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REPORT OF MEETING

The National Counicil for Science and Technology of Nepal and
th2 Society of New York co-sponsered a seminar in Pokhara, Nepal,
from February 28 to March 3, 1977, on "Development of Small Scale
Hydroelectric Power and Fertilizer in Nepal!

CONCLUSIONS AND RECOMMEMNDATIONS

(1) From the Standpoint of the national imperative to eonserve
the resource wealth of Mepal's revers and forssts, 2nd to increazse
agricultural productivity for tae immediate well-being of zll its
citizens, small scnle hydropower development is considered essentiz’.
when coupled with a program of afforestation for a typical hill
village of 250 persons, a 16-18 KW hydropower plant znd a 30-LO
hectare managed woodlet can preovide signifieant dirrigation,
raturns whils having enormous social zenaiits,

(2) An appraisal of potential hydropower sites in the hills
should proceed according to a scheme with the following
elements:

(a) forest department identification of arcas under most
severe pressure of population on resources;

(b) electricity department use of existing aerial
photographs and census data on population distribution
to identify several major river valleys whose
tributary valleys contain attmactive sites; and

(c) deployment of trained and equipped field survey teans
(10 men to work in field four months and survey 400

sites) to survey indentified sites by side gauging and
ntilization of local axperience; this would requ--e
immediate implementation of a training program for
the 10 team members to begin field work during 1977.
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(3) Given the apparent high potentizl of the eluctric arc
srocess for Nepal's needs for a small scale, low capival cost
fertilizer unit, research and development work in Nepal should
immediately be initiated. Collaboration with avprooriate research and
develcpment institutes should be established.

(k) International aid agencies should support development of
small electrolysis units for ammonia production and of compatible
units for finished fertilizer vroduction for plants o less than
10 tcns of ammonia per day cepacity. This work would include ammoniza
synthesis and finished product manufacture. Local suitability or
CAN (calcium ammonium nitrate) based on limestone should be investi-
gated from the standpoint of 2roduction technology and agronomic

zpplicability,

(5) Developiient of indigenous manufacturing capacity for small
water power units should be accelerated o include the entire
‘hydropwer system. The Nepal Industrial Corporation and other agencies
should investigate needs Ior sxtablisnment of such production ’
capability, perticularly wizhh respect To Zsnerators.

(6) A survey of existing waterwheel sites and their suitability

for conversion to use of a modern prime mcver should be initiated,

(7) Feasibility of using aporopriate, less expensive materials
and production techniques for local manufacture of hydropower units
should be- investigated, as part_of a systems study to'examine
trade=-offs btetween efficiency and cost for identification of
hydropower technologies appropriate to Nepal's conditions, given
its transport, skilled labor, and foreign exchange situation.

(8) It will be necessary to develop appropriate criteriz for
evaluation of alternative investments in energy supsly and Jertiliz.r
production. Such criteria should include consideration of emrloyment,
income distribution, resource, and administrative impacts. They must
alsc include careful analysis of the implications of flexibility,
seasonality, and complementarity with other investments.




Silct projects cculd usefuily te
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(9) Several (three or §

s

our
implemented in QOctober 1977. 21

(¢}

ctricity generation and use aspects
(for example, for irrigatison water pumpizz) should be included.

(10) Reduction of cost of civil works is a priority matter.
Specific suggestions prasented at this seminar for dramatic decreases
in costs should be followed up witi installation of proposed
designs in projects to Ye implemented in the near furture.

(11) The recently complated Netal Znergy Study provides a very
useful base for energy planning. Work should continue with empnasis
on energy inputs to the food production system, including human and
animal labor.

SUMMARY OF DISCUSSION

rntroduction

Thne seminar was inauguratzd by Hon. Fatna SJ3 Rana, who welccmed
participants and set the seminar theme wizhin tTaz Nepal planniag
context. Deforestation threatens the entire resource base of Nepal
and it is imperative that action be taken to halt this drought-worse-
ning and soil-devouring process. To this end all technologies must

‘be examined but, for several rsasons, small scule technologies might

be especially appropriate.

FPirst, required resources are most likely to be mobilized in
relatively small units because of the scarcity of capitai and
transport difficulties. Second, the gestation period for large
projects is invariably lond and thus unacceptable, given the
immediacy of the problem. Third., the Plan emphasizes elimination of
inequalities, participation of peopls in decisions and projects that
affect them, and regional devslooment. Zach of these objectives 1is
best achieved through small scals projects. Finally, it is essential
for Nepal to mobilize loczl resources a2nd talents to eliminate
current dependance on other nations for finance and skilled talent.




This also would be most readily accoamplished cthrough smell prcjacts,
some of whicn would servs an important skill cevelopment function.

Co-chairmen of the seminar, A.3. Shrestha and Roger Revelle,
then explained the genesis of the seminar and emphasized that the
purdose was to consider recommendations to the Negal Government for
a research and development program for energy supcly and use.

el P PR . 3 + - s - . T 1
current ZInergy Siftuziicn in Naoral

The techniczl sessions open=2d wizh an overview presentation
97 Binayak Bhadra of the Centre for Zconomic Development and

Administration, Kirticur, on the snergy situation in Yepal. The
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(=14

°ly zublizhad =nsrgy szczor rezort of ths Znargy Resszreoh znd
Tevelopment Group provided the background to discussions. Presenta-
tions were alsc made by D.R. Tu r

engins2r, on hydrologizc knowliedge aznd 2xisting small scale aydropower

projects in Y¥epal.

The extent and accelercting raze >f forsst sncocacament was
deplored by several speakers. It is =stimaied that, based on Forest
Department statistics, only 12-13 yzars of accessivle forest areas
remain in Nepal. In the hill aréas, a removal rats of 640 Kg/capita
contrasts with a regeneration rate of only 70-80 i/capita. As a
result 0.12 million z2cres per year of forests are being destroyed

oy overgrazing, firewood and fodder removal, and encroachment of
agricultural land. '

Although deforestation could be slowed by introduction of more

efficient chulas and by rfencing, the problem remains of formidable
magnitude. Current forest productivitizs in the hills of ahout

0.6 ton/acre/year and a total fuelwood stock of 50 tons/acre imply .
an 80-y2ar replacement time which nacasssarily must be reduced. 3ome

trees can produce 50 tons/acre in 10 years although it was admitted

that such species might not be suitable for hill areas. There was,
rowevar, general agreement that stabilization of forests through




reforestaticn, prcductivity improvements, snd fancing is an essentizl
éomponent of any resource devzlo.ment stratzgy. HSydroelectric deva-
lopment should complezent, not replace, such a forest stabilization
program,

The energy study was ﬁraised for its scope and information
content and it was agreed the work should continue with emphasis on:

1) znimal and hume. =2nsrgy, especialiy for agricultural
operations, water drawing, and fusl gathering;

(2) the possitilities for wind, solar, and geothermal znergy
resource exploitztion;

{(3) space neating; axnd

(%) the critical role of women's energy in agriculture and
the hcusehold znd the effact of the overworking of women
on the productive prccess.

Sydroiogic Sate for Small ivers

Although Nepal has 170 zauging stations, very few of these are
on small streams of interest for nower development ir the range
below 100 KW. Limited data for four sites in the Xathmandu Valley
and for eleven sites east of Kathmandu were presented for an
assessment of low flow behavior. Unfortunately, topographic majs
were availabtle only for arezs in the west so it was not possible to
_estimate accurately available neads and minimum discharges. It was
f2lt, however, that a minimum gradient is 4,000 fe=t/mile and in
most cases this is very conservative for the small streams.

It it is assumed that the zleven zauging stations for whizh
data are availacle are represantative, them their total flow of
2.61 m3/sec (minimum recorded) from a 273 km® catchmer
translates inco a total flow in the »ill area (100,000 4. 2) of
9L0 m3/sec. Give1 a total dro: in the hills of say, 3,000 meters,
this flow has a power potential of:

v arl2a




940 m3/sec x 3,000 m x 9.9%
= 28 million KW, or
3.7 ¥4 per persons in the kills.

Small Hydro Projecgts in Nepsl

There are few hydro projects in Fepal of less than 500 KW
capacity so actual cost data are limit=zd. The 120 KW, 200 meter
Dhankuta pr¢ >t conztructed tuelve years ago cost ds. 11,250/KW.
The 345 KW, ..U meter Surkhet project, now under construction, is
expectad to cost Rg; 20,000/KW, including costs for 7 km of
transmission lines. It was revezled in discussion, howsver, that
nelicoplers were used in corder tc expedite com_l2ticn 2nd thart
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such costs mignt not oe justifiabls in = Murzhermcze,

aver 40 percent of the costs of this project were for."civil works."

The electricisy department has recently dcone a2 study of 10 small
hydro plancs designed to electrify remote administrative centers.
These plants were designad for minimum flo and rost had capacities
of 200 - 260 K4 with 20 - 30 meter heads, 1 - 3 km of canai, 2,000
- 4,000 persons per town, and a 3-year expecrtad completion data.
Costs ranged rrom 13,000 to 70,000 As./KW with most costs below
~s. 30,000/KW.

Mare detailed informa:ion was presented for the Chorajari 260 KW,
16 meter project which is expectad to cost Lis. 13,000 per K. Jf -this,
civil works account for 46 percent, electro-mechanical for 37 parcent,
and transrission and overhead for the remainder. The project is
3 days' walk from the nearect airport; the 700 kg main unit will have
to be airlifted. '

It was noted in discussion that these projscts are planned to
provide electric lights to replace kerosene and candles, and may be
irrelevant to the major overall energy problems of Nepal, in the
light of the potent’al uses of electricity for irrigation and ferti-
lizer production. It was further noted that the estimated civil works




compenents of these vrojects are often unnecessarily large because
of inflated reliability criteria.

The national company, Balaju Yantra Shala (BYS), is manufactu-
ring crossflow (Banki) turbines that are suitzble for heads up to
35 meters for the smallest units. BYS has performed feasibility
studies of productive projents, of which a cheese factory two days'
walk souuheast of Kathmandu is an example. In his factory, 95

would replace fuelwood. alectricity costs would be as. 0.84/kwh or
30 paisa per liter of milk (ignoring lighting cost) Investment
would bs Rs. 17,000/KW with a turbine (3YS) made in Nepal and a
gererator made in Indiz. AC was ussd deczuse ¢f 2 1.5 ¥m transmission
distance. Of the cost, 40 percent was civil wo.ks, 33 percent
transmission (including transformers), 22 percent was generating
aquipment- (of which 29 percent was governor cost), and the remainder
was mainly transport cost. The dzsign capacity was 40 KW for a

250 liter/second flow and 2 30 meter hz=ad (with = €0 meter penstock).
Vlnlmam discharge is «0 1iters/second for wnich power output would
be 7 KW. Milk and electricity r oduction are nighly correlated, with
cows dry when streams are dry, so that the flow variability was not

a constraint to effectivz project design.

l

. Commentary on this project noted the comp_ete absence of social

cost analysis particularly with respect tc the social cost of
fuelwood. It was further noted that hsating with electricity is an

inefficient use of electric power.

Small Scale Eydropower: International Zgperisnce

International experience wi*h small scale hydropower has been
extensive, as participants from Japan,Norway, Switzerland, and the
United States noted. Unfortunately for Napal, this experisnce was
acc:imlated many years ago and new installations are rare. snvironme-
ntal and decentralist movements in the United States have combined,
howevar, to oroduce a resurgence Of interest in small units for

+—




farm/family use. These new uniss smploy ths latest technology
(2luminium castings, €poXy ccatings, solid svass gznerators ans
inverters, and 2,000-cycle, deer dischargs lead-acid patteries)
+o allow homeowner instaliation and maintenance-frse cperaticn.

considerable discussion was devoted to the differences among
turbine types with an impulse turbine sugzested for heads above
27 meters and a propeller turbine (Nagler) for heads below 9 metars.
For interaediate heads, & Banki cross-flow turbinz or & modified
impulse turbine are suggssted. Choice of turbins is more comslex
than this, howsver, as 1° :g nacassary 0 consider: (1) =ase of
manufacture, (2) part-iocad sfficisncies, ard (3) sensitivity to trzsh

and sediment lcad.

o r Q P R ] N L= 2 e e, AmT— 3 - - b/ ~
For 7.5. azoiicotions i =S ~socpmendad that below 18 X, &
- T S —n o~ - 3 3 - - H - I S ymerm - ey = 3
-urbine, DC geneIzidr ectifiar, batiery oank, =na inverier be ussd

o produce AC.. Above 18 XKW 2 direct AC generator/governﬁr system is
recommended. In Nepal, nowsvwsy z DC svstam would be acceptible for

fortilizer manufzacturs. iighting, 2nd powering Or TOTOLS, provided

tpansmission distances do not exceed gaveral hundred meters. In

Tmea

practice it is 1:ik:ly fertiiicer producticn sould tekz place =T the

site of the hidro station and that slactricity for other uses would
s AC. A IC system above 20 KN would not require 2 governor but

would rsquire waterhammer protection wnich would not oe expensive.

4.S. costs, ror a hnigh nead installation (30-130 meters) in
the ranges 1-20 horsepower, are about U.S.%.33 per watt for DC and
U7.8. 30.92 for AC with battery storage. Intermediate and low nead
systems could te expectad to cost 19-20 percent more. Direct AC
(with no storage) in the range 20-200 horszpower costs about U.S.
30.22 per watt for high head; 7.5.$0.27 for heads of 10-30 meters,
and T0.3. $0.30 for low neaa. For a high head installation 12-15
percent of the cost is govarnor, for a low head installation the
comparable percentage {g 29. Tanesz costs are przdicated upon 2 sinple
div:rsion structure in the strzam 2nd pvc plpe (about 60 meters)

from stream to tur>ins.

+—-




Japanese exrerience with small scals aydrortowsr is interasiing
for several reasons. In the initial stages during the 1920s, %hsr:
were no streamflow data for smell strszams and s_ting was donz by
experienced engineers relying on local imowledgs. With-small, modnlar
units, the risks of miscalculaction of minimum flow are smell as long
as there 1s reasonable expectation of some flow during the driesst
days. The hydropower devaictment of industrial New Zngland also
troczeded on this basis z2nd iT was suggested tnet Nepal's small
scale hydropower develepment shoulid not weit {or gocod hydrolc
dzata tut snould kegin immaediately baszd on local knowledge and
technical eszperience.
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5 tTex znd credit incentivas T2
farmer ccoperaztives to install hydroelsctric planzs. dlthaugn this
is 2n assist to Jzapenese agriculture, the industrialigation of villiza-

gz2s that is often expected To <ome: Irom
always oceur. Similar excariznces were reported from Indiz and

elzctrification does not
" Bangzlesn were rural elecirification rcwers irrigation nurps and

. the light bulbs-cf tae rich, but rerely stimuiates.industriz’
develorment where none axisted beforTe. -

In Japan, .costs of 100=-00Q KW plants for current comstruction
run from U.S. $879 to $1,400 per KW. Unmannsd dperation and equipmen
standzrdization are goals of progrzms o build run-of-river plants
o small size for which a capacity of 2,000 MW exists in the country
for untis of uncder 1,000 KA. As in the U.S., construction
is ordinarily not feasiole because cf costs and environmzantal
objections.

Minzral Resources of N:gal

sourcas of Nezzl reveals no deposits
‘xplorazion for 2il 2nd gzs is in

8}
NG

A review of known minaral
2f coal, potash, or zhosphates, .
the initizl stagzs with the
in the sami-arid region north of thne Zimalaye in western Nepal.
Only low-grade iron ore has been found ia mid-hill Nepal. Limesto-z
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is found in many parts of the cou.er with ki
near Udeipur. Some irdn B te d=50s1 are
(magnesium ¢ czrhohate) is iound northeast of
Udaipur.

Use of chamical fertilizers in !
tons in 1973
nutrient composiulon,was 6G percen
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Trogen

phosphorus (P), and II percent potassium (K).

deposits
i magnesite

near

fs

2apal reachec 2 high of 13,100
-7%, and was 12 ,300 tons in 1675-76. The average
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20 nercent

= price of ursz2

per ton was U.S. 366 in 1970-/1, $129 in 1972-73, and $360 ir
1974-75., Cemparable potask prices wers %70, $77, and goL(0. About
57 parcent Of cnerical -a”t*’* zsrs is usad on Taddy, 28 perc:nt on
Joezt, 10 percsent o0 maize, znd 5 farcent on gTazr CTrODS. Fortyecisav
percent was used in the Terzi during 1975-75, 39 sercent 11
Xz +*hmandu 7alley, and 13 percsnt in tr2 Eilis. Seventy porcenu want
to the.Ceniral Region; L spergent to the T5pr Jastern Region. o
cnemical faritilizer is menufzctursd in ¥zpal but uss £ orgenic
fzrtilizer 1s widaspread.
Elactrolyiic Productior of Fertiiigar

The sconomic fsasibility of =zstablisking an alectrolysis plznt
for production of nitrogen fertilizer was invas t;gﬂted by the
Government cf Nep&l in the 2ariy 1970s. is w=s based on 31 expectad
pover surplus in the Csntral and Zzstern i2g1ons taat nas in fact

\
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never materiaXized. Lerzs plan
(“H ) per day were consids red for production

-n costs of productl ion

Costs were comparsd wi

imported naphtha and ware reviced in 1375 by 2

Procduction cOSTS for a 100
nlant based on s1lzctrolysis ware

comparablz ¢2sts weTe As. 2,+2C

eosts arz nearky the samg.

Altnough a number of questions

0, OO, and 150 tons ammoniza

of ammonium nitraie.
of urea »ased on
Wast German firm.

car onium nitrate
er ten; for urea .
5, in terms of nutrienc,

+ - -




assumptions of these studies, the following issues were considsrad
of most relevance to the seminzr, Firss, witﬁ lzrg2 power sup.liss,
eiectrolysis is a definite competitor with urea. Second, use of
naphtha prices at Calcutta port seriously understates the transsort
and political costs of naphtha movaments over two different gzauge
Indian railway systems. In fzact, therc was considerable opinion
that naphtha could not practicelly be transported tc Nepal. Witn
alectrolysis no raw meterizl transport is required. Third,'np
consideration in the analyses was given to the much longsr geso2uion
reriods of naphtha-urea pianis as compared to electrolysis-aAll uiants.
Fourth, capacity utilizasion of 2lzctrolysis glants 1is consistantly

3 Amgmy s ST - -9 = - -7 - £ p - .- ¢
ignificantly highzsr =ean for Loz mors complX irsa rvlants.
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For large and small elsctrolysis plants. the following advaniages
were adjudge to te of particular interest to Mepal:

(1) simpls cpsration and mzintenance;

(2) hnign raliabiliiy;

(3) production razte flexibility:

(%) 1limited recguirement for épecialist labor;

(5) only water anc air needed =5 raw mcoerials; and

(6) almost ns pollution effzects.*

# Tochnicel details regarding zlectrolysis and costs of produccion
of different fertilizer products mzy be found in two seminar
papers: (1) Thomas Grundt, Norsk Hyire, Oslo, Vorway, '"Water
Hydrolysis and Its Passibilitizs 23 Basis for Fartilizer Produ-

zion;" and (2) 0. W. Livingston; International Fertilizer
Development Canter, Alebamz, C.5.4a. "Potentiacl Small Scals
Tartilizer Processes for Devzlozing Countrizs - Mepal Zxamplz."”
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There is 1littls or n0 economy of scalz in wacer electrslysis
tut moderate sczle economiss ar2 utrasent in zomonia synthesis. CF
more importance to tne sceminar was the observation that smail piznts
are readily available for the elactrolysis and nitrogen ligusefaction
units but that design and desveloument would be required for sz=3l
ammonia synthesis plants that, even in China, ars not regularly
built below a capacity of 9 tons MH. per day.

For Project analysis.purposes,JHorsk Hydro a2ssumes a totzl
elactricity requirement of 13,500 kwh per ton FHB and water
requirement of 2 tons per ton NE,, Current NE, production cosis for
an elactricity prics of 5 TU.S. mills nar kwh znd 100 tons/3zy
production capacity are estimatad to be zbout U.5.$140 per ton
NH3. For a price of 10 U.S. mills per kwh, production costs are
ztout U.S. $210 per ton NHS' For higher electricity costs it wes
g5%imzted tha cos%t increases U.S. 3100 per ton NE, zzch 130 T.S.
mills per kwn increase in electricity costs. ID these COST3 ust
ve added costs of producing a fertilizer product, which could be:

(1) ammonium nitrate which requiras a nitric zcid plant;

(2) calcium zmmonium nitrate which requires a nitric acid piznt
and limestone, out wnich is stabie compared wita amponiun
nitrate;

(3) ammonium bicarbonate which requires carbon dioxide;
() aqua a2mmonia;
(9) urea which requires carbon dioxide; and

(6) ammonium sulfet> which requirss sulfuric acid.

Bach of these products nas zdventages a2nd disadvantages in
Nepal and careful study needs to bz given to seiection of the product
appropriate to each situation, For ez-mple, in most situations
ammonium sulfate would not be fzasiblzs but where iron py.ites exist

and industrial use of sulfuric acid is attractive, ammonium sulfate
would b2 a possibility. It was  ointed out that China manufactures

a great deal of crude ammonium bicarbonate and ammonium nitrate in




small scale plants using relativaly simsls technology. The Chinsss
also use aqua ammoniz which is simple to produce from ammonia znd
could be well-suited to use in Nepal hill villages applisd dirsctly
to fields from ulastic bags, metal tanks, or in irrigation water.

Because of the extreme variation of flow in Nepal streams it
is likely that fertilizer production would be concentrated in the
months of higher streamflows. Operation of electrolysis plant at
full load for 8 months and shutdown for L4 months would involvz nc
difficulties with catalyst maintenance as might arises from
intermittent operation on a short-cycle basis.

Ilzctric Arc Procass
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production is direct nitrogen fixation by electric arc to produce
nitrogen oxides, nitric acid, and with the addition of limssticne,
calcium nitrate which is 2 fertiiizer that can be concentrzte and
solidifizd. Dissolvad calcium nitrate canm de added directly to
irrigation water. An zl:ctric arc procsss was used in Yorwzy in the
early part of this century and wes baszd cn relatively plentiiful

hydroelectricity.

W

At present, the C.F. Kattering iesearcn Lzboratory in Ohio,
U.S.A., is engaged in development of small z2lectric arc units basad
on wind or water power. Thay perceive the following zdvantagzas of

such a system:

(1) winimal trans;ort costs;

(2) 1low capital investment (cell would be clay sewer pife or
new thermal plastics, =2lectrodes would be iron);

(3) extremely simple.technology requiring no import of forzizn
skills or sophisticated maintenance; and

(4) ready adaptability to modular design for incremental
capaclty expaension as demand grows.




Efficiencies as high as 10 percent have bean reported for ths
process in historic installations. To date the Kettering Laboratory
has achieved an efficiency of 2 parcent. A 10 percent 2fficiency
implies an energy input of 10,340 kwh per metric ton of fixed
nitrogen. Two percent efficiency implies 51,680 xwh per metric ton.

One of the interesting aspects of the electric arc process is
its compatibility with other power loads of varying demané. That% is,
if a turbine were installed for a flour mill, oil expeller, or rice
huller, then with the addition of a generator the turbine could bs
running the electric arc and meking fertilizer when not running the
food processor. If it ies assumed the food processor operates 4O
percent of the year leaving 60 :ercent excess capacity for the =zles-
ctric arc unit, then 2 3 X4 Turdo-ganaraicr would producs zbcul
15,000 kwn that could be used for fertilizer menufacture. At 5 perce-
nt efriciency, this would produce 530 kg fixed nitrogasn or enough
for nearly 6 hectares of land.

Two separate extimatas were made of the cost of a 3 KW installa~
tion under average conditions prevailing in hiil Nepal. The first
assumed:

(1) 2 1/2 inch pipe (2,000 fest to give 400 feet heat at
U.S.$0.30/foot = $600

(2) siphén intake = $10

(3) screén = $5

(%) 7,200 v, 3 KW turbo-generator unit plus tra: sformer = $900

(5) gate value = 325 |

(6) trench to cover pvc plpe (36m3 at 1m per man-day 2nd
As. 15 per day) = %25

(7) sewer pipe for elactric arc cell plus electrodes = $100

TOTAL = 31,690, excluding trensport from U.S.A. to site,
about $ $2,500, including transpot




The second cos*® estimate was based on a largsr unit one d-=7s°
walk from 2 road with a 50 meter penstock 2nd 200 mster canal {in
other words a lower nhead unit). It was zssumad that for this
specific 'installation 2 3 K4 unit would cost skcut U.S. $3,000
including the electric arc equigment.

Amortized capital cost of £3,000 zt 10 percent and 20 years is
$350 ger year while operating and maintenance exgenses are negligibla.
Such 2 3 XW unit cculd, at 2 percent zfficiency, produce about
ona-hzlf ton of fixad nitrcgen fo- 2 cost of 370G ger ton -- daliv
red to the villzga. Doudling process afficizancy would halve this
cost.

{4
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that in many inszances could %2 pu:
Some uses mentioned were:
(1) crop and hzy 3-ying during monsocn;
(2) pottery kil=n heating;
(3) dairy industry;

(L) heating of wash water for cleening and dyeing of cotton
and wool yarn znd cloth;

(5) space heating;

(6) clothes weshing in hot water to prolong clothes 1lif=;
(7) rice parboiling z2nd barlasy flour roasting;

(8) 1leather tanning and processing;

(9) paper making; and

(10) crop yield increases with heated water irrigation.

Village Zn= Salanca
To pull togathar the 2bova elements cf electricity/farzilizer
sup.ly to 2 lfepal hill villagz, a ty»ical village energy balance and
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an 2lsctrification scheme wera outlined. The village has 250 peoplz

in 48 housenholds with 228.8 ha. of cultivated land. There are 202

cattle and buffalo: 147 cows and 59 meles. Crop production is 1.75

ton/ha. maize or paddy esquivalent for a total of 50 tons. At '
3.5 x 106 kcal per ton this implies a per capita daily caloric

- 'intake from maize/paddy of 1,920 kcal. '

‘At 2.9 kg dry dung per animal per day the cattle produce 184
tons dry dug per year. If one-half of this ends up on the fields, a
1.7 percent N content gives 55 kg ¥ ver hactare from dung. This is
a significant amount of fized nitrcgzr transfer to the cultivated
fialds of the village.

Two kg wood per capita per day is the average fuzl wood
consumptisn. Totzl znnuzl fuelwozd us2 in tha villags is 183 tons
so that there is four times the znergy in wood for cooking than in
the food. If it is assumad a sustainabls yield of 2.5 tons/ha/year
is attained, 73 hectarzs of woodlot would be neaded.

. Maize stalk produces 2.3 tons/hactare dry matter or 1.9 tons
total digestibie nutrizsnts (TDN). Comuarabiz figures for paddy straw
are 2.2 tons and 0.9 tons. If the entir. cultivated area is sown to
maize there will be produced 43 tons TDN¥. Raquirement is 1.2 tons/
animal/year on the average for a total of 242 tors TDN. Thus about
200 tons TDN/year must comc from pastu-z and forast.

If half of this comes from pasture and pasture productivity is
2 tons/hectare, then 50 hactares of pasture would be needed. Simila-
rly, 40 hectares of forest would be required for animal fesding --
in addition to the 73 hectares nesded fecr fuelwood extraction on a
sustainable basis. Thus total land required in the village for crops,
pasture, and forest is 192 hectares which gives a per capita land
availabillity approximately squal to the hill Mepal average. It siould .
be emphasized that in local and regional situations this amount of
land is no longer available and that forests are not abls to be
operated on a sustainable basis. As a consequence, deforestation




ensues.

Village Electrification

Phase One provision of electricity to this village might include
power for irrigation, fertilizer production, and village water
supply. Most village houses are assumed to sit about 350 meters above
a relatively large, low gradient, north-south flowing river. Directly
south of the village is a steep-gradient tributary flowing west-east,
Of the total cultivated arca of 28.7 hectares, 12 hectares are
within 30 meters of the elevation of the major river. (That is,
maximum static head to lift water from the river to these 12 hectares
is 30 meters.)

Irrigation of winter wheat on these 12 hectares is assumed with
a total irrigation requirement of 0.5 meter, or

12 x 10* x 0.5 = 60,000

Motor-pump efficiency is assumed 50 percent and average total dynamic
laeft 20 meters. Energy requirement will therefore be 6,600 kwh.

This wheat crop is fertilized at the rate of 100 kg N/hectare.
The paddy/maize lands during the monsoon season will receive 50 kg
N/hectare of chemical fertilizer in addition to the current dosage
of organic fertilizers. Chemical fertilizer requirement is therefore:

(100) x (12) x x (28,

."OOO = 2.6 tons N.

If 20,000 kwh are rcquired per ton of fixed N, energy requirement
for 2.6 tons N of fertilizer is 52,000 kwh.

For water supply of 20 liters ver person per day plus 25 liters
per animal per day, and a total 1ift of 350 mecters, cnorgy needed

for pumping is 7,100 kwh.

For these three energy uses of water supply, irrigation, and




fertilizer production the total annual requircaent is 65,700 kwh,

At a 75 percent load factor the porer requi.cement is 10 KW. The
capital cost of a 10 KW turbogenerator unit is conservatively
estimated to be about U.S.$.20,000 in Nepal. Cost of pumps and
fertilizer production unit will be approximately another U.S.
$20,000 for a total capital investment for the village of U.S.
$40,000.

Direct production increases estimated as a rcsult of this
investmnert are as follows:

(1) winter wheat is a new crop, expected to yield 2.5 tons/
hectare for total productiorn increase on 12 hectarcs of
30 tons;

(2) winter wheat straw, 2.8 tons TDN/hectare or 33.6 tons TDN

on 12 hectares;

(3) paddy/maize yields will increase with: fortilization from
1.75 to 2.75 tons/hectare for 2 production increase on
28.7 hectares of 28,7 tons;

(4) maize stalk yields will increase by 2 tons TDN/hectare
so that if maize is the monsoon crop over all the cultiva-
ted area the production increase is 57.4 tons TIN.

Thus foodgrain productinn increcases are 58.7 tons and TDN
increases are 91 tons. Valuing foodgrains at U.S.§120 per ton gives
a benefit of 87,0ho'per annum from increased foodgraia availatility
alone., Moreover, the additional 91 tons of animal TDN will supply
nearly half of the non-electrified village deficit thus effecting
tremendous rclief in the pressure on forests for animal feed. If, in
addition, hay from pastures is properly dried with heat ;rom
fertilizer production, there should be no need for the village to
exploit forestg to feed animals or to expand cropped area. The
social benefits of this reduced pressure on forests are incalculable.
Furthermore, better nutrition and health will ensue,
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