mill is open for business. Thd diesel mills had the
‘advantage that a small contdiner could be partially
inverted over the outlet of the exhaust pipe. This would
create ‘short intermittent Wﬁg}ﬁgd’ alert villagers, often
several kilometers away, %Hen the mill was in service.
This approach was not available to owners f turbine- "
’,powered mills.

Cooperative approach to implementation

Individuals who have inquired about developing a modern
water-powered, mill scheme represent a cross=séction of

22 Nepal

o
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the $Bcial and &thnig groupe in the. hills.
completed their inatallation have turned to milling as a
Business vefitlire, either because of a lack of other
optlons for a liveiihood or beca,use they saw this as an

“wattrachve investment. However, the majérity have a

high social, economic, or palitical standing in their -
community. It'is clear that the local entrepreneur who
owns =il operates his wa.ter-powered mill is the primary
beneficiary of this technology. He:-clfarges. )
dpproximately the same rate as that charged by diesel
mill owners, has fewer recurring costs, and can repay
his ADB-N loan in four to seven years. After that time,
all income beyond that required to cover operating and
maintenance expenses represefits a net profit. -
Consequently, the question of whether these water-
_powered mills are merely em-:chmg the already wealthy ™
"has Rgen raised.

. . - )
To increase the benefits. of water-powered millsTQ' the
users rather than to a few entrepreneurs, UMN & . ;-
"embarked on an experiment to establish a cooperatwe )
mill. The first project was undertaken in Buling j\;
Arkhala, Nawal Parasi District in the Lumbini Zonewln

PO

RS i . ’ L s
Fig. 38. One of two water-powered mills installed by -
Butwal hear Majuwa, 2-3 days from the nearest road.
The irrigation/power canal and forebay-ean. -be-seerron ‘.. ...
the right, with the penstock entering the powerhouse,

w

Some who have .

£
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- ‘the late 1960':, UMN had estabhehed a dispensary in the
area and fiore recently had beex involved in a Food for

Work Prog#amme. There was, therefore, already a good

relationaliip between UMN and the people of the area.
During discussions with the villagers of how they might.
. . improve their economic standing, it was apparent that
* they saw the biggest potential in developing the locally-
grown ginger and improving its marketing, With -
Butwal's'work on a mechamcally-driven crop drier, the
 didea of mstallmg a water-powered mill evolved, In: =

" . addition to drying ginger, it -could also be used tp.

process their grajn and seed, a task which otherwise -
required a day's walk to the nearest (diesel) mm.

UM_b_l a.dvanced a loan for the cooperatijve mill and later
trained the local people in operating and maintaining
.the mill as well as in account{ng and ‘management.
Repreaentatives from each of the wards in the
panchayat formed a building committee.

The &anal to the mill w:S\Mt during a Food for Work

" Programme. The rem ‘work was undertaken by the
villagers who were pud either in cash or'in couponh .
which could later be uged to either buy shares in the
cooperative or services at the mill. Initial work was
slow because of weak leadership in certain villages, the
villagers' preoccupation with other tasks in their fields,
and the low wages agreed upan by the committee. To*

speed up progress, contracts wete let for spec1!!c tasks,

as is the tradxtion in the area.

z

In spite of the low promotional rates set when the mill

- became operational, because of the low yields from the -

small oil expeller which had been installed, villagers

standard-size oil expeller, a rice huller) &

generator, the miil's popularity inere

that often the villagers had to wait. severs
" their. ﬁmatud seed processed. A shop whi

ml seed was also built as part of the cooperative:
Ax the mm became operationll, the villagers and UMN’

discussed how to actually set up a cooperative. With
assistance from the ADB-N, it. was decided that

" - minimum-sharés should be available at Rs. 20 each bdt

. that each shareholder should strive to evenfually

_ purchase R#%200 worth of ‘shares. This maximum value
of shares which could be held By a single individual was
set to avoid lirge differences among shareholders. A

, management committee of one or two'meémbers from
each ward, depending on-the number of shareholders
from that ward, was formed. This commlttee meets on
a monthly buu. .. g‘

~ — ~

The, adva.nta?ges oi a cooperative apﬁroach are readﬂy
appl.‘regt. Besides rélieving the v‘lllqera of the work of
,,proceumg their rops by hand or carrying it long *
e disrmces to have it processed, this can be done lotally
,- at an affordable cost. The money is Kept withinithe
commuynity, jobs are created where many men are

s

and nny cu.h mrplus is reinverted in projectl which

”

otherwise forced to go to the southern plairs or to Indfa, -

benefit the entire community.. The mill area becomes a
center for market activities and for -exchanging views
and information. Possibly most importantly, such an
undertaking can be an iricentive for-active community
involvement in other projects. This can reinforce
among the v:llagers the idea that they can play a useful
role in bringing about change largely through their-own

efforts without relying on substantial assistance froln "

outside,

P

This has been a learning experience for both the
villagers and UMN. -The low initial motivation might
have been reversed had the villagers and their leaders
been better informed of the orgamzatxon, objectives,
and operation of a ‘cooperative an§] the role of the
committee and the members, especially in Hght of the
failure of several-government-initiated coqperatives in -

the past. V"ilhgers involvement in the decisions made ,‘°

by the committee would have avoided such problems as
implementing the project at the wrong®time of the |
year. Also, the role played by the "agent of change"

. (UMN) should have been clarified,

i ',.

‘ *.Despite problems encountered in 1mp1ementat:lng the -

cooperative, water-powered mill project, it is now

opera.tmg successfully.. It ha.s recently expanded into - °

other types of work. Agricnltura‘l ‘supplies such as

" insecticide qnd seed dreasing {for storage) are now

E entn.b:lish

available at/the mill. The cooperative is ﬁaying the
salarigs of fwo part-time local heaith workers, has_ ‘o
a health subcenter, and is building a . .
MN provides the tra.lning, and a loan or grant

nursqry.

" up the organization and management structure for these

&

ne7 undeftakings. : e

IR A/second cooperative mill project in Bangbari has since

been undértaken. In that case, the project was less

/ushed-ynd wore participatiop on"the part of the

villa.gep was dethanded, . UMN paid only for the milling -
ery, with all other coats borne by the , »
co;’qmty. Initially nine villages were interested in:
participating, but, because of the démand the project
placed’'tn the villagers, only foiir undertook the
project. It, too, is now well | managed amd running

smoothly. Registering these cooperatives in order to’
give their megmbers legal proteqtion is the only
remaining problem. : Because of the government‘
experience with innumerable coopératives which have
flﬂed in the put, it is reluctant to register new groupl.\

Obwservations o -
Micro-hydro projects, as well as related :development
projects in rergfe-fural areas of Nepal and around the

. world, frequently encounter difficulty in eftectmg a

positive impact on the rural sector and then maintaining
it without significant, .continuing support of one form or

“other, Butwal's Small Turbine and Mill Project seems to
'prese.pt one exception‘to this trend. For those

concerned with incteasing the effectiveness of micro-
hydro pro;ectn‘,'there is a need to ahalyze the factors
which hl.‘! contributed to the success of Butwal'

v
..

r
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ventures.

- . . ‘
efforts. The following discussion reflects impressions
gained by the author in the course of prepa.rmg this
study.

End-uses and viability of small hydfopower plants 5

Installing micré-hydropower plants can be costly

Their high cost is compounded if imported
machinery is used and if the plants are located in
remote areas. Consequgntly, subsidies are often
necessary in order to install.and operate these p/lants,
especially if revenues rely primarily on domestic
consumer uses.of the power. It is, therefore, important
to introduce and encourage income-generating or
productive end-uses to place 'Lhe plants on a more sound

_ financial footing.

1

Experiences in ¥iral areas around the world have shown
that, though those installing plants in these areas might
expect that numerous rural industries will automatically
be established to take advantage of electrical power
once it is avajlable, this rarely happens. Without

_incorporating -speciﬁc income-generating end-uses in

the design of a prOJect, the power is often used almost
exclusively for lighting. This is probably a foregone

- conclusion since lighting is the end-use most apparent to
‘villagers from rural areas vxsxhng towns and cities.
-Moreover, this use requires minimum additional capital
. investment on the part of the user, and it often meets

an existing need. Lighting generally does not generate
income, although it can result in possible cash savings

when electricity replaces kerosene and can also enhance.

income-generating activities. Yet, continued operation
of installations providing electricity pnmanly for
lighting generally will continue to require a sizable

‘. subsidy.

Butwal's approach to 1mplementmé water-powered mills
directly addresses thlﬂncome—generatu‘g\aspgct.
Butwal decided to work with a technol which would
improve the profitability of an already existing
income-generating end-use in rural areas and which
would introduce the minimum departure from existing
technologies which had already been mastered by the
people of the area. In so doing, economically viable
end-uses were automatically an ihtegral component of

* the’ project and not something to be ddded at some later

date. Ih addition to generating income, Butwal's small
decentralized hydropovyer plants are also less costly to
operate and maintain than the diesel plants they.often
replace. It is true that electricity could have beena
generated and used to drive motors to power the same
processing machinery. This would have been
advantageous insofar as it would have more easily

permitted the location of the mill to have been dictated™

by the location of the need for power and not by the

location of the water resource to be tapped. waever, :

Butwal elected to use the mechanijcal power, directly
since this technology was already well understood. A
mechanical system was also cheaper to install and
maintain than the alternator, motor(s), and other.
electrical components which would have been required
to perform the same task. Therefore, it is not hy -
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Fig. 39. Mill lighting permits 24-hour operation of the '

mill during ‘the busy season. -~ ) 8 e

."‘u 3
chance that Butwal's small decentralized hydropower
plants are not subsidized yet viable~-they are designed
to be so in the context of rural Nepal.

-

But the potential usefu.lness of electricity can not be
dlscopnted. A number of the owners of mills wluch have
been in operation for some time have expressed an
interest in adding an electricity-generating capacity to
their plants. Of course, by this time, most of these
mills have paid for themselves and an electricity-
generating capacity could be added at minimum cost.
- To address these growing requests in-d natural,
evolutionary manner, the mounting frame for the new
machinery now fabricated at Butwal provides for
mounting a car alternator. In this marner, a small.
quantity of "safe™ (24 V) dlectricity can be made’
available for lighting the mill to permit work in the
evening and possibly for several homes in the v1c1mty of
the mill. Ownets of several mills which are located
suffxcxently near to a village have expressed an intecest

» in including a 240 V ac-alternator of sufficient capacity
in their mill tq provide power, primarily for lighting, to-
the villagers. Though clearly technically feamble,, legal
questions regarding generation and supply of .electricity

. st111 have to be resblved. -

' o




. - The appropriateness of small hydropower technology

A number of governments and aid organizations around
the world have been or are presently involved in small
decentralized hydropower projects in developing -
countries. The avowed purpose of many of these
projects has been to evaluate the ‘appropriateness of this

technology. But, whereas the results of the applications”

of small hydropower technology by Butwal have béen
definitely favorable, the same cah not often be said of
results elsewhere. Can a conclusibn regarding the
appropriateness or inappropriateness of small
hydropower technology per se be drawn from all these
experiences or do the results reflect more on the

-a, pproach to the implementation of such projects than on
the technology xtse}f”

The achievements due to the efforts of Butwal.are
numerous. The UMN began establishing workshops and
technical training in the early 1960's. Only in 1975 did
it begin to seriously consider fabricating turbines and
installing small hydropower plants. Since then, Butwal
has installed 65 virtually nonsubsidized water-powered
mills around the country. The skills found in Nepal as
well as the level of economic development are no
different from those found in many developing ;- ..
countriés.- Yet the turbines used are designed and
fabficated in-country, and the mills are installed,
maintained, and operated largely by the Nepalese, and
virtually all continue to operate successfully. As the
pace of impleme’ntation is picking up, other small
workshops in the area are becoming aware of the .
technology and its implications and, completely on their
own, are fabricating machinery., In summary, the
experience of Butwal leads to the conclusion that
micro-hydropower technology is indeed appropriate.
But why do prOJects elsewhere oiten seem to lead to
opposite conclusions? '

% Fig. 40. An installation team secunng the flour mm to -

its base, >
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7 Fig. 41. An expatriate staff contrlbutes to an exchunge

" essential.

between DCS staff and a customer,

Like numerous development projects, Butwal's micro-
hydro program was not thé outgrowth of an indigenous
effort. Outside expertise and financial assistance were
But differences with conventional aid
approaches are numerous. As with'other foreign aid /

projects, expatriate engineers and staff are involved in

the Butwal project, but they are there primarily because
of a genuine personal commitment to the work, Unlike
many consultants, they are involved in this work, not for
weeks but, often, for years. They have time to learn:
first-hand about the realities in the countries in which
they are working. Rather than simply talking about the
rural areas in the abstract, they often spend days

to those areas, staying long enough to
ding of the way of life of the people, of
pirations, and frustrations. Ma.ny speak

ificant information as it is filtered
through the mind of the interpreter. Development =
generglly is regarded as a long-term, on-going process
and yet most aid projects effectively demand short-
term results. Progress is often measured by reaching
physical milestones, whereas the real problems are
often with the intangible aspects—cultural, social,
environmental,.economic, psychological, and others—
which influence or are influenced by the technology.
Butwal has the time and experience to deal with many
of these problems whereas, faced with largely inflexible

-

_ deadlines, most aid projects do not.

This gulf between the approach used by Butwal and that
adopted by more conventional aid projetts in
implementing small hydropower projects may well
explain the difference in the cdnclusions drawn about
the appropriateness of this technology. If so, this
implies _t.l;at"the approach to implementatipn and not the
technology itself should be examined and improved if
micro-Kydropower technology is to be a viable.
technology in the rural setting of developing countries.

1
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