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REPORT OF ~-!Et'TING 

The National Council for Science and Technology of Nepal and 
th~ Soci13ty of New York co-sponsered a seminar in Pokba.ra, Nepal, 
from February 28 to March 3, 1977, on "Development uf Small Scale 
Hydroelectric Power anc Fertilizer in Nepal~ 

CONCLUSIONS AND RECCl1MENDATIONS 

(1) From the Standpoint of the national imperative to conserve 
the resource ·11ealth of l'.:Tepal' s revers a..'1.d f.Jres-::s, J.nd to increase 
agricultural productivity for the immediate well-being of all i~s 
citizens, small sc~le hydropower developme~t is considered essenti.&.:. 
when coupled with a program of afforestation for a typical hill 
village of 25'0 persons, a 16-18 KW hydropower plant 2.nd a 30-40 
hectare managed woodlet c:i.n provide sig!'l.ifi~nt irrigation, 
raturns while having enor~ous social ~en2fits. 

( 2) An appraisal of potential hydropmver sites :!.n the hills . 
should proceed according to a scheme with the following 
elements: 

(a) forest department identification of ar~a:.s under most 
severe pressure of population on resources; 

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

(c) deployment of trained and equipped field survey teaos 
(10 men to ~ark in field four months and .:urv8y 400 

sites) to survey indentified sites by side gauging and 
11tilization of local axperience; this would requ., -e 

immecliate implementation ~f a training program for 
the 10 team members to b3gin field work during 1977. 
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(3) Given the apparent high potential o!' :he el•?ctric arc 
!)rocess for Nepal's needs for a small scale, low ca pi :'.al cost 
fertilizer unit, ~esearch and development work in Nepal should 

immediately ce initiated.. Collabor~tion with aoprooriate res~h a."ld 

de'Velcpment institutes should be established. 

(4) International aid agencies should support de"vglo~t Of 

small electrolysis uni ts for ammonia production and of compe.ti.bl~ 

units for finished f~r~ilizer pro~~ction for plants o: less tnan 
10 tons of a!!!Inonia per day capacity. This work would include am::ionia 
synthesis and fini:3hed product manufacture. Local suitabiD.ty of 

CAN (calcium ammonium nitrate) based on limestone should be investi­
gated from the standpoint of ,roductian technology and agronomic 
a p-;;li cab~li ty, 

( 5) De..,-elopment of indigenous mnufacturing capacity for small 
~ater power units should be accelera:ed to i~clude the entire 
hydropwer system. The Xepa.l Industrial Corporation and other agencies 
should investigate nee~s for exta.olish~ent of such production 
capability, :pa.rticularly Yi~c ~es:µect ~o ge~erators. 

( 6) A survey of ex?-sting waterwheel sites and their s11i ta.bill ty 

for con1rersion to use. of a modern prime :never should. be ini ti?ted. 

(7) Feasibility of using ap)ropriate, less expensive materials 
and production techniques for local ma.nufactu~e of hvdropower units 
should be· investigated, as part of a systems study to examine 
trade-offs between 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 cri terie. for 
evaluation of al terna ti ve investments in energy sup::-ly and ::ertiliz,.r 
production. Such criteria shoulQ include co~sideratior. of employ:ne~t, 

in~ame distribution, re~ource, and aa!!U.nist~tive impacts. They mus~ 
alsc include careful analy~is of the implica:ions of flexibility, 
seasonality, and complementarity with other investments. 
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(9) Several (thres or fou~) pilot projects could usefu.lly be 
implemented in October 1977. Slectricity ge~eration and use aspec:s 
(for example, for irrigati~n water puopi~6) should oe included. 

(10) Reduction oZ cost of civil works is a pri~rity matter. 
Sp~cific suggestiJns presented at this seminar for drama.tic decreases 
in costs should be followed up wit~1 ~nstallation of .proposed 
designs in projects to ~e i~plemented in the near fUrture. 

( 11) The recently con:.pleted ~rei;al. 3ne!'gy Study provides a very 
useful base for energy pla.'1Iling. Wor·k should continue with emphasis 
on energy inputs to the food production syste~, including human and 
animal labor. 

SUMMA.RY OF DISCD'SSIO~T 

:r. troductian 

The se:ni..~ar was ina~~~ratad ~y Eor-. :.a.tna 8.J~ Ra~a, who ~elc8~ed 
par~icipan ts and set -the semi::iar t.he:::e ·..;i-:l1-i n. ti:e ~Iepal pla.::.=i:..ng 
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 en1 all technologies ~ust 

·be examined but, f<::ir several reasons, srria.11 sc;.i.le technologies might 
be especially appropriate. 

First, required resourcBs ar8 most likely to be mobilized in 

relatively strall units because of· the scarcity of capita~ and 
transport difficulties. Second, the gestation period for large 
p~ojfcts is invariably lond and thus unacceptable, given the 
immediacy of the problem. Third: the Plan e~phasizes elimination of 
inequalities, participation of ~eople in decisions and projects that 
affect them, and regional devalo~~ent. Each of these objectives is 
best achieved through small scale projects. Finally, .it is essential 
for Nepal to r::obilize local resou_~ces 2.nd talent.3 to eliminate 
cu:-ren t dependence on other na tior..s for r:..nance and skilled talent. 
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This also would oe most readily ~cco~p:!..ished ~hrough small prcjec~s, 

.some of which would seITe an important skill C..eve:..opmen-c fu.."1.cti:in. 

Co-chairmen of the sem:L.'"lar, A.3. Shrestha and Roger Revelle, 

ther. explained the genesis of the seminar and e~phasized that the 
pur?ose was to consider reco'T.lnendations to th~ Nef)a]. Government for 

a research and development program fo~ energy supply and use • 

. ~., .... ,..ren ..... ~ner-v Si~ ... , .... "".:-.,., .; .,., ....... ~~".II.., ·J:..._ • J ..... 5 -'J'-'.C:::.'J~'-'-· ~ .·:_:.-,....., 

The technical sessions ::>pen~d wi ";h a.:i ~:»verview pres en ta tio!l 
by Bina.yak Bhadra .Jf the Centre fo:- Economic Dev~lopment and 

Ai..111i!listra tion, Kirtipur, on the energy situation in ~Tepal. The 

Developmant Group provided tte background to d.isc~ssions. ?reseniA.­

tions were also made by D.a. Tulcdhar, hy~rologist, and 5.M. SL~gh, 

engi!1e-;r, on hyir()logic knC1'.·:led.ge ar..d existing sr:all scale hydropower 

pr:ijects i!l Nepal. 

deplored by several speakers. It is estimated that, based on Forest 

Depart~ent statistics, only 12-13 years of accessible forest areas 

remain in Nei:al. In the hill areas, a removal rate of 640 Kg/capita 

contrasts with a regener<".tion rate of onl:r 70-80 ~/capita. As a 

result 0.12 million a.cres per year of forests are being destroyed 

by overgrazing, firewood and fodder r~moval, and enc~oachment of 

agricultural land. 

Although deforestation could be slowed by in troductL:m of more 

efficient chula3 and by fencing, the pr~blem remains of formidable 
magnitude. Current forest productivities in the hills of about 

o.6 tQn/acre/yea= and a total fuelwood stock of 50 tons/acre imply 

an 80-year replacement time which necessarily !!lust be reduced .. Some 

1:-rees can produce 50 tons/acre in 10 years 3.lthough it was acirr:i~t.;d 

that such species might not be suitable for hill areas. There was, 

r.owaver, general ~greeoent that stabilization of forests through 
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reforestation, productivity improvements, a~d fencing is an essential 
co~ponent of any resource iev~lorment strat3gy. Eydroelectric cev~­
lopment should comple::;;nt,_ r!Ot replace, such a forest stabilization 

program. 

The energy" study 7clS praised for its scope and information 
content and it was agreea the work sh~uld continue •Ji.th emphasis on: 

( ·j) a.ni:nal and huma~. energ-J, e3pecially fJr agricultG::-al 
operatio~s, water drawing, and fuel ga~her~ng; 

(2) the- possibilities for wind, solar, and geothermal energy 
resource ex?loit~:ion; 

(3) space heat~ng; a~c 

(4) the critical role of women's energy in agriculture and 
::he hcusehol:i and the eff e.,ct. .Jf the ove!".Norking of women 
on the productive process. 

Although Nepal has 170 gauging stations, very few of these a~8 
on small streams of inte::-est for power development ir the range 

below 100 KW. Limite~ data for four sites in the Kathmandu Valley 
and for eleven sites east of Ka:hmandu were presented for an 
assessment of lo~ flow behavior. Unfortunately, topographic ma?s 
were available only for area3 in the west so it was not possible to 
estimate accurately available heads and :ninir:rum discharges. It ~as 
felt, however, that a minimum gradie!'lt is ·I ,000 fe9t/mile and in 

most cases this i~ vecy c-::inservative for the small streams. 

It it is assumed thc.t the eleven 5auging stations fo!' 'H'hi:h 
data are availae;le ar-e ~·oepresentati7~, the:n thei::: tota:::. flow o:' 

2.61 m3/sec (minimU.rn recorded) from a 273 km2 catchmer.'C. ar~a 
translates inc:J a total fl'.Jw ir;, the '::ill area (100,000 ~~m2 ) of 
940 m3/sec. Giv~1 a total d~o; in th8 hills of say, 3,000 mete~s, 
this fl8w has ~ power potential of: 
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940 m3/sec x 3,000 m x 9.94 
= 28 million .iC.J, or 

3.7 KW p~r persons in the hill.s. 

Small Hydro Projects .!n ~Tepgl 

There are few hydro projects in Nepal of less t~ 500 K'~ 

capacity .so actual cost data a~·e lim.it3d. :he 120 KW, 200 meter 

.;)hanku ta p:-c ~t cons "Gructed twelv$ years ago cost :1.s. 11 ,250/IC./. 

:Lhe 345 KW, . ~.J meter Surkhet project, now unde!· construction, is 

expected to cost ~s; 30,000/KW, including costs for 7 km of 

transmissio~ lines. It ~-as revealed i~ disc'..lssion, however, that 

he2..i coptf;rs we:-e used in order to expedi <:e ~0~_-l~ticn and tha s 

such casts :r.ighL not oe jus~ifiable i~ ~os~ 9 G~ec~s. Fur:he~c~e, 

ave!' 40 percent of the costs of t'his project were for."civi.l wrks." 

The electrici~y departwient has recently d::ne a s·tudy of 10 s~ll 

hydro plan~s designed ~o electrify ~emote ad'!!linistrative centers. 

These ~la!'lts were designed for ~inimum flo .. and most had capacities 

of 200 - 260 KW with 20 - 30 meter heads, 1 - 3 km of .:anal, 2, 000 

- 4,000 persons per town, and a 3-year exper~ed completion data. 
Costs ranged IrO"ll 13,000 to 70,000 .ds./K'...l with most cos~ be.iow 

_.:.s. 30~000IKW. 

Mare detailed informa :.ion was presented for th~ Chorajari 260 K"w, 
16 meter project which. is expected to cost ::.s. 18,000 per KW. Jf ·this, 

civil works a~count for 46 percent, electro-mechanical for 37 percent, 

and -cranstrission and overhead for the remainde.L ... The p:'oject is 

3 days' wlk from the nearest airport; the 700 kg main unit will have 

to be airlifted. 

It was noted in discussi~n that these projects are planned to 
provide electric lights to ~e~lace kerosene ar.d candles, and ::nay be 

irrelevant to the major overall energy problems of Nepal, in the 

light of the potent.~ 1.l uses of electricity for irrigation and fert-i-

1:.zer production. It was further note1..: that the estimated cjvil works 

' 
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components of these projects are often urmecessarily large because 
of inflated reliability criteria. 

The national cotr~y, Balaju Yantra Shala (BYS), is manufactu­
ring crossflow (Banki) tu~bines that are suit2.ble for heads up to 
3? meters for the smallest uni ts. BYS has perf?rmed feasibility 
studies of productive projer,t~, of which a cheese factory two days' 
walk southeast of Kathmandu ~s an example. In his factory, 9? 
percent of the electrici:y would b~ used for heating :;urposes and 
would :replace fuelwood. Electricity costs would. be ;.1.s. 0.84/kwh or 
30 paisa per liter of cilk (ignoring lighting cost). Investment 
would be Rs. 17 ,OOO/IGt/ with a turbine (:aYS) made in Nepal and a 
generat8r ~de in Indi~. AC ~as used ~Gca.~sc cf a 1.) k=i tra~smis3iJn 

distance. Of the cost, 40 perce~~ was ci•ril ~o. ks, 33 percent 
transmission (including transformers), 22 percen~ was gene~ating 
2quipment...(of wi1ich 2? percent w-as governor cost), and the re:nainde::­
·,;as maLrily transport cost. The d:::sign capacity was 49 KW for a 
250 liter/second flow and a 30 7le~er t~1d (•Ni.th c 60 meter penstock). 
Xinirm1m discharg::: is ~O litcrs/seccnd. for ·..;hich powe:- output would 
be 7 KW. Milk and elactricity p eduction are highly correlated, with 
cows dry when streams a~e dry, so that ths flow variability was not 
a constraint to effectiv3 project ~esign. 

~ommentary on this project noted the comp~ete absence of social 
cost analysis particularly with respect tc thG social cost of 
fuelwood. It was fUrther noted that heating with electricity is an 
inefficient use of electric power. 

Small Scale Eydropower: Internati~nal Experience 

Intarnational ex0erience wi:h s~aJl scale hydropower has baen 
extensive, as participants f::om Japan ,~Torway, Switzerland, and the 
United 3tates noted. Unfortunataly for N~pal, this experiei:.ce ·,;as 
acc·.:.mulatad many years ago and new installations are rare. Znviron:ne­
ntal and derentrall.st movements in the Uilitad States have combined, 
however, co produc0 a :esurgGnce ~f interest in small units for 

I 
' 
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far!!!/ famly use. The:;a new uni ":s e'..lpl·JY the la test tech."'1.ology 

(?-luminiu:n ca2ti:-.gs, epoxy co:=.tings, s::ili.i 3ta:e ~enerat::irs ar..: 
inverters, ~nd 2,000-cycle, dee~ dis8harge lead~acid batteries) 
to allow homeowner installation and maintenan8e-f!'ee oper~ti::n. 

Considerable c.:Lscussion was devoterl to the differen::es amo~g 
turbine types with an impulse turbin8 sug~ested for heads above 

27 meters and a propeller turbine (~agler) for heads below 9 meters. 

For intern.ediate heads, a Banki cross-now turbin·3 or a modifii::d 

impulse turbine are suggeste~. Choice of ~~rbine is more co~?lex 
t:.han -chis 

1 
how'3ver, as i-~ is :i.ecessa:-:J- :o cor.s:..d.er: C-t) ease :Jf 

manufacture,·(?_) !)Cl.rt-load efficiancies, ar:C. (3) sensitivity to tr2.sh 

and sediment load. 

turbine, DC gene::-a t~r/ !"'e~tifi.:;r, ba :7-er:r ·oanl:, ~nd. ir .. varter be ·.ised. 

to produce ~C .. Above :8 KW a direct A~ genarator/go7ern~r system is 

recommended. In Nepal, how2,.:-s:;..·, a DC syst3m ·,.;ould be acceptible for 

fertilizer manufa.ctu!'e. lighting, ar.d ::;;iowering of mo-cars, provided 

transmission d.istar.c:.::s do not exceed s 0~veral hundred meters. In 
9ractice i.t is i:..a::;ly f 2rtilL: .. .;r productiCTI ·,rcul..i take place at t~e 
site of the !J.ydro station and that el3ctricity for other uses would. 

~AC. A tc system above 20 K'~ would r.ot require a governor but 

.would require waterhammer pro~ection ~~ich would not ?e expensive. 

U.S. costs, for a high head installation (30-180 meters) in 

the range 1-20 horsepower, are about u.s.$.33 9er watt for D: and 

9

U.S. $0.92 for AC with battery storage. Intermediate and low head 

systems could be expected to cost 15-20 percent more. Direct AC 
(with no storage) in the range 20-200 hors3power costs about U.S. 

$0422 per 'Natt for high head; u.S.$0.27 for heads of 10-30 meters, 

and U.S. $0.30 for low heaa. For a high head insta.llation 12-15 
percent of the cost is governor, for a low head installation tha 
comparable percenta5e is 25. :~1ese costs are pr3d.icated upon a si:lple 

div::rsi-Jn strucc.ure in the str~am :?..nd pv~ pipe (about 60 meters) 

from stream to tur~ine. 

' 
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Japanese ex-;:e::::-ience ' . .;i ':h Slii.all scale hy.dro-:;:Jwar is inte!'est.i11g 

fo:: several reasons. In the initial 3tagas during the. 1920s, t~er~ 

were no streamflow data fo:- s!:!al2.. st:::-8a.ms <l!1d s_ting was don~ by 

experienced engineers relying on local knowledge. With-small, modlll::lr 

uni ts, the risks of miscalcu.la :ion of mi.ni!rl.um flo~~ are small as long 

as there is reasonable expectation of some flow during the driest 

days. The hyd.ropower dev-;;lq:m~nt of indu.s-:rial New 2ngland also 

proc2edad on this basis ;::.nd i':. was sugges~~d taat Nepa.l's s::na.11 

scale hyJ.-""Opower dev~lopment should no~ wait for good hydrolcg~: 

data but should begin i:nmediately basGd on local knowledge anQ 

r.ecbnical_ experience. 

farner cooperatives to install hyd.roalect:-ic plan:s • .iltb.oug."1 t~s 

is an assist to ..Ja'92-'1E:Se a.g::-ic:il '..;1.1:::-e, tb.2 ; :idustriaJ..iza ti on of vi.ll.a.­

~as .tr.a~ is o.:f.~en. expect.:d t.:i ::.Jm:; f:::-~:m1 el~ctr-ific2_tion does no:. 

always occur~ Similar e~zri~cas w8::::-e :::-~ported from- Ipd~a and 

- 3a...'1~lesn ·ttere !'".ir:.: electrif:.cation -:-c~·rers :rri.=:ation nu.-:;.is and 

_ the ~~bulbs -cf t.i:l.e ri.ch, but !'2.rely sti"'J'~ ~ -ca~ .. L"l.d.u.s....t..ria.:. 

deve.J..o}:';nent "1he.re non.e .. ax:Lsted befo-re. · 

In .Japa..>J.., .costs of 100...000 KW plants fo!" cu~ent Cl-'!...W t!"u.ctioi.: 
r'..Ul frocr U.S. $875 to $1,400 per i\w. Unmanned Jperati.oILan.d. e..qu..ipman:: 
standardization are goals of progra.~s ~o builj run-of-river plants 

o J.. small size for which a ca.pa.city uf 2, 000 MW ax.is ts in tha c::iun t...ry 

f::ir untis of unc3r 1,000 KW. As L~ the U.S., construction 
is ord.::.narily not feasiole because cf costs and environm~tal 

objGctions. 

~.:i;J.3.:';tl .::tasources of N :-:)al 

A r2view 8f k:--iown rrj_:-.aral :-~so'.lrces of N ;;;:al reveals no deposits 

of coal, potash, or :;:hospha~es~ .:::xplo.:-:::.:ion fcE' 'Jil and gG..s is i!1 

the init.12..l stag.=:s with the grsat3s~ p<?c.an~ial considered ~o axist 

in the S.3m1-arid r'3gion ::ort:i of the ill.ma:a.ya in western ~Japa.l. 

Only lo-w-gr::i.de iron ore has b~an found in rrid-hill Nepal. Li!D.es to·~ 

j 
; 
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is found LTl m=.ny -parts of the cou..'1. 'vrY ':li th tigh-g::-ade d.eposi ts 

near Udaipur. Some iron pyrite d.-=~osits are lL"1owr,. ~:id magr-.. esite 

(magnesium cc;.rboha te) is :.:. ound northe~.s t of Ka ·,::,b...mandµ 2.!ld near 

Udaipur. 

Use of chemical fartilizers in ::,3~l reachecl a high -:>f 13, 100 

tons in 1973-74, and was 12,300 tonJ in 1975-76. The avera~e 
nutrient composition. was 69 percent ~i :.rogen CO, 2.0 ~Jerc~nt 
phosphorus (P), :?.nd II perc.J::: pot~ssiu!'.l (K). :t.e pri::e of urea 

per ton 'N"as U.S .. $66 m 19}0-71, $12.9 in 1972-73, and $360 i.t' 

1974--75. Comparable potash :_;rices w·2r~ $78, $77, ~"'1.d $240. About 

5
7 ....,,~,.,.. 0 n.,... or~ c'rie,..,;cal .;-a.,..+.;•.;'7.~"'s ;s 1·:::.-::.a.· "r. .... ~ ... ..:iy 28 ,..,e,..c~nt on , :::-~. _ -• _, • c.u... __ .., ..... _ .... -..... ... .,.._._ v •• !'-u1... 7 .l:' - -·· 

percent ws used. in the Ter-2.i during 1975-76, 39 pe=cent. in 
Kathmandu 7alley, a.'1.d 13 !_;~rc'2nt in tt.-2 Eilis. Sev9n"':y percen"c went 

' 
to the .Central J.1.egion; 4 :;a:-..c-::nt to tl" . .:.: ?a.r .~ester.i Region. :ro 

cbemical fertilizer is manufactur8d i:i :,;epa:::... 'Jut use of organic 

f~rtiliz~r is V'~d~spread. 

Electrolytic Prad.uctio:" 1.f. Ferti 1 izer 

The economic feasibili:y of ~stablishi..~g an -=~actrolysis plant 
for production of nitroge~ f2rtilizer •1(2.s inv0stigated by the 

Government of Nepal in tha aarly 1970s. 7nls wc..s based on in expectad 

power surplus in the C .. mtral 2-r.d 32.stern ~bgi.Jns t~1at has in fact 

never materia!_iz2d. Large plan:~ ~r 50,100, and 150 tons ammonia 

( YH
3

) per day · . .rere consid'3red for pr·:d.ucticn of a:nmonium ni tra :.:,e. 

Costs were compared wi:h costs of production of urea based on 

imported naphth~ and were revised in 1975 by a '..Jest Ge~ firm. 

ProC.uction cos t.s for a 1 JO tons :TH1- pc::r d.2..7 ammonium nitrate 

plar.': based on eL::ctroJ.ysis ' . .r-er-2 ?.s. 1 ,700 p8r ten; f'Jr urea 
cor.iparabl::; c-:is :.s ·..rere Js. 2 ,+20 ::-2!" t:Jr~. ~~:.'..:.s, :..c-i t.::!'ms of nu :.rien :., 

eosts ar~ naar~y the sam~. 

Al though a m.:.mbi:::r :J f -:j_UeS ~ions were n.is ~d r-::gc::.r~ng the 

I 
' 
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assunptions of these studies, the following issues were consid.2::-ad 

of most relevance to the se!:lin2.:.~. First, with 12..rge power sup;l.::..es, 

electrolysis is a de fin;. te co:n~etitor with urea. Second, use of 

n~phtha p~ices at Calcutta port seriously understates tha trans~o~t 
and political costs of naphtha movements over two different gauge 
Indian railway syste1'1S. In fact, there was considerable opir.;ion 

that naphtha cot.:.ld not practicc.lly be transported t.:: ~repa.l. Wi ch 

electrolysis no ~aw material trans~ort is !'equ~rsd. Third, n9 
consideration in the anc.ly~cs wG:.s gi7en ~o the :ruch longer g~st2.·~L::~-: 

periods of naphtha-urea plants as compared to electrolysis-AN ;~ants. 
Fourth, capacity utiliza.'.:i'Jn of ·~lectrolysis ;lc..;.1ts is consistantl:r 

For large and small el3ctrolysis pl.an ts the folJ.::>wirlg adva!l.Lag.es 

·lia::e ad,jt.:.dge to be af ps.::-tis'...llar ir. -Serest to :1f epal: 

(1) sim?l~ cpsrati~n and maintenance; 

(2) high V'.-:>!..; -::::""-...; i.: ~-:· - ___ ......, ____ -.J .. :' 

( 3) produ~tion rate fle.xibili ty; 

(l+) li:nil:ed req_uire:n:::nt f.'Jr speci.;.llst labor; 

(5) only water anc air needed ~3 r~w ~t.erials; and 

(6) almost i:~ pollution aff'.3 1.::ts.* 

• Technical details regard.:..ng .C!l ac t.rolysis and cos ts of produc:.iun 

of different fGrtilizer pr6duc~.s rn:..y be found. in t•.vo seminar 

p<:!.pers: (1) 'I'horr.as Grundt, Norsk H:tirc, Osl0, ~·for .• -ay, 
11
Wat13r 

Hydr0l:rsis and Its ?assibiliti3s 2..3 Bu.3is f1Jr Fertilizer Produ­

c:.ion;" and (2) O. ·11. Livingst.:m; Int.·3:-n::.~iJnal Fertilizer 

Development C·=nter, A::.abc:..:n2., C'.3 • .A.. !'Pot.ent:.ic..l Small Seal:: 

Fertiliz8r Processes for Dev3lo;:ing Co1..ir.tri2s - ~·!epc.l 3.xampl~.
11 
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There is littla or ~o econo~y of seal~ i.~ ~'a~er electrJl7sis 
b:it mode::-ate scale acon8::Lias a::-3 Pl'Gs~nt in z.:rm'..Jr.ia synthesis. Of 

more importa.n:e to tne s~I!linar was the obser'V:l.tion that s~ll pl:;.nts 
are readily av:iilable for the el~ctrolysis and nitrogen liquefaction 
U-'1i ts but that design and. d~veloP!!lant ·.10'..lld b<"? required for s:!.2.ll 
ammonia synthesis plants that, even in China, are not regularly 
built below a capacity of 9 tons rnr

3 
per day. 

For Project ~alysis.purposes, Norsk Hydro assumes a to~l 
elactricity :::-equi::.-ement of 13,5'00 kwh per ton ;~ and wter 
requirement of 2 tons per ton ti"lf.;. Ctir'!'ent 1IB

3 
production costs for 

::.n el~ctricity p:ric.a Of 5 'C.S. mills pa:' ~C.Jh 2.r!:l 100 tons/ny 
production capacity are estima~ad to be about U.S.$140 pe~ t~n 
NH

3
• For a price of 10 U.S. mills per kwh, production costs are 

~bout U.S. ~210 per ton NE3• For highar electricity costs it -...ra~ 

~,... .. ;""""~~-~ . .-, ~r.::i coc:• .:;i ...... -~~:::Ps rr::: --:-""~Jr' ne..,. +-"""n ~~ .:- ... _ =-~~ ~J : .. S 
_,;:, ........ _._..,,_ ....... """·-- -J --------- ...,, • ....., •• )1 - _ ... '"'v • • ...-3 •'-'- -~-·-. -• . 
:Ili2.ls per kwh increase in elactricii:y costa. Io ~ilesa cos-r..s .::iu.s-;; 

be ~dde~ costs of ?reducing a fertilizer product, which could ba: 

(1) ammonium. nitrate which req_uires a nitric acid. plant; 

( 2) calcium ~mmoni-:.u:i nitrate whi::h requires a nitric acid pl:_"l i: 
and li!!lt:stone, but which i3 ~table ..::o~~red wi :!1 a=on.:.-n 

nitrat~; 

( 3) ammonium bicarbonate which requires carbon dioxide; 

(4) aqua ammonia; 

( 5) urea whid: requi:"'es ·carbon dioxida; and 

( 6) ammoniu!!l sulfa t=> which requires sulfuric acid. 

Each of thes~ products has ~d~ran~ages and disadvantages in 
Nepal and careful study needs to ba given to selection of the product 
apprapriate to each situation, For e~~m?le, in most situations 

ammonium sulfate NOuld not be faasible but where. iron py~ites exist 
and industrial use of sulfuric aci1 is a~tractive, a~.monium sulfate 
would ba a possibilit;. It was ointed out that China manufactu.:-es 
a great deal of crude a~onium bicarbonate and ammonium n~trate in 

- • 1 ---
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small scale plant3 using rel.atively si:n::;ls te·~h.."1.ol·'.)gy. 7he Chin~s~ 
also use aqua ammonia which is sio~le to prodace from al'.!ilnonia ~n1 
could be well-suited to use in Nepal hill villages applied directly 
to fields from ~:.las ti..:: bags , metal tanks s or in ir riga ti on wa tar. 

Because of the extreme variation of flow in Nepal streams it 
is likely that fertilizar production would be concentrated in the 
months of higher streamflows. Operation of electrolysis pl.ant at 

full load for 8 months ~d shutdown for 4 months would involva ~c 
difficulties with catalyst ?:ainter3!1Cc as :d.ght aris~ f!'O~ 

intermitt~nt operation on a short-cycla basis. 

3lectric Arc Process 

prJduction is direct nitrogen fixa ti:m by electric arc to p.coduce 
nitrogen oxides, nitric acid, ar.J :ofith ~h8 addition of ji~2s~cnd, 

calciU!!l nitrate which is a fertilizer that can b.:: concentrate and 

solidified. Dissolv~d calcium nitrate can be added di:-.;ctly to 
ir:-iga.tion •Na.tar. An al:;ctric arc :pr"Jc~ss ·.rc.3 used i!'l ~~or-.. :ay i~ i:he 

early part of this century and l#2.S basad en relativaly plantiful 
hydroelectricity. 

-
At present, the C.F. Kat~ering ~esearch Laboratory 1n Ohio, 

U.S.A., is engaged in development of soa.11 al~ctric arc units based 
on wind or '1112.ter power. Th~y percaive the following advantag3s of 

such a system: 

( 1) mL11imal trans-;ort costs; 

(2) low capi tc:1.l investment (cell would ba clay sewer piie .Jr 

new the!'mal plastics, .3lectrodes would be iron); 

(3) extremely simple technology requiring no import of for3i.?Jl 
skills or so?histic~tcd ::iai~tenanca; ~nd 

(4) ready adaptability to modular des~gn for incremantal 
capa·c1 ty- expansion a3 demar:d grows. 

- • ... - .. I --

' 
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. Effic~encies as high as 10 percent have been reported for the 
process in h~storic installations. To d.3.te the Kettering Labora.to~y 
has achiev~d an efficiency of 2 percen~. A 10 percent efficiency 
.implies an energy input of 10,340 kwh per metric ton of :fixed 
nitrogen. Two percent efficiency implies 51,680 kwh per metric ton. 

One of the interesting aspects of the electric arc process is 
its compa t1bil1 ty with other powar loads of va:::-ying demanG.. Tba t is, 
if a turbine were installed for a flour mill, oil eX)>eller, or rice 
huller, then wi-:h the addition of a gener-ator the turbine could be 

running the e1ectric arc and making fertilizer when not running the 
food Drocessor. If it i~ assumed the food processor operates 40 
percent Jf the year leaving 60 ;ercent excess capacity for tha ale-

•.:tric a::;:·c unit, ~hen 3. 3 ?:Ii -:a:-~o-g;r:arat:::!' would produce abcu.t 
15,000 kwh that could be used for fartillzer manufacture. At 5 perce­
n: efficiency, this would ~roduce 530 kg fixed nitrogan or enough 

for nearly 6 hectar~s of land. 

Two separate ex~imatas were ma.de of the cost of a 3 KW inst.?J 1~ 
tion under average conditions prevailing in hill ~~arai. The fL-..st 

assumed: 

( 1 ) 2 1/2 inch pipe ( 2, 000 f~et to give 400 feet heat at 

U.S.$0.30/foot = $600 

(2) siphon intake = $10 

(3) screen = $5 

(4) 7 ,200 v, 3 KW turbo-generator unit plus tra.: stormer = $900 

(5) gate value = ~25 
(6) trench to cover 7fC pipe (36m3 at 1m3 per man-day and 

as. 15 par day) = ~25 

(7) sewer pipe for electric arc cell plus electrodes = ;100 

TOTAL= $1,690, excluding trrnsport from U.S.A. to site, 
about $ $2,500, including transpot 
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Tua sacond cos'-_ estiI:iate ·.-ra.s based. 0n a l~rg-~r U!'li t or:a d=-.7s: 

.-2lk from a road with a 50 m.;;tar panstock and 200 !!l~tar canal (i!: 

oth~r words a lower head uni~). It was ~ss~3d that for this 
specific "installati.::m a 3 KW unit would cost abcu-c U.S. ~J,000 
including tha el~ctric arc equi~ment. 

Amortizad capital cost of $3,000 at 10 ~ercent a.~d 20 years is 
$350 per year while opera.ting and :ia.intanance ex~ans~s are negligibla. 
Such a 3 KT~ unit c~l!ld, at 2 percent :ffici~ncy, p~oduce ab~ut 
Q~e-half ton vf fixed nit~og3n fu- a cast of ~700 par ton -- i~~iv:­

red to the vills.g-a. Douo~ing procass effici-3ncy w.:mld b.alvo this 
cost. 

r.ha t in 1!12.ny ins ~ces could. 'b a pu:. ~o o ~nefi cial a:id produc ti v.a use. 
Some uses mentioned ware: 

( 1 ) era p ~nd ha.y C.:-yi..J.g durL"'!g !:10n3o ~:i; 

(2) pottary ki::~ haatL"lg; 

(3) dairy i.."ldustry; 

(I.) h~ating of wash watar for clean~g and dyeing of cotton 
~nd wool :ram ~nd cloth; 

(5) space heating; 

(6) clothes washing i~ hot water to prolong ciothes lif~; 

(7) rice parboiling and barlay flour roasting; 

(8) le~ther tanning and processing; 

( 9) paper making; and 

( 10) crop yield increases t-rith heated watar irrigation. 

Vill~ge £n~rgy 3alanca 

To pull tog~thar the above elements cf el~ctricity/fer~ilizer 
sup_;ly to a !·Tepal hill villag.::, a tY)ical village energy balanc13 3.n.i 

' 
1 
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an ·=lectrifica t.ion schemG we!'e outlined. I'ha village has 250 peopla 
in 48 households wi:h 28.8 ha. of cultivated land. There are 202 
cattle and buffalo: 14? ~ows and 55 !?12..les. Crop production is 1.75 
ton/ha. maize or paddy aquivalent for a total of ;o tons. At 
3.5 x- 1o6 kcal. per ton this implies a par capita daily caloric 
intake from maize/paddy of 1,920 kcal. 

·At 2. 5' kg dry dung par animal per day the cat t1e proJ.uce 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 N 9er hactare from dung. This is 
a significant a:no'l:Ilt of fi.xsd ni trcg:=r.. transfer to the cul~i va tad 
fields of the village. 

Two kg wood per capita per day is the average fuel wood 
Corls,. ... "l"~-i ... .., ·":'ct-1 ~n,,...!"~1 -.~u.::.1, .• "·"' 4 1 •-==::::. ;..., ·~h.:o ,..-;11~g.::i i·- 183 ton-w.J,...J:'..,-....J ... ~· - c:;. _____ ,.... __ - "-·•"-"'-L.4 --- _.;,._ -·- y~ -~ - ~ ~~ 

so that there is four times the energy in wood for ·cooking than in 

the food. If it is assumad a sustain~ble yield of 2.5 tons/ha/year 
is attained, 73 hecta=Js of TNnOdlot would be needed • 

. Maize stalk produces 2.3 tons/hactare dry !I'.a.t;te!' or 1.5 tons 
total digestible nutrients (TDN). C~O?~ra=:~ figu~es fo= paddy straw 
are 2.2 tons and 0.9 tons. If the entir- ~ulti~-ated area is sown to 
maize there Wil1 be produced 43 tons TDN. Raquirement is 1.2 tons/ 
animal/year on the average for a total of 242 to~s-TDN. Thus about 
2.00 tons TDM/year must come from pa.stu::-3 and fOr·3st. 

If half of this comes from pasture and pas~ur~ productivity is 
2 tons/hectare, then 50 hectares of pasture would be needed. Simila­
rly, ~O hectares of forest would be required for animal feeding -­
in addition to the 73 hectares needed fer fUelwood extraction on a 
sustainable basis. 1'hus total land rr3quiI""ed in the village for croiJs, 
pasture, and forest ~s 192 hectares which gives a per capita land 
avai labU '!. ty approximately equal to tha hill !fapal average. It should • 
be r~'!.phasized that in local and regional situations this an~oun t of 
land is no longer avail..1ble and that f·:>rests a.re not able to be 
operated on a sustainable basis. As a consaquence, deforestation 

' 
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ensues. 

Village Electrification 

Phase One provision of electricity to tb.:i:s village might include 

power for irrigation, fertilizer production, and villago water 

supply. Most vil.lage houses are assumed to sit about 350 meters above 

a relatively large, low gradient, north-south flowing river. Directly 

south of the villa~e is a steep-gradient tributaz:y flowing west-east. 

pt the total cultivated area of 28.7 hectares, 1?. hectares ara 

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 'ii.th 

a total irrigation requirement of 0.5 ~eter, or 
4 . 3 

12 x 10 x 0.5 = 60,000 m 

Motor-pump efficiency is assumed .50 percent and average total dynamic 

left 20 meters. Energy requirement will therefore be 6,600 kwh. 

This wheat crop is fertilized· at the rate of 100 kg N/hcctare. 

The paddy/maize lands durin~ 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 {5Q) x (28.7) = 2.6 tons N. 
1,000 

I! 20,000 kwh are required per ton of fixed N, energy requirement 

for 2.6 tons ff of fertilizer is 52,000 kwh • 

For water supply of ~O liters per p~rson per day plus 25 liters 

per animal per day, and a total lift or 350 ~cters, energy needad 

for pumping is ?,100 kwh. 

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



-: 18 :-

fertilizer production the total annual. rcquirc~ent is 65,700 kwh. 

At a 75 ,ercent load factor the po~e~ requi~ement is 10 K'il. The 

capital. cost of a 10 K1I turbogenerator unit is conservativel.y 

estimRted to be about u.~.l.a:>,OOO in Nepal.. Cost of pumps and 

fertilizer production unit will be a~prox::U:iately another U.S. 
120,000 for a total. capital invcstl!lent for the Village of u.s. 
340,000. 

Direct 9roduction increases estil!!ated as a result of this 
investQcnt are as follows: 

(1) winter wheat is a new crop, expected to yield 2.5 tons/ 

hectare for total production increase on 12 hectares 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·fcrtilization from 

1 • 75· to 2. 75 tons/hectare for a. 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 cul t1va­

ted area the production increase is 57.4 tons TDN. 

Thus foodgrain producti,.,n increases are 58.7 tons and TDN 

increases are 91 tons. Valuing foodgrains at u.s.S120 per ton gives 

a benefit of S7,040 per annum from increased foodgrai:l avai1aril1ty 

alone. Moreover, the additional 91 tons of animal TDN will supply 

nearly half of the non-electrified Village deficit thus effecting 

tremendous roli&f in the pressure on forests for animal feed. If, in 

addition, hay from pastures is properly dried 'iii.th heat ~rom 

fertilizer production, there should be no need for the village to 

exploit forest~ to feed animals or to expand cropped area. The 

social benefits of this reduced pressure on fore~ts are incalcul.able. 

Furthonaore, better nutrition and haalth Will Gnsue. 

' 

• 
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