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FOREWORD

_ Tlcctblflcatlhn was 1ntr0duoed cn’ Pakis stan Railwavs

'over Khanewal-Samasatta section in 1970, The ECanHIC Ampraw - .
1sa1 of the project then prepared by Mr. Hans Hdlc”‘ln +the 2
‘Manunl For hnpralq l of Transport Ppo;ccts indicated that  2¥
electric tractlun, as Cumpured to dleubl tracticn, would be

justlfled in financial terms but not in economic terms.,  His

'”'-ana1y81s was based on shadow prices of Foreign Ixchange and

prlcbs of HSD at Rs. 2.25 pep nallun including tax and Rs.
0.90 excluding tax. ISlncc then the currency has been deva-
lued and shadow prices are not called for: the prices of fuel
héve increaéed many feold. At present the cost of HSD is Rs.
.50 per gallon excluding. tax and its petail price including
tax is Rs. 5.50 per zalion, The price levels of other cost
components have alge undergone Cﬁnolderiblb changes and the
balance of rela ative costs has mark&&lv shifted in favour of
Electrification. AQCUPdlngiy a re—ﬂpnr&lsal ef relative ecco-
nomics of diesel versus elcotrlc traction was called Ffor.
This is provided by the present report, which i¢ mainly .an
apnralsll ‘of the proiect. fur the Fxtgn51mn of Tlectric Trac-
tion to Khanewal Samasatta secticon of thn'maln line. The
anl}yals shows th;t EILCtPlFlGatlJH Jf ihls Sﬁctlun wauld
result in CCDSldEdelC saving _1n up raTLn costs in both
finaneial and econumic terms but the oroject would be sensi-
tive to capital costs of Electrification. Mureover, consi-
derable volume »f traffic is required -n a given line to
justify the large initial capital expenditure. There = fore,
the results of this study cannot be apnlied elsewhere with-
out considering traffic volumes and firm cost estimates for
each secticn. However, the methodology used will it is hoped

serve as a culde for the appraisal of similar othep projects,

2. ‘This is the first publication prepared by the National
Transport Research Centre of +the Planninz and Development
Division, The work done by Mr. Majeed in preparing this repcrt

is gratefully acknowledpged

SADAQAT HASAN MIR
Islamabad, February, 1975, Director

Pl
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SUMMATRY

General
For the determination ¢f relative cconomics of diesel

and électeic traotimn “the cost components considered include
capital works and capital maintenahce, locomctives and loco-
otive maintenance, fuel and energy. All other cost items
such as track maintenance, statlmns, staff and overheads which
are commen for the two alternatives, have bezen ighcred ag their
equal weight on both sides would not affect the relative'pési-
tion of any.. The terminal values of assefs and, in.the case
of “électric traction, savings onacéount of wagons, travel
and transit-times have béen valusd And accounted for as nega-
A;ﬁiyg_cméts. Other indirect sogial costs, such as fume and
pellution ete ; have not been touched upon as these are of

academic interest in our country.

Traffic/Locomotives

[P

_ It ié'é tlmeted that for carry]ng the given amount Of,.
traffic, either 13 diesel of 10 &lkLTrlC doccomotives would

be réquired‘in the.. base‘&ear. F T future increase in traffie
projected at 6% DLP annum for pass aners and . 7 2% per annum
for -freight, 13 additicnal Diescl LOCLfole or 8 electric
lecomotives would b@ ruqulrcd during the 1ife of the project.
These estimates pre sume some- improvement in the perfmrmance'
of bothe dies el and electric locomotive and rnlllpﬁ qt)ﬂkﬁ
by the end of the proiject pericd, the train frcnuen01us will
be thlmumrand line capacity W111 be fully used un. Furthcr
increase.in traffic has nnt bgﬁn censidered -as the same would

call fur qddltlﬁnal 1nV¢utm¢nt.

Cost/B nuflts(%lpuruu within bracke to arce excluding taxes and
SubSldlLS) ' o

The electric traction wiuld cost Ks.,86.96 million
(60.936 millicn) on capital works and Rs. 0.52 millicn on
annual maintenance, This would result in savings in Locomotives

and fuel coste are as below: <
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TABLE I. Unit Costs of Locomotives and Fuel/Energy

Diesel Electrio” - Savings
" 1. Locorotives(Million Rs.per Unit) .
' ‘ Financial 6.5 5.2 1.3
| FEeonomic 5, ko o 1.0
2. PFuel Energy Rs./1000 GIM:
" Passengers Traffic. Financial 13.75 2,88 10.87
Economic 110,95 2.88 “ 8.07
Goods Traffic . Financial 8.06 2.88 5.12

Economic. 6.58 2.88 3.70

The overall operating cost of electric traction would
‘be lower thdnldiesélAtraction both in Financial and Economic
Terms as?beldﬁf‘ﬁ
" TABLE IT.  ,Ovéréll'OperaﬁingibQStsldiéC6unﬁed at 12% per annum

(Million Rs.)

Financial . Econanic

Diesel. Elegﬁfic Diesel Electric

. Capital Works e 8695 . - 60.936
' Capital Maintenance . ® horg - 4,079
Locomotives o loraw Gh.202 82,42 . U49,ls6
Locomotives Maintenance T 13,979 5,923  13.979 = 5.923
Fuel/Energy ~-098,836 30,324 81.157 30. 324
Total 219,962 191,568 177.556 150,718
Less Terminal Value 1.994 1}, 885 1.534 3.584
" Savlrgs in Wagons : - - L1876
Savingé in Travel time o - - 8.707

Saving in Transit Time ¥ - - - .503

ot cost  217.968  186.683 176.022  136.048
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The Electriflcatlon would 1nvolve add1tiona1 cost of

Capital Works ahd Capital ﬂalntenance of Rs
Miliion and would result in S&Vingo-Of'Rbr
Million in operating ¢

tion would be Rs. 31 285 million in Financial Terms and 39.974

in Economice Terms as ohOWﬂ below.

TABLE ITIT.

91 029(Rs 65. 015)
l£2.31ﬂ (104.989)
osts. The net savings of:Electric Trac-

Costs and Savings of Electric Traction discounted
at 12% D.a.

{(Miliion Rs.) -

IMinancial Economio
Additional Costs :
Capltal Works - . 86.9%50 ©60.936
Capital Maintenance . ‘ . 4,079 4,079
Total 91.029 65,015
Savings ¢
Locomotives : . . 112,855 32.964
Loccmotive Maintenance .. . 8,056 . 8.056
Fuel Energy : . . 68,512 ‘1:505833."‘
Sw-Tobal — 119.423 91.853
Terminal values .o . 2.891 2.050
Savings in wagons .o - 1,876
Savings in Travel Time .. . = 8,707
Savings in Transit Time (Goods) o 0.503
Sub-Total 2,801 13136
Total Savings 122, 31“ 104,989
Net Savings(3Savings Costs) . 31.265 39.974

The

on 16.,7% in Financial terms and 21.5% p.a.

additional investment

would have a rate of return
in Economic terms,

The project would be gensitive to cost of capltal

works. A 36% increase on this ltem would eliminate the

benifits.
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In case there is ‘no incféééé'in traffic, the rate of
fétafﬁ'would be‘B% p,a.:in financial terms and 11% p.a. in
' econom1c terms exciuding Limenéaﬁlngs -‘Iﬁciuding;tiﬁe gsavings,
“the rate of return ‘would be 107 and 1&7 pﬁr annum in flnanciai

"and economlc term respectlvelv

In view of the fact that Electric Englines are already

avatTable ‘some risk of increase in c¢dsts is worth taking.

- .The above¢rggqlté are based on the basis of follbwiﬁg
' assumptions which have been arrived. at in this report... .-
(1) Volume of Traffic(Base Year) Pagsengéfs Traffic
B =221 Million GTM+CGoods Traffic=561 Million GTM

Tot@1_782 Million GTM.

(i1) Growth Rate:Passengers Traffic 64 p.a. Coods -
Traffic 7.2% p.a '

RRECEED Locomotive Requirements.  Base Year 33 Dieael or
R ‘ . - 10 Hiect, o

End Year 25 Diesel or
18 Elec.

© (iv) Fuel consumpbion passengers

Traffic " b, 12 pér 1000 GTM
S " Goods Traffic  Tb. 12 per 1000 GTM
"_Economié cost Es. .50 per Gallon

Pinancial cost Rs. 5.50 per Gallon

(v) Energy consumption -.24 KWH for 1000 GTM € Rs.
0.12 per unit.

(vi) Project 1life 25 Years

(vii)Discount Rate . . 12% per annum,



TNTRODUCTION

1. Theiﬁlectrificafipn of Raiiwayss a well‘established
technology to improve SDeed and efficiency which are so essen-
tial in the face of grow1ng competltlon from road transport,

- has recently gained more attvaotlon due to: phenominal increase
~dn-the price-of fuel ov&r Lhe last Tew years. bongequentlyg
_propogals are ‘under conolderatlon for the . extension of electric

~traction froem ‘Lahore Khanewal to Samasatta bringlng the tota]

- mileage of " 1Gctr1f19d. section from 177 to 250 miles An

economic apprai%al of the Kh@newaj samasatta section has been

attempted in tHLQ‘papQP

A 2. Ab an ﬂld dn maklng the decision obgectlvely, compa-
“pison has ‘been made between .overall cost of electrification or

“*“contlnuatzon with diesel thCthH. ‘The methodlogy used is based

Con marglnal ana1y813 and takes into account bnly those items
where cost or savings of the two alternatives are different.
These include Capital Works, Locomotives, Fuel/Energy, Mainte-
nance of Capltal Works -and LOCOWOtTVGb. ‘Additicnal benefits

of 1ectr1f10dt10n on account of savings 1n quons; travel time
and time for goods 1n transit have algo been taken into acbount
for economic analy51s but not fOr'flnan01a1 analysis. All-
~other ifems of cost common for both the alternatives han.been
:'ignofed as7their éqQai'weightAon both sidés would not affect
'”the'relative?positioﬁ.of any. . Such items include maintenance

T of tréck,'stations;;staff”aﬁé over heads. All costs are assu-

" med Lo be 1ncurred in the base yeir;'vear G? irrespective of

. the construction perlod; The perlod of- project operatlon is
numbered from year 1 to_25.z A vate of dlscountvof 12% has been
Ssuggested for compariﬂg.futufe costs and as a cut~of f mark for
‘Marglnal Ratg of Réturh. Variations have aiso been considered .
Tor sensitlve”iﬁem% The results are. contalnod in the 1ast
section and tﬂbles 26 to 32 at the end. :



o Project Desqrig@ien{wﬁ

_ ”*3"mhc elﬁctriflcatlon was started by P.R. in 1966
a; on Lahore Khanewal Sectlon whlch was completed in 1970. The

'7progect AOW” Under con31dera+10n T8 a proposal to extend elec~'

' 'trif1cat1Dn to Khanbwal Sama ysatta Section via the Chord Line. i

The 1cngth of thls Sectlon te 73 mlleu.of whlch 53 miles from -

'Khanewal to Lodhrdn are 31ng1etrack while 17 miles from hodhran”

. to Samagatta arL doublo track.

4, A main marshalling yard is located at Samasatta.
The goods trains to and from Lahore have to change Lnglnes at
Khanewal or the dlésel onglnes will run over ‘Lahove- Khanewal

',Telectplfled yortion-as well | With the electrlficatlon of

'fSemasqttamKhanﬁwal %ectlonﬂ 1t wouLg be possible Lo riin through

goods trains with &lectric enginesﬂ,

: ‘It may be added that betwcen Khanewal and Sama
tta there are two lines - the 1oop and . the .Chord, the rolaflve‘+-
distances being 10l and. 73 milcs respectlvely. ' The 1arge
industrial.eity" of* Multan 18 1ocated on. the loop line. As .
will be indicated in- buboequent parqgraph% g large propdftion
" of passenger trains use the loop }1na whereas 1arge'broﬁoftidn :
of goods trains run on the Chord line, Even after the eleccri—:
fication ofthe Chord llnp, it would not be posslble-to by~ pass‘
the city'of¢Multahn*'A"humber of main passenger and gdods_,
trains will continue to use the loop line. Therufbra; thé‘
problem of changing dleool englngb at. Khancewal for tralns u31ng‘
the loop line will contlnue to eYlSt and the Lahore Khanewal
Section will remain leCd w1th dicsel and electric engines,
though the preportion of digsel onplne would be less than
before. This preblem néeds to be thoroughly examined before

undertaking the project.
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CLU6) It has been indicated in the, progact proposal that
o An the ‘case & clbctrlflcabion no ﬁdditlonal locomotlves
’ :: : _  ‘would be requlrod as thg SUPDlU@_otOCk on Lahore Khanewa1
: | ‘Sdetion will be. adcquate to meet the roqu1rcmento of _extend-
L ‘ed 1ength of elﬂctrlc tractﬂon. Thevotorba while analysing
tHe Peturns on’ ei@ctm_flﬁatlon3 the cost of electric engineu
has beén ignored in the pPOJUCt Uroposaj.i Thloztreapment
glVOS undUe advantage to eloCUrlfucatlon ag-against. dleu91
'tractlon.:Althou&h the avjnlabl]ity Of.d number of electric
englnes would make a lot of JlffLPOBGL to the Railways in
financial termss but for the purpeses of project analysis,
the cost of Locomotives to be employed on the line would be
taken intoc account in this exercise for both the-alternatﬁves.
Otherwise it would mean that electrification would be justi-
fled because of over 1nvgstment in the past. Thils is nct a
”reasonablr aooumptloﬁ Therefore, cost of Electric Locemo-
tives - that ‘would be roaulrod for the _propoesed S@ctlon, has

buen taken 1nto ﬂccount at current prices.

7 Oan fwo ﬂltPP atiVe have bﬂen‘considoredgrnaméiﬁ
eibctriflcatlon oF the ex1,t1n5 line or continuation with
dlesel tractlon, The former invoiveu hlﬁh 1n1t1a1 investment
,. or no addltlonal 1nvestmenf inztzazlv but higher operating
';jcosts. The 51gn1ficant Phlflcterlstico.pf the two alterria-

tives. are:-

: _ (1) The : LlebtrlflcatLOH wouId require Jarger 1n1t1a1
capital investment for power supply, inmunization
Cof communication lines and ancilliary englneering
works- whereas diesecl locomobtives require relatively
“Himple and less expensive track facilities which
are already existing. R

" {ii)The cost of electric locomotives is relatlvely'
. lower. and life.- longey than diebL1 electrlc
1ocomot1ves.- : o :

{(1ii)The oporatlng costs of electric locomotlvos are
lower than diesel engines. The major difference is
mnade by relative prices of fuel and power,




P | S

_ © 8§, The higher initial investment would be Justified
if, -at approprilité discount rate, the savings in operating
‘¢ésts ocut weigh the additional “investment over the 1life of

I the projcct. Thé savings in operating costs will increase
jjfw1th the scale of opera tion i.e. the volume of traffic. At
' f1oWer velume of traffic, the average ‘costs would be higher
for electrification but the relaticnship would be reverscd
It Righer traffic volumes. The magnitiude of additicnal
"”ﬁinvostmenﬁ voilme of traffic and savzhﬁvlln operatinF costs

‘are 1mn0rtant varlable © Mheir 1ntar relﬁtlons determlne

‘the econcinics of each.
U Ppevious Study

o 9, The eccnemics of eiedﬁ?i?ibdticﬁ'W§é edrii§r1cQﬁsi—
__ﬁdETGd bN:Adlér%in corinection with the'éiééfrification'qfk

" Lahore-Khanewal Section. The altérnatives considered were

. electrification or dieselizaticn of a 1ine'£hat was being
operated with steam locomotives. The result of his study was
that electrificaticn was justified in terms of finéncial-
costs but not on the basils econcmic costs. There was. no
difinitive answer whether the Ratlway should electrify or
not., It was suggested that if the Government insists Rallways
to dieselize, on the basis of econecmic oosts,litfshould make
a‘?rdnt té'thc'ﬁailway equal te the extra financlal costs of
dneseliaatiﬁn The analyels was., however found %ensifive‘to
?-cao¢ta1 COSto cof lectrlficatiﬁn and relative prices of fuel
and powbr Tt w%s observed that.a decrease of. 25% in capital
‘,cost or. electric ity charges or similar increcasc in fuel
“costs WOuld'justify-electrificatién-on the basis of economic

costs as well.

C*planning Division, Menual ror Econcmic Appraisal of
Transport Prolects, June, 1969
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10, Since then the costs and prices have chﬂnged ﬁn_
varying propertions. At that time the retall price of fucl
(Higﬁ“ﬁpéed'DiéSel) was Re, 2.25 per gallon and net of taxes
and subsid€s, Rs: 0.90 per gpallon-only. - However, .taking
shadow prices of foreizn exchange, the cconomic cost of fuel
amounteéd to Rs. 1,17 per gallon: The cost of electricity
was taken at paisa 6.5 per unit. Now the price of fuel has
increased to Rs. 5.50 per gallon all inclusive and Rs. 4.50
net of taxes and subsides.(l) 'The nrices of materials and

- equiphent, wages and salaries have alsc increased the costs
con31derablv The ~ld analyesils is, therefore, out dated and

1rrelevant

"11. The project has now been examlined in the present
set of ccsts and prices. The approach followed is simiiar
as used by Adler, The overall casts for carryling augiveh‘
amcunt ‘df traffic have been estimated for the twe alternati-
‘mvesmfcr"a~ﬁeriﬂd-25~y@aps.andmdiscounteﬂutguﬁhairmpeﬁ“ppesent
values Only - these fadtors "have been QGﬁSid@PGd where costs
or saving of the twe alternaﬁives_aro.different. Common
elements have been ignored*as:their,&qualﬁw@ight on both
sldes would not affect the relative pesition of any. Through-

out "the analysils, estimates have been made both in terms of

- finaneial and egonomic costs, - The flnancial c@sts_represent
? - out of pocket expanses of the Railwavs.. Fer-the“determination
of econoiiic costs. only direct taxes ang subsidesnha§e_beén
P - exeluded.. Some other -benefits of 9lectrificatipnh$uph‘asv
savings in Wagoens, travel and transit times bdve iér béeﬁ
quantified and treated as nepﬁtive o"sté . chever,rdlruct
coste like fume and polusion. have. not bzen touched upon fﬂr
beling offacademic dnterest only.. In, Vlbw of the nrmblemthl
o definition’ ang data involved. in: the EStlmutJCﬂ of truo econc-
“mile costs,; only: broad: nrin01plub have been fﬂllowod wnd much
~of* the refinements; have nob. begn m“dL~4 The chnnmlc coots
may- therefore not be wholly unoontrcver51a1 \ These shculd

therefore be strictly viewed in thL 1igbt rf asqumotlcns made.
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© U Traefie
. .12, There are at-present 17 passengeﬁs(Ea and 11.3
_: goodsjbr&ins(g),each_way betweenrxhanewalrand Samasatta. Of
' _%theSey“13~pass@nger and 3 goodsltrains-run'on loop 1ine and
' 8 goods and ﬂfpassenger‘ﬁraihspuse,thﬁ,ghcrd,1ine as- shown

o belowi oy .o

TABLE I

Daily No.of Trains(One Way) on loop and chord. lines

B Leop ' Chord. Total®
Passenger . - . e 13- 'y 17
. ‘Threough Goods 4 5.0 - 5.4
Other Gocds Y 2.5 3.4 - 5.9
All-Goods Trains - 2.9 8.4 2113

1.. Details are contained in table 19 and 20.-
2, Time and Fave Table Dec. 1973
S T 30 PWR Operatine Statistics Oct. 1971,

13. As is evident, the loop: lineris predominatly
used for passenger traffic and chord. line for geoods traffic.
oo-Heweveny the Pakistdn Railways have indicated that the volume
of traffic on'the séction trder ccnsideératicon would be 10
passenger and 8 goods trains each way daily. ‘This means that
‘nedrly.- half the passenger trains sn the loop-line-would-be
‘diverted to éhord l1ine. This should rot be difficult as most
“of the trains on thisg line run through Peshawar snd Karachi.
Nevérthéless, there will always remain the possibility of
increasing or ‘decreasing the volume of tfaffic‘by diverting
-~ trains to and from ‘the loop. Thé full économies of -electri-
- filcation wotld be realized if the line is used to- capacity.
"It would Be 1n the interest of the Railwavs to divert the



asnains

- T e

use’ thé' same. to 1ts capacity.,

vlargest péssible amount . of tPTfPIC bo the low cost llne to
Albhﬁumh Lt lb n@t pf SLblC ;
ftr determineg’ the exact amount- of trafplc that nan be divbrtpd
R the chiord’ 1ine without Purther deﬁ 2iled Stud1633 but it is
'?expected that 2/3rd of oascenoer trflns and a Iits
propnrtlﬂn ol geods. trains will usa the ch’rd 11ne

}e more
Accordan=

Ty I 1s assumed ‘that -cut of, 17 DuSSCngel and 11 fOOdS trains

Cwill g an Loop Line.
*obocrved & Lahore: DlVISlUnq tho annual Vulume of Tr affic

z”would be as fellcws:

7 Detween Khanewal - Samasatta, 1L pﬂsoengew and 8 gowﬁs tralns
- On the bTSiu f'wrcsu.,ran ?Ost '

Gross

;;Annual

Trafflc

CNo. of T mpaii
. Traing - - Lvad
‘P®s>engers ST . ,11'2   375
aoad § v as swmL 8 a,e07

Mil;ion GIM

561

Thls I8 about thc same trarfic ags pPopesed by the

Paki qtdn Rﬁllways
cn these figures.

Future prewth of trafiié hasg been basecd

L1h. Tbe R¢11 Traffic has been sta rnunb nyer: the last

decade arcund.6 . billlcn Paos@nver Milek and .

H billlon ton

Amllcs of “frelcht largmely duc te SEVLrwi bnttlenecks 030301ty

corstra Aints and declining Lfflc1ency Whlbh is evident  from

the declinlng use of . rolling stock and l C“mﬂtJVQS:T

COI}SCCIU“"

ently9 Almnost all- 1ncrease 1n Lrafflc 1n the pa SL has been

abSLPbGd by rcad transport.

Thb SLfTull and TRALO ﬁnnoultantq

are cf the view that capacity of the Railways can be inereased

by about 30 per cent by better control ang management and with-

cut additional investment.

The crash programme of the Railways
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is expected te Increase thelr capaclity by the about 30 per.
”cent 8681des ~kthe- 1nvestment during the Plfth Flve Year Plan'
-1S intended tosremove majopr- bottlenecks and imnrove efflclencyﬁ
The Rail traffic. durinﬁ the. Fifth Plan hEFlOd is estimated to
increase at 9.2 per cent- REr: annum. for PrLlpht and 6 per cent
per annum for passengers. Yor subseg uﬁnt nbrlod uptao 199M 953
the increase in traffic has been progxcted at an avcrawe’rate
of growth of 6 ver cent per annum. for passengers and 8 parm
ceﬁt per annum - for: :freight. This means that present trends
would be.réversed and much of the increased. trafric which -
otherw1se po to reoad transport would be dlerted Lo Railways.:
These trates reflect the ideal distribution of trafflc over
railiéﬁd'foad ‘To. achieve this -objective, suibable measures
includinw ﬁrice and 1nvestm€nt policles for Rail and Road
would have -£0 he dev1sed and stanéard of rail service would be
imnroVed Eaklng inLo 3ccount all such- congideration, the 7
same rate of growth as for perspective nlan has been used. for:
passenver traffic. However, for freight traffic sliphtly lower
rate of growth has beon used.. Accordingly, the increase in
traffic over a 2% Vcars hao been proiected at 6 per cent pe
annum . for nqssencers and [ 2 per cent per ahnum for freipht

as below
Table 2 R
Traffic Projections(fiross Ton Miles)
Tst Year ©th Vear 1lth Year  16th Vear. 21st Year
Passenger 221 296 396 530 708
Freight 561 794 . 312k .. . A5G .. 2253
" Total: - 782 1000 ]F-q 2122 2961 _
15. ,' The electrlflcctlon of Khanbwal %ﬂmesatta uectﬂon 35 _7

baseJ on. thp same sydem .as nrevallinv .on Lahore Kbanewa _ |
Sectlon and would reculre, - besiaes,.overheﬁﬂ contact wire and,'
ancillary onglneerlnv works ;two. feeder . -stations .at Bm%mﬁlgn'and



Dunyapur and one transformer at.Khénéwai Grid Station and -
immunization of overhead telegrph lines foffwhich-undergrqﬁhd
communication system is proposed. The initial cost of electpi-
fication has been estimated at Rs 86.95 million, the details

of which are given below .

.~ TABLE 3

Cost of Capltal - Works B

_ = . o (000 Rs.)
S.No. Des;gnatlon o ___Cost  Taxes Total
1. _Detalled FeaSLblllty beport and Progect ' _

Design.. ‘ , 0 - 340
2. Cost of EQUlment Lnstallatlon sTesting

and Comm1881on1ng ‘ 48,000 - 26,000 74,000
3. Establishment Charges ' 1,980 - - 1,980
4. Transport and‘Conveyance‘Charges 616 = 616
5. Training of Staff : 26 "?jf-";‘; 26
6. Ancillery Engineering Works 3,720 o 3,734
7. Incidential and at 50% - 2,080 - 2,080
8.  Tncidential and at 50% A7H - waTe

Total: 60,936 26,014 86,947

Financial Cost = Rs. 85,947
Feonomic Sot, = Rs. 60,936

‘The above costs are based on escalation or old prices.
It would be appropriate to obtain fresh price quotations from -

suppliers for proper evaluation of the project,
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16. In case of oont1nuatlon of dleseL tractlon9 no

'fcapltal works w111 be 1nvolved

‘?LOCOmOtlve Requlrements‘" “

17, The P W.R. have estimated ihat by extendlng the
”électric tpaction to Khanewal Samasatta Section, they will
utilize 8 or 9 electric, engineq which are spare on the
Lahore Khanewal Section and than by different composition
- of electrlc/dleSel trdlna; 10 diesel engines will be relea-
”Sed for utilization .on.other llneg.; £ though the pro:',ec+
'%hould be. considered.with 1ts - relat¢op toother” 1Jnes, but
it is also essential to. know the: ﬂumbor"of'diéqel or elec-
tric engines that would be required to carry ‘the given

amount of traffic over the pr@poued 11nu Lﬂ order to deter-

mine capital requirement specixic s fhé pwogect as well

as operating cogts by different typas of_tpag?;on units.

18. The requirements of Jocoma*ivps.d@penﬁ as.much
upon the characteristics of traction units as upon the
track, traffic conditions and blgﬁuillng dyotem which

_equally determine their peﬂfo'manne and efijcnencv. Haow -

ever, the track and trafflc cowdiz¢\q“ pemai nlpg ihe same
the number of locomotives would b@ geiermlneu by thelr
relative Derformance. This is movb 1mportant as it forms

the basis of eqtlmatlng relatlve costs.

) 19 Accordlnﬁlj, the velativa performance of diesel
and Plectrlc engines, SPGLleLu¢J the . avenage daily/

mileage and load factors have boen ocn81duved in detall

. Average Daily Mileags ~~ = 7T o RO

Diesel Engines

20. The performance of botn iL aelhﬁhd steawm engines

has gradually declined over the yearu a5 shown below:-
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TABLE &4

Historical Trends of Average Daily Mileage by Diesel Engines

Per Fngine on line Per Engine in use

T
i
§
?
1
i
H
I
L

it 1y e Dz = )

tear Stam T Tissel AIT Tngines | Goods Englnes
- o Steamy Dlesel ; %teani iDiesel
1955 - 60 - g0 200 116 235  ‘_."187 184
1960 - 65 76 AT 97 202 73 153
1965 - 70 59 168 © .- 83 - 110 60 128
1970 - 73 53 157 85 183 66 112

Source: ~ PLW.R. Staristiéal'yeab Rook 1973,

) ‘ ‘,The decline in thb ’rformancb of steam englne% Ml?ht
'“Béuduo to their continuous d prﬂclatlon for. virtual r@placuu
ment and employment on less and less demanding operatlons._
“For the decline in the performanco ot digsel englnes varlous
’frcasons that suggest include Gentral decreage'in efflclency;
| Wbarlnﬁ out of . loeomotJVQQ, lncreaqo 1n lzsg- demandlng ‘

) pwratlons in plade- oF Stﬁdm englnes o bk ‘nereéase in averigb
:fwagon load. . To ‘the “extent the decline is due to worn out
stock, their performance would not he strictly comparable . .
with relatively new alectric engines. Neverthéieés; the
obvious conclusion is that contrary To hiqtorical trends,
there 1is oon81derable scope for’ 1mprov\ment in the -perfor-'
mence of dleSu] enq1ne8. " Thoroiugh 1ncht19atlon of- IOCOmo—

tlve performanc; JQ) however5 calleﬁ for.

" 21. The problem of determining'average.daily mileage by
locomotives is complicated by variatior in their performance
over different lines and also for various types of locomo -
tives. The table below showing average daily mileage by
diesel engines on various lines indicates the influence of

other factors on performance.
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- TABLE §

Average Daily Mileage by Diesel Fngines in use on different lincs
durlng 1971

Type of Tprain

S.No. P. W, R. Division Passenger™ “Mixed " Goods
ié?f}Lahore R e 270.7 257.7 120.0
'21: .Multan | | “es - 7 - léi.S
3. Sukkur | Y (A L. 1am
4. Kapachi . o2 - 188.3
5.  Rawalpindi ree 3009103y 132.3
6. Quetta Seooou :"”f 15L.1 . 109.1

ETSQUPGG - Operatlng Statistios 1971~ 72, October 1971 .
S - PuW.R., Lahore. Data ho¥ avallable = Nil
or not appllcable

. The hlpher mileage on Karachl and sukkur D1v1810n -might
be die to ‘greater proportlon of double track and through . traffiec
than én’ Rawalplndl and Lahore DlVl%thS._The mileage in. Rawalpindi
DivisisH is "higher than on Lahore DlVlbth inspite of high
gradients and rektlvely poor track COHdlthDS This might be
either due to shorter trains or use of better types of engines
on Rawalplndl D1v151on but needs further examlndtlon Taking these
factors into con81deratlon the per mlle cost of operation would
be diffeveiit on varlous lln&b and for dlfferont types of .engines
depending - upon track and trafflc condltlons and type of the
engine used | ' '

Electric-Engines

‘éﬁ The EItCtrlO engines are in use only on Lahore-
Khanewal- Secction 31ncp11970 71. Thnlr performance, as shown in
the follow1ng table has 1ncrcased over the. short period. This
might be due to OVGPCOmlné of teathlng Droblems and experience

galned w1th electrlc tractzon
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Table §

‘Aygragaﬂinly;Milgage by Electric Engines .- -

“All-Engines ALl Engines Goods

Year ~on line in us= Engines
B s ': BT in use

1970-71 .. .. .0 118 183 79
X772 5 uee 1 ?af{f;§1l K 114n[,- f;f‘T"§28QFA° 151
1972473*”*'fi'f5:-.”_9;- - 183 282 - 1u8

s e - L T T

Souroe»— PWR Year Book of DtdtlutTCL, 1 73.

23. It is clearly evident from the foregoing, that
Jrflve performanoe of eleofrvo andg- dlebel engines should be

~e®n31dmrgd Strlctly 1n oomnarable track and tfaffic
condltsons dnd for comparabLe nafeporleb oi buth types of
englneO; IL would Lﬁ@fOLOPGg be more weJevqnt to consider
relailxe performance of digsel and electyin englnhs on the
| baszr of data for the LahOPO'DlVLUlOH of Laklstan Railways.
Table 7
3iAverage Dally Mlleage bj P]CCLZlg zd Dleoe_ Engjres cn Lahorc DlVl sion

) Rahge: Mqan
Electrlc Englnes(Jdly-Oﬁt 3971): e D

Passenger S . | 792.9 23394 322.9
 Mixed- ;:f:f' 1": i - aee : - ‘i - -

Gods 159.5 ~ 206.4 176.9

ALY Engines '” 1" o - s

Diesel Engines(Jan-Dec, 1971) o : o

Ciimassenger . sl - 318.5 309.1

Ceived T oyus —spi0 27140

Cleomas T 0 108.6 - 140.8 12m.4

All Engines ce T L %0

Source: Compiled from Pdkibf1ﬂ Railways, Operating Statistics 1971-72
October, 1971.
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W1th respect o the relatlve performance of diesel

h‘and electplc englneq on Lahore Division it may be noted that:

(1)

the performance of electric engines ‘is restricted
due to short haul. The extension of electric

“Ypaction will increase the length of haua and

(ii)

improve their performance.’

the mileage of diesel engLnPs also 1ncludes other
than through goods -trains and operdilons on llne°
with lower- qualities of track and signalling

_system. Besides, the diesel engines are relatively

worn out. .Their performance on comparable track
and traffic condltlons mlght be expected somewhat
better .

(iii)the faotors reaﬁoﬁ81b1@ for the génebai decline

‘in'the oarfarmanoe of diesel engines as indicated

" ""in Table 5 above3 exebt their 1nfluence on elect-

S ric eng1nes as well. Therefore, it -is expected

“that in better and comparab]e track and traffic

25.

conditions, the performance of -both diesel and
velectric pnglneo will incredse but the present
differential in their relatlvp performance will:
‘continue Dartucularly in view of the superlorlty
‘of electric anglnes in acceleration, decelleration,

over high gradiants andrfor‘carrying heavier loads.

Taking into account all these - fadfdﬁé it is assumed

 that average dal]y mlleagc by electric and diesel englnes
“would be near about the upper limits of. +he monthly range BTN

;Qbservcd on Lahore Division. This $hould be p0881b1e in view

A'of 1mprovement“1n the performanop of electric locomotives

-exPected after electrification due to longer haulb.‘rIn the

case, of diegel engines,; the higher performance may“be taken

*to account For other than through goods tralns and” on branoh

”anes to make track and traffic condltlon% comparable. The

Q'hlgher mileage for digsel englneo is Just about thelr past

“Tevel of efflcaency which, it is assumed, will be regalned

gradually

Por future V;araq it is assumed that the’ average

lelSlOH of the Railways.
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26. On the basis of above assumptions, the average daily

mileage of diesel and electric looomotlves, estimated for the

base year and pPOJected for future years is as below:

- TABLE 8

Performance of locomotives for Estimating theif ﬁéQuirements

- Electric ~ Diesel

Average Daily Mileage 1970-71(Actual): o

Passenger - o N V5. 309
~ Goods . - o e arm 125

pwfinstfyearA(Expected):.%fi' |

Passenger e 350 325

Goods - - o .. 200 150
End year (PPOJected) o

Passenger - - R _ MSDl - 400

Goods - e T oo 200

Load Factors

27. The average leoad factors for goods and paésenger
trains observed in the Dast as snown in‘ table 9 below indicate
that over the period 1955~ 60 to .1876=73 the average number of
wagons per train has decrcasod from 6033 to 53. 6, the lecad per
wagon has increased from 13. to 17.4 tons and net train load
has- xncreased from. 450~ tons to 557 .tons’ per traln. In the
case of passengers3 “the traln mlles -and passengor mlles have
both 1ncreased but the number of passvngars per traln has
Sllghtly decreased from 345 in 1955 80 to 320 in 1970-73, As

oin the case of average dailly mlleapc3 the problem of estima-~

ting average load factors is also complicated by variation

oveyr different lines as shown in table 9.
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 TABLE. 9_ .

© . Average Load for Diesel Trains on Various' lines

"(éross Tons)

PWR Division Pegsenger  Goods

Lahore . e 383 1227

- Multan - wee . W08 1271

- Sukkur . ;';— - 395 1066
:‘TﬁKargcni._ . . nog. 1493
“Rawalpindi 238 587
Quetta seel A o mew o0 3630 521
A11 Divisions ... ... 392 1228

28,

Source : PWR Operating Statistics

1971-72.

For -the purpose of this exergise, it is expected

:fhat for diesel engines, average train loads for goods and

passengers would be slightly higher than.the loads observed
;on Lahore Division in the base yéar:  E§f_sgbséquent years,
_it is assumed that the highest load fécfopénobserved on any

project period.

. divieion would be achieved gradually before the end of the

29. ‘For -electric trains detailed statistics regarding

i+ 16ad fddtors are not available separately.:.However, for
tLupasgenger traffic the differente in perforvmance of diesel

and - electric engines would-not be mueh-as passenger trains
‘- ape pun.-on time tables. -Howeven, in.the, ease of goods trains
‘+the difference:on is considerablev -The. tyrains . run with

" -electric engines:carried 16% moré wagons. . Thepefore, propor-

“r tionately-higher load factors have been assumed for electric

" +Pgins as shown' below: -

ciEn L



TABLE 10

- _ Average Load Factors
‘ . L Elsctric Diesel
1970-71" "*.... ..  Passenger 358 358
. i Goods 1350 1227
ist year ., . Passenger 375 . 375
Goods 1400 1250
6th year ., . Passenger : 400 400,
Goods 1450 -'%?1275
1lth year .. - Passenger b25 - 425
Goods 1500 . - 1300
16th year .. .. Passenger 450 450
Goods 1550 1350
21st year .. - Passenger 450 500
: Goods 1600 1400

Locomotive requirements

30. On the basis of mileage and load factors given

above, the requirements of electric and diesel locomotives

pE——,

for the traffic indicated before, have been worked out as

Atfbelow:w
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 TABLE 11

- Requiremeiits of Locomotives

o T o - | A “f T T
{7 Pt 1st § 6thy 11th | 16th [2ist
11970-71 | year | year ! year ! 'yéar ltyear
i Actual ; Estd. | Proi.} Proj.! Proj.|Proj.
! R 1 N 1 1.
o Eie@ffié ;

"1. Traffic Volume .. Pass, 191 . 221 296 396, 630, .708
Million 6T - Goods 523 561 794 1124 1592 2253
Al’lﬁual. : -7"-'_- -

2 Average T '

Ioad Tons - -.. Pass. 358 -+ 375 BOO 425 450 450
- Goods 1350 - 1400 1450 -1500 1550 1600

3. Engine Miles .. Pass.’ - 322 _ 350 375 390 400 uSs0
Average, Goods 176 200 225 260 275 300

4. Daily Train .. Pass. 1102 1614, 2027 2552 3226 3879

CUMiles .. - ¢ Goods 980 1098 1500 2053 2814, 3858
5] N6iof Trains © Pass. 7.5 11 13,9 17.5  22.1  22.0
_”“Qaily ong way .. Cocds ' 5.6 8 10,3 14,1 - 26.4
6. Engines .. Pass.  .3.4 - u.6 54 6.5 8.0 8.6
Rqd. Goods 6.7 5:5 . 6.4 8.2-0 10,0 10.2
Total:  10.1 10,1 12.0 14.0. .18.0 18

Diesel
1. Average .. Pass, 358 375 4oe 425 450 500
Load Goads 1227 1250 1275 1300 1350 1400
2. Av.Thgine .. Pass. 309 326 350 370 358 400
Miles Coods 125 150 185 180 190 200
3. Daily Train .. Pass . 1460 1614 2027 2552 3226 3879
Miles Goods 1168 1236 1706 2369 3232 4409
4, Engines .+ Pass. 4,7 5.0 5.5 6.9 8.4 9.7
Reqd Goods 9.3 8.2 10.% 13.2 17.0 22.0
Total:  14.0  13.2 16.1 20,1 25.3 25.0
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31, It will be seen from the above table that the
number of trains will increase from 38 (both ways) in the
first year to 80 in the 20th year and to about 100 in 25th
year. The capacity of single line can be expected at the
most at 80 trains per day (both ways). Thus, the capacity
of the line under consideration would be used up by 20th
year, For increase in traffic in subsequent year, either
additional capacity would have to be created or load factors
would have to be inc¢reased cénsiderably.  By that time, there
will be 22 passenger trains and 19 goods trains daily. The
frequency of passengerrtrains’whiéﬁ w§ﬁ1§ bé about one train

- an hour, would be most reasonable, Thié:fréqﬁency would not
need expansion, However,; in view ofjlérge émoﬁnt of traffic
it should be possible to increase thu load factors. Therefore
it is assumed that’ during: the 1ast flve years all incriease in

“paffic w1ll be absorbed by highep load factors. Increase in
traffic thereafter has not” been taken into account as that

would require additional investment.

Cost of Locomotives

‘ 32. The per unit cost of electric/diesel engine indi-
cated by P.W.R. is as follows:- '
TABLE 12

Cost of E]@ctrlc/Dausel hnﬁlnes
_ o (Mllllon Rupues)

Type of eﬁgine o F.E .Local Total . .

[y I
)
o

Electric Engine - u,0 1.2

Diesel Engine 3000 HP. ... 5.0 1.5 6.5




33. The price of diesel engine is based on the latest

ffquoLatmon of General Motors of USA at which Iast: “orders were

placed.

ete, ThLTPfOPL, for worklnp out ecoromic coqts, Jocal curet - -

rency comaonpnt w111 be excluded.

?4 On thc

“tives rbuulrud ‘and DPiPe& 1nd1c~ted above)

'unt of 1ocomot1vea would .be.

M ¢o§t_Qf Eléctnic/Diéselachomotives

R

CTABLE 137

il

‘as hedow:!

(Mlllion Rupeps,)f DR I S &

Th; local Qurrency 00mponent dovers dutisg, taxes:

basis of pumber of I Nlectric/Didsel Locdmo-"
the cost &h acco-"

1
?
'}Ist ]eav

bth year '3Jth ybaf 'lOth year'"

[

Electrlc Lnoomotlves :

Financial Cost CoA8E T 156

Economic .. L0.0 8.0 12.0 12.0
Diesel locomotives :

Flnan01al _ e . 8&.5' 9,500 2640 -0 3205

Economi.c 65.0 15.0.- -7 -220.0 . 25.0

o 52,0

0L

Maintenance Costs (Locomotives)

35. The P.W.R. have indicated iper mile:maintenance

cost of diesel and elecfvlc eng&nes at-Rs--

0.523 respactively.

is higher than thes average for variocus Divisions as..shown.. .. -

below: -

1138 and Rg'::fd,w

_The maintenance- eost: for: Diedel- ‘engines™
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TABLE 1l

’Aﬁérage'Mainténancé Cost of Diesel Lngines (Per Mile)

Rs.
Lahore Division . . _—- 0.78
l”Multan DlVlSlon . . - 1.290
Suklkur D1v1510n - .90
" Karaechi Division - - ... - . AN . l.Oé
‘Rawalpindi Division .. . . .. 2,28
Quetta Division - . .. b.50
“A11 Divisions (Unmwéighted'Averagé) . I i -

36. The above figurbs pelate to the yéar‘1970 71.

Since then wages and prlces of materials have 1ncreased

mariifold. - Therefore, the maintenance cost of Rs. 1.138

-.indicated by PWR seems to be reasonable.

;Siﬁ}Af thé above ratés, the maintenahce,cost df

electric. anddiesel locomdtives will be as

TABLE

15

below:

Maintenaﬁce Cosi of Electrie and Diesel. Locomotives

] T — -7 7 ~T
Ilat year 16th year! 11th year;l6th year ;2lst vear

F lectric locomotives:

Train/Engines  Pass. 589 740 932 1117 1180
" 000"Miles) "GBoods 1o 548 744 1027 11.26
Cost @ Rs.0.523 Pass. 308 387 487 616 617
'000' Rs. Goods 209 287 392 537 589
Total: 17 YA BT 1153 1706
Diesel/locomotives:
Train/Engine Pass. 58% 740 932 1177 1180
Miles' 000! Coods Lyg 623 864 1179 1609
Cost @ 1.138 Pass. 670 242 1061 1339 1343
'000' Rs, Goodss 511 708 98y w2 - 1831
Total: 118" TS51 7005 LN BT




: Mainﬁéﬁgnce of Capital Works

S BNt 380 The ¢ost of maintenance of capital works fop glectric
'tractlon has "been estimated by PWR at Rs. 52,000 per annum. The
-;ame flgure ‘Has been used for eoonomlc and financial costs. It
is also assudmed that thls flguro will remaln constant over the

.llfe of the pPijCt
:_Fuel Con umptlon

_ 39 The rgtes of fuel consumption used by PWR in their
pPOject proposal slightly differ from the rates indicated by
_'operatlng Statistics for 1970-71, as shown in the table below:

Table 18
Rates of Fuel Conaumptlon

Passenger Goods
L. Lahore Division .. . .. . .. _  19.0 13.3
2. Multan Division ST . 21,2 12.7
3. Sukkur Division . LT 20.4 16.8
4. Karachi Division - .. L. 20.3 _IU,Q
5. Rawalpindi Division . A - 22.9  16;3f" )
6. Quétta Pivision ..~ .. .. .. . 28.8 3204 L
7. A1l Division .. .. L 19.6 . - 12.3
8. Proposed by PWR .. . .. .. 20,5 10.3

Source: Operating Statistics for 197047},

ﬁO We. have uséd round figures of avefage_fuelzqonsumpm
tion as below L | . . . j,., o
“. Passenger Traffic ...... .. 20 Lbs.per 1000 :6TM
.. Goods Traffic - .. .. .. 12 Lbs.per 1000 GTH ..
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Fuel Prices

41. The prices of petroleum products have increased
manifold during the last few years. The present retail price
of high speed diesel oil is Rs. 5.50 per gallon. Its compo-
sition-is complicated by subsidies and taxes as shown below.

TABLE 17

Price Composition of HSD

Imports Price .. .. .. .. Rs. 10.76 00 per ton or
: " Rs.. 3,856 per gallon

SUboLdleS Tt Reflnerl . .+ Rs. ©.956 "

Ex- Reflnery Price ‘,,-',;Hf};'nRsﬂh 3.00 "
Duty .. _.f_“;lﬁ Yo Rs. 1.35 "o
Disfribution Cost ..m L t?~wﬁshhanl3 "
Freight v ve . .. Rs. 0.38 - oo

Dealers Commission .. .. .. Rs. 0,10

Development Surcharge -.. .. Rs. 0.5Y4 "

_ Net Retail Price: 5.50

%2;_F6r commercialAanalysiéhfhe retail,pgice of Rs.5.50
‘per gallon at whichfpurcha$é$ aﬁé¥made by the Railways would
be. appliéablé} For economic analysis the cost of “fuel «is to
be taken net of taxes and sub81d1es ~Import dhty; development
~surcharge and dealers commleJOH would be excluded  With
regard to freight, it may be added-that‘cost on thii account
-was fixed at Rs. 0.38 long time before. The fréight charges
have_gin§e inqrea8ed and arvre being'subsidiﬁed out of develop-
ment suréhérge;'vApprokimafely, Rs. 18 crore are being paid
as freight subsidies on all POL products. This amounts to
Rs. 0.13 per gallon making the average fr@ight“dost equal to
Rs.. 0,51 per géllon., ThlS average includes expenses incurred
for distant places and for transport by road. The overall
average would not be appllcable Actual frelght rates charge-
able by Railways for HSD and Motor Spirit are’ ‘shown below:



E Freight Rate(RSﬁ’ﬁég ﬁaund)
Distance S H.S.D. f;Motor Spirit
. 100 miies L e Lwe T Ty gy
.':._;;300 mlles o _. T ) S Y- S j'j"_-—,‘*u 765 A ,I N
“f;.SOO mlles R T LN ST TRL 3}89*7'".F"w“6.48-' C
" 600 miles 5. 92 8.19

The distance from Karachl to Khanewal. being550 miles, a

rate of 4.92 per maund WOle be applicable for the project
analysis. This amounts, to Rs 0.506 per gallon.':With regard
to dlstrlbutlon charges, 1t may be added that thebe would not
be appllcable for the Railways. as such’ but the cost of storag@
would be relevant. -Assuming one monthsa ‘supplles is stoc& and
10% interest on capital thus blocked, the cost of storage
would amount to Rs., 0,037 .per galloh. Acuordlngly, the econo-
mic cost of HSD would amount to-Rs. -U4,50 pgr gdllon as below

Import price S S Rs. 3.956 -~
Freight Costs .. Rs. 0.508
Storage Costs ' Rs. 0.037

: ~Totalr Re. 4.499 or Re. 4,50
Fuel.Costsg! L —
. ,qg The flnanclal and economlc costs of ~Ffuel wonked -

”“out on the bablS of above prlceo are.as below:

) TABLE 18

Financial and’ Economlc Cost of Fuel

“TiET year 5th ybar 11th year IBth year 218tAyear

Fuel Consumptlon 000 1bs. o A . .
Passenger Traffi¢’ 4,420 " 5.920 - 7, 920” jlo,aooﬁ 14 160;

..Goods Traffic .. - . 6,732 9,508 .1%.488 SU1s,10M 27 oaea
Total(000 ibs) - . 31,152 . B8 021,808 9,700 41,105
{000 Gallong) - 1, 354 1 876, . 2,600 . 3,607 5 002"
oo (Tons) . ¢ 4,979 896 8,557 13,261 18§39L,
Cost (Mill Rs.) =~ -0 - o L -
@ Rs. 5,50 Pefe u7§315'-10,318 4,300 19,838 27,513

A §.50 p.g. 6,093 8.442 211,700 16.235 22.509




Energy Consumption

4. The energy consumption data is not given in the
operating statistics. The P.W.R. proposal gives average
energy consumption at the rate of 24 units (KWH) per 1000

GITM. The same rate has been used.

Energy Price

Thﬂ:cost of energy has been taken by P.W.R.uat

;_the Pate of Rs. 0.10 per unit in the preject proposal. In
'chElP other. proposals, they have used a price of Rs. 065 per

3un1t statlng that- before implementation of the-project for

lectrlflcatlon of Lahore-Khanewal: Section, It was decided

fﬂthat the pr1ca to be charged by WAPDA to PWR for traction
.purposes would Dbe Rs. 0.07 per- unit upto 31st December 1970
and Rs. 0.065 per unit thereafter. The 01d costs do not 'hold

in the present set of pricps. The RdllanS are however,still

;insisting for a rate of 6.5 paisa per unit agreed to before

Electrification of Lahore-Khanewal Section. Negotlatlons

are at present going on -between WAPDA and Pakistan Rallways

regarding the electricity rates. The work 15‘belng done to
determine the cost of supplying electricity by WAPDA to
Railways. Moreover, the rates have also .been revised

recently.

46, The Electricity tariff at Annexture IT:shows old
and revised rates charged by WAPDA to different consumers.
There is'perfect monopoly prieé'diSCriminatiOn' The present
rates vary from 37 paisa per unit for &Qmm@r01a1 useirs to
7.2 palsa per uhit for Tube- Wejls in Pun}du and. Slnd and 3
paisa per unit for Tube-wells in NWFP and Baluchlstan.".The

'”fpompa?ablﬁ;?ates fop bulk supply to licencees having their

own dié%?ibutionfsysfem are 11.6 paisa per unit and to other
consumers e.g. Rallwayo, MES and PAF are 11 0 Palsa per unlt

* plus Rs. 17 00 per KW/month The effectlve Pate for the fi



- Raillways would bu 12 paisa per unit. These rates are appli-
"oable from lst Julv 1974, Irior to this the applicable rates
_Hfor the Railways were 10 pal a per unit plus Rs. 15.40 per
-'KW/month '

47. The dettrmlnatlon f-eébnomic cost of electric SUpp~
_ 1y’ to Ra1lways would requlrL brbak ‘down of WAPDA'S cost for
| generatlon, iransm1881on3 dlstrlbutlon and revenue collection
:-for dlffer@nt types of users et¢., There are problems. of joint

'cost/over-heads the allocatlon ‘of whlch to dlfforent Users 18;”

-',theoretlcally 1ndetrrm1nate However rough dpprox1mat10ns can'*

'fbe made fop practlcal purposes. There is a general thlnklng

'that WAPDA's electricity tarlffs are hlghly sub81d14ed This
 'm1ght be true But it is alsq possible That hlgh aosts are
- due,torhlgher_costs of dlstrlbutlon and revenue collectlon
l_whiéh are not involved in bulk supplles it
48. The costrof Blectric;Eﬁéfgynvaries wifh'the method
 -of'generation and plant éize.,Asﬁéﬁ example, thé‘cosﬁ of

1generatlon in U.K. is shown below: - - | u

v

Cost’ of Generatlon Jn U.K. ( )
\Whoie system costs™

Coal .. iw ... ... 10.7 4/KW P.Av.

. 0il AU S . 71041 8/KW PLA
| Nuclear .. . .. = .. L 9,1 #/KW PLAY
Nuclear Gpnprating Stations;; - o
* Berkeley.. - .. Ced .. 01,230 d/KwH

P Hlnkley -A(Size well. wet:c 1,03 4/KWHS
S s e . 0VT0 ALXWH
'Wylfa Dungeness .. ve ee 0,65  A/KWH
RS : L e 0052 A/KWH
Hinkley 'B' el ce 0.8 h@fKWH'

#Berrie, TW "The Economics of System Plannlng in Bulk
Electricity supply™ 1967 i Public
Enterprised : Survey.
The inter country differences’ should not be much as the tech-

nology and international prices:of input material are similar.
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Morecver, the hydroelectrlc generatlon which is the ma]or
source of WAPDA's energy i§ the cheapest o - all methods,
Therefore, WAPDA generation costs, should not be more than a
few paisa per unit. Therefore, unleséffhe'breakfdown of costs,
for generation and transhissidn for different users are analy-
sed, it cannot be sald with certainty that the bulk supplles
for Railways are" also subs;dlzgd Even if it lS admltted that
bulk supplies are aqbﬁidized the extent &f sub81dy;cannot‘be

determined.

Lg, ’Ih'the'circumstances, it is béfter‘td avoid ‘any
distortion or personal blas due to 1noomplete 1nformatlon.
Accordlngly, the cost of electrlc energy has.also been taken
at the publlshed tariff of Rs. 0.12 pep unit both for finan-
cial and economic analysis. 100% increasé in the cost of
Electric Energy would bring Diesel énd Electric traction at
par. Small variations in the cost of Electric Energy would

not affect relative position of electrification,
Energy Costs

'”K{ TABLE 19

Flnan01al and Economlc Cost of Electrlc Energy

Unit  1st 6th 1lth 16th = 218t ~ ..
year year year year — year ;

Traffic (Pass:' & Goods) Million 782 1090 1520 2122 2961
6™ - : | .
Fhergy consumption 000 units '
@ 24 KHW/1000 GTM .. 18.768 26.160 36.480 26 . 71.054
Cost @ Rs.0.12 per unit | 2,251  3.139 " 4.378 6{111f8{5§?;ﬁn e

(Million Rs. )
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H Sa;ihgs in‘Wagons"

- By electrlflcatlan, tHevd W1ll be sav1ngs in the'
.i inﬁmber of wagons whlch would othbrw1sa be requlred for trans-
Zﬁportatlon of fuel | Eor commerelal”analys159 cost or savings
.';on thls aceount are not to be taken 1nto account as these are
"1mp1101ty covured in the prloe of fubl The Rallways would

have less traffic in POL and will require less oapital and
earn .dless freight.: However, for economlc ana1y51s, the sav1ngs
1n numher of wagons is a net galn as the same amount of goods
and"serv1ces would be produced by relatively less. capltal
stock ‘These- bav1ngs ‘have bden valued at the Pate of 1nterest

on: capltal saved for hav1n9 less number of wagons as, below

R

TABLE 20

Value of Savings in No. of Wagons for the Transportation of
Fuel.

L 197475 © 1979-80 * '1984-85 1989-90 199495
1,Fuel consumption tons 4,979 6,896 9,507 13,261 18,391

2. Ton Miles with lead 550 2,738 3,793 5,256 7,29% 10,115
miles~ -

3. Wag@nwdays saved @ g o e - O
ton miles per wagon per 6,846 9,482 13,140 18,235 25,288
day. .. _ - N

4. No.of wagon saved per L L e g
year 18.8, .26.0 36,0 56,0 . 69,3

5. Cost of wagons @ e
Rs. 75,000 per wagon _ e T o
(thouSand Rs.)’ ‘1,406 1,950 2,700 3,750 1. 55198 -

6. Value Savings @ 100.1"" e
©oper_annum. (000.Rs.).... o AWG - o RGE 27070 7 7375 0 520




e
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Travel Time Savings

51. The im?rdvement-in speed'ahd:performance Qould réa
sult in some savings in travel time for passengers and less
time for goods in transit. The travel time is dlfferently
valued by dlfferent persons dependlng up whether 1t lSA”“mAu

worklng tlme or llesure tlme or whether the time saved can

upon the amount of time saved as well as its relation té oveps
all time required. A 30 minutes saving may be sigﬁificdtidh"'
for a journey of an hour and a half-pu%rnsfifép!aqugrﬁey gf’
30 to 36 hours. For the Khanewal Samééatfa Sééfign; é:ééﬁiﬁg"'
of 15 - 30 minutes could be expected at the most. ThlS may
not be smgnlflcant for the through trafflc but would be 1mpor~
tant for trafflc of 200 to 300 mlles 1ead ' Although the tlmb‘
Sav1ngs of 1nd1v1dual bectlons of the llnu may not be important .
if taken: Separately3 but -may-become significant if taken’ to—‘f
gether. Thus the samall sav1ngs of Khanewal Samasatta Sectlon N
w1l] become 1mportant in. contlnuatlon with Lahore Khanewal |

Section, .

52. ‘The value of timé can be estimated in two‘Ways;*viz;:
at the wage rate or by the amount which an individual would be

willing to pay in order to travel by a.faster mode. In .the

absencewofnany“such“information about the choice of the trave- -

lllng publlc, the sav1ngs in travel time have been leued at
the rdte of Rs 1.00 per hour. This 1mp11es an average 1ncome of
a rail travelier between Rs. 250 and Rs SDO per month. Thls is’
about the mlnlmum wage in the publlc, prlvatc, commerc1al and

industrial employments.
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53. On the basis of above assumptions, the valde of time

- saved has been estimated as in the table below:-~

TABLE 21

Value of Travel Timé Saﬁéd“

Ast. . 6th 11th 16th  21st
year year year year - year .-

1. No.of Trains = .« ‘“oiw - creooAl L4 180 220 0 22
2. No.of Passengers per train . = . 350 375 400 . 425 - 500
3. Value of time saved“at the rate of Cees e

15 minutes per journey and Rs. 1/—
per hour (000 Rs.) Co - J03 958 1314 1706 .. 2007

Transit Tlme Sav1np

'54. The savings in transit Flme for gocds trafflc can
be valued at the appr0pr1ate rate of 1nterest on capltal in
transit for the timé saved. Such’ savmngs can’ only be realised
if the amount of time-saved is significant and if reduction in
tran51i time does not. lead to increase ln waltlng time eluewhere,
Tn view of time involved in the transit of goods by rail, it is
doubtful if savings of 30 minutes or an hour would be of any
significance 1mportgnce. Nevertheless, in order to account for
improvement in service, fhe value of transit time-'gaved hasw

been estimated in the table below for‘academlc 1nterest{1

TABLE 22

Value of Savings in Time for Goods in Transport -

15T EER TITh I6Th T 7Ist
year year year year yeapy

No. of Trains . 8 10 1 - 19 20

J‘l )
2. Average Train load (Tons) ‘ ' . B0D0D 625 -.B50. 700  750-:
3. Value of Goods in Transit @ Rs. 2000 . -
per ton (Million Rs.) : T T 07.008 9,12513,286 19,418 21.900

4, Value of Time saved @ 30 Minutes ) 52 75 111 125 
per ton (000 Rs.) S L




Terminal Valuesl‘. EE

B, The cosTs/sav1ﬂgs of the pPO}CCt have been estlmated

for a. perlod 25 - yuars for rhe rdasons that

_(a) estlmates for dlstant perlods are uncertaln

(b) Thé traffie growth beyond ‘stipulated perlod wou]d
- call:for additional facilities the 1ncluolon of
WhLCh would compllcate the dnd1y81%.; R

- (¢} The discounted values for distant pLPlOdg becbme

rlnulganlcant and have 1ittle effect on’ pPOJeqt
viability., ] : i

Therefore, the terminal v%lues of asseta 1ast1ng 1onger have

RS

been accounted for a5 negatlve costs as 1n _the’ table below

oy '-J.

I o Y TABLE 23=—“f: - |
R Eerminal Values ‘of Durable Assets
B T E i T? Tbrmlnal Values.
Type of Asset 1 Ba. Llfe, No of - F;nan01al ;. Leenomic
- ! mui LY 4 e
1. Diesel locomotives = ... 5/25 3 808000 3,00
S St 10/28 - g  10.400 8,00 i
©l15/25 ) 5. 19.500 - HISIUQ:V
: et o Total:- j3f§6ﬁ1"'”ﬂfﬁﬁf
2. Electric locometives © . - 10/35 ‘L._lo‘;“3'fi1145857~b '”1lfﬁ?8#
S . CABA3ST T2 uTusr L 3noE’
- C20/35 0 3T o .8.914 - 7 6,887
SR 25735 3 7 112 - 8871,
U R o :,.-§9.320 C.30,28%
3. Capital Works(Flectrification) 25/50 -« ST bguys 30,469 .
- | 82,795 60.752°

56, The above ﬁstlmates have bcen prepaped on the baSLS

of straight 11ne deDre01atlon and assumlng the llte of aosesisﬁ,E“J

as: |
Dlesel Locomotlvcs - 25 yeavs -
Eleetrlc LOLOmOtheS e 35 years -

Capltﬂl Worko e 50 yedrs.
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The economic life of Diesel and Electric Locomotlves have‘
 been indicated at-26 and 3% years PeSDeCt1VLlV. However, the
age dlstrlbutlon nf exlstlng dlLSPl fleet 1nd1catgs that one
thlrd of the fleat is over 20 years of age | 1hurcf@re, -the
age of Diesel Electriec Locomotives . has been taken .at 25 years.

This also facilitates analys ig by avondlnp rcplacomant co&ts

néar the end of project life. The life of Blectrlc‘Locqmotlve-

has been;aSsumeggat;3§ yegr5 as,ihdicated-bymthe~Rai1Ways;

Discount Rate

57, The twe mest widely used methods for compafihg'the

future streams of costs and benefits are the Net Presgsent Worth

and Rate of Return, For both the methods, the cheice of an
aopropriate‘dibcoﬁnf'rat@ is essential: either for discounting
the future costs/beneflts to their Net Prcgent Worth cor f\r

determlnlnp the cut off 901nt of Rate of Return

) .58 The approarlate dlscount rate depands upcn the cost
of caplfal which is dntermlned by the interest rate at which
capital can be obtained? ‘in- the market and SLPVlCL charges etc.
chever, the determlnatlnn of dUDPOpPlHtC dlsccunt rate for
publlc enterprlses not dependent upaon capltal market and dra-
wing thalr resources out cf public funds is CLmﬁlicated by a
number of factors' including varlatlhnﬁ aver dlfferept types '
of léapsj short term fluctuaticns, requlremcnts of foreign
exchange, floatlnp exchange rates 1nf1atnonary tendencies and
the world monetary crisis. For commercial analysis, the rate :
at which a lcan is actually obtained may be used. But for
economic analysis a Sceiadl Discount Rats is reccmmended by
Economists. The cpinions however differ as te what should be

the. Social Discount Rate and how it should be determined., One .. -

schocl of thought is of the view that spcial diSCﬁunt rate-
should be lcwer than the Bank Rate Dartloularly for prcjects
having long gestation periecds. Their arguments are based on
the reascns that scciety's view of future is short sighted.
Others suggest a discount factor higher than the Bank Rate
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when capital is not freely available. Their arguments are

based on opoortunity cost cr scareitv value of capital.

§9. The various interest rates prevailing at the

moment are shown below: -

1. Bank Rate 9.0%

2. Call Money Rate - 11.0%

3. 'A' Class Bank Advance Rate 12.0%

60. The“Railwaysmhight.bé'abié“tﬁngét loan/eredit’ From
international lending Apencieu‘at lower rates. But this
WOUld be a'privilewé.'The use of A class Bank Advance Rate -
of 12 per’'cent would ‘be more re 1event for-equality of treﬂt—
ment in ccmpetltlon w1th other industries/sectors. Alder has
alsc suggested a 12° per cent rate of discount for. the evalu-
ation of projects in”tﬁe Transport secter for countries like
Pékistan* Accordingly, this rate may be used for deter-
mlnlng the Net Present Werth of relative costs of twe alter~
natives and as a cut off mark for Marginal Rate of Return.

6l. In addition, it may also be HﬁLtd that the use,i
of a uniform,dlscount_rate fop public sector enterprises is
alsc essential for allecative efficiency. It is therefore
better to use the discount rate suggested in the Manual for
the Appralsal of Transnort Prcijects feor unlfnrmlty of treat—

ment and allccatlve efficiency.
Comparative of costs of Diesel and Electric Traction

62. The foregoing costs of diesel and electric trac-

tion in financial and eccnomic terms have been added over
the 1life of the project of 25 years and. disccunted to their
net present value at 12 per cent rer annum. The compufafihhs
are contained in Tables 24 tc 31 that follow. o

...............

#Planning Division, A Manual of Econcmic Appralsal of
Transoﬂrt Projects, June, 1969.
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TABLE

63. The main features of foregoing results are given

,;Einancisl Cost of Operation-Diesel Traction

- ~ locomotives | Fuel Total

- Year Capital - locomotives  Maintenance » _
Sl 2. 3 4. - 5. B,
0. - 84,500 - - 84,500
1. - S 1,181 7,315 .. 8,496
g - - 1,247 7,834 9,081
3 P [ 1,317 8,390 9,707
R - G 1,990 8,986 . 10,376
5 - B 1,468 9,624 11,092
B - 19,500 1,551 10,418 31,396
7 - R 1,639 10,014 . - 12,653
.8 - - 1,732 11,760 13,492
R = - 1,830 12,555 14,385
10 - M 1,334 13,398 15,332
LA - 26,000 2,045 14,300  43,3u5
12 - - 2,158 , -715,266 17,424
13 - o 2,278 - 16,297 18,575
14 - - 2,408 17,398 19,806
15 - - - 2,538~ -, 18,672 21,210
16 - © 32,500 2,681 19,838 . --55,019
17 - - - 7773 21,117 23,890
18 - - 2,868 29,806 25,474
T 19 - - 2,967 24,132, 275099
907 . 3,069 25,761 ... 28,830
21 - - 3,17 27,513 - 30,687
22 - = 13,284 29,370 32,654
23 - B 3,397 . 31,392 - 34,749
o - - 3,514 33,468 . 36,982
25 . - - 34635 35,728 63,363
Total: 162,500 - 58,078 454,012 674,590

~ Terminal Value - - (33,800) - - (33,800)
. Discounted. at 42% ~© . . 107;W47.  .-13,979 - 98,836 219,962

Less Terminal Value

_Net _costs

107,147

1,994

11,985

98,836

217,968
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TABLE 25 .
Financial Cost of ‘Operation of Electric Tractien

-:{Cﬁﬁiéﬁi{ Loccmo—i Loce.) Capitall. Electi-! Totall " N.P.V.
r T -
¥

Y@af'§ ﬁ;:;;ggi§CQ§ U tive,  Madnt.! Madnts ! oelty ] N

Pl

0 86,950 52,000 - - - - 138,950 138,950
1 L 517 h20 2251 3,288 2,989
2 545 520 2405 3,470 2,866
3 o 575 520 2570 3,665 2,792
'y o . 606 520 2746 3,872 2,644
5 Lo ' 8RO 520 2934 4,004 2,542
6 - 10,400 674 - 520 3139 - 144733 8,309
7 L 715 520 3345 1 u,584 2,352
8 747 520 3384 - 4,851 2,265
9 787 520 3830 5,137 2,178
10 - - - 829 520 4093 5,443 2,101
i - 15,600 . 874 520 4378 21,772 7,480
12 ' , 824 520 4578 6,112 1,953
S13 - o 976 520 5000 6,496 1,884
4 o : 1032 520 5342 6,89 1,813
15 _ : 1090 520 5708 7,318 1,749
16 : 15,600 1153 520 6111 23,384 5,098
17 . 1163 520 8530 8,213 1,826
18- ‘ : 1174 520 6979 8,673 1,561
19 - ' - 1184 520 7459 9,163 1,503
20 ' 1195 520 7971 9,686 1,443
21 ' - 1206 520 8527 10,253 1,384
22 ? o . 1217 520 9106 10,843 1,333
23 - B 1228 520 9728 11,474 1,285
24 o - 1239 520 10387 12,146 1,239
25 : ' 1250 520 1109 12,864 1,183
Total : 86,950 93,600 23,535 13,000 139,902 356,987 £3,532
Terminal Value: 39,320,43,475 - - . - 82,795 7,617
Discount at 12% 86,950 €4 292 . 5,923 4,079 30,324 191,568 -
less NPV of Terminal oL : ' :
Value. - ' T - - - - - 4885

Net Present Value ' - - - - - 186,683
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S e TABLE 26 h
U poenemidtiCost of Bpevation  Diegelw T

A : .. Leco : :
- Capital - Todg i Maint. U Fuel - Total
65,000 - - -

L 1181 . 6083 7,274

1247 5504 7,751

1317 &59u3 8,260

© 1390 7412 8,802

, 1468 7912 9,380

15,000 1551 gL4u2 8,993

L 1639 017 10,656

1732 9625 11,357

1830 10274 12,104

: - 1934 10968 12,9062
20,000 20u5 11700 13,745
B 7158 12499 14,657

2278 13343 15,621

2608 14213 16,651

2538 15204 17,742

25,000 2681 16232 18,913
o 27173 17327 20,100

2868 18496 21,364

2967 19715 22,712

3069 21078 24,147

3174 22509 25,683

3284 24019 27,303

3397 25640 29,037

3514 27371-- - 30,885

3635 29219 32,85M

Total 65,000 58078 371,815 . 429,893

©(26,000)

——

—_— . . y - - -

-Pescount at 12% §2,420 13,979 81,157 177,556
less NPV of TerminalValue 1,534 . e e
- Net:Bresent Value 0,886 13,979 81,157 176,022




Table 27

Ebonomlc Lo t of Opera#mon - Flﬂ(frl“ Ihagilon¢

Year Capi~ Loco- Loco. Capim EleCw Dbgon Tran- Tbaﬁw; ;ibbt- Present

tal® motiv- Maint tal tri- Savines sit sit: O Cost  Value
Cost es . - Maint. city Time Time
S o o B ' ~ Savines Savings

I A - A A
. 0 60,936 40,000 o L - 100,935
1 - - 517 520 2,251 LN 703 - uQ 7 ,404° 2,185
2 e - 545 520 2,405 150 748 K2 2,530 2,090
3 - - 575 520 2,570 160 795 by 2,866 . 2,002
L - - 606 520 2,7ub 171 s47. he 2'808‘ 1,918
5 - - 640 520 2,834 183 300 49. - 2,262 - 1,839
6 - 8,000 . 674 520 3,139 195 953 52~ ll ]28'5 6,276
7 - - 710 520 3,354 208 1,020 56 3.200 © 1,693
8 - - 747 520 3,584 223 1,086 60 - - 3,482 1,626
9 o - 787 520 33830 238 1,156 BU 3,679 1,560
10 - - 829 520 h,093 254 1,231 .69 - ..3,388 1,5CG1
11 -~ 12,000 874 - 520 4,378 270 1,314 . . 75 16,113 5,640
12 - - 924 520 4,678 288 1,384 81  L,369 1,394
13 - - 976 520 5,000 308 1,460 87  4,6L1 1,346
% - - 1;032 520 5,342 329 1,538 95 4,932 1,297
15 - - 1,090 520 5,708 351 1,623 1627 5,244 7 1,253
16 - 12,000 1,153 520 6,311 © 375 © 1,706 - 111 17,592 - 3.835
17 - - 1,163 520 6,530 . 400.: 1,672 113 . 65,938 1,176
18 - - 1,174 520 6,976 427 1,821 118 5,309 1,136
19 - - 1,184 . 520 7,459 . -h5p 1,881 118 9,707 1,100
20 - - 1,195 520 7,971 Lg7 1,943 122 7,134 1,063
21 - L= 1,206 520 8,57/ 520 2,007 125 7,601 10,026
22 - - 1,217 520 9,16 555 2,074 128 8,086 - 985
23 - - 1,228 5200 9,726 593 2,102 131 8,608 - 9By
24 - - 1,239 520 10,387 £33 2,213 137 9,166 935
2% - - 1,250 526 11,094 . w76 . 2,287 137 . 2,76u agg

NPV 60,93651,328 7,082 4,720 37.005 2,285 10,489 11 147,686 147,686

Terminal
Value 2,786 2,786 - . - - - - 5,589 -

Net | |

Cost 56,133 48,542 7,082 4,720 37,605 - 2,285 10,489 €11 142,097 142,097
T - ; 7 ) T o

tal: 60,936 72,000 23,535 13,000 139,902 6,591 36,597 2,108 261,987

Terminal | :
Val-<(30 28&)(30 M88) (60,752)
ue . 7 e e - .

D10coun~

ted . at :
12% 60 936 HQ HSG 5 9)3 4,079 30,324 1,87¢ 8,707 503

T

39632 3,584--136, 0t

—
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Table 289

Rates of Return in Financial and Economic Terms

Overall Operating Costs L o
~ Year Financial Economic
Diesel Flectric ~Diesel ~ Electri
0 _— . - e 84.500 138,950 65.000 100,936
1 . .. . , .o g.496 3.288" 7.274 2.404
2 . .o e .s 8.081 3470 7,751 - 2.530
3 .. - ‘e . 9.707 3.665 .. B.260 2.666
4 . . .. .o 10.375 3.872 8.872 . 2.808
5 . .. o vo 11.092 h.o09% . 9,380 2,962
& e .e e v 31.369 14.733 24,993 11,128
7 ‘e . e «. 0 12,853 4. 584 10.654 2,300
8 .. . . oo 13,492 4,851 11.357 3,482
g .. . .. .. 14.358 5.137 12.104 3.679
10 . R 15.332 5.442 17.902 3.888
11 .. . e T 42,345 21.372 33.745 16.113
2 . .. . 1704248 6,122 14,657 4.369
13 .. . ‘ - 18.575. 6.496 . 15,621 Y. 6u1
14 . . . 18.806 6.894 16.651 4.932
15 ., . 21,210~ . 7U318 17.742 5.2u44
16 .. e .. - 55,019 23,384 43.913 17.592
17 v e P e 23.8¢%0 -8.213 .. 20,100 5.938
18 ‘e - . . 25474 8.673 21.36Y 6,303
.18 Ve "27.099 . 9,163 22.712 6.707
20 . v ‘e -+ 28.830 9,686 24,147 7.13y
2L T e .o - 30.587 10.253 25.683 7.601
220 - e 32.654 10. 843 27.303 8.086
T 23 o e P .. 34,749 JL.474 29,037 8.608
2h e . 36.982 12,146 30.885 9.166
25 7., o .. . 39.363 12. 864 32.854 9.76
26 TV - “n .s 33,800 82.795 26.000 6G.752
MNPV,
at 16% .. .. - 181.569 178,668 - -

17% .. . .. 174,477 175. 644 - -

21% .. - .o - - 121.931 121.170

22% .. ‘e Ve - - 118.560C 119,893

T.R.R. . .. : CIBT T VAR
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TABLE 30

Foreign Exchange Costs Diegel Llectric. Traction

S T T Diesel. 1 - Flectric ,
S YeEr ' Lpcomotivesy. Fuel [Total jCapt, Work JLocomotive; . Total.
TTIT R R S 5. T 6. 7.
S 1 65.000 - 65.000° - “ 40,000 91.000
1T : 5,356 5,356 -~ -
2 G, SR P 5 A S & A B .-
30 ., - 6.103 6,103 . - . 51. 000 -
B o 6.515 . 6.515 - e .
S5 -7 B.,955  E.955 7 - - -
B ‘e ©15.000 7.425 ° 22,475 - 8. 000 8.000
R SN o 7,926 7.926 - - -
BT, © -7 8.4B1T 8,461 - - -
B NI ST 9.0327 9.032 - - -~
© 10 . K 9.642 ° 9,642 - - -
11-¢ 20.000 10.292 . " 30.292"° -~ 12. 000 12.000
[ B 10.987 © 10.987 - _ - -
13 7 ... S 11,729 0 11.729°° - ‘ - -
Aoy o 12.520. 12,520 - - -
15 13.365 - 13,365 - e -
16 25.000 14.268  32.288 ° - % 12,000  12.000
17 : 15.231  15.231 - e -
18 16.25G  16.259 - - . .-
19 vee 17.35¢  17.35¢ - . - . =
- 20 cen 18.528  18.528 - - -
.21 19.778  19.778 . - - -
- 22 cee 21,1158 21,114 0 - . - -
23 ees o T L. 22,539 122,839 7 - _ - -
24 .. ©O24,0E0  24.060 0 - ' - . -
.25 ces - 25,684 "25.684 7 - ' - -
175,000 32¢.842 URLV847 “LI.OO0 TT7ZUUGD IZRLTO0

Discounted value at 12 % p.a.
82.420 71.053 153,473  51.908 YO, U5C - 106456
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TABLE 31

- Relative-Costs of Dlesel and Electrlc Tractlon in Casm of No.Increase in

Tpafflc.

—_——

Mnaheial Analysis

Discounted Value

- i D e

10% 7 7I7%

———, " .

- Dlesel Tractlon

' loeomotlvoo S Rase ypar‘ 84,500 - 84,500 84,508 " 84,500
- Lecomotive ‘Maint " Annual 1,181 .. 12,605 0 10,721 9,266
wFuel, Annual - 7,315 78,680 G6,406 57,393
175,185 161,627 151,159
--Bleetric-Tractiss L A
Capital Works : Base year  8C,950° 86,950 86,950 8R,950
Locomotives . Base.year . ' 52,000 - ' 52,000 52,000 52.000
Locerotive Maint - Annual - 517 5,518 4,693 4,056
Capital Maint- . Abnual - - 520 5,550 4,720 4,080
Llectrl01tv | . fnnual - 2,251 2,027 20,u25 17,681
Total 174, 045 168,768 160,747
less, Terminal Value — End vean @ © 82,745 12,088 7,617, 4,885
Net Costs, 161,957 . 161,171 159,802
Lconomlc Ana1y51s .

Diesel Traction Lo 12% 0 1%, 10%
Lotanotives Rase year . 65,000 65,000 65,000 65,000
Locomotives Annual’ 1,187 . S42€8 - B,116 . 6,733
Fuel Annual - €,093 47,855 41,87¢ 37,119
Total . ... T122,071 114,992 108,852

Electric Traction - ;

Capital Works .. Fase year — £0,936 00,93€ 50,936 60,936
Locomotives Base year.  L4G,000 BG,C00 40,000 46,000
~Locomotive Maint - Annual 517 4, 05C 3,553 2,947
~ Capital Maint Annual - 530 4,086 3,574 2584
' El@CTPlCltV Afnnual 2,251 S17;C61 0 15,470 12,833
Tbtalw_ 126,773 123,533 116,680
 less Terminali Valie Fnd Year 6,752 3,584 2,308 1,453
gkheriSavingsi s o 884 6,435 C,076 5,040
BN 116,214 . 115,149 113,155
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(i) Table 24-27. The operating costs of electric trac-
tion are lower than diesel traction in both finan-
cial and economic terms as shown below:=

Overall Operating Costs
T ' (Million Rs.)

" Diesel Electric - Difference
Financial costs = ... 27¢.968 18G. €83 8L4.285
 Economic costs ee. 170,022 136,086 36,942
(ii) Table 28, - The savinvs in Operating costs of

Electric Traction over the project life would
exceed the extra costs of Caultal Works by Rs.
'31 185 and Rs. 39,974 in flnancxal and economlc
terms reopectlvely, as shown bclow ”;M‘“m_“_w
Addltlonal Cost and Savihgs of Blectric Traction 12° ‘Diseount
- Rate. ' L ‘
o . (Mil1ion Rs.)

7 R " Financial ~ Economic
(a)Capital Works and Maint v 91..29 £5.015
(b)Savings on Operating Costs ... 122.21u 1“4 989
(c)NeT Sav1ngs (a-e) ceelo 310185 3997y
(111) Tablf 26, - The overailk?inancial opéfa%jﬁé costs

of- diesel and electric traction would be at par
'at 16,7 per cent dlscount rate whercas the eqono-
m}c costs would be at par 21.5 per cent discount
rate. These are the Internal Rates of Return at
which the additional cost of Electric Traction
would equal savings. At lower discount rates, the
Electric Traction would cost less and.at higher
‘~discount:rhfesg diesel traction would”édét@”iess.



(vi} Table 30. - The Po”elgn Fxchangb component of Capi-
tal and ODeratlnv Costs of DlPSel and Electric Trac-
tion discounted at 12 per’ dent p.4a. over the 1ife
of the Project are:-.. o

| L (Rs,in Million)
U Diesel Traction .., ... ... . 153,475
“Electrlc Tracrlon; ..?‘. :.,.p e o InG b5
| . Difference . .53, 617

.

,Thus fhb Elpctrlc Traction would result in 5av1ngs

'of Rs.. 53,017 mitlion in Foréign Exchangg

(V)‘Table 31. - In case.of no increase. in traffic over
the “base year, the overall financial operatlng
costs of Diesel and Eleectric Traction would be at
par with at the fellvwing" discount rates:-

Al

e : ‘Rates df‘Return |

B : : Flnanclal Economic
T O "“.=-costs ' ~ costs
“Excluding Time Savings =~ . 8% - o 11%

Including Time Savings . 10% o 1u% e

That is, the additionail capital costs of Electric
Traction would be paid off at +he above rates even

if there is no increase in traffic,
Sensitivity Analysis

f4. A simple manipulation of Tables 26 to 29 would indi
cate that the following variations in costs/prices or a
combination of these will bring the ¢0st8 of the two altep-

natives to the point of indifference:



e ' N Financial - ° Economic
1. Increase in cost of Capital Vorks for - 36% 47%
Electrlflc ticn.
2 IHC?Q@SP in the cost of Elcctrlclty rJ*._:”lGD% ' :;: 97%
]3;;Decrease-on~the_cgst of Fuel . T o 32% . - ;-éfz E4%

 ?E5f~It'wou1d appear from the above that th@’Project is
'éensitive to inerease in the ‘cdst of capital works and dec-
'r£§Se;in.the fuel prices. The chandes of decpease in fuel
i'ﬁﬁécgﬁmﬂre Iéss.“ﬁoWéverg the cost of capnital works is uncer-
‘tain.in the present trend of incregsing. prices. The Project
”woﬁld be justified if the cost of capital works do not incre-
ase or increased by less than 3€ per cent in financial terms

or W7 mer .cent in cconomic Lerms.

Conc1u51on

SRS SR

_ 66. In the nresent set. of cogts and prices; the electri-
'fiCafion of Khanewal Samasatta Section would result in net
" savirgs of Rs. 31;1857million‘in financial terms and 39.97h4
million in economic terms. The Project is, however, sensitive
to - 1DCPQaSP in’ the cost of capital works.” 36 "per cént incre-
asc on this ﬂocouﬂt would obv1ate the sav1ngs of ul@CtPlflCcilOn.
Howevmr,i‘n view of the fact that 1ectr1c lccomotlvms are
already available, and the savings in forelgn xchdnge are even

more sienificant, the Plok of some increa ise’ 1n costs is’ worth

takings




REVISED SCHEDULE OF ELEC

1. DOMESTIC. TA

(For‘A.C., Gene

4o - Annexure I

TRICITY TARIFF(EFFECTIVE +8T
JULY,1974)
RIFF A-T

ral Supply)

Tor supply fé“rééi&ehcés; hospitals and dispensaries

 places of workshop-and approv

charitable institutions, etc.

ed religious, educational and

‘Consumption during the month

£xisting_$ariff New Tariff

 (i)First 20 units |

T (i1)21 o 250 units

(i1i)For the balance Minimum -

© - -charges -per month/point
supply

W,Héé.O'paisa'pef‘unit No Change

.—.,16.0 PaiSa peruni{‘No‘

7 15.0 per unit
Rs., 2--00 No Change

[E——— s ity =, = S PR

b o
[ BN

II. COMMERCIAL TARIFF A-?
(For:AJC, Genéral Supply)

For supply to allfGovernmmt‘and'Semi-Govgfhmént fo;ces and
Ingtitutions, Commercial offices and Commercial Establishment

such as shops, hotels restaurants and places of entertainment
1ike cinemas theaters, dnd clubs, etc.

.

Consumption during the month

Existing Tariff - - New Tariff

—————

__(i)Pirst 100 units L

it ) il

L A44)For the balance

“Minimum charges pemn month
per point of supply.

30.0 paisa per unit 33.0 PS.p.unit
33.5 paisa.per unit 37.0 PS.p.unit
Rs.2. 50 . Rs. 3.00

s

TII.INDUSTRTIAL SUPPLY TARIFFS

charges

(a) Table B-1 o
(For single phase 230 Volts A.C. or three phase 400 Volts A.C.Ind:Supply)
Connected Toad"  Ex{sting TarvifrT "~ New Tariff
Upto & including 70 KW Minimum 20.5 Paisa 22.6 paisa
(1)For connected bads upto & Rs.#.20 per KW Rs. 4,62
including 20 Ky
(ii)For connected load exceeding Rs.6.00 per KW Rs.B. 60

——

20KW.§ upto and including 70 XW
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{(b) TARIFF B-2

(For three phase 400 Volts A.C.Tndustrial Supply)

Connected ' load E Existing Traiff New Tariff

“Above 70 KW and upto & including Rs.19.80 per KW per = Rs.21.80 per Kd

500 KW month of declared month of declared

o o : : joad + 1.5 Paxsa por load + 12.7 paisa
unit, per month.

(@jMHmFBG

. (Por Industrial Supply at 11 KV)

Declared load . Existing Traiff New Tariff

ALl loads Rs.18.00 per KW per Rs.21.80 per iW
morith per month ‘
+ 11.0 palsa per -+ 12,1 paisa per

unit, - unit.
(d)'BHﬁEFIEM

(For Industrlalzﬁupply at 33 KV 66 KV or7132 KVf,

" Declared load Ex1sting Traiff  New Tapife: -

All-loads in excess of 5000-KW | Rs.16.80 per KW per” Rs.18.50 P, KW per
T ‘month - T menth

, : . , + 11.0 paisa per + 11.0 paisa per -

R T T2 & -9 unitss < o

IV. BULK SUPPLY TARIFFS FOR

(i) Licences (Lincensed under part II of the Electricity
Act, 1910 to supply energy within their area of supply) and
Non-Licences(Permitted under part IT of the Electricity Act,
1910 to supply energy within their area’ of supply).

(i1) Other consumers c.g., Rtllways, MES; PAF, Cantonment
Boards & other Government and Semi- GovornmenT and approved. .7
drptitution having -fheir own dl%tr]butlon faciltities within
'thelr rtspccfive JuPlSdlLtlon : e S L

(J} TARIPF C-1 ,
(For Buld supply 400 Volts A.CLY,

Particulars - Existing Tariffiﬁ? New Tarlffi'ﬂ

(1) For Licences & Non-Iicences - - 13.0 paisa per unis 1& 3 paisa per unit

(11)For other consumers e.g. Rs.18.20 per KW per Rs.20.pp per KW
Railways, MES. month + 11.0 paisa month + 12.1 paisa

per unit. per unit,




- 47 oL

(b) TARIFF (-2
(For Buld supply at 11 KV)

Particulars Existing Tariff . . . New -Tarife

(1) For Licences & Non-Ticences 11.0 paisa per unit 12 paisa p. unit

month + 11.6 palsa
per unit.

"Rs.16.50 per KW
per month + 10.5
paiqn per unit.

{i1)For other consumers e. .,
Rallways MES, PAR etc.

(c) TARIFF = _3 |
(For Bulk supply at 33 KW, 66 KV & 132 KV) -

‘New Tariff

Particulars Existing Tarif'r

10,5 paisa per unit

© Rs.15.40.per Kié per .
month per unit.

-11,67paisa per unit
“Rs.17.00 per KW -

.. month + 11.0 palsa
' per unit

(1) For Licences & Non-Licences
(i1)For other consumers e. g,
Railways MES PAF ete, B

V. TUBEWELLS TARIFF D-I
(For supply to agricultura T/wells & 1ift iffigation pUMpS )

Particulars Existing Tariff New Tariffl

1. For Reclamation& Prainage  10.0 paisa per unit  11.6 paisa per unit

: scheme T/Wells (Under Sallinity o '

Control and Reclaming Project).

2. For hona fide Aagricultural T/ Rs. 5 5.50 per KW
Wells & 1ift irrigation pumps ‘ Co e
for the irrigation &

Apricultural lard.

00 per KW Rs.

(1)For all T/wel

1D 1ift 1rr1gat~

ion pumps except NWFP and
Quetta Grid area,

(11)For T/Wells,

& 1ift lrrlgatlon

Dump% in NWPP & Grid area

month + 6.5
per .unit.

Rs. 4.00 per Kw'p

month + 2.5 paisa
per unit.

Daisal

month + 7,2 paisa
_p rlﬂut

Rs. .50 ber K/
month + 3.0 paisa
per unit.




ong o

VI. TEMPORARY SUPPLY TARIFF

(a) TARTFF F-I

S Gorhy N ! -
(For Domestic and commercial supply consumers )

e Pay 'w~ﬁ¥£ﬁEéi§ting”Tarifftw+~@A4Néﬁﬁ@é§iffi i
' Déﬁéstié"“ S . .. 38.0 paisa per unlt 38.0 paisa per unit

- Cammercial .. .. - .. W55 paisa per unit © 50.0 paisa per unit

- tcMindmum biEdde L oo .. R&.-5.00-per day -but-. - Rs. 5.00 per day-bub
. not less.than 20,00 not less than Bs.

for the period of . 22/~ for the period

temporary supply. . of temporary supply.

(For Industrial & bulk supply,qonsumera)_f

__Paﬁﬁfaﬁlaféﬂ__‘ o ,1 ‘ sziSfing Tariﬁfﬁ f¥fff:NéWfTariff

1. Temporary. Trdustriol  supply- 27.5 paisa per unif.- - -30.3 palsa per unit

2. For supply to Licences
& Non-Licences: ‘

T (a) hoo Volts - 37.0 paisa per unit’ 19,0 paisa per unit

ey It kv, © . '15.5 paisa per unlt. 77T17.0 paisa per wnit.
.. (e) For Bulk supply.to , o o -

Y other consumers €.g. 24,0 paisa per unlt, - 26.5 paiss per wriit.

VIT. SEASONAL INDUSTRIAL SUPPLY TARTFF

TARIFF - F -

Existing Tariff Af':_ New Tariff

A25% of the charges for a eorresponding supply to a regular "~ No- changg-
industry, except that the fixed charges. per KW per month . -
shall be recovered on the basis of the declared load for

the period seascnal industry actually runs,subject to a

minimum: per of six consecutive-monthS;duringjany_twelv35'

consecutive months. S TR SN
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VIII. PUBLIC LIGHTING TARIFF

TARIFF - G

Particulars L Existing Tariff New Tarifr

1. Supply chargas Tor the Flect-
ric Energy consumed. 23.0 paisa per unit., 26.6 palsa per unit.

2. Fixed line charges per
month per mile:

(1)Where the entire capital
cost in laying S/Lighting
Supply line which is exclu-
51ve1y meant for S/TLighting A R
is borne by the Authority.  Rs. 44,00 - - 'Rs. 48,40

(11) Where the entire capital
cost in laying S/Lighting
Supply line which is exclu-
slvely meant for S/Lighting : S
s bcnne by tht LdC&i ‘body. Rs. 3.90 . . . ... ..Rsel:30 -

(iii) Where the capital cost in -
laying 5/Lighting supply
live over the existing dis-
tribution sysztem is borne L TLa
by the authority Rs..27.50 ... « ... Rs. 30.25

(iv) Where the "apital cost in .
laying S/Lighting supply .
live over the ex1ot1ng dig
tribution system is borne o
by the local body . .. . R&. 5 50 77 Bs. 6,10
(v) For SAighting suppiv thro== e R
ngh U/G cables., )
Rates to be negotiated Rates to be n@getiated..
3. Fix lamps & fixture. charges per. lamp of capacity: '
(1) Ordinary lamps provided installed by the authority
(a) Upto & including 60 '

wabts. 0.87 7 - Rs. 1.00
(b) Above 60 watts upto ; -

including 100 watts - 1,06 Rs., 1.20
(¢) Above 100-200 watts 2.37 Rs. 2,60
(d) Above 200-300 watts 3.00 Rs. 3.30

-{e) Above -0G watts,~ L T T -
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(ii)- Flourescent tubes provided by o
- local body but installed by .. L
" the Authority For all Wattages.‘ Rs. 2. 00

(iii) Special Mercurry Vapour Lamp
provided by local body but
installed by the “uthorlty Lo e
For all Wattages PR ~ Re., 3.00

CRs. 2,20

Rs. 3.30

IX. TARIFF TOR SUPPLY TO' R&SIDENTIAL COLONIES
ATTACHED TO THE. PREMISES OF INDUSTRIAL SUPPLY
CONSUMERS HAVINGTHEIR. OWN.DISTRIBUTION

FACILITIES WITH THEIR COLONTES .

.TARIFF - H

Particulars Existing Tariff

' New Tarifr

1. For consumer who provide
their owntrans?: receiving L ' L
. and controlling the supply. -20.5 paisa per unit

2. For consumer who do not

provide their own Transf:

recejving and controlling S
" -the supply. 21.0 paisa ver unit.

 if1No change.

No change.

o

o



