As }he maximum load current and short-circuit current of the connected lines
(calculated value) are-about 200A and 9kA respectively in the 1989/90 fiscal
year, it was found that there is no problem at present.

4.3.6

()

Other Facilities

11kV Switching Facilities

All:11kV switching facilities in the Kathmandu area are of indoor metal

enclosed cubicle type. There are 3 types of 11kV cubicle type circuit breaker:

bulk oil type, minimum oil type and vacuum type. Details are shown in Table

- 4.13:;

(a).

(b)

©

Bulk oil type (English Electric's products) - -

There are 49 cubicles in total, but they have been operated for more than
25 years. Their rated-current is 400A and short circuit capacity is
7.88kA. Considering the present fanlt level of the system (see Tabie

-7.6); it is urgently required to replace those cubicles.

Bulk oil type (Yorkshire's products)

There are 18 cubicles installed in the year-1980.” There are no questions
on the rated short circuit capacity of 20kA in those cubicles. However,

- some cubicles in the Teku substation seemn 10'be overheated.” Taking

account of the fact that the caobicle burnt down:in the Lair_lchaur
substation in July 1990 was of this type, it is desirable fo replace all of
these cubicle.

Bulk oil type (Indian products)

Although there are- 14 cubicles of this type in the New Chabel substation
and there are no rating problems observed at present, the existing
cubicles rated with current of 800A (1SMVA) for the transformer
circuits are to be replaced when transformers are replaced. Besides,
troubles on the operating mechanism of breakers are reported.
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{d) Lainchaur Substation

As discussed above, Yorkshire's oil-filled breakers that burnt down in
the Laichaur substation were tentatively replaced with Chinese products,
but technical characteristics of these Chinese breakers are not certain as
no technical papefs concerning the breakets are available,

(&) Minimum oil Type

There are 47 cubicles of minimum oil type which were installed under
the Kulekhani I project, the reinforcement project for the distribution
network in the Kathmanda Valley and the Marsyangdi project. There
are no questions on the rated short circuit capacity of more than 20kA.

H Vacuurm type

There are 28 cubicles of this type in the New Baneswar substation and
the K2 switching station installed under the reinforcement projects for
the distribution ngtwork in the Kathmandu Valley. There are no
questions on their functions and on the rated short circuit capacity of
25kA.

) Protection Devices

Pilot wire relays are main protection devices for transmission lines in the
Kathmandu Valley including the 11kV Ring Main,

However, the pilot wires, especially on 11kV system are broken at many
locations and almost all of the protection systems on the 11kV lines are not used
at present.

3) Metering Instruments

The feeder circuits of old cubicles with bulk oil type circuit breakers such as
English Electric's and Yorkshire's products are provided with only ammeters,
while newly installed cubicles are provided with ammeters, watt-meters,
watthour _méters and var-meters or power factor meters. For some cubicies,
CTs have improper current ratios. '
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5.1~

CHAPTER 5
POWER MARKET

Whole Nepal

Historical records of generation, peak demand, sold energy and line losses in
the interconnected system over the recent 10 years are summarized below:

Power Market of the Whole Nepal - -

Year Generation  Peak Demand Sold Energy Losses
o : (GWh) (MW) (GWh) " (GWh) (%)
1980/81 - 2354 - 595 164.4 71.0 302
1981/82 275.2 - 15.1 186.4 88.8 323
1982/83 ~  347.0 83.7 235.6 - - 111:4 321
1983/84 382.4 - 96.8 252.3 130.1 34.0
1984/85 4208 104.5 ' 293.0 127.8 304
-1985/86 488.5 1137 ‘ 341.4 - 147.1 . 30.1
1986/87 571.0 123.0 402.6 1684 295
1987/88 627.0 135.2 465.2 163.3 25.8
1988/89- - - 6723 - - 1495 496.2 - 176.1 26.2
1989/90 769.7 176.2 548.1 . 221.6 28.8
Average annual growth (%)

- 80/81-85/86 15.7 13.8 15.7 15.7
85/86-89/90 12.0 11.6 12,6 - 10.8,
80/81-89/90 - 14,1 12.8 14.3 13.5

- Note: (1)  Generation includes imports from India. -

2) Sold energy includes exports to India
(3)  Losses = (Generation - Sold Energy)/ (Generation)

" ‘The following facts are noted from the above table:

@ " Sold energy in the country is growmg ‘with'a very hlgh rate of 14.3%

'dunng the recent 10 years. -

(b) - Demand growth in the former 5 years is higher than that in the latter 5

e ‘:years Deimand potéitials in the country suppressed by shortage of
- power ‘sources have’ been developcd uPon commlssmnmg of the
“ - Kulekhani I and Dxévighat | power ‘stations.

(1) 'Generaﬁon A

-Records of gcncrauon by plant type, imiports from Indla and cxports to India in
the recent 10 years arc as given below: e
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Energy Demand in Nepal

(GMh)
Year Hydroc Mini-Hydro Diesel Imports Exports -Requirements
' in Nepal
1980/81 1619 . 13.1- 158 446 . 3.8 231.6
1981/82 196.1 . . 11.8 105 568 52 2700
1982/83  266.0 12.1 56 633 6.0 - 3410
1983/84 2901 - 123 142 658 103 3721
1984/85 . 3232  12.0.. 33 821 106 = 4102
1985/86 4154 129 . 21 581 . 215 467.0
198687 5153 © 177 54 326 205 5505
1987/88  540.0 184 . 34 652 160 6110
1988/89  527.9° 2.1 0 9.3 1139 176 6547
1989/90 6862 194 - 0.1 640 233 746.4

Table 5.1 shows momhly generatmn of major hydropower stations in thc perid
of 1983/84 to 1989/90.

@

Sold En_‘ergy

Sold energy by region:and by consumers category in 1989/90 is summanzed in
Table 5.2. Particulars of the energy sold are mentloned below: -

(a)

()

©

Sold energy of the Central region shares 70.3% of that of the whole
country, Especially, that of the Bagmati zone including the Kathmandu '
area shares 47.8% of that of the whole country. Those of the Western
and Eastern regions follow the Central region with shares of 14.1% and
11.9%, respectively.

In terms Qf‘ c__ateg_ory of consumers, the domcstic_sec;tor shsres the
greatest portion, 42.0% of the whole consumption, followed by the
industrial sector (32.6%), nonc_(ﬁmmercial sector (8.6%) zind commercial
sector (6.2%).

Energy consumed by the domestic consumers in the Bagmaii zone

including the Kathmandu area shares the biggest pornon or 57 5% of

the total regional consumptlon
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(d)  The biggest industrial demand area is the Narayani area in the Central
"' region sharing 33.8% of the industrial demand of the whole country,
followed by the Eastern reg10n(B1ratnagar zone, 21.8%) and the

: Lurnbml zonc(S 2%) in the Western region.

(e) In terms of non-commercial demand, the Bagmati zone shares 58.7% of
the whole non-commercial demand of the country.

63 The commercial demand (for hotels, restaurants, etc.) of the Bagmati
zone consumes 80.3% of total commercial demand in the country.

Growth rates of demand by category in the interconnected system in the recent
' 10 years are as below: - '

‘Demand Growth by Category

Ciicgory 1980781 — 989790 Annual Avorage

: o {GWh) - (GWh) .. Growth Rate(%)

' Domestlc 79.0( 48%) - 231.4( 42%) o127
‘Industry ©  53.8(33%) ©  178.3(33%) C 142
Others- .= " -~ 31.6(19%) . 138.4(25%) - - 17.8..
Total 164.4(100%) 548.1(100%) 14.3

Demand categorized as "Others” in the above table grew at a high rate. Such
high gorwth was caused by the revision of the country's tariff system in the
year 1983 and 1985. '

. (3) N_iimbétr of '(':‘lc_'msurher'_s. an.d'Ele'ctriﬁcati_on Ralio

'_Table 5 3 shows the number of customers by current tanff catcgory ruled in the

., year 1985 ‘while the hlstoncal records of e]ecmﬁcatlon rdth in the whoie Nepal
. _and the. Bagman ZOne are gwen in Table S 4, Wthh dlscloses that 8 9% in the

total population benefits by cIectrlcuy

As for the Kathmandu Valley, the electrification ratios by area at the year
. 1989/90 are given below:
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Electrification Ratio at 1989/90

Kathmandu Lalitpur. . Bh_aktépu_r Total

Population (*1) 514,547 . 224,292 217,434 956,273
Households (*2) 85,758 . 37,382 - .36,239 159,379
Customers 83,637 29,598 19,591 132,826

Elect. ratio (%) - 97.5 79.2 - 54.1 83.3

(Remarks)
*1: . See Table 2.6
¥2: 6 persons per household.

4 Load Curve and Load Factor

The daily load curve of the interconnected system on January 53,1990 when the
highest demand was recorded is illustrated in Figure 5.1 together with
generation by major power stations. The load duration curve of the same day is
shown in Figure 5.2 and the hourly generation records of each power station
- are detailed in Table 5.5. Thé daily load factor of the day was 62.2%1 As seen
in thc daily load curve in Figure 5.1, there are two peaking timc_s; 't:hc higher
peak at 18:00 to 19:00 pm and the lower peak at ar(_mn_d 8:00 am.

" Annual load factors in the recent 5 years are shown in the following table:

Historical Annual Load Factors

Particulars 85/86  86/87 87/88 88/89  89/90

Total Energy (A) (GWh) 488.5 571.0 627.0 6723 769.7
Imports (B) (GWh) 215 205 161 17.6 233

Net Generation (A-B) (GWh) 467.1 550.6 6109 6547 7464
Meximum Power  (MW) 1137 1230 1352 149.5 1716 (*1)
Annual Load Factor (%) 469 ~51.1 51.6  50.0  49.6

#1: See Table 5.5

Monthly peak demands in the morning and cvenin'g in 1989/90 were ‘aiél‘follows:
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~ Monthly Peak DemandMW)

"~ "Month Evenih‘g“ Morhing Month 'Evening Morning

5.2

_ Peak = Peak Peak ~ Peak
JufAug 1289 84.9 Jan/Feb  170.3 1398
AugfSep - 127.9 - 90.2 FebMar 1509 1144
Sep/Oct 1350 909 MafApr 1507 1099
" Ocy/Nov ~ 146.6 1104 AprMay  149.6 - 109.3
© NovDec 1677 - 125.7 May/Jun 1533 1087

Decflan  171.6 . 137.5 Jun/Jul 153.4 - 104.5

- A notable feature of power demand in Nepal is that the annual highest demand
“is recorded in the winter season when heating is required, and the summier peak

demand is about 70 to 80% of the winter peak demand.

In the winter season, output of hydropower stations, especiaily that of run-of-
river type hydropOWc_r stations decreases because of low discharge of rivers.
Since the power supply structure of Nepal is typically hydropower dominant,
the development plan of power sources in Nepal shonld be examined taking this
factinto due consideration, -~ - ' ' B

Kathmandu Valley (Bagmati Zone)
Figure 5.3 shows the load curve of the interconnected system of January

5,1990, when the highest demand in the country was recorded. The daily load
factor 62.2% in the whole area was, 62.3% in the Bagmati zone and 61.4% in

" pther areas.

~ Energy sales in the Bagmati zone in 1985/90 were as below:

55



5.3

Energy Sales in Bagmati Zone

Division/Branch Area(sg.kin) -~ Sales(GWh)
Kathmandu Central ” I C O 112.89
Kathmandu East 305 ... 3455
Kathmandn West -~ - - e Lo 4323
Lalitpur o - 385 o 4423
‘Bhaktapur - L 119 . 1455
Kavre -~ - 1,396 476
Rasuwa/Nuwakot - C 2,665 o362
Sindhw/Dolkha n 4,468 . 3.6l

Table: 5.6 details monthly energy sales by tariff category in the Kathmandu
Valley, which consists of Central/East/West Kathmandu, Lalitpur and
Bhaktapur divistons, in the year 1989/90. ‘Maximum power demand recorded
at 17:00 pm on January 5, 1990 of each substation and switching station in the

- Kathmandu Valley is summarized in Table 5.7. Those demands were estimated

based on the recorded current of each feeder, since many 11kV feeder cubicles

“have been provided with only ammeters and volimeters,

In additon, Annex-2 and 3 illustrate daily load curves on January 5 and October
10, 1990 of the loads connected to 132/66kV and 66/11kV transfqrmers,
substations and swithcing stations. : ; o

Demand Density in Kathmandu Valley

The following surveys were conducted by the Team for examination of thc
present demand density in the Kathmandu Valley in 1989/90.

(a) Locations of the distribution transformers and their instailed Eapaciﬁes;
(b)  Records of energy sales by each billing unit.

It is noted that the survey on energy sales in the billing units was limited to the
period of 2 months from December 16,1989 to February 15,1990 (Nepalese

months of Poush and Magha), becanse of the short period allowed for the

survey.
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5.4

Records of Energy Sales

-+ Divisions - Number - Energy SalestMWHh) -

. ofUnits = (Poush)  (Magha)  Total

Kathmandu Central 31 - 11,636 10,733 22,369
- Kathmandu East 13 317 3,148 6,319

Kathmandu West 33 - 4,060 3,861 7.921

Lalitpur 31 4,027 3,919 7,946

Bhaktapur 23 1,352 1,423 2,775

Figure 5.4 shows demand density in the Kathmandu Valley represented by the
installed capacity of distribution transformers per square killometer, which was
worked out on the assumptions that:

a) Diversity factor of load is 1.0, and
b) Demand factor of transformer is 94%, which is estimated from the
actual average demand factor of transformers in Lalitpur in 1990.

Figure 5.5 shows demand density by billing units in the Kathmandu Valley
which was calculated from the annual energy sales in 1989/90, estimated
distribution losses and annual load factor (45%).

Power Tariff System

Sources of NEA's revenue are basically electric energy sales and exports of
energy and others. Other sources of revenue are as follows:

{a) Services of maintenance offered to consumers.

(b)  Fees for replacement and shift of energy meters.

{c).  Application fees.

(d) Installation charges.

&) Charges or fees for other kinds of services like pole shifting.

Power tariff revision in the country is permitted only by the consent of the
Government, and since 1980, tariff has been raised by 43% in 1980, 44% in
1985 and 18% in 1988.



The current power tariff classifies consumers into 11 categories such as
domestic, industry, commercial (hotel, restanrant, etc. ), non-commercial,
~water supply, agriculture, transport (trolley bus, cable car, etc. ), temple, street
light, temporary installation and exports to India.

Energy consumed in the country is billed for the basic charge defined by the
amount of contract capacity and for the amount of energy consumpuon with

addition of rental charge of energy meters.

~ Current power tariff system as of May 1989, which is effective at present, is
. shown in Table 5.8.
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6.1

CHAPTER 6
DEMAND FORECAST

Previous Demand Forecast

There are power demand forecasts for the Nepal power system previously
performed by NEA with assistances of foreign consultants. Forecasted figures
and appropﬁatenessrof the methodologies applied are analyzed in detail in the
. NEA's "Electricity Load Forecast - 1986" (hereinafter referred to as "1986
demand forecast"). :

The latest forecast for the whole country was conducted by EDF (Electricite de
France International) in December 1989 under the financial agsistance of the
World Bank (hereinafter referred to as "EDP forecast"). Outlines of the 1986
demand forecast and the EDF forecast (imedium) are given below:

Comparison of Power Demand Forecasts

R . EDF Forecast - ' '
Year . 1986 D. Forecast _(1989) - Actual

(GWH) (MW)  (GWh) (MW)  (GWh) (MW)

1985/86 4733 1071 . 488.5 103.0
1986/87 557.5 124.0 - - 571.0 123.0
1987/88 -+ 635.5 141.1. 611.0 1410  627.0 1352
1988/89 7097 1577 656.0 ° 1500 6723 149.5
198990 . 787.0 1774 - 691.0 1600  769.7 1762

199596 - 12813 2865  1,176.8 269.0 - -
2000001 1,705.4 3812 19100 436.0 - -
200506 22257 5103. 28228 6320 - o - -

(Note) : GWh=Energy generation, MW=Peak demand

D_-etails ‘ofr_tthf_:,l'9_86' .dcmar-_‘ld_for'cca__rsrt”and. the ED_F _for_e_éast are su_mm_étrized in

. Téblcs 6.1 and 6.2, respectively.
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6.2

National Demand Forecast
6.2.1 Introduction

Forecasts of power demand for each area in the Kathmandu Valley or for each
substation and switching station are essential to formulate the extension and
reinforcement plans for the power transmission and distribution system in the
Valley.

The areawise demand forecast should be consistent with the demand forecast
for the regional and national systems. '

-Forecast . for ‘this Project is established under the following steps in

consideration of such consistency.

(1) Firstly, the nationwide demand is forecasted. The demand forecasts for
the Bagmati zone including the Kathmandu Valley and other regions are

prepared separately.

(2) Utilizing the. forecast for the Bagmati zone conducted in (_1) above,
" . ‘demand for each area such as Kathmandu Central, Kathmandu East,
" Kathmandu West, Lalitpur and Bhaktapur area covered by each branch

. office of NEA (Division) is worked out.

(3) Basedon the growth rates forecasted in (2) above, above _dén’iahd forecast
for each substation and switching station is processed.

This Section 6.2 discusses the methodology of nationwide forecast ,;a’hd results
of the forecast over a period of 20 years till the year 2010/11 based on the actual
records of the year 1989/90 (Nepalese year 2046/47).

While examing the nationwide forecast, the territory of the coun'try is for
convenience' sake divided into 2 areas; the Bagmati zone and other zones for
the reason that reliable projection data on population by zones in the country
over the period to be examined have not been obtained.

The forecast is examined for the following 5 consumer categories classified by -
NEA:
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(a) Domestic demand

. (b)  Industrial demand

" (¢): Commercial demand (mamly hotels) -

(d) . Agricultural demand (mainly irrigation pumps)
. (e) - Others . - '

It is noted that the demand forecast performed for this Project covers the
electricity consumers in Nepal excluding energy exports to India.

. 6.2.2 Domestic Demand

~ Since the demand forecast for this Project is aimed at planning the exténsion and
reinforcement of tl‘ansmissioﬁ;and distribution system in the Kathmandu Valley,

‘demand fdfeczists for subdivided areas are performed separately. In this
- forecast, different methods have not been applied to urban and rural areas.

Domestic demand in a certain year is sum of (i) energy consumption of
consumers which have been supplied (ald consumers) and (11) energy
’ "consumpuon of ncw consumers which wﬂl be connected to the system in that
year (new consumers) Accmdmgly, the total encfgy consumption of the
domcstzc consumers (Dx) in the ycar (1) is exprcssed by the following equation;

" Di=Di-1x% (1+A)+ Vix (Ci- C1-1)/2

where, Di-1 energy consumption of domestic consumers in the year (i-1)
Al : growth rate of energy consumption of old domestic
' consumers in the year () N .
Vi : energy consumption per new domestic consumer in the year

‘Ci-1° ¢ number of domestic consuiners in the year G-1)
Ci ¢ number of domestic consumers in the year (i)~
{(CiCi-1) represents the number of new consumers in the year (i),

In forccastmg, it is assumed that cnergy supply to new domesuc consumers
" starts from the middlé of thie year, - S o '
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(1) Projection of Population

WECS report "District-Specific Energy Supply/Demand” No.4/4/270488/1/1
Seq.No. 282 projected population of Nepal by region:till- the year 2000.
However, the growth rate used in the report was assumed to increase year by
year as shown in the following table and it is different from the projection by
the Central Statistic Bureau of Nepal (refer Section 2.4), accordingly.

Projection of Regional Annual Average Growth Rates(WECS)

Region 1981-85 1985-90 1990-95. 1995-00
. Eastern - 3.06% 249% . 287% . 347%
Centrat ; 2.35% 2.07% 241% ° 2.94%
Westemn - 3.01% - 1.96% 191% -  1.74%
Mid Western - 3.09% 241% . 290% . . 3.19%
Far Western 3.20% C 2.41% 2.54% - 2.84%

Nation 2.84% 2.23% 2.51% 2.87%

The projection of WECS is not referred to in this' Proj_éc; ThlS study assumes
 that the growth rate of national population will be 2.66% in 1989/90, 2.5% in
the year 2000 and 2.3% in 2010 based on the actual average growth rate in the
period of 1971 to 1981 and that the rate in the Bagmati area will be 1.8% in
1989/90, 1.7% in 2000 and 1.6% in 2010 based on the actual annual growth
rate of 1.76% from 1971 t0 1981. - |

(2) Number of Household Members

The 1981 population census revealed that the average number of persons per
household was 5.8 in whole Nepal and 5.9 in the Bagmati area. However,
NEA assumed in its 1986 demand forecasf that an average household has 6
members for the reason that a power consumer is not necessarily a unit of
household. - - |

This study also applies an assump.tior_l of 6 pcrsonsﬂlOUSChOId fﬁf._ f_a-ot'h the
Bagmati area and others.
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(3)° Electrification Ratio

NEA's 1986 demand forecast assumed the increase in the number of new
© gonsumers as follows - L .

@) 20, 000 corisuniers per annum’ in the penod of 10 years from 1985/86 to
1994/95 o ' R ’

(b) Addition of 4,000 consumers per annum in the next 10 years, and

(¢) Upto 60, 000 consumers per annum-in 2004/05. B

The assumption resulta in that 18% of total populanon in the year 2004/5 will
E 'recewe the beneﬁt of eIccmcny ! ' '

" On the othér hand, EDF‘S forecast assuméd that elecirification ratios in the
medium and high growth scenarios would be 20% in 2000/01 and 25% in
2010111, resultlng in that the average increase of new consumers connected
with the power system would be 41 ,000° ‘per-annum by 1995/96, 58,000 per
annum by 2000/01 and 51,000 per annum thereafter.

This study sets the assumptions for elecirification ratio as folio'w'sf

(a) 'Whole country : actpal ratio in 1989/90 to be 8. 9% and target in
ST 2000/01 to be 20%. R
{b) Bagmati Arca . actual ratio in 1989790 (o be 42.5% and target in

2000/01 to be 70%.

Connection to new consumers depends not only on consurmner's needs but also
" ‘on extension and reinforcement of the transmission and distribution networks.

Since scale of generation, transmission and distribution facilities in the initial
development stage of power network is usually small and also since specific
urban areas only are elecmfied the nauonal average electrification ratio will

R

S fGrowth rate of electnflcauon ratzo w111 increase.in proportlon to expanszon and
"development of the power system and the growth rate will téach its maxmum
“when approximately 50% of total p_OpulatIOn. receives power supply.

Thereafter, the growth rate will be lowered by slow development of networks



due to such difficultics as expansion to hilly areas or sparsely populated areas,
in ability of payment by unelectrified households or other reasons.

Such tendency is approximated in the Gompertz curve in this study. Figure 6.1
compares the growth of electrification ratios assumed in this study and the
- growth rate worked out on the basis of the past trend of the electrification ratio
in the whole country including that of the Bagmati area for 10 years.

(4)  Unit Energy Consumption

~Unit energy consumption per consumer will be affected by two factors, i.e.,
growth of consumption due to increase of income of consumers and decrease of
consumption due to increase of new consumers in the electrified areas. The
latter factor indicates generally that new consumers are comparatively poorer
than old consumers.

- The unit energy consumption in this study is assumed as follows:

() Unit energy cons-un.iption elasticily bf old consﬁmers to GDP will be
represented by a factor of 2.0 by 1995/96, 1.75 by 2005/06 and 1.2
thereafter.

(b) Annual energy consumption of new consumers will be half of the average
... consumption in the previous year.

(5) Growth of GDP

GDP in.the fe_cent 9 years converted to the 1974/75 price level and its growth
rate are summarized in Table 6.3. Average annual growth rates of GDP in the
recent 9 and 5 years were.as below:

Average Annual G.rdwt_h' - Of;G‘I:)PH TRy

Period GDP  Agrcult.  Non-agricult.
©1981/82-1989/90 O years) - - 4.09% . . 4.22% - .. 3.89%
1985/86-1989/90 (Syears)  4.00%  454% . 3.18%
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This study employs the following growth rates of GDP applied in the EDF's
demand forecast. '

1990/91 Cireeves 2 3%(Agrzcu1ture 3. 2%)

1991/92- 1995/96........_ .......... 4.3%(Agriculture : 3,2%)
1995/96-2010/11.......ccovenenee. 5.2%(Agriculture : 3.5%)

~ Since the growth rate of 3.2% of the agricultural sector applied by EDF in the
above forecast seems low compared with the experienced actual growth, this
study assumed the rate of agricultural sector to be 4.2%. Under the
assumption, the average annual growth rates of GDP in this study are estimated

as below:

Period Whole ~ Agricult. .~ Non-agricult,
199091 2.3% 32% 1.9%
1991/92-1995/96 4.3% 4.2% 4.5%

1995/6-2000/11 5.2% 4.2% 6.7-6.3%

. Table 6 4 shows 'shc annual growth rates. of GDP in con31derat10n of transition
of the composxtion of agricultural and non-agricultural sectors. -

- 6.2.3 . Other Demands.
‘Demand forecasts for four cohsum_er categories other than domestic, namnely

industry, commerce, agriculture and others are prepared separately in this
study,

(1) Industrial Demand

‘The industrial .dema:hd is separately forecasted for the following 2 groups.
”(_a;) .Natur_aﬂy grbwing demand. of the .c_xi_sting i__rid_ustrial customers and

demand of comparatively small scale new industries

-, (b)* Demands of comparatively large scale industries under construction and
' under definite construction schedules



Existing and comparatively small scale new industries

Demands of the existing and comparatively small scale new industries are
examined based on relations between actual energy consumption and non-
agriculture GDP, and the forecasted growth rate of non-agricultural GDP is
applied for long term demand forecast B

Non-agricultural GDP, average annual growth rate of industrial demand and
elasticity of industrial demand to GDP in the recent 9 years (1981/82-1989/90)
and the recent 5 years (1985/86-1998/90) were as follows: :

1981/82-89/90 1985/86-89/90

- GDP annual growth rate of non- '
-~ agriculture sector : 3.89% ' 3.18%
‘Growth rate of industrial demand 12.90% _ 12.74%

Elasticity 1o GDP 3.29 .4.00

The reason that the elasticity of the recent 5 years is higher than that of the
recent 9 years is that industries in the Eastern region, which had been supplied
previously from Indian grid, were connected to NEA's power system after the
extension of the 132kV system to the Biratnagar area in 1985,

This study assumes the elasticity of industrial demand growth to non-
agricultural GDP to be as below, taking into account that the above demand
includes démand of such new and comparatwely large scale indiistries as the

" Hetauda cement factory.
1990/91 and 1991/92 ............c... 3.0
1992/93 - 1995/96 ........cicieeee 250
1996/97 - 2000/01 .........oeeeles 2.0

2001/02 - 2010/11 ... 1.5

The high elasticity to GDP before 1995/96 is assumed to contmue, because
“more areas in Terai will be elecirified durmg thlS penod '

- For simplicity of assumption the same e]astwlty will be’ apphed for both the
Bagmati and other areas. o B a R



Demand of factories under construction and under fixed construction schedule

NIDC (Nepal Industrial Development Corporatlon) xssued a report in March
_ 1989 with construction plans of new factones planncd in the country EDF
demand forecast report estimated total demand of 6 large factories selected from
those factories to be facilitated with capacity of more than 200 kVA from the
NIDC report (refer Table 6.5).

Year Demand (GWh)
1990/91 8.16
1995096 6290
2000/01 111.20

2010/11 190.00
Further details are shown in Table 6.6,

" This stady uses the abovemennoned ﬁgures 0 forecast demand of hiew large
' "scale factorles ' o

Demand in the base year for demand forecast

The base year for the power demand’ forecast in this study " is 11989/90.
Industrial demand in the whole country and that in the Bagmau areain the base
year were 178. BGWh and 43.08GWh, respccnvely . o

(2) * Commercial Demand

""" Power demand in the commercial sector is forecasted using the relation between
“actual enérgy consumpuon and non- agricultural GDP and the esumated long
- term growth rate of rion-agricalture GDP. S _

The non—agncultural GDP, averagc ansiual growth rate of commcmlal demand
and their clasnmty in'the rccent 9 years (1981/82- 1989/90) and in the recent 5
Y year (1985/86 1989/90) dte as given below SRR o _
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1981/82-89/90 1985/86-89/90

EG‘r@Wth i‘éte ().f‘nonéa'gri;'GbP e 3’,89% ' 3._,118%
- Growth rate of commercial demand 8.28% ' 14.91%
‘FElasticiiy = . o213 -0 - o 4.68

This study assumes the undermentioned elastic factor for the commercial

demand.
1990/91 - 1995/96......reverrernrns 2.5
1996/97 - 2000/01 ....vovovorn 2.0

2001/02 - 2010/11 --..evccrnenren, 5

Demand of new hotels will be covered by the above gi‘owth rate, and no other
special load is considered in this study. .

~Total demand of the commercial sector in the whole country and that of the
Bagmati area in the base year (1989/90) were 33.71GWh and 27.15GWh,
respectively. Commercial demand in the Bagmati area occupied about 80% of

total commercial demand in the country. .
(Z}) 7 Agricultural (irrigation} Demand

’I.‘he.agric-ﬁltural- demand. is affected by the development progress. of new
electrified groundwater irrigation projects, electrification of existing irrigation
facilities and variable climate. '

Groundwater irrigation utilizing shallow or deep tubewells driven by diesel
kex}.gin_es is ,_m{ainljr developed in the Terai plain at present. Several new
grouiidwatcr projects arc.planncd in __thc_ plain for accelerating increase of the
production. - '

In additi(.)rnkio—_the {leﬁlang_i_f@recast baséd on i_hc piaﬂned 1mgat10n projects in the
NEA's 1986 forecast report, ADB's 7th Power Project also forecasted the

regional agricultural demand.

According to the plan of the Irrigation Department {Ministﬁy of Water
Resources), 25% of existing shallow tubewells and all deep tubewells are to be
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converted to motor-driven wells by the year 2000, for which requirement of
total energy of 339GWh per annum is forecasted. o

Table 6.7 shows the demand forecasts for regional irrigation prepared by NEA,
7th Power Project and Mlmstry of Water Resources.

}Expenenced demand of i 1mganon of which the tanff catcgory was ruled in
1985, was as below:

1986/87  1987/88  1988/89 1989/90

‘Demand of irrigation -(GWh) -~ -0 .-~ 936- 1563 1197
. Growthrate . (%) .- . - . -67.00 2340

This study examines the demand forecast under the following assdmptidhs:

() "Growtn rates of the exmtmg ‘demand and dcmand undcr new development
o pl‘O_]CCtS cxcept for spemal demands undermennoned (b) are samc as that
" of the estimated agricultural GDP o

(b) The said special demand is that equwalent to amount deducted actual
o "“demand in 1989/90 from the EDF forccast as tablcd belaw

1990/91 ..ot 1.0 GWh

199192 i 5.0 GWh

1995/96 iovviiiiniiiiiviinnn, 23.0GWhH

2000/01 ..o - 49.0 GWh _
il 2010/11 .o same rate as agricuitural
T : .. .GDP growth rate .-

in’igation demands of tﬁé wﬁolé éountry dnd thé Baghati area in the b.a.se year
(1989/90) were 11.97 GWh and 0.21 GWh-(1.7% of the whole country),
respectively,

(4)7 :'O'ﬂiéfbé'maﬁds IR
";"""‘Othcr demaﬁds ‘include those of non- commcrmal transwrt ‘water-supply,

temples, street lights, etc. Most of these demands are in close relation with
'GDP (income) or variation of domestic demand. The average annual growth
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rates of GDP, domestic demand and other.demands together with elasticity are
shown in the following table: :

1981/82-89/50 - 1985/86-89/90
Growth rate of GDP 4.09% 4.00%

. Growth rate of domestic demand  12.43%. = - . - 13.27%
Growth rate of other demand 39.98% 8.73%
Elasticity of GDP 9.77 o 2,18
Elasticity of domestic demand 3.22 0.66

"The above table shows that the average annual growth rate of the other demands
in the period of 1981/82 to 1989/90 was extremely high compared with that in
1985/86 10 1989/90. This difference was cansed by a rapid increase (7 times)
of the demand in 1985/86 when the power tariff system of the country was
revised.

This study, accordmgly, uses the growth rate recorded durmg the recent 5 years
' Wthh has not been mﬂuenced much by revision of the tarlff system and
* assumes that the growth rate of the other demands w;]l mcrease w1th a rate of
0.7 time that of domestic demand.

B Energy reqmrement of the other demands in the whole Nepal and the Bagmatx
“area in the base year (1989/90) were 69. 39GWh and 40.13 GWh (57.8%),

respectively.
6.2.4 Energy Losses

Energy losses in the NEA's power system increased from 26.9% in 1988/89 to
29.7% in 1989/90 according to the collected data. '

System losses are defined as follows:

(total national consumption)
" (national generatlon + 1mp0rts) (exports)

System Losses =

= (transmlssmn/dxsmbuuon line losses -+ station use energy +
energy consumptxon by NEA staff)/(natlonal generatlon +
o ImPOITS exports)
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Further details of: annual energy losses in ‘10 years pcrlod of 1980/81 to
1989/90 are shown in Table 6.8,

" 'This study assiimes that the encrgy losses will decrease by 1% every year till

the total system losses become 18%, cxpectmg the effect of the ransmission
~and dlStI’lbllthll system remforccment pro;cct unplementcd in the Terai Plain
' :runder ADB s assistance and also the effect of the loss rcductlon program to be
: 1mplemented in the Kathmandu Valley. -

-~ 6.2.5 Anmal Load Factor -
As sééﬁ in Téble 6.9 for annual Io'ac"l. factor in the paélt 10 years (1980/81-
1989/90), the annual load factor suddenly raised in 1986/87, stayed at a similar

. level thereafter and slightly declined in.1989/90.

The decline of the load factor in 1989/90 and rapid increase of the maximum
~demand recorded on January 5, 1990 are likely to be caused by the heating

~ demand due | to very low air temperaturc, and by the increase of cooking demand

" due 1o dccreas_e of imported kerosene through India because of the invalidation
- of the Treaty for Trade and Transit. ' .

Annual load factor in Nepal is considered to be raised by the incféasé in energy
*- demand for the industry, tfansport, non-commercial, agriculture and water-
supply sectors. On the contrary, the domestic, commercial (mainly hotels and
restaurants) and street light demands will lower the load factor.

The industrial demand is a large component t6 increass annual load factor and
although large scale factories are expected o be operated in future, the annual
load factor is considered not to vary largely for a long perwd in future due to
" the dommancc of domesnc demand ' '
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The annual load factor in the year 1989/90 is estimated below: -

Whole Bagmati Other

Nepal . Area _ Areas
Energy consumption  (GWh) 5248 2615 263.3
Energy losses (*1) (%) - 297 - 297 29.7
Energy generated (Gwh) 74635 3719 . 3746
Maximum demand (*2) (MW) . 171.6 ' 962 75.5
Annual load factor (%) 496 44,1 - - 56,6

Note: *1 Average loss factor of the country is applied to both Bagmati and
other areas.
*2 Demand at 6:00 pm on January 5, 1990 (Demand of 176 2MW
was tecorded at 6:30 pm on the same day.)

Energy consumption and shares of domestic, industrial and other consumers in
the Bagmati and other areas in 1989/90 are given below:

© - Bagmati Areg - Other Areas

Consumption  Share Consumption  Share

(GWh) - (%)‘ ' (GWhy (%)

Domestic - 1509 - 577 - - B80S - 2306
Industry 43.1 16.5 135.2 51.3
Others 67.5 25.8 47.6 18.1
261.5 1000 . 2633 . 100.0

The above 2 tables show that the ratio of enérgy consumi)tion of domestic to
industrial consumers influences the annual load factor in the Bagmati and other
areas.

Th]S study assumes that the annual Ioad factor in the Bagmatl area wﬂl mcrease
to 50% and that in the other areas to 60% with an increase rate of 0.2% per
annum.

6.2.6 Resulis of Demand Forecast

Power demand for 20 years from 1989/90 o 2010/11 forecasted in this study is
detailed in Table 6.10 and a summary of the results is given below: '



Energy Generation Forecast . . (GWh).

Arca 1989/90  1995/96 200001 200506  2010/11
~ Bagmati 3719 6000 9258  1,378.4  1,986.3
Others 3746 7190 1,208.1  1,829.0 = 2,736.6
. WholeNepal ~ 7465  1,319.0. 21339 - 3207.4 - 4,722.9
Maximum Demand .(MW)

A 1989090  1995/96 - 200001 2005/06  2010/11
‘Bagmati - 961  150.8° 227.8° 3320 4685
Others . . 755 1420 2345 = 3491 5207
Whole Nepal ~ 171.6 2928 4623 681.1  989.2
" Share of Energy Consumption. (%)
 Ara 198990  1995/96 2000001  2005/06  2010/11

Bagmati B U
Domestic 57.7 57.9 57.9 58.6 57.8
Industry 16.5 18.4 20.3 21.1 22.9
Others 258 237 218 203 - 193
100.0 1000 1000  100.0 100.0
Domestic 306 287 286 306 309
Industry - 514 543 563 565 . 580
Others 18.0 17.0 151 120 111
100.0 100.0 1000 1000 100.0

Energy requ:rement in the Bagmati area was about 50% of the total requirement
of the country m the year 1989}9{) However, 1ts share would fall down to 43%
in 2000/01 and 42% i in 2010711, '

c Results of demand forecasts conducted by EDF (hxgh and medmm) and this
R ,study dre 111ustrated in Flgures 6.1and 62, As seen in the ﬁgures ‘demand

forecasted ‘in” this study lies between those of h1gh and medium’ growth
: 'sccnarlos of thc EDF forecast '
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6.3

Areawise Demand Forecast in Kathmandu Valley -

'6.3.1 General

Detailed arsawise demand forecast is required for formulating the extension and
‘reinforcement plan for the power transmission and distribution system in the

Kathmandu Valley.

This section discusses the following particulars:

| (a) Arcawise demand forecasts for the Kathmandu Central, Kathzﬁiiéndu East,

Kathmandu Weét, Lalitpur and Bhaktapur branch offices utilizing results
of demand forecast for the Bagmati area obtained in Section 6:2.

(b) Demand forecasting for each substation and switclﬁng station in the areas
based on the maximum demand recorded on January 5, 1990 and the
- growth rates of demand of each branch office.

Those forecasts will be conducted for the 10 years period till 2000/01 with the
. base year pf 1989/90, S _

632 Current Power Demand at Each Station

Energy sales of each branch office in the period of December 1_6';q_Fcbruary 15
(Poush and Magha in the Nepal calender month) of 1985/86 and 1989/90 were

as follows:

| Records of Energy Sales {MWh)

. 1985/86 . .. . .1989/%0 __ . GR
Poush Megha Total = Poush Megha Totai (%)

Kathmandu C 7,772 8,059 15,831 11,636 10,733 '22,36_9 903
KathmanduE 1,593 1,671 - 3,264 3,171 . 3,148 6,319 17.95

Kathmandu W 2,237 1,938 4,175 4,060 3,861 7,921 17.36

Latipur -+ 2546 20387 4933 402773919 “7.946 12.66
Bhektapur 723 772 1A95 . 1352 . 1.423.. 2775, 16.71
Total 14,871 14,829 29,700 24,246 23,084 47,330 12.36
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" Records in the table claritied that

(a) The highest growth rate of energy sales in the recent 5 years was recorded
in the Kathmandu Hast area. Those in the Kathmandu West and
Bhakatapur areas also were at a similar level.

(b) ‘The growth rate in the Kathmandu Central area, the highest demand
density arca was the lowest,
- Tt seenis that the'energy demand in‘the area is reaching saturation.
The maximum demand at each substation and switching station in the
Kathmandu Valley on January 5, 1990 when the highest demand was recorded
is given in Table 5.7 of Chapter 5.
6.3.3 Arcawise Demand Forecast
(1) Methodology
The ratlo method is applied for areawise délﬁahd forecast. This method is
mamly used for the p0pu1anon pro;ectzon and is based on the following
assumptwns
(@) Growth rate of population or demand for most areas and
communities is related to growth rate of state and national populatxon

" “or demand:

(b) Growth rate in a limited area is projected from an estimated figure in
larger area. T ' :

" Following formiula is applied for the forecast:
PifPt=ki or Pi=ki*Pt

population or demand in stu_dy area (ki). N

]

where, Pi
P

il

population or demand of state or nation involving study
area.
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This study examines the demand forecast using the above ratio with a time
factor as follows:

ki, tj = Ki (tj)

where, ki, tj = ratio of demand at time tj in the study area (i) to the
whole demand.

Historical records of ratios of sold energy of each NEA's branch office to total
sold energy in the Bagmati area are as shown in the following table.

Ratio of Sold Energy - S
(%)
1984/85 1989/90

Kathmandu Central 50.97 45.19
Kathmandu East 10.51 12.77
Kathmandu West 13.45 - 16.00
Lalitpur 15.88 16.06
Bhaktapur 482 561
Kavre 173 1.73
Sindhuli/Dolakha - - 1.28.  1.28 .
Rasuwa/Nuwakot 1.36 1.36

Total 100.00 100.00

Since records in 1984/85 of Kavre, Rasuwa/Nuwakot and Sindhuli/Dolakha
were not available, the ratios in 1989/90 are adopted for those areas in1984/85.

(2) Results of Demand Forecast

Forecasted demand of each study area and its ratio to the total demand of the
Bagmati area are given below, and its details are given in Table 6.11.
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Regional Forecast of Energy Sales (% & GWh)

- 1989/90 1995096 - . 2000001

- Ratio Demand Ratic Demand Ratioc' Demand
Kathmando Central 45,19 118.16° °38.02° 173.35 '33.19 248.84
Kathmandu East 1277 3338 1569 71.56  17.75  133.07
Kathmandu West 16.00 = 41.84 1923 87.84 21.50 161.24
Lalitpor ~ 16.06 4197 1605 73.20 1502 11935
Bhaktapur - 561 1466 6.66 3038 743 5573
Kavre R 1.73 453 170 - 7.77 1.67 12.50
Smdhuh/Do]akha 1.36. 3.56 1.34- :6.10 1.31 9.82
Rasuwa/Nuwakot 1.28 . 3.36 126 - ..5.76 124 9728
Total , 100.00 - 261.45 455.96 100.00 749.87

. 100.00

(3) Demand Density by Billing Unit (Réfer.: V‘S?ccﬁon 5'3) .'

_ 'I‘he rano method was further apphcd to esnmate the future dcmand in smaller

areas, i.e. bﬂlmg umt whlch hds certam basm data for analysxs such as energy

sales.

. _V;Thc results of the forecast are 111ustrated in Figure 6.4 for 1995/96 and Flgure

16,8 or 2000/01

6;3.4 Powéf'DéfnandF(;rccast for Each Station

' (‘-1;)' . Growth Rate of Regional Demand . ‘

Losses.

Losses of transmmsmn lmes, transfoxmers and dlstnbunon lmes are

assumed as below:

" Transmission Lines” Distribution  Total
- & Transformers: - . . Lines .. -0 ..
198990 1 97%  200%  299%
© 1995096 9.0% 15.0% 24.0%
2000/01 8.0% 11.0%

19.0%
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Annual Load Factor -

- Following assumption are introduced to the annual load factors at
substations and switching stations in the Kathmandu Valley based on the

- collected records of actual energy sales and loss';'__fa_ctors assumed above.

,_Bagm:aﬁ (*1) Kathmandu s

198990
°1990/91°
2000/01

44.1%
45.5%
46.4%

424%
44.2%. -
45.9%

Note:" (*1) Refer to-Table 6.10.

Growth Rate of Power Demand

- Maximum demands of each area were forecasted applymg the above
distribution line Iosses ‘and annual load factor to the energy sales

" forecasted in Section 6.3. 3 as below:

(MW)

S o o 'Growth Rate

Area 1989/90 1995/96 2000/01 £ (89/90-00/01)
Kathmandu Central 39.77 52.68 69.85 _5._25 %
Kathmandu East 11.23 21.74° 3735+ 1154 %
Kathmandu West 14.08 26.69 45.26 11.20 %
Lalitpur 14.13 22.24 33.50 .17 %
Bhaktapur 4.93 9.23 1564 - 11.06 %
Kavre 1.52 2.36 3.51 7.88 %
Sindhuli/Dolakha 1.20 1.85 2.76 7.88 %
Rasuwa/Nuwakot 1.13 1.75 2.60 7.88 %

.(2) Forécast of Pcak Demand 6f Each Station

‘Table 6.12 shows the maximum demand. of each substation and switching

station forecasted by examing the present feeding area of each station and.

~ growth rate of the areawise demand, and it is summarized is as follows:
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(MW)

Substation 1989/90 1995/96  2000/01 Growth (%)
Kathmandu - 2 12.40 16.86 21.77 5.25
Teku _ 9.03 13.13 17.94 6.44
Lainchaur 6.89 9.37 12.10 5.25
Thapathali 5.30 7.20 9.31 5.25
Maharajgunj 1.97 2.68 3.46 5.25
Old Chabel 8.08 12.66 18.40 7.77
New Chabel 1.74 3.35 5.78 11.53
Baneswar 13.50 23.51 37.32 0.68

. Siuchatar 6.34 11.99 20.38 11.20
Balaju 5.37 10.15 17.26 11.20
Old Patan 7.22 11.57 17.13 8.17
Bhaktapur 5.61 10.00 16.18 10.11
Thimi 1.78 3.34 5.64 11.05
Trisuli 120 1.89 2.76 7.87
Sunkosi 1.56 246  3.59 7.87
Total 87.99 140.14 200.02 8.18
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7.1

CHAPTER 7. . .

. MASTER PLAN FOR REINFORCEMENT AND EXTENSION OF

TRANSMISSION SYSTEM INCLUDING RING MAIN SYSTEM

Basic Criteria for System Reinforcement and Extension

. In order to establish an effective and economical reinforcement and extension

plan for the. power transmission network, overload of transformers and/or
transmission lines, voltage drop and system losses are deemed to be important
criteria to determine the reinforcement and extension scale.

Power flow analysis with the help of computer simulation will be made for
examining the troubles like overload and excessive voltage drop on the network
as well as for calculation of system losses, which will be actualized with

- demand growth in the Kathmandu Valley.

1) Overload of Facilities

Overload of facilities is examined under operating conditions with
(abnormal) andfor without (normal) outage of any one facility like
transformer, transmission. line, etc. . Even in case of any abnormal
bperating condition, power system has to maintain stable power supply to
consumers as far as possible. In the study, outage.of one circuit of
transmission line is deemed as abnormal operating condition for analysis.

-, To maingin;ircliable power supply, criteria for overload were assumed as

... given below taking into account necessary. lead time for procurement of

...equipment and materials, and construction schedule including arrangement
of budget for that purpose and design, . . .-

. = under normal operating condition .

‘it demand factor,of transformer. - below 100% at peak time
.. ... . load current of conductor . . below continuous. .
o allowable current
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7.2

- under abnormal operating condition
demand factor of transfonner below 120% at peak time
" load current of conductor - *'below continuous allowable
- S * cutrent,”

(2) Voltage Drop at 11kV Buses
The limits of acceptable voltage drop at 11kV buses under normai and

abnormal operating conditions are assumed as follows taking into'account
- voltage drop on the 11kV line feeders fed from sub%tatmns and sw1tch1ng

“stations;
- under normal operating condition : 7 %

- under abnormal operating condition ~ :° 10%

“(3) Transmission Losses -

Total transmission loss in the planned system is calculated by computer
simulation of power flow. Transmission'loss is faker into"account in the
project evaluation for selecting an optimal investment plan.

* Basic Conditions for Power Flow Analysis -~

(1) ~Power Network -

The objective network system for power flow analysis includes all the
transmission lines, substations, switching stations and the 11KV ring main
distribution lines in the Kathmandu Valley and the power stations with related
transmission lines ouside the Valley. The' exxsnng network conflguratxon as of
January 5,1990 is shown in the Figure 7.1. v '

For analysis in the future stages, power flow calculations were conducted year

by year with’ forécastéd demarid on the modified system. Remedial plans were

formulated so as to solve problems which were observed on the system,
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(2)  System Constants

- Particulars of the generators, transformers, transmission lines and ring main
distribution lines in the current system ave shown in Table 7.1, 7.2 and 7.3.
The power flow calculation was executed using these values.. - -

(3} Maximum Load of Each Station for the System Analysis. .

- The actual load of substations and switching stations recorded at 19:00 pm on
January 5, 1990, when peak demand of the year 1989/90 was recordéd, was
adopted for the base year. For the analysis in the future stages, the forecasted
demand of each siation for eéch year stated in the Section 6.3.4 (Table 6.12)
is used,

The power factor of the load  was assumed at 95% based on the actual power
factor around 97% in log sheet data collected for the study.

(4) Voliage Regulation

Voitagé' at 11kV buses in the systclﬁ is supervised and regulated by changing
tap Tatio of ransformers at substations. The tap ratio is controlled in the range
of actual ratios of the existing transformers and +[4 10% for the transformers

to be additionally installed l'_mder this study.

The ranges of tap ratio of the existing transformers are shown below.

Substation Name Voliage (kV) Tap Ratio (%) -

o _ .. (HighVoltage Side)
* Balaju - T e132f66 Coeaf- 100
Balju .. 6601 410
Siuchatar 1 132/66 ' +- 10
Siuchatar - - v GG/ s s 45015
New Chabel -66/11 +- 10
Lainchaur =~ = 66/11 - +-10
< -Bangswar o T L6611 0 o L 45/-15
oooNewPatan .. oo 661 Lo 4515




7.3

Generation Expansion Plan for System Analysis

NEA formulated a plan for energy balance between demand and supply

- capacity based on its demand forecast, in which the following improvement
and development of the power system are programmed.

(a) Load management of the system. : S

(b) Development of medium speed diese! generators by the year 1999,

(¢) Development of Arun 3 hydroelectric project (402MW) in 2 phases, the
- first phase with 268MW by 2001 and the second’ phase with 134MW by
- 2005.- o :

(d) Development of Uppcr-Arun hydroelectnc project (360MW) by 2009.

Balance of demand and supply capacity in the country till the commlssmmng of
the Arun 3 power station is estimated as given below: :

Deficit of Power Supply

Deficit in the Couniry

Year _ Power (Peak) . . Energy. --
_ MW) (GWh)
199495 15 3
199596 1 R /)
199697 6 118
199798 99 23
199899 129 : 333
1999/00 169 487

" The imbalance of demand and supply of peak power and energy in the country

will appear after the year 1994/95 as seen in the above table. For covering the
deficit, it is required to construct medium-speed d:esel power stations or gas-
turbine power stations with short construction perxod

Analysis of the power syst'c'm‘by 200/01 in the Kﬁthman;:iu'area should be
conducted taking into account the balance of supply and dernand in the system.
Accordingly, imaginary generating facilities equivalent to the deficit are
assumed to be installed at the existing Hetauda substation for simplification of
analysis.
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7.4

Catalogue of System Reinforcement and Extension Alternatives

7.4.1 General

. In order to solve-the problems pointed out in Section 4.3 and to maintain

reliable power supply to the Kathmandu Valley upto the year 2000/01, the
following works are considered as alternatives for reinforcement and extension
of the power transmission system.

7.4.2 Rehabilitations

(1) Rehabilitation of Lainchaur Substation -

As. 66kV and 11kV switchgears of the substation were burnt down,
_ power is supplied through 11kV cubicles temporally installed without
- 66kV: switchgear.- Rehabilitation of . this substation, however, is
scheduled to be financed by another donor.

- (2) - Rehabilitation of 11kV Underground Cable .

The 11kV underground cables from the Lainchaur substation to K2

switching station had been damaged at the time of site investigation in

1990, however NEA has rehabilitated the cables by itself in middle of
1991 . e : e

- :7.4.3 New Construction

RS

. -(1) . New Bhaktapur Substation . --.

- .Construction.of a'new substation (New.Bhakutapur) near the existing

Bhaktapur switching station is conceivable to improve inferior system

reliability and voltage drop in this area. Initially the substation will be

-provided with 66/11kV:transformers, which will be graded up'to 132kV

in future. Power will be supplied from the New Chabel substation by a

... 66kV line.and pi connections of the 66kV Patan - Sunkosi line and of the
-+ 11kV Thimi - Bhaktapur line will be made. -



@

&)

@

(9

(6)-

K3 Substation

Construction of a new substation in the downtown area near the
Exhibition Ground is conceivable to meet the growing demand in the
area. The substation will have 66/11kV transformer and be supplied with
power through a new 66kV overhead line from the Siuchatar substation,

Chapagaon Substation

The objective of constructing this new substation at Chapagaon is to
improve voliage regulation in the area, especially in the Godawari area.
Power to this area-is presently supplied through 11kV feeders from the
Baneswar substation; and the voltage drop of the feeders is alicady vér_y
high, 8.5%. Power is fed from the Siuchatar substation through a 132kV

" Yine; or from the New Patan substation through a 66kV- line,

132kV Transmission Line : Siuchatar §/S - New Bhaktapur S/S

Construction of a 132kV double circuit line from the Siuchatar substation
to the New Bhaktapur substaton is conceivable to feed power fo the New
Bhaktapur and Chapagaon substations.

132kV Transmission Line : Siuchatar $/S - Balaju /8 +:

Construction of a 132kV single circuit line between the Siuchatar and
Balaju substations is conceivable to maintain reliable power supply to the
Kathmandu Valley from Marsyangdi power station. In thi§ case, new
132kV GIS for one circuit is needed at Balaju. However, the existing
132kV GIS has no provision for future éxtension and also no space is

provided. In order to avoid much disturbance, pi connection from the |
existing Marsyangdi - Balaju line to the Siuchatar substation is also

- conceivable as an alternative-idea,
- 66kV Transmission Line : Siuchatar $/S - K38/S - =

- Construction‘of a 66kV double circuit-line between the Siuchatar to K3

substations is conceivable to reinforce power to the K3 substation. The
line route is planned along the side of the Balkhu, Bagmati and Tukucha
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-

rivers, and the route of the existing 11kV Patan to K2 line will be nseful
for the section between the Bagmati river and the K3 substation.

66kV Transmission Line ¢ Siuchatar /S - Teku 8/S

Construction of a 66k'V- line between the Siuchatar 16 Tekui substations is
conceivable to feed power to the upgraded Teku substation. In case that
K3 substation is constructed, pi connection from one circuit of the
Siuchatar to K3 66kV line will be made at the Teku substation. In case

" that K3 ‘is not 'cdn'structed, the 66kV double circuit’ line will be
* constricted between Siuchatar and Teku substations.

(8)

&)

66kV Transmission Line : New Chabel $/S - New Bhaktapur $/S |

Coristruction of a 66kV single circuit line from New Chabel substation to
New Bhakiapur substation is conceivable to feed power to the latier. The
line will be aligned along the side of the eastern mountains in the

Kathmandu Valley.

66kV Transmission Line : Balaju $/S - Lairichaur S/S-+ -

Constiiction of an additional 66kV line from the’ Balaju' substation to
Lainchaur substation is conceivable to maintain teliable power supply.

" The Lainchaur substation is at present suppliéd withi power through a
- 66k'\_1:sin'glc circuit overhead line. ‘It is obvious that load shedding

- covering a widearea is not avoidable due to outage of the existing 66kV

Tine, bécause all demand of the Lainchaur and K2 substations is served
 through the 11kV Patan-K2 line and this causes overload of the line. In

order to avoid such load shedding, a doublé circuit line i§ essential for the

- Lainchaur substation, Though the existing line route is usable for the
v "-pIanned lirie, load shedding in'the central area will be nccded during the
e reconstructlon of the double circuit hne . B

(10)

66kV Transmission Line : Patan 8/S°~ Chapagaon $/S: -

Construction-of a 66kV single circuit line between the New Patan to

~ Chapagaon substations is conceivable in case that Chapagaon substation
 is to be fed from the New Patan substation.
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(11)

1

11kV Underground Cable ;: Teku S/S - K2 5/S-

Installation of two circuits of 11kV underground cable from the Teku
substation to K2 switching station is conceivable as an alternative plan in
case that K3 substation is not constructed.

132kV Switching Station

Construction of a new 132kV switching station near the Siuchatar
substation is conceivable to establish a reliable and operation-oriented
132kV system in the Kathmandu Valley. The 132kV Marsyangdi line
and Kulekhani II line will be connected to this switching station which
distributes power to Siuchatar and Balaju substations through the existing
132kV lines and to a new substation in Bhaktapur area by a 132kV line t0
be newly constructed.

7.4.4 Reinforcement and Extension

1§

Additional Stringing : Siuchatar §/S - Patan 8/8 66kV Line

- Addition of a second circuit on the existing 66kV double circuit towers

between the Siuchatar and Patan substations is conceivable to improve

reliability of power supply to the Patan, Baneswar and city center areas.

- In case that New Bhaktaputr substation is supplied from the 132kV

2

switching station or Siuchatar substation through a. 132kV transmission
line in early stage, this work will be postponed in a few years.

Connection between Trisuli P/S and Devighat P/S

 As already explained in Section 4.3.2, 66kV connection of Trisuli and

Devighat power stations is conceivable in order to operate both power
stations effectively. For this connection, the existing Trisuli and
Devighat lines can be utilized.



(3) Upgrading of Teku Switching Station to 66kV Substation

In order to meet the growing demand in the downtown area, upgrading
the Teku switching station to a 66kV substation is conceivable. .

@ Addition of T:an_sfonner. Capacity

- In order to relieve transformers from overloading, additional installation
and/or replacement of transformers at substations will be required.

(5) Additional Stringing : 132kV SW/S - Siuchatar §/8 13&\} Line

If the 132kV switching station is constructed, the existing 132KV line
between Kulekhani IT power station and the Siuchatar substation can be
used for connecting the 132kV switching station and the Siuchatar
substation, This existing line is of singie circuit construction on double
circuit towers. In order to strcngthen__relizibil_ity of power supply between
the two stations, stringing of a second circuit between the 132kV
switching station and Siuchatar substation is.conceivable,

(6) Additional Stringing on the Existing 132KV Lines
In t_:_.ase that new géne_rating plants are _:CDIiS&lIC,IEd outside the Kaﬁxmandu
. Valley to meet growing demand and generated power is transmitted to the
. .-.Kathmandu, Valley through the. existing. 66kV and 132kV.lines, the
- following additional stringing works may be needed; -
a) Additional stringing on the 132kV Kulekhani II P/S - Siuchatar line.
~.b) . Additional stringing on the 132kV Hetauda - Kulekhani L P/S line.

Result of Power Flow Analysis
Stable and reliable electric powéi' supply m the kathrﬁandu Valley has been

_ examined ynder both normal and abnormal operating conditions by. power flow
o ana_lyfsis,'takipg'__int(_) account the future power demand forecasted in Chapter 6.
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If some troubles like excessive voltage drop (7% under normal operating
condition and 10% under abnormal operating condition) or overload are
observed on the power transmission network through the power flow analysis,
proper countermeasures are selected from the catalogue of alternatives
explained in Section 7.4 and their effectiveness to the system improvement is
examined again through the system analysis for selection of an ‘optimum
countermeasure in the year. Examinations of the power supply System are
* repedted year by year throughout the study horizon of this Master Plan Study.

(1) Immediate Plans

No power supply problems like excessive voltage drop and overload of
transformers and transmission lines are observed in the system under the
normal operating condition. However, under the abnormal operating
-condition, the following power supply difficulties afe observed:”

" Ouitage of 66kV Siuchatar - Patan Line (1ect)

A large portion of loads in the areas served by the New Patan and Baneswar
substations have to be supplied from the Laincaur substation through the 11kV
ring main line, because effective output of the Sunkosi power station is
considerably small and not enough to satisfy the demand. Then transformers at
"the Lainchaur substation are overloaded to around 200%, and 11kV
underground power cables between the Lainchaur substation and K2 switching
station are also overloaded (180%). Excessive voltage drop of more than 10%
is observed at 11kV buses at the Patan and Baneswar substations, and the
Thimi and Bhaktapur switching stations. |

In order to avoid such power supply difficulty, addition of a second circuit line
to the existing 66 kV Siuchatar-Patan line on double-circuit towers is the most

effective and economical solution,

Qutage of 60kV Balaju-Lainchaur Line

All loads served from the Laincliaiir substation and K2 switching station have
“to be supplied from the Patan sibstation through a-11kV doible-circuit

overhead line when the Balaju-Lainchaur line is in outage condition. As a
result, the 11kV line is overloaded to about 110%.

7-10



" From technical point of view, construction of another 66kV single circuit line is
more attractive than reinforcement of the overloaded 11KV line, because a 11kV
system is not adequate for bulk power supply to the city center areas in future.

- However, addition of another 66kV singlé line between the Balaju and the
Lainchaur substations is not considered in this stage, because:

(@)  route length of the existing line is only 2.3 km' and’ probability of
~ outage due to faults and/or damages seems 1o be considerably low, and

“(b) - overload-on the 11kV. line is not so serious at this stage and will be
- improved by means of shifting a part of loads supplied from the K2 and
the Lainchaur stations to the Balaju, Teku and New- Chabel stations.

~Qutage of 66kV Patan-Baneswar Line

Extensive load-shedding will be inevitable in the areas served by the Baneswar
~ substation, because the Sunkoshi power station-is not capable to satisfy all
demand. R

“:. In order 10 improve the abové contraint; new construction of a 66KV single

< gircuit line between New Patan dnd Baneswar is effective, but not recommend-
able due to the difficulty in land acquisition. As an alternative, formulation of a
66kV ring system by construction of a new 66kV substation at Bhaktapur and
construction of a new 66kV line between Bhaktapur and New Chabel is most
~appropriate solution. S ' o S
(2) Plans upto 1992/93
‘Under the normal operating condition, the following power supply difficulty is
observed. T '
.+ @) ~Overload of transformer at Baneswar (107% in the year 1992/93)
b)  Excessive voliage drop of 11kV bus at Bhakiapur switcliing station

i
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As a countermeasure against {(b) above, construction of a new substation at
Bhaktapur (hereinafter called "New Bhaktapur substation") and connection
with the existing 66kV Sunkosi line will be a most appropriate solution.

In addition to the above, it is very i'mportam 1o construct a new 66kV line
between Bhaktapur and New Chabel in order to form a 66kV ring system
surrounding the Kathmandu city-and to significantly improve rc]iability of
power supply. Construction of the new substation and transmission line wiil
reliese problems due to outage of the 66kV Patan-Baneswar line.

After improvement by the abovementioned countermeasures, no power supply
difficulty is expected under any normal and abnormal operating conditions. As
explained in (1) and (2) of Section 4.3.2, however, power supply shortage in
the whole system will occur due to outage of the 132kV Marsyangdi-Baratpur
line and/or the 66kV Trisuli-Balaju line, and operation of diesel engine
generators will be needed for peak-load hours. Therefore, the following
countermeasures should be taken:

(@) - pi connection of the 132 Marsyangdi-Balaju line to-the Siuchatar
substation.

- (b).  Modification of the 66kV switchgear of the Trisuli power station and
. jumper connection between both Trisuli and Devighat power stations.

(3)- - Plans npto 1995/96

The following power supply difficulties are observed on the following
transformers and 11kV lines, and augmentation of transformers and
construction of new substations are needed. '

a) . Overload of 11kV underground cables between Lainchaur and_ K2 dueto
_ outage of the 11kV Patan-K2 line (1993/94). C e
b) Overload of 132/66kV transformer at the Siuchatar substanon (1994/95)
c) ,Ovcrload of 66/11kV transformers at the New Bhakatapur substation
_(1995/96) - IR PRV PR :
d) Overload of 66/11kV transformcrs at the. Balaju substanon and I1kv
overhead Balaju-Teku line due to outage of the 11kV Siuchatar-Teku line
(1995/96) |
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In order to improve the above constraint (a), construction of new substation in
the central area of Kathmandu city where governmental offices and other
. important buildings are concentrated is the most attractive in order to achieve
- stable and reliable power supply to the area,

For the above constraint of (d), the Teku switching station should be upgraded
10 a 66kV substation with a 18MV A wansformer.

(4) . Upto 2000/01 - .-
- The following power supply difficultics are observed: -

-a) . Overload of 66/11kV: transformers_at. t_he New Chabel substation

o (1996/97) L Lo

b) .. Overload of. 66/ 11kV transformers at thc Lamchaur substatxon (1997/98)
-¢). + Overload of 66/11kV transformers at the Teku substation (1998/99)

d)  Overload of 66/11kV n‘ansfqrrhe_rs at the Balaju substatio_n (1998/99)

e)  Excessive voltage drop of 11kV bus at New Bhaktapur substation due to

outage of the 66kV Patan-Baneswar line (1998/99) o
f  Overload of 66/ 11kV transformers at New Bhaktapur substation
.. -(2000/01) '

U X improve the pbwer supply constraint (e), upgrading of the 66kV New

- - Bhaktapur to-132kV is. the:: most optimum plan from .the viewpoint of

reinforcement and extension of the power supply system in Kathmandu Vally
in future.

In-addition to the abo’vemehti‘c-med measure of reinforcing and extending of the
power transmission system in the Kathmandu Valley, addition of second circuit
line to both. the 132kV. Hetauda - Kulekhani I line and- 132kV Kulekhani I1 -

* :..3iuchatar:line on the double. circuit towers is required .in. the late 1990's for

: tfansmitting' bulk power from outside Valley prior to the extension of 220kV.
_transmission line from the Arun No. 3 power station to the Valley.



7.6

Selected Reinforcement and Extension Plans

‘As a result of the power flow analysis explained in the previous section, a
-sequence of investments to the selected alternatives is‘determined as shown in

Table 7.4 as "Scenario-A", taking into account the urgency and iniportance of
improvement, the construction period and the construction cost including

‘difficalty of land acquisition.

Single line diagrams of the system improved by the Scenario-A at the stages of
1995/96 and 2000/01 are shown in Figure 7.2 and 7.3 respectively.

In Scenario-A, the construction of the New Bhaktapur substation and the 66kV
New Bhaktapur-New Chabel line is the most appropriate countermeasure to

.- remarkably improve power supply reliability of the power transmission and

distribution system in the Kathmandu Valley. As an alternative plan, the

" following plans are conceived for further comparative studies, since adoption
‘of a 132kV power supply system covering the whole Yallcy is needed in future
o increase POWer transmission capac1ty of the 66kV system. - ‘

Scenario-B

At the time when a new subtation is constructed at' “Bhaktapur in the
Scenario-A, a 132/66kVY substation is to be constructed at the same place
in addition to a 66/11kV substation, together with a 132kV line between
Sinchatar and Baktapur which will form a part of the I32kV rmg line
‘system in future. o L SRR

In this case, the following sub-projects in Scenario-A will not be
2)  Addition of a second circuit to the 66k Siuchatar-Patan liné
‘b) - Construction of a new 66kV-line between Bhaktapur and New

' Chabel

In this scenario, the necessity of connection of the 132kV Marsyangdi
line to the Siuchatar substation will remain unchanged. '
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7.7

Scenario-C

In Scenarios-A-and B, some extension of 132kV switchgear at the
Siuchatar substation is requited and some difficulties in land acquisition
are expected for extension of substation area and for construction of
transmission lines. Especially in future when a 132kV ring system is
formed surrounding Kathmandu éity, aquisition of necessary land space
for extension of 132kV switchgear and transmission lines may beconie
very difficult,

To avoid such difficulty, a rew 132kV swi_tching station is planned to be
constructed when a new 132/66/11kV - substation is constructed at
Bhaktapur in the Scenario-B, to which both the ex:stmg 132kV
Kulekhani II and Marsyangdl lines are connected

This scenario has also an advantage compared to the others that
reconstruction of 132kV GIS at Balaju will not be rcqulred in forming a
132kV ring system in future. o

In addition to the power flow analysis explained in Section 7.5, a similar

simulation study on the above two scenarios has been conducted, and the

proposed sequence of investments for the reinforcement and extension of the

system is given in Table 7.4,

Single line diagrams for both scenarios in 1995/‘96 and 2000/01 arc illustrated

Coin Flgures?' 4 10 77

Short Circuit Analysis

1y

‘Calculation Condition

The rated short-circuit capacity of the existing switchgear equipment was

“examined assuming three phase short circuit on the planned system, with the
following conditions.
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b)

c).

Fault point

. Buses of 11 kV . at each substation and switching station in the
~ Kathmandu Valley are taken as fault point,

. Power systems

. The short circuit calculation was executed on the following seven cases:

The existing system in 1989/90
The system of scenario-A in 1995/96

.. The system of scenario-A in 2000/01

The system of scenario-B in 1995/96 .
The system of scenario-B in 2000/01
The system of scenario-C in 1995/96
The system of scenario-C in 2000/01

Loading condition

The peak load conditions same as those for the power flow analysis were

assumed. .
Generating plants
For the years of 1989/90 and 1995/96, only the existing. power stations

are taken into account since power supply shortage is relatively small in
these years and for the year 2000/01 an imaginary generating plant having

- a capacity of 222MVA is considered at the 132kV bus of the Hetauda

substation as explained in Section 7.3.

The transient reactances of the generators used in the calculation are as
follows; '
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unit %

Marsyangdi o | 28.00.

- Kulekhani I : +26.00
Kulekhani II 28.00 -
Trisuli 34.30

- Devighat ' 28:.00
Sunkost 30.00
Hetauda : ' 17.40
Imarginary generator 40004

/1 : reactance of transformer is included
(2) - Result of Calculation

The results of calculation and the rated breaking current of the exlstmg 11kV
circuit breakers are shown in Table 7.5. ‘

The short circuit currents of the existing system at Patan, Teku and Royal
Palace already exceeded the rated breaking current. In order to avoid the
. tecurrence of accidents like the bursting at the Lainchaur substation, urgent
- replacement of 11kV cubicles at these stations is needed. '

- As explained .in Sections 7.5 and 7.6, power supply constraints ‘such as
i excessive voltage drops and overload of lines will. be improved by the

- reinforcement and extension of the 66kV.and 132kV systems, However,

- ingufficiency.of rupturing capacity'is noted when the rated breaking strength of

.. . the existing 11kV cubicles is comparcd with short-circuit current in the future

power supply system as shown in Table 7.5,

The rated breaking 's&éngtﬁ'éf the oldest' 11kV cubicles manufactured by
Enghsh Electnc Co. (Bulk Oil type) is 7. SSkA This is too small compared
.with.the short-circuit naqulrement of the ex1stmg power supply system. The
calculated short-circuit currents of the systems to be reififorced and extended
will exéeed the rated capacity of the existing 11kV cubicles 4t the following
sw1tchmg stations. The rated capacitics of the remaining cub1cics will be
'hxghcr than the calculatcd shoxt—cu‘cmt current up to 2000/01
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Switching Station Rated * Short-circuit Number of

Capacity = Capacity-*1 Cubicles
1989/90 |
1) Old Patan 7.88kA 12.5kA 1
2) Teku 7.88kA " 9.1kA 1
3) Royal Palacc 7.88kA 9.1kA 5
4) Old Chabel 7.88KkA 10.8KA 10
5) Old Patan *2 13.10kA 13.5kA -~ 1
'6) Thimi  788%A  B4kA 6

Remarks :  *1:Scenario-A
: .- *¥2 : Diesel generator circuit

The 11kV cubicles in the above table, rated capacity of which is lower than the
calculated short-circuit currént in 1989/90, are to be urgently replaced, even
though the probabilily of occurrence of shori-circuit fault on the 11kV bus
- ¢ircuit or at the points near the switching station is relatively low. -When these
cubicles are replaced, it is also reduired to replace other cubicles installed in the
same stations, which are of bulk oil type and of the same type cubicles which
caused a fire at the Lainchaur substation. For new substations, necessary
11kV cubicles will be installed for local supply. Summary of reinforcement of
11kV cubicles is given below and its details are shown in Table 7.6,

. Number of 11kV Cubicles

Urgent  1995/96 200001 Toral

a) Replacement 19 25 6 - -5

b) Addiion - - g e e g
d) NewSubstétion - 22= '. ” 1_0 32
Total 19 57 16 . 9
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7.8

Evaluation of Extension and Reinforcement Plans

- 7.8.1 Constriction Cost

Construction cost of ‘each sub-project selected in the previous sections was
estimated on the basis of current tendency of international market price,
geological conditions of the sites, and the past three reinforcement projects for
the dlstnbuuon network in the Kathmandu Valley nnplemented under the grant

- aids from GOJ.

Since Nepal is a land-locked country being surrounded by Tibet and India, all
equipment and materials 1nclud1ng constriction tools and equlpment have to be

. transported through India over a long distance, and further to the Kathmandu

Valley through steep mountain areas.

Construction cost of each sub-project is summarized below, and further details
are given in Table 7.7, 7.8 and 7.9. The construction cost includes

- procurement cost.of eqmpmcnt materials, tools and construction equipment in

the foreign currency and k)cally available materials such as cement, Steel bars,

*building materials and other miscellaneous materials in the local currency, but

does not include engineering services, land compensation, land acquisition,
land formation and overhead and general expenses of NEA, etc. -

. Reinforcement and Extension of Transmission System =~ .

The total construction cost of each scenario selected in Section 7.6 is as

follows:
(US$ 1000)
7 Scenario - A Scenario - B Scenario - C
~(1) - Upto-1995/96 23,400 - 26914 - 29,487
v N UptoZOOO/Ol -'"19,'1'35"' 13,639 0 13,639
| "5(3) Towl 42535 40553 43,126
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11kV Ring System

For the 11KV ring system, as explained in Section 7.7, only replacement of the
existing old 11kV cubicles with new equipment is required. Summary of
necessary replacements of 11kV cubicles is as follows,

| Reinforcﬁfneﬁt of 11kV Cﬁbiciés

‘Nos. ~  Amount (US$1 000)

(1) Upto 1995/96 76 3,385.7
. (@ Upto2000/01 R .. 886
L) Towl 9 . 42143 .

7.8.2 Evaluation of Reinforcement and Extensxon Plans for Power

o ’I‘ransmlssmn System’

‘Criteria for the selection of an optlmum sequence of investmients for the sub-

B prOJects worked out in Secnon 7.6 are:

‘a)- The constructlon cost mcludmg operatlon cost is cheap, and
b) The system losses are small. - R

Selection of the least cost investment scenario is performed by comparing
overall present worth costs of sub-projects in each scenario and system loss .
cost of kW losses and kWh losses. ' v

(1) System Losses

The loss cost consists of kW losses and kWh losses which are evaluated
based on the construction cost of medium speed diesel power plant (4 x
- 6.5MW) w_hich is under cons;rpcti,qn in the Eastern region, and fuel cost
of the said diesel plant including variable operation and maintenance cost.

The kW value and kWh value for assessing an optional ‘invest_mc:m:
sequence for sub-projects are US$ 130/kW/year and US$ 0.075/kWh,
respectively. A detailed explanation on such values is given in Table
7.10.
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C (@) -;,Rc'sults of Evaluation -

The present worth calculation was made with a discount rate of 10%, and
:, - its results are sumnmarized below, :

‘Scenario- A-  Scenario- B - - Scenatio - C

(a) - Investment cost - 26,806 27,620 29,981
~“(b) System losses ~ .. 12,417 . - - 12:200 - 12,092
Total | 39,223 39,820 . 42,073

Note: Unit = US$ 1600
' (3) Sensitivity Analysis

- The economic viability of the sequence of investments ‘was tested against
major factors where uncertainties are involved.

- a) Sensitivity 1o changes in discount rate

8% o 10% T 12%

(@) Scenario-A 42,988 39,223 35,941
(b) Scenario-B 43,199 39,820 36,860
(¢) Scenario-C 45,475 42,073 39,091

Note: Unit = US$ 1000

b) Sensitivity to changes in construction cost

| | 20% 0 +20%
Scenario - A 33,861 39,223 44,518
Scenario - B 34,296 39,820 45,344
Scenario - C 36,077 42,073 48,070

Note: Unit =.US$ 1000

~7.8.3 Conclusion

As a result of the evaluation made in the previous section, Scenario-A is
economically justified.
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From the results of power flow analysis for various cases, the-following are
pointed out:

(1) The present power supply network has no power supply constraint under

@

3

the normal condition, However, undcr such abnormal condition as

-outage of one cxrcult of transmlssmn lme severai constramts like

overload and excessive voltage drop.are observed Therefore, it is
recommended to take necessary actions to.remove-such consiraints with
top priority,.

In order to improve the power supply reliability of the system, it is most
effective and attractive to form a ring system surrounding the Kathandu
city. In this case, it is an economical solution taking into account

forecasted demand in the area to form a ring firstly by utilizing the

existing 66kV transmission lines.
In connection with (2} above, it is strongly recommended. to construct a

new substation in the Bhaktapur area and a 66kV transmlssmn line from
the New Chabel substatlon as early as poss;ble
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8.1

o CHAPTERS =
MASTER PLAN STUDY ON EXTENSION AND REINFORCEMENT OF
11KV DISTRIBUTION SYSTEM IN KATHMANDU VALLEY

General

- One or some of the following countermeasures are usually applied in plans for

reinforcement and improvement of distribution systems to meet the requirement of the
systems,

(1) For improvement 6f voltage regulation and technical energy loss: «

(a) addition of a new distribution substation,
(b) wupgrading of conductors or cables,
-(¢) boosting of line voltage, * -
-(d) : shift-of load to another line,
(e) installation of automatic voltage regulator,
3] addition of number of circuits or new-lines, or
e extension of the existing 11kV lines.

‘(2) -Forincrease of line capacity: - .- -

- (a) upgi‘ading of conductors or cables,
- (b) '-'boosﬁn_g of line voltage,
(c) shift of load to another line, or
(d) addition of number of circuits or new lines.

3) For improvement of power supply reliability:

"+ (a) - adoption of insulated cables,
(D) shift of 16ad to anotherling, - oo e
“ {¢) addition of fiumber of circuit_s_ornew lines, -
(d) ‘application of multi-circuit switches, or- - -
(e) addition of sectionalizing switches.



(4) For balancing of utitization factor of distribution transformers:

(a) re-location of the existing transformers,
(b) addition of new transformers, or
(c) phase balancing of transformers.

The improvement of the existing distribution network in the Valley was examined and
planned up to the year 2000/01 taking account of application of the abovementioned

countermeasures.

Issues of Existing Feeders by thé Year 2000/01

8.2.1 General

It is surmisable that the following issues will occur in the distribution system in the

Valley, unless adequate reinforcement or improvement works are implemented.

(a)

(b)

Voltage Regulation and Losses

Unless any reinforcement and improvement of the system is put in effect, voltage
regulation and energy losses in the network will continue to increase in proportion
to growth of power demand and natural deterioration of the existing facilities.
Besides the reinforcement of the facilities, particular regulations for banning
energy pilferage and severe application of the :reg'u‘lations are strongly
recommended.

Insufficiency of Distribution Transformer Capacity

The existing transformer capacity of 195MVA in total seems sufficient for the
recent maximum demand of 85 to 100MW. However, taking account of capacity
reduction of the existing transformers due to. their -detc'rioration»,-removal_’of
deteriorated transformers and unbalanced location of transformers.in the system,
the present installation is not adequate.

Under this situation, additional transformers will be required to meet the growihg '
demand and for replacement of the deteriorated transformers,



(c) Reguirement of new 11kV Lines

In proportion to demand growth of various kinds of loads in wider arcas, supply
reliability of the existing system will furthermore be aggravated.

In order to prevent such aggravation of the supply reliability of the system,

improvement and/or reinforcement of the existing feeders and addition of such

adequate facilities as sectionalizing switches, auto reclosers or underground
- cabling will be necessary.

(&) Inaccurate Demand Meters

Perlodlcal cahbranon of customers' energy meters is required for accurate billing
of energy sales. Otherwise, unreasonably less revenue from actually delivered

| energy will affect NEA's financial state, and complaints from customers about
billing will increase. -

18.2.2 Examination

For concrete claﬁﬁcaiibn of issues in the éxiéting network, the Vcﬂtag‘e regﬁiétion and .
N conductor current carrymg capac;ty of each existing feeder were examined up to the
year 2000/01 takmg account of the future demand growth Results of the study are
summanzed in Table 8.1. Inthe study, the voltage rcgulanons of each feeder are
- predlcted under thc followmg assumptlons

: ':(a) Conductors and cables presently in operation wiil neither be removed upgraded
B nor reinforced, and will remain as they are.

~(b) Load on each feeder will be equal}y_disuibﬁ_ted along their whole length, since no
-teal records on the actual load distribution on feeders are available,

| (¢) Power factor of each feeder will femain_ unchanged from the present average figure

until the year 2000/01, although industries will be rapidly developed in the Valley,

because the anticipated development of industries will not be on such a Jarge scale
as to alter the present system power factor.

(d) Load growth on each feeder are based on the demand forecast examined in Chapter
6 aforementioned.
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' Maximum allowable voltage drop of 11kV lines in the system is assumed at 7.5% of
the rated system voltage. '

‘The examination disclosed that voltage regulations or current capacity of the existing

conductors and cables on the following 11kV. feeders should be improved before the

year 2000/01.
: : Predicted

Power Division Name of Feeder Issues on Feeders Year
Kathmandu Centra! Budhanilakantha insufficient conductor capacity . 1999/00
Kathmandu East Airport (N. Chabel) insufficient conductor capacity  1994/95
. Boudha-Jorpati ~ insufficient conductor capacity . - 1990/91
Sundarijal (N. Chabel) excéssive voltage drop 1998/99
Baneswar (Chabel) - insufficient conductor capacity - 1994/95
‘Sundarijal (Chabel) excessive voltage drop 1989/90
Baneswar (Baneswar) insufficient conductor capacity~ 2000/01
Airport (Baneswar) excessive voltage drop.. . 1993/94
Godawari-1 excessive voltage drop 1993/94
Godawari-2 excessive voltage drop 198990
Shankhamul insufficient conductor capacity  2000/01
Patan insufficient conductor capacity  1999/00
Kathmandu West  Kirtipur (Ropeway) cxcessive voltage drop - 1994/95
T : " Thiankot excessive voltage drop -+~ 7 1992093
Dharmmasthali insufficient conductor capacity . 1996/97
B.LD. insufficient conductor capacny ) 1992]93
Lalitpur Oid Patan-1 msufﬁcwnt conductor capac:ty o 199_3/94
Old Patan-2 insufficient conductor cdpacity = 1996/97
Pharping excessive voltagedrop - 1995096
Mangal Bazar insufficient conductor capacity 2000/01
‘Bhaktapur Byasi insufficient conductor capacity ~ 2000/01
' Banepa " ‘excessive voltage drop 199899
MNagatkot . excessive voltage drop 199405

Although it is not expressed in the computation of the above voltage drops and
conductor capacities, NEA needs to improve supply reliability, in particitlar, for the
center of Kathmandu town as well as to improve and reinforce low tension d1str1butlon
lines in the Valley for reducing voltage drops and ¢ energy Iosscs '
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8.3

~ Reinforcement Plans -
- 8.3.1 11kV Distribution Lines:

- Improvement and reinforcement of the existing 11kV feeders in the divisional power

system abovementioned are planned with the following countermeasures.
(1) Kathmandu Central Division

(a) Budhanilakantha Feeder:

The feeder is supplying power from the Maharajgunj switching station to the
area located over a distance of 3.8 km north of the station. The current
carrying capacity of the existing ACSR Rabbit conductors on the feeder will
become insufficient for the power demand in the year 1999/2000. -

Accordingly, the existing conductors should be graded up to ACSR Dog type
- before that year. SR - :

(b) Distribution System in Town Center: -

' Since the town center is heavily congested with houses and the existing power
system in the area is complicated, its expansion or improvement wiil not be
easily implemented. To meet growing demand, improve power supply

- reliability and reduce voltage drops at the end customers, improvement of the
system in the area will be carried out through application of insulated cables
and underground cables, addition of distribution transformers and extension
of 11kV and low tension lines. '

(2) Kathmandu East Division
(a) Airport Feeder from New Chabel Substation:
- The current carrying CapaCi_ty of the existing: ACSR Rabbit conductors will
become insufficient in the year 1994/95 and the:voltage regulation of the
feeder is forecasted tc exceed the allowable value in the year 2000/01. The

existing conductors will be replaced with bigger conductors of ACSR Dog
type. '

A.g-_s'



(b)

(©)

@

©)

(f)

BoudhaJoxpéti Feeder:

In order to increase the current carrying capacity of the existing conductors
whose capacity will be insufficient for the load current in the year 1990/91
and to improve the excessive voltage drop forecasted to occur in the year
1993/94, a new feeder will be required, together with sectionalizing switches

for increase of supply reliability.
Sundarijal Feeder from New Chabel Substation:

In the year 1998/99, the feeder's voltage regulation is estimated to exceed the
allowable extent of 7.5%. The existing HDCC (Hard Drawn Copper
Conductor). 12.9 sq.mm conductors will be upgraded to ACSR Dog type
before that year. ‘ : '

Baneswar Feeder from Chabel Switching Station:

The conductor carrying capacity of the existing ACSR Rabbit conductors will
turn insufficient in the year 1994/95. The voliage regulation of the feeder will
also exceed the allowable value in the year 1998/99. The conductors will be
timely replaced with those with a bigger size of ACSR Dog type.

Sundarijal Feeder. from Chabel Switching Station:

The voltage drop of the existing feeder is 8.4% exceeding the allowable
extent. The load current on the feeder will also exceed the current carrying
capacity of the existing conductors in the year 1996/97. The conductors will
be upgraded with ACSR Dog type conductors on new supportts for improving
the present situation. '

Baneswar Feeder from New Baneswar Substation:
The current carrying capacity of the existing ACSR Dog conductors will not

be sufficient for the estimated load current on the feeder in the year 2000/01.
A new feeder will be provided before that year. '



(g) Airport Feeder from New Baneswar Substation:

The voliage regulation of the feeder will exceed the allowable extent in the
year 1993/94, and the current capacity will also be lower than the forecasted
load current in the year 1995/96. Tt is necessary to shift the present load to
another feeder, to upgrade conductors and/or to add a new feeder.

(h) Godawari-1 and 2 Feeders from New Baneswar Substation:

The voltage drop of the Godawari-1 feeder will be 7.87% in the year
1993/94, while that of the Godawari-2 feeder has already exceeded the
allowable extentin the year 1989/90. Some or all of load on the feeders will
be shifted to the Patan diesel power station through arrangement of supply
routes. ' '

(i) Shankhhamul Feeder from New Baneswar Substation:

The forecasted load current will exceed the current carrying capacity of the
© - existing conductors in the year2000/01. The existing ACSR Dog conductors
- will be replaced with bigger conductors, or a new feeder will be constructed.

-{j) Patan'Feeder from Thapathali Switching Station:

1t is forecasted that in the year 1999/2000 the load current of the feeder will
exceed the current carrying capacity of the existing ACSR Dog conductors.
To meet the forecasted demand before that year, the existing feeder will be
reinforced by an additional feeder. ' '

> .(3) Kathmandu West Division

... < (a). Kirtipur Feeder from-Siuchatar Substation: -
Excessive véltage drop is forecasted to occur on the Kirtipur (Ropeway) in
the year 1994/95, and the.current capacity of the ‘existing"’ACSR Dog
conductors will become insufficient for the forecasted load current in the year

© 2000/01. A new 11kY feeder will be constructed to feed power to the area as
.- well as to the existing cement factory. T



(b)

(©)

)

Thankot Feeder from Siuchatar Substation:

The Thankot feeder will face difficulty in supply of quality power to the
industrialized area in the year 1992/93 due to the excessive voltage drop.
Frequent trippings of circuit breakers on the feeder are recorded since it is
running over a long distance. Addition of a new feeder and/or upgrading of
the existing conductors will be required.

Dharmasthali Feeder from Balaju Substation:

The load current on the feeder will exceed the current capacity of the existing
ACSR Rabbit conductors in the year 1996/97. On the other hand, the voltage
drop of the feeder will reach 7.7% in the year 1997/98. The feeder will be
upgraded with larger conductors in combination with improvement of the
B.LD. feeder from the same substation.

B.LD. Feeder from Balaju Substation:

. The forecasted load current of the feeder will exceed current capacity of the

existing ACSR ‘Rabbit conductors in the year 1992/93. The feeder will be
improved through upgrading of conductors, addition of a new feeder or load
shift to another feeder taking account of countermeasures to the
abovementioned Dharmasthali feeder.

~ (4) Lalitpur Division

(@)

(b)

Old Patan-1 and 2 Feeders from New Patan Substation;

The current capacities of the existing conductors on the feeder-1 and 2'will be -
insufficient for the forecasted load currents in the years 1993/94 and 1996/97,
respectively. The existing conductors will be upgraded with larger
conductors before the said years.

Pharping Feeder from Patan Diesel Power Station:

“The voltage drop of the feeder will be 8.2% in the year 1995/96 and current

carrying capacily of the exisiing ACSR Rabbit conductors is forecasted to be
insufficient for the load current in the year 2000/01. Improvement of the
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feeder will be made by installation of an additional feeder or upgrading of
conductors.

Mangal Bazar Feeder from Patan Diesel Power Station:

Forecasted load current on the feeder will exceed current carrying capacity of

. thé existing ACSR Raccoon conductors in the year 2000/01.  The conductors
- -will be upgraded before that year. ' -

-(5) Bhaktapur Division

(a)

Byési Feeder from Bhaktapur Switching Station:

The Byasi feeder'is supplying power to the center of Bhaktapur town in a ring
‘system together with the’ Brick feeder. It is forecasted that in the year

* 2000701, the current carrying capacity of the existing Dog conductors on the

" Byasi feeder will be- insufficiént for the load current on- the feeder.

(b)

o)

Improvement of the situation will be made through upgrading of conductors
or addition of a new feeder.

Banepa Feeder from Bhaktapur Switching Station:

- The feeder with single and double ¢ircuits supplies power from the Bhaktapur

switching station to demand areas scattered up to Banepa village b’var about
13 km. Voltage drop of the feeder is forecasted to be more than 7.5% in the

* year 2000/01. Before that year, an additional feeder will be constructed after

detailed review of ihe load forécast in consideration of shift of some load on
the féeder to the existing Nalinchowk feeder. SR

'Nagarkot Feeder from Bhaktapur Switching Station:

The v'oltage drop of the feeder will be 8.56% ex‘qeéding the ailowable éxtent
in the year 1994/95. Even if the existing conductors of ACSR.Ddg and
Rabbit types would be upg'raded with larger conductors, it will be difficult to
maintain the voltagé regulation to reasonable extent. Itis planned to construct
a new feeder from the switching station toward the Nagarkot village for
diverting the existing load flow. '
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8.3.2 Distribution Transformers

Total capacity of distribution transformers installed in Kathmandu Valley was around
195MVA as of 1990/91 as seen in Table 8.2

The field investigation by NEA in the Lalitpur area disclosed that a number of
transformers with a capacity of 15MVA or 7.7% of the total capacity in the area are
urgently required to be improved by replacement with larger units or by adding new
units, since their overload utilization factor reach more than 130%. As the initial
utilization factor is generally selected at 60 to 70%, the total capacity. of transformers to
be added will amount to 15MVA which is equivalent to the capacity of wransformers
operated beyond the factor of 130%. .

After 1989/90, additional transformers will be installed in proportion to the increase of
the power demand. The capacity of distribution transformers to be added for the next
10 vears is shown in Table 8.3. In the table, the capacity of transformers to be added is
computed under an assumption that 5% of total demand will be consumed by 11kV
. customers.

8.3.3 Mult-circuit Switch

Since the short-circuit capacity for the year 1995/96 will be beyond the rating of
- equipment, the existing multi-circuit switches installed in Supermarket, Mahabauda and
Mint should be replaced with switches of larger capacity.

Most of the-existing 11kV cables are branched from bus conductors of the related pole
transformers, and therefore even partial repair of a cable or.its ancillaries requires an
interruption of power supply by all feeders connected with the transformers. From
such inconvenience of the system operation and maintenance and also as the demand
increase, installation of additional multi-circuit switches is.—rcquii'ed. ‘However, this
plan will be further examined by NEA, since there will be difficulty of land acquisition
for installation of the switches. -
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