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 CHAPTER 1X

ECONOMIC AND FINANCIAL ANALYSTS

9.1 Ecbnﬁmié Andlysis
9J1;1 Bénefit

Tt is generally accepted th&t the beneflt of .a hydropower proaect
is measured based on the cost required to produce the ‘equivalent pover
and energy . by'the most competitive alternat1ve means. The nost llkely
competitive alternative’ means in Nepal w111 be coal-fired ﬁhermal
plant belng widely practlced in Tndia, w1th unit cap1c1ty of 33 MW whlch

is equlvalent to the installed capd01ty of the Kulekhani No.2 Power
Statlon

The 1nsta11atlon cost of a 33 MW coal-fired thermal plant is estln
'mat9d to be US%TOO/RW. Annual 0perat10n and malntenance cost is conm
sidered proport1ona1 to the 1natalled capacity and estlmated at US$21/kV.
A capacity adjustment factox is calculated_to be 1.173 as explained in '

detail below:

.(Unit: .%)

Hydro - Thermal
' Loss'ﬁt_primary substation ' 5.0 . 2.0
‘Auxiliary power use '_ ' 0.3 6.0
Fo?ced outage ' . : 0.5 - 5.0
‘Overhaul o B 2.0 0.0
_ Capacit&.adjustmeht faétor
(1-0.05) (1-0.03) (1-0 05 1—0 00 ) 1173

(1-0.02) (1-0.06) (1-0.05) (1-0.100)

The initidl'jnvéstment c§ét and annual dﬁerétion and mﬁinténance 
¢05ﬁfafe;“%hérefore,:detérﬁined to be US$821/kW7§nd'US$24_6/kw’ res?éé;-"
ti#ejy’.adjﬁStéd:bY the'OaPacity'adjustﬁent fadtor. :Thes?-vaiﬁes:are .

 c511ed as capacity benefit. : . ; _

.Cogtfpropdftionél to energy output (which=is mainly the cost of fuel),

ig estimated based 0n £he'following_facidrs, and its value is estimated
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at US Mlll 35 l/kWh. This vaIUe-is called as ehergy benefit,

Coal consumptlon . 0.645 kg/kWh
Cost of coal- R . US$53/ton
Energy'adjustmentffactor ' '

El}o;os)_(i-d'ooj) 1028

20.02) (1-0.06)
The service 1ife_of a cOal—firéd thérmal plant=is estimated to'ﬁe
25 years, On expiraﬁion'of:thé service life,'the plant has to bé re-
placed and replacement cost is estlmated ab US$739/kW {90 % of 1n1t1al

' 1nvestment cast), taklng into acoount the residual value of ‘the. old plant.
The eétima{ed unit power benefit'is suitmari zZed below,

Capacify benefit, Energy benefit

Invéstment-coét : US$é2l/kﬁ ' . _ -
'ReplaCemeﬁt'cdst _  US$TI9/ kW  : g -
Aonval 0 & M cost o Us$24.6/kW o

. Fuel EOSt ' a Us millh35.1/kWh-

The annual prlmany energy of the Kulekhanl No.2 Power Statlon with
an installed capa01ty of 33 MW (which w111 be consumable in the Greater
CNPS), will be 34.7 GWh in 1985/86, 96.4 GWh in 1986/87 and 153,73 GWh
after 1987/88 '

The power benefit is eStimathfbased on’ the above basic values,

and it is shown béldw.'

C: pac1ty benefit (10 US$)

'Investment cost 21, 090 in 198)/86

Replagcmcnt cost L 24, 390 in lntervals of 25 years
_Annual 0'& M cost -'g 810 after 1986/87

= Eneggy beneflt (10 US%)

Annual fuel cost 1, 2?0 1n 1985/86
o 3,380 1n_1986/87 .
.5£380 qfterw1987/88
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B851des the pllmary energy, the Kulekhanl No.2 Power Statlon will
3p10ducc a secondary energy in the’ wct season. In thls aconomi ¢ ana1y51s,
half of the secondary energy 1s assumed to be’ exportable to Indaa, and
the revenue accrued from the exported energy is Lounten as a beneflt,
~in addltlon to ‘the. above mcntloned beneflt At present exchange of small
powel is belng made between Nepad and Indla under the agreement of both '
- governments, at an agreed rate of US m111 20/kWh The said’ &g1eed rate

1s con51dered too low in view of present fuel prlce but it is- tentatlvely

used-as_the_unlt beneflt_valne for_est;mat;ng the annua.l beneflt so0 as to be _“

conservative.. The-seccndary'cnergy.of 1-]_._6_Gﬁhél is:asenmed to be sold
from 1986/87 in which the primary energy3cf the Kulekhani NeLZ-inef
Statlcn will- be fully consumed in the Greater CNPS. ‘The benefit is;
therefore, calculated to be US$220 x 103 ' .

Table 9.1 shows-the“cconomic benefit stream for 50 yearé of eeonomic.-.
life. ' '

9.1.2 Fconomic Cost
The economic cost’ consists of economic project cost, economic_as_
sociated faciiity'cost_and cost for importing'energy from India in the

driest year.

The'eccnomic project cost was estimated ab Angust 1978 price-letels."
“eIt consists of the 1nvestment cost, replacement cost and 0 & M. cost.

.The flnanclal costs estlmated in CHAPTER VIIT include the transfer pmy—
ment as dlrect and indivect taxes, compensab1on cost and price escala- -
tion contlngcncy. The transfer payment was estlmated to be 5 % of. the

' direet ccnstruction cost .eng1neer1ng SeerCe, replacement cosl and 0 &

M cost =30 7 of general expenses whlch 1nc1udcs compensatlcn cost, and

100 % of prlce escalatlcn contlngency The economlc costs of the pro— _
ject were derlved by deductlng the transfer payment from the’ f1nanc1a1

costs,

The estlmated economlc 1nvestment cost of the progect is. US$4O 60
X 106 as calculated in Table 9, 2. The other economlc costs are US$14.29.
X 10 for the replacement cost and US$250 X 103 for 0 & M cost

/1: Hglf of”tctal Secondany'energy'of 22.1”Gﬂh;c'
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The emergy of the Kulekhani No.2 Powsr Station will mect the demand
in the Greater ONPS being supplemented by the onergy suppliéa7fr6mithe dissel
plant which is to be newly 1nstalled, as mentloned in. Paragraph 6.5, Tt
is the fac:llty a53001ated w1th the proaect The economlc 1nvestment cost,

' replacement cost and 0 & M cost are. estlmated approxlmately as folloij

Tnvestment cost US%BSO[kW’x*2,SOO kae Us$959“x 105__
;Reﬁiaceméﬁt'gost”ﬂs$380/kw x 2,500 k¥ x 0.9 = USS860 x 103
0 &Mocost  .US$950 x 10° x 0.03 = US$30 x 103 |
TFuel cost . 0.29 kg/kWh' x US$0.17/kg = US mill 49/kwh'

. The service life of a diesel plant is esbimated to be 15 years.
On explratlon of the serv1ce 11fe, the plant has o be replaced w1th"'

the above’ replacement cost

It is expected that the demand in the drjest year of 12 years
 cannot be met by the energy generated by ‘the generatlng fa0111t1es in
the Greater CNPS and the energy shortage has to be covered by energy
_1mported from Indla._ The average annual energy shortage for 12 years
from 1963 to 1974 is eqtlmated to be 2.4 GWh, The annual cost is,
therefore, US$5O X 10 (2. 4 GWh x US m111 20/kWh)

Based .on the above-mentioned economic cost, the economic cost

stream is shown in Table 9.3.

-9.1.3 Economic internal rate of réturn

The ebbnomic internal rate of return (EIRR) of the ﬁroject is.
: estlmated to be 14 9 % ba%ed on the beneflt and cost stream in Tables

9.1 and 9.3, with an evaluatlon perlod of 50 years starting in 1981/82
A sensitivity test of EIRR Wwas . made for the_fbllowiﬁg.cases;
Case B:'.Bénefit ié_lO %-lesg than“expected.

Case C: Cost is 20 % larger than expected.
C&Sé D: Combipation of Cases B and C.

The results of those calculations are as shown in folldwiﬁg=tableQ
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Table 9,1 Economic' Benefit Stream

A Unit:
{Unit 103US$)

Year in Year -Invegtmenf;& :Fuel . : ﬁénefit for _
. Order : _ replacement cost 0.& M cost 'exported -Total
cost ' ' energy
1 _19§i/8é | - - ; . -
2 1982/83 - - - _ _
3  1983/84 ' - -~ - - -
4 losa/ss 27,090 - - - 27,090
5 0 1985/86 - 1,220 810 220 '2,250
6 1986/87 - 3,380 810 220 '4;416
7 1987/88 - 5,380 - 810 220 6,410
28 éooé/o9 . 5,380 810 220 6,410
29 - 2009/10 24,390 5,380 810 220 '30;890.
30 2010/11 - | 5,380 810 '220 6,410
55 .203&/31 - 5,380 é;o

220

6,410
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‘Table 9.2 Hstimated Economic Invesiment Cost

(Unit: 103Us8)

- 1981/82 1982/83  1983/84  1984/85  Total

Direct construction 6,180 10,190 10,270 . 5,280 31,920
cos’ ©(6,500) (10,730) . (10,810} (5,560) (33,600)

‘Fngineering services 1,520 1,000 1,000 - 760 4,280
' (1,600) (1,050}  (1,050)  (800) ' (4,500)

General expenses | 250 - 160 160 130 L 700
' (550) (160) (160)  (130)  (1,000)

Sub-total - 7,950 11,350 11,430 6,170 - 36,900

_ Physical conbingency 800 1,140 1,140 620 3,700

Total 8,750 12,490 12,570 6,790 40,600
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Table 9.’3 Eco‘ﬁ&i‘hic Cost S‘bream'

" (Unit: 10°US3)

Yonboin L _Project facilities ____ Associated fagilitics - Cost for -
order . : ‘Iear_ I!}Yestmen:t & - 0. &M Inveatment & ‘ 0"& M . PRuel imported thal :
replacement cost  cost rleplacoment. cosh cost cost energy : .
1 1651/82 o 8,750 U O
2 " 1982/83 - 12,490 3 - - - - - 12,490
3 1983/84 12,570 - - - - - 12,570
4 S 1984/85 . 6,790 - 950 - - - 1,40
5 1985/86 - - 250 - B 30 - 5o 330
6 986/87 - as0 - 3 0 - s 330
7. 1987/88 - 2% o - 30 2,00 50 2,360
'18.. 1998/9?"- - _ S50 - 30 2,036 50 2,360
19 '1999/60 = : 250 860 30 2,0?6_ | 50 3,220
20 - 2000/01 . 250 0 = 0 2,00 50 2,360
33 . dors/ia - 250 - 30 2,030 30 2,360
34 201415 . - . 250 ' 860 300 2,000 50 . 1,220
35 2015/16 L 30 2,000 50 2,360
18 - 2018/19 - - . 250. B _ .30 2,030 ! 50 _ 2,iao
19 2019/20 14,290 250 ¢ - - 0. 2,030 50 :.16,650_
40 “2020/21 - ase o 302,00 - 50 _ 2,360 N

50 C20%0/31- 0 - 250 - o 30 2,000 50 2,360
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Table 9.4 Results of Sensitivity Test

Case ~ Description  EIRR
A As scheduled ' ? ..14-9f%
B -~ Beneflt reduced by‘lO % 12.8 %
.C _ Cost increased by 20°% 11.1 %

"D B+ C | | 8.9 %

Judglng from the values of EIRR, the proposed proaect is

economlcally Justlflable

9.1.4 Unquant1f1ed beneflts

In addltlon to the power benefit which was counted in the economic
analysis. in. the: precedlng subparagraph, the following benefits are

expected to be derived ffom the Kulekhani No.2 Hydroeleotrio Project.

(1) = The secondary energy eventualiy genexated by new hydropower Station,
in the future can be utilized as the prlmary'energy by shlftlng more -

energy generated at .the Kulekhdnl PrOJeet to the dry season

(2) Runoff in the.Rapti_river will be augmentéd in the dny season by
the operation of the Kulekhani Projeotf This may hefe_e potential to

“be utilized for irrigation and industrial purposes;

_ The Hetauda area located at the mlddle reach of the Rapti rlver was
de51gnated as . an industrial center by the Government and its 1rr1gable .
area ‘of about 15, 000 he extends on the rlght bank of the ‘lower reach of
the Rapti river. - s

(3)  The oonethCfioh of the Kulekheni No.2 defoeiéotfic_?rojeoﬁ:ﬁili'
present a definite employment opportunlty. The.labour fequiied'for the
construcﬁlon is. est1mated to he 1 ,200 man—years 'This‘wiil cause an inQ
crease in people s income in an area hav1ng high- unemployment Further—
more, some of the 1aborer5 employed will learn 8 ome technlcs durlng

econstruction,
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(4)  The Greafer CN?S_willlreauire feéerved pbwer'pléntS in‘£he7future
for effective utilization.§f;hydropowértplant’ahd:fqr émérgepcy use.
The resefved éapaéity.of_?iants reqﬁifed is considered to be 10 %, atb _
least, of the supply éﬁpacity of the.system. Bj ihstallihg a néﬁ.diesei “.
power plant of 2.5 MW the total capac;ty ‘of the dlesel power plants in
the Greater CNPS will ‘be 17. 1 MW, “which corresponds to-12 % of the
total capa01ty of the hydr0power plant Thus' the 1nstallat10n of

the diesel power. plant will contrlbute towards relnforcement ‘of the

reserved capaclty.
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9.2 _Financial'Auaiysis

9.2;1'.Present power rate ..

The present pover tar1ffs A force 1n the Nepal Elecbr1c1ty Corpo—
ratlon supply aréa are’ US mi 1l 20/kWh to US mill 40/kWh for domestlc

~use, US mill 16/kWh to US mill 20/kWh for industrial use and Us m111'f'

16/kWh for commerclal use. The avelage power tariff is estlmated to .

be US mlll 25/kWh based on the stdtement of accounts in 1975/76 1“

ACCOldlng to the statement of eccounts, NEC'S account has turned

© to be red since 1974/1975 malnly due to too low power . turlffs In

order to make both ends meets y it is necessary for NEC €o raise the dver-
| agc power tariff to US mill 36/kwh, Beeldee, the account ig besed

on the present 5pe01al condltlon in Nepal that most of the ex1st1ng
power plants Were constructed by forelgn aids on a grant or semlgrant
base and therefore power supply authorities in Nepal are almost free
'from the liability of capltel recovery for the initial 1nvestment cost

of the power plants.

. NEC will have-tq-coustruot new fower.plauts-successively'in future :
o cope with the repidlffincreasing power demand. For coustruction of
the new power stations,'however; the'above special condition will not
be excepted, bub the construction work will have to be implemented by
1oan from 1nternat10na1 flnan01ng agen01cs, whlch shall be repald by
NEC. The constructlon werk of Kulekhan1 No.l Power Statlon under con—
-structlon at present 1s an example of such case. Tn V]eW’of such eir- -
cumstance, for a sound development of future power pIOJect in Nepal
_1t Will be requlred to review the present power tarlff and raise it to

a reasonable 1eve1

9.2.2 Fiuanciai.poeer COst’-

For testlng the loan repeyment capablllty of. the Kulekhanl No.2
Hydroelectrlc Progect the flnan01al power cost is estlmated A fl-
nan01a1 poqer cost may ‘be deflned as the power rate at a pllmary sub-

-statlon, whlch makes the’ total net revenue from energy sale to be exaetly

/1: Annual Report and Statemcnt of Accounts, 2032—2033 Nepal Electrl—
.01ty 001porat10n. : . ‘
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the same as the total repayménteliability,‘during fhe repayment period.

As loan condltlons of the Kulekhanl No 2 Hydloelectrlc Progect have-
not been,settled yet at the moment, it is tentatively assumed thab both
the forelgn and local currency portlons of the 1n1t1al 1nvestment cost
w1ll be financed ‘under ‘the same loan conditions of an annual 1nterest
rate’ of 4 per cent and a 1epayment perlod of 30 years 1nclud1ng 7 years

grace perlod

The 1n1t1a1 1nvestment cost was estlmated to be US$48 mllllon as
shown in Table 8.1 and the annual disbursement schedule assumed as ehown'
- in Table 8 2 the annual O &M cost was estlmated to be US$25O x lO3
The total annual prlmany energy supplled from the Kulekhanl N0.2.

. Power Statlon in: full consumablc stage is 95.1 GWh, as- estlmated 1n -
Paragraph 6.5. The saleable energy at a primary substatlon is obtaln—'
ed to be 92.2-GWh, deduct;ng 3 % of transmission loss, In addition to
the primdry ene?gy;;e half of the secondary energy, 11.1 Gﬁh, is as=
sumed to be exportable to India at a rate of US mill 20/kWh The

growth of the saleable energy is shown as follows

Table 9.5 Growth of SaleablelEnergg

(Unit: GWh)

Year Primary ewergy : Secendary energy-
1985/86 - 3B o111
1986/87 | 918 | 11.1

-1987/88 . S 92,2 1.1

Based on the aboﬁe—meﬁtioned'cendltions; the fihancial'power cost _
of the. Kulekhani No.2 Power Statlon is calculated to ‘be Us mi. 1] 38, 4/kWh
and the flnanc1al statement is shown,ln Table 9 6. For the comparlson_
'Wlth the present power tarlff, the power cost at a dlstrlbublon end 1s
calculated to be US mill 55, 2/kWh, assumlng the dlstrlbut1on loss at

15 per cent and the addltlonal cost for admlnlstrat1on and - dlstrlbutlon '

service at around US mill IO/kWh
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It seems that the Kulekhanl No.2 Hydroelectrlc PPDJOCt is not.
f1nanclally Justlflable as far as 1t is compared w1th the present
* power tariff. ‘However, this is not because the power :cost of the
' Kulekhanl No. 2 Power Station is too hlgh to be Justlfled flnan01ally
but solely because the prevailing power tariff of NEC is too low as

_stated in the precedlng paragraph.

In order to clearlfy this 31tuat10n, the f1nanc1al power cost
of ihe coal= flred thermal plant (whlch 1s con51dered as the most eCo~ -
 nom1cal1y competltlve alternutlve mean) is calculated under the con81de—
rable 1oan condltlon corresPOHding to that -of the ploJect The c&lcula—’

tion: waﬁ made based on the f0110w1ng basic flgures and condltlons
Initial investment cost: ' US$27.09-miIlibn
Fuel cost: _ ~US mill 35.1/kWh

Loan condition

. Annual interesf-rate: _ 2.5 % N
"Répayméht'period: 20 years including

T years grace period

" The calculatéd financial power cost of the thermal piaﬁ£ is.

US mill 68.5/kWh.

Thus, the flnanc1al power cost of the Kulekhani No 2 Power Sta-
tlon shows much lower value than that of a coal- flred thermal power
plant, and 1t is flnan01a11y justifiable as- far as the ¢omparison is

made with a coal—flred thermal power plant.
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7O ‘ f':
Repayment period. 30 years "Enbtuding" _ /
‘ 7 years grace peried . /
60 _
;:J_ 50
£l
4
= . _
= 40 : K - .
a : The power rote should be Gbove 1h|s Ime
@ © to repay the loan ‘
o : _
5 7 L T
_ / Interest rate Power cost .
pe . : (%) (US mill/kKWh)
: .5 26.5
3.0 _33.2
20 _
4.0 38.4
6.0 50.4.
8.0 65. |
o | 2 3 a 5 6 8 9

Interest -rate (%)

CFI6.9.2 FINANCIAL POWER COST OF KULEKHAMT NO2 POWER STATION
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