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Th;s pubhcanon is one oF& senes tha.t fosters the effectwe use of small deeentrahzed

hydropower systems. This series is published by the Small Decentralized Hydropower

) (SDH) Program, International Programs Division, National Rural Electric Cooperamre -

s . - . Association (NRECA). NRECA operates the SDH Program under the terms of (AP

+ Cooperative Agreement AID/DSAN=-CA-0226 with the Office of Energy, Scaence a.nd
Technology Bureau, U.S. Agency for Intemat:onal Development. .

o

Under “the agreement, begun in May 1980, NRECA provides a broad range of techmceyl—
e aaststance to deve}opmg countries. N RECA provides asmstance by

. des:gnmg a.nd n:nplementmg reglonal w&kshops in Afnca, Asra_,r and Latin Amerlca

- " | _developmg ‘and condu,ctm-g'in-couﬁtry resource surveys :‘:I.I'ld site asséssments _. -
. wvuhng engmeermg,_ super\uslon, a.nd spec1ahzed assistance |

T e developlng spEmahzed publicauons such as state-of-the-art reports, mventones of

_ : ma.nufacturers, a;nd as'sessment methodol_ogles
" . : ¥

- .-

e conducting specml stud1es on igsues pertammg to fura.nce, management evaluatlon, 7
R a.nd. other sub]ects - A S S _ o e
. prov:dmg trammg 5ervu:es in such tonﬁ as operatlon and” mamtena.nce, resource. ' . -
assessment, eqmpment fabncat:on, aniqnstttutton buﬂdmg o -
' ® carrying out specialized services such as tours of U.S, manufacturing plants and
"~ small hydro sites-and- seminars -private sectop mvo.vement
. . crea.t_x_ng speCIahzed products such as produutlve-use plans for energy f om small o
‘ decentfalized hydropower, - o
For more inforrnatiq o'n: ﬂ.:l_'e' SDH Progr'am, please contact:’
Training and Information Coordinator . )
Small Decentralized Rydropower Program )
Interna.tlona.l Progi-ams iwsion
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NEPAL . .

Introduction )

Since the turn of the century, numerous small
decentralized hydropower plants have bean installed in

- the generally more temote areas of developing

~countries. These often have been.installed on an
- individual basis to.provide power ‘io';_mfsaion hospitals,

government outposts, miding operations, plantations, °
and others with a specific need for power. The
turbogenerating equipment was often expénsive and
usually required the skills of expatriates to'ipsfall,
mamtam, and operate on'd conhnmng basis. - °

.F
More receqtly, governments of some \:levelopmg )
countriez have attempted to install hydropower schemes
on a larger scale, as part oI an overall energy suppl'y
program. Indonesia, Pakistan, Indid, China, Peru, and
Papua New Guinea are among these countries. In the
1970's, the increasing cost of qil gave such pepgrams
‘added impetus, Leaving asitle the Chinese experience
because of the unique circumastances under which the
exjensiye implementation of swall hydropower schemes
ocqurred there, many of the efforts pursued by other
nations proved costly and frequenily d.ucouraged further
undertakings,

Nep!ﬁi andther couniry whose government has
undertaken & small hydropower program. Faced with a
difficult situation—few roads, a scattered'but dense
population in certain parts‘'gL the cauntry, rugged .
terrain, major’deforestation, and no indigenous oil
reserves—the Nepalese see decentralized hydropower s

a promising option. But the government approach to

0. Hatxiger

-

u‘!stalling sma.ll hydropower plants.m Nepal manifests
some of the same characteristics encountered by-other
nations, characteristics which discourage replication on
a btoader scale. Among these characteristics are the
bureaucratic delays which result in long gestanon\\
periods before a plant is operatwnal, the high cost of
schemes, and the growing dependency on external
findneing to cover these costs. oo

But in the 1960's, Balaju Yantra Shala {BYS), a private
machine shop in Kathmandu established under a Swiss .
ald program, undertdok to design, fabricate, and install"
several propelier turbines to drive grain~milling
machines, This efforf provided a catalyst for another
group, the United Mission to Nepal [UMN), through its
Butwal Engineering Works Prifate Lithited (BEW) apd.
Development and Consulting Setices (DCS), to become
involved not only in designing, fabncati.ng, and testing
turbines and associated hardware but also in developing
a viable, virtually non-subsidized approach to field
implementation of smal] water-powered miil
ingtallations. This private sector approach to the
impleinentation of a micro-hydro programr illustrates an
encouraging alternative to the generally more costly,
~bureaucratie governmental approach. It is an approach
which lends itself to replication in other countries

“n

' where sufficient interest and mohvatlon can be found .

and where appropriate end-uses enst to take advantage
of the power generated.

_The effectiveness of the approach used by BEW ahcl DCs
“in lmplementmg their micro-hydropower installations is
apparent in the fact that, since the mid-1970's, aver
sixty mills have heen installed, most in very remote
areas. And, as existing hydropower mills provide those
living in the rural areas with verifiable evidence of their
usefulness, viability, and profitability, tie pace af

Fig. 1. A two-story mill house
with the turbine end milling. -
equipment én ground leve] and |
living quarters above is visible on
the right. The penstock can be -
seen emerging from the forebay in
the upper center of the figure.
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. informaticn on their experiences can be found in the

. Butwal Wood Industries, and theHimal Hydro .

- and Consulting Services (DCS), now carries out most of

" Except where specific reference is mads to DCS or

i M w . L . F ; rr
implementation is increasing. This case study 1§ o A 2
documents in some detail both the evolution and
characteristics of the BEW and DCS approach in or
to provide ideas to those interested in ipitiating
‘micro-hydro program on a broad scale and to pr ide a
possible framework within which such a’program could
evolve. . '

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

publication, Local Experience with Micro-Hydro o
Tech.nologx, which is ‘available from the Swiss Center )
for Appropriate Technology {(SKAT), Varnbflelstriisse
14, CH-9000 St. Gallen, Switzerland,

) e ) : . L .
.Mtv:\\}. ‘ S ‘
5 . u“tg. 2. The janto is a stone mll used by each household

or grindf . s
The Unit&d Mission to Nepaj (UMN}) the orga.mzatmn at . {or grinding corn, wheai and millet.
the root of these developments, is a private voluntary N ] ; T v

organization, headquartered in Nepal, comprised of - ' P ° ) .
pearly forty Protestant mission groups 4nd church- SE B ] Y ) .

related aid agencies, In addition to work in the health - ‘ ’ M- o

‘and education fields, rural and industrial development is F[g 3. The dhiki, a root-poweredmortar and pestle, has
_carried out under its Economic Development Board, tradftionally Deen used by women to hull paddy (rice). ¢

The Butwal Technical Instituta (BTI), begun in 1963, was
the first such undertaking. As this project grew beyond- - §
the function of apprenticeship training with its machine
shops, ne# organizations were created. BTl was
‘subsequently redefined as the helding organization for
the various workshops which were formed into private
limited companies.” Among these were the Butwal N
Plywood Faciory, the Butwal Power Company, the

Gabar Gas and Agricultural Equipmént Company, the

Construction Company. The mechapical workshop
became the Butwal Engineering Works Private Limited
(BEW). Another arganizational structure, Development

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 Himhala¥an range. This
town is situated on. the road from Gorakpur, India, to}
Pokhara, Nepal,

.

BEW, the term "Butwal" is used to indicate the overa]l
grouping of individuals and organizatigns involved in .
designing, fabricating, and installing $mall hydrogower
plants,

Program histary N

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

:

2. Nepal
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th 4. The kol is used for e.ttracting aﬂ rram sded. A
heavy timber I3 rotataed within a hollowed out boulder
cqntaining the seed. The process {s'arduous and time-
cor_lsumtng and the yield is relatiyely low.

. rock, Rice, corn, wheat. and ot.her 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 rudimentarytpols. One
of these tasks had also Been mechanized cepturies ago
with the development of the vartical-axia water wheel’ &
to directly Hrive millstones for milling grain. Thousands
r.-t these water-powered nnlla-,dot the cmmtryaide.

. More recently, diesel-powered lml]s which perform all
. three of these tasks were iniroduced in the mountains.
Diespite the higher cost for processing grain and oil seed
because of the capital cost of diesel-powered mills and
awarr—— the high cost of diesel hue) in remote areas, these mills
have proved popular. Theyf'can be found thoughout the
country in greas distadt from the main rpads £nd
] pcpulatmn centera’}_ 1t was to provide an alterpative
1 source of<motive power for these mills that BYS first
fabricated and uutalled prcrpeller, and later cﬂ?ss-l’low, )
turbines.

"1.’, :

= BTI c,asionaily undertook repair jobs on :he‘BYS
turbin®d:in its workshop facilities. An increasing
number ‘of people who hadsseen these few tuthh:es =
i the hills.went ?9. Butwal
plaiits in' their
-own villages, I;itially, because of BTI_';_ mited
capacity, its i:nvnlvemmt with other wotk {hclnding
fabrication of fapt suspension bridges, ropeways; and

I3

tge Tinau Hydro Project which eventfually supplied 1 "

of electrical power to.Butwal and the sirroundihg areal, !
and its ingBility to dedfcate sufficient time and staff to
the deaign of* turbines, se potential custbmers went
elsewhere. But as BTT's workshop capacity mcremd.
there was increasing predsure to Jook'for new
magufacturing ventures. Following considerable
discussion with potential customers, local etafl, and
employees on existing needs which might b¢ met by the -
workshop, the board of directora of both BTI and.DCS
dpproved a proposal for a pﬂot hydropower project.

P

" +
’

Though electnc:tsr for lighting is frequently sought by .
‘ both villagers arid the government, this is not a primary
need.’ Some kerosene is used for lighting, but, aside
from firewood usedaprimarily for cooking, diese] 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 designs for a tu.rbine
and asgociated bardware to directly d#ive agro-' .
processing machinery without being encumbared by the - -~
need to oduce the more expensiye and
t.echnologically compleX electrical componen ts. R
Based on B‘I‘I's experience with the ] Bys mrl;i.nes and om -
observations of exiating. hydropgwer installations, it was
apparent that there was a need for a broad, well-
coordinated program. This program needed n8t only to _ .,
include the design and fabeication of reliable, low=-cost
turbines but also to field teams of individugls with a
E . broad ra.nge of expertue to haluate s:tes, discuss
options for technical designs and financing with .
prgspective customers, design the necessary civil and *
mechanical works, install machinery, a.nd :m&ertake the
necessa.ry follow-up maintenanc:e work, .

13

hi 1975 t.ﬁe UMN receivéd a grant for $24,000 to
establ.lsh such a program. ‘In addition, BTI fu.nded the
cost 9f both the turbine devdldpment and part of the -
test site facility, Two fu)j-time, and severa) part- time\, -
expatriate engineers and staff Miembers.were fully
supported by their-sponsoring arganizations! Since the
program.wis envjsicmed ta be fmancia].ly self- R ST
supporting, with income, th&um salea covering overhead
and develgyment costs, the grant reflected only warking
capital and ‘start-up costs. . .
S P &- “1 s
DS took primary rgspunsibﬂlty for fleld work, This
inclifded customer cintact, site survey, plant Jayout,
ering and assembling all machinery and materials for_
delivery, insfatlation, and follow~up repairs. "BTI (and -
later BEW) became the contractor for the fabricated . '

+

Fig. 5. Diesel mg(nevh.sed to drive millirlq md ou-
expalling equtpmgﬂt are .f' ound scattered "tru'oughout
Nepal. .




grain hopper
- ' L}
raisad or lowered

to adjust clearance
petween millstones

millstones -

Fig. ‘é. Cross-sectional view of a traditional mill.

&

L n

' ‘Ipa.l_-ts. n 'm:idit_iun, BTI retained responsibility for Fig. 7. One of-the thousands of traditional water-

‘tifkbirie réseatch, development, and testing since these powered mills found in Nepdl
M contril,’g‘ed to-its mmufactm-ing and marketmg -

actimtie* ¥ _ < . : : &

Organi:a.timally,, it might have aeerped more
‘straightforward if the entire program Bad been kept
within BTI. However, its pravioys experience with a
footbridge program indicated that aending workshop
personnsl into’ the fjeld’ disrupted i.l!lltluﬂ.tion work; .
workshop pladhing, and production, In addition, salaries

r for workers'in the field were also neceuar.ﬂy higher -
than those for workshop staff; creating conflict betweaen «
workers. Since this program had potential for growth, it~ |

* wan decided to make it a separate Program within the

- BCS framework &om the beginning. *.

During the inital phases of the prdject, progreas.was

slow, The self-imposed limitation of using only

_materials available in Nepal and the Indian subcontinent

* required that many items be designed and mapufactured .
in Nepal instead of regorting to the far easiep tethod of
importing. In 1977, the first three water mbine— " . - RNy 3 '
powesed mfills were inatalled in the hills of Nepal. This T

was {ollowed by 11 installationa in 1978 and increasing - - Fig 8. mr.er faliing several meters tirough an open

oumbers in subseqyent years, A total of 45 mills have wooden channel (seen emanging to the right of the stp

been installed to date. - . : provldes powemo drnfe the grindstones, * BN
” . ') L%

N - % o ‘ " ) )
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Selection of. turbine type o "'

Innumerable small styedms with steep gradients are
located io the centrdl hiil region of Nepal which
supports most of thdt country's populatidn, Peaka rise
to a height of 3,000 meters, But, unlike the Himalayas
to the north with their perennial snow-fed streaina,
streams in the central region are entirely rain- and
spring-fed. Whereas monsoon rains lead to heavy floods,
stream [lows are extremely low by the end of the dry
seagon in April and May, These conditions are not
yAcommon to many tropical countries with hydeo

-patential. Under those circumstances, it appeared that

4 Pelton turbine which operates under a high head and
requires relatively low: flows would be most

appropriate. However, sven the single Pelton turbine
fabricated by Butwal has never.been instailed and s still
in its workshop.

There are several reasons why turbines operating under
high heags have proved less appropriate in Nepal than

‘those operating under lower heads:

Fig. 8. Inside a traditional mill. Grain placed in the
rectangular tin i{s automatically fed through the center:
of the grindstone which I3 rotated by the waterwheel
underneath the buflding. The wooder: pole through the
floor [n the foreground is used to adjust the ciearance
between the stones. .

.

® conflict with irrigation—In the hills covered with .
tegraces for growing rice and other creps, use of
water {or irrigation assumes primary importance,
Water rights are carefully protected. If any.water
found in the streams were to be used for hydrapower
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 miay be
considerable, The paZ:b“ility of the owner of a water—

powered will deprivingfarmers of their water is -
inconceivablg. Even jn séveral casas where exceds
water for power géhérafion would have been
.avajlable, the [armers anticlpated eventual loss af
control and blocked further-developments. I scon
became apparent that the best sites to develop were.
those where the potential mill owner controlled or
could purchase the land bétween the intake and
pawerhouse. This implied that, to minimize conflict,
sites with low heads would have to he developed. ‘of
course, another alternative might have been toe .
exploit high—head sites as a cooperative venture
among all the-affected farmers: However, given the
social setting, it initially proved easier to deal with
individua) entrepreneurs than to mma:e such
venfures, . . -

. # inappropriate location of potential sites—Another

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

' revealed«this problem earfier,

¢ cost of penstock—High-Liead sites generally require a

, longer and usually costlier penstock pipe. In several
locations where a lighe#bead site was technically and
socially acceptabje, the-cost of the penstock alone
was twice as much as that for the turbine.

- As a result of a review of these and ofher_ 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 pmpeller
turbines, However, because of the com_plex:ty of the

' _design and the manufacturing requirements, this work O
" wag not pursied by eltheér BYS or Butwal, Both BYS and

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

* because it is relatively easier to fabricate, It was also’

posaible to accomodate a wide range of flows and heads
-with only minor des‘;gq modifications, The same jigs
_could be utilized in fabricating turbines of dif fu-ent

B capacit}x - o .

-

¥ ., -
By 'focuaing their effort on turbines for low=head sites
with nearly identical operating copditions, it was
possible to dc_velop a single basic design and then to

Nepal 3
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] subqequent!umts

Fig. 1. A eross-flow turpine fabricated by BEW,
) e gueiner s 300 mm lang, the longest runner
presently qarefactured oy BE'W. “when in use,-the
"w‘blrw"? draft tube is connected to the rectanquiar

This

, o
lﬁarn from ensuing eXxperiences in order to improve

“ost mills'operate under heads of
from 7 1o 13 meters.

. fabricated and installed and tﬁ'e sxperience gained has ¢
heen incorporated 1n what 18 now a well-engineered L
turbine design. . .
The design which avolved uses a cross-flow runner '
sither 200 mm or 400 mm in diameter and 1s
manwfactured 1n 10 standardized widtns to suit a range . .
of flows. The [ldw is controiled manually by means of a
single guidervane with the same width as the runner. B
The runper, housing, transition piece between the Fig. 2. One Of tfie J"U‘SI turbines fabricated by BEW
penstack and turbine, and the draft tube are fabricated, being instailed at Dobilla, . C o
of ste=) plate. A hydrauwlic press is used to form the . ,
runner bjades, guide vanes, flanges of the housing, and -
sther commponents formed by hending, Initially, to suppott the shaft of the runner. The limited life of
difficulty was encountered 1n locating suitabje bearings imported bearings boughi in India proved a problem until :
. it was discovered that thlse were actually old imported i
9 bearings, reconditionéed, and sometimes resold as
£ originals. A source of new, sealed, self-aligning .
i bearings made in Japan was later located in India. v
. . -
A complete set of mechanical’drawings, a list of
TR quired At AHIAlS, USRI PHEH BT TR Ve ERAITE] T LS

Fig. 11.The test 2te {ocated at the workshop of BEW.
secitans of pens‘toc‘k pipe in the rorpqrou.nd are ready
for pressure testing.

"o Mepal

To date, about t5 units have been [,

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 Te<hnology Cxchange «GATE}, Postfach
5180, D-6236 Eschborn 1, Federal Republic of
Germany, Because that publication clearly documents
the desig‘n. tecnnical details will not be répeal’ed here.

Alter fabrlcahon -the turbine ana all sections of the °~ - ¢
penstock are tested at the test site adjoining BEW. Any '
misalignment, poor threads, or leaks can then be

repaired easily in the workshop. After the unit is sent—

to the field, only hand-crafted repairs can be made.

» .
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) before entry inte the penstock. Incorporating a large
. . _ " forebay when it is unnecessary results in additional
Design of a typical mill installation v . costs due to the concrete and labor requirements for
. . - such a structure. .
: The civil works necessary tp convey water from a .
stream to the gzrea of the pawerhouse ard™rirtually : The penstock pipe is made by Butwal of 2.5 mm mild
identical to the those used with%rrigation schemes - stée¥ plate in two-meter lengths. Flanges are made b}r —
throughout Nepal. A row of stones, sometimes - ‘ha.nd-forgmg strips of flat jron, and a Broove far an O="
interwoven with branches, forms a temporary diversion ring js machined in one of the two flanges welded to
structure across either part, or the entire width, of the - each pénstock pipe segment. An D—rmg,has proven to
" . stream, and an unlinéd earth canal conveys water to the be'mpch better than flit gaakets in providing a leak-
. i intake uf the penstock. On occdsion, water from an proof seal. No provision has been made fdr thermal .
.- existing irrigation canal itself 1?' used, though this canal expansion of the pellstock pipe used with its low-head
2 wight have to be widened to ingure an adequate flow of . installations. Leakage from the connection of the .
r -water. Irrigation canals are cleaned once before the penstock to the forebay structure, althtugh expected,
; rice planting season each yeaﬂ and then after each flood has never been a problem. An attempt is made to select
- durmg the MOonsood season. ;. . - a peénstock alignment which avoids any deviations from
N . : a strajght line except for the portion immedijately
Ge‘nerally, water from the canal enterS-the penstock before the turbine. But if bends are required, the size,
directly. A trashrack before the penstock intake retains of these bends is dettrmmed using rudimentary field
.. the larger [loating debris. The forebay ia ¢ften simply a measurements, . .
transition structure between the canal and penstock. -
pipé and does ot serve as a significant settling area. In existing mills, it was also observed that all the
¥ Usually, maost of the water-borne sediment which would  machinéry was inde]ﬁlndently mounted on the mil] "
prave injurious ta the turhine sattles in the canal itself floor, Careless installation of the machinery frequently
s
i "
Ca
2. Nl!lilw
' Fig. 13. A mason completing work on a rorebay The -« Fig. 14, The penstock descends from the forebay to o
: trashrack s located behind him. | mill under construction.

¢ : o
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- resulted in misalignment of shafts and pulleys. To:
minimize the occurrence of this problem, Butwal
degeloped a single frame an which all the machinéry
required in,an average mill, that §,'a turbine, rice
buller, flour mill, and il expeller,ccould be mounted. In-
this way, the machinery tould he fitted and aligned in
the workshop under proper supervision. Machinery could*

~ alsp be secured on sjte with a. minlmum of concrate.~It
was Butwal's policy that, ynless a customer owned
processing machinery in an earlier.mill (diesel- ar
water-powered), machinery for a new mill had to be

ased through-Butwal. This helped to ensure that
all the processing machiner%wou.ld be properly

- integrated into tive overall mill design.

Fig. 16. A mill Tayoit using ome
of the new turbines mounted on a
common frame with th
processing equipment. An
intermediate drive shaft (s not a
usual component of the new
layout. [t has been included in
this instailation because the miil
owner {3 congldering adding other -
mgchinery later, . +

~ : . -

0. Nafuiger .

Fig,'I5. At Ampchaur, the
turbine is placed below floor
level. i

.":

L -
Initially, the turbine with a 400 wm ranner was placed
in a receas 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 arrangerment also mednt-that
the possibility of flood waters seidching the floor was
reduced, In additich, lowering the turbine alzo .
overtame (8% prokiwg
caused by water dripping from the seals, On the other
‘hand, it made the turbine somewhat less accessible. At
Fresent, the nawér, higher spe&d turbine with the
smaller, 200 mm runner is more popular and is mounted
half a meter above the mill floor o a four-legged stand
(Fig. 16and 17). - v Co- -

LY

of wetting of the mill floor =

.

my

-

o
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Fig. I7. The new turbings are
mounted above the mill floor on g
common mounting framyg which (3"
evmtuully set in concrgte. Here
= the installation team ts shown )
using a string to align the pulleys.

. Butwal alsG incorporated a change in the layout of the

machinery in the mill, One problem which had been
observed at the. first watar-powered ‘mijlls installed by
"BYS wasithat the hobine’ easentially replaced the diesel
engine in the typical installaticn but left the basic' -
layout of the mill, with its long intermediate drive
shaft, unchanged-{Fig. 19}, This drive shaft, up to gix
méters loug, was supported by three or four bearings .

_ (Fig. 20). These long shafts were raraly atraight and

- this resulted in rapid bearing faflure, An Initial solution
was to introduce a new layout for the machinery which
permitted the low-speed oil expeller o be driven
directly off one side of the turbine and the two scaller

: machines to be deiven’off a short intérmediate drive

shaft qff-the other side of the turbine (Fig. 30). At .
presen'q by‘umng a 200 mm diameter runnér at most
sites, the speed is high encugh for all machines to be

. driven directly off the turbine shaft, The intarmediate’

Fig. I8, At this new miil, no
{ntermediate drive shaft (s ugsed -
between the turbine aond agro-
processing equipment. '

-
%

drive shaft hag now been discontinued altogether and .
the turbine shaft extanded to accept two pulleya on one
side (Fig. 17 and 18)." A third bearing u'neceuanr along

" thé turbine shaft to suppoxt the pulley load. Thia results

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

- recent problems with fracture of thé runner shaft.

Annthg: problem in existing mills invo_!véd the use of

flat belts. The shafts and pulleys were rarely aligned

‘and polens implantad in the floor, or otherwisé secured, '
were frequently used to prevent the belts, from running .
off the pulleys (Fig. 20). This resuited in loss of power .
and rapid wear of the helts. To overcome this problem,
Butwal turned to the use of V-belts throughout ita

mills. These belts trangmit er more efficiently than

_commonly available flat belts, require no connectors

which are necessary ?hm: flat b\elts, and reduce the

i
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_ the repiacement of belts, i Ihgle—lcngth D-uctim -
. V-beli Ismedthmu;hmtthg mm.

,  An erpatrilte DCS-director serves as m'oject lendu fcr_
_ the Smail Turbine and Mill Praject, but the d.ay-to—dny L
‘running of the peoject is the re-panﬁbﬂityof the. -

. and stnrekeepw cdmpleta thc p«rmmn: o!fica atnff.

| shift, & fatymlley to Vepuliey is used to permit eny
" - belf removal.. [adividual machines can thed be

-
El

(e} Butwah pnuni llyout

.
flat belt. N G flat pulley
| .. l _v-bohlt {l: V-pulley .I
1-"@ 19,

ﬂotmcenqui:dbetwmwnm Frouths&riva .

disengaged while the turbine J» running. To' fuciljtate

“:’ L

Business Chief, A TechnicaI Supervisor, dccomt‘a.nt,

' The heart of thehltalhﬁun m camsm of'ﬂnee !

" or four teams ‘which undertake work in the tield.

- Initially, el.:;h tuq was mmpriml of a team loader who

' wua-kﬂledm

dhcuuimwﬂhl.mq,utodedm;toimt [
" . watep=powered mill. When the team then goes to the '

. list fur the sites.surveyed. He

These drawingys iilustrate the evolution of the ‘standard equtpmmt ‘luyw& in a ml!l. Note tMt ﬁoor area
rctilcedasmmnwan'ofbea'mgsmdmomucompleﬁty < _ L

*

-.liitiqpautblc the tnm leader is ppesent

-field; it actd indépendently. ‘It i responsitie-for the
‘sarvey, site delection with the customer, dnd price

 “iotatian, When thie‘team returns Gram its tnitial field

visit, thé leader praparu the';layqut ﬂedgn and order -

.in the workshop uumblynnﬂ in chiatking and packing
all the-n;chinary fop.ab-instailation in preparation for-.

.h:ndmgithver to-the customer:for transport. The team.
_ ia then responsible for installing the michinery:and for-:

;ha supervizes his team "

lca.l tndemu (o da.te, each lu.i .

" had BIT apprenticeship training), s mason, anda =

" belpar, More pedently, most teime copvist of only two -

- people; m:mm:«m:mmtanmmmme

- " ;castomer, ‘I‘hmly time a third person ’::companleu
;.that!mhwhlnhchlmemploynbohgtnined

I
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any necessary follow-up repair work, To minimize -

confusion, it would be best if one team dealt with a
custome:r from initlal contact to final installation.
However, practicalities make this impossible, By
insisting on uniform information-recording procetdures,
it has heen possible to have one téary survey and a
aecnnd team complete the installdtiony.

.Participating in decmonmakmgd:a.s a.red each team

to set up its own independent instaifation operation -
should DCS decide to discontinue its pperation.

Installation of a mill .

Site selection . . ' :

Due tb the growing reputation of an increasing number
-of successful wa,ter-pnwered mills, there isno need now
tt promote small turbines in mder to get business, Ever
since BYS installed the first modern water-powered .
mills fh' the 1960, they have promoted themaselves, o
Villagers familiar with traditional water-powered mills
and, more recently, diesel mills, are quick to see the
merits of this compact, trouble—free source of power
with its Jow 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
éne of the DCS teams installing a new water-powered
mill in the ared, or by notifying an officer of the
Agricultural Devalopment Bank of Nepal [ADB-N) which
has branches throughouf the country.

In the dry season, after as many requests as possible
have been gathered from a certain geographical arez or
when there is reason for a team to go near that area for
- installation or repair work, thqy take the necessary
information for n:ontactmg the new potential
customers. The loan o'[ﬁcer from the nearest ADB-N

. ‘office is also motified and invited to join in the survey, -

* The team travels by public transport to as near to the
gite as posgible and then they continue on foot for up to
a week in some cases.’ The team restricts its surveying .
_ equipment o the mihimum required fof the task—a _
hand-held sighting leval or inclinometer, a vinyl ribhbon
staff, a 30-meter fikerglass measuring tape, and several
-aquare meters of-plastic sheet té asaist in making flow .
measurements, These provide adequate accuracy for
determining the parameters neceaaary for layout and
design.

A nommal charge of Ra, 200 is now charged. for each
site survey to msur; more commitment on the part of
the customer to following through with the project.

" With the increasing number of small local workshaps
which are baginning to fabeicate cross-flow turbines, _
there {2 aise an increasing risk that perspective miil
owners will take the results of the survey to another

- workshop to have the machinery fabricated. This initial

hompinal charge therefore also covers, in part, the cost
of the initial survey. in addition to Rs. 200, if a site is

found feasil:;e, an additional Rs. 1600 is charged as part '

of t.he final- quote for the installation. This is to cover

&

.

" Nepalese farmers have an good ays for determining the +»

‘required water. For this reason,’it is extremely

Fig. 20. A common gight in mills using flat belts——a
metal or wooden stake is used to prevent the flat belt
from slipping off misaligned pulleys. This mill has a
canventional layout with a long intermediate drive .
shaft. ,The shaft was alse bent ,Forcmg the removal of
the fourr.h bearing.

erpenses incurred during preliminary surveys of bnth )
feasible and infeaasible sites . . T

In every case, gite selectmn requires that the patentlal
customer find a location where he eithér owns or can
purchase land for the twill and obtain rights to the

important that the customer understand-the

requirements of head and fiow, so that he can chogse.

likely spots bafore ‘the survey téam arrives, The ideal
situation is for a new customer to visit-an opsérating
water-powered mill to underatand the-principles . ..

involved. Due to their experience with irrigation, ' v

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

-selected for the forebiy. This usually enab)es fhem to Lot
' select a site with adequafe watet if one exists.

However, the concept that the bead is the elevation

" difference and not the-slope distance has often been 4

" measurements made at one pojit in time dre of Tittlas

dtfficult to explain. And because of their interest in

installing a mill, there is'frequently ap overly optimiatic

estimate 6f the available flow in the tream to be
egsed,

L
54 atream flows ape small, even arsful flow -

use, But since irrigation is often practiced in the same .3
ares, the local populatic ually hae a very good idea o
of how small the flow in a stréam gets in an average dry #
season and what happens during drought years. Duyring

their visit to the site, the team therefore mea the

- stream flow and, from interviewing the local farmers, -

i

deteripines what proportion of the average and drought
year flows this represents, 'Flow measuraments are -
Aiade using a temporary weir, with a plastic sheet used .
to sea) around the weir, and virtwWally never using the

float method. Frequeq‘tly, it is clear that, for at least

Nepal 11




P At most sites, a gplliway is included in the forebay wall
90 that any excess water can be led dway in a controlled
, manner, When choosing a site for a mill, the location of
both the spillway and the course followed by any of the
excess water as it returns to the siream must be
considered, Otherwise, this water might cause erosion
and undermine the ppnstock or mill. N
b - o ~
The next step ia to establish the canal alignment. If an
existing irrigation cana] cannot be used and a new canal
has to be dug, a hand-held 3ighting lével is used to run a
level frém 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 location being a function-of both the.
length of the canal and the nature of the terrain.
& ; e Dj g the cana] is entirely the customer's
o . responsibility, The villagers'.experience with irrigation
g:‘% kg: m”":‘ d.mim e:at;hmtlzepz::ti c“;’%o;febeu;x at makes them more qualified than outsiders to determine
the left g:e cost and feasibﬂ,ity of the alignment, The customer
- : ‘aleo consulta with nllagers who gpecialize in canal
‘ Co ‘. digging and frequently hirer them to excavate gections
veral montls, there will not be encugh water to run
:ien one machine but that, for, most of the year, twe :; l!n‘ ﬁirockf-ctuhtting; In at.hh:rantaads‘t! c‘;:e’ i.ndic:ing
can be operated simultanegusiy, This is carefully.< e ey Jiream that needs'to De Conveyed oY
" explaimed to the customer. Sometimes, a second, more ~ :l:: ensi\i;:uand s?:t :CE”::S?:G;:? c:::;mm the
sujtable stream can be located in the aﬂa:i At other 7 pe v
times, the solution bas been to look for a site with a
higﬁe:- head, but Frequently, in such.cages, Butwal will f": o tl;:esi t:h:: srlet:ed an:t-t:e cm ﬂele‘?ﬂf‘; i
recommend that the site be rejected. Gatheétingal : e{ erfm d i eleva m: ° ebl:i:.ﬁ d..oo';hi: hoip t
avaijlable lnfnrma.tion— t:eatimate flows and clearly ';'( . :a.e:: le:?:nup to the x:; mecre:::c eh :has the I:e at- ceis
explaining to the cistomer the jmplications of less- ¥nowledge of the site and must live with the - -
. than-expected rlows has avuided misunderstandings, s Cousequences ;iﬂm cholce; The desired area tovhe - ". .
excavated for the mill Floor apd tailrace capal can then .
With the expericnce'ga.ined In selecting dozens of sites, ,
- the field team can umaliy tell at a glance if the site is " be-marked.out. The head and other information

2

[easible, Since approximately three kilowatts of . . required'td design the p tock are obtained by mam% "
. y . a series of measurements, yxuaing the hand-held
mechanical power required for each of the typical
" ICA%. . aighting level and the ribbon fape which is suppurted on
milling machines, and three'machines are customary.in
T a bambooeor other suitable pdje (Fig. ZZ). An elevation
every mill, three Kilowatts is the minimum desirable and rofile is them run the expected tock
nine kilowatt is the ma¥¥mum operating power which . P lorig *pe pens
"_alignipent from the proposed turbine locAtion up to the -
~would be necessary. Dependmg on the avallable sites, end pf the: oned of exl.sting canal elevation. Al the "
the cuatomer thust decide:if he will be satisfied with the Prox
output that can he ctad = . information j8 recorded on @'sketch of the site in thé .
e b e::pe * .. o field notebogk. A permanent mark on the root of a tree
- o E ‘or lafge stone in ‘ade and ity position recorded i
Site hymt AP . : < the field notes for future referénce.. Direét
’ ’ ' _ ‘measuréments of the lehgth and profile of the penstock -
Agiter the customer hdicatcs hik preian-td site, the can séldony be made without excavition, but by making
“exact location of ‘the mill is determined by carefully’ several simple linear qﬁ anguln meuurementn, these
eatabllahlng the maximum flood level of any nearby can be calculated. , . T
streams and by checking the stability of the ground, ote ) -
_ above the mill to ensure satety froni landslides, < It is also important to examine and note the soil and‘:
" Minimizing the length of the penstock by selecting a . rock formations for ponible poténtial problems. in
point where the slope is stesp or where the ‘millhouse - . excavating for the mil house, d.rat't' tube, tailrace c
can be dug back info the ground must be balanced - or penstock pipe. Shifting the aite slightly &an u.sua.ll?
ainst the stability of the ground and the difficalty of ~ avoid the necdssity for .a bend in the ‘penstock Pipe; but,
. &gﬁnﬂ a canal to the desired point. In many cases, an if a bend {s required, more ca.reful measurements must .
B existing irrigation canal can be.used.” This simplifies be taken, N -
i {evelaping the site and reduces the cost of the ) * )
instaliation although it als¢ reduces the number of If there is adequate flow in the stream 8o tha.t only ps.lrt
optfons for site location. It may also limit the power " of it will need to be diverted for use by the mill, the
potential at the site since the avdilable head might be design flow will only depend on the head available and
lower than could have been developed by digging a new . the power requifed. The maximum flow casily ctmveyed
ca.na.l &th a more gl;gdual slope. . . in a traditional u.nl.{ﬁqd migation cana) iy about
& -
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" 200 liters per second. 'The flow for the most convenient from Butwal. For the Indian processing machmery, no
canal design is from 80 to 120 liters per second, gua.rantee is given. .
. stallati : The terms of the quotation, as well as the details of the -
Q:nate foe the ins ation ' ) guarantee, are explained to the customer. He must be
After all the inf;rmation“has been recorded in the field -aware of exactly what"DCS will provide and undertake

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

must understand that'he must [irst receive from 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 JCS would take any ac tion:
However, customers often waited until the last myinute
to make arrangements fgr a loan and this led to cash-

. How problems. Since mid-198]1, an advance of 50% of
the DCS quotation along with a letter of guarantee from
the ADB-N has been required: This places more _ v

' pressure on the customer to get things moving. ) ’

notes, the Technical Supervisor completes a price .

- quotation ‘Based cn the survey, The cost of most items

remains approximately the same from site to site, with

the notable exception of the penstock pipe which vdries

the most in price, The choice ol the kinds of processing

machinery also comes into play but most customers

want all tifree—a flour mill, rice huller, and oil 5

expeller, The quotations are valid for.orly three

months, after which time a new quote tmust 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

botmd by the quotation given the original customer, * ]

gg‘; S::: : :L’;:?::rm@m::ea;:g t:::;?;n;ry and For financing, most customers turn to. the ADB-N
which, with an interest rate of 11% and a loan

- installation, provided the work was done according to

N 2 - . repayment period of seven yvears, offers better financial
- the instructions from the lead:e.r of the installation team 4 on commercial banks. To date, only four mills

have been paid for without loans. The B-N has

officers and perscnnel at every level wh.xh actively

promote a loan program for water-powePd mi]l -

development, having,githdrawn 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 loan, This loan would also.require

physical property as collateral, -A typical Toan covers

all the machinery 231 installation costs, 85% of th2 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 sntire. .

project cost. Once approved, a customer who secures a4

loan {rom 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
rdirectly trom the ADB-N upon submission of S‘le hill

s‘lB‘ned hy “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 arranges for water
rights and necessary fina.ncing.

Design, fahncatinn, a.nd delivery

After the customer places his order, the Technical
Superviaor fills out an order form. From the field notes
and sketches, any necessary modifications are made 'to
_ the standard designs. Omly items which require a
special design, such as a penstock bend, require a new
drawing. Items from India, such as gram-mllimg
B . . machines, beits, pulleys, aﬁd bearings, are kept in stock )
Fig. 22. The team surveys using a hand-held levél and a ‘dae to unreliable delivery times, Items such as penstock '
vinyl surveyfng tape suspended froma pole pipe, mtermedlate drive shaft, and mounting frames are

S

- ¥ Rs. 12 =US %1 (approxlmate} . : . : ) ’

+ -
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Flg. 23. A recently received sl;ock of oil erpe!lers from
India at Butwul.

ueln.ially ordered in quantity.for stock.: Orders for items

not already in stack, including the turbine and penstock

bends, are placed witp BEW, wl:uc.h undértakes their
fabrication.

A year's supply.of grease and a tool kit, adequate for

~complete maintenance, are supplied to the customer,

This s¢lves 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 perfofm maintenance work
even if it does not happen to bring along its own tool’
kit, _ -

r

Betore packing begins, all the machinety, parts, and
supples are gathered together and checked against the
order list. Pabt are assembled and checked by cne of
,the field teamas. They are theh packaged in loads which
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 before theiwrder is handed aver.
Formerly, the per-day installation charges were paid *
after completing the installation of the mill to give the
customer some leverage and to ensure his satisfaction
with the wark, Because there has been ssme difficulty
in collecting this sim after completion of the work,
payment is now required in advance, This sum is based
on an installation time estimated at 30 days and any

© extra is refunded after completing the work. .. .

Installation s . *

_Aftei-'t.he customer has seen to it that all the machinery

io at the site, that all materials noted on‘the project
cost form have been atockpiled weak the site, and that
all necessary excavation work has been co
notifiea t.hé inatallation téam to co

and the seasonal difhculty of lo'*atmg '

“ugually underestimated by the owner. The gear box for
the oil expeller, weighing 110 kilograms, is the single
heaviest gart. This requires an exceptionally strong
porter. If the load can be supported on a sling, two
porters can be used té carry the load. Howevar, 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 s1zes. . -

A

“

Tasks undertaken by Butwal
. ® perform 1nit.la.l su.i'vey .

o design ancl fabﬂcate ‘tarbine, penatock and .
nther requu-ed hardware _ °

* purchase, mpect, and pack the milling, =~ }
hulling, and oil expelling machinery for
transport as needed e

) .

e provide technicai gl.udan_ge and assistance in

installing and cém missiéning of the plant

* & train one of the local perma dedgnated as:
mill operator bow to operate and maintain
the machinery

. Reapongibilities of the mill owner

e obtain t.he necessary hcense to build and
eperate a mill .

. purchaae the land and right-of-way for the

power canal and tailrace (ag needed)

s arrange for water rights

e locate sufficient cash to cover at least a -
Pportion of tota] cost of the installation and -
apply for a loan for the balance necessary

® organize local labor to undertake the
aecessary work )

¢ underfake the necessary excavation and
collection of locally availablé‘materials
(sand, stone, gravel). :

¢ transport'all the hardware and ma.tenals frnm
Butwal to the site

_Tat;le 1. Division of responsibilities for the fnstallation of a water-powered-mill

14* Nepal




»

The team takes any special equipment, such as ropes,
mason's tools, and a level, for the installation, All of
this, however, easily {its 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 custofer to do as much of the
work as possible in advance and to supply labor to
reduce the msta.llatwn 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 [gr 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 ther tempararily braced by
wooden cross-frames or pilea 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
mogt difficult part of the installation, this approach '
makes it possible to circumyent boulders or other
obstacles which might have been encountered during the
.eXcavation. It also makes it possible to make up for
" small discrepancies between the coafiguration 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 [lange of the bend are slotted to
permit another degree of freedom. In addition, an extra.
meter-length of penstock is supplied should it be
needed. Aoy 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, both to reduce bearing loads and to simplify
alignment of the other machines, the turbine and draft
tube ard secured in a foundation and the penstm:k
supports built up. ¢

S £

The m‘&chmes are al] assembled on a mounting frame
and set in place, Correct spacing is assured by placing
the belts ¢n the pulleys. Alighments must be carefully
done using a string and leve] to assure 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 alsc used to line
up the V~pulleys from their machined cuter surface
(Fig. 17). The mounting frame is supported on rocks,
allowing sufficient space around.the anchor bolts for
placing the concrete without disturbing the frame.

.

The mill cwner 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 th:g opportunity to explam the need

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

for propér belt tension, adjustment of the machmes, and
clea.u and adequate lubrication,

Usually the team spends from t.h.ree to four weeks at a
site to complete the installation. Since a few days must
be allowed for the magbnry to cure before testing, there
are often a few free days between completing the
instailation and testing. ' This time is used to undertaks
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 adjistments and operates each af the machines
under full ioad for several hours. The owner or operator
is also required to run the mill under theshppervision of
the team untll they are satisfied that he understands the
operating procedures and safety requirements.

re i:novable
pipe section

forebay

penstock

Fig.'25. A removable standpipe recently Incorpurated in
the forebay design facuftates remowng the sedimen: It
alse serves as an gverflow.
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; Fig. 26. A major responsibility of the mill owner

istn mdgrta‘g\ he necessarv excavation. Here
the excavatiofler the.tailrace is underway and
exeavation for the mill house has been *
completed, i ’

s

2

: A
Fig. 27. After the site excavation has been
completed and the equipment fabrictted at )
Biutwal, porters carry the necessary materiais to
the site. The twe sections of penstack shown

= weigh about 100 kilograms.

k.,

wpel d

[

ciepal -
%

. 7 ¥ 4
" Fig. 28. Before the inktallation team arrives from Butwhl ail the
necessary matir;icis have been transported to the site. '
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Are il assembled aid propeets, alignet befure sef ceompleted and The progesstng egunment s Metnieg
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To ohtai.n contmuing fead.back from the field in order to
improve their designs, DCS initiated a polcy that tgam

- +members wou.ld vmt ;mills, free of charge, {or [ollow-up:

adjustments, repair, possible-replacement of bearings,

‘and oburvatio‘n—gf operating problems, whenever’

passing through or working in an area. Even though t.hu

. sometimes has requiregd an extra day of walking, = -

_valuablé informatioh which has led to deslgn

.. improvements has been gathered, - -

. developed a problem with the operation of the turbine
“intake valve. -Careful examination det¢rmined that the

For example, one of the earliest turbine designs

_valve shaft had been twisted, preventﬁ:g the valve fiom

. cloaing cotnRtetely. While observing'the operator in

action, it became clear that'when the vaive was in-a
closed position, he had forgotien in which direction'to *
turn the spindle.-to open it again and applied-a /= - .-
substantial force in the wrong direttion, Theinitial .
®ilution was to paint arrows to indicate ,the directions
for opening and closing. The final solution, however,
was to provide blocks limiting the valve arm travel,

reduci.ng all possibility of damage due to opsratgr error.'

L

The clean-out openmg above the turbine runner wag ¢ .

another design improvement which reau.lted from a
service call. A stick that a boy ha.d floated dow'n the ~

" canal had lodged in the runner. Without this opening,
- the complete turbine had to be dumembled to gain , °

“m

access to theirunner.
[

. Though thc; iorebay is ama.ll, sediment still sventually

accumulates on the bottom. With no sluice gate, its
removal proved a problem. Incorporating a removable

" standpipe in the floor of the forebay area resolved the |

problem (Fig. 25). When the forebay is to be'cleaned;
the pipe is removed and the sediment is flushed. ont, ..

. Durmg normal operation, this sta.nclpxpe aervas as 4 drop

- The total cost of the entire water-powered mill =8

=

18 'Nepa}

bservmg mills in operatlon hu also*‘{esulted in the
relocation of the turbine valve control handle, charges
the machine disengagement mechanisms, and other °
changes {of the convenienee and safet'y of. the

» pperators, ] ’

’ T a [EY

%: cost of implementing a watef-.powerél;l will s

early site<specific. Table 2 presents the costs 6f'a;
{cal mill installed with the assistance of Butwal.

on the. order’ of US38, 000' or a'hout USS]. 000 par. ) kW, .-
- The actyal cost is influepced hy the length of the: r:a.nal
reqmrgd theYength and size 'of the penstock; the
capacity of the turbfne, and the size of the agro-

, Processing | machinery used. Had, the mills been built for
the purpose of generating glect.rica.l power, the costs
per installed kilowatt would amgunt to apprommately
the same valug, with the cost ome generator replacing
the costf of thg agro-processing machinery, This, of
course, assumes that no govprnor is necemary, either - -
becatise direct current is generated or because the plant
is manually controlled, as in the case of the Pakistani
achemes implemented by the ATDO (see Pakistan; .

' \@Mer-lmplemented Micro-Hydropower Schemea’, A
. Case Stud alm‘a% le fr?m NRECA).
- —-—-—I_ s ,

- V B s T

developmenta ’

. - . . i - o

.

-~ The int:roduéﬁon ‘of modern water-powered mills in the

mountains of. Nepal haa permitted more efficient
exploitation of an indigenous resource to process grains
and oil seed on a village scalg, This has'led toa =

decreased reliance on increasingly expensive diesel fuel

which has to be cartied by porters loog distances over

Mmountain frails, Though clearly a pontwe development,
. @ motre.pressing problem for Nepal is nof the increasing
‘cost of diesel fuel but ‘the depletion of its forests, - Pood *

; requirements for Nepal's e:pandang populagion hive

Table 2. Cost hreakdown f

mﬂ! {presented in 1981 U.S, Ilars) _ .

" Though the total cost might seem high, the owner of a

water-powered mill generally still charges only stighily
lesy than the diesel mill owner.: With bis low recurring .

tosts of operation, he can Pepay his loan in four to seven .

yea.rs depending on t.he terms of his r:ontract.
\ioat mills inatalled. by Butwa.l range from 8 to 12 kW.
msta.l.lation, includmg the agro-processing mac.hmery, ist

-

-~

Machinery and, servicep rovided by Butwal ¢
S\irvey and deFign , 200
Turbine _ .~ -.° . 1,100
_Mounting framé, pulleya, be-lts, -
" "and misc, ‘hardware . 800
" Agro-processing tachinery {fldur -
. v millyrice huller, and oil R S
' ’ e:lrpeller) ) ' . 1,700
., Penstock - 1,000
IR pnntallatim {test. 30 duuys) 500
Sub-total, - - i $5,300
8 ey . - [[ . L
.Additional co'its incurred w mm owner i
N Land and canal risht-of-way 400
- l, Licenae .. 40
: 'Prmportation of machinéry
and materiales, . 600.
Ca.nel. excavation 700
. Mill house 700
. Workers (fitters, masons, eted - 500
Cement {§14/bagh . . 400
Sand, stones, and other - _
materfals  * g 100
. Sub-total 4 33,440 .

a typical water-powered '

.'-‘




: mduatriea including drying glnger, tea,

tqrced f.armera to t‘Lear forests a.nd cultiva,te evcn
margina] fand areas’ Qnce deforestation reache?t—a
critical point, fueiwooll extraction becomestn | .
additional factor iv deforestation. Fuelwood is used
both for cooking food as well as for a wumber of viilage
d tobapco,

: _ making piaper, soap, and cheese, a.lcohol production, and

. approaches to addreasing an increasinglypre

= dyeing yarn. _ . 8 e,

lndividuals presently working at Butwa.l and at.hhrs who

directed toward finding means of u.sing hydr

vil.lage induatnes and a heat storage cooker {
het 'cooking. These are examples of ne

problem. The technical feasibility of these a;
2” been demonstrated, but a critical questd
ill villagery adopt them and:will they meet
-'they set out to address? Numerous cultural, social, and |
economu: factoras come into play and the answer is, as
yet, unkpown.

& <
-‘,_.

¥

Medlanicnl]lut

dry'ln_g ‘agriculturil produce using hydropower would

.* first to gensrate electrlc:it'y and then to use this to

Fig. 32. A.grophic rspreaentau.im of the breakﬂown of
the total cost

i

. An obvicus approach -~

T

. E Equipmengand services
- g provided by Butwal

T
Additional costs incurred

, high-padaheat.. s,
q-

|

by mill owner -
R -

__§_utwal

" layout of this desisn. ‘Alr is drawn

Fig. 33. Schematic of the heat gengratar developed at '-
' 4+ A '

" operate a fan to force air past e!sctucal resistance

heaters.. However, this apgroach haa asveral .
disadvantages. - ary disadvantage is the IR

- additicos] cost and complexity of the generator abd =~ .
anssociated, electnca} hardware in-a situation where Ca
simplicity has a number.of distinct virtues, Secondly,
converting mechanical into electrical energy introduces #
inefficiencies and, at mast, only 70-80%.of the powet™
available at the turbipe shaft can be convert1d inta !

An a.ltefrnative, wh:c.h virtually converts 100% of the
avaflable shaft péwer into heat, is based on original -
ressarch work.on the equivalence of me cal and
thefmal energy undertaken by James J oiile tn the mid~ -
19th century. Though seyeral ‘individuals baver -
ertaken further research on varioys aspects of this

~ effect, it is only recently that there has beedl an.

increased interest in the practica.l‘appl.icanon of this
process {or gene'.rating uaable haat.

At Butwal, work to date on thi.s a.lternatlve has canteged
-0n a heat geferator which'can be coupled to a turbine to
heat air through viscoua friction. Fig. 33 presents the
through the inlst-oy
the fan afid past of it leaves through the. outl#t into the
dryirg racks. The Stfier portion flowd back over the *
bafﬂes which ave arranged- ¥. The kinetic-énergy

_ imparted to the changed into hea zby the credtion

- of eddies. “This hot air passes the valve, mixes Rdi the -
incomtngcooluamandismwnmwﬁnby the fan. ., |
' Thé amount of air leaving the generatdr and its . >
temperaturk dap&nd fiainly on thé podtion of the' = ..
valve. When it ji closed, the gederator is simply a fan
‘blowing atr at p!u-mb:ent tnmp&ratun through :.he

e
Nep’a.l_)_w*f
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. temperature does not change. e -

v \

generator, If t.he-,valve is fully ope:ned, nearly all the ah-

_ leaving the fan is drawn back t.h.gough the baifles,

theraby heating it to the mmmmn température, Any.
temperatupe between these two Hiaits” can| be obta.:ned .
by varying the opemhg of the v‘al#e -

The genera.tor in drivun at a.bout 2!000 rym a.nd v

* temperatures above 100 *C have bepn obtained. ’ :

However, for crop-drm g purpases,.temperitures
ranging fvom 60-80 *C.are sutﬁm-t. Tests have ghown |
that the temperature stays constaht after an initial .
heating up period provided that the ambient . .

After successful test rﬁi:_ﬁitw:l has fabricated two  *
generators. ‘A 10 kW unit hay been ipstalled at a trade .

“acheol in Jumla, in the far weatern region of Nepal. It

is planned that the sc¢hool will use this unit to-dry apples

_ and vegetables, seasonably available in this area, to

cover its annual needs. Ancther unit has been installed S
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 ia planned to use this unit to

determine the influence of artificially drying crops on
post-—harvest losses dunng storage.

Both projects are still under UMN ma.nagemcnt &ldf--
therefore thete 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,

"« improving the deagn thh a view tow,u-da a aimrlsr

the final,

! ct-did not have thé appearance of ginger
which is tr

tionally dried over a fire. Asa result, the

product fai-ecl poarly on the market. e

1

B e . o .

" For micro-hydroelectric pc;wei to be ‘a téchﬁicalli and
- economically viable source of energy for cooking - .
requires a storage device that will allow energy that is

very limited nnmber of homes. Second.ly, cooking
evéning meals coincides with the peak llghting load, a
fact which does adt contribute to ameliorating the two -
problems ‘of low load factor and high peak loads which °
tend to characterize amall decentralized electritity.
schemes. And, figally, there are also additional costs
incurred In purchasing cooking pots and kettlds with flat -
bottoms which would be required for cooldng on.hot.

plates and in purchasing and repairing or replacmg these
hot plates,

' -
r.

generated between the normal cooking times to be ased -

difing these times, The full capacitypof the gendrating
equipment could then be ytilized by deliverihg energy to *
the stgrage sysiem continucusly. This would result in a’
higher load factor as well as in. a reduced peak loa.d
requirement. ..

El

Ad hydroelectric power use expanded in the United

i ‘States and Europe during. the first half off this century,
" commercial heat storage cookers.which maet 'this

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

‘insulated cast iron blocks that stored heat until

needeqd. These became pojular because of a tariff
atructure which encouraged the consumer to use, at a

-fixed taritf, all the power to a maxitum limit. The lan}

gompany known to have maqufacturad storage cookers
discontinued ma.rketing in Nofway in the ea.rly 1950's. -

Robert Yoder has recently completed reseaﬂ:h on heat

'storage cookers at Cornell Universigy_,,Pﬂor to this

W‘hile lield work is conhnuing n Nepal, Reinhold*
Metzler, former product development engineer.in t
Butwal, is continuing research work at Furtwangen -

Techmcal University, Gerniany, in several areas;
. .» testing the presefit design to gather reliable data ¢gn

its performa.nce

- and more efticient design

. 'developmg a syatem to provide heat for bofling for
rural industries—Tet atures up to 200°C are’

. required. The.first Iptintended for a small soap
factory H Nepal aid is"Prisently undergoing tests in -
Fuitwangen. ‘Thoug]: ihe uDit operates satisfactorily,

improvements to reduce heat lossas are still -

- requifed. Field tasts bf the unit are pxpected in

: January 1983 - .

., clesipjng and teating methods of stortng heat . ]
produced b’yt the heat gemrator wh the mﬂl is not
ot.herwise in nse. . ,'-; )

' N - s -

Heat  cookey. An a.rgument of ten advanced. in

Tavor of small hydrfopower plants in detérested rural

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

"household cocking. But this poses several problemu. In

the first plice, sincé power requirementsof _ :

: conventiona.l hot phtes range from 750-1500 W,. thicro~ -

20 Nepl.l _-‘ D

hyd.ropowgr plants can only prcrvide electric power to a

w B L . . n“‘

'
- PO £,

. to store heat. Because of

| work, he had been invalwed for-eight years in a numher
of aptf¥ities with DTS, ranging from project engineer on
wal's 1,900 kW Tinau Hydroelectric' Povwer Project to
project lead‘er for Butwal's wateripowered mill projects’
defcribed in this study. The research at Cornell
University focused on 4 design incorporating stenes
rather than an expensive, heavy cast iron mass in which
e low conduction of heat
both within a bed of stones and betweer the stones and -
the cooking vessel, heat transfer from the stones'to the -

~ cooking vessel is accomplished by dripping water into
. the hot stone bed to generate steam at atmospheric™
pressure, The steam then conveys heat to the cooking

yesse] where it condenses, drops bagk mto the stone

"bed,andlarecycled.. - , o

The laboratbry un,it, with a power input of 275 W was '
used for eight consecutive days to cook a typical |
Nepalese meal on a twice-daily basis as ia doné in

". Nepal, ‘These trials confirmed thiat heat storage in'a
. bed of stones would work tor water-bmﬂ cooking.

The stage has now been réached where the viability and
soctal acceptability of a locally-built unit must be - ’

determineds Fig. 34 illustrates a possible atorase

cooker-design utilizing local materials, - Whereas : ‘.
conatructing and dperating such.a design is competitivef
with using fusjwood with the curredt-prices of =
el’ectricity and fuelwood ﬁ;(m-ban areas, ifs o




»
" - - machingry, there has been continning interest among
f‘;ssﬂ;‘l:z;n ts ' mud plaster - mill owtlers in generati._ng 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
tnost mill installations are several day's walk from the
road and an understanding of electricity is a rarity,
‘severa)l basic design criteria were established, PFirst,
Butwal decided to design a system with sufficient power
to light a minimum of six bulbs. [t was further decided
that since a lead-acid battery is both heavy and requires
maintenance, it should not be part of the system. Other
critéria included the requirements that the voltage
output‘of the alternator remain constant over the wide
range of speeds at which the turbine actually runsand
that the system be designed for reliable operation. 3

The system which evolved-ytilizes 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 beerifound, This 12 V alternator is -
connected in such a way as te generate 24 V, thereby
Figi-34. Schematic of the heat 3tarage cooker based Orl . permitting twice the powér from the same unit as would

. research undertakén at Cornell University,

acceptal;ilit‘y‘ by \rillagers is not assu.red. Oue 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 slgmfica.nce would be the loss of
spdce 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
Kathmandu, eléctricity is used rarely for cooking, It
_ night well be that no change in cooking habits will
" ‘occur until firewood becomes essentially unavailable.
: DCS is continning with experiments, but there is aTiked
, to gather hard field data on the appropriateness and
N : acceptability of this device under dif feridy conditions.

Ml]l Iigl_lt;ng Though most work to date has involved
h“opower Plants used to power food-procqpsmg .

" Du Mafsiger

F!g 35. As evening approdches, the ltghts at a still ' Flg . 36 An altematoﬁ‘ Eiiiiwned at one end of a ba[mce_ ' )

o incomplete mill are alrea dy w orking o ‘° bean: will provide Itght for milling during evemng <..-

R v - ' . . L.




voltage
regulator

guarantee,
handling charges,
and profit

ML L

Fig. 37 Bregkdown of the cost for a standard Iightmg
_instailation.”

ntharwisa he auaila_blg‘ Inc
24 V are widely used on‘lhe Indlan railway system and
‘are easily available, o o L

- .

The voltage regulatnr was deilgned to maintain the

range of speeda to which it is expmd
components are mounted on a lamin
board designed-by DCS and manuf fcm.red in India. The
present design incorporates a plu circuit board
rather than a permanent circudt’] board used in earlier
versions. The difficulty of performmg good quality
soldering in the hills of Nepa], away from any source of
electricity, necessitated this c.ha:ny‘

The a.lternator is momted om a balarice arm, with -the
counterbalance regu.lat:.ng the driving belt tension. It is
driven off the sdme pulley that powers the rice huller
{Fig. 36). The altérnator pulley is selected to drive the
alternator at 3,000 rpm when the tm-bi.ne is nmning at
design speed. *

A3 of the begi:n.ning of 1942, seven l:nil.l-lightin'g units
were inat. A standard {nstallation with a total of
eight incandedcent lights costs about $420, In addition
to the basic installation, optional items are now also
available. These include wiring additional aveas (with a
maximum total 6f 12 bulba), electric fans, fluorescent
tube lighting, and'an elec horn. This horn is
necessary to notify illagers in the area that the
mill is open for business. The diese] mills had the -
‘advantage that a small contdiner could be partiaily
inverted over the outlet of the exhaust pipe. This would
create ghort intermittent apd alert villagers, often
several kilometers away, ¥Hen lthe mill was in service.

This approach was not.available to owners of turbine- .

‘powered mills.

Cooperaﬂ‘_’e appronch to implementaton |

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

[

22 Nepal

the dbcial and et]mﬁf?, ‘groupe in the hills. Scme who have

completed their jnatallation have turned to milling as a
e3s veltlire, eithér because of a lack of other

- options for a livelikood or because they saw this as an

%attracnve investment. Hawever, the majérity have a

high social, economic, or political standing in their -
community. It'is clear that the local entrepreneur who
ownd wM operates.his watér-powered mill is'the primary
beneficiary of this technology, HecHbrges. '
dppreximately the same rate as that charged by cligsel
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 repregetits a net profit.
Gonsequently, the question of whether these water-
powered mills ars merely ennchmg the already wealthy
"has heen- ﬂ:sed

users rather than to a few entrepraneurs, UMN s
‘embarked on an experiment to establish a ‘cooperative
mill, The firat nrmect wag undertaken in Bu.linﬂ ‘1.

Arkha.la, Nawal Pa!ra.si District in the Lumbini Zone.uln

i L r=;
To i increase the hqneiits,of water-powered millqbzthe

B A S - *

Fig. 38. One of two water—powered mms instailed by
Butwal hear Majuwa, 2-3 days from the nearest road.

The irrigation/power canal and forebay-can bo-sgenon

the right, with the penstock entering the powerhouse.
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the late 1960's, UMN had eatabliahed a dispensary in the

, ‘area and fhore recenily had beed involved in & Food for

.

Work Progihmme. There was, theratore, already a good
relationaliip betweer UMN and the people of the area.
During discussions with the villagers of how they might.
improve their economic standing, it was apphrent that
they saw the biggest potential in developing the locally-
grown ginger and improving its marketing. With -
Butwal's'work on a mechmically-dﬂven crop driu, the

_ ddea of mtalling a wtter-powered mili evolved, In

-

-y

_—

-the mitl as well as in accoun

addition to drying ginger, it'could also be used o,

- process ‘their grain ql seed, a task which otherswise -
required & day‘s walk to the nearest (diesel) ‘mill.

UMQI, advanced a loan far the cooperative will and later
trained the local people in ating and maintaining

g and ‘management,
Representatives from each of the wards in the
panchayat formed a building committee.

The dana.l to the mi.ll wnxbuﬂt during a Food for Work

" Programme. The rem work was undertaken by the
vﬂugmwhowmptidei in cash or in coupons *
which could later be used to &ither buy shares in the
cooperative or services at the mill. Initial wark was
slow becauase of weak leaderahip in certain villages, the
villagers' preoccupation with other tasks in: their fields,
and the low wages agreed upon by the committee. To *

speed up progress, contracts were let for speciﬁc tasks,

as is the l:ramﬁan in the area.

5

In spite of the low pu'omotiml rates set when the mill

became operaticnal, becanse of the low ylelds from the = j

small oil expeller whi'ch had bee.n installed, villagers

generator, the mill's pcpulluty ingres
that often the villagers had to wait.
their mustard seed proceased. A shop whi
- necegsities to those waiting to process their
* ofl seed was also built a9 pﬂrt of the cooperative-'

\ r.layg' to get:

A% tire mill became crpera.ﬁonll, the vﬂlngeu and. UMN’
discussed how to actually set up a cooperative. With®
assistance from. the ‘ADB+N, it.was decided that .
minimurh-sharés should be available at Rs. 20 each but

~ that each shareholder should strive to eventfually

. purchase R#i200 worth of ah.ﬂea This maximum value
of shares which could be held ﬁy a,single individual was
set to avold lirge differences amang shareholdus. A

, management committes of one or two'mémbers from
eich ward, depending on-the mumber of sharehoiders
from that wari, was furmed. This committee meets an
a2 mamh.ly buis. o ‘.

., The,advantages of a coopera.tlve amiroach are rea.d.i.ly

| cappivent, Besidesrilieving the villagers of the work of
moceﬁngmekézlhyhmdmcmyingitlmg -

. “ﬁ diathnces 1o have it processed, this can be done Jotally

,- at an atfordable cost. The money is Kept within Ahe

»

commynity, jobs are created where mang men &re -
otherwise forcedtogotothemthmphiﬁnm tolndia.,
4nd.an¥ cash awpluy is reinvested in projects which

n

0id basic -

.y ' . . . -

benefit the entires commumity. . The mill area becomes a
center {or market activities and Yor exchanging viewa
and information. Possibly moat importantly, such an
undertaking can be an iricentive for-active community
involvement in other ‘projects. This can reinforce
among the villagers the idea that they can play a useful
role in bringing about change largely through their own

efforts without relying on substantial asgistance frolm " °

outside.

-

This has b_een a learning sxperience for both the
villagers and UMN, ~The low initisl motivatiot might
have been reversed had the villagess and their leaders
heen better informed of the organization, phjectives,
and cperation of a cooperative an§, the role of the
committee and thy meambers, especially in Aght of the
failure of several government-initiated coaperatives in
the paat., Vilhgm involvament in the decisions made .
by the committee would hive avoided such problems as
implementing the project at the wrongttime of the |
year. Alsg, the role played by the "agent of chmge

. [UMN) should have been clarified,

—

. ‘ﬁe""pite problems encountered in, implementating the -

coaperative, water-powered | mill project, it is now

operating successfully. It Ha.a recently expanded into - *

other types of work. Agricultun:l ‘supples such as

" insecticide gnd sead dresaing {for storage) are now

avai]able at! the mill. The couperative is ﬁayh:g the\‘

cooperative mi.ll pru_j;ct in Bmgbari has dnce
taken, In that case, the project was. less

vmage,;'. was dexhanded, UMN paid oply for the willing

m y with all other coats borne by the ;. .
com ty. Initially nine villages were interested in
par

placed’tm the villagers, only foir undertook the
pEoject. It, too, is now well managed ‘aid pumning )
smoothiy. Reglstering these cooperatives in order to
glye their members legal proteqtion is the culy-

remaining problem. - Because of the goverqment‘
experience with {nnumerable cooperatives which have 2

faﬂnd in the past, it is reluctant to register new groupl.’-‘

-

Mﬂm . -

-Micm'-hyd;m. projects, as well aa related development
projects in remofe-Fural areas of Nepal and around the

. world, frequently enccunter difficulty in eifecting'a

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

“other. ‘Butwal's Small Turbine and Mill Project seems to
‘predent orie exception-to this trend. - For those
- comcerned with incuub:a the effectivaness of micro-

hydro prujectn‘;'/th&e is a need to afialyze the factors
which lntp cuntributed to the success of Butwa.l'
. "II‘ .

P

e ) .

ting, but, becuse of the demand the project -

%

r
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- . ]
efforts. The following discussion reflects impressions
gained by the author in the cvourse of preparmg this
studYo

End-ases and viability of small hydfopower plants

Installing micrd-hydropower plants can be costly
ventures. Their high cost js compounded if imported
wachinery is used and if the plants are located in
remote areas. Consequgntly, subsidies are often
necéssary in order to install.and operate these plants,
especially if revenues rely primarily on domestic
consumer uges.of the pewer. It is, therefore, important
to introduce and encourage income-generating or
productive end-uses to pjace the pla.nts on a taore sound
_ financial footing. . -
Experiences in tiral areas around the world have shown
that, though those installing plants in these areas might
expect that numerous rural industries will automatically
e established to take advantage of electrical power
once it is avaijlable, this rarely happens. Without
. incorporating specific income-generating end-uses in
thi design of a project, the power is ofter used-almost
exclusively for lighting. This is probably a foregone
. concludion since lighting ia the end-use most apparent to
villagers from rural areas visiting towns and cities,
. Moreover, this use requiresa 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 primarily for
lighting generally will continue to require a sizable

. subsgidy.

Butwal's a.pproach te 1mplemutmé water-powered mills
dipectly addresses thmncome-generatit;g\npect.
Butwal decided to work with a technology 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 ihtagra.l component of

© the’ project and not something to be ddded at some later
date. 1i addition to generating income, Butwal's small
decentralized hydropower plants are also leas costly to
operate and maintain than the diesel plants they.often
replace. It is true that electricity could have been
generated and used to drive motors to power the same
proceasing machinery, This would bave been
advantageous insofar ag 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. However, :

Butwal elected to use the mechanical power directly
since thiz 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. Mﬂl lighting permits 24-hour operation of the'

mill durlng ‘the busy season.
k2

'uh

chance that Butwal's small decentralized hydropower
plants are not subsidized yet ﬂable-—-they are deaig‘ned
to be 30 in the context of rural Nepa.l

N -~
But the potential uaefuh:eu of electricity can not be
ducopnted. A number of the owners of mills which 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 a natural,
evolutionary manner, the mounting frame for the new
machinery now fabricated at Butwal provides for
mounting a car alternator. In this manner, a small-
quantity of "safe” (22 V) dlectricity can be made
‘available for lighting the mill to permit work in the
evening and possibly for several homes in the vi.cunty of
the mill. Qwnefs of several mills which are located
suffic:ently near to a village have expressed an intérest

.+ in including a- 240 V ac alternator of,sufficient capacity

in their mill tq provide pawer, primarily for’ lighting, to-
the villagers, Though clearly technically faasiblq, legal
questjons regarding generation and supply uf -electricity
. 3till have to be resblved. S

t




. The appropriateness of amall hydropower technology ,
A number of governments and aid organizations around
the world have been or are presently involved in small
decentralized hydropower pfojects in developing -
countries. The avowed purpose of many of these
projects haa been to evaluate the ‘appropriateness of this
technology. But, whéreas 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
appropriatenesa or inappropriateness of small
hydropower technology per se be drawn from all these
experiences op clo the results reflect more on the

... approach to the'implementation of such projects than on -

the technology ltsel'f?

The achievements due to the efforts of Butwal.are
numercus, The UMN began establishing workshops and
technical training in the early 1960's. Only in 1975 did
it begin to sericusly consider fabricating turbinies and
installing small hydropower plants. Since then, Butwal
has installed 65 virtually nonsubsidized water-powered
mills around the country. The skilla 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,
miaintained, and operated largely by the Nepalese, and
* virtually all continue to operate succensfully. Aw the
pace of 1mpleme§1tat10‘n is picking up, other small
workshops in the area are becomwing aware of the .
technology- and its implications and, completely on their
own, are fabricating machinery, In summary, the
experience of Hutwal leads to the conclusion that .
micro-hydropower technology is indeed appropriate,
But why do projects elsewhere of ten seem to lead to
opposite conclusicns? '

th 40. An installation team secu.ring the flour mill to .

its base. »

" essential.

' Fig. 41. An expatriate staff contributes to an exchange
between DC'S staff and a customer,

Like numercus development projects, Butwal's micro-
hydro program waa not thé outgrowth of an indigenous
effort. Quiside expertise and financial assistance were
But differences with conventional aid
approaches are numerous. As with other foreign aid
Pprojects, expatriate engineers and staff are involved in
the Butwal project, but they are there primarily because
of a genuine pergonal commitment to the work, Unlike
many counsultan ts, they are involved in this work, not for
weeks but, often, for years. They have time to learn
firast-hand about the realities in the countries in which
they are working. Rather than simply talking about the
rura] areas in the aWiafract, they often spend days
traveling on fogl to those areas, staying long encugh to
get an understinding of the way of life of the people, of
their hopes, gapirations, and frustrations. Many speak
thereby guard againat the loss of”

ificant information ag it is filtered
through the mjind of the interpreter, Development -
generglly is regarded as a long-term, on-going process
and yet most aid projects effectively demand short-
term resuits. Progress is often meadured by reaching
physical milestones, wheéreas the real problems are
often with the intangible aspects—cultural, social,
envircnmentaly economic, psychological, and others— .
which influence or are influenced by the technology.
Butwal has the time 3nd experience to deal with many
of these p‘mhlems whereas, faced with largely inflexible
deadlines, most aid projecta do not.

This guif between the approach used by Butwal and that
adoptad by more conventional aid projetts in
\mplementing small hydropower projects may well
explain the difference in the cdnclusions drawn about
the appropriateness of this technology. If so, thia
implies that the approach to implementation and not the
techmology itself should be examined and improved if
micro-bydropower technology is to be a viable
techndlogy i.n the rural setting of developing countnes.
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