FEASIBILITY STUDY REPORT
ON

THE ESTABLISHMENT OF UREA
FERTILIZER PLANT
IN
THE KINGDOM OF NEPAL

(SUMMARY)

SEPTEMBER 1984

JAPAN INTERNATIONAL CQOPERATION AGENCY

MPI
olihe) |

84146







piet

FEASIBILITY STUDY REPORT
ON
THE ESTABLISHMENT OF UREA
FERTILIZER PLANT
N
THE KINGDOM OF NEPAL

(SUMMARY)

 JUE\ LIBRARY

PR

1031394183

SEPTEMBER 1984

JAPAN INTERNATIONAL COOPERATION AGENCY



U EET

%é "'86.-8.5~ —-———i'-‘-l—é-mw
| | 8.4 |

RN 15099 [ mpr




=7 , i ' T :
., 80" | a2 8a? g . age

e GENERAL MAP FOR THE KINGOOH OF NEPAL AND PROPOSED SITES - vaaRRERTARRHAAL
N . FOR UREA FERTILIZER PLANT

5';“' \ Roads (Existing): —+—+——+—+ Railways - 30"

- / )’, LS . :,Primury AII-weaihér Highways
£ /f -
- .

Ropeway

. / y R Local Access [Feeder) Roads AN International Airport
. /_/ 7 ‘.}. na 1 LARE H . i
3 I \ Shaman >\j Roads {Under Construction): - A Other Developed Airports
ol o %f ' - . . ' :
) T " et v e Primary All-weother Highways 4 Principal STOL Airports
voo e e v ghwoy co :
TN A PR CH INA —— local Access (Feeder) Roads A Regional Headauarters
oy e \‘ I a ARA — /\/ . ) ’
“].-‘mmuowm ’ @ | e * ' seternnaans Road Feasibility Study ® District Headquarters
h AN '.\:: aGaR .,“y O .r-»-,‘w [~ U Wats S . iti
FaveAnrn . lxm@’f S " = /_<- \ ,( Yo by rban Wa er upply Systams o Other Towns,cnyles
) L sk — PR Gineatsam f "'““’“’u-/ \i_ . MuSTA}S—/{ ®  Hydroelectric Plonts + e {nternational Boundaries
~.|.w£~nnm\cm ke R - \ . N — s H . . Cept . .
| ,./_—r:_ﬁ/ ‘\w_f C A’\a{n Trcr_nsm'tss‘uon F[nes {Existing } . — Major Rivers
P T el o~ naxor == Main Transmission Lines {Under Construction}
< AR - OUGESWAR O / . . L
S ’ T Qomen . oo o ; A Proposed Sites for Urea Fertilizer Plant
- B A MOFEL auktnaT . ’ : ' .
e g e / o 47 L b B Major Fertilizer Distribution Center
ke

=4 Comskeans (ASURKHET Jd NS
/ ’ s. ’ N A@ -\_Jr (gm;.r?-cor\ / N\ /‘\
>Q ’ "‘ L [ - ‘@l\'i' \ CraMAL IRV e E
U7 ) ‘-{ i \-- Acw, ‘! MUSIROY O QT OIIORPAHD\ }
\\} g RS \ RURUMIZQ

A * aAspuly - DARDLT A N o - c .
El ,,A,,,u"‘&"d\e\“\r o " 6‘":‘.5““ T @ saLLvan THE KI NGDOM O NEPp\L & !J
5 o : ~ e P ; . b N
U ) AN
: N / Y 3 W
h 1 \ pacw Jcn s ' G 3 et ANGIANG
E‘\\ GruLsPUR \\ xw.\u: ?mcu;asq T ;) ¢ O G‘l\\’% N » @ \.
. - g eI ~ 2 NG R s, & f 28"
2 oA i\\\\@“':“"m | Ufl_g)’)-mn RIRE. Az / P wenan 2 N, \{lsmcu {‘ carRMA O [ rJ ~ \ -
T N e o =8 4o { St | ~of L e '
. .-\ . o Y - oy Hat ™
. \ Lamanl O- O QO e 2 *\ hgne N, o - '.'! v a’ snv.mqaocse ~ J\_’,,-..-\ : /
\ "-n».?..__ e, SUNOARYEA e0 \—\l‘i"i"_'l""" a xn\_n ] ) " : \ \O “ R (LY W
. . i RTLTT o TP R Shad k Q
\ \ \ Kollauns\\ xuoanusrm{l %“'U“ ’ ——\)\, rJ e, A. KATH“ANDU - | wascHE aszan ]
\ " () ,...-"\ C?m"-\oﬂ__q- y s TN, [;;-:xuv ‘f
. h o aurviay o
. — e AL anvansante gnn,nwu . . L /
(g rama N a:\uauunnum fautiiava . ,’ ) rayBISE “M"“M - ?ml "fl e I ND I A
R 7 } (,O fi‘\ ﬁ o - ‘i‘ s PALAMCION CHARIKOT o Q\B
S d AIRA' '-7 ' t0QLALGHAD THOSE wein
~_ £ '{"""""‘i A 3 -..mu 1‘”’ f/ PA‘(-‘-/—’!{ rArGHAULI U ). auu.-mn " (3 TKKI M)
1 ( N UMBIN ‘ 9'““'" ) . '-\_‘\ N, \44,0 @4-
) ™ i‘u)/ \ \ _/ '1u_|T|,1.vw= - t o }‘I ETA UD : - ! e \{"'? FNAPL\ freanORAR GANGTOX
R \ r—— T (N O RasECHHar @
N (u/r/ . RN waxnarnom i Muau‘nAr O axLachuaca TUMLINGTA ’b O
5 ‘_’0 - “"“\ ‘ \ PATHALAYZ ) \ i.onm .
|“ 4 X " b - /DtAMIDANDA 1AINPUR FAIDI
\ C‘_‘_’ X sirall. . | smouucnul . - & )
; x \ r .::1\ . ; \ IGAFGHAT Bm,PuA TEH"MUE:) L ~ DARJEELING
. . ] TALAT . -
-~ - \ i T"-.. 1 i ..ALumr FANIRRS }(amnf:/@i‘ A By \-
5 For Lok, : of 1 1 L .
E o Luckunw ?!"“]L“- e f QHALKEVAR C""S“’\‘E JDAIPURGART ?Dm urs
4 GURHKPUR ] 3'” BAL ANGHA - 3%
] " Tor Gunaa {1 54/ Q LY A il \'“"' O\
* ; Tt 0 ;
Inp1a \ ; YR~

p

\ AN 2 ,

E g \ % L) v, L P '
y 5 o ” AR, HAXALARAI N
4?‘ ! HARA ] -y
l < - aansEnr - \k,t, j é_\’\
. ’ Y ‘L
' (l) Z’IQ d|0 69 550 ' |00 120 M.O !_?0 SITAMARMY . ATHATRAIUR : l
KILGMETERS
OL 20 -‘1!0 ) &0 80 100
1 T 5 1]
MILES 5
EI?- . B{d' Azt arrun \//_q,._’*‘"’ E]S




General

C&F

CIF

Financial Year
FOB

IRR

Rs

ROT

NPV

N.A.

S/W

Ush
Exchange Rate

(Effective Jan.

15, 1984)

ADB
AIC
APROSC
AMC
CEDA

CDR

CIDB

DADO
DCVI
DOMG
Dooars
ED .
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Free on Board

Internai Rate of Return
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Not Available
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Organization and Others
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INTRODUCTION

_ The “Urea Fertilizer Project in the Kingdom of Nepal” isa project which His Majesty’s
Government of Nepal (HMG/N) envisages to develop, with interest in establishing a urea fertilizer
plant, the first one for man'ufééturing chemical fertilizer in the country. NEpalis economy hag been
largely dependent on the agriculture sectdt', which accounts for about 60% of the Gross Domestic
Product (GDP).  Urea fertilizer is one of the impoftant inputs for the country's agriculture.  The
requirements for this fertilizer, however, are now met by imports. "

The HMG/N seeks to promnte the domestic production of urea fertilizer by efficient utitiza-
tion of indigenous resources—water and hydropower.

Under this background the HMG/N has requested the Government of Japan for technical
assistance for conducting a feasibility study on the establishmient of a urea fertilizer plant in the Kingdom
of Nepal which will be provided under the technical cooperation programs of the Government. In .
response 1o this request the Japan International Cooperation Agency (JICA), the official agency respon-
sible for the implementation of the technical cooperation programs, has dispatched its study team
to the Kingdom of Nepal in January, 1984, and then lias proceeded with a precise and thorough in-
“vestigation and exarninalion of the project.  This report presents a summary of the cutcome of the )
JICA study on the aforementioned project. '



Chapter 1 Outline of the Project -

1-1 Outliile of the-'pr'oject

The outlme of the project for the establishment of a urea for tlllzm plant in the ngdom
of Nepal pi oposed as the conclusion of this study, is to construct a urea fer t111.ze1 plant with a 275
TPD capacity which would be located in Hetauda and targeted to he on-stream in 1991,

The Aproducti_on process applied for urea synthesis is to react ammonia from water electrdlysis .
hydrogen wtilizing surplus electric power (secondary energy) generated in accordance with the develop-
ment of hydiopower plant projects in Nepal with carbon dioxide recovered from the cement plant

flue gas.  The product urea fertilizer is sold in domestic market in Nepal,
.The outline of the project is described hereunder;

(1} Production process

Major process scheme of urea fertilizer production is as follows:

. Electrolysis
Electric T ey T
Power , Hyd}gﬂg_eﬂlcml .
Atmdépheric- - __|Nitrogen . Ammonia Urea | Urea
Air 1 Plant Plant Plant Fertilizer
Cement Plant " [Carbon Dioxide
Flue Gas : Plant




(2} Production capacity, and raw material and utility consumption

Item . . Quantity - Supply
Raw Material and 7 |
Utility _ . - .
— Electric Power 76.1 mw Nepal Ele'ctticity Corp.
— Industrial Water . 4;300 TPD Self Supply (fre'e of chrge)
— Atmospheric Air - 19,000 Nm3PH Self Supply (free of charge)
— Cement Plant Flue Gas _'32,'450 Nm?PH =~ Hetauda Cement Ind., Ltd.
_ {free of charge)
— Coal 76.8 TPD Import from India
— Fertlizer Bag 6,060 Sheet PD Nepal domestic product
Product : ' :. o
— Urea Fertilizer, Bagged 275 TPD Sell to Agricui'tural Inputs Corp.

(3) Project execution organization

(4)

It is assumed thal a new state organization would be established for the promotion of the project
as a national project, and simultaneously seek technical assistance of internationally ex;)eriencéd
consultants for the execution of the proposed project.

Project location

A new site of 500 m x 200 m area would be dcve]oped at the west side of the cement plant of
Hetauda Cement Ind., Ltd. in Hetauda for the construction of the urea fertilizer plant.

Plant construciion schedule

It i assumed that the plant construction contract would be awarded by international competitive
bidding among internationally experienced contractors under a lump-sum and foll-turn-key type
contract, and the construction schedule is projected as follows: -

—  Plant construction contract award . January, 1988
— - Mechanical completion of plant : January, 1991
— Commencement of commeércial production: July, 1991



{6) Organization and personnel

The head office \\"0'111d be located in Kathmandu and the urea fertilizer plant in Hetanda.  There
would be six departments for general affairs, production, utilitics, maintenance, storage and loading,
and engineering management with total personnel of 319 including 7 executives,

(7) Product sales plan

Ali urea fer tﬂu T product would: be sold 1 in the domestic market thxough Agricultuval Inputs
Corp.  The annual sales and price ptO_]ECthll are as follows:

Year Product sales Product selling price
1991/92 _ 51,500 TPY USH486/ton
92/93 55,300 - 520
53/94 59,100 ~bbd
94/95 _ 59,100 593
95/96 65,600 . 632
2000001 69,700 871

- (8) Investment cost 1'_equir'ed and financing plan

(Unit: US$ Milhon)

Total Project Coat _ Financing Plan
. Forelgn currency L ~ — Equity L - 43.44 (30%)
~ portion - _119.8’7 (82.8%) R o
— Local currency - — Loan 101.35 (70%)
portion | L 2492(172%) |
Total . 14479 Total - 14479



1-2 Outline of project facility
The urea fertilizer plant would be located in Hetauda and would be designed to be operable
continuously as far as possible under constraints of electric power supply (seasonal and hourly fluc-

' tuation) and of carbon dioxide supply from the cement plant flue gas.

Major facilities are listed as follows:

(1) * Process Plant

— Hydrogen Plant _ _ 28.4 TPD

— Nitrogen Plant ' 132° TPD

— Ammonia Plant ' ‘160 TPD -
. — Carbon Dioxide Plant 207 TPD

— Urea Plant 275 T PD

{2y Storage Fa.cility

— Hydroen Gas - - o 33,000 Nm?3

— Nitrogen Gas ) _ 2,000 Nm®

— Ammonia 1,750 ton

— Carbon Dioxide Gas _ ' S 20,000 Nm?3

— Urea Fertilizer

" -— Bagging Facility : 40 TPD

— Loading Facility . 3 ) 100 TPD
—- Bulk Storage o 2,100 ton

— Bagged Storage o 7,000 ton

(3) Utility Facility

— Electric Power Receiving : : 86 MW
— Raw ‘Water T'reatment 183  TPH
— Water Demineralizer 32 TPH
— Cooling Water Tower 6,500 TPH
— Steam Generator 27.5 TPH
— Instrument and Plant Air 1,500 Nm3PH
— Emergency Power Generator ' : 0.8 MW -

(4) Auxiliary Facility

— Administration Buidling 800 m?
— Maintenance Office 400 m?
— Mainienance Shop ' 1,320 m?
- Analytical Laboratory : o 400 m?
— Chemicals and Spare Parts Storage _ 320 m?

- — Canteen : 800 m?
— Guard House ' . ' “30m* -
— Parking Lot ' 150 m?
— Medical room 200 m?

— Plant Laboratory . : 30 m?

() Off-site Facility : _
-— Housing Colony (92 Houses) . 6,010 m?



The site area of the urea fertilizer plant is 200 m x 500 m and it is located at the west
side of HCI, Hetauda.

1.3 ~ Financial analysis and economic evaluation
(1} Financial analysis
* The financial projeetioqs of the project have been prepared in the form of pro-forma financial

statements, and on the basis of the projected financial statements the financial analysis of the
project has been made.  The results of the analysis are summarized below.

IRR in current : {RR in constant

prices (%) prices (%)
Electricity Price Before tax After tax Before tax  After tax
_B0% of the base estimate 370 306 .
- 60% of the base estimate 8.17 616 " : 2.23 0.37
— 40% of the base estimate 11.78 9.33 5.59 3.36
- 20% of the .base estimate 14.87 1224 - B.48 6.02

— No value _ : 17.61 14.84 11.03 8.44

Note *: pegative returns

The above analysis, as the base eqtlmate uses a 1984 electr icity pr1ce of US¢3 56/kWh
calculated on the basis of the present tariff and escalated at 6% per annum.

(2) Economic evaluation

The resﬁlte of the economic assessment of the project are presented by means of the following
indicators. ' '



— Economic internal rate of 82%
return (ERR)

- Heonomic met present value US$1.08 millions in 1984 constant price terms
(ENPV) _ {at 8% discount rate)

— Net foreign exchange savings US%37.38 millions/year
{average in 15 years)

— Net value added ratio 54.0% of annual prcductibn cost
. (average in 15 years)
— Cleatlon of emplovment _ 400 persons
opportumtles

{direct and indirect)

‘The analysis of ERR uses the economic electric_ity cost of US¢1.182/kWh which has been calculated
on the basis of the long run marginal cost for energy (LRMC) estimated as USE6.82/kWh for firm
_energy and USeL:17/LWh for secondary energy, in 1984 constant pri(:e terms, 'by refer x-'mg' to
the capital cost for the Sapta Gandakl hydropower project, and also takmg into account of the.
consumption paitern of firm. energy and Second'uy energy for t]le pm]ect

It must be further noted that the net fmelgn exchange oavmgs and the net value added ratio (ratio
of domestic costs in the productnon costs) have been calculated on the assumption that the elec-
tricity is supplied at a rate set as 40% of the pr esent tariff level.  Asfar as this assumpt;on ap-
plies, the production cost will be lower than the i impoit prices except for the initial three years.  On
the other hand, the foreign exchange cost will always be lower than the import prices.



Chapter 2 Summary of the Study Results

2.1 Agriculture and fert_ilizéf markets in Nepal

(1)

&

Overview of fertilizer consumption

In 1982/83 the fertilizer consitmption in Népal was 22,900 N tons of nitrogen fertilizer, 7,200 P20s
tons_of phosphate fertilizer, and 900 K,0 tons of potassium fertilizer. Among them, consump-
tion of nitrogen fertilizer has increased steadily with an annual growtlr of '1'7%'averaged for the
period. from 1966/67 to 1982/83, while that of phosphate fertilizer has stagnated, and that of
potéssium fertilizer showed a decrease in recent years.

Ratlos of phOSphate and potassmm consumptlon against nitrogen consumption were 1 0.3:0.04
(N:I P,0s - KzO), whlch demonstrates a high ratio of nitrogen consumption Compaled to that of
phosphate and potassmm fe1t1h/e1 Nevertheless Nepal’s consumptlon of mtrogen fertilizer per
hectare of arable land was only 7. 4N kgfha, which is low compared to the world average or that
of other countnes in Scuth-West As:a (Table 1 and Figure 1).

' In view of the past trend of mtlogen consumptlon in Nepal, during the per 1od of 1973 through

1975 the consumption growth Qtagnated due to the price hike of imported fertilizer cavsed by
the oil crisis, but thereafter the consumption has incr eased at 13% per annum in average,

In reviewing the past consumption trend of nitrogen fertilizer bj type, the consumption of am-
monium sulphate accounted for around 70% of total nitrogen consumption until the latter half
of the 1960’s, but with the consumption of urea having increased gradually it accounted for more
than 60% in the latter half of 1970's, and further it exceeded 65% in 1980 through 1982. By
contrast, the_co'n_sumption of ammonium sulphate shrank to around 5% of the total, whereas that
of compound fertilizer accounted for about 25% (Table 2). However, it was often found that
farmers were compelled to use compound fertilizer without regard to their preference because
other types of nitrogen fertilizer required by them were not available.

Cultivation practice and fertilizer applicat'ion

The agriculture in Nepal can be grouped into the following three regions on the basis of geographic
characteristics, as well as regionat characteristics for transportation and distribution in the country.

AT erai area which is a plains area located along the border with India

B. Kathmandu Vall_ey aréa developed on the outskirt of Kathmandu and the hill areas along the
main roads in Nepal

C. Imaccessible remote hill and high hill areas



3

Nepal’s principal crops are ceveal i'ncluding rice, maize, wheat and millet; jute; oil seeds; tobacco,
and potato. . Rice accounts for 64% of total cereal production, and is grown marinfy in Terai and
Kathmandu Valley,  Rice is the rainy séason crop in low land arcas, while up-lahd rice, maize
and millet are the rainy season crop in hill areas,  Wheat, barley, buckwheat and beans are the
typical winter crops. . In addition to rice, jute is an important export crop mainly grown in Eastern
Terai. Tobacco is grown in Central and Eastern Terai mainly for the dd_mestic ‘market, and
sugarcane is grown in Central Terai, also for domestic use.. Potato is grdwn throughout the
country, and used for own-consumption as a supplementary crop of rice and maize (Table 3).

It is estimated that fertilizer conéumption brdadly consists of 50% for wheat, 35% for rice, and
the remaining 15% for other crops.  As-most wheat grown is that of improved varieties which
have extremely low yield if there is no fertilization, this crop uses a greater qtiantitﬁvr of fertilizer
than does for rice.  Most rice is grown in the rain-fed areas, although there are irrigated fields
in some areas. In these irrigated areas, as stable yields can be gained; fertilizer is widely ap-
plied. In contrast, in the rain-fed area, _farmei"s have less incentive to accept an increase in in-
put costs for improving production, because of unstable yields.  For cereals excepit wheat and
rice, little fertilizer is used.  Sugarcane and tobacco are grown as cash crops by fairly large scale
farmers, and fertilizer is generally applied on these crops. '

In regard to regional distribution of the nitrogen fertilizer consumption, around 80% of the total
was consumed in Kathmandu Valley and Terai areas, and the consumption in High Hill and Hill
areas accounled onty for. 20%. . Central Teral and Kathmandu Valley are the largest consump-
tion areas in Nepal, consuming 32% and 30% of total, respectively.

Outlook of factors affecting nitrogen fertilizer demand

Among the various factors which are considered to influence Nepal's demand for nitrogen [er-
tilizer, the major ones are as follows:

A. Economics of fertilizer use

B. Availability of .irrigation and/or drainage facili\ties

C. Development anﬁ diffusion of high-yieiding variei:ies

D. Purchasing :abiiity of farmers and/or availability of cfedit systems for fertilizer purchase
E. Possibility of timel_y supply. of fertitizer

F. Knowledge on the effects of fertilizer on yeld



- The outlook for these factors would form the basis for forecast'ing fertilizer demand in future. = The

fertilized area ratio (ratio of fertilized area to cultivated area) estimated for major crops is 12%
for rice, 59% for wheat, and 3% for maize. ~ In the case of sugarcane, tobacco and jute, all the

-cropped areas are likely to have received fertilizer. Ratio of the fertilized area to the cultiva-

tion area of improved varieties is estimated as only 16% for maize against 70 to 85% for rice and
wheat. In the case of rice, the improved varieties have high importance for fertilizer use as
compaled to the local varieties, and the diffusion of i impr roved varieties therefore is essential for
promotion of fertilizer use. Farmers cultivating the improved var {eties of wheat and maize have
the potent:ahty to mcxease the apphcabon of fertilizer up to the recommendation level. The
diffusion rates of i impr oved varicties to total cultivation area in the past were 18% for rice, 15%

-for maize, and 85% for wheat.  In the case of rice and maize, as there are several factors hamper-

ing the diffusion of improved varieties, a rapid growth of their cultivation.can not be expected.

Expansion of irrigated farms is another factor for promoting fertilizer consumption: At pre-
sent, however, the area of irrigated farms accounts for around 10% of arable Jand {approximately
2.3 million ha.),  The area of irrigated farms can be expéected to increase gradually, and the fer-
tilized area would also increase accordingly. . Most farmers have weak purchasing power. In
order 1o create a stable demand for fertilizér, improvement of the credit systém is essen-
tial.  However, although the present system is msufﬁment there is no plan to improve the
system. © This situation may’ limit the results of future efforts to in¢rease fertilizer consump-

- tion.  In Nepal fertilizer supply often fails to be delivered in a timely manner,-and this has been

(1)

the great impediment constraining fertilizet use in the rémotc areas. The construction of roads
will continue in the future and accessible areas may be expected to be expanded gradually. - Fur-
ther, once the d01hestic production of fertilizer starts, the distribution plan may become well organiz-
ed so that it can contribute to promoting of increases in fertilizer consuwnption.  Extension ser-
vices at present are insufficient, T he services may be improved gradually, but immediate im-
provement can not be expected. :

Outlook of demand for nitrogen fertilizer, and projected sales

Shown below is the future demand for nitrogen fertilizer in Nepal which has been forecasted by
taking the foregoing outlook into account (Table 4 and Figure 2). -

Year Demand (1,000 N tons)
1982 209

1985 225

1990 ' - 273

1995 : 323

2000 ' 33.4
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{5)

(6)

As stated earlier, urea is predominantly used at present. Tt is judged from the agronomical point
of view that urea is the most suitable type of nitrogen fertilizer foi usc in Nepal.  Although com-
pound fertilizer has been used to some extent, it has not necessarily represented farmers’ preference
of fertilizer type.  Therefore it may be possible to convince farmers (o use urea.  The sales

- of urea projected by taking these factors into account is as follows (Table 5).

Year Urea demand (tons in product)

1990 : 44,500
1995 _ 63,200
2000 69,000

Marketing and distribution of urea

HMG/N put fertilizer importation and distribution under its control, and the Agricultural Inputs
Corporation {AIC), a Stat’e-owned corporation handles it exclusively.  In retail markets, except
some areas where private retailers handle fertilizer distribution, HMG/N guides the unit
cooperatives so that they handle the distribution as much as possible. It is anticipated that this

system will continue in thé futire..  AIC has fertilizer storages thloughout the cozmtxy It is
possible to perform well-organized distribution by utilizing those storages.

Sales price of urea fertilizer

HMG/H sets the fertilizer price at a uniform level for all the country.  In case that the official
price is lower than the actual costs for imports and distribution, and also.that the fertilizer is
distributed to Hill and High Hill areas requiring costly transportation, HMG/N provides AIC with
submdles to compensate for any luss,e:; mcurred

When the urea fertilizer plant is built, the sales price to AIC may be determined by the authority
of HMG/N. . Hence it inight not be appropriate to predict the future price based on the prevail-
ing prices in Nepal, but it may be appropriate to forecast the price based on the prices for im-
ported fertitizer. The following is the ex-factory urea sales price projected on the foregoing

assumptions.
Projected sales price
Calendar Year - : - (US$/ton in bagged)
1984 Cosntant Prices Current Prices
1983 . 260 : 245
1985 o 286 o - 303
1990 319 . ' 45_3.
1991 322 _ 484
1995 _ 332 630

2000 ' 342 869
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2.2 Technical aspects
(1) Outline of proposed project

The outline of the proposed project for the establishment of a urea fertilizer plaht in Nepal is
summarized as follows: ; '

— Product: - Pri.ll.ed Urea Fertilizer in Bags
' Production Capacity: — 275 TPD
— Location: . — Hetauda, Nep;ll
- Raw Materidls and - Ammonia produpﬁon from water électrolysis
Production Process: ~hydrogen and air {ractionated nitrogen

— Carbon dioxide recovery from ceément plant flue gas
— Urea synthesis from ammenia and carbon dioxide

— Commencement of - R— Mid-lgél (provided that No. 1 of Sapta Gandaki
Commercial Production: is completed by early 1991}

The above project concepts are derived from the fdllowing rationale:

A. SBelection of product type

. The market study reveals that the consumption of urea fertilizer in Népair would be the largest
among various nitrogen fertilizers in future. Although minor levels of consumption of several
other nitrogen fernl:zers is anticipated, it is not practical to produce a multiple number of
nitrogen fer tilizers in one small plant because of economy of scale. = Hence it is appropriate
to select urea fertilizer as the one fertilizer produced at the fu's_t fertilizer plant in Nepal.

B. Raw materials and production processes

The most generally used production process for manufacturing urea is to feed hydrbcarbons
. as major raw materials atan ammonia plant to produce liquid ammonia as well as carbon diox-
ide, both of which are then supplied as intermediates to a urea plant to produce urea fertilizer.

In Nepai however, there is no hYdfo'cé{r'boﬁs ‘such as coal, natural gas, petroleum and bio-
masses commermally available for the pr oduction of ammonia and urea. ~ The only possibility
is to produce urea fertilizer based on ammonia produced from hydrogen generated by water
electrolys:s thereby efficienily utilizing hydropower and water resources, “and also on carbon

dioxide recovered from cement plant flue gas.
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C.. Production capacity of urea fertilizer plant

To determme production capacnty of the p1oposed plant the following three basic factors should
be carefully studied:

~ Compietion year of the plant
- Marketability of the product - _
= Supply: of electric power and carben dioxide

To improve the economics of the_-projecl,'it is desirable to establish a maximum scale plant
as far as the marketability of the product and also the suppliability of electric power and car-
bon dioxide permit. . '

It is also important to include in the design of plant facilities and operational patterns of the
urea fertilizer plant countermeasures for the limited suppliability of electric poWer ivhich can
be anticipated due to the monthly supply and demand fluctuations during the year and also
hourly fluctuation during a day.

Taking into consideration the above factors, it is concluded that the optimum production capaci-
by is 275 TPI. ' '

D. Target year of commencement of commercial production

Generally it takes at Ieast flve years from the start for the planning and consh uction of a urea
fertilizer plant; therefone it s appropriate to target the completaon of the plant in 1989 at the
‘earliest.  Taking into consideration the marketability of urea and suppllabahty_ of electric
power in 1989 and onward, it is concluded that the optimum complétionjear of the plant
would be 1991 and the commencement of the commercial production would be from mid-1991.

(2) Supply and demand of electric power and sﬁpp}iability of electric power for the project

Most electric power generated in Nepal is supplied by the public sector.  The Ministry of Water
Resources 1s responslble for the clectri iC power development in Nepal and its Electricity Depart-
ment is managmg the plannmg and construction of electric power station, and’ transm1551on and

dlstrlbutaon lines.

‘The total genel ating capacity of the publlc sector is 144 MW of which 84% is by hydropower
and 16% is by d1esel electric power generatom The capacity in the pnvate sectoris IZMW,. - In

' addltlon 52 GWh is 1mported from India in accordance with the Nepal India Agreement, In
1981/82. the 1mport and export were 57 and 5 GWh respectwely, resultmg in net 1mport of b2
GWh which is equivalent to 19% of the total supply in Nepal.
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The transmission System is the most advanced in the Central Repgion.  In this region there is
the trunk line connecting Kathmandu, Hetauda and Birganj which is further linked with the 132
kV line from the Eastern and Westein Regions,

The average annual growth rate of electric power supply in Nep_al'for eleven yeatrs from 1870/71
to 1981/82 is 15%, leading to 270 GWhin 1981/82.  Traditionally a supply deficit has been observ-
ed as clectric power developments were delayed. Recently the situation has been-improved
because of the completion of Kulekhani No. 1; however, it is anticipated that again in a few years
supply wotld be in deficit.  The present demand pattern is mostly for household use which has
‘a share of approximately 50% of total demand. - Industrial uses need 30%,  Anticipating the
present and future industrialization plans in Nepal, it is thought that the demand pattern of elec-
tric power would show a similar situation in future. '

The demand increase projected at the Electricity Départment of Nepal is summarized as follows:

Projected Electric Power Demand in Nepal -

Annual derand : Peak demand
A Aver A
Demand, a;ffjff Demand, a;ﬁif; ¢ ﬁ;%ge
Y;_aar ) GWh growth, % MW growth, % factor
1982/83 2849 - - BI8  —- . 0.48
1992/93 - - 1,299.4 N 16.4 20931 158 051
2001/02 3,345.5 : J111 .. 7233 10.6 . 053

Note: Electric power demand for the urea fertilizer plant is not included.

The Electr:mty Depdrtment 18 now 1mplementmg the constructlon of Kulekham No. 2 (32 ‘VIW)

. and Andhﬂchoia (5 MW}, and has decided on the construct;on of the Marsyangdi (66 MW)
hydropower plant. After the completmn of these three plants, the total generatmg capacity of
Nepal in 1988/89 would be 255 MW and its annual supply would be 1,181.5 GWh

Succeedmg to these pro;ects the constructmn of Sapta Ganda,ln (225 MW) is plann.ed Although
.Lhe completlon date of the plant has not yet been fixed, the. EIE(ITICI"Y Department is targeting
" the completion -of No. 1, No. 2 and No 3 of Sapta Gandaki in 1991/92 1992/93 and 1993/94,

‘respectively.
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‘Taking into consideration the above demand projection and also defelop’me_nt plans, it is anticipated
that the supply and demand world he improved temporarily in 1988/89 but again it wonld be tighten-
ed in 199041991 onward if the completion of Sapta Gandaki is délayed. - The implementation
of Sapta Gandaldi will bave great impact on future electric power supply regardiess of the im-
plementation of a urea fertilizer plant project in _Nepzﬂ (Refer to Figure 3). :

The increased demand would be sup.p]iéd from Sapta Gandaki by 1995/96 if the completion of
Sapta Gandaki is realized as targeted, ho_w'ever after that the deficit situation would be chronic
if the post-Sapta Gandaki hydropower projcts would not be implemented.

Although in Nepal the potential for the development of new hydropower projects is.high enough
to meet the electric power demand increase in the future, there are some possibilities for delays
in realization. It is recommended that the decision should be made by HMG/N for the promo-
tion of the urea fertilizer plant project in view of its judgement on the certainty of long termélec-
tric power suppliability in future because a long term supply assurance of elect: ic power is'a basic
premise for the existence of a urea fertlhze: plant.

Major existing hydropowe1 plants in Nepal are of the rin-of-river type and therefore there is a _
big difference in supply of electric power between dry season and wet season. On tlhie other
hand, the demand increases during the dry seasonand the supply and demand situation is tightened

in the dry season every year.

The hydropower plants which will be constructed in the future are also basically run-of-river type
and thercfore the possibility for great improvement of such a situation is also low in the
future. - Under such situations, it is ant1c1pdted that a large surplus of electric’ power would be
observed during the ramy season in contrast to the tight anc‘l deficit situation in the dry season.

There is an extréeme difference in demand between peak hours and off-peak hours in a day, a:nd
the average load factor against the daily maximum is from 50 to 60%.  These phenomena are
‘due to the fact that the household demand share is the largest component of demand in Nepal
and it is considered that such phenomena would also exist in future. ' o

The expected elecu ic power conqumptlon by the urea fertilizer plant project is as fo}lows accor-
dmg to the capacity of the plant:

Electric power consumption -

Daily production capacity of _ Daily Moﬁthly
urea fertilizer plant Hourly - (4 hours) -~ - (30 days)
(MW) Mwh)  (GWN
—100TPD 27.68 664.2 19.93
— 200 TPD : 55.35 13284 ' 39.85

- 300°TPD- - 83.03 ©19926 59.78

Note: Unit consumption is 6,642 KkWh/ton of urea fertilizer
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Basically it is taken for granted that the operation of the urea fertilizer plant should be continuous
all day long and it is neceséary then to supply enough electric 'power steadily all the year round
to maintain stable operation of the plant. Assuming the above mentioned seasonal and hourly
fluctuations of electyic power surplus, the\ ¢ is insufficient suppliability of electric power even for
a small scale urea ferhhzel plant (100 TPD capacity) when the Malsyangd: hydropower plant
is completed in 1988/89 and therefore the urea fertilizer plant project should be implemented so
as to meet the completion of No. 1 of Sapta Gandaki hydropower plant.

After the ‘completion of Sapta Gandaki, a large amount of surplus energy would be generated
e*«:ept during a few mcnths in ths dry season for at least seven years, and therefore it is possible
to gperate aurea feltll_lzer‘p_lan_t having up te 300 TPD capacity for nine to ten months continuously
every year. ' '

However from 1997/98, the supply again would be tight, and therefore assurances of the comple-
tion for not only Sapta Gandaki but also the subsequent post-Sapta Gandaki projects are required.

It is also required to allow for the annual maintenance shut-down of the urea fertilizer plant as
well as for closing down the whole plant completely for a few months during the dry season when
the eleciric power supply is tight.  The urea fertilizer phint 'sh‘ould_be designed to be operable
even at lower operation loads under the limited supply conditions of electric power.

Itis necés'sary'_to utilize surplus lectric power as far as possible by planning facility design and
operation pattern of the urea fertilizer plant as mentioned above and to eliminate any influence
on peak demand of electric power. It may be possible, if electric power is supplied from diesel
.power plants with high prmraty to the urea fertilizer plant, to increase the operability to some
: exten_t but not enough to _ma_lntal_n stable operation at full production capacity.

(3) Supply source of carbon dioxide and its suppliability.

For the production of urea fertilizer, a long term and stable supply of carbon dioxide is also essen-
tial. - * The unit consumption, of carbon dioxide for urea fertilizer production is 0.75- toniton of
urea; therefore it is required to secure a supply source of carbon dioxide with 207 TPD capacity
to match the urea fertilizer plant with 275 ‘I'PI) as is proposed for Nepal. - The supply source
of carbon dioxide for industrial uses in Nepal is limited to the ditute carbon dioxide contained
(in flue gas from cement plant, which can be recovered by absorption processes using hot car-

bonate or organic amines solution,

 There are two po_téiiﬁél sources of cement.plant flue gas in Nepal:

A, Himal Cement Co. (PVT) Ltd. (HCC)

— Prodtzdioh’ Capacity ' : < 160 TPD of clinker

— Production Performance : 1244 TPD of clinker
C T - : 132 TPD of bagged cement
—~~ Production Process _ . Black Meal:Shaft Kiln
— Production Process -+ Black Meat Shaft Klin
—- Plant Locdtion :+ Chobar, Kathmandu
— Present Status : . In operation (Last 7 years)
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B. Hetauda Cement Ind., Ltd. (HCH

— Production Capacity _ 730 "[PD of clinker

" Production Process 1 Susperision Pre- heater Dry Rotary K1ln
— Plant Location : Hetalda
— Present Status _ . : Under Construction

! xpected compietlon by the end of 1984)

The flue gas from IICC is at present not suitable in c'1u.'dlity and in quantity as a supply source
of calbon dioxide to a urea fertilizer plant with 275 TPD capacity..  Although HCC has an ex-

~ pansion plan which will be completed in 1986 and the supphablhty of carbon d10x1de will be in-

()

creased to two. and a half times, enough for a urea fertilizer plant with 355 TPD capacity upon
the completmon of the expansion plan but quahty wise there is no possibility for fmprovement.

The cement plant at HCI has not yet been put on-stream and és the specification of raw materials
and fuel have not been fixed, it is impossible at present to specify the supply conditions of flue
gas to the urea fertilizer plant.  However, it is estimated that the suppliability of carbon dioxide
in quantity is large enough for the proposed urea fertilizer plant with a 275 TPD capacity.

It is also anticipated that the quality of flue gas is favorable as the carbon dioxide source for the
urea fertilizer plaﬁt'judging from the process scheme of cement production. ~ Therefore the utiliza-
tion of flue gas at HCI is proposed because the supply conditions at HCI are more favorable than
those at HCC.

Proposed site for urea fertilizer plant

As is explained above the supply of carbon dioxide is from the cement plant flue gas at HCI,
therefore the site for the urea fertilizer plant must be located in the vicinity of the HCI cement
plant site in Hetauda.

It is concluded from the comparison study between Chobar, Kathmandu and Hetauda that the
Hetauda location is more favorable at not only regarding suppiy COHdlthl‘lS of carbon dlomde but
also the various 81te conditions required for the urea fertilizer plzmt Therefore it is proposed
to establish the urea fertilizer plant in the vicinity of HCI in- Hetauda.  The major reasons are

explained as follows:

A. The distance between proposed site and {ransmission line of electric power is shorter in
Hetauda and also reliability of_ electric power supply is greater in Hetauda.

B. An ample supply of high quality industrial water is obtainable in Hetauda.

C. Enough land area for the proposed plant is available, and soil conditions are favorable, in
Hetauda. ' '
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D. Transport of equipment and construction materials is easy and economical as the Hetauda
site is located in shorter distance for transport from Calcutta, the port of entry. -

E, Physical distribution of product urea fertilizer is more easily accomplished from Hetauda.

F. Infrastr uctme is well developed in Hetauda.
(5) 0utl1ne of the urea fertlhzel plant
" The outline of magox fac1htles of the pl oposed urea fer tilizer pldnt are descubed hereunder.  The
facxhties are de51gned to be operable at the mininwm of 50% of dmly capauty utilization and to

mamt_am continuous operation as far as possible undet_ supply constraints of electric power (seasonal
and hourly fluctuation) and also supply fluctuation of carbon dioxide at the cement plant.

A. Process plant

— Hydrogen Plant C - 284 TPD
'-— Nitrogen Plant _ 132 TPD
— Ammonia Plant ' 160 TPD
.— Carbon Dioxide Plant : 207 TPD

— Urea Plant o ) _ 275 TPD

B.  Storage facility - S
— Hydrogen Gas : 33,000 Nm3

" — Nitrogen Gds - 2,000° Nm?*
— Ammonia. 1,750 ton
— Carbon Dioxide Gas 20,000 Nm?
— Urea Fertilizer _ e

" — Bagging : o 40 TPH
- Loading ' _ 100 TFH
— Bulk Storage ' . 2,100 ton

— BaggedStorage - . 7,000 ton

C. Utility facility

- Electric Power Recelving .86 MW
-— Water Treatment _ 183 'TPH
— Water Demineralizer +32 TPH
— Cooling Water Tower ' . 6,500 TPH
— Steam Generation =~ ' . 275 TPH

— Instrument.and Plant Air 1,500 m3PH
— Emergency Power Generation : : : 0.8 MW

D. Auxiiiary facility _ : .
- Administration Building ' ' . 800 m?

— Maintenance Office : ' : 400 m?

— Maintenance Shop o . C 1320 m?
— Analytical Laboratory 400 m?
~- Chemicals and %pare Parts Storage 320 m?
— Canteen _ ' 800 m?
— Guard House ' _ 30 m?

— Parking Lot _ 150 mz
— Medical Room 200 m2
—- Plant Laboratory 30 m
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(6)

(7)

£, Offsite facility
— Housing Colony (92 Houses) _ 6,010 m?

The area of the urea fertilizer plant site is 200 m x 500 m and is west of HCI, Hetauda.
Implementation and management of the urea fertilizer plan{ project
The entity which will implement the urea fertilizer plant project has not yef; been established.

Although the hasic policy of the HMG/N has not yet been formulated, it is assumed that the pro-
ject would he executed by a new state organization, judging from the specitic fmtures of the pro-
ject, once the project is approved by HMG/N. '

It is also assumed that the new state execution body would be organized and managad by appoin-
ting experienced specialists for implementing an industrial project in Nepal and also by engaging’
internationally cxperienced consultants from the foreign countries:

It is considered safe and practical to assume that the construction contract of the urea fertilizer
plant ‘would be awarded by competitive bidding among experienced and qualified foreign con-
tractors under a turn-key and lump-sum type contract because of the specific nature of the pro-

“ject. It is important to prepare counter-measures to eliminate any risks and dl‘;advqntages

generally associated with such type of contract.

‘The construction schedule assumes that the plant constiuction contract award would be in January,
1988, the plant completion would be in January, 1991 and the commencement of commercial pro-
duction would be in July, 1991.

The managerial organizatidn of the urea fertilizer plant is assumed to be at the head office in
Kathmandu. The plant organization at Hetauda would have six departments for general affairs,
production, utilities, maintenance, product storage and loading, and engineering ma'nage—
ment.  The total number of personnel required is 319 including 7 executives.  Fhe product
urea fertilizer is assumed to be sold at the Hetauda plant to the AIC.

Technical assistance services required for plant construction and operation
It is observed that in connection with implementation of the project, the entily to execute the
project may need to secure technical assistance services by retaining internationally experienced

consultants for preparation of plans as well as supervision of plant construction and commercial
operation of the plant. ' '
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- Major activities required at each stage of the project implementation are sununarized as follows:
Al Ne_cessary services prior to plant construction contract award
- Detailed study on the site conditions and final selection of plant site

— Detailed study on the suppliability of cement plant flue gas at HCI, Hetauda after the com-
mencentent of the operation '

— Preparation of invitation for bid for the construction contract of urea fertilizer plant
— Prequalification of contractors
- Preparation of execution plan of the project, schedule, budget and manning plans
= Evaluation of construction contract proposals and negotiation for contract award
B. Necessary services during construction of plant
- Reviewing and checking of the basic and detailed designs submitted by the contractor for
 owner’s approval and provision of instruction to the contractor in regard to any revision
of the design

— Monitoring and controiling the progress of aclivities, such as schedule and budget control
and also reporting to the government organization and financial institutions

— Establishing an organization for the start-up and training for the subsequent operation and
maintenance

_ C. 'Nece'ssa_ry'ser_vicés during early cplll:me:'cial operation stage
- Commissioning of the plant
- Establi_sﬁménf of oﬁérathn and maintenance systems
-~ Arrangement for the_éséignment of responsibilities '.as wéu as standard operating pmcedﬁres
- I'mplementat_.ion of routine tasks through on-the-job tra.in'ing
It wﬂl_ b_e highly efficient to obtain't.he sysfematicakly organized techﬁical assistance services of

an inteérnationally experienced firm for at least two vears after the commencement of commercial
production, and a budget for this is dllocated in the project cost estimates in this study.
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2-3 Financial analysis and economic evaluation

(1) Estimates of total financing requirement

" The total financing required {or completion of project, including contingency, pre-operation ex-
penses, initial working capital, and interest during construction, is estimated as follows.

Foreign exchange portion
Local currency portion
Total financing required

(US$, Millions)

119.87
24.92
144.79

The major assumptions used for the above estimates are summarized below,

A. Project schedule
@ Commencement:

@ Completion

(commencement of commercial operation):

B. Base project cost
Estimated on the basis of 1984 prices.
C. Contingency

— Physical contingency:

— Price contingency:

D. Interest during construction

Early- 1988

Mid-1991

Estimated at 5% of the base project
cost

Escalation of 3.5% p.a. for foreign
exchange portion and 6% p.a. for
local currency portion

~ Assuming an equity/debt ratio of 30:70, and also provisionally assuming the following terms
and. conditions for loans because financing sources have not yet been determined:

—Foreign Loans

Interest:
Grace period:
Repayment period:
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— Local Loans (taken out only for short term financing)

Interest: 15% p.a.
Repayment: _ within one year

’I_"he financing plan for the project, formulated on the basis of the total financing requirement
as well as the major assumptions as presented above, is summarized below,

{US$, Million)

Foreign exchange Local currency :
portion portion Total
Equity capital: 18.52 24.92 4344
Leans: 101.35 ' e 101.35
Total financing: . 115.87 24,92 144.79

{2) Electricity price, and economic electricity cost

Although electiicity supply/demand co_nditioné show significant differences between the dry season
and rainy seasons, and hourly load also fluctuates to a substantial extent, the present tariff schedule
for industrial uses sets a flat rate applied throughout the year without month-of-year or time-of-
day rates.

According to the pfésen_t tariffs, the electricity price for the urea fertilizer plant is estimated as
NRs. 0.57/kWh (ust 3.56/kWh). The NEC's electricity tariffs are under the control of
HMG/N. = Before 1981/82, HMG/N had adopted the policy of keeping electricity tariffs at low
price levels, ah_d therefore the electricity price that year was as low as 30% of the long run marginal
cost for electricity (LRMC), as well as 50% lower than the level required to obtain a'6% rate of
return on assets employed. : ’I‘his placed NEC in a very difficult financial position.

The World Bank’s appralsal Imssmn for the Marsyangdi hydropower project recommended a 130%
“increase in tariffs.  In 1983, paymg attention to this recommendat:on HMG/N revised the tariffs
upward by 58% in average.

All of the hydropower plants devel(’)ped to date are small in scale and most are the run-of-river

type. Hence the cost for electnuty generated is fairly high. However it is likely that the LRMC

may decline 1 in the future, because the’ S'lpta Gandaki project and subqequent projects planned

to be completed in the 1990’s are mediim-scale plants having installed capacity gr eater than 200

MW. The LRMC for the 1990's at a 6% discount rate 15 estiniated as USE6.82/kWh for firm

energy, and US¢1.07/kWh for secondary energy rebpectwely in 1984 constant pnce terms, which
s equwalent to US¢3 87/1{Wh as a we1ghtcd average.
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3)

When compared with the estimated LRMC, the present electricity taviff for industrial uses

(US§3.56/kWh) is level at about 50% of the LRMC for firm energy, whereas it is as high as three
times of the LRMC for secondary energy because the present tariff has no special rate for such
energy. If a special rate for the secondary energy consumers like this project is adopted by

“taking the LRMC for that enérgy into'account, it would stimulate the demand for secondary

energy. Al present there is no definite indication of the HMGMN's long term policy for electrici-
ty pricing.  Nevertheless HMG/N may congider to set a special rate for this project if necessary
after reviewing {a) impacts on feasibility of the project which electricity price would cause, and
(b) any effects on the electricity sector which the project would produce.

In view of the loregoing situations, the base estimate for the financial analysis uses the price bas-
ed on the present tari{f (US 3.56/kWh) and annnally escalated at 6%. At the same time, assuming
that a concessional rate is set for the project, sensitivity analysis is made by changing the price
level in order to identify an electricity price level which forms the basis for this project as being
financially viable. This analysis can serve to provide HMG/N with the hasis for determining
the electricity price for the project.

The economic analysis of the project is made on the basis of the estimated LRMC as discussed,
earlier.. At peak demand time, the operation of the hydrogen unit will be stopped, while am-
monia ‘and urca plants will be operated at a lower load. Further, the plant operation will be
entirely shut down for two and a half months during the dry season when the electric power supp-
1y condition is tight. By this means, the overwhelming majority of'the electricity requirements -
for the urea fertilizer plant can be met by otherwise unutilized secondary energy. . On this assump-
tion, the economic electricity cost for the project, in 1984 constant price terms, is estimated as

US¢1.182/Wh. Thus the economic assessment of the project uses the given economic elec-

tricity cost.

Operating cost estimate and {inancial analysis of the project
The p'ro'duction cost for one ton of the urea fertilizer produced, which is based on the electricity
price according to the present tariff and assuming 6% annual escalation, and includes interest

on loans and depreciation, is estimated, in curvent pfice terms, as given below (Table 8).

Electricity cost - Production cost

Electricity per ton ol urea per ton of urea
Year price {A) (B) A/B
o (USe/kWh) (US§/ton) (US$/ton) (%)
1991/92 5.35 . 3553 8360 425
1995/96 6.76 443.0 854.3 51.9
2000/01 9.04 - 6004 ' 9805 612

2005/06 12.10 ' - 8037 ¢ ' 1,025.6 78.4
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The cost level, as shown above, far exceeds the import price forecasted for the respective year, It
15 essential to lower the elecn icity price, as well as to adopt clectrolysis technology which re-

- quires minimum electricity’ con‘aumptnon in order to make the urea fertilizer pr oduction cost com-
pay able to the price for imports,  In this study, several types of commer cially proven electrolysis

' technologies have been studied, and as a result the production cost has been estimated by assum-
ing the adoption of an electrolysis technology which has demonstrated the most. ef{\uent pcrfor-
mance.  Hence the only possible measure to reduce the prodction cost should be to lower the
electricity price. ‘Based on the thus estimated producticn cost, the financial projections of the
project have been prepar red in the form of pro-forma fmancm]_statcments for the 15 years economic
lite, and the financial analysis has been made according to the projected financial statements.  The
results of the analysis are summarized below. '

~A. -Anual income

The annual revenue of the project has been calculated in accordance with the projected sales
and selling price which have been forecasted in the market study. The projection indicates
that the revenue will he US$25.0 million in the first year (1991!92), and will increase to UsS$40.8
million in the fifth yea1 (1995/96), US$60.7 million in the tenth year (2001/02), and U $$86.4
- million in the 15th year (2005!06) IIowever since the plOdUCthD cost is high, the net in-
come after tax will be in deficit over the whole period of economic life, as far as the electricity
price s based on the present tar iff. If the electricity price could be lowered by 60%, the
fmanc1a1 posxtlon can be fairly 1mpr0ved so that the project income can gain an, operatmg pro-
fit during the whole life except the initial three years, and the accumulated losses can he writ-
ten off in the seventh year.  The financial position will be substantiaily improved by lower-
ing the electricity price by 80%.  1In this case, the project witl gain an operating profit every
year except the initial two years, and the accumulated losses incurred during the initial two
" years will be written off in the third year. '

B. Cash-flow

. If the operating Iosses contlnue for a tew years, the pro;ect would encounter difficulties in
- financial liquidity, - Capital mtenswe projects requiring a large amount of capital investment,
-like this project; are usually unable to gain an operating profit dulm_g the initial two to three
years. Nevertheless, il operating losses continue longer than that period, such a project
would lose financial soundness due to c1sh flow difficulties.  If the eiectricity price is lowered
to a level lower than 40% of the present tariff level, the project could be operdted w;th stable

cash-flow.
C. Debt service capacity '
Inview.of tlie debt service coverage ratio ahalyzed' for the project, it is expected that the

project will be well capable to sustain debt service capacity, 1f the electumty price is lowered
to a level lower than 40% of the present tariff level.
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{4) Profitability of the project
The internal rates of return on investment (financial return rates) of the project have been analyz-
ed on the basis of the projected financial statements.  The results of this analysis are summariz-

ed below,

" IRR incurrrent : IRR in constant

prices (%) prices (%)
Electriéity Price Before tax After tax Before tax | After tax
— 80% of the base estimate 370 3.Q6 * *
— 60% of the base estimate 8.17 6.16 223 0.37
— 4% of the hase estiamte . 11.78 938 559 3.36
— 20% of the hase estimate | © 1487 o 1224 . - BA8 6.02
— No va.lule - 17.61 - 14.84 '1.1.03 . 8.44

MNote *: negative relurns

Financial profitability of the project appears to be low, and the project therefore will not have
sufficient proﬁtability s0 as to attract investment by the private séctor, as well as commercial
financing. - This pl‘O]ect thus could be matermllzed only by mecans of HMG/N’s public invest-
ment as well as financing with concessional 1oans and economic benefits rather than financial
profitability for the project would be more important criteria for HMG/N’s decision making on
investment.  In this context economic benefits of the project are analyzed.. It must be noted,
however, that even if the implementation of the project is decided by HMG/N from the national
pomt of view, the nro;ect ‘must meet the minimum financial conditions required for sustaining
financial liquidity and sound financial structure which is capable of debt service.  The premises
for satisfying these conditions are:

A. HMG/MN’s decision on setting thé spécial rate of 'el'ectricity for the prdject sb that the project
can be supplied with electricity priced at lower than 40% of the present tariff level

B. Equity capital more than 20% of the total financing requiremé'nt {preferably not less than 30%)

C. Financing with soft-term loans
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(5) Economic analysis and socio-economic evatuation
A. Economic return of the project

The briﬁlary objective of this project, from the national e::bnomidpoint of view, is to con-
. tribute to ecbnomic: development by means of producing urea fertilizer to substitute for the

imports of this fertilizer which the country requires for agr icultural development, In the

light of this objectwe the economic returns of the project have heen analyzed in tevmns of

the economic internal rate of return (ERR) and the econ_omac net present value (ENPV).  The
- results of this analysis are summarized below. :

- ERR 8.2%
- ENPV US$1.08 million in 1984 coustant price terms {at 8% discount rate)

The above analysis uées‘the economic electricity cost of US¢1.182/kWh in 1984 constant price
terms.  This economic cost, as stated earlier, has been estimated on the basis of the LRMC
assessed for the 1890’s, and also by taking into account the assumption-that the project will
efficiently utilize otherwise unutitized secondary energy, so that the assessment has been made
on the basis of reasonably valued economic cost of the energy resource.  The analyzed returns
reveal that, although the project’s economic return seems to be low, without cost penalty ex-
acted from other resources, it conld generate a return slightly higher than the opportunity
cost for capital resources prevalent in the Kingdom of Nepal, namely 8% per annum.  In
this context it may be assessed that this project could have economic efiects on the national
economy to the minimum extent that can barely justify the investmenit. '

B. ' Effects on foreign excha_nge savings
“The pfojeéf's effects on fore_igh exchaﬁge savings are analyzed by the following two parameters.

- Net value added r'atio-, which is the ratic é)f domestic costs in the production cost, calcuiated
“pursuant to the provision of Industrial Enterprises Act in the Kingdom of Nepal

— Net foreign exC_hange savings, which is calculated as the net totai of the foreign exchange
savings which may accrue by substitution for the imports of urea fertilizer, after deducting
the outlays of foreign exchange which may be incurred for the production of urca fertilizer.

_ The net vatue added ratio and net foreign exchange savmqs estimated for the case where
“the electricity is supphed at a-rate set as 40% of the present tariff level, shows 54% of annual
production cost (average in 15 years) for the former and US$S560.75 mnillion for 15 years (averag-
ed at US$37,38 million per annum) in current price terms. I the electricity price for the
project is as low as 40% of the present tariff rate, the production cost will be lower than the
import prices except for the initial three y‘ear% On the oiher hand, the foreign exchange
cost will always be lower than the lmport prices. These figures indicate that the project

could contribute to foreign exchange savings. '
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C. Other economic benefits

Since the requirements for urea fertilizer are met by imports, the supply of this fertilizer has
been often short duc to difficutties in timely procurement of the required quantities, and this
shortage has impeded agricultural production.  This project could contribute te the coun-
try’s agricultural development, since the domestic pr'oductioh could ensure the timely supply
of urca fertilizer as required. '

In addition to thie contribution to the country’s agriéulture, this project would a!so_éohtribute
to the creation of employment opportunities, by'pérmanen't direct employment of about 300
persons and indirect employment of 100 persons' who would b_é divectly or indirectly engaged
in the plant operation, in addition to the empioymeut of about 1,000 persons for plant con-
struction.  Further, the project would have external effects on relevant industries and regional

* developmeiit. If those indirect benefits are taken into account, the economic returns of the
project illay be larger than the quantitativély assessed returns, and therefore it may be assessed
that the project. would be econemically feasible, '
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Chapter 3 Conclusion and Recommendations

3-1  Conclusion

(1.) Marketabiﬁty of urea fertilizer

@

In view of farmers’ practices in using urea fertilizer and its éilitability for agriculture in Nepal,
it is likely that this fertilizer will come to have a dominant share in Nepal’s nitrogen fer tilizer
cousumptlon and its domestlc demand wilt reach appr 0x1m'1tely 51, 000 tons in 1991/92 and 70,000
tons in 2000/01, so that in and after 1991/92 the country’s ur ea fertilizer markets will have a sufﬂ-'
uent scale to absorb the output of an urea fertilizer plant havmg production capacity of 250 to

300 TPD.. The Agricuttural Inputs Cor poratmn (AIC), a staté-owned corporation, is the sole

agency for marketing and dlstnbutlon of fertilizer in Nepal. This atrangement is expected to
continue in the future.  When a urea {ellﬂven plant is established in Nepatl, all of the output
from the plaht will be taken by AIC. As AIC has org’lmzed_a network and facilities for fer-
tilizer distribution throughout the country, they will be capable to undertake the marketing and
distribution of the wrea fertilizer to be produced.

Technical feasibility of the project

For defining the project scheme for a urea fertilizer plant, the primary importance is assigned

to selection of the processes for manufacturing ammonia and carbon dioxide which are intermediate

materials for manufacturing urea fertilizer.  The ammonia manufacturing process varies depen-
ding upon the hydrogen source used.  As water and electricity are indigenous resources available
in Nepal, this project will adopt a process which manufactures ammonia by synthesis of hydrogen
generated by electrolysis of water, with nitrogen obtained by air fracticnation.  For carbon diox-

_ide, the most economical source in Nepal is to recover this from cement plant flue gas.  Adop-

tion of these processes is technically feasible, since the process for generating' hydrogen by eiec-
trolysis of water is commercially proven, é_nd the principal process technology for recovering car-
bon dioxide from cement plant fluc gas has been established for commercial application.  The
processes for obtaining nitrogen by air fractionation, ammonia synthsis, as well as urea manufac-
turing are all commercially proven.  Nevertheless, the assurance of reliable supply of electrici-
ty and cement plant flue gas is a prerequisite {or planning the urea fertilizer plant based on those
process technologics and ensuring long term slable operation of the plant. '

A. Availability of electricity

in the near future, followmg the comple‘uon of Kulekhani No, 2 hiydropower plant (32 MW)
and Andlkhola hydropower plant (5 MW} which now are under construction, the construction
of Marsyangdi hydropower plant (66 MW) will be started. . It is likely that, with the com-
pletion of the Marsyahgdi project, Nepal's electricity supply will have a surplus over domestic
demand to some extent for one to two years after 1988/89, but thereafter the supply condi-
tion will again be tight.
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HMG/N has a plan to carry out the Sapta Gandaki hydropower project (225 MW), after the
Mm‘_syangdi project. - The Sapta Gandaki project consists of three stages of construction,
in which the first stage is to be completed in 1991/92.  If this project is completed as now
planncd, Nepal will have a large surplus supply. of energy except for two to three months
in the dry season when the clectricity supply/demand used to be tight, as well as at the daily
peak time (four to five hours in morning and evening), so that electricity generated by this
surplus energy will be available for the urea fertilizer plant.  Hence it is foreseen that, if
the Sapta Gandaki project is implemented, and each stage of the construction is completed
as per the schedule particularly with regard to the completion of the first stage in 1991/92,
at least for five years starting in that year, there will be assurance that there will be adequate
e]eétricity supply to opefate a urea fertilizer plant having a capacity up to 300 TPD with an-
nual capacity utilization averaging 83% of full capacity based on 330 on-stream days per anmum.

At present the availability of electricity for the years beyond that period can not be foreseen,
because there are no definite plans for the implementation of hydropower projects to be
developed “following the Sapta Gandaki. Nevertheless Nepal has great potential for
hydropower developments. Basic studies and investigation for the development of
hydropower projects following the Sapta Gandaki project are underway.  If those projects
are implemented in time as per the master plan, Nepal may have surplus energy capacity
available for use al the urea fertilizer plant in the rainy season as well as daily off-peak time
so that the plant can be operated bjz efficient utilization of surplus energy without burdening
peak load, because the envisaged hydropower projects will have installed capacity exceeding
200 MW.

In actuality, however, the assurance that the Sapta Gandaki projedt and sﬁbsgaquent projects
will be implemented in time must be assumed as prerequisites to ensure the long term stable
supply of electricily for the urea fertilizer plant.  This study has examined the planning of
the urea fertilizer plant, on the assumption that the [irst stage of Sapta Gandaki proj’ect will
be completed in-1991/92 as per targeled schedule, It must be emphasized, however, that,
prior to the decision on implementation of this project HMG/H should carefully investigate
the timing of the development of future hydropower projects including the Sapta Gandaki
project, and.set the schedule for this project to meel the development of those hydropower

projects in future.
. Availability of cement plant flue gas

The existing cement plant is that of the Himal Cement Co., (PVT) Ltd. (HCC) located at Chobar,
Kathmandi, the capacity of which is 160 TPD of clinker. - Another plant is being constructed
.at Hetauda by Hetauda Cement Industries, Ltd. (HCI).. This plant will be completed by
the end of 1984, and wilt have the capacity of 750 TPD of clinker. . Supply conditions of
flue gas were investigated for both plants.  As the result, it is judged that flue gas from
the HCI’s plant is more suitable for recovering carbon dioxide, since this plant adopts a modern
process. The quantily of the flue gas available from this plant is also adequate.  Hence
it is judged that the flue gas from the HCI’s plant is adequate as the source for carbon dioxide
to be supplied to the urea fertilizer plant. '
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(3}

As the urea fertilizer plant will use the H'CI’s_ce_ment plant flue gas, the plant will have to

* be located adjacent to that in Hetauda. When compared with the site area adjacent to the
HCC's cement plant at Chobar, Kathmé’ndm the site conditions of the area near HCI, Hetauda
are superior to those of HCC, Kathmandu. -

As the conclusion-of this study, the following project concept is proposed.

Al Establiéh a 275 TPD urea fertilizer plant which is to be located adjacent to the HCI’s cement
plant site in Hetauda, and ' '

B. Set the completion target for the urea fevtilizer plant as 1991/92 to meet the schedule set for
the Sapta Gandaki project.

It must be noted, however, that the HMG/N’s assurance on the Ioi@g term stable supply of elec-
tricity is assumed ‘as an essential condition for this proposal. ~Therefore it is recommended that,

" prior to the decision on the implementation of the project, HMG/N should carefully investigate

this aspect. ~ If HMG/N determines that this condition will be satisfied, the project is judged

to have satisfactory conditions to be technically feasible.

Financial viability of the project and its economic effects

If a 6% annual escalation of electricity price:is assumed, it is judged that, if the present tariff
pricing at US¢ 3.56/kWh is applied to the electiricity supplied to the urea fertilizer plant, this
project would not be financially viable, because the production cost of the project seems to be

far higher than the price of imported urea in future. ~ If it is possible to set a concessional rate

for the project at a price level lower than 40% of the present tariff price, however, the project
may be marginally able to sustain a financially viable structure.  Even in such an event, this
project will not be attractive to private sector investors or commercial financing sources, because

Sfinancial profitability of the project would be low.

The economic return of the project is assessed as 8.2%, which is below the comimon standard
~of an acceptable return rate. However, this project may be able to gain returns slightly more

than the opportunity cost for capital resource prevalent in the Kingdom of Nepal (8% per annum),
and-therefore the project is expected to attain the minimum of economic returns, although by
a small margin, as reqﬁired for a favorable investiment decision on the project: - At the same
time, it is expected that the project could contribute to foreign exchange savings of the country,
while contributing to agricultural development by means of assuring stable supply of urea fer-
tilizer, as well as increases in employment and other effects on the economic development of the
country. . Inview of these effects, it is assessed that the project is likely to be economically feasi-
ble; although by a small margin, '

It must be noted, however, that the setting of a concessional rate of electricity for the project,
as recommended earlier, is essential for the project to be financially viable. - As’this project is
so conceived as to-maximize efficient utilization of unutilized secondary energy without burden-



)

ing the peak load, the consumption of electricity by the project would not cause any increase’in
electricity supply costs, but it would rather contribute to reduce the costs by improving average
load. Hence even if electricity is supplied at a concessional rate specially set for the project,
it would result in increases in net operating income of NEC, rather than causing a financial burden,

Overall evaluation
Summing up the {foregoing discussions, the following two conditions are esssential for this project.

A. Assurance of HMG/N on the definite implementation of the Sapta Gandaki project and subse-
quent hydropower projects at times heneficial to the urea feriilizer project

B. Setting of a concessional rate for electricity to be supplied for the project, at a lével lower
than 40% of the present tariff rate

The overall evaluation of the project leads to the conclusion that, if the above conditions are adopted,
the project will satisfy by a small margin the minimum requirements to justify the investment
as being appropriate from the national economic point of view, '

3.2 ' Recommendations

(1)

(2)

(3)

4)

Among several conditions, in particular assurance of the long term stable supply of eiectricity
is a prerequisite for this project to be technically feasible. It is recommended that, prior to the
final decision on this project, the possibility on the timely implementation of the Sapta Gandaki

_project and subseguent hydropower projects be ensured by the HMG/N.

Reducing eléctricity cost is essential for the project to be financizilly viable, Itis recommended
that the HMG/N consrder to set a concessional rate of electricity for the project at a level lower
than 40% of the present tariff rate.

Since the HCI's cement plant in Hetauda is still under construction, at present there are no data
showing actual analysis of fluc gas composition, It is recommended to conduct the measure-
ment and analysis of the flue gas when the plant starts operafion so that the actual Compositibn
can be confirmed for refinement of the basic design of the carbon dioxide removal plant in the
urea fertilizer plant.

It is recommended that, when the HMG/N’s decision has been made to iinplément the project,
immediate steps be _taken to organize an executing entify for the project, as well as a project team
consisting of exp'e'rienced engineers and staff in Nepal and assisted by qualificd foreign consultants, -
so that the project can be launched for 1mplen entation under a responsible or ganization.  This
organization should have authority and responsibility to coordinate with the management of the
HCU's cement plant which will supply flue gas to the urea fer tilizer plant so that arrangements
for optimuim operation can be made for both the cement plant and the urea fertilizer plant.
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mable 1 ~  DPAST TREND OF FERTILIZER CONSUMPTION

IN NEPAL
{(Unit: Nutrient ton)

Year | N PO K,0 Total
1965/66 342 . 30 12 444

© 1966/67 1,070 . 276 104 1,450
1967/68 1,839 728 167 2,734
1968/69 2,382 659 159 3,200
1969/70 3,380 1,049 156 4,585
1970/71 4,111 1,081 214 5,406
1971/72 5,554 1,952 462 7,968
1972/73 7,698 3,150 1,052 11,900
1973/74 9,003 3,167 918 13,088
1974/75 8,923 2,849 886 12,658
1975/76 8,423 2,491 1,352 12,266
1976/77 10,696 2,780 1,422 14,898
1977/78 13,013 . 3,383 1,079 17,475
1978/79 14,115 3,692 1,456 19,263
1979/80 14,480 4,277 1,178 19,935
1980/81 16,984 4,993 587 22,564
1981/82 17,976 5,003 T 123,750
1982/83 22,896 7,167 912 30,975

Source: AIC
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