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SCOPE OF HWORK
PR
THE FEASIBILFITY STUDY’
. : ON
THE ESTABLISHMENT OF UREA FERTILIZER PIANT

IN
CTHE KINGDOM OF HEPAL
AGREZD UPON BETWEEN

THE JAPAN INIPZRNAT IOMAL COOPERAT ION AGENCY
AND
THS MINISIRY OF INDUSTRY

HIS MAJESTY 'S GOVERIZAENT OF NEPAL

athmandu, October 4, 1983

Xenji IFIAGUCHI Ljit Narayan Sirgh Thepa

leader of Javanese Survey Team Joint Secretary

Hinistry of Industry
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I,

Introduction

In response to the request of His Majesty's Government of
Nepal (hereinafter referred to as "H.MGL.N,"), the Governmént

of Japan has decided to conduct a feasibility study on the

establishment of urea fertilizer plant (herelfnafter referred
to as "the study") in accordance with the laws and regulations
in force in Japan

The Japan Internationai Cooveration Ageﬁcy {hereinafter

referred to as "JICA"), the official agency responsible for
the impletentation of the Lechnical cooperation progrsms of
the Government of Japan, will undertake the study, in close

cooperation with the authorities of the Kingdom of Mepald

Ministry of Industry, H,M.G,N, (hereinafter referred to as
"MO1") will be the executing agency and shall designate the
Industrial Services Centre {¥SC) as a counteroart agency to
the Japanese study team (hereinafter referred to as “the
Team") and MOI shall also act as coordinating body in
relation with other govermnentzl and non-governmental
organizations concerned for the smooth implementation of

the study

The Present Document gets forth the Scove of Work with

regard to the study,
Objective of the Study

The objective of the Study is to examine the technical,
financisl and economic feasibility of the establishment
of urea fertilizer plant (hereinafter referred to as
“Project”) in the Kingdom of Nepal and to prepare a
easibility study report keeping in view the ammonia

i
production process using hydrogen by vwater electrolysis
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I1X, Scope of the Study

In oxder to schieve the above objective, the study will
cover the following items s

1. Review on the background of the Project

1) the pregent situation of and policy on agriculture
in Fepal

2) the pregent situation of and policy on fertilizers
in Mepal
(1) suoply and demand of feriilizers
{2} trend of consumntion of fertilizerg

3) the present situation of and policy on industria-
lization

4) relation of the Project with the ovéeral! Mational

Development Plan

5) the vresent situation and future olan of demand

and supply of electric power

6) the present situation of and-policy on manpower
required for the Project such as chemical engineers,

- plant engineers and otheérs
7) - relevant laws and requlations
2, Study omn thée detaziled urea fertilizer market in ¥epal

1) present and past suapply and consumation

2) present and past situation of imcort and its cost
3) tread and structure of price '

- 4) -§0tehtial demand and constiraints in the avplication

‘of fertilizers
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5) projection of demand in the coming ten years
6) marketing and distribution system
7} cost and channel of transport and distribution

from manufacturing site to major market area

Study on the raw materials for the urea fertilizer
production

1)} possibility of electric power supply

(1) present situation of electric power supply

(capacity, tariff, stability, etc.)

{2) futurée demand and suvonly (construction projects,

schedule, etc,)
2) water

(1) quality and guantity of water

(2) water works necessary for the Project
3) availability of Carbon Dioxide (COZ)

(1) CO, from cement factory

(2} CO, from other sources
4) méterials for packing
5) other materials
Study on the plant location and site

1) wnatural conditions of the site and its sucrounding

area focusing on meteorology, geology and topogravhy

2) utilities and infrastructure such as electricity,

gas, vster, transportation and communication

3) regional development vlan

ol



4)

5)

selection of the plant site based on the resulls

of the study on the availability of raw materials,

utilities, infrastructure and other factors

‘conditions of tiransportation of equipment and its
- jnstallation '

5, The basic plan and conceptual design of the urea

fertilizer plant

1)

2)
3)

4)

5)
6)

7)

8)

9)

10)

comparison of production processes and determination
of the most suitable process
examination and detérmination of production scale

fundarentals and major preconditions of conceptual

design including list of major equipmrent

process flow ‘sheet

layout of the plent and auxiliary facilities

implementing progfém of the plant construction

transport plan of equipment and materials for
plant construction

operstion plan of the plant
organization and manpower plan for the plant
construction and operation including managerial

aspects

marketing and distribution sSystem

6. Study on environrental protection

AI-5



7., Pilnancial analysis
1) capital reduirerents

(1) fixed capital (land, plant construction,
avxiliary facilities and pre-operation cost,
including training cost and consultancy fees,
ete,)

(2) working capital
(3) investment schedule
2) procuresment of capital
3) operation cost
4) 'prodﬁction cost
5) projécted balarnce sheet
6) projected flow sheet
" 7) financial internal rate of return 7
8) sensitivity analysis based on possible variations in
a) electricity tariff
b) investwent cost
¢) - interest rate
d) inflation rate
e) sales price

8, Economic and soclal eyaluation

9, Conclusion and recarmmrendations
IV, Steps and Schedule of the Study
1. Steps

Step 1 : Preparatory office work in Japén
Step 2 ¢ Field work in Nepal

Step 3 : Hone office work in Japan

AI-6



V.

vI,

Step 4 1 Presentation of and Discussion on the Draft
Final Report

2, Scﬁédulé
Az shown in Anneéex
Reports

JICA will prepare and submit the following reports to
H.M .G .NH, '

,1.7

Préaress Reports written in English at the end of the
Step 2 in the IV : 10 copies

Draft Final Report and its summary written in English
within five (5) months after commencement of the
Steép 3 ; 15 coples

Final report and its summary written in English within
two (2) months after the receipt of comments on the

- Draft Final Report by MOI : 30 copies

Undertaking of H.M,G.N,

H.M.G .M. shall accord privileges, inmunities and other

benefits to the Team in accordance with the laws on Nepal

and, through the authorities concerned, take following

necessary measures to facilitate the sidoth implementation
of the Study i

;l'.

2,

Provide adequate nunber of full-tine counterparts

Arrange the Team's visits to relevant authorities
concerned and ensure that the Team has access to all
relevant information reguired for the execution of
the study

o e



VII,

VIII,

3., Provide the Team with office accomodation with sufficient
office supplies and equipmrent

4, Provide relevant information and data available ¢o the
Team

5« Exempt the Team from taxes, duties and charges in the
Kingdom of Nepal on materials, equioment and personal
effects brought into the Xingdom of Mepal for the
purpose oi the Study

6., Exempt the Team members from income taxes and charges
of any kind imposed on or in connection with the staying
expenses remitted from abroad

7. Ensure the- security of the Team members during their stay
in the Kingdom of Nepal

8. Bear claims, if any arises, adgainst the Team members
resulting from, occuring in the courge of, or otherwise
conrected with the discharge of their duties in the
implementation of the Study, except when such claims
arise from the gross negligence or wilful misconduct
on the part of the Team members

Undertaking of the Govérnwent of Japan

For the implementation of the Study, the Government of Japan
will, througn JICA, take following measures

1. To disnpatch, at its own expense, study teams to tepal

2. To pursue technology transfer to the Nepalese counterpart
personnel in the course of the Study

Consultation

JICA and MOI will consult with each other in respect of any
matter that may arise in the interpretation or implementation

of the present arrangement,

AI-8
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. MINUTES OF MFETING

In sunrarizing the local activities of survey and study carried rou‘t by the sfudy
team of Japan International Cooperation Agency (JICA) for the fea's'ibility stﬁdy
of the establistment of urea fertilizer plant in the Kingdom of i\epal (heremaftez
referred to as the "Project”), the study team presented the Progress Report a.t

the Ministry of Inaustry of His Majesty" s Governrrent of Nepal (HMGR\) s Kathrrandu
cn January 21, 1984 '

Ezsed upon ,thé detailed explanation of the Progress Report, the rif'.—de;;’-:h discussicn
and clarification were made among the authorities of the HMXN, the s-'tudy teanm

renhers and the resident representative of JICA in Nepal, and parnm cencerried

agreeci‘ as recamended in the Progress Report in principle regarding the major 1ssues s
for formilating the Feasibility Study, on the type of product, selection of location §
and 31te, reticd on the derand projection ard the selection of pmcmcuon camcﬁ.‘.,
supply condit 10P:. oi raw materials and utlhes, scope of facllu;les,: raro,gcmem, ard
schedule for the m;:lcmentatlon, and assupiicon and basis of flnam,lal and ecorn e
analysis for the Project.

?Ja;or additional ISSL&?:- which were discussed and proposed to be ‘taken into con31-

deration during the prcp’n‘atlon of the feasibility study report ave;

- Re-examinaticn of the schedule asswmed for the inplementation of the Project.
~. . Fnergy saving at the i)IY)jECt. l

- Sharing of auwxiliary facilities afrong the of‘ner industries in Nej:—al.)

- Industrial uses of wrea in hepal as potential.

-  Possibility of utilization of by—prouucts from the ngect in the futm‘e.

In concluding the whole activities of the study team in Nepal, this Minutes of
Meelbing is preparved and signed hereunder;

Kathrandy, ’111e mngdcm of \epal
January 27, 1984 .

A w:é’wéi. 2t

Indu Sharmsher Thapa * Masayasu SMCGINASHI

Senior Fagincer Leader of Study Team

Ministry of Incdustry, E\!G, Jetsn Interﬁati_onal Cooperaticn Agency
Nepal ' ' o )
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Narres of Persons present in the meeting held in the —office of the Secretavy
Ministry of Industry, Tripureswor, Kathmandu on the 27th January 1984,

Mr. I.L. Shrestha, Secretary, hhnistry of Industry (‘thI)
My, R.D, Shawra, Jomt Secrétary , YOI

Mr, I.S. Thapa, Sebior Ingineer (AOI)

M, B.M. Shakya, Under-Secrétary, Ministiy of Finance (MOF)
i, S.M, Shrestha, Scction Officer, MOF

Mr, R.K. Brattavai, Act, Diréctor Ceneral, Department of Industry

Mr., R.X. Bajrachairya, Senior Engineer, Depavtrent of Electricity

Mr, R.N. Dﬂtmgel General Manager, Nepal Irndustrial Peveloprent Corzcration
e, T, hosm, Pﬁsmeﬂt P,ep =sentative, Jzpzn Intematmnal Cecperation Agency

Study Team Menbers

My, 3! S?.}sanashl, Team leader, iecnm}—ﬁooﬂmust
W, X. :S(Lachi “Team Sub-leader, c"c"llCal Engmeer
Mr, Y Fug}k; Plant )%chamcal ‘:‘rglreer

M. Kmahara, Fertllizer Chemical Engmeer

Mr. T. Incoka, Fertlh?.er Market Expert

Mr, S. Smm Electrlcal Ehgmeel

Mr. T. Suzu;u Cerrent Chemical Fngineer

Counterpaxrt Maroers of 15C

Mi', M.B, Smestha, Civil Engireer, For Chief, Industrial Projecis Division
Mr. H.P. Khanal, Fooncmist, For Chief, Feasibility Study Branch
My, B, Shmwa, Chesical Fngineer, For Chief, Project Engineering & Managarent Branch

\37(:
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HMINURES OF MEECING

The JICA Study Teanm led by Mr, 4. Sakanashi visited Xathmandu
frca July 23 to 28, 1984 for the purpose of presentation of the
Dreft Final Report of the Feasibility Study on the Establishiwent
of the Urea FPertilizer Plant in the Kingdcom of Hepal to ths Ministry
of Industyy amd also for discussion with the concerned officials
of HMG/N on the Project. _

Accordingly, first review meet:i.ng on the Draft Final Report
was held undex the Chalrmnship of Industxy Secretary, Mr. L.L. Shrestha,
in the “nistry of Industry on 7July 25, 1984 at the presence of
officials and representatives of concerned ministries, deéattznents
and agencies of HMG/N, the JICA's Resident Represencative in Nepal
and the JICA Study Team, Idkewise, second review meeting took
place at the Secretariat of National Planning Comaission under
the Chairmanship of Hon 'ble Vice-Chairman of NPC, Dr, M.M. Safinfu
on July 26, 1984 at the presence of NPC member, joint méambers and
other concernied govermment officials. Lists of persons wWo were
present at the meetings are attached as Appendix I an:i % o

1) Ak the review meetings, the JICA Study Team made the
presentation of the Draft Final Report, summarizing the
major aspects as well as the conclusicn and recommendations
derived from the study, and explained and made clarification.
on questions raised by variocus persons attending the meeting.
The issues discussed at the meetings are attached as
Appendix IIX and IV,

4
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2) At the conclusién of the review meetings, Ministry of Industry,
_ HMG/N expressed satisfaction that the Draft Final Repoxt is
'rcomprehe?nsi\;e as per the scope of the study as agreed upon

by the Hinistry of Industry and the JICA on October 41, 1983,
It was aldo agreed that comments on the Draft Pinal Report
‘would be transmitted to the JICA by August 15, 1984 and
thesé comrents would be taken for due consideration in

" licorporating in the final report, It was further agreed
that the JICA '.Studf[ Team could proceed for the preparation
of a Final Report, keeping in view the issues raised during
the review meet:ings. _

'3} The Ministry of Industry, HHG/‘N expresses its appreciation to
i:he'JICA £0r the subinission and presentation of Draft Final
_ Report of the Feasibllity Study on the establishment of the
Urea Fertilizer Plant in the Kingdom of Nepal,.
In 'cbnél't:téing the pJ—:e-ser'rt':Qat':'ion of ﬁhe Draft Fimnal Report,
this #inutes of Meeting is prepared and signed hereunder,

Kathmandu, The Kingdom of Nepal
July 27, 1984.

lbsad ot

Indu Shamsher Thapa Masayasu Sakanashii

Senlor Engineer Ieader of Study Team
't-iinistry of Industry, HMG Japan Intemational Cooperation Agency.
Hepal:.
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Pexgcns Present a8t lMeeting Held at

Avverndis = I

1. Hr, ¥E.L. Shrestha
2, Mr, Shiva P, Sharma

3. Hr, Biharil Xrishna sShréstha

4, HMr, R,B, Bhattaral
Se My, 1.5, Thapa .
6., Mr, Narayan Regmi

7. Hr, R.,¥, Bajrachaxya

38, Mr, R.N, Dhungel

9, ir, G,B, Shah

10. Mr, Supder ian Shrestha
11. Hr. A.d. Toorakar

12. i, M.D, Bhattarai
13. Hr, T, Hoshi, Resldent

Ministry of Industry on July 25, 1984

- Setzretary, uintsery of Industry
- Joint Secretary, u’d.nistry of Industry

- Jolnt Secrei;ary, National Planning

Codirnigsion

= Acting Difeétor General, Déapt, of Indust:
= sénior Engincer, Ministry of Industry.
- Députy Director General, Départdent of

Agriculture

- Senior Engineer, Department of

Blectricihy

- General Manager, NWIDC

= Executive Director, I.S:.C.

« Section Officer, tinistry of Finance
= Division Chief, Agriculture Inputs

Corporation

- Asdg:ant Engimer, .ii.nistry of Industry

Representative, Japan International Cooperation Agencyﬂveoal.

JICA Study Team Veabers

i. Mr. H. Sakanashi
2e Hr, M, Luwabara
3., M¥Mr, T. Incocka

Counterpart Hembers 1

1, HMr. Manohar B, Shrestha
2, Mr, H.P. xhanal
3, Ur, Bishma Sharm

D

= Team Leader, Techno-Econonist
- PortilizZer Chemical Engireer
- Fertilizer Market Expert

-~ Por Chief,
-~ For Chief,
«~ For Chief,

AI-14

Industrial Projects Divisiond
Feasibilisy Branch, IsC
Project Engge. & Mgut, Branch,
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dopendix ~ XL

Poracns

Progent at Meeting Hold at Hational Planning Coumission
: Secretariat on July 26, 1984
1. Dr, ¥ohan 4, Sainju -~ Honourable Vice~Chairman, Hational
ce Planning Commission
2, Dbr, Bijaya B, Pradhan - Member, National Planning Conmissicn
3., #r, Shanker %, Halla - Jolnt=iember & Secretaxy, Hatioml
Planning Comnission
A, Mr, Surya P, shrestha -~ Jolnt=Fembey, National Planning
_ | Commlssion _
S, ire Xswarl L, Shresths - Secretary, illnistry of Industry
6. Hxr, Harsha H, Shrestha - Chief Engineer, Dcpartment of Electricity

7. iHr., shiva P, Sharma = Joint-Secretary, Hinistry of Industry
8, Mr, Raméswor B, Singh - = Joint=-Sccretary, Hinistry of Agriculture
o, Mr, Bihari X. shrestha - Joint~-Secretary, tational Planning

_ .Comission
10, #r. Indu S. Thapa - Senior Engineér, #Ministry of Industry
11. ¥r. Rap P, sShrestha - Under-Secretary, Haticnal Planning

L Ccmm:lss:LQn
12, Hr., R.X, Bajrecharya - Senlor Engincér, Dept, of Electricity
13. #Hr, Manchar B, Shrestha = Por Chlef, Industrial Projects

' o ) Division, ISC
14, Mr, Ramesh B, Adhikari - Senlor Officer, 1sC. {(On ()ieputit;l.on to
NEC
Hr, T, Hoshi, Resident

- 154

Representative, Japah Internaticnal Comeration Agencyﬂepal.

JICA Study Team Membors .

i. Mr, M. Sakanashi - Team Ieader, Tecnno-Econcaist
2, Mr, 4, Hawabara - Fertilizex Chewical Engincer
3, Hre Te Inocoka ~ Fertilizerxr Macket Expert

SA—
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Apperdix - YIX

Issue_g Discussed at teeting Afte;mii‘m:;entation on Ju_;x 25, ;284
1. Clarifications on tho: technolagicml aspects (such as only ¢ne or
othar alter:native processes) .

2. Interest rate on the eiternal loin, whether 1t ia pos,.»ible to
- get the long tewxm loan at 5% and sensitivity andlyais to the
project profitability by its change.

3, Possibility of getting energy at cheaper rate amd its lmplicstions,

4, HYater/air pollution in the process and what measures are to be
taken in ordér to control it, if any. '

S« Quality aspect Of the urea to be produced in Bepal,

6. Possibility of product diversification such as producing the
compound fertilizer (NsP3Xs)

7. Rate of retura to the NEC in view of the tariff reduction for this
prajeck, _

8, Sapta Gandaki implementation to be delayed by one year {1992).

9. Any possibility of redeployment of plant of proposed capacity from.
other countries for minimizing the total project cost.

10, 10,54 fnterest on Iong Term Ioan charged,

11, Projected price {selling) is matching with the - intemational
price or not ?

12, Potentlal frdustrial uses of urea in Hepe_-lg

AI-16



1.
24
3.

de

Se

6.

7.

3.
9.
16.

Appendix - IV

Technology adosted in other countries in the region
tlew technology based on the electricity

Possibility of establishing the mint-fertilizer plantg
(35 - 40 TPD) requiring about 8 «~ 9 44 of pover,

‘Thera 13 some foreiqn exchange component involved in the
electricity price, This could reduce the value added of the
project,

4d: of the production cost in forelgn exchange is more than the
C.iI.”, Calcutta price for fertilizer,

Use of laminted bags for the packaging of urea.

Sécordary efragy ¢an be used only during the valny season but not
during the off-peak period,

Optimun cavaclity of 275 TPD, sore basis,

Storage of Hydrogen gas.
Alternatives for making this project fimarncially, sound,

c:ij(;_',
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Annex I--2

LIST OF STUDY TEAM MEMBER AND COUNTERPARTS

Members of Study Team of JICA, Japan

Mr. Hasayasu Sakanashi®* Team Leader, Techno-Economist, UNICO
Mr. Katsuo Adachi Team Sub-leader,
Chemical Engineer, JCI
Mr. Yukihiko Pujiki Plant Mechanical Engineer, JCI
Hr. Hakoto Kuwabara®* Pertilizer Chemical Engineer, UNICO
Mr. Tetsuo Inookatr Perktilizer HMarket Expert, UNICO
Mr. Saburo Suzuki Electrical Engineer, NIPPON KOEI
Hr. Terumitsu Suzukil Cement Chemical Engineer, ONODA ENGG.

*  These members also visited Kathmandu on July 23 to 28, 1984

for the presentation and discussion of the Draft Final
Repork.

Members of Counkterpart Team, Hepal

Mr. Manohar B. Shrestha Civil Engineer

For Chief, Industrial Projects
Division, ISC

Mr. Hari Prasad Khanal Economist
For Chiel
Feasibility Study Branch, ISC

Mr. Bishnu Sharaa Chemical Enginecer _
Por Chief, Project Engineering &
Management Branch, ISC

Mr. Pushpa K. Karki Mechanical Engineer
Senior Bngineerx,
Feasibility Study Branch, ISC

Mr. Mano) Chipalu MBA, Senior Pinancial Analyst,
Peasibility Study Branch, ISC

Mr. Jeevan Thaps pPA, Officer,
Feasibility Study Branch, 1ISC

Mr. Som N. Bhattarai Blectrical Engineer
Technical QGfficer,
Feasibility Study Branch, ISC
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BCTEIVETY OF JICA STUDYT TEAM (1)
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Departnent of Irrigation, Hydrology and Heteorology,
Ministry of Pood, Agriculture and Irrigation, June 27,
1974, Kathmandu, Repal

AL-29






19)

20)

21)

22)

23)
24)
25)
26)

27)

28}

29)

30)

31)
32)
33)

34)

Labor Wages for Kathmanda District Fixed by His
Majesty's Government of Nepal (FP.¥Y. 1982/83), ISC

Micro Seismicity Bpicenter #ap {Jan. 1982 - Dec.
1982), HMG/Seiswmological Laboratory, DMG Bpicenter Map
(1911--1982), HMG/Department of Mines and Geology

Industrial Profile Por Fiscal Year 1982-1983, Hetauda
Industrial District

Report of Soil Investigation for Hetauda Cement Plant
at Hetauda - Nepal {(December 1980}, Development
Consultants Private Limited

List of Transport Pacilities, Nepal Transport
Corporation

Information on the guestionnaire submitited to Hetauda
Cement Industries, and Hetauda Industrial District
{CIVIL)

Plant Lay-out HRetauda Cement Project, Hetauda, Nepal

Contrackt Documents (CIVIL) of Hetauda Cement
EIndustries Ltd.

Information on the Questionnaire Submitted by the Urea
Fertilizer Peasibility Study Mission to the Himal
Cement Co. Chobar, Kathmandu, Nepal

Sapta Gandaki Hydroelectric Project Proposal for
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METHODOLOGY AND PROCEDURE OF DEMAND PROJECTION

(1) General

‘the demand for fertilizer was projected through the following
process.

1. Projection of cultivated area of major crops by reqgion
2. Projection of demand f[or fertilizer
3. Projection of type-wise demand for fertilizer

Ppetails are described in the following sections.

{2) Projection of cultivated area of major crops
i) HMethod of projection

Phe future cultivated area (trend) of wmajor crops wWas projected
by region at each projection level shown below on the basis of
past trend of change in the cultivation area,

Level 1: cChande in the area devided into the following
qroups, namely,—aqricultural area, pasture land,
forest, and other area including industrial area
and ‘urban area. (Note: Level } projection was
omitted in this Study due to the lack of data.}

Level 2: Change in the area devided into the following

groups out of agricultural area, namely, short
term ¢rops {multi-cropping crops), long tern
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crops (less than one cropping annually), and
perennial crops.

Level 3: Change in the cultivated arca of individual
cLops.

The total of each projected area in Level 2 in the region in
question are adjusted to be equal to the agricultural area in-
Level 1. Purther, the total of cultivated areas of each crop
projected in Level 3 in each group shown in Levél 2 are
adjusted to be equal to the adjusted area projected in Level
2. Here, the total of cultivated area of short-term crops

means the total of cultivated area multiplied by multi-cropping
ratio of each crops.

The areas of each coeoiponent (for example, agricultrual area and
pasture land, etc. in Level 1) included in each Level either
increase or decrease affected oy economnic and/or social
factors. If the agricultural area has been expanded, then the
expansion will be limited in the future because of approaching
the limit -of available land. In other words, the urban area
may also be expanded at the same time, and the expansion of
agricultural area may be depressed by the expansion of urban
érea. Tnese pressures for expansion by each component and the
adjustrnent function among these components have been reflected
on the past trend of changes ia the area of individual

factors. These tiends shoWwn in the past are expected to
continue in the future if there is no significant change in the
economy, policy or technology, etc., The projection procedure
described above represents the adjustment of discrepancies
between the projected result of total of individual factors and
aggreygyated factor with calculating the expanding {or shrinking)
pressure of each facktor by Lime series analysis. -
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Tne cultivated area by region and by crop described above were
projected vy the following regions, and the result is shown in
tables of Annex II-2.

- Bastern Development Region: 1. High Hill 2, #Hill
. : 3. Terai

~ Central Deévelopment Region: 1. High Hill 2. Hill
3. Terat

- Kathmandu valley:

- Western . Development Region: 1. dHigh Hill 2, Hill
3. Terai

- Mid-western Development Region: 1. High Hill 2. Hill
. o 3. ‘lterai

- Par-western Developnrent Region: 1, High Hill 2. Hill
3. Terai

ii} Dpata and ‘'datd Sources

‘the projection of cultivation area was based on the past 12
years data of 1971 through 1982 provided by Food and
Agricultural Marketing Service Department, Hacketing Services
Pivision, Ministry of Agriculture {(FAMSD).

{(3) Projectioh of fértilize; denand
i) Hetﬁodology of projection

'Pﬁysiéallf oPiimum dosaye level of'fertilizer' mnay be
calculaﬁéd fﬁt éach crop. ‘The level varies depending on the
soil conﬂition,'ciimatic condition:of the area as well as
fertilizér'iespénée'of the crop, and represents the dosage
level at which naximui additiqnal_output_per unit input in
terms df'vdlumé is éxpected. Houever,'this'level doces not
necéssdtily‘rép(esent Ehe econonic opkimum doéage level. Yinen
the applicétion'of fertilizer is increased gradually in the
sane manher‘as described above, then there will be the dosage
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level at which maximum output in terms of value is expected by
input of unikt value of fertilizer. This leval is called
"Econonic optimun dosage level of fertilizer".  Every farmer
nas the possibility to increase the application level up to
this level., However, due to the: following factors which
adversely affect the use of fertilizer, the actual application
level is usually lower than the econownic optimum dosage. level.

1. Natural disasters such as drought and £lood.
2., Delay in the supply of irrigation water or inadequate
drainage,

3. Insufficient purchasing ability of farmeéers to buy
fertilizer, or lack of an adegquate crest systen for
Eertxllzer purchase.

4., Unstable yleld of crops.

5. Lack of sufficient knowledge on fertilization technic
or effects of fertilization on crop yield.

6. Snhortage or delay in suﬁply of fertilizer.
7. Other factors which discourage farmers from
fertilization. . :

Hhen the "economic optimun ddsagé level® muitipiiéd Dy
“cultivation area® is defined as "potential demand®, then the
difference petWeen the "potential demand® and actual
cénsumption is understood to have been caused by the faétors
described above. The ratio of actual consumption to the
potential damand is called the "realization rate® of the
potential demand. The past trend of 1mprovement of restrlctlng
factors of fertlllzatlon rnay be appl1caole to the future, as
lony as knere is no sxgnlflcant change in the p011c1es on
agriculture and fertilizer distribution. in other words, the'
past trend of realization rate can be appllcable to the
future, However, it should be noted that if there wxll be
siynificant changes in the factors, which aEfect influences On
the fertilizer use, then the past trend of the reallzat;on rate
can not be appliéd to the future. If such isgthe casé, the
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future realization rate should be examined year by year taking

into account the change in the factors. These factors include
the following.

1. construction or improvement projects of irrigation/
- drainage- facilities,

2. Large scale intervention by the government on price
formation of either ayricultural products or
fertilizers, including introduction of a subsidy
system and/or price support system.

3. pDevelophaent or introducktion Of crop variekties which
have high fertilizer response.

4. Improvement QE the agricultural extension systen.

5. Inmnprovement of the fertilizer distribution system.

‘6. Other changes in the factors which stimulate the

farners to increase the fertilizer application.

The "potential demand" was defined in the above as "optimwna
dosage per unit cultivation area®” nmutiplied by "cultivation
area”. I[£ approptiate data are avaslable, tihen the better
estimate'may be obﬁaihed regarding the "potential demand® using
*per heétére eéohomié.optimum dosaye* multiplied by “fertilized
area® in ieplaéeiof ‘c&itivatioh“area‘. in this case, the
*cropped® arca will be”dividcd'into two, namely, “fertilized
area® and 'abn—féiiilized'aréé‘, and the trend of rate of
fertilized area td total cropped area will be first projected
with examihaiién'madé of the'probdpility that the upper 1limit
of the rate will pe ai:t;éinédf This ptojeption process is
better than thatiéxplained_above; in that maxinum potential
rate of fertilized area is sometimes less than 1003 because of
natural conditions, lack of irrigation facilities, and other
reasons, and therefore, the area of which fertilization is
impossible, should be deducted from the objective area for
calculation of fertilization in the future.
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ii)

Process of demand projection

The procedure for projection of future demand was as follows.

iii)

| W9 Comparlson of the potent1a1 demand with actual demand
in the past analyzing factors affecting fertilizer
consunption and extent of their effects.

2. Projection of potential demand on the basis of
projected cultivated area and the potential dosage by
Ccrop.

3. Projection of future realization rate of potential
demand. :

4. Calculation of projected demand multiplying the
potential demand with realization rate,

Data sources are as follows, and the details of the data
on -projection are included in Anaex II-3.

1. Potential dosage:

The economic optimum dosage level Wwas firstly calculated
using the fertilizer response data—/ provided by the
-DIVLSIOH of 8011 Science and Agrlcultural Chemlstry,
Department of Ag[1culture (piv. of SSAC), and the result
is shown in Table 2-20 (Chapter 3, Part II) ' The
calculation results thus obta1ned weré found to meet the
reconmended dosages provided by Div. of SSAC, and
therefore, the reconmnended dosages were regarded as the
economnic optlmum dosage level is this ‘Study.

{Hote: :/ data are included in Annex 11-5.)

2. Actual consumption:

Reygional consumptlon data ptOVldeﬁ by AIC, which are
included in Annex II-4.
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{4) Projection of type-wise demand for fertilizer

Based on thne result of total demand projection, type-wise
demand was projected as follows,

1. Examination of crops (or regions) on which the type of
fertilizer in question is applicable,

2. Calculation of petential demand from the above crops
(or regions).

3. Projection of type-wise fertilizer demand taking into
account the future supply ability and past trend of
type-wise fertilizer consumption.
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Annex -2

"PAST TREND AND OUTLOOK OF CROP
CULTIVATION AREA IN NEPAL






QE103r04d:0002-861 IVALIV:ZEET-ELE6T  EION

A0 L0v L0 a0% a0y L0%  L0v L0 L0v L0V L0V LDV L0v L0y Loy L0V 104
0 0 ¢ 0 ¢ 0 0 2 t ¢ 0 0 0 0 J t 3NYQ VA0S
0 0 0 0 ] 0 0 0 i 0 0 0 0 0 0 0 a1t
0 ] t 0 ¢ 6 0 7 g 0 ¢ 0 0 b 0 0 000¥201
0 0 0 ) 3 ¢ 4 v 14 14 v £ ¥ L 8 e $d0¥0 110 ¥3RLO
¢ 16 1§ 0 08 08 6y &y 8Y 6V v 6V & gy 6¢ 68 $301v104
) 0 A 8 L 8 ) 6 6 Ir 1l 14 S S S SR A SR A AZTYYE
gvoowo sy 9 Ly LY e W ¥ L Ly 8y 8y 6y By 8 $TYE4E0 ¥IHI0
¢ 0 ¢ 8 L L 01 gt vI 8 8 g A 8T 8% 82 . LYEHM
_ 661 ZoT ST 99T L9 BLT 04T 081 18T Q8T &ST 191 191 181 891 : cyAR

o1  yvT 28T 621 2T 0T 01 0T orr  1IT Q11 g0 6 £ 8 A00v4

G867 0661 86T 81 £861 86T T8BT 086 BLET 'BLET L6l 8161 SLET VLBl ELET

- TIIE EOIH NYEISWE -
TYIAN NI YENY NOIIWAILTIAD dO¥D JO JOOILOLO NV JININI IS¥de (T)e~IX stqel

AlI-8



q3103008d:0002-886T ¥NLOYIZE8T-8L8T  FION

S691 $691 S6OT 9691 G6ST G691 S6GT SBT 96T 9691 SBHT 969 0B9T SE9T 69T 69T 0108
1 v 2z % %z 9z ot 2z v ¢ T T % 3 % 2 . 3N¥D 34908
Y N S T T 6 6 9 a1nr
s ¢ ¢ 1 1 1 1 1 1t 2z % 1 &t ©z 2 2% 009801,
55 06 06 06 06 06 98 0L 08 L0 UIL OIL 8L L L 8L $4080 TH0 ¥EKLO
121 2gl g1 62t 68l 081 621 621 LZT g8 BET e§Y 98T .81 g8 921 $80110
¢ ¢ ¢ & § & & & L 6 6 U0 6 I S 2 AZ8Y3
061 061 06T 16T 16T 6L S0z 681 831 061 261 LT ST wl wil 0Lt $Y2480 3810
v 6%z 6L 68T IST oyl 18T 08T LIT 20T 00l 801 98 S0 99 99 ET
(8 098 818 8, li Y8L 6L YIS 61, 295 SIL 90L 099 B9  6SS 299 VACH
225 028 916 808 08 $OS €8y S 608 6%y g9y 8V Ovy  LE» 28V v Kaave

000C S66T 0661 S86T 86T §881 86T 1861 (0261 LT QLET LLET 9LET SLET WLBY ELET

- TIIE NyBIsveE ~
TWEEN NI WENY NOILVAIZTAD 4OND 40 MOOIINO ONY ONINI ISvd (Z)Z=IX oTqel

AII-9



¢3103r08d:0002-8861 TYNIOV:E86T-ELET  3LON
1282 17827 1257 1287 128C 188% 1287 1287 1282 1282 128¢ 1287 1287 1287 1282 1%8% THI0L
g¢ L& s& g 1 08 & 1 g L& % L 8% 81 il 03 axvo gvans
ve 8L gIl 691 IS8T 86T 192 192 19¢ 182 15¢ 182 192 19¢ %E¢ 60¢ aLng
X 9 s vy ¥y v 12 ¢ € ¢ g vi & 81 81 81 -000Y4304
88T S8T 2T 8T LT 93T 8¢ Ggl  LST 68T LST 8T TOT 86 E0T 36 $d08d TI0 ¥IHIO0
g & Iy e 8¢ 66 &y & L& 2 & ¢ & ve Oy 68 $301¥10d
¢ 0 1 Z ) ) ) v 14 v l4 S g 9 8 g AUV
L 99 29 8¢ L 98 6y v¢ 98 29 19 IS 8 & v &S STY3Y8Y YSHI0
609 665 89S L2S LIS LOS 909 9gE QLE vey 89Sy 1Sy gSv I3y ILE 967 LY3HM
60y 98¢ 828 892 88T vyZ 08Z QiZ V6T L8T 981 281 68T L3T 28T Il 3ZIV4
g18¢ LI8C 1TT9C £BSEL L8S¢ 189% g6Z¢ I0SE 195¢ 9SSE EYSE S09C G88T (VAL LWvE Z6es A0Qvd
0007 G661 (0861 S861 Q6L ©861 2861 1861 (0861 6.61 881 LLBT 9LBI GSLBT Y.l £i61

TYTEN NI YI¥V NOILVAIIIND JO¥WD 20 XO00TIN0 QNY CNIMIL ISvd

~ IVUEL NYILSYEY =

(€)T=1X 214y

AlXI~10



QILIALOUL:0002-E88T T¥NIOV:Z8ET-ELET  FION

€68 858 68  £80 . £60 965 8¢ €6S 886 £5C 68 62 £EC 886 g6 8¢ AT
¢ 0 9 & ¢ ¢ 0 ¢ ¢ v v ¢ ¢ o © O 3NYO ¥¥ONS
¢ 0 ¢ ¢ 9 ¢ 0 0 & 0 0 0 0o 0 0 0 3100
¢ ¢ ¢ 06 ¢ 6 6 & % 0 0 0 6 0 0 0 090¥401
z ¢ & & & & 2 vy z £ & & ¢ ¢ & % $4082 110 43410
v Iy W Qv 68 65 ¥ 2 8¢ v w8 8 v§ v 98 $301¥104
$ & & & g8 8 o 8 g & & & 8§ & & 6 1378%4
%4 gy v v ¥ a4 oy Ty 1y £y gy ¢ 0y v v . 1y $TY3¥a9 Y3HIO
By 68 L& S5 ye vE 88 68 88 L2 L% iZ 1z ¥ ¥ %8 REVT
£81 ST LST  6ST  4PT oY SSL  SPI 821 YT 6YI oYL OFT  9vr  9pr  grt 32IvK
v ¥ 0§89 2% 29 2% v8 19 65 19 18 £ 18 19 19 29 XG0y
0007 G661 0661 S86T Y861 861 2861 186 0861 6L61 8LBT LLGT QLST SL61 LB EL6T
= TAIE HOIE TVMINZD -
TYSIN NI YEIY NOIIWAIITIND 4O0¥D J0 XOOTLOO ONY QNINI Isvd (P)Z=IT dTqel

AYY-11



Q3103L0¥4:0002-0861 TYALOY:2B6T-EL6T  SLON

0SST 0SST 0SET 0SSY O0SST 0881 08§ 0SST 0SS QSET 08T QST 08EY (0SeT 08ET QSEI IWL0L
gt ¥yr  ¢1 g gl 3 61 8 8 8 6 6 g 6 6 6 : aNYO Jvols
g 8 0 0 0 0 0 0 0 0 0 i 0 0 0 0 gLl
¢ ¢ 0 1 I 1 1 1 { 1 1 I 1 1 3 g 002v80L
0 0 ¢ 62 y. 6% 9 18 v sy gy 88 v, 06 26 - 101 $4080 110 ¥8HIO
g5 & 08 09 63 88 25 L6 95 &5 18 1§ ¥ L& W x4 S30LY10d
gr L 11 6 ¢ 6 8 6 6 b 9 g L S S S A378v8
o2 25 60T .01 80T 80Y 80T 9IT 80T 60T 90T 80T OIT  TeT IR A $1Y3430 ¥3RL0
v8z iz BS7 L61 98T 6L 613 8T 9Zr 80T wpl 80T Q8 18 - Ll Al - - LVaHM
gvy 1Gv S8y L0 905 €0¢ 6Ly S0 S0S 68y IS g1S 1gs %S 128 08¢ 371k
73¢ TS 028 vy 08Y  Syr  28S S0y QL8 B gvE  &vE v 610 Lie L1 ACQVd

9007 S681 0B6T 9961 ST €861 2857 186T 0861 BL6T 8LET LLEL GLET GLET V6T ELET

« TTIR TRILINID -
TYCEN NI WV NOIIVAILTIQOD 4O¥D J0 MOOUIN0 ANV ONIMI Jsvwd {§)2Z~XT BTqRY

ALI-12



031930044:0002-6861 1YAL¥:286T-5L6T  BI0N

BgvE 6SYE 6EPE 6SYC 6EVE 6ere 6EVE 6Sve 6SYC 6SVE 6SPE 6EVE 6EYE 6IVE 6EVE 6EVE Y10l
9tz €22 881 ¥ST vl 0YT §21T 16T 6T LIT w1 61T 28 0L 88 1L . 3NvD yvans
0 J ¢ 0 g 0 1 1 ) suas
v 8 o ¥ g &y 9 8¢ L& Ty &y oy S8 ¥ & 1¢ 020v80L
¢ 18 BIT 28T L 8tz vez 821 Sy LLZ 098 LBE 82 L0E DEE gve $4042 110 YERIQ
o6 $¢ L& 8 6 6 9L ve p¢ 18 1€ ¢ 6 v 18£S $3019104
v Zv 2§y & § 8 08 e 6y 08 ¥y 9 18 & Ly A3yve
8 9 16 98 S8 v8 SIT YL §L 0L @ &L & 18 18 - gL §$1v3¥30 ¥3RIO
0761 I8ST 6OV OI8T 8231 0¥2T SIST 0201 260T €66 L6 8YOT VECT COOT 389 66¢ LY3EH
v 068 90y 62y ¢y 98Y LS QSy 98y 18E Q8v 2Ly QLY 66y  Eys 638 VALY
ov7S 8570 2620 288 Y98S Zvee 6vIS SIve SIvE SEVE (§YE 8BEE LIvE SUVE Vess 96v¢ A0QYd

9007 $661 0861 <G8 YS6T £86T 2861 1861 0861 6L BLEY LLBT 9L8T SLET Wifl gL81

- IVYIL TILNGD -
TYIEN NI YENYY NOIIWAILIAD dO¥D 40 MOOTINO ANY JNZYL I5vd (9)Z~I1 279wl

AII-13



0310300842 0002-6861

19ALaY:2861-EL61  JIO0N

s, 6. 6. 6. 6. 6. 6, 6. 6L 6. 6L 6L 6L 6L 6 6 101
s 5 ¢ o ¢ ¢ ¢ o o ¢ o o ¢ ¢ 0 0 3N¥D: FYONS
: ¢ ¢ o o o ¢ ¢ & 9o ¢ 0 0 0 T 0D 300
e ¢ ¢ o0 0 90 6 ¢ ¢ 0o o 0 0 0 0 0 - 030v80L
® ¢ ¢ 8 ¢ 0 o ¢ o o g ¢ oo LT ol $4040 110 ¥BAHI0
s o . ¢ 3 8 L L L 6 & & 8 8 8 % $301¥104
v 8T i er 9t er s & s g g & g 2 Il I AZ8Ye
H A SR S S S S S 4 SR ¢ S R L S L 2 $7Y3330 ¥THLO
e vy ¢ ¢ & ¢ & o L 9 9 s ¢ ¢ M 0 LY3HH
o 9 2t ¢ S 6 6 & vy v v v ¥ ¥ W 371
¢ ¢ o o ¢ 9 & 0o v 1 v & & L L 8 xaavd
1002 S651 0661 Se61 86T G861 2861 1I8GT 086T 6LET 86T LLGT 9u8T SLET VLET ST

- TIIH HOIH NYILSIM -

TYIEN NI WYY NOIIVAILIAD dOND 20 NOOTINO ONY JNIWL ISYd

(LY2Z-I1 °Tqel

AII-14



| 03L030¥d:0002-6861 TYAIO¥:Z86T-0L6T 10N

0922 10922 09%¢ (0882 0S3% 09%¢ 0822 0932 082 0922 08¢z 0822 0932 (96T 082 0922 COTRL0L
1 it ! 1 1 A £ £ ) 14 » i v 9 L L ANYD- ¥vons
t R 0 0 0 0 0 0 0 0 R 0 J 0 0 -0 M
g J It 0 ¢ 0 0 1 I 1 i 9 1 1 d 1 Q00v80L
g1 81 8% ¥ v s 1 g€ v 9 9% g g ve 8& & $4080 110 Y3RL0
I 28 ¥ 9 98 98 88 (S I 8% BS %9 B 88 & 18 §301vl0d
¢ oy 9T 61 €1 0 12 ¢ 12 ¥ & g & vy g sy - AgTyve
992 8L 60C ¢ve 8¥E  pSe  PBE  EVe vSeE ¢8E g8 168 (0Iv 068 166 - 168 - SIVAUAD d3RIL
§9y 6vy 86C B8S VEE QS 162 6L €92 BYZ 8vC wig 661 vl vpT Qrl LYY
856 688 198 (88 698 0S8 9i6 LeL €18 yLL 008 06L 9BL e6L 8L 08L 3Z21v4
S8L  ZLL B8L 969 288 0L9 9TL 8O0L SLS LS €LS L18S 618 028 138 (%S , AQLYd

0007 €661 0BBT GB6T VBET £86T 26T TI8ET (86T BLEL BLET LLST 8LET SLET VLBT EL6T

- TIIR NJULSIM -
TLIEN NI YIEY NOIIWAIZLTIAD JO¥D SO MOOTLAO CNW ONIYIL Lsvd {8)Z~1II TRl

AII-15



QL3008 00028861 wNLOY:2861-EL6T  3LON

§79T 6791 6291 0281 9291 SI9T 8291 929 23T 9281 G291 SI9T STOT 9%8T §eoT $29I WL0d
81T 1Tt 86 08 4L v 0L 99 &L 68 88 29 0§ L8 6 &V ENYD ¥¥91S
0 i 0 i 0 0 ¢ 0 g gint
& £ £ ) £ ¢ 4 e ) ) £ Y/ 3 4 g [4 000¥8CL
161 981 2LI 9ST  gST 6YT 96 83T 88T 89T 16T Lyl @1T 98 €8 98 $g080 710 ¥IRLO
g0 4 § s 8 gt et L L, L L g LU 0e %2 SI0LY10d
0 ¢ 0 0 9 -0 g ¥ Lol L 14 0T 12 0% . 02 ATIYY8
T ¥ L 02 02 1@ YT 82 2 St Sz 8 ¥ 8% & L3 o §7v3¥a0 ¥3HLO
8L01 LI0T ¥98 91L 889 659 SS9 g6 w6S 6IS 0SS 90§ 8y wiy Sev vl ‘ 1Y3KM
0 LI 29 68T 81T 221 gL 2.1 681 651 89T LT lLT 202 20 SET IZLVK
9807 8207 2961 6981 IS8T 5981 8511 LiLI B%8T 68LT BSLL 6ELY 89LT 1891 TEOT 191 AlQY
0007 S6BT (65T 688 V3G $£36T ZRAY 18T 0861 BLET BLOT LLET 9LBT SLET VYLET LT

- IV¥El NYIISamM -
TYIEN NI YAUY NOIIVWAIITAD 4O¥D 30 MOOTINO ANV ONENI ISvd  (6)Z-II *Tqwl

AII-16



0ALOErO¥d:0002-586T TEALOVIZEET-ELET 2l

917 817 83 812 812 8L3 8T 8L 813 83 B2 8% 81T 8 8 8L L0l
¢ ¢ ¢ ¢ ¢ o~ ¢ ¢ o 0o ¢ 0o 0 0 0 O INYD ¥YINS
161 z6 ®er ST 2l %ot ¢ ¢ 0 0 0 0 0 0 0 O 5%
s % ¢ o ¢ ¢ ¢ o ¢ v v 1 1 1 1 1 099¥501
s 9 1 Y ¢z 2 %z 'z & & % % %z v & & $4080 70 ¥IRIO
6 91 g1 eT 4 Ll 9L Ll 8 61 0z 12 % 2@ @ 2, $301Y104
vz 92 62 25 - § 1 ¢ v& v 9 §&¢ 9 M L& L A3tave
oY gy zv gy 1y 8 68 68 6 66 6E B 6 65 .if $7v3430 33HLO0
0 8 6 & 0L v 67 6 2 ve o8& 8 0y &y &L - ¥E S LY3EM
82 18 9 v v $ L v 9y 8 0g 2 &8 W oz, 08 371vk
ST 91 91 %2 1z 1@ 1z ¢ g W g ve ve v& v %2 AGaY4

0002 9661 0651 $861 Y861 867 2861 18FT 0861 6LET B8LET LL6T OLBT GLET PIET €i6l

- TIIE HOIE NMIULSIM=QINW =
TYIIN NI VENY NOIIVAILANS &0¥D J0 ¥OOCTIN0 ANV JNIML ISV (0T)Z=-II 9Tqel

AII-17



Q210370842 0002-C861  TVALOY:ZBET-EL6T  FLON

bOTT PSTT PSTL  SIT PSIT PSTTL PSTT VSIT PSTT PSYL VST PSIT ¥SIT VST YSIL $Sl 19308
T : ! 1 1 1 1t t r 1 1 v ¥ Ut 1 1 YD HYONS
¢ ¢ o ¢ o 6 0 ¢ 0o b % ¢ 0 0 v 0 oA
¢y r 1t 1 ¥ ¢ 1 1t 1t 1t 1t U 1 U 1 099¥80
1L 63 g9 9 & ¥e 88 95 Q& w66 ¥E 6z S 0¢ 0 $3089 110 ¥IHIO
v g¢ e g 6z 62 82 0% 8 9z ST € g 02 02 0% S301Y104
6 S $6 €5 € 26 £5 16 o ey Ly 9y ¢ Iy & O o X318¥8
oyl 681 18T g2l 121 02t £gl 021 211 S0 66 26 S8 98 98 98 - STYIY) ¥EELD
7vv Ly 18C $Y8 888 826 26¢ 26 ve S92 883 Ilz 681 991 £il  €ul T 1vaew
7.6 bie 8% 96 666 a0 igr 21y 80y 265 288 SLE €98 WLE WL LSE 27198
107 1l¢ 12z yee 98¢ 683 6ve 82 vee 86% 287 162 602 98¢ 98T 622 K0Q¥d
0002 $66T 0661 G861 VSST £861 2861 I86T 0961 6LET BLGT LB OLBY SLET VLT LT

TecEN NI YRSV NOIZVAIIINO dO¥O J0 MOOTIAO ANV ONTML ISVd

w TIIH NYZLSIM=-AIW -

(TT)Z=IX 2TqRlL

AII-18



QILHEL084: 0002-886T WALDV:ZEET-SL6T ~ BION

el 12l 1Zgl Teel teel 19l 1230 1931 gen 1eet 1%l 128t 123l 1gel 1egl 133l w101
T 6 L § § & 2z % § vy & ¢z v v 1 1 ANYD ¥YINS
¢ ¢ 0 0 0 0 , R T 3Lns
¢ ¢ ! ¢ 2 2 ¢ & & & g & & & ¥y 035801
0ee 226 208 183 L3 78 ¢ 297 89T 6se 1§% Sve L8y 82T 6EZ Vel $40¥0 110 ¥3AI0
2 w1 gl 8t I 1 gl gr oyt ST e 9T 4t L1 Ll $301t504
s s ¢ & ¢ & § § § & v .v & & v ¥ | RRptety
T s 21 T it it 8 &1 07z 97 0z 1 1w %z % % Y3430 $3HLO0
[18 §¥s g9y 98¢ L8 89S ovE vee Q08 987 197 9vZ 6% 3T 661 g6l e
200 o808 11 oI¢ 025 1z e8¢ 186 618 L1 viE gl e §9e g9 098 AL
os3 ey 818 OI8 LI S26 1001 168 QY6 926 686 £S6 686 TL0T ILOT 186 XaqQvd
0002 667 066T S86L 786Y $861 2861 1861 0861 6L6L 8L6T LLET 9LET SLBT VLET ELET

- IWUEL NIAILSIM-JIW =
TYSAN NI VENY NOIIVAILIND 40¥D 40 MOOTINO ONV ONIMNI LSWd (TT)T-XII oTRL

AII-19



051080044:0002-686T T9NIOV:ZB61-EL6T  3LON

o1z SL2 17 8.2 &uT 8L oL Bl §lT $,2 6.2 LT SL2 8T &lE &L _ ¥10%
8 g 0 1 1 T ¢ 0 ¢ 1 1. 4 ¢ Z & 0 ANYD §vans
6 0 0 ¢ 0 0 0 ¢ d 0 0 0 0 0 4] 0 . auer
0 ¢ 0 1 1 { 0 1 L SRR SR T I 1 1 1 o 000va0d
L L 9 9. 9 9 14 9 9 9 9 9 9 L 9 S $d030 110 ¥3ALO
L L L 8 8 8 L L g 8 6. 6 1) SA L 8 - 830Lvi04
s Lg S ¢ 2w w1 s 1g g ¢ 08 06 6z 1z 61 . 0% : A3TRVE
T 8 08 2 W W w L % 67 Y2 8% 8% Lk Lk L& $IY3¥30 ¥EHIO0
g¢ ¢ Zv 1§ §8 S8 69 69 99 v 28 09 88 ZL g6 &1 ML
v o & o ow W o wo o U g¢ L& 98 8¢ %€ Y 371k
8 9 8% 8¢ 99 99 § B8 89 8 8¢ 8 L% L8 i3 63 AQYd

0007 S$661 0661 G861 ¥86Y £861 2861 1861 (08361 BLET B8LST LLET 9L6T SLET 7iBL ELET

~ TIIH BOIH NYFLSAM-UYLI =
TRSEN NI YEEY NOIIVAILIAD JO¥D 40 MOOTILLO QNW JNIYL L5Vd {€T)T=-1Z o14qwy

AII-20



S . | 310800¥:0002-6861 TYAIOV:ZEGT-ELET  BLON

508 909 609 500 G089 S09 80§  S09 S0S 809 08 908 09 €08 8G9 509 . VL0L
1 I ! 1 1 1 1 1 1 1 1 { 1 { 1 1 gNYQ ¥yaas
0 0 9 0 d 0 b 0 L 0 0 0 40 d 0 0 S A 10
J g 0 g ) 0 0 1 . 1 1 { | S S 000vE0L
[N A S & S § SR A 6 K T LT 8T 81 1@ ¥ ¥ $4040 110 NIRLO
5 GRS QRIS > SOV ) SR SR 4 SRS SN2 SR 4 SR gt 0T 67 . Q01 01 S$30LYI08
6T 6t 02 62 0z 0z 8 gz w 1@ 3w & e v 02 -0 .. - R37EvE
18 6L PL L8 89 y9 89 19 0% i85 SS €5 18 v8 VS ¥ $TVEYED Y3RI0
evz Iz 622 11z LT ¥dZ 687 281 081 Ll 2Ll 981 g8l esT 261 181 Mkl L)
86 ST S1T 121 g2 vzl §2Y v2l 2l IS ¥EL  gEl  6El  IVT Iyl W B21vk
86T 68T 6LT Y9l I9T 88T SLT  6YT 8yl 2y 88T 881 0CT ST L8168l AQCY4

0062 9667 (0BS6T S86T Y86l £R6Y 2861 I86T 086T BLET SLET LLET 9L6T SLOT VLBT BLSI

= TIIR NYILSEAM-YII -
TYSEAN NI YAV NOILWAIITIAD dO¥D JO MOOTLNC ANV aNITVL LSV {pT)2=I2 TRl

’

AII-21



Q310300842 0002-8861 TYRIOV:ZBEI-ELET  3LOK

928 928 9823 078 928 928 988 928 978 928 938 923 9%8 928 978 923 - TYI0L
A A 4 1 1 I 4 1 1 ! 1 T I ! 1 T INYD yvans
¢ H ) 0 0 0 _ 0 0 1 cooooalnr
1 1 { 1 I i ! 1 I 1 1 1 I I 0 ! 232v801
e8¢ 008 687 L322 912 wog L6 vl WAL 18T ST gvl 821 811 86 %6 $4040 710 ¥IRIC
¢ 4 v ] S § L § g 9 9 4 L8 6 6 $301Y104
) ) ) 3 ¢ g I ¢ ¢ ¢ 1 1 T 1 gl g . A3V
g2 9 22 02 0z 02z 6T 02 97z 61 61 6T 61 61 61 61 $1¥3¥30 YAHLO
685 ©9¢ OIS veT 9§87 f¥e 8¢ 61T L0¢ LB .81 LY 99l i1ST &6 6 EN
262 Y22 902 181 €81 081 102 ST 98T 08T g91 691 3Ll g9l 281 161 VAR
178 608 681 T2 ZIL BOL S0L 889 S§9 689 99 899 089 09§ 088 029 AGQYVd
0002 $66T 0861 GOBT PSET ©861 2861 TR 086T 6L6T BLET LLET SLET SLBT VLET ELET

o= IWMED NYELSaEM=dvd -
TYAAN NI YENY NOILVAILIONO dO¥D IO XO0TINO ANV ANINX

LSV

(§7)Z=II 2TqRL

ALI-~-22



31990084 0002-8861 1¥A10¥:286T-6LT  3ION

avs Zre Z¥3 Zv8 g¥E gve 2ve &y v I8 U8 v8 I8 v I8 U8 o - WI0L
B 0 ! 1 1 1 ¢ 3 A ¢ [/ 4 [4 ¢ ¢ g 3NYD Yons
v 6 0 0 g 0 : 0 0 0 SN .41y
0 i g 0 ¢ 0 0 0 0 0 0 4 0 0 ! 000¥800
g 9 ¢ 9 $ 6 8 6. 6 §1. 12 0% @ € M % $4080 110 ¥ARLO
i §T 61 12 1z g v & i1 12 K et 81 18 18 (08 $3019104
1 1 1 1 T 1 1 1 1 1 ¢ g 4 1 -1 T - - ATYE
9 T gz v L8 6 vE 6v 8y & 6y &5 & b g9 &8 $1Y3930 ¥5RI0
207 87 987 82 98¢ 98¢ QLz 1. 087 16 26T 908 162 282 6. 08¢ LV3EH
o7y yIy ¥ES 6vE Zve SS& 9Ty S8 6vy 9vd VT WY 8L L Ld 98 7IVR
182 v82 167 962 162 887 ¥eE L08 96C 8% 26T 116 187 218 28 188 AGQvd

0002 S66T 0661 GBI 786 £86T 2861 1861 0861 6LET 8LET LLBT OLBT SLBT VLET ELET

= AZTTYA NANVHHIVM TVEINID -
TYIEN NI YRV NOIIVAIITIND <O¥D S0 MOOUINC ANW ONEMYL LS5Yd (9T} Z-11 STC%L

ATI-23



035030443 0062-£86T 1¢NLDV:ZEET-EL6T  ELON

0281 0287 OLST GLET 08T OLST Q48T QLET OLET OLET O0LET 0281 OLET QLS 0L81 0181 Y101
0 i ¢ ) i 1 0 0 i A [4 ¢ g 7 g 0 INYD ¥¥INS
18T 28T ger  8IT g1l 80T 0 0 0 0 0 ! ¢ J ¢ 0 aiar
0 0 0 ) 1 1 0 T g ¢ ¢ g [ g 3 g 032vE0L
) 6 0T 1r ¢ & 0t 9§ pt 8T 81 oyt &1 & 1& 6L $40¥0 110 ¥FRI0
oTT  oTU - 611 22T 221 Ze1 g8l gIT §1T 921 9gr €2l %I SR A N A 4 $30.Y10d
gg 68 16 ¥ 66 96 06 96 96 96 96 . 96 . %6 68 86 ¥6 . ABNVE

To09T 19T yer Ol £91 191 96T 281 891 w9l 29T vOl ..891 - 89T 881 . . $7Y3¥30. YARL0
o, 8L 98 YOI Il 9lT g1 €91 BSU @6 BET 88T LEI LST 988 992 - LVERM
08¢ 08 v8S 00y 2Gy 90y v Iy 61y SIy Zev  YI¥ FAZ A A T YA
00¢ 867 062 082 8.2 Vg DS 89T 95T 28T . veL 8% 8%t 187 961 803 AgQvd

0007 G661 0661 O86T 86T S861 2861 186 (0BHT 6LST 8LET LLET 9L6T SLET yLET ELEI

- TYIOL TIIH HOIE -
TYIAN NI YUY NOITIVAILIND JO¥0 J0 MOOTLOC QNV QNIML LSVd (LT)T=II 27ERL

AXI-24



031030084 0002-886T TYALIV:2EEI-ELE6T  BLON

906, Q06L 90BL SC6L G06L O06L 906L 905 906L 906L 906L 906L 906L 906L 906. g06. ghAten
81 U T 8T & 61 s L1 el 8T 6T 61 81 12 87 £ ANVD -¥¥O0S
0 g h ) 0 0 i 0 { ¢ { 0 0 6 8 81 ans
) 1 1 ) ) ) € 14 § 9 § ¥ 9 9 L L 00vE0l
787 281 ¥81 918 233 6%¢ 66 Le¢ 60C 992 L@ 106 052 Lle 19 69% . $40¥0 TI0 ¥3RLIO
967 262 £0S 608 908 L0S 8TE 906 267 L0E G0 862 S6T Sl¢ 06 14T $301¥108
200 S0T 80T 20T .07 80T 66T 80T 60T 60T 80T 801 601 80T 101 €Yl A378vE
SLL BSL 228 S98 OL8 9L8 816 88 993 (68 §8¢ 1.8 6L8 832 688 988 - $7V3Y3I ¥BELD
£96T 1061 E£ELT YEST 98YT OYYL 8281 S¥ET 0981 TBIL gSIT STIL TI0T (08 186 LI6 _ 1Y2HM
LLOS 2808 PYOS TI0E 9662 0867 0826 LEOE 2282 V69 208% ¥9LE Lvid V8L VAL VLT 821Yi
0557 1282 89YZ TLST YrEZ 9U8T VYT 9u8C 98IT €507 6502 GVUZ SYEl 186 S86L 0S6I AdQvd

0802 ©861 (0661 861 ¥E6T ©861 786 I86T 0861 6L6T 8LET LLBT 9LET SLET WLET 2LET

= TYLOL TIIH =
TYIIN NI YEYY NOXIVALITAD 4O¥D IO MOOTINO ANY ANEYL ISVd (8T)Z~II 214wL

AIL-25



Q310300847 0002-8861 TwNIIY:286T-EL6T 210N

7866 566 2986 ¢$66 2066 2C56 86 2866 2E6E gCEC TL66 2066 2066 o866 0966 20ee 14101
v0y 28C 828 .8 192 Q52 822 §9¢ g3¢ €0z gz 112 (09T 831 9% 98N INYD ¥YINS
¥3 8L 811 69T IBT $6Y 192 1% 192 192 19T 182 182 ¢9¢ €88 91 MLy
6, 8 9. v. &L 8L 8 ¥ ¢ gL &L 9L 29 88 IS Qv 002¥501
1107 S80T 7I0T ¥i6 996 LS6 §S8  vI8 666 vl6  IITD 666 608 288 088 €3 $4040 110 YEAIO
g8 98 16 L6 86 00T gST 80T z5 06 06 16 £0T LIT - LU OvDH SE01V10d
1€ 18 1§ gz §s g6 s» 99 L9 L8 99 8§ Sv 39 08 6L : . RAT¥YE
802 L0%Z ®02 002 681 861 £IZ 68T g6T 961 161 26T - SLT  00€ 86T 207 © §T¥3¥30 YBRLO
652y 9607 1995 £028 VOIS 2008 LSIE 16vC 698 68ve 688% 0Cve 8887 63¢T Ivil LSSI LY3RH
LZST 2281 28T POSY G081 £08T 98YT 908Y 1421 GOIT £6231 g98Y 6821 8881 QIvI 68T 371Y4
9LS0T 8SSOT S6YHT 0ZVOL TOVOY Z8E0T 9066 YSE0T 2L80T STE0T 82801 05201 vIv0L 8YELT 0¥e0l 81L0T Aigvd

0602 $66T 66T S86T PRSI $£85T 26T 1861 0861 6LBT 8LET LLBY GLET SLET VLET £L6I

= TYLOL IVH3L -
TYIEN NI ¥IEY NOIIVAILTIND JO¥D IO XOQTINC ONV CNEMI LSVd (6T)ZT~II STERL

AYI-26



-QA10310Y4:0002-6861 TVAIOV:ZBRT~ELET  FLON

20267 20261 S026T 80Z6T 80267 80261 8026 80261 80261 20261 80261 20761 80261 80287 20261 20261 101
zZv 665 SYS Y62 08T 0. €8¢ 2S¢ 1v¢ BeC €% 8¢ 08l IST @81 681 aNyo ¥vans
122 082 987 187 $67 662 152 18¢ 192 19T 192 182 183 Ul ogve QLS aine
08 6. AL 8L LL L 16 8% y. 08 08 28 QL 99 98 &S 000¥801
7920 vzl 8021 10T 1021 BEYT 20IT LS0T g2er SS3T 8661 vIET wLQL IEIT 28T O¥II §40¥0 110 JERIO
g6y 008 S8 82 92 628 €65 €28 66y f2e 61§ @IS vge ges  L8S  G8S $30LYI0d
vz Sy lvZ 882 88T 182 vyl 0L 2L LLE  OLS 28T 08% L9 Vi 9lY RITHYE
BSTT 98T ZBYT 6221 $62L L1821 2671 £721 Srel evel vyel S%3L 8IGL 9821 TSeT €Sdl STYIYE0 JTRL0
8625 SL0S S8YS IVEY 00Lv 858y 888y 100v 1868 618 089¢ £8%F £8ve 982C 806¢ 0VLT MLl
LOLY SLY OyLY SILy 20 689y 6018 SSLY 28y L8EY LEYY 0SvY 9SYP 8ESY €8SV VESY EhAgH
675t £806T $6261 2L0ST $205T 2L6ZT 08971 89621 ¥9LZL 08921 TS9ZY 99931 LTSIV 09S¢T 14Vl 1ig2l AQQvd

0802 9661 0661 G261 V86T 86T 2861 86T (86T 6L6T BLET LLBT OLET SLET PLEL SL61

- TYLOL QNIO -~
TYGEN NI VAW NOIIVAILINO d0¥0 J0 MOOTINO aNy ANEYL LSYL (0Z)Z=-IX o1qRy

AII-27



Annex I1-3

ESTIMATED/PROJECTED CONSUMPTION
NITROGEN FERTILIZER BY REGION
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Annex 11-4

CONSUMPTION OF FERTILIZER IN NEPAL
BY TYPE AND BY REGION
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Annex 1I-5

FERTILIZER RESPONSE IN NEPAL
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Pigure 1I1-1(1) FERTILIZER RESPONSE OF MAJOR CEREAL
CROPS 1IN NEPAL ‘

- Nitrogen Fertilizer on Paddy -
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e ——— ———  Hill

A i _ .
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. ; .

1000 AN “reoe Terad
0
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Source: Tables XI-5(1) and II--5(3)
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Figure T1-1{2) FERTILIZER RESPONSE OF MAJOR CEREAL
CROPS IN NEPAL

- Phosphate Fertilizer on Paddy -
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ice0l /= Inner Terai
----- Terai
0 N
44 .8 89.6 134.4 179.2

Source: Table I1-5(2)
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Figure II-1(3) FERTILIZER RESPONSE OF MAJOR CEREAL
CROPS IN NEPAL

- Nitrogen Fertilizer on Wheat -
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Source: Table II1-5(4)

AII-78



Figure 11-1(4)
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Source: Table I1-5(5)
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Figure 1I-1(5)
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Figure II-1(6)
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Annex I1I11-1

BASIC DATA FOR CARBON DIOXIDE SUPPLIABILITY
CORDITIONS AT CEMENT PLANTS TN NEPAL

Hetauda Cerent Hirzl Cement
Industries Ltd. Co. {PVF) Lia.
1. Dutlines of Cexént Plants
Clinker Production Process Rotary Kiln, Dry Snaft Kiln,
Suspsnsion Heater Black Meal
Clinker Production, TPH 31.25 5.25
TPD 150.00 126.00
TPY 222,750.00 37,422.00
Cozpletion of Plant 1985 1276
Exployee },200 3G0
2. Site Conditions
Location Hetauda Chobar, Kathmandu
Latitude, Horth 27724 271°39"
Longitude, East ' 85°01" 85°17"
Height, Above Seal Level, ®m 455 1,260
Site Area, m2 600,000 7,200
Theoretical _
Standard Pressure, =b 259.8 £70.8
ata 0.9472 0.8594
Temperature, °C -1980
Maxirmuz, Absolute 38.8 {April 24) 32.3 {April 25)
Kinimue, Absolute 3.0 {January i} {-i1.0 {January 14}
Yonthly Average
~-HMaxirum 36.1 {Aprii) 2%.4 (Rpril)
-Hinigum 5.8 {Janvary) 1.2 {(3anruvary)
aAnnual Average 22.8 18.4
Precipitation, &3 -1980
Annual 1,948 1,341
HYonthly Maxinum 361 (June) 343 (June=)
Monthly Mini=un 0 (January) 0 (XNoveazber)
Daily Maximom 158 (June 19} 100 (Jene 9)
Relative Hoaidity, & -1980 AM §:40 PH 5:40 AM B:40 PH 5:40
Annual Average 74 68 85 &5
Monthly Average
-January 83 14 95 64
~April 43 kLY 65 41
-June 74 16 82 74
-Septepver 7 79 58 79
Atrospheric Air Conditicn for Calculation
Pressure, ata 0.947 0.859
Teaperatovre, °C 23.0 18.0
Relative Huaidity, & 70.0 75.0
Composition, kg/kg-bry Air
~-Hitregen 0.7670 0.7670
~Oxygen 0.2330 0.2330
-Dry Air 1.00060 1.9600
-Moisture 0.0133 0.0105
-fFotal Air 1.01133 1.0105

ATII-1



3. Raw Materials for Cement production

{a) Linmeskone

{(Unit: wt%, Dry Basis)

Hetauda Cement Himal Cement
Industeies Ltd. Co. {(PVT) Ltd.
__ Average Range _Average Range
Cheaical Analysis
Ignition Loss 35.3 39.0 - 35.4 38.4
SiO2 13.3 12.3 - 6.5 9.2
Alzo3 2.9 3.7 - 2.1 2.4
?e203 0.6 1.6 - 0.6 2.4
Cao 44.7 47.6 - 42.8 45.5
“30 1.5 3.8 - 1.2 1.7
SO3 0.20 - 9.1s
Razo 0.14 - 0.01
X,0 0.60 - 0.55
Cl 0.0} - .01
PZOS 0.07 - 0.05
Tio2 0.12 - 0.08
#ny04 0.15 - 0.34
Tokal 161.09 100.80

Cozposion after Calcination

CO2 36.45
Ash, Sulfate

and Phosphate 63.20
- Others as Water 0.35
Total 100.00
Limestone Bhainse
Source Dobhan,
Hetauda

Data Soucce HCIL, IT8 -1927

37.35

- 561.40
0.75

100.00

Chobar,
Kathsande

2Cce -1983

Hote: Available CO2 is calculated assusaing that CaCO3(C02/CaO=0.?843)

and ¥gCO, {CO,/Hg0=1.6915)
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{(b) Clay

Chemical Analysis

Ignition Loss
SiO2
A1203
Fezo3
€a0

Total

{Unit: wti%, Dry Basis)

Hetauda Cenent
Industries Ltd.

Himal Cemenk
Co. {PVT) Ltd.

Composion after Calcination

CO2
aAsh, Sulfate
and Phosphate

ﬁthers as Watker

Total

Clay Source

Data Soucce'

Averaqge Range Average Range
8.8 7.6
59.5 58 - @2 58.9
19.0 19 - 2% 20.5
8.1 8 - 10 8.2
3.3 0.5 - 1.0 1.5
0.7 0.7% - 1.25 1.9
9.03 0.19
0.03 0.18
2.20 3.15
- 0.01
G.G6 Q.34
- 0.92
- 0.11
98.27 102.60
0.008 0.040
91.20 40.80
__38.30 _ __9.20 _
160.00 100.¢0
tamsure, Kathaandu
Hetauda
HCI, ITB -19727 HCC -1983
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{c} Tron Oxide and Gypsun

Chemical Analysis

Igqnition Loss
SiO2

A1203

?e203
Ca0

g0

K,O
POy

Total

Hetauda Cement
Induskries Ltd.

{Unikt: wt%, Diy Basis)

Himal Cement
Co. (pv7} Ltd.

Composition after Calcinatien

CO2
Asn, Sulfake
and Phosphate

Others as Water

Raw Material

Source

Data Source

Iron Ore Gypsun Icon Qie Gypsunm
1.2 16.2 (Not Used 16.8
4.6 9.3 in the Plant}) b I |
2.3 1.8 - 1.8

33.3 1.1 - 1.3
0.3 31.0 - 31.0
0.7 2.0 - 2.0
0.04 32.5 - 32.5
0.19 0.19 - 0.19
3.92 0.24 - .24

100.46 94.93 - 94.93
0.90 0.00 - 0.00

98 .80 83.20 - 83.20

1.20 16.30 - 16.80
100.00 100 .00 - 100.90
Bihac, Bikaner, - B8ikanecr,
india or India India

Phulchowki,

Nepal

HCE, IT8-19%77

HCI, [TB-1927

AIYI-4
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4. Urility for Cement

(a) Fuel

Chemical Analysis
Moistere
Ash
volatile Hatter
Fiked Cacrbon
Carbon
Hydrogen
Sulfur
Nitrogen

Oxygen and Others

Production

Heating Value, kcal/xg

Gross {High}
Nek {Low)

Specific Gravity
{15/4°C)

Chémical Analysis of Ash

Ignition Loss
5103
41,03
Fey03
Cal

H30

303

Najz0

K50
Ti0z/¥,0,
¥nO/ai0o
P30g

Cl1

Cozposition aftec Combustien or Calcination

€Oz
HyO

{Including Hoisture) 108.2

Oxides, Sulfate,

Silicate s rhosphate

Fuel Source

Data Source

Notes: 1) HCE

2} HCC

(Unikt;: wi%, Dry Basis)
Hetauda Cemant Himal Cement
Iadustries Ltd. Co. (PVE) Lid.
Fuel Mixed Coke Special Low Mixed
"0l _Coal Use Breeze Volatile Coal Use
0.05 2.4 1.9 2.2 2.1
0.901 190.0 28.7 19,5 23.8
95.0 40.0 6.5 10.7
- 4.0 47.0 64.1 67.6 63.3
85.0 76.0 63.5 7r.6 66.9
11L.Q 5.2 0.2 2.3 1.3
3.5 3.5 0.5 0.2 0.4
0.30 1.1 G.9 0.2 0.9
0.30 1.2 4.4 5.1 _ 4.6
100.16 39. 4 100.1 icl.8 1W00.6
11,152 7,100 5,510 5,117 5,464
19,558 6,305 5,370 5,390 5,380
0.96
0.5 0.69 0.5690 - - 2.42
34.7 58.00 58.900 54.60 52.90 53.75
0.1 27.50 27.60 27.43 28.05 27.74
8.7 5.0 5.%0 7.712 11.85 9.79
4.2 2.60 2.60 3.82 S5.64 1.13
1.0 0.80 0.80 3.50 1.27 2.39
0.3 d.28 a.28 2.83
0.3 .11 8.11 0.55
0.2 1.70 1.70 2.12
20.3 - - 1.51
11.3 - - Q.07
- 1.25% 1.25 0.88
- - - 0.01
81.9 98.84 98.84 97.07 99.71 109.00
318.8 256.5 245,130
49.2 11.04
0.0 10.0 _ 30.00
427.0 - 315.7 286.34
Iindia Assan, - BDurgapur, India India
Tndia India
Consul- HCI-ITB HCC-1934 HCC-1984 HéCc-1984
tant -1927

ATII-5
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is consvzing a 1/2 of fuel weight as coke and 1/2 as coal.



{b) Raw HWater
Hetauda Cement Himal Cement
Industries Ltd. Co. (PVT) Ltd.
Source River Bed Well at Bagmati River (17.0°C, 30m’/ay)
Kukhuceni River flant Well {22.5°¢C, 3m3/8)
{18.0°C, 500m>/0) Quarcy Well  (20.5°C, Sm>/H}
City Water (18.0°C, ¢.1lm3/n)
Analysis, ppa Kukhureni River Bagrati River Plankt Well
Record Heasured Measured Measured
pH 5.85 5.8 7.2 7.8
Eleciric
Conductivity - 24 2175 450
Total Hardness 12.5 19 91 275
Fe 0.017 6.908 3.1 Co-
3102 - - -
C1 - 3.3 13 LE:
SO_! 2.5 72 16
P —_ - - -
b § 30.5 - - -
CoD - 1 10 -
Suspend Solid - 1.6 a0 A
Disolved Solid - B }:1 198 274
Total Alkalinity - 25 - -
Notes: 1} Unit of electric conductivity is microaios/cm.
2) Unit of hardness is in teras of CaC03.
{¢c} EBlectric Power
Retauda Cezent Himal Cereat
Iindustries Ltd. Co. (PVT) LEd.
Source Hepal Electricity Corp. Nepal Electricity Corp.
Veltage, Volt 19,000 440
Frequency, Hz 50 50
Phase 3 3
wire 3
Location At Fernce At Fence
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S

Notes:

Raw Haterials

Limestone
Clay

Lcon Ore
Sub-Total

Fuel

Fuel Oil
Coal, Assam

Coal, Special Low

Yolatile
Coke, Breeze
Sub-total

Total

Free Moisture

Black ¥eal
Raw Heal

. Fuel

Sub-Total

Grand-Totazal

Fuel Coasumption,

103 xcal-LuY

Others

Atzospheric Air
Gypsum
Electric Power,

-Fuel 0il
-Coal

Jute Bag, 50kg N2t, Shact

Cheaicals
-Alum
-Bleach Powder

Luba Oil, and Grease, %g
1055 daring Productidn

Xah
Process dater, =3

€ooling rater Cicculation
Fuel for Paw Meal Drying

Raw Materials and Utilities Consumption

{Unit: Ton/Ton-Clinker, Dry Basis)

Hetauda Cement
Industries Ltd.

1.438

0.0628
0.90833

2.213
0.05
130

5,295

0.0087

20.1

0.025
0.925

Hiral Cenent

Co.

(PVT) Ltd.

1.350
0.125

0.249

0.254 (13.0%})

3.120
0.06
100

3.35

0.0117

20.1

0.0005

0.053
0.030

1) Clinker preduction of 1.0 ton is equivalent to

1.05 to 1.0& ton of bagged cezent production.
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6.

Clinker Composition

Chemical Analysis

$i0;
Ala03

© Pey0;
Cad
¥g0
503
Ha)o
K90

Moduli

HM
SM
M

Carbon Dioxide in Flue Gas

Physical Conditions
Temperature, °C
Pcessure, ata

velocity, kmd/m?.sec

Location

Analysis,'wt%—ﬂet Gas Basis
O
N

2
0

N 2
CO2
Hzo
Nox, ppa
SOK, ppa
Dust

1.93
3.00
2.60

Hetauda Cenent

N

L)
LSRR R S
I
(- S N

99.1

1.82
1.90
1.50

Hiral Cezent

Indusiries Ltd. Co. [PV7) Ltd.
Base Extrexe Base Extrexe
Case Case Case Case
113 1027120 120 100/130

G.947 0.859

15.0 5.7

Cutlet ofF Eleckro-
skatic Precipitator
{19a)

9.10
56.11
8.00
27.18
8.72
127
600
0.07

Carbon Dioxide Gas in Pluwe Gas

Hourly., TPH

Baily, TPD

Annwal, FpY

24 "HPD x {365-35)DPY X O
Flow Rate of Flue Gas,
Par Ton of Clinker

Welght, Wet, TPE

voluze, Wet, NalpT

25.458
816.40
183,0692.67

-2

3.026
2,275

AIII-8

Ouilet of Stack

(33.5m)

2.16
58.25
10.40
20.63

8.12
51

8

0.31

4.42
105.928
31,475.09

§.077
3,123



Figure AYTIL-1

{1} Flue €as

i et

—Yelocity: 12.08m"/m' ¢ sec

{2} Rau Yaal

» -Suspension Prehealer

Clinker Production Systen

-Rotacry
3.9%9aD0 X

CARBON DIOXEDE BALANCE AT CEMENT PLANTS IN NEPAL (1)

(4) Leak Air

¥ (5} Clinker Production

-1. 000 tPd
-Electrostatic
€3) Coxdustican dir —————»] Precipitatorde— {6) Feel
Basis:

Cozpany - Helasda Cegent indeskries Litg.

Location: ¥etacda, Xepal

Glickes Production: 125 TPH

Atmasphere;
~Pressate: .97 ala
—Teaperatare : 23.0 ¢
~X¥aislure : 0.0133 Ye/kg-diy air

ftens Uait Flov fosr 1.000 Ton of Clinker Produclion

farst () . O]l@. o]l olw. . o]le.o]em. m

(=) Ot Flez Gas Bav Meal Coabasicn Air teak Air Clinkas Fuel
Tesperatuere, © 113 2060 23 23 100 23
Pressase, ata 0c.947 0.947 0.947 Q9.947 ¢.947 0.947

_ . . - e
Katerial Fic7 Bait Tea ¥u® Ton Xn' Ton o Ten b1 Toa Xm' fen X’
. : 1}

Xeltal Garides - -1 0.533 - - - - - 1.030 | 0.333] 0.013 -
H? - —~§ 0.¢02 - - = - - ] 0] 0.007 -
C - ~1 90.113 - - - - - 0 0f 0.G3% -
N, - - - - - - - - 0 o} o.001 -
02 {Bigaaics) - - 0Ly - = - - - ¢ o] 5.¢43 -

Dey Solid Totalg 0.502 - 1.533 - - - - - 6001 0.333) 0.1G3 -
Xaistanre - -1 0.¢31 - - - - - 0 0] 0.002 -

Yzt Solid Tolal] 0.292 -1 1.614 - - - - —1 Lepd| 0.3331 0.110 -
CO 9.(92 2 - — | 0.c03 0] 0.003 Q — - - —
N? 1.638] 1,358 - - 0.333F M9 0.7¢2 838 - - - -
o, 0.242 153 - =1 o.223 19t o0.242 153 - - - -
CO2 9.322 {12 - - | Q.0650 01 0.200 0 — - - -

2)
Bry Gas Totall 2.7182] 1,345 - - 1.172 2101 1.841 &3 - - - -
n . .
Xoisltuwuzee 9.254 Kr.s) - — | 0.018 131 0.91¢ 11 - - - -
¥elt Gas lol_al 3.6 | 2,2H - - 1.153 9231 1.85% 323 - — - -
¥et Material 'iohli 3.022 L;E.??S i.614 - 1.163 291 1.6%5 8251 000 0.333] 0.05S -

XG13S;
proafaclion.

2) X sxall azzanl of .\'ﬂt ard 9)l aze acasared separatels.

1} ¥ztal sxides sears szlal oxide, salfale, silicate, plosplate zod ofbers 7hich fore solid zalerials ia ceacsl

3) Ihs saterial Malance is calcalated al sleady state of Balarced epzialtion of calcization and raw w221 Jrsinz.
the sstalanced eperalieg cordilion are censidared in enlrese case for desiza pocpose ol carbon dioride

feoaiery.
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Figure AIILI-1

CARBON DIOXIDE BALANCE AT CEMENT PLANES IN NEPAL (2)

Clinker Produclion Systea
(1) Flue Gas el Shaft X il alg——— (4) teaxAir
~Yelecily: 3.0 X"/t « sec 2.4aDX §2sl
(2) Black Xeal — M-85 tacx » (5) Clinkes Production
1.6a0 at 33sH -1. 0800 TPH
(3) Ceadustion kit —— MW €t . 522 )
Basis:
Ccapany : Hieal Ceszal Co. (P¥1) L1D.
Lecation: Chobar, Kalksandu, Xezpal
Clinker Produclisa: 95.25 1pd
Alwosphzre;
—Pressare: 0.853 ata
~Tesgeralere : 18.¢ ‘¢
—X¥nislare: 0.0105 kes/kx-dry air
1taas Uait Flov foi 1.8C0 Tea of Clizker Production
Stov Point (#) 1a J (), () | @ . D |G, || G, )
{—) O0al Flge CGas 8lack Xzat Cozbasion Air teak i Clinker
Teaperatare,'C 120 18 18 18 200 .
Pressnre, ala 9.859 0.859 C.859 0.858 0.859
Xaterial Flox Bait Tos h iy toa X' ton Xt foa Xm' Tes =t
1)
Xetal Oxides - - 1.604 - - - - - 1.6¢3 ] 6353
H2 - - 0.905 - - - - - 1] s]
c - ~ | e.257 - - —~ ~ ~ 0 0
Ng - - 0.CG2 - - - - - 9 1]
02 (Oszamics) - -1 3.233 - - - - - 0 /]
Jr1 Salid fetal 9.002 ~ 1 1,513 - - - - -1 o] 0.3%
Moisture . ~ —F 0.255 - - - - - ¢ -0
¥el Solid totald 9.002 — 1 1.233 - - - - =] e} 0.333
co § 0032 7 - - 0 9 0 o - -
Nz 2.375 1 1,318 - - 1,182 @23 | 1,331 935 - -
02 9.4 237 - -1 0.383 U7 324 252 - -
CO2 9.841 128 - - g 0 0 0 - -
2) : . ' .
Bry Sas Totalg 3743} 2.7} - - b.515 ¢ 1,198 1.6551 1,247 - -
Xoislare 3.3 112 - - g.015 a1 o0 |- 21 - -
¥eil Gas Totall 4.007[ 3.123 - —1 1.531§ 158 ) 1.522] 1,753 - T
Yel Xaterial Total £.017] 3,123 - - 1.531 II.ISS 1.522) t.288] 1.600] 0.333

XO1ES: 1) Xelal arides zeass selal oside, sulfalte, sitizale, plospialez 25 atbais which loia solid
zaterials is ceszal prodeclica,

2) A szall axoant of N3, XD

2

2l :':J? are seassied separatels.
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Annex III-2

PRICE INFORMATION IN NEPATL FOR CONSTRUCTION MATERIALS,
LABORERS, WORKS, ARD INLAND TRANSPORT

PROM CALCUTTA

(1) Construction Materrials

Ttem

Cenment

Sand

Gravel

Round Bac
Rouvnd Bar
Angle

I Beam (I Type)
Cannel

plate
G.1. Plate
Pipe

G.I. Pipe
Asbesto Slate

Timber

Ordinary Plywood

Planed Plank

Brick
Brick
Acetylene
Acetylene
Oxygen
Notes: 1)

2} Rs

AIII-11

Specification Unit
50 kg, Bagged Ton
- m3
- w3
Twisted (8 - 20 mrD} Ton
.Plain (8 — 20 mdd) Ton
- Ton
- Ton
- TOon
4 - 12 mm thickness TOon
- n?
1B - 2 172 1.0 - 2.5 Inch Ton
.12 med ft
£e2
Squate 25 X 50 x 4,000 "3
3 x 1,200 x 2,400 2
12 x 200 x 4,600 £i3
Chirney made 1,000 nos.
Machine made 1,000 nos.
Gas ald
Catbide kg
- Cylinder

-Generally observed price level in January, 1984

Price Level

RS
2,000 -
38 -
55 -
8,800 -

8,000 -

i

6,700

7,150

7,800

1

10,500

1090
10,000 -
3.6 -
1.0
3,500 -
30 -
0 -
400 -
500
172
22 -

272 -

in Nepa2l

Nepalese Rupees (Bxchange Rate in Januvary, 1984 is

Rs 15.65/1.0 Us$)

2,900
45

69
9,000
9,000
10,000
11,000
10,500

11,500

13,000

7.0

3,900
1c0
150

475

23

292



{2) Construétlon'Laborers

Direct Daily Salary, Rs/Day

Ltens . Trained Experienced Untrained
Heal Coolie - 18 -
Coolie {(Male) - - 16 .
Coolie ([Pemnale)} - - 14
éoolie {Small) ‘ - - 10
Head porter - 18 -
Porter - - 16

Mason, Cazpenter, Painter,

Plumber, Blacksmith 34 ‘32 -
Blectrician, Mechanics 32 30 -
Pluﬁher Foreman 35 32 -
Drivee (Light vehicle) 25 - -
Truck driver 30 - -
Driver cum Junior Mechanics ' 21 - -

Truck driver cum mechanics,

heavy equipzent operator 32 - -
Timber sawer - 25 =
ﬁood.cérver, Stone carver 32 30 -
Helder, foreman 32 30 -
Security gquard 25 22 -
Wight watchman 25 22 -
priller 32 30 -
Helper . - ;8 -

Kotes: 1} Generally observed wage level in January 1982 in Nepal.
The wage levél is mostly for governmental project, the waqe
level is approximately 30% higher in private sector.

2} Rs ='Nepalése Rupeés (Exchange Rate in January, 1964 is
' Rs 15.65/1.0 US$§)
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(3)

Construction Works (Labor plus Materials)

Iten ‘Specification Unit Price Level
Rs
Earth Work - Excava- 0 - (-)3m (G.L.}
tion and Pilling Up to lead 10(m n3 17.25 - 18.30
Earth Work - Excava- {(-)3 - {-)om (G.L.)
tion and Filling Up to lead 100m nl 36.6
Sand Filling Work Sand m3 84.0
Gravel Filling Work River Gravel m3 140.0
Transportation of Soil  FEabor only 100-500x n3 20
Labor only 100-
1,000m n3 30
Concrets Work {1 : 2 : 4} Plain n3 1,200
(1 : 3 :6) Plain n3 925
Reinforcement Concrete
York (L :2 : 4) m3 1,280
Mild Steel Reinforce-
ment Work TON 15,660
Fora Work m2 92
Asbesto Cement Sheel
RPoofing n? 160
Brick Work Kortar (1 : 4) w3 890
Chnimney-naade Brick
Brick Work Mortar {1 : 4} n3 790
Machine-nade Brick
Course Rubble Hasonry Mortar {1 : 4) n3 910

Rotes: 1)

Generally observed price level in Januvary 1984 in Kepal

2} The price level indicated above is inclusive for labor
waterials and a 22% of adainistration charges.

3) Rs = Kepalese Rupees (Exchange Rate in January, 1984 is

AIIIr-13
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{4) Inland Transport from Calcutta, India

Road Trans- Days Cargo and Weight/
Transport Route porkt Cnarge Raquired Length Restriction
USE/Preight Ton Days
Calcutta, Raxaul, India 60.0 5.0 Dyy Season
/Birganj, Hetauda, Hepal ~30 Ton :
{860 km) -4 x 10 Meter
Rain Season
- 10 Ton
- 4 x 10 Meter
Calcutta, Rautunwa, 250.9 25.0 Ory Season
India/Bhairawa, tHetauda, -~ 70 Ton
Bopal (1,500 km) - 4.5 x 12 Meter
Rain Season
~ 30 Ton
- 4.5 x 12 Meler
Calcutta, Raxaul, India 20.0 7.0 Dry Season

/Bivrganj, Kathnmandua,
Nepal (220 km)

Wotes: 1)

. 2)

- 15 Ton
- 4 x 10 Meter

Rain Season
- 8 Ton
- 4 x 10 Meter

Rain Szason in Nepal is from April to Septeamber.

Transport charge is not including import tax of 1.0% of

CIF value which should be paid by import contractors.
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Annex III-~3

ELECTRIC POWER CONSUMPTION AND OVERALL LOAD PACTOR
IHCREASE AT THE UREA FERTILIZER PLANT

1. Bleckric Power Consunption Pattern

The proposed urea fertilizer plant in Hepal will utilize
secondarcy energy eleckric power as a major input for the
production of urea fertilizer. The unit consumption of total
electric pover in the plant is 6.642 MW/Ton of urea and out of
this, a major portion of 5,411 HMW(81.5%) will be consumed for
hydrogen gas production at water electrolysis plant and the
rest of 1.231 MW(18.5%) will be utilized for ammonia syathesis,
carbon dioxide recovery, urea synthesis and other facilities in
- the urea fertilizer plant. The supply of electric pover is
preferable at 132 kV level at the plant.

It is desirable to Operate the whole urea ferkilizer plant at
the design capacity (275 TPD or 11.458 TPH) continuously
throughout a day and a year except Jduring the annual scheduled
shut down for maintenance- purpose for approximately 30 days a
year., Generally such urea fertilizer plant by electrolysis and
carbon dioxide recovery schemes would be operable at 90% of
capacity utilization if adequate and stable supply of electric
pover 1s obtainabie,

Therefore, for such continuous operation of urea fertilizer
plant, a stable supply of electric power of hourly 76.1 HW or
daily 1.827 GvWh {(monthly 54.8 Gith ... 30 days or annual 542.6
GHh ... 297 days) is required.
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However, in Nepal the electric power supply during the dry
season, especially in the morning and evening, has been and
would be tight and limited, therefore specific provisions in
the plant are required in the proposed plant in NHepal, such as
to have hydrogen storage facility to keep continuous operation
of amnonia and urea plant at technically minimum operable ievel
(50% of design capacity) while closing doWwn the electrolysis
plant during a few hours of the peak period of electric power
supply Shortage to take full advantage of maximum uvtilization

of secondary energy electric power which will be supplied at
special tariff.

The hiyhest peak of electric power coasumption in Hepal is
observed in the evening {(from 7:00 P¥ to 23:00 PU) for four
nours and the second peak is in the morning {(f£crom 8:00 AM to
19:00 AM} for three hours, therefore the capacity of hydrogen
gas storage Eor twWwo hnours full operation use would be adequate
to keep operation of ammonia and urea plant at a half load -

Wwithout manufacturing hydrogen gas during such powver demand
peak hours. )

During such half load operation of ammonia and urea plant-
{5.729 '*PH of urea) without water electrolysis operation, the
elecpric power consumption is reduced to 0.6155 WW/7Ton of

urea. Therefore, the electriic pover supply of 3,526 MW hourly
is the mainimum level to sustain such coatinued operation. The
daily production of urea at the plant will be flexible from 275
TPD{100%) to 137.5 TPD{(50%) according to the availability of
secondary energy. Therefore hourly electric power requirement.
are from 3.5926 to 76.106 MH hourly or 0.913 to 1.827 Gih daily.

Summarizing the above analysis and discussion, the electric

power consumption increase for the proposed urea fertilizer
plant is calculated and shown as follows;
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UREA FERTILIZER PRODUCTION AND ELECTRIC
POHER CONSUMPTION

- Season

' Urca Production

Electric Power

Consumption
. Hourly, ‘tpd Rourly, Hd
N OfE- OFf-
Peak Peak Daily, Peak Peax Paily,
Hour Hour TPD Hour Hour GWH
(3+4 (17 (24 (344 (17 (24
Hours) Hours) Hours) Hours) Hours) Hours)
Rain Season .
~Hormal 11.458 11.458 275.8 76.106 76.106 1,826.6
Operatkion
Dry. Season
~Minimum 5.729 5.729 137.5 3.526 52.272 0.913.3
Continuous
Operation
-Shut bown 0.0 0.0 0.0 0.0 0.0 0.0
-Annual 0.0 0.0 g.0 0.0 g.0 0.0
Maintenance

The annual requirement of electric power for the urea

production is,

annual production scnedule which 1S shown in Table 4-9.

Year

ANHUAL UREA PRODUCTION
AND BLECTRIC POWER COHSUMPTIONH

Urea Production,

Eleckric Power

therefore calculated in accordance with the

TPY  Consumption, Gxh

1991/92 .

92/93
93/94
94/95
95/96

2001/02

2005/06

54,500
55,340
59,320
62,480
64,610

L]
-
-

692,750

12,620

ALL1-17

362.0
367.6
394.0
415.0
429.1

463.3

482.3



2. Overall Load Pactor

After the completion of the urea fertilizer plant in tHlepal, the
additional consumption over the firm energy would be added and
consequéntly the overall load factor will be increased. The
overall load factor without urea fertilizeéer plant and with urea
fertilizer plant.is calculated and shown below; 7

OVERALL LOAD FACTOR OF ELECTRIC POWER COHSUHPTION

Consumption, GWh Load Factdr, 2

. Without Hith Hithout Hith
Electric Power Urea ‘Urea Urea Urea
Yeéar Generakting, Gih Project Project Project Project
(Firm (Figm
o Energy) Energy) .
1991/92 1,725.7 1,167.8 1,529.8 67.7 88.6
92/93 2,263.9 1,299.4 1,667.0 57.4 73.6
93/94 2,690.8 L,445.6 1,839.6 53.7 68.4
95/96 (2,690.8) 1,788.0 2,217.1 {66.4) (78.7)
2001702 (2,620.8) 3,345.5 3,808.8 (124.3) (141.5)

The electric power generating capability and consunption
without the urea fertilizer project are shown in Table 3-5 to
fable 3-7. Tn¢ annual overall load factor for firm enetéy is
67.7, »7.4, 53.7, 59.8 and 66.4% in 1991/92, 92/93, 93/94,
94/95 and 95/96, respectively, and after the compiétion of the
urea Fertilizer plant the overall load factor will be'imQIOVed
up to 88.6, 73.6, 68.4, 75.2 and 78.7%, respectively.

The electric poWer denerating capability increase in Ne9a1 is
assuned to be limited up to the complefibn of Sapta Gandaki
plant, therefore the deficit in 2001/02, calculated above is
obvious due to such consideration. The deficit would be

observed even withoukt urea fertilizer plant in dry season of
1995/96.
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Annex I11-4

WATER EBLECTROLYSIS PROCESSES

1. Introduction

The electrolysis of water to produce hydrogen and oxygen was
first discovered by Dr. von Cavendish in 1766. The chenmical
reaction is shown in accordance with the Faraday's Law as
follows,

H,0 + 2F = Hy (gas) + 1/2 0, {gas)
vwhere F is the Paraday's Constant,

F = 96,484.56 + 0.27 Coulomb
Tne theoretical electric power requirement in direct current to
produce 1.0 Nnd - H, (gas) plus 0.5 Nm3 - 0, (gas) is
calcufated as 3.55 kdn/1.0 Nm3 - H, with 1.48 Volts
potential, however for industrial operations the electric power
requirerent is much nigyher according to the process and ranges

between 4.00 to 5.060 kWh/1.0 Nm3 - l-l2 at 1.6 to 1.9 Voltage,

‘fne theoretical reaction of the amnonia and urea production is
described as follows,

3H2 + 28, = 2NHj {(Awmmonia)

2QH3 + €O, = HH,CONR, (Urea) + H,0
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Therefore tne overall reaction in weight basis is summarized,

2H,0 + 2Ny ¥ COp + 6F = NHHCONH, + 3/2 0y

I

L.5H,/NHy (3 x 1.00794)/(14.0067 + 3 x 1,00794)

0.177553

2NK 3 /HHHCONH, = (2 x 17.03052)/60.05516 = 0.5671626

The consumption of hydrogen is generally queted in volume as
Follows,

1,972.93 um3 - H, (gas}/1.0 Ton of Ni,

1,118.97 knd - H, (gas)/1.0 Ton of Urea
The electric power loss at the transformer and rectifier is
generally 3.0% £rom alternatindg current to direct current

electric power, therefore the theoretical electric power

consunption for the hydrogen production by water electrolysis
is calculated as follows,
3,972 kWnh/1.0 Ton of Urea (Theoretical)

5,249 kHh/1.0 Ton of Urea (Industrial)

Additional electric power of 1,231 kidh is required for
industrial production of ammonia and érea.

2, Industrial Water Electrolysis

Large scale industrial production of hydroygyen by electrolysis
of water was first done in 1930,
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Hydrogen obtained by water electrolysis is utilized at present
for nitroyen fertilizer production, metallurgical processes,
glass manufacturing, meteorological use, fat bhardening, argon
purification, chemicals, nuclear powWer plant and cooling of
electric power generalbors.

Reyarding nitrogen fertilizer production Erom hydrogen obtained
by water electrolysis, the major products are nitric acid and
ammoniuvi nitrate as final product.

A list of ammnonia plants using electrolysis hydrogen from
either water or sodium chleride is shown in Table AIII-2-1.
Although some of them are now idle or shutdown, the total
production capacity is approximately one million tons of
anmonia yearly. The largest ammonia plants are in Norway and
in Egypt witi a 100,000 'TPY capacity where low cost electric
pOHef is available. 1t may be noted that none of them are
directly producing urea as the final product.

3. Water £lectrolysis Processes

Several electrolysis processes are now available as
commercially proven technolody; the major features of such
processes are sumparized in Table AIII-2-2. There are
basic¢ally two types of electrolysis cel}, namely Bath Type and
Pilter Press Type. The operating conditions differ fronm
atmoépheric pressure to pressurized up to 30 ata to produce
highiptessure hydroden. The electric power consumption is the
rmost important index for the process cbmpa[ison, the
requirement being from 4.22 to 5.5 kWh for the production of
1.0 Hm3? of nydrogen 4gas. The reactivity of the electrode is
highfduring'the initial year of operation and gradually
declines, eventually requiring reactivation treatment. The
consumption of electric power similarly increases with each
operating year but after the reactivation, the consumption
returns to the original mininum level.
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Annex V-2

BACK DATA FOR ESTIMATING ESCALATION






Annex IvV-2 {1) PLANT COST INDEX

(Unit: 1980=100)

LC.E. PLANT SRI PLANT COST INDEX

COST INDEX
Year =~ (U,S.A.) U.S.A. JAPAN W.GERMANY
1980 100 1¢0 100 100
19381 113.7 lie.1 104.7 105.2
1982 120.3 120.7 107.4 112.4
1983 - 122.0 122 .4 114.4 113.8
1384 122.9 N.A. N.A, N.A.
Av. Ann,
(1980-1984) 5.3%

5.2% 3.4% 3.3%
Escalation .

Source: Chemical Engineering, U.S.A.
SRI, U.S.A.
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Annex 1V-3

BREAKDOWN O PRE-OPERATION EXPENSES
AND INITIAL WORKING CAPITAL






1.

Personnel Expenses and Overhead

1.1

1.2

1.3

1.4

1.5

1.6

Total Personnel Cost

Hote:

Annex 1v-3{1)

ESTIMATE OF PRE-OPERATIONAL EXPENSES
(1984 Prices)

fnitial 3 Years

General Manager {1 x Rs.
Managers {3 = Rs.
Senior Engineers, and

Senior Officers {6 % Rs.

- Supervisors, and

Officers (10 x Rs.
Secrekary, and
Workers {10 x Rs.

 General workers (5 x Rs.

Total

L.ast Half Year

34,200/yc
20,520/ yc

15,960/ yc
13,680/y«

10,680/yr
7,320/ y«

50% of Eull personnel cost
{Rs. 3,637,320/ x

Overhead ~ {1.3 x 70%)

Total: (1.3 +

Overseas Trip Expenses

(1.1 + 1.2)

1.4)

(2USH5,000/trip x 10 Erips)

Personnel Expenses and Overhead:

1/ See Table 2-5, Part 1V

AIV-7

X 3 yrs)
X 3 yrs)

x 3 yrs)
X 3 yrs)

X 3 yrs)
3 yrs)

0.5}

Grand Total

Rs.
Rs,

Rs.

Rs.

Rs.
Rs.

Rs.

BRs.

Rs.

Rs.

102,600
184,680

287,289
410,400

320,400
109,800

1,415,160

1,818,660
3,233,820

2,263,674

==%===



Praining Expenses (Trainings in foreign countries)

2.1

2.3

20 persons {2 months training) _

- Living expenses (@ussao/diem x 20 persons
x 60 days)

- Trip expenses (2U55Y,500/¢cip % 20 trips)

Total

30 persons (2 wonths training in India)

- Eiving expenses (QUS$50/diem x 30 pecsons
X 60 days)

~ Trip expenses {(BUSES00/teip X 30 Lrips)

Total

Total expenses: (2.1 + 2.2)

"during Start-up

Utility and supply costs for production of urea

1) Electric power {(8US£3.56/kwh x 6,642 kwh/ton)

' '2) Coal (BUS$40.63/ton x 0.256 tons)

3) Cheaicals and catalysts
Total

Loss {Assuming 50% operation Eor 3 ®onths and

"losses for 50% of the preduction)

US$249.57/ton x 275 tons/day
x 0.5 X 90 days

AIV-8

Us$a6,000
Us$30,000

Us$126,000

Us$90,000
us$is, 000

$¥5$105,000

US$231,000

us$236.45
Us510.40
usg2.72

0U55249.57

US$1,548,214



Annex IV-3(2)

INITIAL WORKING CAPITAL
{1991 Price)

Estimated Cost (US3'000)

F.E. L.C.
‘Itens Portion Portion Total
1. product Laventory (Ann. Bivect Operating
Cost x 20/330)
- Foreign Exchange Component
($4,496 x 103) x 20/330 272 - 272
- Local Currency Component
($35,814 x 103) x 20/330 : - 2,17 2,171
2. Account Receivable {(Ann. Direct Operating
Cost x 0.5/12)
~ Poreign Exchange Cozponent
{4,496 x 103} x 06.5/12 187 - 187
- Local Curreacy Components
{($35,814 x 103) x 0.5/12 - 1,492 1,492
3. Account Payable {15 days usance for
electric poder, coal, and bags)
~ coal ($1,416 x 103 x 0.5/12) -)59 - ~359
- Electiic power and bags
($33,259 x 103 x 0.5/12) - -)1,386 -)1,386
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Annex IV-3{3)

DIRECT OPERATING COST
(1991 pPrice)

Bstimated Cost {(US$'000)

Cost Items Calculation Basis F.E. L.C.
Portion Portion Total
1. Bleckric Power 8$0.0356 x 1.5 x 6,642 kwh ~ 32,187 32,187
% 275 t/d x 330 days
2. Coal 2510.63 x 1.9 x 0.256 £ = 1,416 - 1,416
: 27% t/d x 330 days . .
3. Catalyst s @2.72 x 1.5 x 275 t/d -370 - 370
Chenicals x 330 days
4. Bags 880.375 x 1.5 x 21 bags x - 1,072 1,072
275 /4 x 330 days
5. Pérsonnel Cost $227,333 x 1.407 - 320 320
6. Insurance
}) Personnel 2% Of Item 5 - 6 6
2) Plants UsH117.95 x 106 x 1.175% - 1,327 1,327
(80%) {203}
7. Maintenance US$117.95 x 106 x 32 2,710 678 3,388
8. Overhead 70% of Item S - 224 224
Total 4,496 35,814 49,310
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Annex 1V-4

COMPARATIVE STUDY OF ALTERNATIVE PLANT
'CAPACITIES AND MANUFACTURING PROCESS






Annex 1IV-4

COMPARATIVE STUDY OF ALTERNATIVE PLANY
CAPACITIES AND MANUFACTURING PRGCESSES

i. Introducktion

This Annex IV preésents the results of a comparative study of
urea fertilizer production economics, based on alternative
plant capacities and alternative manufacturing processes. The
objective of this study is to determine the optimum capacity of
the proposed urea fertilizer plaat, as well as an appropriate
manufacturing procéss to be adopted for the plant. The study
is made in the follovwing two steps.

Step 1: cComparison of the production econonics of
: Water-electrolysis-based urea fertilizer
“plants of different size

Step 2: ‘Comparison the production economics of the
water-electrolysis-based urea feéertilizer
plant, 'with those of alternative

naanunfacturing procéesses.

2. Production Economnic¢s of Water-Blectrolysis-Based Urea
Pertilizer Plants

Tne priitary vbjective of this project is to produce urea
fertilizer by efficient utilization of indigenous resources --
water ‘and hydropower. In this context analysis of the
production econonics of urea fertilizer is first made on
water-electrolysis-based urea fertilizer plants of different
sizes. In view of the future denand for urea fertilizer in
Hepal [Part II -- Market sStudy), the following five cases have

AIV-11



been selected for the compatative studies:

Case 1: 100 TPD
Case 2: 200 TPD
Case 3: 250 TPD
case 4: 275 TPD
Case 5: 300 TPD

Table IV-4{1l) tabulates the project costs estimated for Lthese
five cases, and Table 1IV-4(3) tabulates the production costs of
urea fertilizer {bagyed) estimated for each case., Tie
estimates use the same assumptions as used for the base
estimate [Part IV -- Pinancial Analysis]. Presenkted in Table
IV-4{3) are the production coskts in current prices estimated
for tne year of 1997, the mean year of the 15-years project
economic life span, s0 the 4given ¢osts show a rep[esentative
¢cost structure. They are the production costs estimated by
assuming 90% capacity utilization. Fiqure 1V-4(1l) illustrates
the correlation of the production costs vs. plant capacity
which has been derived from the costs estimated for the 90%
capacity utilization {Table IV-4(3)]). Fiqure IV-4{(2)
illustrates sensitivity of the production costs to changes in
capacity utilization. Tnese estimates indicate the

characteristics of the production economnics as summarized below.

(1) A large size plant can produce urea fertilizer at lowver
production costs per ton {unit vroduction costs}, since
capital related costs and other fixed costs per ton of the
product are lower for a lardger size plant due to scale
econumy. Hence, the produclion costs for case 5 {300 TPD)
are lowest awong the five altermatives, as far as all

cases assume gperation at the same capacity utilization
rate.

{2) Assuring operation at the same capacity utilization rate,

differences in the unit production costs which accrue from
differences in plant capacity would be smaller for plants

Aiv-12



having largyer capacity; assuning operation at 90% capacity
utilization rate, the cost differences are Us$175.39 per
ton between Case L (100 TPp)} and Case 2 (200 TPP), and

US$63.53 per Lon between Case 2 {200 TPD) and Case 5 (300
TPD).

(3) The unit production costs will iancrease if operation in
done at lowet capacity utilization rates [Piqure
IVv-4(2)). EBven at lower capacity utilization rates,
however, there is no change in the relative position of
the unit costs due to differences in plant capacity, as
far as operation at the same capacity utilization rate is
assumed for all cases. '

(4) Contrary to the mechanisum of production costs as
mentioned in (3) &bove, the relative position of the unit
production costs duée to differences in plant capacity
would change if the different capacity utilization rates
are applied for each case.

Because of the chnaracteristics of the production economics as
sunmarized above, selection of an optimum plant capacity must
pe made by giving attention to the unit production costs likely
to be attained for producing a projected quantity of urea
fertiliiér. ' ' |

3. Se;ection of Optimum Capacity of Vater-Electrolysis-Based
Urea Fertilizer Plant

Table IV—4(6)_tabula£es the annual production of urea
fertilizer projectéd for this pvroject, and annual éapacity
utilization rates for operation which have to be achieved in
order to realize the projected production. It is comaon
practice to assume a maximum capacity utilization rate for
operation of urea fertilizer plants as 20% of annual production

AIv-13



capacity based on 330 on-stream days a year., In addition to
that, there is a limited supply of electricity which is another
factor limiting the capacity utilization rates [See Part III].
By takinyg those factors into consideration; the maximum
capacity utilization rate for each case is assumed as follows:

: -Max. Capa- Maximumn
Daily Annual city Utili- Production

Capacity Capacity zation Rate {tons)

Case 1 100 “'pPD 33,000 TPA 90% 29,700
Case 2 200 'fep 66,000 TPA 85% 56,100
Case 3 250 TpPD 82,500 TPA 833 68,475
Case 4 2715 TPD 90,750 TPA 83% 15,322
Case 5 3060 TPD 99,000 TPA 80% 79,200

As in evident from the figures given in Table 1V-4(6), Case 1
(160 TPp) and Case 2 {200 ?pPP) would be too small, while Case 5
(300 TPD) would be too large. Thus Case 3 (250 TPD) or Case 4
{275 TPD) should be an appropriate plant capacity for the
project, The unit production c¢osts which are incurred in
producing the quantity projected for 1977/78 are as follows
(Table 1V-4{3) and Figure IV-4(2)]:

Capacity Annual Daily Unit Cost

Utiliza- ProduaclLion Costs per Ton

tion Rate {ton) (US$*000) {uss/t)
case 1 90.00% 29,700 20,960 705.71
Case 2 85.00% 56,100 30,854 549.98
Case 3 80.92% 66,760 35,117 526.02
Case 4 73.56% 66,760 36,165 541.72
Case % 67.43% 66,760 37,210 557.37

[These figures are indicated with (x) mark in Figyure IV-4(2)}

AIV-14



Tae given fidures can use an economic parameter for judging an
econonic advantage of each case, because they are deemed as
those representing the production cost position of each case,.
These cost figyures imply that Case 3 (250 TPp) and Case 4 (275

TPD) are more economical than other cases, due to the following
reasons.,

{1} 9ae production costs of Case ) and Case 2, although a
ieast cost level attained by maximum capacity utilization
{i.e., 90% For Case 1 and 85% for Case 2}, are still
higher than those for Case 3, Case 4, and Case 5 due to

the former's disadvantage in scale econony conpared to
others.

{2) ‘fhe production cost of Case 5 in higyher than those for
Case 3 and Case 4, because in this case a lower capacity
utilization results in cost increases nore than offsetting
cost advantage compared to Case 3 and Case 4.

Hence, the selection of Case 3 or Case 4 can also be justified
from the viewpoint of production economics. How, further
scraciny is made to select Case 3 or Case 4 specifically.
Table 1V-4(8) tabulates the unit production costs of Case 3
{250 TPD) and Case 4 (275 TPD) estimated for every year of

1991/92 - 2005/06. These costs have been estimated on the
following assumption:

a. Electricity Price: 40% of the preseat tariff level
b. Bauity/Debt ratio: 30:70

Cc. Interest on
Long-Terin Loan : 5% p.a.

The eséimé:es indicate that for the initial ten years (1991/92
- 2000/01) tne unit production cost of Case 3 (250 TP} will be
sliyntly lower than than of Case 4 {275 ©PD), although the
position will reverse after the 12th year (2002/03).
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tlevertheless the cost differences of Case 4 will not exceed
3.4% of tine cost of Case 3. If the producktion of Case 4
increases to 80% capacity atilization due to increased demand,
tts producktion cost would pecome lower than that of Case 3.
Hence it can be judged that tney are close to each other in
regard to production costs, The Financial returns of those two
cases are estimated as follows:

IRR Eor 15 years
{After Tax)
case 3 3.79
Case 4 3.36 %

These figures reveal that their financial returns would be
close in the order of magnitude.  IE Case 3 is seleclhbed, after
199%9/2000 annual demand will exceed the domestic production and
shortage in the supply therefore would have to be net oy
imports. Un the other hand, if Case 4 is selected,; the
domestic production would fully satisfy the dewtand nmore than 15
years. £rom these points of view, it is judged that 275 1prD
would be tne ophimum capacity for the project.

4. Comparison with Alternative Manufacutring Processes

Alternative processes for manufacutring urea fertilizer are
pased on the use of alternative feedstock —-- hydrocarbon such
as natural gas, naphtha, fuel oil and coal. "Table 1V-4(8)
gives the manufacturing processes based on a variety of
nydrocarbons and the consumption of those feedstock materials
for manufacutring urea fertilizer, and Fiqure IV-4(3)
iltlusctrates a schematic flow of these processes., Hatural gas
is transported only'thtOUgh pipeline, and the use of this
material therefore is possible in an area where there exist
natural gas reserves available of commerical scale. In Nepal
tnere 1s sU far no possibility to establish a natural-gas-based
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urea fertilizer plant,; since a comnmercially viable natural gas
reserves pave not been iandentified yet., Peedstock materials
usable in the country may be naphtha, fuel o0il, or coal,
althoudgh Lthese materials also must be imported from India,
India has no surplus of naphtha for supply to other countries,
50 it seems unrealistic to assume the use of naphtha for this
project, 1In general the production cost of urea fertilizer
based on coal is higher than that based on naphtha or fuel oil,
pecause capital related costs reyuired for a coal based urea
fertilizer plant are substantially higher than those for a urea
fertilizer plant using naphtna or fFuel oil. Hence there is no
economic advantage [or estanlishing a coal based urea
fertilizer plant unless coal is locally available.

Under these circumstances; the manufacubre of urea fertilizer
from fuel o1l is the only alternative process which can be
coimpared with the water-clectrolysis-based urea fertilizer
manufacturing process. A urea fertilizer plant based on fuel
0il can be operated at 90% capacity utilization, because its
electricity consumption is comparatively small compared to that
For a water-electrolysis-based plant so that limited supply of
electricity will not 1imit annual operation. Thus a 250 TPD
fuel-oil-based urea fertilizer plant would be comparable to a
2715 TPD water-electrolysis-based plant. Table IV-4(9) gives
capital cost estimates of a 250 TP fuel-oil-based urea
fercitizer plant, and ‘table IV-4(10) gives the production cost
of urea fertilizer estimated for that plant. Comparison of the
production cost for a 275 TPD water-electrolysis-based urea
fertilizer plant with a 250 TPDP fuel-oil-based urca fertilizer
plant is susmarized below.
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ESTIMATED PRODUCTION COST PER TON
{1997: Current Price]

{(Unit: UsE/ton)

275 TPD Water-Electrol- 250 TPD Fuel-0Qil
ysis-Based Plant 1/ Based Plant 2/
{90% (80% (70% {90% (80%
c.U.) C.u.) C.U.) C.U.) c.0.)
1. variable Cost  196.08 196.08 196.08 433.84 433.84
2. Direct Fixed
Cost 79.90 89.89 102.73 15.10 84.48
3. Depreciation/ :
Amortization 161.82 182.05 208.06 149.60 168.30
4. Genperal Adna,
Expenses 3.067 4,13 4.72 4.04 4,595
5. Interest on
Lony-Term Loan 37.12 41.76 17.73 35.485 40.33
Total 478.59 5i3.91 559.32 698.43 731.50

Hotes: 1/ Assuming the electricity price as 30% of the
present tariff rate. [See Table 1IV-4(3)]

2/ Assuming the fuel oil price as US$240/ton in
1984 and UsS$578.36/ton in 1997 escalated at 7%
p.a. [See Table 1V-4(10))

In the variable costs as given above, the feedstock cost for
the water-electrolysis-based plant (i.e., electriciky cost) is
US$151.30 per ton of urea, vwhile that for the fuel-oil-based
plant {i.e., fuel 0il)} is US$390.39 per ton of urea. The cost
of a 250 TPD Wwater-electrolysis-based plant at 70% capacity
utilization is comparative to tnat of a 27% TPD fuel-oil-based
plant. ithen these costs are conpared, it is Found that the
forner is lower by UsS$172.18 ver ton of urea as compared to the

AIV-138



latter. Tnis reveals tnat the cost of a fuel-oil-based plant
1s equivalent to the cost of water-clectrolysis-based vlant for
which the electricity price be U5¢£4.87/kvh is 1997 or
US£2.28/kWn in 1984 (US¥4.87 1.0613), as calculated in tne
Eollohing manner,

Cost Per Ton of
Drea {(USs/L)

1) Electricity Cost of Water-
BElectrolysis-Based Plant
assuming 30% of the
present tariff rate: 151.390

2) Cost Difference between
. Water-Electrolysis-Based
Plant and Puel-0il-Based

Plant: 172.18

Total 323.48

3) Electricity Price
Equipment: 1997
{US5%$323.48/t 6,642kWn/t} US¢£4.87/kWh

Electricity Price
Equivalent: 19384

{(US#4.87 1.0613) US#2. 28/kdh

This electricity price is equivalent to about 64% of the
present tariff rate.

In view of these cost differences, it is judged that Lhe
wateraelectroiysis—baséd plant can produce urea fertilizer at
lower. cost than that of a fuel-oil-based plant, as far as
electricity can be supplied at a price lovwer than 64% of the
present tariff rate. 'Further, the urea fertilizer production
based on fuel o0il requires a foreign exchange outlay of
US$390.39 per ton of urea for importation of fuel oil, in
addition to foreign exchange oﬁtlay for inmports of catalyst,
chemicals and spare parts, as well as repayment and interest
paynent for a foreign loan. Thus it is concluded that a

water-electrolysis-based process would pe appropriate for the
project.
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[EXPLANATORY NOTES TO TABLE IV-4(3)]

1/ 1984: US¢3.56/kWh x 0.3 = US£L.068/kWh
1997: US£2.278/kHh (US£L.068/kWh x 1.0613)
US£2.278/%4h % 6,642 kWh/t = US$151.30/t - urea

2/ 1984: UsS$40.63/ton - coal
1997: US$86.66/ton - coal (US$40.63 x 1.06'3)
UsS$86.66/ton x 0,256 ton/t = US$22.18/t - urea

3/ 1984: uUsS$2.72/t - urea
1977: US$5.80/t - urea {(US$2.72 x 1.0613)

4/ 1984: US¢37.5/bag
US£80.0/bag (US£37.5 x 1.0613)
US#£80.0/bag x 21 bags/t = US$16.8/t - urea

5/ 1984: u©s$227,333/year
1997: ©55428,670/year (227,333 x 1.0513)

6/ 1991: 3% of Plant Cost (Base Project Cost less: Land
Acguisition Cost, Site Preparation Cost, and Part
of Indirect Field Expenses - US$0.41 million)

1997: Maintenance Cost (1984) x 1.06°

Plant Capacity Plant Cost (US$'000)
100 TPp 84,280
200 TPD 111,370
250 TPD 123,840
275 TPD 129,900
300 &PD 135,850

7/ 1.175% of outstanding deprec¢iable asset value
[‘fable 1V-4(4)]

8/ Excluding_amortization of indirect field expenses because
of those expenses amortized out within the initial five

years

3/ 10% of the Plant Facilities Value [Table I1V-4(2}}

10/ 5% of the Buildings Value [Table IV-4{2}}

11/ 10% ofrthe Pre-operation Expenses [Table 1V-4(1)}

12/ 10% of the interést During Construction {Table IV-4{(1)]
13/ 70% of the Personnel Cost

14/ {Total Financing Required) x 0.7 x 3/15 x 0.05
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TABLE 1V-4(7) ESTIMATED PRODUCTION COST OF
‘ UREA FERTILIZER (BAGGED)
[ CURRENT PRICE])

Unit Cost per Ton (US3/t)

Year {A)} 250 TPD (B} 275 TPD (C) B-A C/A
1991/92 602.3 620.7 +18.4 +3.1
1992/93 605.3 624.8 +19.5 3.2
1993/94 581.7 601.2 +19.5 +3.4
1294795 570.8 586.4 +15.6 +2,7
1995/96 568.5 583.4 +14.9 +2.6
19926/97 570.3 586.1 +15.8 +2.8
1997/98 576.6 592.0 +15.4 +2.7
1998/99 584.3 599, 4 +15.1 +2.6
1299/2000 595,7 608.7 +13.0 +2.2
2000/01 . 611.2 619.9 +8.7 +1.4
2001/02 455.4 456.7 £+1.3 +0.3
2002/03 475.8 475.9 +0.1 0
2003/04 497.6 496.5 -1.1 -0.2
2004/05 521,17 518.8 -2.3 -0.4
2005/06 546.2 543.1 -3.1 -0.6
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Table IV-4{9) CAPITAL COST ESTIMATE

{Urea Pertilizer Plant Based on
Partial Oxydation of Fuel 0il)

Capacity: 250 TPD

{Unit: US5% Million)

1TRMS ESTIMATED COST

A. LAND ACQUISITION 0.72
B. SITE PREPARATION 1.80
C. PLANT DIRECT COST 54.37
C-1 PROCESS UNITS (33.22)
~-AMMONIA PLANT [25.31}

~UREA PLANT {7.91})

C-2 VUTILI¥Y PACILITIES (12.48)
C-3 AUXILIARY PACILITIES (3.34)
C-4 OFFSITE PACILITIES (5.33)
D. SPAREPARTS; CATL. & CHEHM. 2.17
E. CONST. & BRECTION LABOR 17.62
F. CONST. EQUIPMENT 9.59
G. TRANSPORT, INSURANCE & DUTY 5.29
H. INDIRECT PIELD EXPENSES 1.13
I. BNGINEBRING SERVICES 12.67
J. PROJECT MANAGEMENT SERVICES 3.57
K. PRE-OPERATION EXPENSES 4.04
L. BASE PROJECT COST 112.97
M. INITIAL WORKING CAPITAL 5.89
N. 1INTEREST DURING CONST.* 7.90
O. TOTAL FIANACING REQUIRED 126.76

Note:  * Assuming equity/debt ratio of 30:70 and
5% p.a. loan interest
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Figure IV-4(1) ESTIMATED PRODUCTION COST OF UREA (BAGGED)
{1287: Current Price)

COST PER _
TON (USS) (Capacity Utilization: 90%)
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Process: Water Electrolysis
Loan Interest: 5% p.a.
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Figure IV-4(2)

ESTIMATED PRODUCTION COST OF UREA (BAGGED)
BY CHANGES IN CAPACITY UTILIZATION

{1977: Current Price)

CO5T PER
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Figure IV-4(3) PROCESS SCHEME AND FEEDSTOCK FOR UREA
FERTILIZER PRODUCTION
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